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liraglutide increased absolute and relative weight of pancreas at all doses in both sexes in 28—day and 52-
week studies (HEM 3 1X). In 5 mg/kg high dose monkeys in the 52-week study, increased pancreas
weight was due to an increase in the mass of pancreas exocrine cells and ducts, but liraglutide had no
effect on beta cell mass.

Postmarketing cases of acute pancreatitis have been reported in exenatide treated patients. There '

was a numerical imbalance in the number of reported pancreatitis cases in clinical trials of liraglutide with
a larger number of cases and a higher rate in liraglutide treated groups.

Other Effects

In the 104-week carcinogenicity study in mice, liraglutide caused tubular cystic hyperplasia in
thymus in males at all doses (0.03, 0.2, l, 3 mg/kg/day, HEM 3 0.2X) and in females at 3 0.2 mg/kg/day
(HEM 3 2X). In the 52-week toxicity study in monkeys, group mean relative thymus weight (normalized
to body weight) was 21.5 — 26.8% lower than controls in males at all liraglutide doses (0.05, 0.5, 5

mg/kg/day) (HEM 3 1X) with correlative microscopic findings of atrophy.

In the 104 week mouse carcinogenicity study, centrilobular hypertrophy of hepatocytes and
diffuse centrilobular hepatocyte vacuolation occurred in males at all liraglutide doses (0.03, 0.2, l, 3

mg/kg/day, HEM 3 0.2X)). In the same study, femoro-tibial degenerative joint disease occurred in male
and female mice at all doses (HEM 3 0.2X).

Genetic Toxicity

Liraglutide was not mutagenic or clastogenic, with or without metabolic activation, in an Ames

bacterial mutagenicity assay or chromosomal aberrations assay in human peripheral blood lymphocytes.
Liraglutide did not induce micronuclei in bone marrow polychromatic erythrocytes from rats treated with

up to 30 mg/kg liraglutide for 4 days or up to 1 mg/kg (HEM 11X) for 28 days.

Carcinogenicity

In 2—year life—time exposure carcinogenicity studies in mice and rats, liraglutide was a non-

genotoxic, multisex, multispecies rodent carcinogen causing thyroid C—cell tumors in male and female
rats and mice and fibrosarcomas on the dorsal skin and subcutis in male mice.

In the mouse carcinogenicity study, the NOAEL for neoplastic findings was 0.2 mg/kg/day
liraglutide (safety margin 2) based on thyroid C-cell adenomas in males and females and combined C-cell

adenomas and carcinomas in females at 3 1 mg/kg/day liraglutide (HEM 3 10X). Liraglutide caused focal
C-cell hyperplasia, a preneoplastic lesion, at 3 0.2 mg/kg/day in males and females (HEM 3 2X). C-cells

secrete calcitonin, and in mice, plasma calcitonin increased at 3 0.2 mg/kg/day and it was a biomarker for
increased C-cell focal hyperplasia and tumors. In males, fibrosarcomas on the dorsal skin and subcutis

occurred at 3 mg/kg/day liraglutide. Equivocal finding of dose-related dorsal skin and subcutis

rhabdomyosarcoma and injection site fibrosarcomas in males, and incidences in the 3 mg/kg/day group
were above the historical control range for both tumors, but the increased incidence for either finding
never reached statistical significance in any liraglutide group. Dorsal skin and subcutis tumors were likely
related to the high local concentration of liraglutide at or near injection sites, so comparison of systemic
exposure is not relevant for risk assessment. The liraglutide concentrations in high dose drug formulation
was 0.6 mg/mL, lO-times lower than the 6 mg/mL concentration in the clinical formulation.

In the rat carcinogenicity study, liraglutide dose-dependently caused thyroid C—cell adenomas at 3

0.25 mg/kg/day in males (HEM 3 2X) and at 3 0.075 mg/kg/day in females (HEM 3 0.5K), C-cell

carcinomas at 0.75 mg/kg/day in males (HEM 8X), and combined C-cell adenomas or carcinomas at 3

0.25 mg/kg/day in males (HEM 32X) and at 3 0.075 mg/kg in females (HEM 3 0.5X). The incidence of

C—cell carcinomas, a rare tumor in rats, was above concurrent and historical controls at 3 0.075 mg/kg/day
liraglutide in males (HEM 3 0.5X) and at 3 0.25 mg/kg/day in females (HEM 3 2X). ’

To determine human relevance of liraglutide-induced rodent thyroid C-cell tumors, Novo Nordisk
proposed a novel mode-of-action based on drug-induced, GLP-lR-mediated calcitonin secretion and

synthesis driving C-cell hyperplasia with progression of hyperplasia to tumors, and they performed an
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extensive series of mechanistic studies to evaluate it. However, mechanistic studies did not adequately

support the proposed mode of action. CDER’s Executive Carcinogenicity Assessment Committee

(December 2008 meeting) and a large majority of members from a April 2009 Advisory Committee

convened to evaluate the safety of liraglutide both concluded there was insufficient evidence to determine

that liraglutide-induced C-cell tumors in mice and rats are not relevant to humans.

Until recently, liraglutide was the only investigational or marketed drug known to cause C-cell

tumors in both mice and rats, but data from other marketed and investigational GLP- 1R agonists suggest

persistent GLP-lR activation cause C—cell tumors in both species. The human relevance of liraglutide-

induced thyroid C-cell tumors in rodents is unknown.

Reproductive and Developmental Toxicity

Reproductive Toxicity

In a definitive combined fertility and embryofetal developmental toxicity study in rats, the

NOAEL for reproductive toxicity was 1 mg/kg liraglutide in males (HEM 11X) and 0.25 mg/kg in

females (HEM 2X). .Although liraglutide decreased the absolute weight of seminal vesicles, prostate, and

epididymis at 3 0.25 mg/kg (estimated HEM _>_ 2X), it had no effect on reproductive performance.

Furthermore, in a 13—week toxicity study in rats, up to 1 mg/kg/day liraglutide (HEM 14X) did not

increase abnormalities of eosin—stained sperm from cauda epididymis. Four weeks of treatment with 1

mg/kg/day liraglutide decreased CYP2A1 (hepatic steroid hydroxylase, testosterone 7 oc-hydroxylase

activity) ~2-fold in liver of male rats, but a relationship between decreased liver CYP2A1 activity and

decreased weight of male reproductive organs in rats was not established. Decreased testosterone

hydroxylase activity should increase circulating levels of testosterone. In the definitive combined fertility

and embryofetal development study, liraglutide increased early embryonic deaths in females at 1 mg/kg

(HEM 11X).

In the 104-week mouse carcinogenicity study, lymphocyte infiltration occurred in seminal

vesicles at 2 0.03 mg/kg/day liraglutide (HEM 3 0.2X).

Developmental Toxicity

Distribution and excretion studies show rat and rabbit fetuses were exposed to liraglutide in utero

and liraglutide was excreted intact in milk of lactating rats. Although intact liraglutide was secreted in

milk, since it’s a lipidated peptide, oral bioavailability was likely to be very low in nursing pups. In a

definitive combined fertility and embryofetal development toxicity study in rats, the maternal NOAEL

was 0.25 mg/kg liraglutide (safety margin 2) due to clinical signs of toxicity (hunched posture, rolling

gate) at 1 mg/kg (HEM 11X). The NOAEL for fetal toxicity was < 0.1 mg/kg liraglutide based on fetal

abnormalities of displaced kidneys, displaced azygous vein, and small additional ossified area within the

cranial structure or fontanel at 3 0.1 mg/kg. A more complete state of ossification in fetuses from

liraglutide treated groups compared to controls was noted. Major fetal abnormalities were misshaped

oropharynx and/or narrowed opening to the larynx at 0.1 mg/kg and umbilical hernia at 0.1 and 0.25

mg/kg, but they occurred without relation to liraglutide dose.

In a definitive embryofetal development toxicity study in New Zealand White rabbits, all tested

doses yielded estimated liraglutide plasma AUC0-241, below clinical exposure. The maternal NOAEL was

0.05 mg/kg, the highest dose tested. Reduced food consumption, body weight gain, and body weight were

considered pharmacologic effects in pregnant females, but reduced maternal weight may have impacted

fetal development andreducing fetal weight. The NOAEL for fetal toxicity was < 0.01 mg/kg liraglutide

based on decreased fetal weight compared to controls, dose—related increased fetal and litter incidence in

total fetal malformations (2.1%, 3.7%, 5.7%, and 7.6% of fetuses and 18%, 30%, 35%, and 32% of litters

affected by major abnormalities at 0, 0.0], 0.025, and 0.05 mg/kg/day liraglutide, respectively), fetal

malformations (microopthalmia with or without retinal fold, forelimb flexure, right kidney represented by

small area of tissue with attached cyst, curved scapula), and minor abnormalities (bilobed or bifurcated

gall bladder, intermediate lung lobe absent, jugals fiised to maxilla, superior angle or lamina of axis
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incompletely ossified, slight downward pelvic shift, slight asymmetric alignment of pelvic bones) at 0.01

mg/kg or Z 0.01 mg/kg. Fetal malformations occurred at 0.025 mg/kg (2 fetuses from 2 different litters

with hydrocephaly, hepatic duct diverticulum, displaced or herniated umbilica, branchyury, dilated

pulmonary trunk with incomplete aortic arch and malrotated heart, displaced umbilicus with part of the

intestines fused to the umbilical vein, and split sternum). A minor abnormality of an additional liver lobe

within the median cleft also occurred at 0.025 mg/kg. At 0.05 mg/kg, Malformations were connected

parietal bones in 5 fetuses from 1 litter and dilated ascending aorta with narrow pulmonary trunk. Minor

abnormalities at 0.05 mg/kg were corneal opacity, esophageal cyst, and kinked tail.

Fetal abnormalities occurred in rats and rabbits at low multiples of human exposure (based on

estimated AUC in pregnant rats or rabbits). Herniated umbilica, a malformation, occurred in both rats and

rabbits, but the incidence was not related to liraglutide dose in either species. Increased fetal bone

ossification was likely due to liraglutide treatment.

Prenatal and Postnatal Development Toxicity

Prenatal and postnatal toxicity of liraglutide was assessed in a multigenerational study in rats. The

F0 maternal NOAEL was < 0.1 mg/kg liraglutide (HEM < 1X) based on clinical signs of toxicity at all .

doses. The NOAEL for F0 reproductive toxicity was < 0.1 mg/kg liraglutide (HEM < 1X) based on a

dose—related increased incidence of continuing gestation to day 22 (33%, 58%, 67%, and 96% of litters
delivered on day 22 at 0, 0.1, 0.25, and 1 mg/kg liraglutide, respectively) with increased gestation

duration from 21.3 to 22.0 days at 1 mg/kg (HEM 11X). Liraglutide had no effect on maternal behavior or

F1 pup survival, post-natal development prior to weaning (physical development, functional development,

or sexual maturation), or post—weaning sexual maturation rate. The NOAEL for postnatal toxicity in the

F1 generation was < 0.1 mg/kg based on dose-dependent decreased body weight from lactation day 7 to

day 21. In the postweaning period, body weight of F1 rats was lower than controls at all liraglutide doses

(3 0.1 mg/kg) in males from postpartum day 7 to week 16 and in females at 0.1 and 1 mg/kg from

postpartum day 7 to week 10. In weaned F] rats, clinical observations of greasy coat occurred at 3 0.1

mg/kg in males and females. Bleeding scab and agitated behavior occurred in weaned 1 mg/kg F1 males

and an increased incidence of scabs in males and females treated with 1 mg/kg liraglutide was noted at

necropsy. The NOAEL for fertility, mating performance, or reproductive performance of F1 rats was 1

mg/kg liraglutide (administered to F0 rats only). The NOAEL for development toxicity of F2 rats was 1
mg/kg (administered to F0 rats only).

Qualification of Impurities and Excipients

Liraglutide, the active pharmaceutical ingredient (API)1n Victoza, is produced by acylating
recombinant human Arg34GLP—1(7-37), produced1n Saccharomyces cerevisiae, with hexadecanoic acid

(palmitic acid) at lysine 26 using a glutamate linker to yield liraglutide (Naé-(N--h—exadecanoyl—L-'Y-
g1utamyl)—3Arg4GLP-1(7-3—7)). Impurities1n liraglutide were aw “ related impurities, "~— r-elated
impurities, (impurities

impurities.

Liraglutide—related impurities were categorized as liraglutide-related impurities A, B, or C, or

other ;-—-————————- related impurities based on HPLC elution characteristics relative to

liraglutide.'WIn

degradation studies, elevated temperatures and humidity1ncrease' ~v related impurities

(/fold) and “related impurities/ fold), category B impurities / —— fold), and total
impurities (/ fold). Exposing the drug substance (packaged1n glass vials) to lightfl
molecular weight protein/ fold), other impurities (/. fold), other impurities
/ fold), and total impurities (/ fold), but there were no unique photo-degradation products. ChangesIn
the drug substance manufacturing process during development resulted1n some changes1n the impurity
profile. Repeat—dose toxicity of drug substance impurities in late—stage development batch that had
undergone forced ‘fi5 were assessed in a 4—week study in rats.
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Process—related impurities were not detected in the drug substance. The/' step manufacturing
process includes fermentation (steps / ), recovery (steps/), purification of the liraglutide precursor
(steps / J), acylation (step ), and purification and —-- . (steps _ ,). The acylating agent is /

W
’ 7 _ _ ‘ _ /

~-———_—~—-—-—_=—u-==- pilot and production scale batches tested (see Chemistry Review 1, page 37).
Levels of these process-related impurities are below the threshold of toxicological concern for genotoxic
impurities (1.5 mcg/daily dose).

The final drug product, liraglutide injection, is an aqueous formulation of 6 mg/mL liraglutide,
1.4 mg/mL disodium phosphate dihydrate, 14 mg/mL propylene glycol, and 5.5 mg/mL phenol at pH 8.15
in an ' 1 _ _ ‘filled glass cartridge containing 3 mL liraglutide solution. The glass cartridge is inserted
into a multiple dose pen injector for subcutaneous injection. The drug product is stable for

. Liraglutide is light sensitive and should be stored in the

capped pen injector protected from light. There were no unique impurities in the drug product, so
impurities qualification are the same as for the drug substance. Excipients are qualified by existing safety
data.

 
 

 

Toxicity of impurities in the final to—be-marketed formulation, formulation 4,containing 6.0

mg/mL liraglutide in solution at pH 8.15 was adequately assessed in subcutaneous repeat-dose toxicity
studies, but not in genetic toxicity studies. In chronic repeat-dose toxicity studies, liraglutide caused
irreversible injection site reactions in monkeys using drug formulations that were at least 3-fold more
dilute than the clinical formulation. Fibrosarcomas occurred in the dorsal skin and subcutis of male mice.

This carcinogenic effect of liraglutide at or near the injection site in mice may not be GLP- lR—mediated
and it occurred using a liraglutide dosing formulation that was lO-times less concentrated than the clinical
formulation. Genetic toxicity of liraglutide impurities at levels consistent with drug substance and drug

product acceptance criteria should be evaluated.

Unresolved Toxicology Issues

1. Human relevance of liraglutide-induced thyroid C-cell tumors in rats and mice is unknown.

2. Local toxicity after repeat dosing with liraglutide was not adequately assessed in nonclinical
studies because liraglutide concentrations in nonclinical formulations used in repeat—dose toxicity
and carcinogenicity studies were substantially lower than the liraglutide concentration in the
clinical formulation.

3. Genetic toxicity of some liraglutide impurities were not adequately assessed in vitro.

Recommendations: Not approvable. Please see ‘Recommendations of Approvability’ on page 1.

Suggested Labeling: Please see ‘Recommendations on labeling’ starting on page 1.
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APPENDICIES

Appendix A: Mouse Carcinogenicity Study Review

 

NNC 90—1 170 Tumor Findings in Male Mice

Organ/Tissue Historical
Neoplasm . ParameterIncidence   

incidence (%)o-cell adenoma

Dorsal skin &. fibrosarcomasubcutis

Equivocal
(+ dose response,
lacking statistically . . . 0
significant increase in Dorsal .skm & mabdomyosarwma ____¥I}.°_,’SETEE_(..{‘EZ.at least the HD group) SUbCUtIS p—value

Injection site fibrosarcoma

Equivocal
(- dose response.
statistically significant
increase in at least 1
dose group)

incidence (%)
Vascular (all hemangioma or
sites) hemangiosarcoma

> 0.05 0.001 > 0.05 0.036

 
Underlined values considered positive based on trend analysis p—value for rare (p < 0.025) or common (p < 0.005) tumors, p-value for
pairwise comparison to the control group for rare (p < 0.05) or common (p < 0.01) tumors, and the incidence in the historical control group.

NNC 90-1170 Tumor Findings in Female Mice

Result Organ/Tissue Historical
Neoplasm . ParameterIncidence

incidence (%)
c—cell ad enoma

p—value

. , incidence (%)
Positive TherId c-cell carcrnoma

p—value

ccell adenoma or incidence (%)

carcrnoma pvalue

 
Underlined values considered positive based on trend analysis p—value for rare (p < 0.025) or common (p < 0.005) tumors,
p-value for pairwise comparison to the control group for rare (p < 0.05) or common (p < 0.01) tumors, and the incidence in
the historical control group.

Key study findings:

0 Subcutaneously injected NNC 90-1170 (dorsal surface) was a non-genotoxic carcinogen in male

and female mice with treatment related neoplasms occurring in thyroid c-cells (males and

females) and dorsal skin and subcutis (males).

0 The NOAEL for neoplastic findings was 0.2 mg/kg/day NNC 90-1170 (uncorrected SM 1.8)

based on increased incidence of thyroid c-cell adenomas in males and females and combined 0—

cell adenomas / carcinomas at 3 1 mg/kg/day NNC 90-1170. Focal thyroid c-cell hyperplasia, a

preneoplastic finding, occurred at 2 0.2 mg/kg/day.
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o NNC 90-1170 dose-dependently increased the incidence of focal thyroid c-cell hyperplasia, a

preneoplastic lesion, at 3 0.2 mg/kg/day in males and females, dose-dependently increased the
incidence of thyroid c-cell adenomas at 3 1 mg/kg/day in males and females (uncorrected
human exposure multiple (uHEM) 10), and increased the incidence of combined c-cell adenomas
/ carcinomas at 3 1 mg/kg/day in females (uHEM 10).

0 Between weeks 25 and 104, plasma calcitonin levels increased > 2 fold at 3 mg/kg/day in
males and females.

0 A positive finding of dorsal skin and subcutis fibrosarcomas at 3 mg/kg/day NNC 90-1170 in
males (uHEM 45). There was an equivocal finding of dose-related dorsal skin and subcutis
rhabdomyosarcoma and injection site fibrosarcomas in males, and incidences in the 3
mg/kg/day group (uHEM 45) were above the historical control range for both tumors, but the
increased incidence for either finding never reached statistical significance in any NNC 90—1 170

group. The sponsor’s analysis of tumor incidence data grouping total sarcomas dorsal surface
skin and subcutis was statistically significant for trend (p < 0.001) and pair-wise analysis

compared to controls at 3 mg/kg/day NNC 90-1170 in males (p < 0.001, uHEM 45). In control
group females, there was a high incidence of total sarcomas in the skin and subcutis.

0 Equivocal findings in males occurred in the vasculature (hemangiomas / hemangiosarcomas at
all sites at 0.2 mg/kg/day), but the increased incidence was not dose related.

0 The NOAEL for non-neoplastic findings was < 0.03 mg/kg/day. Non—neoplastic findings
occurred in thyroid (inflammatory cell infiltrate at 2 0.03 mg/kg/day in males and at 0.03 and 3
mg/kg/day in females; focal c-cell hyperplasia, considered a preneoplastic lesion, at 3 0.2
mg/kg/day in males and females), liver (pigmented Kupffer cells (attributed to hemosiderin
accumulation) at 3 0.03 mg/kg/day in males and at 3 0.2 mg/kg/day in females, centrilobular
hypertrophy, diffuse centrilobular hepatocyte vacuolation at 2 003 mg/kg/day in males), spleen
(hemosiderin accumulation at 2 0.03 mg/kg/day in females), femoro-tibial joint (degenerative
disease at 3 0.03 mg/kg/day in males and at 0.03, 1, and 3 mg/kg/day in females), seminal

vesicles (lymphocytic infiltration at Z 0.03 mg/kg/day and inflammation at 0.03 and 3 mg/kg/day
in males), and thymus (tubular cystic hyperplasia at 3 0.03 mg/kg/day in males and at 3 0.2
mg/kg/day in females).

0 Methodological / Protocol isues:
0 Due to low survival of control group females in the main study group, termination of the

78 week interim sacrifice group was cancelled and treatment was continued for 104

weeks. Tumor analysis was performed after combining results from both main study and
week 78/ 104 groups.

0 Actual NNC 90— 1170 concentrations were up to 3 fold lower than the nominal
concentration for the 0.03 mg/kg/day dosing solution. However, human risk assessment is

based on comparative exposure.

0 Mice used for assessment of anti-liraglutide antibodies in week 104 survived 104 weeks

of treatment (week 78/104 week group with treatment of 78 week interim sacrifice group
extended to week 104), but these mice were sacrificed 10 days after the last dose to

washout residual liraglutide that could potentially interfere with the anti-liraglutide

antibody assay. These mice were included in the carcinogenicity assessment.

Ophthalmoscopic examinations were not performed.
0 Validation of the commercial rat plasma immunoradiometric assay to measure mouse

plasma calcitonin was not submitted in the NDA, although the report references 2 assay
validation reports (reports 205089 and restandardization report 205189).

0 Although transient weight loss and food consumption occurred in the first weeks of the
study, a pharmacodynamic effect of NNC 90-1170 was not sustained over the entire
study period.

0
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Adequacy of the carcinogenicig study and appropriateness of the test mode]:

Mice are pharmacologically responsive to subcutaneously administered NNC 90-1170

(transiently decreased body weight and food consumption in CD-l mice, lowered blood glucose in

diabetic ob/ob and diabetic db/db mice, and increased beta cell mass in db/db mice) and in the

carcinogenicity study, mice did not mount a neutralizing antibody response. Protein binding of NNC 90-

1170 is slightly higher in mice than in humans. There are no major metabolites of lipid—labeled 3H-[Pal]—
liraglutide in humans, but metabolism of 3H-[Pal]-liraglutide is similar in vivo and in vitro in mice and
humans. In vitro metabolism of peptide-labeled 3H—[tyr]-liraglutide is similar in mice and humans, but in
vivo metabolism was not characterized in either species.

Evaluation of tumor findings:

Treatment-related neoplastic lesions occurred in thyroid (c—cell adenomas at 3 1 mg/kg/day in

males and females, c—cell adenomas / carcinomas at 2 1 mg/kg/day in females) and dorsal skin and

subcutis (fibrosarcomas at 3 mg/kg/day in males).

CAC concurrence:

- The Committee concurred that the study was acceptable based on tumor findings in males and females.

~ The Committee concurred that thyroid C-cell adenomas, C-cell adenomas or carcinomas (combined),
and dorsal skin and subcutis fibrosarcomas were drug related. Liraglutide significantly increased the

incidence of thyroid c-cell adenomas at 3 1 mg/kg in males and females, C-cell adenomas and carcinomas

(combined) at 3 1 mg/kg in females, and dorsal skin and subcutis fibrosarcomas at 3 mg/kg in males.

Study no.: 204229 (sponsor), 457274 5”
Submission, Module, and page #: N000 42.3.4.1.1, pages 1 — 3096 m4)
Conducting laboratory and location: ~W

Date of study initiation: 23 November 2004

Study ending date: 1 December 2007

GLP compliance: Yes (OECD compliance claimed)

QA report: yes (X) no ( )

Drug, lot #, and % purity: NNC 90-1170 lots shown in the table below. Purity of 97.1% by RP—HPLC

reported for lot PQ50365 only (certificate of analysis in Appendix B).
 

 

 

Test new Batch No. lfiuiis Arrival Date Expiry Date

PQSQHB 934 (3? October 2004 12 August 2005

I’QSOSGS 3‘) l (i-June»0§ l LMarchJI)?

PQSOM? 541$ 21 July 3005 , 14 March 2001‘:
NNC 9ft-I 1 m ____.____.
6.25 or 6.0 mgfml limglutide P050365 500 18 January 3006 l 1 September 2006

PQSOIGS 25.0 06 July 2006 ll September 2007

RQfil)S 74 3.90 ()6 September 2006 ‘28 March 300?
 

Typical Certificates of Analysis for a batch of test item and vehicle used are presented in
Appendix B and Appendix (I

[N000 4.2.3.411 P15]

Methods

Doses: 0 (vehicle), 0.03, 0.2, 1.0, 3.0 mg/kg/day NNC 90—1170

Basis of dose selection (MTD, MFD, AUC etc. 1: AUC ratio > 25 in males and females.

Species/strain: CD-1 mice (Crl:CD—1TM(ICR)BR)
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Number/sex/group (main study 1: 50 /sex/dose main study. Due to mortality in main study control
females, treatment of week 78 interim sacrifice group was extended to 104 weeks (29/sex/ 0 or
3.0 mg/kg/day and 17/sex/ 0.03, 0.2, or 1.0 mg/kg/day)
 
 

 

 
 

 
 

Animal Numbers

Main Study Week 758
Group Treatment (mgikgfday) (treatment extended to

104 Weeks)
Males Females Males Females

1 Central 1) 1'50 251-300 501—529 610—638.
2 Low 0.03 51.1110 301-350 5304346 639-655
3 Intermediate 1 02 101-150 351-401) 547—563 656672
4 Intemwdime II 1.0 [SE-201} 401-450 564-580 673-65?)

5 High 3.0 201-250 451400 581~6Cv9 6905.718 

Extra animals were numbered sequentially From 7 i 9 onwards.

[NOOO 4.2.3.4.1.1 P18]

Route formulation volume: subcutaneous injection (dorsal surface, rump and between scapula),

6.0 — 6.25 mg/mL NNC 90-117 solution diluted in vehicle (1.4 mg/mL monosodium phosphate
dehydrate, 14 mg/mL propylene glycol, 5.5 mg/mL phenol), 5.0 mL/kg
Freguency of dosing: once a day

Satellite groups used for toxicokinetics or special groups:
78 week interim sacrifice group was planned, but treatment continued for 104 weeks due to
decreased survival in main study control females.

 

Satellite groupfor toxicokz'netics andplasma calcitonz‘n consisting of 17/sex/dose in each group
terminated on weeks 26, 52, and 104.

Animal Numbers
Treamaem
 

 

  

 

Group Week 26 Week 52 Week 104
(mgikgiday) .

Males Fenmles Males 1~ exnales Males Femates

.E Control ‘ 0 1001-1017 1086—1102 1171.113? 1256-1272 13414357 1426-1442

2 Low ' 0.03 1018—1034 1103-1119 USS-£204 1273-1289 1358-1374 1443-1459

3 Intermediate} 0.2 1035:1051 1 l20«1136 1205—1221 12904306 1375-1391 1460-1476  

Intermediateil 1.0 1052-1068 1137-1153 1222—1238 1307-1323 13924408 14774493 
12.4.2 High 3.0 1069-1035 1154-1}70 1239—1255 13244340 1409-1425 14944510

A further 10 males (Numbers 151 H 520) and 10 femaies (1521»1530) were used for pretrial

antibody level assessment. Extra animals were numbered from the last number used.
[NOOO 4.2.3.4.].1 P18]

Age and weight: 5 weeks on arrival with males weighing 27 .8-42.9g, and females weighing
20.7-39.6 g at the start of the study

Animal housing: One male and 2 or 3 females per cage by dose group were housed in suspended
polypropylene cages (48 x 15 x 13 cm) with solid bottoms and stainless steel grid tops (including
integral food hopper), sterilized white wood shavings (analysis revealed no significant
contaminants), and a polycarbonate water bottle with a stainless steel nozzle (page 17).
Restriction paradigm for dietaryflstriction studies: None.
Drug stabilifl/homogeneity: Two different SOPs were used to determine stability ofNNC 90—
1170 solution for subcutaneous injection. Drug concentrations in O, 0.2, 1.0, and 3.0 mg/kg/day
dosing solutions were analyzed using method 434-1018 and the 0.03 mg/kg/day dosing solution
was analyzed using method 878-LP-08005. Dose solution samples were taken in week 1, week
39, and week 103 on days 1 and 7.

Dual controls employed: No, but controls included in satellite TK/calcitonin and 78 week interim
sacrifice groups
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Interim sacrifices: Due to reduced survival in main study control group females, dosing was

continued to week 104 for 78 week interim sacrifice group.

Deviations from original study protocol:

Week 78 interim sacrifice group mice were rescheduled for sacrifice in week 104 with treatment
continued to week 104 because of reduced survival in main study control group females.

Therefore, a week 78 interim sacrifice group report was not issued.

Sixteen males in group 5 were under-dosed on 17 February 2005 and 6 females in group 4 were

underdosed on 28 April 2005. Both dosing errors were corrected by giving an additional dose
volume to give the correct dose.

The following TK group mice were dosed twice during toxicokinetic sampling in study week 52:
Srwpfim mm $33}331

 
[N000 4.2.3.411 P24]

Due to scheduling errors, no samples were taken for the following study doses/time points in
week 26:

Group 2 predose

Group 4 2 hour

Additional thyroid processing in week 104 was going to be based on results from thyroid

histology from mice from week 78 interim sacrifice group, but .this group was sacrificed in week
104.

The following summary table lists mice replaced during the first 2 weeks of dosing.
Due m :1 numbered" deaths and c-lmical signed [1198 l'nilowing nlzimnl: rcgflummemsa were impale during
the first [we weeks ufihc sandy.  
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The following summary table lists toxicokinetic and antibody satellite group mice replaced during
the first week of dosing.
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The following mtin‘ml replacmnmts were $90.1an during Week 1 orthe staggered satellite and
  antibody snugly.

WWW 3, r Wmvfimfl «WWWIn , u mu in re hp? «:1: ‘cn'mn .. , . , - R 1 '
ti‘manris Day) Renewed 5:3; mama) mm," M ‘13 mum"
'2 5m” r 133 :4: use Fermi [mat“)
12 Jim i{IS fimramlm‘hr swellivrg prim so

0.13. - W. “T m", . “Ms .. ,,
{astralrira thy uraium

 

These mgrlilcemcms did not "fleet the integrity or outcome with: mainly.

mooo 4.2.3.4.1.1 P19]

Observation times

Mortalig: Twice a day.

Clinical signs: Main study mice checked twice a day with detailed examination performed once a week.
Starting in week 83, clinical signs and detailed were recorded for week 78/104 group mice using the same
schedule as main study group mice. Palpations for masses were performed beginning in week 13 for all

mice. Satellite TK/calcitonin group mice and antibody group mice were examined daily for welfare
purposes.

Body weights: Recorded once a week prior to starting treatment, then daily during treatment. Body
weight of main study mice was reported once a week.

Food consumption: Quantity of food consumed by main study group mice (per cage) was recorded
weekly until the end of week 13, then monthly afterward. For week 78/104 group mice, food consumption
over a 4 week period (per cage) was recorded starting in week 83.
Water consumption: Water consumption was monitored by visual inspection, but it wasn’t quantified.
Anti-NNC 90-1170 antibody: Up to 1 mL orbital sinus blood samples from isoflurane anesthetized
antibody study group mice (lO/sex/dose prior to initiating treatment, 5/sex/dose during treatment) was
taken to determine if anti-NNC 90-1170 antibodies occurred after treatment. Mice were bled 3 days after

their last dose in week 26 and 6 days after their last dose in weeks 52 and 78. Samples for antibody

analysis were taken from week 104 satellite group mice bled 10 days after their last dose in week 97.
Samples for antibody analysis from week 78 satellite group mice reassigned for termination in week 104
were bled 10 days after the last dose. After bleeding mice were sacrificed and necropsied. The assay is a
radioimmunoassay precipitating immunoglobulin bound 125I —liraglutide after overnight incubation of 125]
—liraglutide with mouse plasma.

In the absence ofNNC 90-1170, the sensitivity of the anti—NNC 90-1170 antibody

radioimmunoassay was 25 — 50 ng/mL. The assay sensitivity decreased to > 1 mcg/mL antibody at 3 10
nM NNC 90-1170 in plasma. To decrease interference of plasma NNC 90-1170 in treated mice, plasma

samples were taken after dosing in week 26, 3 days after dosing in study week 52, and 6 days after the
last dose in week 78. Since plasma levels > 10 nM NNC 90-1170 occurred in 3/10 mice in the 3

mg/kg/day group in week 78, the washout period was increased to 10 days after dosing in week 104.
Residual plasma NNC 90-1170 in mice from the 3 mg/kg/day group might have interfered with the assay
in weeks 26, 52, and 78.

Plasma calcitonin: Measured in weeks 26, 52, and 104 using a commercial immunoradiometric assay for

rat calcitonin (report Appendix NN) with a 2 pg/ml lower detection limit (LOD). Although the sponsor
claims the commercial immunoradiometric assay for rat calcitonin assay (bead immobilized anti-

calcitonin monoclonal antibody and 125I—labeled goat anti-calcitonin polyclonal antibody) was valid for

measuring plasma mouse calcitonin, assay validation was not submitted in the NDA..
Hematology: Immediately prior to termination in week 104, orbital sinus blood for hematology was
obtained from isoflurane anesthetized mice from week 104 main study group mice and week 78/104

group mice. Hematology parameters are shown in the table below. Blood smears were obtained, but due
to the absence of hematology findings, they weren’t examined.
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Gross Pathology: Mice surviving 104 weeks of treatment (main study group mice and week 78/ 104 group

mice rescheduled for sacrifice in week 104) were asphyxiated with C02 and exsanquinated. All mice

sacrificed on study were necropsied, except for antibody group mice sacrificed prior to initiating

treatment. Mice found dead or sacrificed moribund were necropsied at the discretion of the pathologist,

with the intent of determining a cause of death. V
Toxicokinetics: At least 0.8 mL orbital sinus blood was obtained from isofiurane anesthetized TK

satellite group mice prior to dosing and 1, 2, 4, 8, and 12 hours after dosing. During week 26, 52, and 104

(78 week group reassigned to week 104), plasma samples for toxicokinetics and calcitonin levels were

obtained from 2 mice /sex/dose/time points (dose groups 1 — 5). In week 78, samples were obtained from

week 104 satellite group mice reassigned to week 78 using 4 mice/sex/dose/time point for dose groups 1

and 5 or 2 mice/sex/dose/time point for dose groups 2,3, and 4. Sampling for week 78 group mice is
shown in the table below.

War): at I'nlfiaém'cfl m; 11H minim;  
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Histopathology: Peer review: yes (X ), no ( ) - internal peer review at Charles River Labs, external

peer review by the sponsor.

Unless otherwise noted, tissues for microscopic examination were fixed in 10% neutral buffered
formalin.
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Results

Formulation: Dosing solutions were considered stable for up to 7 days stored at 2 — 4C and were

considered within an acceptable an acceptable range during weeks 1, 39, and 103 on days 1 and 7. NNC

90-1170 was not detected in vehicle control samples.

Dose Solution Concentration (mg/mL)

Dose (mg/kg) Nominal Actual Range
0.03 0.006 0.002 — 0.006

0.2 0.04 0.030 — 0.043

1.0 0.20 0.183 — 0.204

3.0 0.60 0.560 — 0.598

Mortaliy:

Statistical analysis from the Dr. Min (Office of Biostatistics) showed there were treatment related

effects on mortality (Tables 9A and 9B, below).
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The sponsor’s statistical analysis showed survival in main study group males was unaffected by

treatment. Compared to the control group, mortality in females was decreased in 1.0 and 3.0 mg/kg/day
groups.

Main Study at Week 104
Group 1 2 3 4 5
Dose Level (mgi’kge’dny) WWW—
Survivors“ M. 25:30 29350 28150 ‘3 [2‘50 I915!)

No. in Group F [4.50 1 1,550 19.50 1950 19.150 

_[N000 4.2.3.4.].1 P32]
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[N000 4.2.3.411 P33]
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Survival in week 78 interim sacrifice group in week 104 (rescheduled for sacrifice in week 104

with continued treatment until sacrifice) is shown in the table below. Compared to concurrent controls,

mortality increased in group 2 males and females (0.03 mg/kg/day).

VVVVV {WV-trek 3’3” Texicekincfic Study 4}! WW]; 1021
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[N000 4.2.3.4.1.1 P33]

Kaplan Meier survival curves for both main study and 78 week satellite group males (Figures 1 and 3)

and females (Figures 2 and 4) are shown below. Considering survival up to 104 weeks in combined main

study and week 78 satellite groups, the number of unscheduled deaths increased in females at 0

mg/kg/day (56/79), 0.03 mg/kg/day (51/79) and 3.0 mg/kg/day (56/79) groups.
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Although thyroid C-cell hyperplasia, adenomas, and carcinomas were treatment related, C-cell
carcinoma was considered a caused of death for only one high dose group female. At 3.0 mg/kg/day in

males, fibrosarcoma on the dorsal surface was a cause of death in 9/47 decedents (19.1%).
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[NOOO 4.2.3.4.1.1 P477—481]

Clinical signs:

There were no clinical signs considered treatment-related. Injection site scabbing was

significantly higher in mice at 0.2 mg/kg/day compared to 1.0 or 3.0 mg/kg/day, but in the absence of a
relation to dose, the increase was not biologically relevant.

Body weights:

By the end of the 104 treatment period, there were no significant differences in group mean body

weight between control and NNC 90—1 170 treated groups (Figures 5 & 6, and summary table below).
“gins Gimp am- rwymgu: nuns-um: Mam
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[N000 4.2.3.4.1.l P558-9]
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Body weight

% difference from control,
week 104

Body weight gain
 

Group mean body weight in NNC 90-1170 treated groups tended to be lower than controls during the first
week of treatment (see tables below) and this corresponded with reduced food consumption. Reduced

body weight was transient; group mean body weight in treated groups was near of above control group be

the end of the study.
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[N000 4.2.3.4.l.1 P34]

Food consumption:

NNC 90-1170 treatment decreased food consumption during the first week, but food consumption

returned to control group levels as the study progressed.

Food Consumption in Males (g/mouse/day, main study weeks -1 to 12)  
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[N000 4.2.3.4.l.l P120, 122]

Food Consumption in Males (g/mouse/day, main study weeks -1 to 12)
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[NOOO 4.2.3.411 P125, 127]

  l

Water consumption: Water consumption was considered unaffected by treatment.

Hematology:

RBCs were significantly decreased and MCH and MCV were significantly increased at 2 0.2

mg/kg/day in males and females. In males, decreased RBCs was dose-related and it was accompanied by

non-significant decreases in Hb and Hct. RBC parameter changes occurred in the absence of statistically

significant changes in reticulocytes, but there was a trend of increased reticulocytes in males.

Hematology, Week 104

Underlined values are statistically different from controls.

 
Anti-NNC 90—1170 antibodies:

Anti-NNC 90-1179 antibodies were not detected in plasma of any treated mice.

Plasma calcitonin:

Group mean calcitonin levels were significantly higher than controls at 3 0.2 mg/kg/day NNC 90-

1170 from week 26 to study termination and at 3 0.03 mg/kg/day from week 52 onward in males. In

females, group mean calcitonin levels exceeded concurrent controls at 3 0.2 mg/kg/day in weeks 26 and

52 and at 2 0.03 mg/kg/day in week 104.
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Plasma Calcitonin

Females

NNC 90-1170 Week 26 Week 52 Week 104 Week 26 Week 52 Week 10

(mg/kg/day) pg/ngN pg/mLE N pg/ngN pg/m E pg/ngN pg/mLiN 
Values statistically significantly different from control are underlined.

Plasma calcitonin increased > 2 fold between weeks 26 and 105 at 3 mg/kg/day in males and

females, but not at lower doses (summary table above, graphs below). Compared to week 26, week 104

plasma calcitonin levels were the same of lower in control group males and at 0.03 mg/kg/day in males
and at 5 1 mg/kg/day in females. Plasma calcitonin increased with treatment duration at 3 mg/kg/day in
males and females.

mm;
0th1

HannaCnldtnnlnmum] (lug5min] Hammcahltlnlngm“[3 (lugmain]  
Gross pathology:

The sponsor states there were masses in thyroid of 3 mice in the 3 mg/kg/day group and
occasionally in the bone, heart, intestine, duodenum, and cecum of other mice.

Histopathology:

Peer review of tissue samples from the first 8 mice in O, 1.0, and 3.0 mg/kg/day groups (both
sexes) and thyroid and pancreas samples from all mice resulted in some differences of opinion of some
tumor findings in liver, blood vessels, lungs, uterus, WBCs, and thyroid. Discrepancies between the study
pathologist and reviewing pathologist, summarized in the tables below, were resolved by consensus
diagnosis.
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Non-neoplastic:
Non-neoplastic histopathology findings related to NNC 90-1 170 treatment occurred in the

thyroid, liver, spleen, femoro-tibial joint, seminal vesicles, and thymus. The incidence of non—neoplastic
microscopic pathology findings in males and females are summarized in the tables below.

The incidence of inflammatory cell infiltrate in the thyroid was greater than the control group at _>_
0.03 mg/kg/day NNC 90-1170 in males and at 0.3 and 3 mg/kg/day in females. Thyroid c—cell hyperplasia
occurred at 3 0.2 mg/kg/day in males and females. (Because it’s considered a preneoplastic lesion, c—cell
hyperplasia was included the in discussion of thyroid tumor findings in the “Neoplastic”section).

In liver, the incidence of pigmented Kupffer cells was above control group levels at 2 0.03
mg/kg/day in males and at 2 0.2 mg/kg/day in females. The increase was above control group levels at all
doses in males and at 3 0.2 mg/kg/day in females. The incidence of centrilobular hypertrophy and diffuse
centrilobular hepatocyte vacuolation was elevated above control group levels at all NNC 90-1170 doses in
males, but the findings were not dose-related and it didn’t occur in females. The incidence of
microgranuloma was significantly increased in males at all NNC 90-1170 doses compared to controls, but
the increase was only statistically significant in the 0.2 mg/kg/day group, so its relation to treatment was
equivocal.

In spleen, the incidence of hemosiderin was above the control grOUp levels at _>_ 0.03 mg/kg/day in
females. In males, the finding was considered incidental because the incidence was low and it only
occurred at 0.03 and 1 mg/kg/day. The incidence of lymphoid hyperplasia was increased above control
group levels at all NNC 90-1170 doses in males, but the incidence was inversely related to dose and
statistically significantly increased above the control group only at 0.03 mg/kg/day, so it was considered
equivocal.

The incidence of degenerative disease of the femoro-tibial joint was higher than controls at 3 0.03
mg/kg/day in males and at 0.03, 1, and 3 mg/kg in females.

Lymphocytic infiltration in seminal vesicles occurred at a higher incidence than controls at all
NNC 90-1170 doses reaching statistical significance in 0.03, 0.2, and 1 mg/kg/day groups, but not in the 3
mg/kg/day group. Inflammation occurred at 3 mg/kg/day.

Tubular cystic hyperplasia in the thymus was elevated above control group levels in all NNC 90-
1170 groups in males and at 2 0.2 mg/kg/day in females.
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Sex

NNC 90-1170 Dose (mg/kglday)

 inflammatory cell
Thym‘d infiltrate

minimal

mild
moderate

3(3. 8%) 7(104%) 6(9. 0%) 10(14 9%)* 6(76%
4(51%)17.____(___9_)%*121116.4%" 9(13.)4% 3 16.5%

2(2.5%)

  
 

   pigmented Kuptter cells

 
 Total affected

 
  

 

 

Liver centrilboular
hypertrOPhy 

  

 
 
 

 

  
 

 

 diffuse centrilobular
hepatocyte vacuolation

 
 

5(90%) 4(51%)

4§o
 4 (60%) 

 
 microgranuloma

lymphoid hyperplasia

m255%):u295%»m
degenerative joint 15/38i 15 _42*EE17/32 E 13/29 _5* 5/27 11Femoro-tibial joint

“'56?“ 30 (380%) 1 82.1% 39 (5.91%: 40 (61.5%)" 35 (443%3/36 2/37 6’:

61(7.6%:) 82(119%) 50.5%): 5(7.):6% 11(13.9:°/o1_3’ 0 lg";*/36 _2__O’*/37; 10;
9(1 4%) 13( 4%) 17(258%)" 20(30.3%?“ 14(17 74%

Th mus tubular cystic 3/3 /33 5/27 2/30 8/32 :1/27 4/29 :4*/24 3/3 /35
y hyperplasia 3(4.)5% 7(122%) 7(123%) 8(15.1%) 6(91%)

At the injection site, minimal to marked myofiber degeneration and myositis and minimal to
severe dermatitis occurred in all dose groups lacking a relation to dose for both the incidence and severity.

Therefore, there were no non—neoplastic injection site findings considered treatment-related. Statistically

significant changes occurred for other findings including pelvic dilatation in kidney and inflammatory cell
infiltrate in hearts of females at 1 mg/kg/day and ovarian cysts at 0.2 and 1 mg/kg/day, but the increases

were considered incidental because they only occurred at 1 or 2 doses and lacked a dose-response. For

ovarian cysts, the background incidence was high (62.3%) in controls and comparable to the 0.2

mg/kg/day (81.5%) and 1 mg/kg/day (79.1%) groups.

 

 
moderate

 
  
 
 

 
hemosiderin

Total affected
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Seminal vesicle
    lymphocytic infiltration
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Sex

NNC 90-1170 Dose (mg/kglday)
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Severity 79
. 3/22 2 0/53

Thyroid inflammatory cell ;Infiltrate 3 (4.0%)

minimal 3 ‘ 2
mild 6 2

moderate
9 4

13(16.5%)

 
 

pigmented Kupffer cells
 

 

 

17 i E“
5 (44.3%)"

g

 
 

  
 

 

 
 

  

Total affected

 
 

Liver centrilboular
hypertrophy  

    

 
 
  

   

 
 

  

 

 
 

 

  
  

diffuse centrilobular 0 4 i 0 3 1 2 0 2
hepatocyte vacuolation 4 (5.1%) 3 (4.5%) 3 (4.5%) 3 (4.5%) 2 (2.5%)

_ 8 1 0 2 o 2* 0 6 3
microgranuloma * = 3 5

9 (11.4%) 4 (6.0%) 2 (3.0%) 2 (3.0%) 9 (11.4%)

, , 3 i3/55 ’ 2 4 4 4 i 4 5 5
lymphord hyperplaSIa - 5 i 5 = I6 (7.7%) 6 (9.0%) 8 (11.9%) 8 (11.9%) 10 (12.7%)

* 5 0 4 7” 7 3 

 
  

 
  
 moderate   hemosiderin   i . 1

, 1 7 . 2 4 fl“ 13 g
8(10.3%) 14(20.9% 801.9%) 15(22.4%) 22 (27.8%)”

, . . _ degenerative joint 5 1 9/55 2 g12/52 3/225 7/42 1 fiiflztz 4 12Femoro-tiblal 10ml . l i - .
disease 14(17.9%) 14(212% 10(15.6%) 17(25.8%) 15(20.3%)

Th mus tubular cystic 0 2/52 2 1/39 2/23§ 0/38 3 ; 2/45
y hyperplasia 2 (2.7%) 3 (4.8%) 2 (3.3%) 5 (6.8%)

Neoplastic:
Treatment—related neoplasms occurred in thyroid (c-cell adenomas in males and c—cell adenomas

and carcinomas in females at 3 1 mg/kg/day) and dorsal skin and subcutis (fibrosarcomas at 3 mg/kg/day
in males). In males, equivocal findings occurred in dorsal skin and subcutis (dose-related increased
rhabdomyosarcomas), injection site (dose-related increased fibrosarcomas), adrenal (subcapsular cell
tumor at 0.03 mg/kg only), and vasculature (combined hemangiomas and hemangiosarcomas from all
sites at uterus at 0.2 mg/kg only). A complete list of tumor findings compiled from the sponsor’s Tables
22 (Peto analysis of tumor incidence: Males) and 23 (Peto analysis of tumor incidence: Females) is
Appendix 1. Historical control group data of tumor incidence in control groups of CD—1 mice from 2 year
carcinogenicity studies at the _ .‘in years 2002 — 2004 are
included as Appendix 2. The background incidence of skin tumors for subcutaneously dosed mice in 2
year carcinogenicity studies is Appendix 3.

Tabulated summaries of tumor types with p-values < 0.05 for either dose-response relationship or

pair—wise comparisons determine from statistical analysis of combined main study and week 78/ 104 male
or female groups are shown below. In several instances, statistical analysis performed by the sponsor
differs from ours.

  
 
 

  
   

 
Total affected
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Tumor Type-s with E'Jv'alues S 0.05 for Dose Response Relationship 01- Pairwise Comparisons
Combined Main and Week 1782’1134 Sateifite Studies in Male Mice
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Adrenal subcapsular cell tumor was not described as benign, so it was considered to be an
adenoma. Therefore, the p value for control group pair-wise comparison is not significant because p >
0.01.

Hemangioma or hemangiosarcoma from all sites (vascular tumor) is common, but the p value for
control group pair-wise comparison is < 0.01, and therefore statistically significant.

Fibrosarcomas at the injection site in subcutaneously injected Sprague Dawley rats in 2 year
studies is a rare tumor because the incidence was < 1% (1.03% in males (4/388) and 0% in females

(0/3 80)). The dose-related trend is considered significant.
Since injection site fibroma only occurred in control group males, the combined incidence of

injections site fibroma and fibrosarcoma aren’t relevant to treatment-related affects.
Lymph node hemangioma was included as a statistically significant tumor (trend analysis p <

0.05) in the final draft of the statistics review. There were no instances indicated in the historical control
data for lymphoreticular/hematopoietic tumors, but the historical control group rate for vascular
hemangiomas is 1.8% and therefore, a common tumor. The dose—related trend p > 0.005 is not significant.

Skin and subcutis fibrosarcomas are common because the historical control group incidence is >

1% (3.4%) and rhabdomyosarcomas are rare because their background incidence is 0%.
Thyroid adenomas are rare tumors in mice because the historical control group incidence is < 1%

(0%). Dose related increased thyroid c-cell adenoma is significant, but in the absence of c-cell
carcinomas, the significant dose—related increased combined c-cell adenomas + carcinomas is irrelevant.
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Tamer Types with ia—Value-s S 0.05 for Dose Response Relatimship er Pairwise Comparisons
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Harderian gland adenoma is a common tumor because the average background incidence is 1.7%
in females. Since the p-value for trend analysis was > 0.005 (actual p-value 0.014), the dose-related trend
of increased tumor incidence was not significant.

Anterior pituitary adenoma is a common tumor in females because the average background
incidence was 3.3%. Since the p—value for trend analysis was > 0.005 (actual p-value 0.006) and the p-
value for pair—wise comparison of the HD group with control was > 0.01 (actual p-value 0.042), the dose-
related trend of increased tumor incidence and increased tumor incidence in the HD group were not

significant.
Sarcoma of the skin and subcutis is a common tumor because the background incidence is 1.8%

in females. Since the p—value fortrend analysis was > 0.005 (actual p-value 0.010), the dose—related trend
of increased tumor incidence was not significant.

Uterine leiomyoma is a common tumor because the background incidence is 3.8%. Since the p-
value for pair-wise comparison of the mid-dose group with controls was > 0.01 (actual p-value 0.029), the
increased tumor incidence was not significant.

Thyroid c-cell adenomas and carcinomas are rare tumors because the average background
incidence is 0% (for either tumor). The dose related trend and increased incidence for adenomas and
combined adenomas or carcinomas were significant.

Thyroid Tumors

Thyroid c-cell focal hyperplasia, adenomas, or carcinomas are rare histology findings in mice.
Treatment-related C—cell neoplasms in males and females were considered a progression of focal c-cell
hyperplasia. Although physiologic diffuse and/or focal c-cell hyperplasia and/or hypertrophy can be
considered a normal physiologic response, when c—cell neoplasms occur in the same study, focal
hyperplasia is considered a preneoplastic lesion. Its notable that diffuse c-cell hyperplasia didn’t occur in
this study.

NNC 90-1170 dose-dependently increased the incidence of focal thyroid c-cell hyperplasia at 2
0.2 mg/kg/day in males and females. Thyroid c-cell adenomas dose-dependently increased compared to
controls at 3 1 mg/kg/day in males and females. C-cell carcinomas occurred in females at 3 mg/kg, but
the increased incidence wasn’t significant by pair-wise comparison to control or trend analysis.
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Sex

NNC 90-1170 Dose (mg/kglday) 0

(oroeoenaem)
. . 39% 40 34 :33 3730

Organ Frndrng . . ,
Severity 79 67
minimal

 

mild
Focal Gcell

hyperplasia
(preneoplastic)

§0/28 11m g# fifig 13m:
11 (16.4%) 30 (38.0%)

I"; 2 mi 5
9 (13.4%)“ 15 (19:0%)***

total afftected

Ocell adenoma

C—cell carcinoma

C—cell tumor

According to the sponsor’s statistical analysis of thyroid c-cell hyperplasia, statistically significant
differences from control by Fisher analysis are denoted at p < 0.05 (#), p < 0.01 (##), or p < 0.001 (###).
According to the sponsor’s statistical analysis of thyroid c-cell adenomas, carcinomas, or total tumors,
statistically significant differences from control by Peto analysis are denoted at p < 0.05 (*), p < 0.01
(**), or p < 0.001 (***).

Females

0 0.03 0.2 1 3

23:56 14: 53 23 :44 24 43 28%
79 67 67 67 79

51

7##

 
 
  
 
 

 
 
 
 

Sex

NNC 90-1170 Dose (mg/kglday)

 
 
 

 Organ Finding N
Severity  

 

 

 

 
  

Focal 0c?" moderate
hyperplasra - _________________________
(preneoplastic) marked

 

 
 

  
  

 

 
 

1

5 5/42#

0 (15.2%)###

3 gt

7 (10.4%)

 

 

  

total afftected 

 
22 128.9%)### 
 
 

  
  

0 0 1 3/42 9” §6l48**
C—cell adenoma z , s z ——-

‘ 4(6.0%)* 15(19.7%)*“

  
  

C—cell carcinoma . ~ - -
0 0 2 (2.6%)

According to the sponsor’s statistical analysis of thyroid c-cell hyperplasia, statistically significant
differences from control by Fisher analysis are denoted at p < 0.05 (#), p < 0.01 (##), or p < 0.001 (###).
According to the sponsor’s statistical analysis of thyroid c—cell adenomas, carcinomas, or total tumors,
statistically significant differences from control by Peto analysis are denoted at p < 0.05 (*), p < 0.01
(**), or p < 0.001 (***).

Focal C-cell hyperplasia was considered a preneoplastic lesion because:
1. the incidence of both hyperplasia and c-cel] tumors were dose related in both males and

females.

2. hyperplasia occurs at lower doses than tumors.
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3. the incidence of hyperplasia is greater than the incidence of tumors in all dose groups.

4. in 3 mg/kg/day group mice with c-cell adenomas (the only group analyzed), hyperplasia
occurred in 9/16 males (56%) and 5/15 females (33%).

5. in decedents, a finding of c-cell hyperplasia preceded c-cell tumors by 17 weeks in both males

(weeks 61 and 78) and females (weeks 47 and 64).

Thyroid C-cell Findings in 3 mglkglday NNC 90-1170 Treated Mice
Thyroid c—cell Finding

Focal Hyperplasia
Sex Adenoma Carcinoma

min - mild moderateé marked    

 

 

 

 

 
 

 

 

Females   
1Modes of death were termination (at end of study, T), sacrificed moribund (SM), or found dead (FD).

Skin and Subcutz's

Mice were treated by subcutaneous injections in the dorsal surface; between the scapula and on

the rump. Sarcomas of the dorsal surface (includes fibrosarcoma, sarcoma (not otherwise specified),
rhabdomyosarcoma and leiomyosarcoma) occurred in all groups, except 1 mg/kg/day females (see Table
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3 below) with 12 of 49 occurring around the microchip implant. In males, the incidence of sarcoma on the
dorsal surface was dose-related at Z 0.03 mg/kg/day (Peto analysis, p < 0.001) and significantly increased

compared to controls at 3 mg/kg/day.

Table 3: Incidence cfSarconm on the Dorsal Surface in Main and Extension animals (Pele statistical
 
 
 
 

 
 

mmlm AninmlsZch
Males Farmles

Group Number I 3 3 4 5 l 2 3 4 5

myseormecomno o 0.03 0.2 1.0 3.1) 0 0.03 02 1.0 3.0(mm-flay)
Nimiberuxamincd 7‘) 67 67 67 79 79 67 66 65 7S
Sarcoma. dorsal surface 2 3 S 3 16“” 6 -l 2 0 8 

“ Staihdcally (1111ka from 1111: Central: 1140.05: ‘0‘“ Sinlisfically differem from the Central: 1140.001

[NOOO 4.2.3.411 P39]

The following summary table for sarcomas in the skin and subcutis was compiled from the
“Summary of Histological Findings Separated by Survivors and Decedents” (Tables 19 & 20, pages 374-
375, 454).

In males, the incidence of fibrosarcoma was significantly higher than control at 3 mg/kg/day.
Fibrosarcomas on the dorsal surface (combined dorsal and injection site) were identified as a cause of

death in 9/47 (19.1%) high dose group male decedents. Dose-related increased incidences of injection site
fibrosarcoma and dorsal skin and subcutis rhabdomyosarcoma were equivocal because although dose-

related trend analysis was statistically significant, dose group pair—wise comparison with controls was
not..

Sex

NNC 90-1170 Dose (mg/kglday)

fibrosarcoma

sarcoma (unspecified)

Skin & subcutis rhabdomyosarcoma

(dorsal) 2:(3:.0 /o
leiomyosarcoma 10(1 5%)
fii’msamma ('"lecmn 1 (1.5%) 1 (1.5%) 4 (5.0%)srte)

sarcoma (treated skin) 2 (2.5%) 3 (4. 5%) 5 (7.5%) 3 (4.5%) 16 (20.2%)“

According to the sponsor’s statistical analysis, statistically significant differences from control by Pete
analysis are denoted at p < 0.05 (*), p < 0.01 (**), or p < 0.001 (***).

 
There were no dose-related tumor findings in the skin or subcutis in females, but the background

incidence of sarcoma was markedly elevated above the background incidence for 2 year carcinogenicity

studies using subcutaneous injection (7.6% in control for this study compared to mean of < 1% for
historical controls).
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Sex

NNC 90-1170 Dose (mg/kglday)

Fate (Survivor or Decendent)

Severity

fibrosarcoma

sarcoma (unspecified)

Skin & subcutis rhabdomyosarcoma
(dorsal)

leiomyosarcoma

fibrosarcoma (injection 1 (13%) 2 (2.6%)site) .

sarcoma (treated skin) 4 (6.0%) 8 (103%)

According to the sponsor’s statistical analysis, st:ti75tically significant3differences from control by Peto
analysis are denoted at p < 0.05 (*), p < 0.01 (**), or p < 0.001 (***).

 
The following table shows the incidence of neoplasms around the microchip implant site.

Incidence of Neoplasms Identlfed Around the Implant (12 Rats Affected)

 

 

 
 

  

  

          fibrosarcoma
Skin 8. subcutis

(dorsal) rhabdom osarcoma
leiom osarcoma
total sarcomas

The incidence of dorsal skin and subcutis neoplasms, corrected for tumors occurring at the microchip

identification implant site not attributable to NNC 90-1 170 treatment, is shown in the table below. Total
sarcomas increased at 3 mg/kg/day NNC 90-1170 in males and females with an apparent dose related
increase in fibrosarcomas, injection site fibrosarcomas, and rhabdomyosarcomas in males and unspecified
sarcomas in females.

 

 
 

--
4“

o 1 o gI“; aII
o 1

III IIIII“
1 o

IIIIIo o

102%)

10.3%) 3(45%) 4(60%) 1(1.5%)15(19.o%)3(33%) 1(1.5%) 2(3.0%)n7(8.9%)

 
 

  

  

 

 

 
 
 

fibrosarooma

sarcoma (unspecified)

 
 

 

Skin & arbculis rhabdomyosarcoma
(dorsal) 

leiomyosarcoma

  

     

fibrosa'coma
(injection site)

 
 

Total sarcomas
 

Uterus
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There were no uterine tumors considered treatment related, but t notable increases in uterine

hemangiomas leiomyomas, and leiomyosarcomas occurred. Although the sponsor’s pair-wise
comparison with control showed a significant1ncrease in leiomyomas at 0.2 mg/kg/day (p< 0.05), it did
not meet the significance criteria for a common tumor (p < 001). Uterine hemangiomas occurred1n all
NNC 90- 1170 groups and the incidence of hemangioma was significantly higher than controls at 0.03,
0.2, and 1 mg/kg/day, but not at 3 mg/kg/day. The incidence exceeded the historical control group
maximum of 2% in all dose groups. The incidence of leiomyoma exceeded the concurrent control and
historical control range (2.0 — 6.0%) at 0.03, 0.2, and 3 mg/kg/day. The incidence of leiomyosarcomas
exceeded the concurrent control and historical control range (0 — 2.5%) at 0.03, 0.2, and 1 mg/kg/day. The

incidence of combined leiomyomas / leiomyosarcomas exceeded the concurrent controls group at 3 0.03,
0.2, and 1 mg/kg/day NNC 90—1170, but the increased incidence was not dose-dependent. According to
statistical analysis from the Biostatistics reviewer (Dr. Min), dose-related trend or pair-wise comparison
criteria were not met for any uterine tumor.

 
  

 

 
 

 

Sex

NNC 90-1 170 Dose (mglkglday)

 
 

Finding  

  
 

hemangioma 367n
5 62/43 7 3/250

5(604%) 5(75%)11(16.7%)* 4(60%) 10(128%)
leiomyosarcoma 2 (3.0%)) 3 (4.5%)) 4 (6. 0%)

 

  

 

   

  

    
leiomyoma

 

  
 

Uterus  

  

 Total leiomyomas I leiomyosarcomas

Statistically significantly different from control by Peto analysis: *p < 0.05, **p < 0.01

Other Neoplastic Findings
The tables below show the tumor incidence at each dose ofNNC 90-1170 for statistically

significantly increased tumors compared to concurrent controls or tumors that increased with dose, but
without a significant increase compared to control at any dose.

In males, benign adrenal subcapsular tumors increased at 0.03 mg/kg/day, and although the
incidence of 15.2% exceeded the control group historical maximum of 14.2%, the increase was not

significant because the p-value for pair—wise comparison was > 0.01 (0.013), the criteria for a common
tumor.

The combined incidence of hemangiomas / hemangiosarcomas was significantly increased (p =

0.001) at 0.2 mg/kg/day NNC 90-1 170, therefore the relation to treatment was considered equivocal.
Interstitial cell adenomas of the testes were significantly decreased compared to controls at 0.2

mg/kg/day, but this finding was not considered relevant to human risk assessment.
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Sex Males

NNC 90-1170 Dose (mg/kglday) O 0.03 0.2 1 3

-_--
. . . i 3Q 29 3Q 47Organ ITIssue FIndIng 1

10/33; ;1/25 3.0;Ad renal subcapsular tumor_ 451%) 1mszm* 50fi5% 4ywms% -@5%)
Vascular hemangloma/ 1 (13%) 2 (30%) 7(89%)
(all Sites) hemanglosarcoma

. . . 4/38; 0 ‘Testes Interstmal cell adenoma 119(139%) 33.(45%) 4 (6.0%) 75(8.9%)
According to the sponsor’s statistical analysis, statistically significant differences from control by Peto

analysis are denoted at p < 0.05 (*), p < 0.01 (**), or p < 0.001 (***).

 
In females, the incidence of pituitary adenoma (6.4%) at 3 mg/kg/day exceeded the control group

historical maximum of 5.9%, but because it’s a common tumor, the dose-related increase was not

considered statistically significant (p = 0.006, p > 0.005) and pair-wise comparison with the control group

was not statistically significant (p=0.042, p > 0.01). Harderian gland adenoma increased with dose (Peto

analysis, p < 0.05) the incidence of 6.3% at 3 mg/kg/day exceeded the control group historical control
maximum of 4.0%. Because Harderian gland adenoma was considered a common tumor, the dose-related

increased was not significant (p=0.014, p > 0.005).

Sex Females

NNC 90-1170 Dose (mg/kglday) . 0.2

4/27;

5116.4%}
adenoma, 'ntermediate

lobe (1 3%)

53(6.37:)
According to the sponsor’s statistical analysis, statistically significant differences from control by Peto
analysis are denoted at p < 0.05 (*), p < 0.01 (**), or p < 0.001 (***).

 

323 of513



Reviewer: Anthony L Parola PhD NDA 22,341
   

Summary and Conclusions

A 104 week carcinogen bioassay of 0, 0.03, 0.2, l, or 3 mg/kg/day NNC 90-1170 injected
subcutaneously once a day in CD—1 mice included a main study group (50/sex/.dose), a 78-week interim
sacrifice group (29/sex/control and high dose, 17/sex/low and intermediate doses), and satellite
toxicokinetic / plasma calcitonin groups (51/sex/dose, 17/sex/sample week). Although mortality was
unaffected by treatment, due to reduced survival in control group females, the 78 week intermittent
sacrifice was canceled with dosing continued to week 104. The sponsor’s tumor analysis combined results
from both main study and week 78/104 groups. Toxicokinetic parameters were determined in weeks 26,
52, and 104 using an ELISA detecting the peptide moiety ofNNC 90—1170. In general, Cmax and AUC0_
24 increased linearly with dose. Estimated human exposure multiples based on AUC0_24 816 nM.hr at the
MRHD of 1.8 mg/day NNC 90-1170 and week 104 mouse AUC0_24 (average of male and female
combined) were 0.23, 1.8, 10, and 45 for doses of 0.03, 0.2, I, and 3 mg/kg/day NNC 90-1170 (exposures
not corrected for higher plasma protein binding in mice).

At 0.03 mg/kg/day, NNC 90-1170 decreased group mean body weight gain 15 — 16 % compared
to controls, but the decrease occurred in the absence of a dose response and without significantly
decreasing group mean body weight or food consumption. There were no treatment-related effects on
water consumption.

There was evidence of a mild hemolytic anemia in mice at 3 1 mg/kg/day NNC 90-1770

including decreased RBCs (males and females), increased reticulocytes (males), pigmented Kupffer cells
(males and females), and hemosiderin in spleen (females). In males, there was a significant dose-related
8.4 — 13.7% decrease in RBCs at 3 0.2 mg/kg/day and a corresponding increase in reticulocytes, but 14.7
— 26.5% increased relative reticulocyte count did not reach statistical significance. RBCs were

significantly decreased 7.5 — 4.1% compared to concurrent controls in females, but the decrease was not
dose related.

Plasma calcitonin in mice was measured after 26, 52, and 104 weeks of treatment using a rat

calcitonin IRMA assay, and specificity and sensitivity of the assay for mouse calcitonin was not reported.
Using this assay, group mean plasma calcitonin was higher than controls at 3 0.2 mg/kg/day in males and
females. Between weeks 26 and 104, plasma calcitonin levels increased > 2 fold at 3 mg/kg/day in
females. Increased calcitonin is likely related to increased incidence of thyroid focal c—cell hyperplasia
and c-cell tumors in the high dose group.

Anti-NNC 90-1170 antibodies were not detected in mice treated with up to 3 mg/kg/day NNC 90-

1170 for 26, 52, 78, or 104 weeks. Although the potential interference from plasma NNC 90-1170 and the
absence of a sustained pharrnacodynamic effect preclude a definitive assessment of an antibody response
to NNC 90-1170, the impact on the acceptability of the study is minimal because treatment—related tumors
occurred. However, carcinogenic effects due to exaggerated pharmacology may not be fully assessed.

Treatment-related necropsy findings were a low incidence of masses in thyroid of 3 mice in the 3
mg/kg/day NNC 90-1170. Masses occasionally occurred in the bones, heart, intestine, duodenum, and
cecum of other mice.

Treatment-related non-neoplastic histopathology findings occurred in thyroid, liver, spleen,
femoro—tibial joint, and seminal vesicles. In the thyroid, inflammatory cell infiltrate occurred at 0.03
mg/kg/day NNC 90—1170 and focal c-cell hyperplasia, considered a precursor to thyroid c—cell tumors,
occurred at 3 1 mg/kg/day in males and at 2 0.2 mg/kg/day in females. In liver, pigmented Kupffer cells
(attributed to hemos‘iderin accumulation), centrilobular hypertrophy, and diffuse centrilobular hepatocyte
vacuolation occurred at 3 0.03 mg/kg/day in males. Liver pigmented Kupffer cells occurred at _>_ 1

mg/kg/day in females. Hemosiderin accumulation in spleen occurred at 2 0.03 mg/kg/day in females. The
incidence of degenerative disease in the femoro-tibial joint was above control group levels at 3 0.03
mg/kg/day in males and at 0.03, 1, and 3 mg/kg/day in females. Lymphocytic infiltration in the seminal
vesicles occurred at 3 0.03 mg/kg/day and inflammation of the seminal vesicles was higher than controls

at 3 mg/kg/day. Thymus tubular cystic hyperplasia occurred at 3 0.03 mg/kg/day in males and at 3 0.2
mg/kg/day in females.
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NNC 90—1170treatment-related neoplastic findings occurred in thyroid c-cells (males and

females) and dorsal skin and subcutis (females). Equivocal findings occurred in dorsal skin and

subcutis (males), injection site on the dorsal surface (males) and vasculature (males). Thyroid c-cell

hyperplasia and tumors are rare spontaneous findings in mice.

NNC 90—1170 dose-dependently increased the incidence of focal thyroid c-cell hyperplasia, a

preneoplastic lesion, and dose-dependently increased the incidence of thyroid c-cell adenomas at Z 1

mg/kg/day in males and females, and increased the incidence of combined c—cell adenomas / carcinomas

at 3 1 mg/kg/day in females. Greater than 2 fold increased plasma calcitonin occurring between weeks 26
and 104 at 3 mg/kg/day in males and females was coincident with an increased incidence of thyroid c-cell

focal hyperplasia and tumors.

A positive finding of fibrosarcomas of the dorsal skin and subcutis occurred at 3 mg/kg/day
NNC 90-1 170 in males. There were equivocal finding of dose—related dorsal skin and subcutis

rhabdomyosarcoma and injection site fibrosarcoma in males. Incidences of dorsal skin and subcutis

rhabdomyosarcomas and injection site fibrosarcoma in 3 mg/kg/day group males exceeded the historical

control range for both tumors, but the increased incidence for either finding never reached statistical

significance. The sponsor’s analysis of tumor incidence data grouping total dorsal surface sarcomas was

statistically significant for trend (p < 0.001) and pair-wise analysis compared to controls at 3 mg/kg/day
NNC 90-1170 in males (p < 0001).

An equivocal finding of increased combined incidence of hemangiomas / hemangiosarcomas at

all sites in males at 0.2 mg/kg/day NNC 90—1170 (uHEM 45), but the increased incidence was not dose
related.
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APPENDIX 1 FOR MOUSE CARCINOGENICITY STUDY REVIEW: LIST OF TUMOR INCIDENCES

Compiled from ‘Peto analysis of tumor incidence: Males’ and ‘Peto analysis of tumor incidence:

Females’ (Tables 22 & 23 in the sponsor’s report)
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APPENDIX 2 FOR MOUSE CARCINOGENICITY STUDY REVIEW: HISTORICAL CONTROL GROUP DATA OF

TUMOR INCIDENCE IN CD-l MICE FROM 2 YEAR CARCINOGENICITY STUDIES

 
, from 2002 to 2004.

ENDOCRINE SYSTEM

ADRENAL (SUBCAPSULAR)

NBA 22 341 

 

 

1 adenoma
658 119 42 5 adenoma o 119 33 2 adenoma o
832 47 21 5 adenoma o 49 ‘0 1 adenoma 0
874 94 33 9 adenoma o 96 72 7 adenoma a
937 120 58 17 adennma 1 oaminoma 112 106 4 adenoma 2 :arcinoma
gas :09 as 13 adenoma 0 ms 97 4 adenoma 0

TOTAL 539 222 50 I 539 4149 '18 2
RATE 41.2 9.3 0.2 83.3 33 D4
RANGE 35—599“ 2,0442% 0941893) 73.9823 0073 004 7

ADREnAL (MEDULLA)

 
i mevmac)wmn

I]
i Fmeumwcfioma

0
§ FIWCPIWQCSW’YIII

5
0‘9”?)
04%

1 mmflmmscmma
G

1 fimmhmmccmmn

 

TABLE ‘3 (CONTINUED)

CARDIOVASCULAR SYSTEM
AORTA

 
NERVOUS SYSTEM AND ORGANS OF SPECIAL SENSE

mafia -»
Ema: BenignStudy fimnbaé‘ 
 

5&5 92!} 0 1 meningbma532 5D 0 P1
874 ICC! O 0
'33? 119 0 D

955 150 O 0
TOTAL 549 D ‘
RATE 0‘0 02
RANGi 0.0 0(H)8

Maitgnant fienptasia “umber

BRAIN

Fmfizfie'
Fecal ‘ swim:

Examined Hyperfiasla Ikopiasia > .

0 6 (IO 119 {7 {I
O 55 '8 fl
0 'IGO '8 CII whom:

129 '13 pbxui
0 :agifoma

1 oligmendmgnama 13? a Q1 5‘43 0 I
62 0.0 9.2

0.063 0.0 0.0-0.3

  I malignan
aszrm'fioma

1 malignantastros fioma
G
2

ll—‘I
00-20 
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TABLE 1 (ALIMENTARY SYSTEM CONTWUED)

CAECUM

. . $963
> ’ Focal Bamg

Hyperplas fiewiasi

0.2
0.0403
COLON

 
 

.» Mate-"f > >. > ,. . .1 . - . .
‘ N0mbar.. Eagnigty: , > .. ,. .. fl 3;. Benlgn, MalignanExamEned vrlasm Rec-min Nee " . 435%: Net: 1,350:ng lash

 
 

 

  
 

 

 

 
o o 0 0

0 adenocarcinoma 1 1 6 1 u 0o 0 43 a 0 0
a o 97 o 0 0
o 0 109 0 1 adenoma 0
0 0 106 o 0 o
0 1 518 1 1 0

RATE 0.4 0.0 0.2 0.2 0.2 0.0
RANGE 0.04 .7 0.0 0.0-0.8 0.0-0.9 0.06.9 0,0  

EPIDIDYMIS

1 interaial
atfienoma

532 50 ‘0 0
. ‘3 iniersfitial

874 190 adenoma

 
 
 

U
2 adenocarclnoma

9
0.4

13114.9

(3
0
O
G
G
131
D 

Up00
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TABLE 1 (ALIMENTARY SYSTEM CONTINUED)
OESOPHAGBS

  
      

    
  
  

   
 

‘ed H;
, 3

mamas Examined 
, , Examin fasia

274 an e a o 5::
553 120 m e o 119 e o D
532 so 9 o o 49 o v: a
an as o o 0 we a o o

z
957 12a 9 admamalous n 120 o o o

1 MVP
S ”SNOW:-

eae we r (figwflma o myOTAL 543 H a 0 545 o o
Dfi m 3.0 0.0 0.0

031.7 m on an no 

GALL BLADDER

2 adenoma , papillary
3 adenomaawowooaao 
 
  

 . Nilmherx- Fecal». Examinedi‘ivw nlasiaw
274 $9 0 2 adenoma

 

     

    
 
 
 
   
  

5a 2 aueacmzs 1
5&8 1m 0 5 adenoma 1 adenataycinnma 655 120 8 36mm 1 adenecamineme
832 49 D 4 adennma a .832 50 O 2
B34 1.: 6 D D 574 25 0 1 x

9537 120 1 u. admcma o 937 120 5 “enema 3 §988 1% D D 0 $88 110 o D x

Term. 46“ 1 22 i 476 10 B adv-(ma 2 I4.3 1.? 0.4 x(“>92 0.0-4.0 ‘

léanign Malignant'tam 83615353513 Examméd

haemangiosamoma1
(L2

0.11103

Female; >
‘Fa’eai‘ ’j Ben: .. ‘e Iasiaiwgéiafia nee

0060000 
99no
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INJECTIONITREATMENT SITE

, was! Benign . .«Wash Mmlasfia” .' »
1haemsnginr z mabdom/o-
peficytoma smegma D

G a 1 fiwmangie-gamma
’4 $ ' U 1

1.0 1.0 
JEJUNUM

Benign: Mania “‘5: "timber ‘ M . -Ned clash ‘ bias . lasia . Examiuad : H

 
KlflNEY

le-

 2 adenoma

  

655 120 U 2 adenoma D 120 0 0 0
832 49 1 0 1 49 O D 0

3‘ carcinoma
874 99 n 1 adenoma 1 haemanglo— 10!} 1 u osarcoma
937 120 0 I3 1 12B 0 0 1 carcimma

: 968 110 D 2 adenoma 1 1w 9 D 9
TOTAL 548 1 7 5 549 i 0 1
RATE 0.2 1 .3 6.9 0.2 Oil 0.2
RANGE 0.0-2‘0 0.0-4.0 CLO-20 [MI-1.0 0.0 Orzo-0.3

LIVER (Hem‘rocv‘rz)

Nkmmr Em}" '- » Examined .
7 adenom a 3 carcinoma
5 Manama 2 cam’mcma
:8 adcncma 3 caecinoma
$0 adenoma 2 carcinoma
5 adenoma ! carcinoma
32 adenomo 2 carcinoma

1 $5 adencma ‘3 enmirwmn a
26 21 71 20 $0
4.0 3.2 19.8 30 1.5

0534 6. 7 0.0425 4 1348.8 106.0 . , 8. 0

TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

5 adonoma
1 adenoma

0
3 mommawouomm.‘ 

LIVER (BfLIARY)

Bénigh ' Fifiailgréafi Ng‘dgpiafilasla’ Neolasia‘ 3 '0 0
fl 0
O 0
0 D
0 0
0 O
O 0
0 0

.09 oo 
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RESPlRATORY SYSTEM

LUNG

 
 
 

  

 
 

Number ‘ "Fecal > Benign MalignantExamined H «e iasia» 2112313513 New
 

  
  
  

  
  
 

1.13119; int '-: Neoplasia   
50 2 10 adenuma 3 carcinoma 50 1 3 adenoma 2:11:12:an
120 5 24 adenom 11 carcinoma 1 19 1 .8 admma 13 carbi‘noma
50 3 19 adenoma 5 carcinoma 49 2 4 adenoma a mtcimma

100 5 9 adenoma 12 carcinoma 10!) 5 14 adenoma 6 carcinoma
119 6 29 Manama 9 carcinoma 120 3 15 adenoma 2 carcinoma
110 6 18 adenm 13 carcinoma 110 4 B adamma 7 minorna
549 27 110 53 548 16 50 315

4.9 20.0 9.7 2.9 9,1 6.2
410451} 940—383) 61042.0 0.8-5.0 55-1110 1 L103

 
 

LYMPHORETwULARI HAEMOPOIETIC SYSTEM

LYMPflORE‘UCULAR I 8AEMOPOIanc

:Sfudyfla. Number Lymphoma Leukéerfizéfiisfiacytip 3915111136.. Lymphom efikééifiia>$§t1e5fi§cf  

 

Examined - safcnma Examined_. ,, , > », ' sarcoma .6 1 0 ’51 o
5 2 3 20 0

832 49 5 0 0 so 23 2 0
an 99 13 e 1 10:: 34 n a
937 120 20 a 1 11s 27 3 12
988 110 20 O 3 110 29 0 4TOTAL 548 70 6 8 543 135 5 36

RATE 12.8 1.1 145 2418. 0.9 6.6
RANGE 51.0-18.2 09-25 Geo-2.7 167-460 0.0-4.0 13.0-10.1

MAMMARY GLAND

Mélfgmnt-Ns piasi 1 ademcmiaama
D 1 adwnanammma858 1’5 fl .1 adenazamhama832 SD 0 f nbwademma O

ladmummws catch-om:
3°74 Ufi 0 0 Emmi-mm.

93? 199 1 ‘ fih;%:$;?a ’é mixed malignarfl imr988 197 0 13 a :demm‘mma
TOTAL 525 I 3 1B
RATE 1).: 0.6 3.0
RANGE 0.50.9 0.0-2.0 6.0-4.3 

’ Not a motocol organ

OPTIC Niflvfi

5 adenoma
5

1 .C<
CLO-4‘8
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FEMALE GENITAL SYSTEM

OVARY'

’ ’ Egimetium

 8cn59n Magma: j Malignant ,
. . . ‘. » ' ' magma-ta

27“ 5:] fl 1mmmmlmnnam '3 5° {1 (I i)
 

 

1 magma
15am comm) 115mm"

353 m: a zgranufisr::‘agal “7"" 2 gramiasa cell wmcuf 119 a 1 cymmm’m ts4 abalodmmal admuma
1 granumx ceB vim-Mi

832 48 CI ' Mama 0 135 O a I}1 mmmwl admcm1 whom:
83‘: 9! 0 1 1:wa cell hum-Jr 0 99 a a D

1 1318mm
2 grandma 09? 94mm!Z WbUWGMai 36970er

937 12G fl .3 mean: 0 330 O 3 cydadmrzma D
$ grandma 0:}: tumour2388 “B 0 3Iuleoms O 130 0 r3 1k

TOIAL 64-? o 29 2 5:7 O 14% b
RAE 0,9 5:3 0.43 0.0 2.5 0.0
RMGE 0 6 23-75 0.9-5.7! 0.0 0.0-7.5 {5.0

PANCREAS (ENDOCRINE)

1 carcinoma
1 adenoma f ademma 0

0 O 0
2 adencma 1 ademma 0
2 adenuma 0 0

5 2 1
0.9 . . 0.4 0.2

Malignant Numye 
TABLE 1 (ENDOCRINE SYSTEM CONTiNiJfiD)

PARATHYROID

" Female

Benigzi Malignant~ iasia Neogtasfia Reo-Easie

" feiéz‘a? 
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PFI'UiTARY {ANTERIOR}

1 aéenoma
s
a

1 aflenoma 1 adenuma.
118 1 afienoma ’ 7 adanoma
110 D 3 adenuma
535 3 22 18

0.6 4.1 3.3
0&2}: 0.0422 10.01.19

 
Where the site of the tumour was not recorded it is assumed that it was in the anterim gummy

PROSTME

{Mafiigmnf’flecpiaeia '* Q.

35 adenama 1 haemafigiesareema
1

13.2 0.2

‘ \ Eemgze -
{was . flesfignv Iasia‘fl'ee ” 

 

TABLE 1 (ALFMENTARY SYSTEM CONTINUED}
SAUVAR’Y GLAND
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SCIATIC NfiR‘Ifi

Mafigmn i

cuuoaéo C7¢0a¢6
biz-J5427m .09

1 granular ceIl tumour
1 adenocarcinoma

“dam” (coagulating gland)1 adenoma
1 granufar can tumour

1 mabdomyosa rcoma

 
 

0 $ ligosarooma:2
O
o

937 120 o 120 o E958 1&0 0 110 1 haemangiosarooma .
TOTAL 550 o 550 3 i
Ram o o 0.0 0.0 0.0 0.0 0.5 g
RANGE o u 0.0 0.0 0.0 o 0 0.04.0 g

INTEGUMENTARY SYSTEM

SKW.’ SUBCUYIS lEFlTHELIUM)

 
  

. mafia; Neqpxase’. i»
' ' H ' ' . ' " V H ' i naabbdusctflcam'nzmn

27-! :a- o 1 mmccmn «flammmn J 50 E D . ‘ basulullcardnoma
est: x2e: 9 1 [um 0:11 adenma u 115 a} ' figmgf‘“ o1 Ear-flaw
3:32 56 0 2 macaw“ museum: ll 50 8 “mam a1 Mcanmnrm

. 1 mamcus <21! - »
874 117.9 a 1 hsylcoluismmn 0 w) I} ”mm,“ 1 km!«mm:9:? (2D 0 9 a 120 L‘ E 1 mmnuscallc-Am‘nam:

1 EM,mm:
955 1'20 5 i- a “3 5‘ 9 2 basalaflcaminumaDIAL 5%!) 0 15 3 543‘ E d 1‘

RATE 6.?) 95 13.9 [1.0 l2? 1.3
RANGE 0.5.1 2434.0 _ LED ED 13,040 0.0-4.0 
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SKIN? SUBCUTVS (Masquem)

  

   

y - 1 sarcoma
2‘7"! 50 G u 3 tifimrigm 50 n 0 } maignnl mama rislianyfiuma

‘ ‘ ' 2 :tmrdemmeromm' 1 momma
ass 12:: a a “ ’fmh‘mm :19 a 0 vaasaw“: 4 “row
$32 51.1 G ! um ihmma >2 50 O I) i Immamn5 mommmmn

37-: 109 a n 5 Museum» :03 u o 1 32%;???ani 19.319197“ mamas hsllacyhm'a: 3 33mm:
; R3? 123 O E 9 fibrasatcoms tE’O 0 1mm: - I mommai I mwcma

3 manemgwamema

983 114: r; I am «a men: I 551mm :03 a G .5 muéfifgfignms1 ”NMNLL'AHI
TOTAL 550 I} 2 22 547 O 1 32
RATE Ra 0.4 43 23.11 0.2 5 E
ERAKGE M3 941le 0.03.5 0:0 0.0413 2.08.0

SPIRAL CORD

are 1. , ‘
’ Benign, Mafianant Neapiasia

” IaSiasmaJagla ‘
SD

o 120
o 43
o 100
D 12$
1

ganglinneumrm: ”6‘V 54?;
0.2
  

0.0-0.8 0.0-1.0

TABLE 1 (MUSCULOSKELETAL SYSTEM CONTENUED}
STERNUM

. . 8'6. an,dasia Hea-

l Uflfiflmfi
D
1

02
9.01045
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TABLE 1 (ALIMENTARY SYSTEM CONTINUED)
SToamcH

,, Naiignaht' ’ Naorafia.»
3 1 squamous DE!papillom

2859mm 0mandala! mmnch}
0 1 squamouscell carcinoma

tamnm 
TESTIS

. Tmaissgnanf 

 

New lass: 9:0
658 120 2 13 Manama U
832 50 o 2 Manama 0
874 100 1 0 1 carcinoma

‘2 adenuma .
937 119 0 masmmgiom 1 camnomad adenuma
983 110 1 2 baarnangioma 0TOTAL 549 4 33 2

RATfi 0.7 6.0 0.4
RANGE 0‘04] 0.0‘18‘0 0.0-5.0

YHYROID (FOLLICULAR CELL)

1 adenoma 1 adenoma 1 carcinoma
6 O

1 adenoma O
1 carcinoma 6

0 D G
1 H 2

0‘2 (L2 6.2 2,0 (14 O2
(JD-0,8 0.0418 0.0015 0.0-8.0 0,04 .0 0340.3

THYROID (CI-CELL)
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THYMUS

10
0.2 0.2 1.9 0.6

um um axe-21.3 am...
TABLE 1

IRCKDENCES OF NEGPLA$TIC AND FGCAL HVPERPLA$T§C

LESIONS m UNWEATED Grit an 1 mm: m and WEEK smmfis 11(4)

 
260.2400»! at ,I

Study 274 and 832 ac: dosing. Other studies 9.0. dosing.
A1! ammais are micro chlppw for identification

ALIMENTARY SYSTEM

TanauE

 

 

{x o
_ 1 :quarrzws _

653 129 a WWW-mm a m; a c, g(332 ED 9 n a 423 o o n

m we a I) ‘ sflmfif' mm» o r: a4 1 Hummus »
337 me o m, papflm a 1m é o a

9M :39 :n a ‘ “gmfifd' 1 1 u c: o a
ram ads [I z 2 5%.? n o 6
RATE on M DA an [US 6.9

' FMNGE, ’30 (leg-0.33.... ,. ”0.97113 .90 ....... 9J3 ................ 9.2!}
TRACHEA

‘ “Limb
Exas‘rfined. i-t
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UTERUS

Exwmrzim ~ ' , 3mm» resumes
am. ami“ 9139mm}; mamHi“?

 

 

.. . . . ( . . .1 .. . . g » .. 4 .
2: ‘1 :1) :1 {1 2 mayhem $0 (I 3 {Humans {I 53 D 11%:‘5uang‘s 2 hanmangmmcama2 matgnant
EM 111:: B 1 «Sam 0 mu 0 fi mamas: 1 mummamom: 120 D 32 sammawdm annmmma1 51mm samnm:

232 =15 a u 0 49 a 1 Wampum a 49 o fgmggmfi, 1 Isaamann‘mamomn4 8316.1“! pet-mp
:. . . K , I dmduam 2 slwmal xarcama

M we 3 3 adencm U m U 2 mammna I flamxwfia m I Xumnularceu 1M¢mann§osarcnmammuur
. 2s mmangmamnmn_ i1 pufip- .. - . , ., . .V 1 wwmmmfiw

937 121} D ‘ ' > > 0 $211 0 : man-)MJA 3 kinmysenrmma .251 D 1 Innw‘ggma fizgflggxa3 almmsl “meals

9486 13% 0 :3 3 ”macaw/mm 320 0 3 Human 2 bienryueaxm 110 6 afiflgng 3 meme [N5551 Memannimarcnma
TOTAL 545} B 16 4 5-19 '3 21 .7 51.9 1 ES- 1%
RATE D.” 2):! V3.7 O): 3.3 1,3 '2'? 5.5 33
RANGE 11.5 004$}: CHE-#0 710 293.53.!) 0112.5 OD iL7 Efi

VAGMA

 

 

. u n

655 117 G 1 almmal pmyp u
832 59 0 C! 0
8?4 94 fl 0 U

. ‘1 squamoua call papifoma
£137 118 0 “$0!“me El935 1137 0 D D

TOY-KL 535 13 3 0
RATE D 0 {RB 3.43

RANGE DI D 65.0 {M} .
VASCULAR SYSTEM

 

 
 
 
 
 
 
  
 
  

O
349* 110 o
658 12D 14 2
832 so 6 2
374 mo 0 o
937 120 0 3

§TOTAL 659 25 12

grams 35%gRANGE 043.3%

* Liver only study
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APPENDIX 3 FOR MOUSE CARCINOGENICITY STUDY REVIEW: BACKGROUND INCIDENCE OF SKIN

TUMORS FOR SUBCUTANEOUSLY DOSED RATS AND MICE IN 2 YEAR CARCINOGENICITY STUDIES.

SUBCUTAN [SOUS RDU‘FE

Imeauman‘mm Sysa‘rem

SKIN GR IRJEfi’I‘IDfl SHE

“Wigwam: Defy amber,‘ .{q " - ‘ -. , ,, > , Eanlghfiamtasfi,Mlflfid'flfi‘ , ,. . :» . , . 

 

 

332 ! Manama 2 hemmnlhamn 1 11mm a“calm
Shun infirm ociiadmotm
555a 9:4 quunmousucflfi mpiluma5 Rflmcflm
33; film- 0 5 fihmmn .; fbgsasmccmn ma 0 1 “Km 1 Epawmm
313 ml 7 limbs? fihwma 1 {#056me
aki mes ji fibml'mmx 1 ipém3 lam312 94 D 1 Knrmmuastswma (I SD £1 {1 {I
50 Ml
mj «3f
332 9d 0 I Wadi fibrcma I ouwswmn 90 G! {I *0
4‘ ml 1 [hm 1 mdnmm
lnj m3:511 $6 0 1 mm; sdcnoma’v {I 50 9 l k‘cmmcz‘rmhbma CI
‘HW rat 1 khmMcanfimn
it?! 1391'811 51} O ’lfi'brmx; 1 film’sammn 5D D {I {I
3M ml 1 ”(mm NOE-
slci Ms 1 mmwmm61 I 56 0 0 0 50 0 0 i]
W mt
"W?“811 543‘ O D 0 SD 0 {I 41
HIV ms.

832 m D ZSDDHW wimnn >3 50 D 1 ham! 031$ mama ‘11
W9 I kmmanmsmn
m 352i
332 .51} U 1 m52mm: {1 50 0 *8 I fipawmn:moms
ski nus
1332 45* U 0 fl 4? 0 ’D a
mm
M age
332 49 O O {I a? o {I 1qummama
5mm

 
332: 1396 Sprague Damieymi: 81122032 firm Wisrar: $2 21:02 and maize
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Appendix B: Rat Carcinogenicity Study Review

Historical
Incidence

incidence (%)
c—ceil carcinoma

Positive Thyroid p—value

incidence (%) . . . . . . . .

p—value

c~ce|l adenoma +
carcinoma

 
Undertined values considered positive based on trend analysis p-value for rare (p < 0.025) or common (p < 0.005) tumors, p-value for
pairwise comparison to the control group for rare (p < 0.05) or common (p < 0.01) tumors, and the incidence in the historical control
group.

3Although control group comparison p-value is above 0.01, the upper limit p-value for a false positive result for a common tumors, the
finding was considered positive because trend analysis p-value was < 0.001, the pvalue for pair-wise comparison with the control
group was < 0.05, and incidence was above the sponsor reported historical control group range (1.3 - 16%).

Key study findings:

0 NNC 90-1170 was a non-genotoxic carcinogen in male and female rats with treatment—related

neoplasms occurring in thyroid c-cells at 3 0.25 mg/kg/day in males (human exposure multiple

(HEM) 3 2.2) and at 2 0.075 mg/kg/day in females (HEM 3 0.5). Rat thyroid c-cell neoplasms

were considered a progression of focal hyperplasia.

0 Increased incidence or severity of focal thyroid c-cell hyperplasia occurred at 3 0.075

mg/kg/day in males and females (HEM 3 0.5).

o NNC 90—1170 dose—dependently increased the incidence of thyroid c—cell adenomas at Z 0.25

mg/kg/day in males (HEM 3 2.2) and at 3 0.075 mg/kg/day in females (HEM 3 0.5), c-cell

carcinomas at 0.75 mg/kg/day in males, and combined c-cell adenomas or carcinomas at 3

0.25 mg/kg/day.

o The incidence of c-cell carcinomas, a rare tumor in rats, was above the historical control range at

3 0.075 mg/kg/day NNC 90—1170 in males (HEM 3 0.5) and at 3 0.25 mg/kg/day in females

(HEM 3 2.2).

o Methodological / Protocol issues:

0 Toxicokinetic blood samples were obtained from main study group rats after the first

dose and in study weeks 52 and 104.

o Anti—NNC 90-1 170 antibodies were not monitored during the study, however a

pharmacodynamic effect of decreased body weight gain occurred during the study

indicating if antibodies were formed, they weren’t neutralizing.

0 Because the MRHD was increased from 0.6 mg/day NNC 90-1 170 to 1.8 mg/day (AUCO-

24 814 nM.hr) during development, the AUC ratio for the highest dose of 0.75 mg/kg/day

in the rat carcinogenicity study (AUC0_24 6,225 nM.hr) was 7.6

Adequacy of the carcinogenicity study and appropriateness of the test mode]:
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Sprague Dawley rats are pharmacologically responsive to subcutaneously administered NNC 90-

1170 with reduced body weight gain and lower body weight compared to controls in all NNC 90-1170

treated groups and decreased food consumption, mainly in the high dose groups, observed throughout the
2 year study. Protein binding ofNNC 90-1 170 is slightly lower in rats than in humans. Metabolism of
NNC 90-1170 was inadequately characterized in humans and rats. There are no major metabolites of
lipid-labeled 3H-[Pal]-liraglutide in humans, but metabolism of 3H—[Pal]-1iraglutide was similar in vivo
and in vitro in rats and humans. In vitro metabolism of peptide-labeled 3H-[tyr]-liraglutide is similar in
mice and humans, but in vivo metabolism was not characterized in either species.

Evaluation of tumor findings:

In a 2 year carcinogenicity study ofNNC 90-1 170 in Sprague Dawley rats, treatment-related

tumors in thyroid were c-cell adenomas at 3 0.25 mg/kg/day in males and at 3 0.075 mg/kg/day in
females, c-cell carcinomas at 0.75 mg/kg/day in males, and combined c-cell adenomas and carcinomas at

Z 0.25 mg/kg/day in males and at >. 0.075 mg/kg/day in females.

CAC concurrence:

- The Committee concurred the study was acceptable, based on tumor findings in males and females.

0 The Committee concurred that thyroid C-cell adenomas and adenomas or carcinomas (combined) were
drug related. Liraglutide significantly increased the incidence of thyroid C-cell adenomas in males and
females at 3 0.25 mg/kg, C-cell carcinoma in males at 0.75 mg/kg, and combined C—cell adenomas or

carcinomas in males and females at 2 0.25 mg/kg.

Study no.: 200240 (sponsor), 455371 -

. Submission, Module, and page #: N000 4.2.3.4.].1, pages 1 - 1631

Conducting laboratory and location:M, [1(4) 

Date of study initiation: 23 April 2001

Study ending date: 11 August 2005

GLP compliance: Yes (OECD compliance claimed)

QA report: yes ( X) no ( )

Drug, lot #, and % purity: NNC 90-1170 lots shown in the table below. Purity of 97.7- 98.4 % reported
for lots 317010, 317011, 317012, LLDP006,LLDP008, MLDP013 (certificate of analysis in Appendix B,

page 278). Batch Numbers

Batch Number
317010

317012

 

 
 

  

 Date ofConcentration

1m; .ml“) Manufacture Expiry Dale
5 14 Jun 2009” 14 Dec 20015 20 Jun 2000 20 Jun 2002

 
 

  

 
  

22 Junzooo '22 Mar 2002
| LLDPOOB - 27 Se 12001 29 Ma: 2003

prooa 04 0a 2001 04 April 2003
MW

[N000 4.2.3.4.1.1 P17]

 

 
 “06Del: 2003

Tag: 1mm Composition

 
 
  

mtzuenés';
rem: 90-3170

5m , .

[N000 4.2.3.4.1.1 P17]

  
 

Methods

Doses: 0 (vehicle), 0.075, 0.25, 0.75 mg/kg/day NNC 90-1170
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Basis of dose selection (MTD, MFD, AUC etc. 1: MTD in males (> 10% decreased body weight

gain at 2 0.1 mg/kg in a 13 week dose range-finding study, AUC ratio > 25 in females (criteria

not met based on toxicokinetic analysis in the 2 year study and human exposure at the MRHD of

1.8 mg/day).

Szpecies/strain Sprague Dawley rats (Cr1:CD®(SD) ICR BR)

Number/sex/group (main study): 50 /sex/dose main study.
Tmaimenlflmg.kg“dayJ 201250

. 2. 51-109

Intermediat»a, 09,5; , ,’ 291.151;
Hie- Dose . ' 15mm:

[N000 4.2.3.411 P19]

 
 
Route formulation volume: subcutaneous injection (dorsal area 4 sites), 2— 5 mg/mL NNC 90-

117 solution dilutedin vehicle (vehicle composition shown1n summary table _,below) 1.0 mL/kg
Ve11 11.19 cmnposition -

V . Amount{pgrmlJ

  
[N000 4.2.3.411 P16]

Frequency of dosing: once a day

Satellite groups used for toxicokinetics or special groups: None.

Tail vein blood from 2/sex/dose main study group rats was collected prior to dosing and 1, 2, 4, 6,

8, 12, and 24 hours after dosing after the first dose and during weeks 53 and 104.

Age and weight: ~ 6 weeks old at the beginning of the study with males weighing 150 -218 g,

and females weighing 120 - 174 g.

Animal housing: Five rats/sex/dose were housed in solid bottom cages with sterilized pine wood

shavings (analysis revealed no significant contaminants), a food hopper, and 2 polycarbonate

water bottles with stainless steel nozzles (page 18).

Restriction paradigm for dietag restriction studies: None.

Drug stability/homogeneity: Drug dosing solution samples were taken immediately after

preparation in weeks 1, 4, 8, 12, 24, 39, 52, 65, 78, 91, and 104 were taken. To assess stability,

additional samples were taken on the last day of weekly preparation in weeks 100 and 104. Drug

concentrations were measured by size-exclusion HPLC.

Dual controls employed:.None.
Interim sacrifices: None.

Deviations from original study protocol:

Protocol deviations in animal housing environmental controls and dosing formulations, but the

deviations did not affect the integrity of the study.

Observation times

Mortality: Twice a day.

Clinical signs: Main study rats checked for clinical signs during the workday with detailed examination

performed once a week. Palpations for masses were performed once a week beginning in week 13.

Body weights: Recorded daily during the first 2 weeks of treatment, then weekly until study termination.

Rats in deteriorating condition or losing weight were weighed more frequently.

Food consumption: Recorded once a week until week 13, then once every 4 weeks.

Water consumption: Water consumption was monitored by visual inspection, but it wasn’t quantified.
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Ophthalmoscopy: Rats examined by indirect ophthalmoscopy (anterior, lenticular, fundic areas) after
instillation of a mydriatic (1% tropicamide) prior to dosing and in study weeks 51 and 102.
Hematology: Approximately 0.5 mL tail vein blood was taken from all surviving rats in study weeks 52,
78, and 103 for differential WBCs. Blood smears were prepared for future evaluation, if it was deemed
necessary.

Toxicokinetics: At least 0.5 mL tail vein blood was obtained from 2 rats/sex/NNC 90-1170 dose/time

point prior to dosing and l, 2, 4, 6, 8, 12, and 24 hours after dosing on day l and in study weeks 53 and
104. Vehicle control group samples were taken in week 104. Plasma NNC 90—1170 was quantified using
an ELISA (SOP 878-LP-08005, anti—NNC 90-1170 monoclonal antibody 1 coupled to the microtiter
plate, and the second biotin—labeled monoclonal antibody targeted to a different NNC 90—1179 epitope).
Because this assay requires diluting the rat plasma samples at least 25-fold in human serum, the lower
limit of quantification of NNC 90-1170 in rat plasma is 450 pM (lowest limit of 18 pM X 25 fold
dilution).

Gross Pathology: Rats surviving 104 week of treatment were anesthetized with C02 and exsanquinated.
All rats sacrificed moribund or found dead were necropsied.

Histopathology: Peer review: yes ( X ), no ( ) — internal peer review at 7evaluating a tissue
samples from males and females in each dose group and thyroid glands from all control and low dose rats
and all tumors from all rats.

Unless otherwise noted, tissues for microscopic examination were fixed in 10% neutral buffered
formalin. 
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[N000 4.2.3.4.l.l P25—26]

Results

Formulation: Concentrations of NNC 90—1170 in dosing solution samples were within an acceptable

range of 84 — 101% for all samples.

Mortaligg:
There were no treatment-related effects on mortality.Fem 
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[N000 4.2.3.4.1.1 P276—277]

Clinical signs:

Clinical signs considered treatment related due an increased incidence or number of observations
occurring mainly during the second year were hunched posture and piloerection in females at Z 0.25
mg/kg/day and staining of the fur (near the injection site) at all doses1n males and females.

IGmmt‘Sechw hwl (mgkg‘ ’ fiery :1Mt“: 2F t 3F
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[N000 4.2.3.4.1.1 P37]

Body weights:

By the end of the 104 treatment period, there were substantial differences in group mean body
weight between control and NNC 90—1 170 treated groups (Figures 5 & 6, and summary table below).
Group mean body weight gain dose-dependently decreased compared to controls at 3 0.075 mg/kg/day in
males and females.
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Food consumption:

compared to the vehicle control group, NNC 90-1170 dose-dependently decreased group mean
food consumption during the first week at all doses in males and at 3 0.25 mg/kg/day in females (see
summary table below). Food consumption decreased in NNC 90-1170 treated groups in the first week in
males and females. In males, food consumption decreased at 3 0.25 mg/kg/day from week 5 to the end of

the study. After the first week, group mean food consumption in NNC 90-117 treated females was similar
to controls. From week 13 onward, food consumption decreased with increased treatment duration at Z

0.25 mg/kg/day NNC 90—1170 in males and at 0.75 mg/kg/day in females.

  

 

 

  GfouplSexiDose Letterman“ I'd'ey' ;_
EM mm W
a ........................ . 0075' 3‘75

103% 89% 78%

 
  

  
  

 

Percentage of Control Group Mean

[N000 4.2.3.4.1.1 P39]

Water consumption:

Water consumption was considered unaffected by treatment.

Ophthalmoscopx:
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There were no treatment-related effects.

Hematology:

Compared to concurrent controls, lymphocytes increased1n males at 0.75 mg/kg/day1n weeks 52
and 78, but not in week 103.1n females, lymphocytes increased at 0.75 mg/kg/day1n week 52 and1n
week 78, but not at any dose1n week 103. A statistically significant effect of treatment (comparing
lymphocyte counts in NNC 90-1 170 treated groups to control) occurred in both males and females in
weeks 52 and 78, but not in week 103.

Lymphocytes (x 109IL)

 
 
 Study2Week

—-5.102 566668%
—-.%1ma; 47:4504%
Group mean values statistically significantly different from oontol are underlined.

 

 

 
 
 
 

6‘Male 59 had elevated WBC consisting of WBC 161.3, lymphocyte 129.6, basophils 10.3, and large unstained cells
25.5 and this rat was diagnosed with malignant lymphocytic lymphoma.

Statistically significantly decreased large unclassified cells occurred1n week 521n males ( 61, 69, and
53% of controls at 0.075, 0.25, and O.75 mg/kg/day, respectively), but the decrease wasnt dose-related
and it didn’t occur in weeks 78 or 103, so it’s relation to treatment was equivocal.

Organ weight:

Group mean relative weight of thyroid dose-dependently increased up to 2 fold in males and up to
1.8 fold in females at 2 0.075 mg/kg/day.

NNC 90—1170 Dose '(mg/kg/day)s
Parameter

Body weigit

 

 
 

 

Females

sex—1m—
n—n-I-n 

  
 

 
797 744 695 642 487 441 373 374

3'.1 44.60147.81 60.2 30.9 33.6 30.9 42.79.4 6. 3 7.6 8.31.14

Gross pathology:
A low incidenceof masses in the abdominal cavity was higher than controls at 0.75 mg/kg/day in

 

Thyroid
 

  
 

Relative weight,
fold change from
control

males.

A high incidence of staining of the skin, presumably near the injection site, was above control
group levels at > 0.075 mg/kg/day1n both sexes

Enlarged thyroid gland at _>_ 0.25 mg/kg/dayIn males and females correlated with increased
relative weight of thyroid and histopathology1findings of 0cell hyperplasia / adenoma/ carcinoma.
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[NOOO 4.2.3.4.l.1 compiled from P70 - 92]

Histopathology:

Treatment-related histopathology findings occurred in thyroid gland (pre-neoplastic and
neoplastic) and kidney (non-neoplastic).

Non-neoplastic:

In the thyroid, the incidence of mild to marked focal C-cell hyperplasia was considered
higher than control group levels at 3 0.25 mg/kg/day. The total incidence of focal c-cell
hyperplasia was only significantly higher than controls in high dose group males (p < 0.05) and
mid-dose group females (p < 0.01). While the incidence of focal C-cell hyperplasia correlates
with an increased incidence of C-cell tumors, the incidence and severity of diffuse C-cell

hyperplasia does not. Proliferative C—cell lesions correlated with increased relative weight and
macroscopic enlargement of the thyroid. Because focal c-cell hyperplasia is considered a
preneoplastic tumor, incidences of diffuse and focal c—cell hyperplasia are shown in a table of
neoplastic findings in the thyroid (see “Neoplastic” subsection below).

The incidence of mineralization in kidneys was significantly higher than controls in

males at _>_ 0.075 mg/kg/day, but in females, the incidence of in NNC 90-1170 treated groups was
similar to the elevated control group levels. The background incidence of kidney mineralization
was 25 fold higher in female controls compared to males.

A statistically significant increased incidence of adrenal gland focal cortical cell
hypertrophy with degeneration occurred at 0.25 mg/kg/day in males, but the increased incidence
was not dose related and didn’t occur in females, so its relevance to NNC 90-1170 toxicity was
considered equivocal.

In liver, the incidence of basophilic cell focus was higher than controls in all dose groups
in males and at 3 0.25 mg/kg/day in females. There was a higher incidence in NNC 90-1170
treated females compared to males, but the incidence in the female control group was 10 fold
higher than in males. The increased incidence didn’t reach statistical significance at any dose in
males or females, so the liver finding was considered equivocal.

The incidence of focal / multifocal alveolar macrophage accumulation was considered

higher than controls at 0.75 mg/kg/day, but the increase never reached statistical significance.
Therefore, in the absence of corroborating findings, it was not considered relevant to NNC 90-
l 170 toxicity.
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[N000 4.2.3.4.1.1 compiled from P174 — 228]

Neoplastic:
Treatment—related neoplastic findings occurred in thyroid (C-cell adenoma and

carcinoma). The sponsor’s statistical analysis of tumor incidence is Appendix 1 and historical
control data from rats in 2 year carcinogenicity studies at ‘ (1994 — 2001) is Appendix 2.
Statistical analysis of tumor incidence from Dr. Min in CDER’s Office of Biostatistics is included
in a summary table below (refer to Dr. Min’s Statistical Review of study results for this NDA).
Tabulated summaries of tumor types with p-Values < 0.05 for either dose-response relationship or

pair-wise comparisons determine from statistical analysis of male or female groups are shown
below. In several instances, statistical analysis performed by the sponsor differs from ours, but

any differences were not material to determining which neoplasms were considered treatment-
related.
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TumorTypes WithP-Values ? 0.05 for Dose Ros ponse Relationship or Pairwise Comparis ons_______——__.————————————
Cont Law Med High P_Va1ue P_Va1ue P_Value P_Value

Sex Organ Name Tumor Name N=42 N=45 N=43 N=43 Dos Resp C vs. L C vs. M C vs. H
ffffh‘ffffffffffiffh‘ffffffffffffffffffffffffffffffi {Hf}ffffffff)‘fffffffh‘ffffffh‘ffffb‘ fiffffffffffffffffffffff
Male Thyroid Gland C-CELL ADENOMA [B] 6 B 21 23 9.999 9.431 9.992 9.999

C-CELL CARCINOMA [M] 1 4 3 7 9.929 9.187 9.339 9.927

C-CELL TUMOR 7 11 21 28 9.999 9.227 9.993 9.999

Cont Low Med High P_Va1ue P__Va1ue P_Value P_Value
Sex organ Name Tumor Name N=47 N=47 N=45 N=49 Dos Resp C vs. L C vs. M c vs. H
fffffffffz‘ffffffffffff2‘f2‘fffffflfz‘z‘b‘fffffflh‘ffflff fifffz‘ffffffffffffffffflfffffffffh‘if Hfffffffffh‘fflffffflff

Female Pituitary Gland CARCINOMA, ANTERIOR 1 9 1 5 9.999 9.472 9.749 9.196

Thyroid Gland C-CELL TUMOR S 13 18 29 9.999 9.921 9.991 9.999

C-CELL ADENOMA [E] 5 13 16 23 9.999 9.921 9.995 9.999

C-CELL CARCINOMA [M] 9 9 2 3 9.928 . 9.249 9.125
_—_——_——__—_——-—-—

N ote: C-cell tumor=C-cell adenoma + C-cell carcinoma.

The incidence and/or severity of focal thyroid c-cell hyperplasia, a preneoplastic lesion,
was higher than control group levels at 3 0.075 mg/kg/day liraglutide in males and females. The
total incidence of focal c-cell hyperplasia was greater than the historical control mean incidences
of 7.8% in males (0 — 14.3%) and 9.9% in females (0 — 20%) in all dose groups, including
controls.

In thyroid, the dose-related increased incidence of 00611 adenoma significantly exceeded
concurrent controls and the historical control range at 2 0.25 mg/kg/day in males and at 3 0.075

mg/kg/day in females. The historical control mean incidence of c—cell adenomas in Sprague
Dawley rats at the -——.—‘(l994 — 2001, see Appendix 2) was 10.8% (range 4 — 21.1%) in
males and 8.2% (range 1.3 — 16%) in females. The incidence of c—cell adenomas exceeded the
historical range of the control group at 3 0.25 mg/kg/day liraglutide in males and at 3 0.075
mg/kg/day in females.

The incidence of C—cell carcinoma , a rare tumor in rats, increased above concurrent and

historical control group levels at 3 0.075 mg/kg/day in males (historical control range 0 — 2.1%)
and at 3 0.25 mg/kg/day in females(range 0 — 4%), but the increase was only statistically
significant by pair—wise comparison to control at 0.75 mg/kg/day in males(p < 0.05). Although C-
cell carcinoma was only significantly increased in high dose males compared to controls, there
was a significant linear trend (p < 0.05) for the finding in both males and females.
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Carcinoma of the anterior pituitary in females, a common tumor (mean historical control
incidence of 4.2%), was not considered treatment-related because the incidence was not
statistically significantly higher than control group at any dose (p > 0.01 for pair-wise comparison
with control), the highest incidence of 4.2% occurring at 0.75 mg/kg/day was within the historical
control group range of 0 — 14.3%, and trend analysis yielded a p-value of 0.008 (p-value > 0.005,
cutoff p-Value established for a statistically significant dose-related trend for common tumors).
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Toxicokinetics:

NNC 90—1170 plasma toxicokinetics were determined after dosing male and female rats with 0,

0.075, 0.2, or 0.75 mg/kg/day NNC 90-1170 on day 1 and weeks 52 and 104. Plasma NNC 90-1170 was

analyzed using an ELISA assay with a 450 pM lower limit of quantification. The ELISA assay may not

differentiate between intact and delipidated NNC 90-1170. Predose and control group plasma levels

(week 104) ofNNC 90—1170 were below the level of detection at all sample times. Toxicokinetic

parameters are summarized in the table below.

 
Plasma NNC 90-1170

Dmax (_nM) ALICM.‘ (anIJ'Ir) Tmax (hr)
NNC 90-1179

Dose

(mg/kglday)

Sample
Time

Range

M F gAverage F EAverage (M+F)

Day 1
0.075

Week 104 26

Day 1
Week 52

Week 104

Plasma concentration versus time profiles after dosing male and female mice in week 104 are shown in

the graphs below. Figum 5 Mean {arithmetic} plasma coacmuafioa—fime profiles foflowing we weeks dusSng
nfiimghfide In fans}: I113.

pnfiodz'nfib’t 16S. germinal“
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Plasma NNC 90-1170 peaked 3.1 to 11.7 hours after dosing. In general, both Cmax and AUC0_24
increased linearly with dose. There were no substantial sex differences in plasma exposures. Between
study day 1 and week 104, NNC 90-1170 did not accumulated in plasma.

Summary and Conclusions
In a 104 week carcinogen bioassay of 0, 0.075, 0.25, or 0.75 mg/kg/day liraglutide injected

subcutaneously once a day in Sprague Dawley rats, survival was unaffected by treatment. Toxicokinetic
parameters were determined on day 1, week 52, and week 104 using an ELISA detecting the peptide
moiety of liraglutide. In general, Cmax and AUC0_24 increased linearly with dose. Estimated human
exposure multiples based on AUC0_24 816 nM.hr at the MRHD of 1.8 mg/day liraglutide and week 104 rat
AUC0_24 (average of male and female combined) were 0.5, 2.2, and 7.6 for doses of 0.075, 0.25, and 0.75
mg/kg/day liraglutide.

Liraglutide effects on food consumption, body weight gain, and body weight were consistent with
its pharmacologic effect. At 3 0.075 mg/kg/day, liraglutide dose dependently decreased group mean body
weight compared to controls, 6.9 — 19.6% in males and 9.2 — 23.9% in females, decreased body weight
gain 9.0 — 29.0% in males and 12.9 — 33.7% in females, and decreased food consumption at 3 0.25
mg/kg/day in males and at 0.75 mg/kg/day in females. The effect on food consumption was more
pronounced in the first week at all doses in males and at 3 0.25 mg/kg/day in females, and subsided with
continued treatment at lower doses. Despite the relatively large decrease in body weight gain and lower
body weight compared to controls at higher doses, survival wasn’t affected.

There were no treatment—related effects on water consumption, hematology parameters, or

ophthalmoscopy parameters.
Macroscopic pathology findings were a low incidence of masses in the abdominal cavity at 0.75

mg/kg/day NNC 90-1170 in males and enlarged thyroid at 3 0.25 mg/kg/day in males and females.
Enlarged thyroid was consistent with dose—dependent increased relative thyroid weight, up to 2 fold in
males and up to 1.8 fold in females, at 2 0.075 mg/kg/day and focal c-cell hyperplasia / adenomas/
carcinomas at 3 0.075 mg/kg/day in males and females.

Treatment—related non-neoplastic histopathology findings occurred in thyroid. Focal thyroid c-
cell hyperplasia, considered a precursor to thyroid c-cell tumors, occurred at 3 0.075 mg/kg/day in males
and at 3 0.25 mg/kg/day in females.

Treatment-related neoplastic findings occurred in thyroid c-cells (males and females). Thyroid
c-cell tumors were considered a progression from focal hyperplasia to benign adenomas to malignant
carcinomas. NNC 90-1170 dose—dependently increased the incidence of thyroid c-cell adenomas at 3
0.25 mg/kg/day in males (HEM 2.2) and at 3 0.075 mg/kg/day in females (HEM 0.5), increased the
incidence of c—cell carcinomas at 3 0.75 mg/kg/day in males (HEM 7.6), and increased total combined 0-
cell adenomas or carcinomas at 3 0.025 mg/kg/day NNC 90-1170 in males (HEM 2.2) and at 3 0.075

mg/kg/day in females (HEM 0.5). Although the increased incidence of c-cell carcinomas was not
statistically significant at any dose by pair-wise comparison with control except in high dose males, the
incidence was above the concurrent controls and the historical control range at 3 0.075 mg/kg/day in

males and at 3 0.25 mg/kg/day in females.
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APPENDIX 1 RAT CARCINOGENICITY STUDY: LIST OF TUMOR INCIDENCES

Compiled from ‘Peto analysis of tumor incidence: Males’ and ‘Peto analysis of tumor incidence:
Females’ (Tables 22 & 23 in the sponsor’s report)

Males, Peto analysis oftumor incidence
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APPENDIX 2 FOR RAT CARCINOGENICITY STUDY REVIEW: HISTORICAL CONTROL GROUP DATA OF

TUMOR INCIDENCE IN SPRAGUE DAWLEY RATS FROM 2 YEAR CARCINOGENICITY STUDIES

Wfrom 2002 to 2004.
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Appendix C: Mechanistic Studies of Liraglutide-Induced Rodent C-cell Tumors

Mechanistic Studies (Rodent Thyroid C—cell tumors)

- c-cell / Rodent C-cell findings: Assessment of human relevance

0 204370 / An immunohistochemical investigation of the GLP-lR in tissue from mice, rats,

cynomolgus monkeys, and humans

0 20040515PR4 / Investigation of GLP-1 receptor mRNA expression in mouse, rat cynomolgus

monkey, and human thyroid C—cells and in pancreatic islets studied by in situ hybridization

- 14725-006 / GLP-1 receptor expression in rat and human cell lines

0 205088 / Quantitative analysis of GLP-1 receptor levels on 2 rat (rMTC 6—23 and CA-77) and one

human (TT) C-cell line

0 205218 / Western blot analysis of GLP—lR expression in rats and human C—cell lines

0 204415 / Real—time (TaqMan) RT-PCR quantification of glucagon-like peptide'l receptor in C-
cell lines

0 13737—025 / Thyroid C—cell line GLP-1 receptor functional data: CAMP accumulation and
calcitonin release

0 14725-062 / Further human C—cell lines

0 205295 / Investigation of the mitogenic potential of liraglutide in rats and human C—cell lines

0 14718-007 / Calcitonin receptor binding studies

0 13736-092 / Liraglutide binding to rat gastrin (CCK2R) and bombesin (BB2R) receptors in 11(4)
AR42J cells

0 040301 / Assessment of beta and non-beta cell mass in pancreatic islets of cynomolgus monkeys

treated with liraglutide for 52 weeks: study 577863, NN study 200241

0 205106 / NNC 90—1 170 single dose study in mice with subcutaneous administration

0 204268 / A 9 week exploratory study with reversibility in mice — Combined evaluation of the in
life phase, hormone analysis, molecular analysis, pathology, and statistical analysis

0 204289 / 13 week toxicity study in mice with subcutaneous administration. Calcitonin
. determinations in mouse plasma

, 0 203281 / Effects on calcium homeostasis after a single subcutaneous administration to male rats

in a fasted condition — Combined evaluation of the inlife phase, hormone analysis, statistical

analysis, and molecular analysis

- 203258 / The effects on calcium homeostasis after a single subcutaneous administration to male

rats in a nonfasted condition — Combined evaluation of the in life phase, hormone analysis, and

statistical analysis

0 203282 / Study on acute effects on calcium homeostasis related hormones after single dose
subcutaneous administration in fasted and calcium treated rats

0 203317 / Effects on calcium homeostasis related parameters and thyroid volume fractions after up

to six weeks daily subcutaneous administration followed by a 2 week reversibility period in male
rats — Combined evaluation of in life phase, hormone analysis, and statistical analysis

0 204163 / Effects on plasma calcitonin, thyroid C-cell mass, and formation of antibodies after up
to 483 days daily subcutaneous administration in young aged male rats — Combined evaluation of
the in life phase including antibody analysis, calcitonin

- 204021 / Quantification of thyroid C-cells by digital image analysis on histological sections b(4prepared from specimens from studies 577863 (cynomolgus monkeys) and 455476 (Crl: )
CD rats)

0 203262 / Effects on calcium homeostasis related parameters after up to 87 weeks daily

subcutaneous administration in male and female cynomolgus monkeys — combined evaluation of

in life phase including thyroid histopathological evaluation
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0 204402 / Study on the acute effects on calcitonin and toxicokinetics after single dose
subcutaneous administration in fasted mice

0 205074 / In vivo study with administration ofNNC 0113-0000-0000 by subcutaneous
administration as bolus injections (once, twice, three times daily) or continuous infusion in
female mice

0 205050 / NNC 0113—0000-0000 and liraglutide. Study on calcitonin and toxicokinetics after 3—

days of subcutaneous administration in fasted male mice
0 205025 / Preliminary investigative study by subcutaneous administration (3 times a day) to CD—1

mice for 2 or 13 weeks — Combined evaluation of the in life phase including hormone analysis

and C-cel] pathology of the thyroid gland and molecular analysis
0 205205 / Investigatory toxicity study by osmotic minipump subcutaneous administration to CD—1

mice for 12 or 16 weeks

0 2005 001 / Modeling of exendin-4 concentration and effect on plasma calcitonin in mice
0 2005 005 / Modeling of phannacokinetics and effect on plasma calcitonin after once daily dose

administration of liraglutide

0 205121 / Characterization of the distribution of C-cells in thyroids from cynomolgus monkeys

BACKGROUND

Liraglutide, a palmitoylated recombinant human GLP-l analog with a prolonged elimination half—
life due to increased peptidase resistance of the highly protein bound drug, is being developed to treat
type 2 diabetes under IND 61,040. In 2 year repeat subcutaneous dose carcinogen bioassays in rats and
mice, liraglutide was a non-genotoxic carcinogen increasing the incidence of thyroid c-cell tumors in rats
and mice and fibrosarcomas on the dorsal surface, the body surface for drug administration, in male mice.

The sponsor performed mechanistic studies to evaluate the human relevance of thyroid c—cell tumor
findings. Mechanistic studies were reviewed and presented to the Executive Carcinogenicity Committee
at a meeting on 9 December 2008 for concurrence with the Division’s recommendation that the lack of
clinical relevance of liraglutide-induced thyroid c-cell tumors in rodents was not supported by
mechanistic studies.

EFFECT OF LIRAGLUTIDE ON THYROID PARAMETERS IN HUMANS

Because liraglutide caused proliferative lesions of thyroid c-cells in rats and mice, the sponsor
monitored thyroid parameters in clinical studies. Plasma calcitonin was measured in several clinical trials
and a calcium-stimulated calcitonin test was performed on a subgroup of subjects in 2 long term studies

(1573 and 1574). Thyroid biochemistry parameters were monitored in 8 clinical studies and thyroid
structure, determined by ultrasonography, was monitored in 4 studies. A search of adverse events related
to calcitonin or thyroid was performed across 38 completed and 4 ongoing clinical studies. The sponsor
evaluated GLP-lR radioligand binding, second messenger coupling, and calcitonin secretion in a human
thyroid C-cell line, TT cells.

Thyroid

In completed clinical trials, the rate of total, serious, and non—serious thyroid adverse events
(Table 2—16, number of events divided by subject years of exposure multiplied by 1000) was higher in
liraglutide treated subjects (event rates of 35.7, 4.5, and 31.2 for total, serious, and non-serious AEs,
respectively) compared to non-liraglutide-treated subjects (placebo or comparator, event rates of 22.0,
0.9, and 21.1 for total, serious, and non-serious AEs, respectively).
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Table Z—l 6 Summary of Treatment Emergent Thyroid ABS - All Completed Trials - Safety
Analysis Set 
 Limglmidc Mm-liragtu tide
Safety Analysis Set 421 l 2272
Total fisposurc (yrs'i 224! .4 1 138.6
Number of Subjects with Serious Thyroid Adverse Events {events} 1’ um l (1)
Number ofSubjects m‘it: Non-serious 'l‘hymid Ad verse Events 5'! (170} (14 ) 24(events)
’toml Number of Subjects with Thyroid Adverse Events {events} (it (80) 34 (25)
Rule othiyroid Serious Adverse Events QR) 4.5 9})
Rule of’i‘liyroid Noiirzscdous Adverse Events {Rj . 3 1.2 3} ,3
Rate of Al: Thyroid Adverse Events (R) 35.7 22.0  

R: Number ofercms divided by subioet years oft-x9051“: umltipiicd by 1000

[N000 Module 2.5 P107]

Table 2-20 shows thyroid adverse events that occurred after at least 1 dose in clinical studies.
Thyroid adverse events that increased in liraglutide-treated clinical trial subjects were goiter,
hyperthyroidism, thyroid cyst, and thyroid disorder. The incidence of treatment—emergent benign and
malignant thyroid neoplasms was higher in liraglutide—treated compared to non-liraglutide treated
subjects. The incidence of papillary thyroid tumors were notably higher in liraglutide-treated subjects
with the earliest onset occurring within 50 days of initiating treatment with 1.8 mg liraglutide +
metfonnin + rosiglitazone (Table 2-23). Despite dose-related elevated plasma calcitonin levels in
liraglutide-treated subjects, thyroid c-cell tumors were not noted in liraglutide—treated subjects.

Talfie 2—2-1) Treatment Emergent AES Thyroid {AE Onset Date after First 13mg Date) , by

SOC and E’referred Term All Completed Trials Safety Analysis Set 
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Table 2-23 Treatment Emergent Adverse. Events of Papillary Thyroid Canter —-All
Completed Trials and Ongoing Trials 
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[N000 Module 2.5 P115]

Calcitonin

A Forest plot of individual clinical trials and pooled results from week 26/28 of long term clinical
trials showed significant, dose—dependent increased plasma calcitonin compared to placebo at all
liraglutide doses, but no significant difference between liraglutide and active comparator at any dose.
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At week 52, calcitonin was significantly higher than placebo at both 1.2 or 1.8 mg/day liraglutide,

and calcitonin was significantly higher than active comparator at 1.8 mg/day (Figure 85 in Appendix 7.3

not found, but the report containing the appendix wasn’t hyperlinked. Data from clinical trial 1573.)

A calcium stimulated calcitonin test was performed in a subset of subjects from long-term clinical

studies 1573 (90 subjects) and 1574 (54 subjects). There were no significant differences in calcium-

stimulated calcitonin secretion between comparator or liraglutide (1.2 or 1.8 mg/day) groups prior to

initiating treatment or after 52 weeks of treatment.

GLP-I Receptors in Human Thyroid C—cells

Autoradiography using 125I-GLP-1(7—36)amide in thyroid tissue slices showed GLP-le occurred
in thyroid of 1 of 18 humans, compared to 60% of thyroids from mice and 100% of thyroids from rats

(Table 3) (Korner M et al., . J Nucl Med(2007) 48: 736—743). Although specific thyroid cell types binding

125I—GLP-1(7—36)amide were not identified, the receptor density in human thyroid was 60% of the
receptor density in mouse thyroid, ' 52% of the receptor density in rat thyroid, and similar to the receptor

density in human pancreas islets.
TABLE 2

GLP—t Receptor Density in Receptor—Positive Human
Normal Tissues

g Tissue GLP-1 receptor
Organ compartment densiiy“ 

Centrist nervous Neurohypophysis 5,20? 5: 472 (n m 6)

 
     

  

TABLE 3 Leptomeninges 1,1353 :1: 276 {n 6)
(ELF-1 3808me (SW-1 Pi} Examion in Lung and Thyroid 45w 132 “T43: in “- 24)
5181?? of Rat, Mouse. and Human: Comparison of Receptor Afilfii' 39 -» ,9 if" “M 9}

Incidence and Density New 960 3 251 in 7 6?pancreatitis Acini 567 z 112 (n e 6)
Organ GLP~1 a Rat Meme Duodenum Brunner’s glands 2.752 3 522 (n m 5)

lieum Myentgric plexus 887 t. 285 tn 3 6}
Lung incidence 3138893: 52'8 {1ch RES I338] Colon Myanteric plexus 788 :5: 84 (n = 9)

fiensiry’ 3.47? r 1,539 LE??? 2 2339 556 t 164 Breast Ducts and :obuu 519 136 (n z a)
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Specific GLP—1(1—7) binding was more frequently found in human medullary thyroid carcinomas (MTCs,

27.7% of samples) than in normal thyroid tissue (5.5% of samples). GLP—le were identified in 5/ 18 of

human thyroid medullary carcinoma tumors with an average receptor density comparable to that observed

in the human thyroid sample positive for 125l-GLP-l(7—36)amide binding.
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[Komer M et al., . J Nucl Med-48: 736—743, 2007]

 

In study report 204370, colocalization of GLP-IRS and calcitonin immunoreactivity. in human
thyroid tissue were equivocal for GLP-lR because the specificity of the rabbit anti-human GLP-lR
antibody, K100B, was not adequately demonstrated (staining only partially blocked by preabsorption with
the antigenic peptide, antibody stains pancreatic islets in GLP-IR knockout mice) and staining was weak
and not always colocalized with calcitonin (see Figure below).

flnlnan, (‘alcilonin . . GUM R'

  
[N000 4.2.3.7.3 P20]
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K100B strongly stained islets from pancreatic tissue, but preabsorption of KlOOB with the

antigenic peptide only partially blocked staining (Figure 12, below).

Figure 12 Pancreas serial-sectioned. human
EH)» i'rcaiucubmd with peptide

'. "x1513: garlfiin f; ~n.> g
£335.

  

 

 

In situ hybridization of species specific 35S-labeled riboprobes to GLP-lR mRNA was evaluated
in paraffin-embedded thyroid tissue sections from humans (study 20040515PR4). Thyroid c—cells were
identified by indirect fluorescent microscopy after staining with an Alexa488-coupled anti-calcitonin
antibody. In situ hybridization to pancreatic islets served as a positive control for GLP- lR probes and
hybridization of a 35S-labeled riboprobes to calcitonin served as a control for mRNA quality in thyroid
tissue. A 3SS—labeled probe to cyclophilin, a low to medium abundance transcript, served as a addition
control for mRNA quality in samples of thyroid and pancreas.

GLP—lR mRNA was not detectable in thyroid c-cells identified by anti-calcitonin antibody

staining and Figure 6 shows colocalization of GLP-IR mRNA and calcitonin was not compelling (Figure
6). Anti-sense human GLP—lR probes labeled human pancreatic islet cells and an antisense calcitonin
probe labeled calcitonin immunoreactive cells in human thyroid tissue sections (data not shown)

 

[N000 4.23.7.3 P20]

GLP—I Receptors in Human Thyroid C—cell Lines
The human thyroid C—cell line, IT, was devoid of functional GLP-le coupled to calcitonin

secretion, but CAMP-coupled receptor pathways may be perturbed in this cell line. In TT cells, forskolin,
a direct activator of CAMP, increased calcitonin secretion, but pentagastrin, a potent human and rat

calcitonin secretagogue, did not. Furthermore, known TT cell mitogens pentagastrin and epidermal
growth factor did not stimulate TT cell mitosis. More detailed reviews of studies characterizing GLP-le
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in human TT cells are included in reviews of studies characterizing GLP-lR signaling in rat c—cell lines in

Section 2.6.6.8 because rat and human cell lines experiments were included in the same reports.

Western blotting of TT cell proteins after separation by SDS-PAGE using the anti-GLP-lR
polyclonal antibody K102B did not identify the GLP-lR protein, but the results are not valid because the
specificity of the K102B antibody was not adequately demonstrated (study report 205218). TT cell GLP-
1R transcript levels were very low to undetectable by real-time PCR with estimated transcript levels of l
GLP—lR transcript / 1000 beta actin transcripts (report 204415).

Although the sponsor claims specific binding of radiolabeled, but not fluorescent GLP-l(7-37)
was demonstrated in human TT cells, specific ligand binding wasn’t demonstrated in either study (study
report 1425-006 and 205088 using [1251]GLP—1(7-37) or GLP-l(7-36)—Lys(6-FAM), respectively).

GLP-lR agonists liraglutide or exenatide didn’t stimulate intracellular cAMP accumulation or
calcitonin secretion from TT cells, but the positive control forskolin did. In vivo in humans, pentagastrin
stimulates CCKZ receptor mediated calcitonin release, but pentagastrin had no effect on CAMP
accumulation or calcitonin secretion from TT cells (study report 13737-025). Micromolar concentrations
of forskolin did not elicit calcitonin secretion from 3 other human thyroid c—cell lines: SINJ, SHER-l or

MTC—SK cells (report 14725-062).

Liraglutide, GLP-l(7-37) or exenatide were not mitogenic in a [3H]thymidine DNA incorporation
assay using human TT cells, but these cells didn’t respond to the positive control mitogens gastrin or
epidermal growth factor (study report 205295).

Liraglutide doesn’t bind to human calcitonin receptors. In a scintillation proximity format assay,
up to 5 itM liraglutide or GLP—1(7-37) did not inhibit binding of 53 pM [”511ca1citonin (salmon) to BHK
cell expressing a recombinant human calcitonin receptor (report 14718-007).

In conclusion, specific GLP-l(1—37)amide binding occur in normal thyroid in at least a subgroup
of people, but GLP-le have not been localize to specific cells in thyroid. When it occurs, the density of
receptor binding sites in thyroid was similar to pancreas. GLP-le are more commonly found in human
MTCs than in normal thyroid. In clinical studies, liraglutide dose—dependently increased plasma calcitonin
compared to placebo at 0.6, 1.2, and 1.8 mg/day at 26 or 28 months of treatment. In clinical studies, the
incidence of treatment-emergent benign and malignant thyroid neoplasms was higher in liraglutide—
treated compared to non-liraglutide treated subjects.

MECHANTSTIC STUDIES: OVERALL SUMMARY

MECHANTSTIC STUDIES OF LIRAGLUTIDE—INDUCED PROLIFERATIVE THYROID C-CELL LESIONS IN
RATS AND MICE

To evaluate the human relevance of liraglutide-induced thyroid c-cell tumors, the sponsor

performed mechanistic studies to support their proposed mode of action that:

Circulating liraglutide binds to and activates GLP—le on thyroid C-cells.
GLP-lR activation on C-cells induces calcitonin release.

Continued calcitonin release leads to increased calcitonin synthesis.

Persistent stimulation of calcitonin secretion and synthesis in C-cells leads to C-cell hyperplasia
in rodents.

10. Long—term C—cell hyperplasia may lead to C—cell neoplasia in rodents.

99°99

A schematic of the sponsor’s hypothetical mode of action is shown below.
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Figure 2: Key—events in the process leading to mdmt (7-:le pmlil’cmliou after Iongdernltreatment with (um-1 receptor (GLPIIR) agonists

[N000 4.2.3.7.3 Assessment Document P15]

The key events are 1) persistent liraglutide-induced GLP-lR-mediated calcitonin release from thyroid C-
cells results in c-cell hyperplasia and 2) persistent hyperplasia progresses to adenomas, then carcinomas.
The sponsor proposed that GLP—lR agonist-induced calcitonin secretion from c—cells is more robust in
rodents compared to primates, therefore this mode of action is relevant to liraglutide induced C-cell
tumors in rats and mice, but not humans.

Rats and mice have different susceptibilities to naturally occurring and xenobiotic-induced

thyroid c-cell tumors. In rats, plasma calcitonin, diffuse c—cell hyperplasia (considered a physiologic
response), focal c-cell hyperplasia (considered a preneoplastic lesion), and c-cell adenomas increase with
age. In Sprague Dawley rats, thyroid c-cell adenomas are common in control groups of 2 year studies
(incidence > 1%), but c-cell carcinomas are not (incidence < 1%). In mice, focal c-cell hyperplasia,
adenomas, and carcinomas are rare in control groups of 2 year studies (incidence < 1%). In rats,
proliferative c-cell lesions progress from diffuse hyperplasia to focal hyperplasia to adenomas, but in
mice, when adenomas occur, they are rarely preceded by focal c-cell hyperplasia. Seven marketed drugs
with rat thyroid c-cell tumor findings in their label were identified (including exenatide), but none of them
caused c-cell tumors in mice and a mechanism for drug—induced c-cell tumors wasn’t established for any

of them (see Overall Conclusions and Recommendations section).
The sponsor used rat and human C-cell lines to characterize species differences in GLP-lR

agonist binding, signal transduction, coupling to calcitonin secretion, GLP-IR agonist-induced regulation
of calcitonin and GLP—IR transcription, or ligand-induced mitogenesis. However, the behavior of the
human TT cells, a thyroid C-cell line, did not agree with previously published studies with respect to
known mitogens or known calcitonin secretagogues, therefore any differences in GLP-lR agonist effects
in rat and human cell lines are not proof of species differences occurring in vivo.

Since rats and mice differ with respect to their susceptibility to drug-induced thyroid c-cell
tumors and the incidence and course of development of spontaneous c-cell tumors, mechanistic studies

addressing the mode of action of liraglutide induced proliferative C-cell lesions were considered
separately.

Rats

Thyroid c-cell GLP-1 receptor in rats
There is no direct evidence of rat thyroid c-cell GLP—le coupled to calcitonin secretion. Rat c-

cell GLP—le are inferred from autoradiography of rat thyroid tissue using radiolabeled GLP-l, in vitro

pharmacology studies of GLP—IR agonist binding and adenylyl cyclase activation in rat c-cell lines, GLP-
lR mRNA in rat c-cell lines, and GLP-1 induced calcitonin secretion from perfused rat thyroid and rat c-
cell lines.

Published studies suggest GLP-le occur on rat thyroid c-cells, and studies with perfused rat
thyroid and rat c-cell lines suggest the receptor mediates calcium-dependent calcitonin secretion.
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Autoradiography of thyroid tissue slices labeled with 125I-GLP-1(7—36)amide showed detectable GLP-l
binding sites, but binding wasn’t attributed to a specific cell type (Korner et al. J Nucl Med 48: 736—743,
2007). GLP-le were demonstrated in rat c-cell lines CA77 (Lamari et a1, FEBS Lett. 393(2—3): 248 — 52,
Crespel et al, Endocrin 137: 3674 — 80) and MTC 6-23 (Vertongen et a1, Endocrin 135: 1537 — 42). In
CA77 cells, GLP-IR mRNA was detected by RT-PCR amplification using transcript specific primers and
by Northern blot. GLP-le in CA77 cells were coupled to adenylyl cyclase activation via Gs, calcitonin
secretion (up to 52% increase over baseline), and increased calcitonin mRNA (2.9 fold). GLP-IR
expression in MTC 6-23 cells were demonstrated by radioligand binding, the presence of the receptor
transcript by PCR amplification using receptor specific probes, and GLP—1 (7-36)amide activation of
adenylyl cyclase.

An immunohistochemical study of GLP-lR in rat thyroid tissue sections stained with anti-
calcitonin antibodies to identify c-cells did not confirm because the specificity of the rabbit polyclonal
anti-human GLP-lR antibody, K102B, wasn’t demonstrated (study 204370). GLP-lR specificity of
K102B was not adequately demonstrated because; 1) K102B staining wasn’t blocked in the presence of
the peptide antigen used to generate the antibody and 2) Western blot analysis of protein from c-cell lines
did not demonstrate GLP-lR specific staining (study 205218). Furthermore, results from Western blots of
SDS—PAGE electrophoresed proteins from rat c—cell lines CA77 and MTC 6-23 and the human TT c-cell

using K102B were equivocal because stained proteins were unlikely to be GLP- le (study 205218).
An in situ hybridization study of GLP- 1R mRNA in tissue sections from rats showed GLP-lR

transcript levels were low to undetectable in thyroid, but much higher in pancreas, a positive control
(study 20040515PR4).

GLP-le were demonstrated in rat thyroid c-cell lines CA77 and MTC 6-23 by 12’1-GLP1(7-37)
radioligand binding (study 14725-006), GLP-1(7—36)—Lys(6—FAM) fluorescent ligand binding
(study205088), PCR amplification of the receptor transcript, and GLP-lR agonist induced CAMP
accumulation (study 13737—025). GLP-1(7-37) was 48 fold more potent than liraglutide at stimulating
CAMP accumulation in MTC 6-23 cells. The presence of GLP-le in rat c—cell lines doesn’t confirm the
presence of the receptor in thyroid c—cells in vivo.

C—cell GLP—1 receptor activation linked to calcitonin release

There is no direct evidence that rat thyroid calcitonin secretion is mediated by a c-cell GLP-lR.
In subchronic and chronic repeat dose studies of liraglutide in male Sprague Dawley rats, the magnitude
of any effect was small, typically < 2 fold, and transient because it didn’t persist after a few months of
treatment. Although GLP- 1R agonist appear to increase it, plasma calcitonin levels probably remain
within a normal physiologic range and elicit a counter-regulatory hypocalcemic response.

The best evidence for GLP-l mediated calcitonin release in rats comes from a published study by
Crespel (Endocrinol 137(9): 3674 — 3680). Perfusion of rat thyroid glands with 1 or 10 nM GLP-l in the
presence of low calcium (1 mM) or high calcium (3 mM) showed GLP-l induced calcitonin secretion was

calcium dependent (Figure 5). However, it should be noted that 1 mM calcium is a subphysiologic
concentration (4 mg/dL) whereas 3 mM is within a normal physiologic range (12 mg/dL). Persistent
calcitonin secretion in the presence of GLP-1 probably doesn’t reflect normal physiology because the
major counter-regulatory response, decreased serum calcium (due to inhibition of osteoclast-mediated
resorption), can’t occur.
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[Ciéégéiet a1. Endocrinol 137(9): 3674 — 3680)]

This study also demonstrated GLP—l elicited calcitonin release from CA-77 cells, a rat c—cell line, but
calcitonin secretion from MTC 6-23 cells was calcium independent (Schemb et a1 Horm Met Res [Suppl]

21: 18 — 21). Differences in calcium dependence of GLP-1 elicited calcitonin release from perfilsed

thyroid and MTC 6-23 cells indicates cell lines may not accurately reflect regulation of calcitonin
secretion from c—cells in Vivo.

GLP-lR agonists induce calcitonin secretion from cultured MTC 6-23 cells with the rank order

potency expected for GLP-lR mediation: exenatide (ECSO 55 pM) > GLP-l (1-37) (EC50 80 pM)>>
liraglutide (ECSO 5,300 pM). Calcium dose-dependently stimulated calcitonin release from MTC 6-23
cells and liraglutide enhanced calcium—stimulated calcitonin secretion. Pentagastrin, a potent calcitonin

secretagogue in humans and rats, had no effect on calcitonin secretion from rat MTC 6—23 cells

suggesting that receptor-coupled calcitonin secretion in the cell line was different from thyroid c-cells in
VlVO.

In young rats (~ 2 months old at the start of treatment), single and repeat dosing with liraglutide

for up to 6 weeks increased plasma calcitonin, but the effects didn’t persist in chronically treated rats.

Liraglutide-induced increased calcitonin provokes a counter-regulatory response of decreased plasma

calcium and subsequently, increased PTH. The effect of subcutaneously administered liraglutide on

plasma calcitonin in rats was determined after single doses and repeat dosing up to 69 weeks.
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A single dose study of subcutaneously injected 0 (vehicle) or 0.75 mg/kg liraglutide in male
Sprague Dawley rats with monitoring plasma calcium parameters for up to 6 hours after dosing showed
plasma calcitonin was modestly, transiently, but significantly increased compared to concurrent controls
0.5 and 1 hour after dosing and PTH levels increased 6 hours post-dose (study 203281). The transient
increase in calcitonin was countered by decreased blood calcium, increased PTH, and increased excretion
of calcium in urine (not monitored in this study). In calcium loaded rats (intraperitoneal injection of 1
mM/kg calcium) treated with 0 or 0.75 mg/kg liraglutide, calcitonin levels peaked within 15 minutes of
dosing with higher levels in the liraglutide group (study 203282). The magnitude of increased plasma
calcitonin in response to calcium loading was > 10 fold greater than any increase due to liraglutide.
Plasma calcitonin levels were similar or below control group levels from 0.5 — 6 hours after dosing.
Within 24 hours of a single s.c. injection of 0 or 0.75 mg/kg liraglutide to male Sprague Dawley rats,
liraglutide increased urine volume and calcium excretion, but without significantly increasing plasma
calcitonin. Decreased plasma calcium was considered an effect of increased calcium excretion, and
increased PTH was a counter-regulatory response to decreased plasma calcium.

A 6 week study of 0 or 0.75 mg/kg liraglutide injected so. once a day to male Sprague Dawley
rats included a 4 week interim sacrifice group, a 2 week recovery group. On day 45, fasting treated rats
were calcium loaded to determine its effect on any liraglutide-induced changes in plasma PTH and
calcitonin. Calcium loading vehicle or liraglutide treated rats on day 45 markedly reduced plasma PTH
and increased calcitonin with return to baseline levels within 24 hours after calcium loading. Calcitonin
levels in the liraglutide-treated group trended higher than concurrent controls in non—fasted rats sampled
in week 4 and in fasted rats sampled in week 5. After a 2 week recovery period, plasma calcitonin levels
in rats treated with liraglutide for 6 weeks trended lower than concurrent controls.

In a chronic repeat dose study of liraglutide in young and old male Sprague Dawley rats, any
liraglutide-related increase in plasma calcitonin was transient and occurred early in treatment. In a 69
week repeat dose study of 0 (vehicle), 0025, 0.25, or 0.75 mg/kg/day liraglutide in young male Sprague
Dawley rats (2 months old) treated for 7, 10, 13, or 16 months or aged rats (8 months old) treated for 1, 4,
7, or 10 months, calcitonin levels were > 1.3 fold higher than concurrent controls prior to and after dosing
at 0.25 and 0.75 mg/kg/day on day 28 in young rats, and at 0.75 mg/kg/day in aged rats. Calcitonin levels
> 1.3 fold higher than concurrent controls occurred sporadically at all doses in aged rats, but the increase
was small (at or near 1.3) and these increases were considered incidental because they weren’t related to
dose, duration of therapy, or time of drug administration. Calcium levels were unaffected by liraglutide
treatment.

GLP-1 receptor agonist—induced calcitonin release increases calcitonin synthesis
In normal rats, a single dose of liraglutide decreased thyroid calcitonin peptide and mRNA levels,

but in calcium loaded rats, it increased both. Repeat dosing up to 4 weeks did not significantly increase

thyroid calcitonin transcript levels.
A single subcutaneous injection of 0.75 mg/kg liraglutide decreased thyroid calcitonin and

calcitonin transcript levels in fasted rats, but in calcium loaded rats, liraglutide increased thyroid
calcitonin and calcitonin transcript levels. Thyroid calcitonin and calcitonin transcript levels were
determined 6 hours after a single subcutaneous injection of 0 (vehicle) or 0.75 mg/kg liraglutide to male
Sprague Dawley rats (study 203281) or calcium loaded rats (single intraperitoneal injection of 1 mM/kg
calcium). Calcium loading reduced thyroid calcitonin up to 2.2 fold up to 6 hours in vehicle treated
controls, but in the liraglutide group, calcitonin levels were up to 4.7 fold higher than concurrent controls
6 hours after calcium loading. In fasted rats (without calcium loading), liraglutide decreased thyroid
calcitonin up to 2.7 fold up to 6 hours compared to controls. Calcium loading liraglutide treated rats
resulted in increased thyroid calcitonin up to 3.8 fold up to 6 hours after dosing indicating concurrent
liraglutide treatment and calcium loading increases calcitonin synthesis, whereas liraglutide treatment
alone or calcium loading alone do not. In fasted rats, liraglutide decreased thyroid calcitonin mRNA up to -
3.5 fold compared to controls, for up to 6 hours after dosing whereas calcium loading increased calcitonin
mRNA levels in liraglutide treated rats.
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After 4 weeks of dosing male Sprague Dawley rats with 0 or 0.75 mg/kg/day liraglutide (s.c.
injections once a day), there were no treatment-related differences in relative thyroid calcitonin mRNA
levels (study 203317).

Persistent c—cell stimulation (persistent elevatedplasma calcitonin) leads to c-cell hyperplasia
There was no compelling evidence of liraglutide-induced diffuse thyroid c-cell hyperplasia, an

expected physiologic response to increased calcitonin demand, but liraglutide increased the incidence of
age-dependent focal c-cell hyperplasia, a preneoplastic lesion. There was no evidence of diffuse c-cell
hyperplasia preceding focal hyperplasia in liraglutide-treated rats. Liraglutide appears to be a tumor
promoter in rats because liraglutide—induced focal c—cell hyperplasia was age-dependent while liraglutide—
induced c—cell tumors were treatment—duration dependent.

Treatment with up to 1 mg/kg/day liraglutide subcutaneously injected once a day in male and
female Sprague Dawley rats for up to 26 weeks, did not increase the incidence of focal thyroid c-cell
hyperplasia or c-cell adenoma. In a 2 year repeat dose carcinogenicity study of 0, 0.025, 0.25, or 0.75
mg/kg/day liraglutide, an increased incidence and severity of focal thyroid c-cell hyperplasia was dose-
related at 3 0.25 mg/kg/day in males and females. Retrospective quantitative analysis of thyroid c—cells in
rats from the 26 week chronic rat toxicity and the 104 week carcinogenicity study did not find any
evidence of liraglutide-induced diffuse c—cell proliferation or any effect on the ratio of thyroid c-cells to
follicular cells in the high dose groups (1 mg/kg/day liraglutide in the 26 week study and 0.75 mg/kg/day
in the 104 week study).

In a repeat dose study of 0 or 0.75 mg/kg/day liraglutide administered to male Sprague Dawley
rats for up to 6 weeks with BrdU administered within 48 hours of the terminal sacrifice to label
proliferating cells, group mean absolute and relative thyroid weight in the liraglutide treated group was
significantly lower than concurrent controls. However, quantitative analysis of c—cells (immunoreactive
with anti-calcitonin antibody) and BrdU labeled c—cells showed despite differences in thyroid weight,
there were no treatment-related differences in follicular cell volume, c—cell volume, or volume of

proliferating c—cells. Elevated plasma calcium increases calcitonin secretion from thyroid c-cells in rats
and mice, but elevated calcium doesn’t necessarily result in c-cell hyperplasia. Hypercalcemia induced by
hypervitaminosis D3 in rats (25,000 IU/day D3 concurrently administered with or without CaClz) did not
cause c—cell hyperplasia (Fernandez-Santos et al, Histol Histopathol. (2001) 16(2):407-14).

To determine the time course and characteristics of liraglutide—induced c-cell hyperplasia, the

sponsor carried out single and repeat subcutaneous dose studies ofup to 69 weeks with monitoring of
calcium parameters including plasma calcium, calcitonin, and PTH, and quantitative and qualitative
thyroid microscopic pathology. In a repeat dose study of 0, 0.075, 0.25, or 0.75 mg/kg/day liraglutide
injected once a day in young (2 months old) or old (8 months old) male Sprague Dawley rats for up to 69
weeks with sacrifices occurring after 30, 43, 56, and 69 weeks for young rats and 4, 17, 30, or 43 week
for aged rats (study 204163), focal thyroid c-cell hyperplasia first occurred in the 0.75 mg/kg/day group
after 30 weeks of dosing in young rats and after just 4 weeks of dosing in aged rats. The age of onset, 9
months, was the same in both young and aged rats. C-cell adenomas first occurred in the 0.75 mg/kg/day
group after 30 weeks of dosing in young or aged rats (9 months at age of onset in young rats, 15 month
age of onset in aged rats), so the duration of treatment was the same, 30 weeks. In young rats, both focal
c-cell hyperplasia and adenoma occurred after 30 weeks of treatment. Therefore, liraglutide-induced focal
c-cell hyperplasia appears to age—dependent, but liraglutide-induced c-cell adenomas are treatment-
duration dependent. Although c-cell carcinomas occurred in a 104 week rat carcinogen bioassay, c—cell
carcinomas didn’t occur in “young rats” treated for up to 69 weeks or “aged rats” treated for up to 43
weeks in repeat dose mechanistic studies using the same doses.

Persistent liraglutide—induced c-cell hyperplasia progresses to c—cell neoplasms
Progression of liraglutide—induced focal thyroid c-cell hyperplasia to adenoma was treatment—

duration dependent, but it occurred in the absence of any evidence of persistent elevated plasma calcitonin
over and above the age—related increase that normally occurs in rats. Repeat dose mechanistic studies of
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subcutaneously administered liraglutide up to 69 weeks in young male Sprague Dawley rats and up to 43
weeks in aged rats showed liraglutide-induced focal thyroid c-cell hyperplasia was age dependent. In a 2
year repeat subcutaneous dose carcinogenicity study of 0.03, 0.2, 1, or 3 mg/kg/day liraglutide in Sprague
Dawley rats, a strain not susceptible to thyroid c-cell tumors, the NOAEL for focal c—cell hyperplasia was
< 0.075 mg/kg/day liraglutide in males and 0.075 mg/kg/day in females with minimal to marked c—cell
hyperplasia occurring at the lowest observed effect level (LOEL) in both sexes (0.075 mg/kg/day in males
and 0.25 mg/kg/day in females). C-cell adenomas occurred at 3 0.25 mg/kg/day in males and at 3 0.075
mg/kg/day in females. The LOEL for c-cell adenomas in females was lower than the LOEL for
hyperplasia. The incidence of c-cell carcinomas exceeded the concurrent and historical control range
occurred at 3 0.075 mg/kg/day in males and at _>_ 0.25 mg/kg/day in females. In the 2 year carcinogenicity
study, the incidence of combined c—cell tumors (adenoma / carcinoma) exceeded the incidence of focal
hyperplasia at 3 0.25 mg/kg/day in males and at 0.75 mg/kg/day in females. Although a prolonged period
of diffuse and nodular c-cell hyperplasia and elevated serum calcitonin typically precedes the
development of c-cell tumors in both humans and rats, that didn’t occur in the mechanistic studies of
liraglutide induced c-cell tumors in rats.

Mice

Thyroid c—cell GLP-1 receptor in mice
Immunohistochemical and in situ hybridization studies of GLP—le in mouse thyroid did not

provide sufficient evidence of GLP-IRs on c—cells.
A published autoradiographic ligand binding study of [1251]GLP-l(7-36) in thyroid tissue sections

from mice showed mice are heterogeneous with specific tissue binding occurring in thyroid from 3/6 mice
(Komer M et al, J Nucl Med(2007) 48: 736—743). Mouse thyroid cell type(s) labeled by [1251]GLP-l(7-36)
were not identified.

An immunohistochemical colocalization study using mouse thyroid tissue slices was equivocal
for colocalization of GLP—IR and calcitonin immunoreactivities on the same cells because GLP—lR

immunoreactivity was weak and the specificity of the anti-GLP—IR antibody was not demonstrated. The
specificity of KlOOB, a polyclonal rabbit anti-human GLP-lR antibody, was not adequately demonstrated
because; 1) the antibody stained pancreas from GLP- l R knockout mice and 2) immunohistochemical
staining in the presence of the peptide antigen used to generate the antibody did not block staining.

An in situ hybridization study of GLP—lR mRNA in tissue sections from mice was equivocal with
low to undetectable levels of GLP—IR transcript in thyroid, but much higher levels in pancreas, a positive
control.

C—cell GLP—1 receptor activation linked to calcitonin release
There were no in vitro studies in mouse thyroid c—cells or mouse c-cell lines linking GLP—IR

activation to calcitonin release. There is no direct evidence of liraglutide induced, thyroid c—cell GLP-lR
mediated calcitonin release in mice, but GLP-lR agonists liraglutide and excnatidc increase plasma

calcitonin and thyroid calcitonin mRNA in mice prior to inducing focal c—cell hyperplasia. The magnitude
of any GLP—lR agonist elicited increase in plasma calcitonin was substantially smaller than that of
intraperitoneally injected calcium. There was a trend of increased plasma calcitonin after the first
liraglutide dose, and increased plasma calcitonin was sustained for up to 2 years of continuous treatment
in a mouse carcinogenicity study. Focal c-cell hyperplasia develop after 4 — 9 weeks of liraglutide
treatment and neoplasms develop after 64 weeks. Proliferative c-cell lesions account for increased basal
and GLP-IR agonist stimulated calcitonin release in liraglutide-treated mice.

A methodological issue confounded results from studies of GLP-IR agonist effects on plasma
calcitonin in mice. Mouse plasma calcitonin was quantified using a rat calcitonin immunoradiometric
assay (IRMA), but reports of the sensitivity, specificity, and validity of the assay for mouse calcitonin
weren’t submitted to the NDA (reports 205089 & 205189). Although peptide sequences of rat and mouse
calcitonin differ by only a single amino acid, cross-reactivity of the rat IRMA with human calcitonin is
only 12%, despite human and rat sequences differing by only 2 amino acids.
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A recently published study characterizing bone and mineral homeostasis in GLP-lR deficient

mice supports the sponsor’s hypothesis that the GLP-lR showed receptor signaling is linked to bone

resorption by a calcitonin dependent pathway (C. Yamada et al., Endocrinology (2008) 149(2):574—579).

GLP—lR knockout mice had increased osteoclasts, increased bone resorption, and decreased thyroid

calcitonin mRNA, but plasma levels of ionized calcium and intact PTI-I were unaffected. Administering

10 IU/kg eel calcitonin suppressed elevated urinary excretion of deoxypyridinoline, a biomarker of

increased bone resorption, in GLP-IR knockout mice. Furthermore, GLP-IR agonists don’t directly affect

osteoclast or osteoblast activity.

The effect of subcutaneously administered liraglutide and exenatide on plasma calcitonin in mice

was determined after single and repeat dosing. Plasma calcitonin levels were measured for up to 16 weeks

of exenatide treatment and up to 2 years of liraglutide treatment.

Single bolus subcutaneous doses of 0.2, 1, or 3 mg/kg liraglutide increased calcitonin in CD-1

mice (male and females combined)1 .8, 2.4, or 2.4 fold compared to concurrent controls, respectively,

within 1.5 to 36 hours after dosing. In nearly all dose groups at all time points, some mice were

considered liraglutide non-responsive because plasma calcitonin levels were within the range of values

for the control group.

In a 3 day repeat subcutaneous dose study of 0.06 or 25 mg/kg/day liraglutide in male CD—1 mice,

day 3 pre—dose group mean plasma calcitonin dose-dependently increased in both liraglutide groups.

However, there was evidence that some high dose group mice didn’t respond to liraglutide treatment

(plasma calcitonin < 50 pg/mL).

Liraglutide increased plasma calcitonin within 2 weeks of daily subcutaneous dosing in CD-1

mice, the increase was sustained with continued treatment for up to 9 weeks, and it was reversed within 6

weeks after treatment was stopped. In a 9 week study of 0.2 or 5 mg/kg/day liraglutide in CD-1 mice, the

time course of liraglutide effects on plasma calcitonin were determined prior to dosing and 0.5 and 3

hours after on day 14 and at a single time point after dosing on days 14 and 63 (at the end of 2 and 9

weeks of treatment). Liraglutide increased plasma calcitonin in males 0.5 and 3 hours after dosing on day

14 and in females, calcitonin was above concurrent control levels 3 hours after dosing at 0.2 mg/kg/day

and at all time points in females treated with 5 mg/kg/day. In males, calcitonin was increased only at 5

mg/kg/day and only at the end of the of the 9 week treatment period, but in 5 mg/kg/day liraglutide
females, calcitonin was elevated after 2 and 9 weeks. Calcitonin levels in both males and females in the 5

mg/kg/day group returned to control group levels by the end of a 6 week recovery period.

In a 13 week repeat subcutaneous dose toxicity study of 0.2, 1, or 5 mg/kg/day liraglutide in CD-

1 mice, plasma calcitonin levels increased at all liraglutide doses within 24 hours post-dose after the first

dose and in week 13. In a 2 year carcinogenicity study of 0.03, 0.2, 1, or 3 mg/kg/day liraglutide

subcutaneously injected once a day, plasma calcitonin was measured in weeks 26, 52, and 104. Group

mean calcitonin in males was significantly higher the concurrent control group at 3 0.2 mg/kg/day in

week 26 (male and female), then at all doses in weeks 52 and 104. In females, calcitonin increased at 3

0.2 mg/kg/day liraglutide in weeks 26 and 52, and at all doses in week 104. Between weeks 26 and 104,

group mean plasma calcitonin increased more than 2 fold at 3 mg/kg/day in males and females, but not at

lower doses. Proliferative C-cell lesions in liraglutide treated mice accounts for increased calcitonin at 3

mg/kg/day at the end of the carcinogenicity study.

To support their hypothesis that liraglutide-associated increased plasma calcitonin is GLP—lR

mediated, the sponsor evaluated the effects of a second agonist, exenatide, on plasma calcitonin and

proliferative c-cell lesions in mice. Pharmacokinetic / pharmacodynamic modeling of liraglutide effects

on plasma calcitonin in mice indicated that more frequent or continuous dosing with exenatide would be

necessary to achieve comparable effects on plasma calcitonin due the shorter elimination half life of

exenatide compared to liraglutide.

In a single subcutaneous bolus dose study of 0.25, l, or 5 mg/kg exenatide in CD-1 mice,

exenatide had little or no discemable affect on plasma calcitonin for up to 24 hours after dosing,

particularly compared to the robust response elicited by intraperitoneal infusion of calcium.
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Because of its short half life, exenatide was administered more frequently, up to 3 times daily, by
subcutaneous bolus dosing or by continuous subcutaneous infusion using implanted ALZet osmotic
minipumps.

Subcutaneous bolus injections of025 mg/kg/day exenatide once a day or in divided doses 2 or 3
times a day (0.125 or 0.083 mg/kg/injection, respectively) in female CD-1 mice didn’t affect plasma
calcitonin levels after 2 days of treatment, but continuous subcutaneous infusion of 0.25 mg/kg/day
liraglutide (ALZet osmotic minipump) significantly increased plasma calcitonin above control group
levels on study day 2.

In a 3 day repeat subcutaneous bolus injection study of 0.06 or 0.25 mg/kg/day exenatide
administered once a day or 0.03 or 0.125 mg/kg/injection administered twice a day (0.06 or 0.25
mg/kg/day) to male CD—1 mice, day 3 predose plasma calcitonin levels were higher in mice dosed twice a
day, but there was no significant difference between 0.03 and 0.125 mg/kg/injection doses. Within 6
hours after dosing, plasma calcitonin levels were similar to controls. The effect of once a day exenatide
dosing on plasma calcitonin was minimal.

In a repeat subcutaneous dose study of 0.083, 0.33, or 1.67 mg/kg/injection exenatide
administered 3 times daily, (0.25, 1, or 5 mg/kg/day total dose) for 2 weeks, group mean calcitonin was
significantly higher in all exenatide treated groups; up to 6.2 fold higher than concurrent controls in males
and up to 8.1 fold higher in females. In a 13 week study of 0.33 mg/kg/injection exenatide administered 3
times daily for 8 days (1 mg/kg/day total dose) followed by 1 mg/kg/injection administered 3 times daily
for 12 additional weeks (3 mg/kg/day total dose), calcitonin levels were significantly increased in
exenatide treated males, but not in females, at the end of the 13 week period. At the end of the 13 week
treatment with multiple daily subcutaneous injections of exenatide, increased plasma calcitonin and
increased thyroid calcitonin mRNA lacked correlative focal c—cell hyperplasia in males.

Plasma calcitonin levels were determined in a 16 week repeat dose study of 0.25 or 1 mg/kg/day
exenatide administered by continuous subcutaneous infusion or 0.25 mg/kg injected once a day in CD-1
mice. Compared to concurrent controls, daily subcutaneous injections of 0.25 mg/kg/day did not
significantly increase plasma calcitonin levels after 12 or 16 weeks of treatment. In mice treated by
continuous infusion, calcitonin levels were higher than concurrent controls in weeks 4, 8, l2 and 16. In
weeks 12 and 16, calcitonin levels in exenatide groups treated by continuous infusion were at least 4 fold

lower than in weeks 4 and 8, probably because treatment was stopped 24 hours prior to sampling in weeks
12 and 16, but in weeks 4 and 8, samples were taken while treatment was ongoing.

Pharmacokinetic / pharmacodynamic modeling of exenatide effects on plasma calcitonin in mice,
using an EC90 of 270 pM exenatide to increase plasma calcitonin, estimated continuous infusion of 0.25
mg/kg/day would be sufficient to cause sustained elevated blood levels of calcitonin while subcutaneous

bolus injections of5 1.67 mg/kg/injection administered 3 times daily would not. This modeling result is
consistent with the absence of thyroid c—cell proliferative lesions in a carcinogenicity study of 0, 0.018,
0.08, or 0.25 mg/kg/day exenatide subcutaneously injected once a day in CD—1 mice for up to 98 weeks in
males and up to 96 weeks in females and the presence of c-cell hyperplasia in mice after 12 or 16 weeks
of treatment with a constant subcutaneous infusion of 0.25 or 1 mg/kg/day exenatide for 12 or 16 weeks.

GLP—1 receptor agonist—z'nduced calcitonin release increases calcitonin synthesis
There is no direct evidence of liraglutide induced, thyroid c—cell GLP-IR mediated calcitonin

release in mice, but GLP-lR agonists liraglutide and exenatide increase plasma calcitonin and thyroid
calcitonin mRNA prior to inducing focal c-cell hyperplasia. A recently published study showed GLP-lR
knockout mice (Glp-lr"‘) mice had cortical osteopenia, bone fragility, increased numbers of osteoclasts,
increased bone resorption, higher levels of urinary deoxypyridinoline (a marker of bone resorption), and
reduced levels of thyroid calcitonin mRNA (Yamada et a]. Endocrin (2008), l49(2):574—579). GLP-l had
no direct effect on osteoclasts and osteoblasts, so in mice, GLP-le control bone resorption through a
calcitonin-dependent pathway. Subcutaneous injection of 24 nmol/kg exenatide (0.09 mg/kg) increased
calcitonin transcript levels in thyroid of wild-type mice, and calcitonin transcript levels were significantly
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reduced in GLP-lR knockout mice (see Figure 4 below from Yamada et al., Endocrinology (2008)

149(2):574—579) without affecting blood levels of ionized calcium or iPTH (data not shown) .

59mm”)
«W

PA/

[Excerpted from Yamada et a1. Endocrin (2008), l49(2):574——579]

In a 9 week study of 0, 0.2, or 5 mg/kg/day liraglutide in CD-1 mice, thyroid calcitonin mRNA
levels in the 5 mg/kg/day group'significantly increased 3.9 fold over concurrent controls.

After 2 weeks of repeat subcutaneous dosing with 0, 0.083, 0.33, or 1.67 mg/kg/injection
exenatide administered 3 times daily, (0.25, 1,'or 5 mg/kg/day total dose), calcitonin mRNA levels in

thyroid were significantly, dose-dependently increased 2.3 - 4.8 fold at 0.25, 1, and 5 mg/kg/day
exenatide, and GLP-IR mRNA was unaffected.

Persistent c~cell stimulation (persistent elevatedplasma calcitonin) leads to c—cell hyperplasia

Evaluation of GLP-lR agonist—induced c-cell hyperplasia in mice was confounded by

inconsistent definitions of c-cell hyperplasia across studies. A Pathology Peer Review and Pathology
Working Group Review to peer review thyroid c-cell histopathology findings in 4, 9, and 13 week studies

in mice, chaired by Peter C. Mann, DVM, reached a consensus diagnosis for c-cell findings in these
studies.

To determine the time course of liraglutide—induced thyroid c—cell hyperplasia in CD-1 mice, 0-

cells in thyroid tissues sections were identified by calcitonin immunoreactivity and examined

microscopically from mice treated with subcutaneously injected liraglutide for 2 weeks (study 204338), 4

weeks (study 203261), 9 weeks (study 204338), or 13 weeks (study 203261) and for 2 years. In the 9

week study, the time course of reversal of c-cell hyperplasia was determined after 6 and 15 week recovery
periods.

In a 9 week study of 0, 0.2 or 5 mg/kg/day liraglutide with an interim sacrifice in week 2 and

recovery periods lasting 6 or 15 weeks, there were no qualitative or quantitative microscopic changes in

thyroid c-cells in week 2. After 9 weeks of treatment, a low incidence of minimal c-cell hyperplasia
occurred in males at 3 0.2 mg/kg/day (1/16 at 0.2 or 5 mg/kg/day), and a dose-related increased incidence

and severity of up to mild c-cell hyperplasia occurred in females at 3 0.2 mg/kg/day (1/ 16 at 0.2

mg/kg/day, 6/16 at 5 mg/kg/day). C-cell hyperplasia was fully reversed in males and partially reversed in

females at the end of a 6 week recovery period, and after a 15 week recovery period, minimal hyperplasia
only occurred in 1/16 females at 5 mg/kg/day. In a 4 week repeat subcutaneous dose toxicity study of O,

0.1, 0.5, l, or 5 mg/kg/day liraglutide in CD—1 mice, minimal to moderated c-cell hyperplasia occurred in

2/ 10 females in the 5 mg/kg/day group, but review of the finding by the Pathology Working Group
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dismissed the finding as “developmental disturbances associated with incomplete fusion of the

ultimobranchial duct with the thyroid lobe resulting in only partial delivery of c-cells in the thyroid, and
were not considered related to treatment.”

In a 13 week repeat dose study of 0, 0.2, 1, or 5 mg/kg/day liraglutide in CD-1 mice, dose-related

increased incidence and severity of minimal to mild c-cell hyperplasia occurred at 3 0.2 mg/kg/day in

males and females. The Pathology Working Group agreed with the study pathologists diagnosis of c-cell

hyperplasia, but disagreed with the characterization as focal.

Persistent calcitonin release resulting in C-cell hyperplasia would expected for treatments that

induce hypercalcemia in mice and rats. However, hypercalcemia induced by implanting canine CAC8
adenocarcinomas in nude mice (Okada et a1., Vet Path (1994) 341: 339-347) or hypervitaminosis D3 in

rats (25,000 IU/day D3 concurrently administered with or without CaClz) (Feméndez—Santos et al, Histol

Histopathol. (2001) 16(2):407-14) did not cause c-cell hyperplasia. These results suggest that

hypercalcemia itself may not be sufficient to induce c-cell hyperplasia in rats or mice.

Persistent liraglutide-induced c-cell hyperplasia progresses to c-cell neoplasms

Repeat dose studies of subcutaneously administered liraglutide up to 13 weeks in CD-1 mice

showed focal thyroid c-cell hyperplasia occurred after 2 9 weeks of treatment, and liraglutide—induced

hyperplasia was largely reversible in males and females. Diffuse hyperplasia, an expected physiologic

response to increased calcitonin demand, was not liraglutide treatment related. In a 2 year repeat

subcutaneous dose carcinogenicity study of 0.03, 0.2, l, or 3 mg/kg/day liraglutide, the NOAEL for

proliferative c-cell lesions was 0.03 mg/kg/day with minimal to marked focal c-cell hyperplasia occurring
at 3 0.2 mg/kg/day in males and females, c-cell adenomas occurring at 3 1 mg/kg/day in males and

females, and c-cell carcinomas occurring at 3 mg/kg/day in females. In the 2 year study, focal c—cell

hyperplasia was considered a preneoplastic lesion because:

5. the incidence and severity of focal hyperplasia increased with dose in both males and females.

6. focal hyperplasia occurs at lower doses than c-cell tumors

7 the incidence of focal c-cell hyperplasia in mice with adenomas in the 3 mg/kg/day group was
56% in males and 33% in females.

8. in decedents, a finding of c-cell hyperplasia preceded c-cell tumors by 17 weeks in both males
and females.

Cynomolgus Monkeys

Subcutaneously administered liraglutide had no effect on plasma calcitonin, thyroid c-cell

proliferation, or calcium homeostasis parameters including plasma calcium and iPTH in studies up to 87

weeks long. Four mechanistic studies were performed: 1) immunohistochemical colocalization of
calcitonin and GLP-lR immunoreactivity in thyroid and pancreas tissue sections, 2) in situ hybridization

determining GLP-lR transcript levels in c-cells of thyroid tissue sections and pancreatic tissue, 3)

quantifying c-cells in thyroid tissue sections from control and high dose monkeys from a pivotal 52 week

repeat dose toxicity study, and 4) determining calcium homeostasis parameters (plasma calcium, iPTH,

and calcitonin) and thyroid histopathology in monkeys treated with 0, 0.25, or 5 mg/kg/day liraglutide for

up to 87 weeks.

In a dedicated study characterizing thyroid c—cells in male and female cynomolgus monkeys

(study 205121), the sponsor determined calcitonin immunoreactive c-cells were primarily located in the

middle third of each thyroid lobe in clusters of 2 to 10 cells attached to thyroid follicular epithelium or in

parafollicular positions (cell clusters between follicles). '

type(s) labeled by [‘251]GLP-1(7-36) were not identified.
GLP-le were not localized on thyroid c-cells in monkeys. An immunohistochemical

colocalization study using monkey thyroid tissue slices was equivocal for colocalization of GLP-lR and
calcitonin immunoreactivities on the same cells because GLP-lR immunoreactivity was weak and the

specificity of the anti—GLP-IR antibody, K100B, was not demonstrated (study 204370). The specificity of
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KlOOB, a polyclonal rabbit anti—human GLP—lR antibody, was not adequately demonstrated because; 1)

the antibody stained pancreas from GLP-lR knockout mice and 2) immunohistochemical staining in the

presence of the peptide antigen used to generate the antibody did not block staining. An in situ

hybridization study of GLP-lR mRNA in tissue sections from monkeys was equivocal with undetectable

levels of GLP-lR transcript in thyroid, but much higher levels in pancreas, a positive control (study

20040515PR4).

Repeat subcutaneous dosing of up to 5 mg/kg/day liraglutide for up to 87 weeks in cynomolgus

monkeys had no effect on plasma calcitonin or thyroid c—cells. In a definitive 52 week chronic toxicity

study in monkeys, there were no thyroid c-cell proliferative lesions or plasma calcium changes. PCNA

immunohistochemical staining thyroid tissue from control group and 5 mg/kg/day high dose monkeys in

the 52 week study showed liraglutide had no effect on c-cell proliferation. In an 87 week mechanistic

study identifying calcitonin immunoreactive c-cells in thyroid tissue sections of monkeys treated with 0,

0.25, or 5 mg/kg/day liraglutide, high plasma liraglutide levels interfered with the anti-liraglutide

antibody screening and neutralization assays, and in the absence of any pharmacodynamic effect, the
inability to characterize the anti-liraglutide antibody response confounds interpretation of the study. In the

87 week study, single or repeat doses of 0.25 or 5 mg/kg liraglutide had no effect on plasma calcium,

plasma calcitonin, plasma iPTH, or calcium-induced secretion of calcitonin or iPTH. At the end of 87

weeks, liraglutide had no effect on macroscopic or microscopic pathology of calcitonin immunoreactive

thyroid c-cells.

REVIEW OF MECHANISTIC STUDIES OF LIRAGLUTIDE-INDUCED
THYROID C—CELL PROLIFERATIVE LESIONS

GLP—l RECEPTOR LOCALIZATION AND SIGNALING

  
  £3» 81.1 u WERE

Immunohistochemical studies of thyroid tissue sections from mice, rats, cynomolgus monkeys

and humans using anti-calcitonin antibody to identify c—cells and an anti—GLP-lR antibody to determine if

c-cells express GLP—le were inconclusive. A fluorescent Alexa488-labeled anti-human calcitonin

polyclonal antibody and a primary rabbit anti-human GLP-lR polyclonal antibody (recognizing the

receptor’s amino terminus) labeled with chromogenic secondary goat anti-rabbit secondary antibody

coupled to HRP (biotinylated antibody, avidin coupled HRP) were used for colocalization. Three different

rabbit anti-human GLP-lR antibodies were produced. Due to species differences in GLP— 1R

immunoreactivity, antibody KIOOB was used to stain human, mouse, and monkey tissues and K102B was

used for rat tissues. Pancreas tissue slices were used for GLP—lR positive controls in all 4 species. Results

using human tissues were already presented. Specificity of both anti-GLP-lR polyclonal antibodies

(KIOOB and K102B) was not demonstrated because in both cases, staining was weak and staining wasn’t

blocked or it was only partially blocked by preincubation with the antigenic peptide. Furthermore, KlOOB

stained cells in thyroid and pancreas from GLP-lR knockout mice, and Western blot of GLP-lR

containing cell lines using K102B didn’t demonstrate receptor specific labeling.

The figures below show specific calcitonin staining (left) and only weak GLP—lR staining in rat

thyroid.
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[NOOO 4.2.3.7.3 P19]

Figure 7 shows calcitonin immunoreactivity in rat thyroid was strongly labeled, but GLP-lR labeling with

K] 02B was weak with questionable specificity because staining wasn’t blocked by preabsorption of the

antibody with the GLP-lR peptide antigen (data not shown). Figure 8 shows K102B stained specific cells

in rat pancreas, a GLP-lR positive control, but stained cell types were not determined.
thu’m 7 Thyroid! glam seriai sectioned. rat

[N000 4.2.3.7.3 P26]
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In mouse thyroid tissue sections stained with Alexa488-labeled anti-human calcitonin polyclonal

antibody or KIOOB, a polyclonal anti-GLP-IR antibody, calcitonin staining had high background

levels(Figure 1, left). GLP—lR staining was evident in one calcitonin positive cell (Figure 1, right,

enclosed in a square), but other cells not labeled by anti-calcitonin antibody were also stained by KIOOB.

figure 1 Mouse and rm Ihyroid giand. douhk staining
Moms C ’

 
Figure 3 shows calcitonin immunoreactive cells in mouse thyroid, but GLP-lR immunoreactivity with

KIOOB was weak and specificity wasn’t clearly demonstrated because preabsorption of the antibody with

the GLP—lR peptide antigen had little effect on staining.Figure 3 Thyroid 3330:! serial sfitloiamli mouse

calcitonin
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[NOOO 4.2.3.7.3 P21]

Figure 4 shows specific cell staining by KIOOB in mouse pancreas, a GLP-lR positive control. However,

the specificity of K102B was not clearly demonstrated because staining was only partially blocked by

preincubating the antibody with the antigenic peptide.
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Figure 4 Pancreas aerial scammed. mouse

(Tammi Serum
yes:

 
  

re—iuculmtd

[1000042373 P221

K1 00B cell staining in thyroid and pancreas tissue sections from GLP—lR knockout mice, GLP—

lR negative control tissues, was similar to wild type mice. GLP-lR staining in GLP-lR knockout mice

was attributed to expression of a non—functional GLP—lR amino terminus. Figure 5 shows calcitonin

immunoreactive cells in thyroid tissue sections from GLP-lR knockout mice, but GLP-lR labeling with

KlOOB was weak, although preabsorption of the antibody with the GLP—lR peptide antigen did inhibit

staining to a greater extent than in thyroid from wild-type mice.

Figure 5 Thyroid gland serial sectioned. Kmumuse

Cnkimnin

a; “ “it?”
[N000 4.2.3.7.3 P23]

 
KlOOB labeled cells in pancreas from GLP-lR knockout mice, but labeled cell types were not identified.

Preabsorption of KIOOB with the peptide antigen partially decreased islet staining.
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[NOOO 4.2.3.7.3 P24]

Results of immunohistochemical studies colocalizing calcitonin and GLP—lR immunoreactivity in

thyroid tissue sections from cynomolgus monkeys to identify GLP—le on c-cells was equivocal. GLP-lR

immunoreactivity may not be confined to calcitonin immunoreactive cells and not all identified c-cells

reacted with the anti-GLP—lR antibody. A fluorescent Alexa488—labeled anti-human calcitonin polyclonal

antibody and a primary rabbit anti-human GLP-lR polyclonal antibody (antibody KIOOB directed against

the receptor’s amino terminus) labeled with chromogenic secondary goat anti-rabbit secondary antibody

coupled to HRP (biotinylated antibody, avidin coupled HRP) were used for colocalization. Figure 2

shows specific calcitonin staining (left) and weak GLP-lR staining (right). In some instances, calcitonin
immunoreactive cells were not GLP-lR immunoreactive and Visa versa.

Figure 2 Cynomolgus Monkey and human thyroid glandidonbte staining

Monkey, Calcilonin LP- IR

‘3‘

[NOOO 4.2.3.7.3 P20]

Figure 9 shows KIOOB labeled specific cells in monkey thyroid, but GLP—lR labeling with the KIOOB

polyclonal antibody was weak and specificity wasn’t demonstrated because preabsorption of the antibody

with the GLP-lR peptide antigen had little effect on staining.
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Figure 9 Thyroid ginnd serial sectioned. (Tynonmlgus monkey
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Figure 10 shows KIOOB labeled specific cells in monkey pancreas, a GLP—lR positive control. Pancreas

cell types labeled by KIOOB were not identified. Specificity of KlOOB immunoreactivity was not clearly
demonstrated because staining was only partially blocked by preincubating the antibody with the

antigenic peptide. 'Figure 10 Pancreas scriai sectioned. Cynnmolgus monkey

Contra! 39mm

 
 
 

  

In situ hybridization peeific 35S-labele
in paraffin—embedded thyroid tissue sections from mice, rats, cynomolgus monkeys, and humans. Thyroid
c-cells were identified by indirect fluorescent microscopy after staining with an Alexa488—coupled anti-
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calcitonin antibody. In situ hybridization to pancreatic islets served as a positive control for GLP-lR

probes and hybridization of an 35S-labeled riboprobes to calcitonin served as a control for mRNA quality
in thyroid tissue. An 35S—labeled probe to cyclophilin, a low to medium abundance transcript, served as a
addition control for mRNA quality in samples of thyroid and pancreas.

Thyroid c-cells from mice, rat, cynomolgus monkeys, or humans have very low to undetectable
levels of GLP-lR transcript. Evidence of GLP—lR mRNA in thyroid tissue was equivocal in all species
tested. Results are summarized in Table 1 (below). GLP-lR mRNA levels in calcitonin-positive thyroid

cells (identified by immunofluorescence after staining with anti-calcitonin antibody) determined by

autoradiography was weak in mice and rats and undetectable in monkeys and humans. In situ
hybridization using a calcitonin mRNA probe showed thyroid cells stained with anti-calcitonin antibody
contained calcitonin mRNA demonstrating thyroid tissue was suitable for in situ hybridization.

Table 1 Summary «franks with GLI’ in sin: hybrkfimfiun 11ml comm! mgerjmems
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[NOOO 4.2.3.7.3 P35]

Although the sponsor claims GLP-lR mRNA was detectable in thyroid c—cells identified by anti—

calcitonin antibody staining, Figure 3 shows colocalization of GLP—lR mRNA and calcitonin was

equivocal due to high background staining by the anti-calcitonin antibody and weak to undetectable
autoradiographic signals in cells. As a positive control, anti—sense rat GLP-lR radiolabeled probes labeled
cells in rat pancreas (Figure 16, left) and an antisense calcitonin radiolabeled probe labeled anti—calcitonin

immunoreactive cells (Figure 8, left) in rat thyroid tissue sections. Sense probes for GLP-lR and

calcitonin were inactive in both tissues (left panelsIn Figures 16 and8)

alter inmfiulica wish 111th illlli'TJlL'ilmlhf
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Figure 3 Ran thyroid CPL-IR mRNA «Mammalian m‘m C—ccll calcitonin {PL

[NOOO 4.2.3.7.3 P17]
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Figure [6 GLP-zR mRNA expression in rat pancreatic islets

[N000 4.2.3.73 P30]
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[N000 4.2.3.7.3 P22]

_In mouse thyroid tissue sections, high background anti-calcitonin antibody staining precludes the

identification of c-cells (Figures 1 and 2). Since GLP—lR mRNA was at or below the level of Visual

detection using the anti-sense probe and high background calcitonin immunoreactivity, colocalization of

calcitonin immunoreactivity and GLP-lR mRNA was equivocal. Non-specific mRNA detection using a

sense probe confirms that GLP-IR mRNA was at or below the level of detection (Figure 2).
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[N000 4.2.3.7.3 P16]

As a positive control, anti-sense human GLP—lR RNA probes labeled cells in rat pancreas and an

antisense calcitonin probe labeled anti-calcitonin immunoreactive cells in human thyroid tissue sections.

35’S-labeled calcitonin riboprobes labeled specific cells in mouse thyroid tissue sections, but due to high
background staining with the anti-calcitonin antibody, it was not possible to discern if mRNA labeled

cells were positive for cacitonni immectlvtyunorai (Figue7).
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[r1000 4.2.3.7.3 P21]

Figure 5 shows colocalization of GLP—lR mRNA and calcitonin immunoreactivity was negative

in monkeys. As a positive control, anti-sense monkey GLP—lR RNA probes labeled specific cells in

monkey pancreas and an antisense calcitonin probe labeled calcitonin immunoreactive cells in monkey

thyroid tissue sections (not shown).
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[NOOO 4.2.3.7.3 P20]

 Ar“

Functional GLP—le in rat thyr01d c-cell lines (MTC 6-23 and CA—77), a human c-cell line (TT),

and a rat pancreatic beta cell line (INS-1E) were characterized by saturation radioligand binding of

[1251]GLP-1 (7-37) to estimate the number of receptors/cell and radioligand affinity. Non-specific binding
was determined in the presence of unlabeled GLP-l.

Rat MTC 6-23 cells had 16,000 GLP—le/cell with an affinity of Kd 47.0 pM (Figure l). The

number and receptors / cell may be underestimated because MTC 6—23 cells were detached from culture

plates by protease treatment 24 hours prior to performing radioligand binding experiments.m
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Figure l (ELI-‘4 rcmpmr saturation pints fl)? MTC 6-33 $92!! lint.

[N000 4.2.3.7.3 P10] '

Rat CA-77 cells expressed 13,000 GLP-l binding sites/cell with and affinity of Kd 31 pM.a “M IIn?!”a - V
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Figure 2 GLI‘w 1 receptm saturation gym; for the Cat-1'7 cell line.

[NOOO 4.2.3.7.3 Pl 1]
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Rat INS-1E cells, derived from pancreatic beta cells, expressed 8,780 GLP-l binding sites/cell
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figure d (Hm-l. reteptuir saturation plots for the INS-IE cell line.

[N000 4.2.3.7.3 P13]

The finding that rat thyroid c-cell lines and a pancreatic beta cell line express similar levels cf
GLP-le, despite a large difference in GLP—lR antibody reactivity and mRNA levels in thyroid and

pancreas tissue sections suggests the density of GLP-le in rat lines may not reflect the receptor density

in thyroid c-cells or rat pancreas in vivo.

Figure 3 shows specific saturable binding of [1251]GLP-1 (7—37) was not demonstrated in human
TT cells.
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Figure 3 (ELF-'1 receptor narration plots for the '1‘? cell line

[N000 4.2.3.7.3 P12]

 

   $3

Functional GLP-le in thyroid c-cell lines were quantified in a flow cytometric fluorescent

ligand—binding assay. Specifically bound fluorescence of rat MTC 6—23 and CA—77 cells or human TT

cells labeled with varying concentrations of fluorescently labeled GLP-l [GLP-l (7-36)—Lys(6-FAM)] in

the absence or presence of 2 uM exendin(9—39) was quantified by flow cytometry to estimate the

number of GLP—lR sites and ligand affinity.
WARE-sill an 13 diff-went 64:31! Ems
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[NOOO 4.2.3.7.3 P17]
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GLP—lR sties on thyroid c-cell lines were demonstrated on rat MTC 6-23 and CA-77 cells, but

not on human TT cells (Figure 4). Estimated GLP—lR density on rat MTC 6—23 cells and CA—77 cells was

similar (3,499 and 4,369 GLP-le / cell, respectively). Compared to radioligand binding saturation

studies, the number of GLP-lR per cell estimated by flow cytometry of fluorescent GLP-l labeled cells
was 4.6 fold lower for MTC 6-23 cells and 2 fold lower for CA-77 cells.

  
The sponsor claims GLP-lR was identified in Western blots of rat thyroid and rat thyroid c-cell

lines MTC 6-23 and CA77, but not human c—cell line TT using anti—human GLP-lR antibody K102B.

However, these results are equivocal because the specificity of the antibody for GLP-le was not

demonstrated and the protein size and SDS—PAGE pattern were not consistent with published results for

GLP-le (Widman et a1, Biochem. J. (1995) 310, 203-214).

GLP—lR protein in rat thyroid c—cell lines MTC 6-23 and CA-77 and human c-cell line TT was

quantified by western blotting using rabbit anti—human GLP—lR antibody targeted to the peptide sequence

TVSLWETVQKWREYRRQC corresponding to human GLP-lR amino acids 29 — 46 in the receptor’s

amino terminus (rabbit antibody 102B, 2 non—identical amino acids in the corresponding sequence of the

rat GLP-lR), an HRP-conjugated horse anti-rabbit IgG secondary antibody, and a chemiluminescent

substrate (ECL, GE Healthcare).

Antibody 102B identified a 51 kDa protein in rat thyroid and rat c-cell lines and

immunoreactivity with the 51 kDa protein was reduced by preabsorbing it with the peptide antigen

(Figure 1).
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Figure 3 'GigP-IR cannot be detected in. a human C—cekl line.
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table 2 for passage nunflms}, were mugged 333' Western ilmnunmbleukng for GLP-I’R anpmsion. Lysme fifmzi IJtyroidz
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[N000 4.2.3.7.3 P14]
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Reviewer note: Because ofthe heterogeneity ofglycosylated receptors, immunoreactive GLP-JRs would

be expected to be diffuse bands at a molecular weight > 55 with nonglycosylated receptor appearing as

more discrete bands at a molecular weight < 55 (Widmann et al, Biochem. J. (J995) 310, 203-214). The

stainingpattern in Figure 1 not consistent with a glycosylated G-protein coupled receptor.

Images of the entire western blot from a representative experiment showed intense, specific

immunoreactivity in TT cells at > 250 KDa, probably consisting of protein complexes that didn’t enter or

barely entered the gel, and between 105 and 160 kDa. This data doesn’t support the sponsor’s conclusions

about the absence of specific staining in TT cells or the specificity of antibody 102B.
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[NOOO 4.2.3.7.3 P19]

 
Consistent with low to undetectable functional GLP- le in TT cells, a human thyroid c—cell line,

GLP—lR transcript levels in TT cells were much lower compared to transcript levels in rat thyroid c-cell

lines MTC 6—23 or CA77. Relative GLP-lR transcript levels in rat and human c-cell lines were measured

by real-time quantitative RT-PCR incorporating fluorescent primers into amplified cDNA and

normalizing GLP- 1R transcript levels to transcript levels encoding for beta-actin. Summary results in

Figure 3 show relative levels of GLP-lR mRNA were significantly higher in rat c-cell lines MTC 6—23

and CA77 (18 — 27 GLP-IR transcripts / 1000 beta actin transcripts) compared to human TT cells (1

GLP- 1R transcript / 1000 beta actin transcripts).
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[N000 4.2.3.7.3 P17]

 
Functional GLP—lR coupled to adenylyl cyclase activation and calcitonin secretion was

demonstrated in rat MTC 6-23 and CA77 thyroid c—cell lines, but not in human TT cells. Pentagastrin, a

calcitonin secretagogue used as a positive control, did not stimulated calcitonin release from any of the 3

c-cell lines suggesting these cell lines are not representative of receptor coupled calcitonin secretion in
v1vo.

The rank order potency of the GLP-lR agonists human GLP-l (7 — 37), exenatide, or liraglutide
to stimulate CAMP accumulation and calcitonin secretion in rat and human c-cell lines was determined. In

these in vitro experiments, the lower potency of liraglutide compared to GLP-l (7 — 37) and exenatide

was attributed to liraglutide binding to protein in culture media supplemented with 15% horse serum.

In rat MTC 6-23 cells, GLP-l (7 — 37), exenatide, and liraglutide dose-dependently increased

CAMP accumulation (ECsos 120, 90, and 5,800 pM, respectively, Figure 3) with a maximum response <

50% of the 100 itM forskolin control, a phorbol ester that directly activates adenylyl cyclase (Figure 4A).
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[N000 4.2.3.7.3 P14]

To demonstrate GLP-lR specificity of liraglutide’s effect in MTC 6-23 cells, the liraglutide dose-

response curve shifted right-ward in the presence of 10 nM exendin (9 — 39), a GLP-IR antagonist

(Figure 4B).
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Figure 4 Comparison of GLP-1 and forskolin induced cAMP activation in the rat thyroid
cell line, MTC 6-23.

[NOOO 4.2.3.7.3 P15]

GLP-l (7-37), exenatide, and liraglutide had a similar rank order potency and ECsos for calcitonin

secretion (Figure 5A, 80, 55, and 5,300 pM, respectively) and the maximal effect of liraglutide was up to

67% of the maximum response to 10 14M forskolin..4;
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Exendin(9—39), a GLP—lR specific agonist, inhibits liraglutide stimulated calcitonin secretion

from MTC 6—23 cells (Figure 6).
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Figure 15 ExwfiSnGJEJ} antagunimd ELF-i, axenatfide and limgjmilit induced calcitonin
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[N000 4.2.3.7.3 P17]
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Pentagastrin stimulates calcitonin release by activating thyroid CCKZ receptors in humans and

rats. Pentagastrin didn’t stimulate calcitonin release from rat MTC 6—23 cells (Figure 7), rat CA-77 cells,
or human TT c-cell lines (figures not shown).
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Figure '3' Pentagastrin did not stimulate calcitonin release {mm MTC 6-23 cells.

Data are fiem experiment 14735-001.

[N000 4.2.3.7.3 P18]

Calcium dose-dependently stimulates calcitonin release from MTC 6—23 cells (Figure 8A). Liraglutide

enhances calcium—stimulated calcitonin release, and the effect is greater at higher calcium concentrations

(Figure 8B)
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Figure 8 Calcimnin release from. MTC 6433 cells with varying caieium concenvmtions'.

[N000 4.2.3.7.3 P19]

GLP-lR agonists had the same rank order potency of agonist-induced CAMP accumulation (GLP-

1(7-37) > exenatide >> liraglutide) in CA—77 cells with similar potencies compared to MTC 6-23 cells

(Figure 10). GLP-lR agonists didn’t stimulate adenylyl cyclase in human TT cells, but the positive

control, forskolin, did. GLP-1(7-37), but not pentagastrin, stimulated calcitonin secretion from CA-77
cells.
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[N000 4.2.3.7.3 P21]

Forskolin increased CAMP accumulation (not shown) and calcitonin secretion from human TT

cells (Figure 12), but GLP—lR agonists GLP-l(7-37), exenatide, or liraglutide did not.
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Figure 12 Caici-tonin release from human C—eall tine, TT

[N000 4.2.3.7.3 P23]

The rank order potency and absolute potencies of GLP-lR agonists GLP-l, exenatide, and

liraglutide to stimulate intracellular cAMP accumulation were similar in a rat pancreatic beta cell line,
RIN2A18, and rat thyroid c-cell MTC 6—23 cells (Table 1, below)
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[Nooo 4.2.3.7.3 P24]
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The m1togenic potential of liraglutide, human GLP—l (7-37), and exenatide were determmed by

[3H]thymidine incorporation into DNA of thyroid c-cell lines rat CA77, rat MTC 6-23, and human TT
cells and as a positive control, rat insulinoma INS—1E cells. Although fetal calf serum caused a

proliferative response in rat and human c-cell lines, none of the GLP-lR agonists were mitogenic (Figure

5). To demonstrate activity of GLP-IR agonists in this assay, GLP-l (7-37) was a mitogen in rat INS-1E

cells, but only at low glucose concentrations. Gastrin and EGF were previously characterized mitogens in

human TT cells, but TT cells used in this assay did not proliferate in response to either and these cells

were devoid of gastrin receptors in a functional binding assay.
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Figure 5 GUM and GLP-1 imamgwnmfimm prukifcmfion antic three Cate“ lines.

[N000 4.2.3.7.3 P18]

 
Liraglutide doesn’t elicit calcitonin secretion from c-cells by activating CCKZ (gastrin receptor)

or bombesin (gastrin releasing peptide receptor) receptors. Varying concentrations up to 1 uM GLP-l (7-

37), exenatide, or liraglutide did not displace specific 1251-CCK—8 or [”511Tyr4—bombcsin binding to cell

membranes from rat AR42J cells, a pancreatic acinar cell line endogenously expressing CCK2 and
bombesin receptors, respectively. Both CCKz and bombesin receptors mediate cell proliferation through a

phospholipase C dependent, Gq/Gl l—coupled pathway.
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In male Sprague Dawley rats, a single subcutaneous dose of 0.75 mg/kg liraglutide transiently

increased plasma calcitonin < 2 fold peaking 1 hour after dosing. Increased plasma PTH occurring 6

hours afier dosing was considered a counter-regulatory response, but it occurred in the absence of

substantial changes in plasma calcium concentrations. Consistent with liraglutide-induced increased

calcitonin secretion, liraglutide decreased calcitonin peptide levels in thyroid, but it also decreased thyroid

calcitonin mRNA levels within 6 hours of dosing. In male rats calcium loaded by calcium gluconate ip

injection, a single 50 dose of 0.75 mg/kg liraglutide transiently increased calcitonin secretion < 2 fold

above that induced by calcium gluconate alone. Within 6 hours of dosing, calcium loading alone

decreased thyroid calcitonin peptide levels and increased calcitonin mRNA levels. In calcium loaded rats,

liraglutide increased calcitonin peptide levels in thyroid and increased calcitonin mRNA levels above

those elicited by calcium loading alone. These results suggest in calcium loaded rats, liraglutide increased
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calcitonin transcription and translation more than it increased calcitonin secretion, and its effects on

calcitonin secretion, transcription, and translation were greater than for calcium loading alone.

Plasma calcitonin, PTH, and calcium levels were measured up to 6 hours after administration of a

single subcutaneous dose of 0 (vehicle) or 0.75' mg/kg liraglutide (2 mL/kg, neck injection site) in fasted

male Sprague Dawley rats (30/dose, fasted 12 — 14 hours prior to dosing, study 203281). A second study

used the same study design, except rats were also given a single intraperitoneal injection of 1 mM /kg

calcium after vehicle or liraglutide treatment to determine if increased calcium levels affect the response

to liraglutide (study 203282). At the end of the study, thyroid calcitonin protein and transcript levels were

quantified. Study observations were body weight, ionized calcium, plasma pH, adjusted ionized calcium

(pH 7.4), plasma intact PTH, and plasma calcitonin with orbital plexus blood samples taken

fromisoflurane/Oz/NZO anesthetized rats prior to dosing and 0.25, 0.5, l, 3, or 6 hours after dosing.

There were no treatment-related deaths, clinical signs or body weight changes with or without

injected calcium. One rat in the liraglutide + calcium group died during anesthesia, but its death was not
attributed to treatment.

In the absence of injected calcium, there were no changes in plasma ionized calcium compared to

calcium concentrations prior to dosing (uncorrected or pH corrected calcium, see the summary table

below where group 1 is control and group 2 is liraglutide treated). Liraglutide appeared to increase blood

pH between 0.5 and 3 hours after dosing (Figure 3).
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[N000 4.23.7.3 P32]

Compared to the control group, plasma calcium levels in the liraglutide treated group trended

lower from 0.5 hours onward in rats concurrently administered calcium (below). There were no

liraglutide-related changes in pH in rats concurrently injected with calcium (Figure 3, below).
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Plasma calcitonin was significantly increased 1 hour after dosing in the 0.75 mg/kg liraglutide

treated group, but the increase wasn’t sustained, probably because pH adjusted plasma ionized calcium

levels were decreased. The sponsor hypothesized decreased plasma calcium was secondary to increased

excretion in urine, but this was not demonstrated in this study. Decreased plasma calcium may have

countered any sustained effect of liraglutide to increase calcitonin. Increased plasma intact PTH occurring

6 hours after dosing in the liraglutide treated group was consistent with lower plasma calcium.

Reviewer note: The sponsor determined statistical significance oftreatment related changes in plasma

calcitonin, calcium, and intact PTH using natural log transformed values.

In the liraglutide treated group, plasma calcitonin increased 0.5 and 1 hour after dosing (Figure 2,

Table 2). Increased calcitonin levels did not occur at liraglutide’s Tmax, which typically occurs 3 — 6

hours after subcutaneous dosing. PTH levels in the liraglutide group were increased 6 hours after dosing.

Increased PTH in the liraglutide treated group is consistent with a counter-regulatory response to

minimally decreased blood calcium concentration.
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In calcium loaded rats, calcitonin levels were markedly increased within 1 hour after calcium

loading and returned to baseline levels within 3 hours (Figure la, Table 3a, b below). Calcitonin levels in

the liraglutide treated group were < 2 fold higher than in the vehicle control group 0.25 hours after
dosing, but liraglutide’s Tmax after subcutaneous dosing in rats typically occurs 3 — 6 hours after dosing.
Six hours after dosing, iPTH was higher in the liraglutide group compared to controls, and increased

iPTH was consistent with minimally lower plasma calcium levels in the liraglutide treated group
compared to controls starting 3 hours after calcium loading.
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'Calcium loading reduced thyroid calcitonin peptide levels in vehicle treated rats, but in liraglutide

treated rats, calcium loading increased thyroid calcitonin levels (Table 7). The effect of calcium to

decrease thyroid calcitonin levels is consistent with increased calcitonin release, but the effect of

liraglutide to increase thyroid calcitonin levels in calcium loaded rats is paradoxical, but to explain this

effect, the sponsor suggests liraglutide increases calcitonin translation more than it increases secretion.

 
Table '3' The effect of calcinmdoad itselfon calcitonin protein level in thyroid tissue from

ml.

l'NIicfs MISC E fiimglmida-u‘mmc‘d runs”
hampm‘m nfler .} i
m-rmrwm Wilhmrl : ('"alcium—Ickzldc'tl William ("(rr'é’ium-lumlm'

calcium—[mu] ; {NMZU} 132) K“(damn-(mu! [953903132}{AWZW 18!} (KNEEI-S'Ij
 

  

  
 

1 hour
 

3 hours

" The effect m’mlciunvlum} I'I
\almlc ml; (isms sandy Kwanzaa when er-mpmd to Male mix. a uhwmalcinm-lmd (rim:lard :m‘ll‘fn lira!

 
 

idr-lmpwal mu wusvxnmw-le as fold up- «- xlanmcgulatinu In Ill: 1911 “ ‘ n-lnm‘wl Ia} ilr4§§|;fi¢)(~
tuld'rqwgulalwu“.

 
[NOOO 4.2.3.7.3 P148]

4l9of513



Reviewer: Anthony L Parola, PhD NDA 22,341

Compared to vehicle treated fasted rats, liraglutide decreased thyroid calcitonin levels up to 2.7

fold, consistent with it proposed effect to increase calcitonin secretion. In calcium loaded rats, liraglutide

treatment increased thyroid calcitonin levels up to 3.8 fold. The difference in the effect of liraglutide on

thyroid calcitonin levels in the presence and absence of calcium loading suggests liraglutide increases

calcitonin synthesis more than it enhances calcium evoked calcitonin secretion.
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Calcium loading significantly increased thyroid calcitonin mRNA levels in vehicle treated rats 3

and 6 hours after dosing and in liraglutide treated rats at 1, 3, and 6 hours after dosing (Table 5).
Tame 5 The. effect ol'cnicinnbload itself on calcimnin mRNA levels in thyroid tissue fromrat.
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The effect of liraglutide on thyroid calcitonin mRNA depends on plasma calcium. In fasted rats,

liraglutide lowered thyroid calcitonin mRNA levels, but in calcium loaded rats, liraglutide increased

calcitonin mRNA levels more than calcium loading alone (Table 4).
Tabled The reflect ofliraglulide on calcitonin mRNA expression levels in thyroid tissue

from rat,
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The effect of a single subcutaneous dose of liraglutide oncalcium homeostasis parameters was

determined in non-fasted male Sprague Dawley rats (SO/dose) administered 0 (vehicle) or 0.75 mg/kg

liraglutide (2 mL/kg). In this study, liraglutide had no effect on plasma calcitonin, but iPTH increased 6

hours after dosing and decreased plasma calcium occurring 1 to 24 hours after dosing were attributed to

liraglutide-induced diuresis.

Study parameters were mortality and clinical signs, body weight, plasma ionized calcium, pH,

phosphate, albumin, PTH, and calcitonin, and urinalysis (urine volume and total calcium, phosphate,

magnesium, sodium, potassium and chloride). There were no treatment-related mortalities, clinical signs,

or body weight changes. 1

Plasma calcium in the liraglutide group (group 2) trended lower than the concurrent control

group (group 1) from 1 to 24 hours after dosing (Figure 1) and this decrease was unaffected by adjusting

the calcium concentration (Figure 3) for pH (Figure 2). Decreased plasma calcium in the liraglutide

treated group was attributed to increased urine excretion during the first 8 hours after dosing.
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Albumin levels in the liraglutide treated group were higher than the concurrent control from 3 to

24 hours after dosing, and this was attributed to blood volume contraction due to the diuretic effect of

liraglutide.
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Lower plasma phosphate levels in the liraglutide treated group from 3 to 24 hours after dosing

were attributed to increased hosphate excretion in urine.
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Plasma calcitonin levels were not increased in the liraglutide treated group. Consistent with

decreased calcium levels, intact PTH was significantly increased 6 hours after dosing in the liraglutide

treated group.
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Liraglutide had a diuretic effect with significantly increased urine volume from O — 8 hours and O

— 24 hours after dosing, increased total sodium and phosphorus at 0 — 24 hours, and decreased total

potassium and chloride at O — 24 hours (Table 3). During the 24 hour urine collection period after dosing,

there were no changes in total calcium or magnesium excretion. Physiologic levels of calcitonin can

increases phosphate and sodium excretion without affecting calcium or magnesium excretion. In the

absence of increased plasma calcitonin, diuretic and naturetic effects may be directly attributed to

liraglutide.
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Consistent with liraglutide’s Tmax, the peak effect on increased sodium and phosphate excretion

occurred at 4 — 8 hours after dosing (see Table below). Figure 1 (below) shows liraglutide increased urine

volume from O — 4 and 4 — 8 hours after dosing, but not at 8 — 24 hours post-dose. Liraglutide increased

total urine calcium 0 — 4 and 4 — 8 hours after dosing, and consistent with increased PTH occurring 6

hours after dosing, calcium excretion in the liraglutide group was reduced 8 — 24 hours post-dose. The

effects of liraglutide to increase urine volume and excretion of sodium and phosphate are consistent with

increased plasma calcitonin, but there was no evidence of increased plasma calcitonin in the liraglutide

treated group. Brill: €039ch between 448 13mm:
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. mg g/ ay NNC 90—1170

(2 mL/kg) on thyroid c-cells and plasma calcitonin was determined in young male Sprague Dawley rats

(~2 months old at start of dosing) treated for 6 weeks followed by a 2 week recovery period. The main

study group consisted of 65 rats/dose (45 days of treatment followed by a 2 week recovery) and a satellite
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toxicokinetic group consisted of 15 rats /dose (28 days of treatment prior to necropsy). On day 45, all

main study rats were administered a single intraperitoneal injection of 1 mmol/kg calcium after their final

dose. Satellite group rats were administered 3 separate intraperitoneal injections of 50 mg/kg BrdU (10

mL/kg) at 48, 24, and 1 hour prior to scheduled necropsy. Antemortem observations were clinical signs,

body weight, food consumption, urinalysis (satellite group, week 4, samples collected 0 — 4, 4 — 8, and 8 —

24 hours after dosing), blood calcium (including pH adjusted, satellite group, orbital blood taken 6 and 24

hours after dosing in weeks 1, 2, and 3), serum vitamin D (satellite group, sampled prior to dosing in

week 3), and blood samples from the main study group taken prior to dosing and 0.25, 0.5, l, 3, 6, 8, and

24 hours after dosing on study days 29 (non-fasting), 38 (fasting), 45 (fasting, calcium treated), and 58

(fasting) for determination of pH corrected calcium, plasma iPTH, and calcitonin. Rats were fasted for up

to 6 hours after dosing, and then had free access to food. Main study rats were sacrificed and discarded

after taking the last blood sample. Satellite group rats were sacrificed and necropsied with samples of

thyroid, liver, and proximal duodenum saved for microscopic examination and/or mRNA analysis.

Injection site wounds, nodules, and swelling occurred in both vehicle control and NNC 90-1170

treated rats, and it was attributed to the vehicle. Decreased body weight, body weight gain, and food

consumption in the 0.75 mg/kg/day NNC 90-1170 group was attributed to the GLP-lR mediated

pharmacological effects of NNC 90-1170.

Urine output significantly increased 45% at 0 — 4 and 4 — 8 hours after dosing, but not at 8 — 24

hours postdose. Calcium excretion increased, phosphorus excretion decreased, and there were sporadic

small decreases in sodium, potassium, and magnesium excretion. Increased urine volume is consistent
with diuretic effects of GLP-1 or calcitonin and increased calcium excretion can be a be attributed to

increased calcitonin.
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The effect of liraglutide treatment on plasma intact PTH and calcitonin were determined in

nonfasting, fasting, and calcium-loaded fasting rats. Values for iPTH or calcitonin below the limit of

assay detection were reported (see below).cc
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In rats treated for 6 weeks, PTH levels trended lower in NNC 90-1 170 treated rats (Figure 3a). Calcium

loading rapidly decreased PTH in both dose groups, but 3 — 8 hours after dosing, PTH levels rebounded to

above baseline in the liraglutide group. Twenty-four hours after dosing, PTH was below baseline in both

dose groups. In control and liraglutide treated groups, calcium loading increased calcitonin 35 — 50 fold

abOVe baseline, and calcitonin levels rapidly returned to near baseline levels within 3 hours after dosing.
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In nonfasted rats in week 4, NNC 90-1 170 had no discernable effect on PTH levels for up to 24

hours after dosing, but calcitonin levels trended higher (Figures la and lb). The magnitude of any effect

of liraglutide on calcitonin levels was small compared to calcium loading.
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In fasted rats in week 5, NNC 90—1170 had no discemable effect on PTH levels for up to 24 hours

after dosing, but plasma calcitonin levels trended higher (Figures 2a and 2b). PTH levels in both

liraglutide and control groups peaked 3 hours after dosing and returned to baseline within 8 hours.

Calcitonin levels were increased 6 and 8 hours after dosing.
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Figure 2!): Effect of liraglutide (NNC 91H 170) on Catcimnin {finder Fasting

Figure In: mm of Limgluiidc (NM 90-1 1 70) on P111 Under Finaliug Canditians “”1533???" +" SE“)
 

 

Gatcnonln{Wan}   
g p a s :2 w 24

1mm am can” my; g rum: aim nosing (M  

In fasted rats in week 8, after 6 weeks of treatment followed by a 2 weeks recovery period, PTH

levels trended higher and calcitonin levels trended lower in rats previously treated with liraglutide

(Figures 2a and 2b). PTH levels in both liraglutide and control groups peaked 3 hours after dosing and

returned to baseline within 8 hours. Effects on PTH and calcitonin occurring 6 hours after dosing may be

due, at least in part, to feeding.

Figure 4a: F? El After 'Eu'mlli‘ack Recovery Period {ram Limglulitk {ENC 3061 179’) {Fimwr 4h: 'Cukiuauin. AfterTwoM‘wk Rummy Fta'iml [rum Liniglulitk 1“sz 90-
’l’ranmem [211mm 4“: 5123!) H NJ) Twaemm (mum rl— SE3!)
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In study week 3, 1,25 dihydroxy vitamin D was reduced in liraglutide treated rats compared to

vehicle controls (Table 2).
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[N000 4.2.3.7.3 P187]

Unexpectedly, 4 weeks of treatment with 0.75 mg/kg/day NNC 90-1 170 reduced absolute and

relative thyroid weight, but it didn’t affect the incidence of BrdU labeled cells, calcitonin immunoreactive

cells (c—cells) or double labeled cells (calcitonin + BrdU, Table 2).
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NNC 90-1 170 did not affect relative calcitonin transcript levels in thyroid of rats treated for 4

weeks (Figure 7).
Na

:-
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liraglutide Eur»! weeks.
Wm»: :11 CT mnh‘fi Jllcr it male: 016mm, Clllilmm mine! was qualified mam mammal“;
gem-sum; actiu‘GM‘DM) :né imnuliml Inward; man 3;. d9» Swan-1:: twink {mg-.1; :ué ‘REXCK

[N000 4.2.3.7.3 P11]

  
mmmmMI - m

1raglut1 e Increase e incidence o age-related focal c-cell hyperplasia, but without

accelerating its onset. The increased incidence of thyroid c-cell adenomas was liraglutide treatment

duration dependent. Increased plasma calcitonin levels was age—dependent, and did not correlate with

liraglutide dose or treatment-duration. _

Effects of once daily subcutaneous injections of 0 (vehicle), 0.075, 0.25, or 0.75 mg/kg/day

liraglutide (l mL/kg) on thyroid c-cells and plasma calcitonin were determined in young male Sprague

Dawley rats (2 months old at start of dosing, 10/dose/group, 160 rats total) treated for 7, 10, 13, or 16

months and aged male Sprague Dawley rats (8 months old at start of dosing, 10/dose/group, 160 rats

total) treated for 1, 4, 7, or 10 months. The design for the in—life portion of the study is depicted in Figure

1. This study was designed to differentiate the effect of liraglutide treatment and age on plasma calcitonin

and thyroid c-cell hyperplasia in male rats. Anti-liraglutide antibody formation was determined from

orbital plexus blood from a satellite group of 10 male rats/dose with the same doses used in the main

study and with blood sampling in weeks 13, 26, and 52 after a 3 day treatment—free period prior to

sampling. Because wounds developed at the injection site within the first 3 months of the study in all dose

groups, including controls, the vehicle was changed (although specific changes in the composition of the

vehicle were not obvious). Study observations were mortality and clinical signs, body weight, fasting

orbital venous plexus blood samples (2 rats/dose/time point, isoflurane anesthetized) for determining

plasma calcitonin (14 and 28 days prior to starting treatment, then prior to dosing and 3 hours post-dose

on treatment days 1, 28; 119; 210; 301; 392 and 483), plasma calcium (prior to starting treatment and 3

hours after dosing on the day of necropsy from all rats to determine uncorrected and pH corrected ionized

calcium), anti-liraglutide antibodies (detected by precipitation of protein bound 125l-liraglutide in plasma),
and macroscopic and microscopic pathology including staining for calcitonin immunoreactivity in thyroid

and BrdU labeling (by administering 3 intraperitoneal injections of 50 mg/kg BrdU (5-bromo-2-

deoxyuridine, 10 mL/kg) to all main study group rats approximately 48, 24, or 3 hours prior to necropsy).
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[N000 4.2.3.73 P6]

Protocol deviations that were not considered sufficient to affect the integrity of the study included

incorrect dose volumes, incorrect dose concentrations (including administering 0.075 mg/kg liraglutide to

3 control group rats), early removal of food for fasting prior to blood sampling, occasionally withholding

treatment on study days 42 — 47 due to wound at or near the injection site on 6 rats, blood samples from 4

rats incorrectly identified and therefore not processed, and 3 decedents not replaced by backup rats at the

time of necropsy.

Unscheduled deaths occurred in all dose groups, and rats that died on study were replaced. The

incidence of unscheduled deaths was higher than controls at 2 0.075 mg/kg/day liraglutide in aged male

rats and at 3 0.25 mg/kg/day in young male rats, but the increased incidence wasn’t dose related. The

table below shows the cause of death for rats dying on study, when a cause was identified. 
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[NOOO 4.2.33.3 P46].

Two rats in the young 0.75 mg/kg/day group convulsed after dosing. After the vehicle associated

with wound at the injection was changed, convulsions only occurred in 2 high dose young males that had

repeated severe convulsions within 10 — 15 minutes of dosing that resulted in their humane sacrifice.

Young high dose rat 326 had convulsions lasting 3 — 15 minutes after dosing from day 85 — 102, and the

rat was necropsied on day 103. Young high dose group rat 344 had repeated severe convulsions 5 minutes

after dosing on day 223 and it was sacrificed moribund. The incidence of wounds was higher in young

rats at 0.75 mg/kg/day liraglutide, and although the sponsor believed the incidence decreased after the

vehicle was changed (after up to 3 months of dosing), it was a frequent finding in this group after study

day 120. Therefore, wound at the injection site were considered treatment-related at 0.75 mg/kg/day

liraglutide in young rats.
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Liraglutide dose(mglkglday) 0 0.075 0.25 0.75

Convulsions (related to dosing, 1 1 2 2# of affected rats)

“I.“I7I4“-37
 

Consistent with liraglutide’s GLP—IR agonist activity, group mean terminal body weight was
significantly lower than controls at 2 0.25 mg/kg/day in aged rats and at 3 0.075 mg/kg/day in young rats

(Figure 2) at all sacrifice times except for the 0.075 mg/kg/day group sacrificed on day 392.MO
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[N000 4.2.3.7.3 P659]

There were no liraglutide-related changes in plasma ionized calcium, plasma pH, or pH adjusted

ionized calcium. Anti—liraglutide antibodies were not detected in plasma from liraglutide-treated rats. The

table below shows plasma calcium, pH, and pH adjusted calcium concentration prior to starting treatment

and on study day 301 (after 43 weeks of treatment in young (groups 1 — 4) and aged (groups 5 — 8) rats).
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[N000 .23.7.3 P659]

If liraglutide had any physiologically relevant effect on plasma calcitonin, it occurred within the

first month of treatment, it was transient, and the magnitude was small. Group mean plasma calcitonin

significantly increased ~1.3 — 1.9 fold above concurrent controls at 0.75 mg/kg/day in aged rats on study
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28 and prior to dosing on study day 119 (Table 2). In young rats, plasma calcitonin significantly increased

~ 2 fold prior to and after dosing on day 28 at 0.75 mg/kg/day liraglutide, but calcitonin was significantly

lower than controls in the 0.75 mg/kg/day group prior to dosing on day 119 and after closing on days 119

and 210. There were no significant or consistent effects of liraglutide on plasma calcitonin at doses 5 0.25

mg/kg/day at any time.
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[NOOO 4.2.3.7.3 P770]

Plasma calcitonin was not measured during the rat carcinogenicity study, but it was determined in

mechanistic studies in male rats. Calcitonin measured in plasma of young male Sprague Dawley rats (2

months old at start of dosing) or aged male rats (8 months old at start of dosing) taken 3 hours after the

first dose (day 1) of 0, 0.075, 0.25, or 0.75 mg/kg/day liraglutide and after dosing on day 302 showed

increased plasma calcitonin was age dependent, but not liraglutide dose-dependent (see Figure below).

Calcitonin levels in young rats treated with liraglutide for 302 days were similar to those in aged rats

treated for 119 days, and these rats were the same chronological age at the time of sampling (~ 360 days

old). Calcitonin levels were aged dependent, not liraglutide dose or treatment-duration dependent.
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#When treatment started, young rats were 2 months old and aged rats were 8 month old.

There were no treatment—related macroscopic pathology findings. Treatment-related

histopathology findings, confined to thyroid, were diffuse and focal c-cell hyperplasia and c—cell
adenomas. An index combining the severity and incidence of diffuse c-cell hyperplasia suggests there

were no treatment related changes in aged rats (Table 8, Figure 3), but diffuse c—cell hyperplasia was

significantly lower in “young” rats sacrificed after 16 months (483 days) of treatment with 0.75

mg/kg/day liraglutide (Table 9, Figure 3). At the same dose after 16 months in young rats (0.75

mg/kg/day), the incidence of focal c-cell hyperplasia and adenomas were higher than controls.
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[N000 4.2.3.7.3 P677]

In 0.75 mg/kg/day aged rates, the incidence of minimal to slight focal c-cell hyperplasia was greater than

concurrent controls after 28, 119, 210, and 301 days of treatment. At 0.75 mg/kg/day in young rats, the

incidence of focal c-cell hyperplasia increased with treatment duration after 301, 392, and 483 days, but

not at 210 days. These results suggest focal c-cell hyperplasia occurred after only 1 month of dosing in

aged rats and after at least 301 days of dosing in younger rats. These results are consistent with the
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absence of focal c-cell hyperplasia in the 6 month chronic repeat dose toxicity study of liraglutide in rats,

which used ‘young rats’. In 0.75 mg/kg/day groups, the incidence of c-cell adenomas increased with

treatment duration afier _>_ 210 day in both aged and younger rats. Increased focal c—cell hyperplasia and

adenomas did not correlate with increased plasma calcitonin.
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[NOOO 4.2.3.7.3 P660]

The incidence and severity of focal c-cell hyperplasia was increased by liraglutide treatment at

0.75 mg/kg/day in both aged rats (8 months at the start of treatment) or young rats (2 months at the start

of treatment). The appearance of focal c-cell hyperplasia in aged rats treated for 28 days (9 months old)

and young rats treated for 210 days (9 months old) with 0.75 mg/kg/day liraglutide and the absence of

adenomas in aged or young control groups until rats were at least 12 months old (aged rats) or 15 months

old (young rats) suggest liraglutide accelerates the transformation of c-cells from hyperplasia to

neoplasms. Treatment-related progression in the severity of diffuse c-cell hyperplasia and it’s further

progression to focal c-cell hyperplasia did not occur. In fact, in the 0.75 mg/kg/day liraglutide group of

aged rats terminated on day 301, the incidence of focal c-cell hyperplasia and the combined incidence of

focal c—cell hyperplasia and adenomas was lower then the same dose group terminated on day 210.
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C—cell density and prollferation was assessed in preserved thyroid glands rom rats in t e 2 week

repeat dose toxicity study. Quantitative image analysis of thyroid tissue sections stained for calcitonin

immunoreactivity and proliferative cell nuclear antigen (PCNA) showed there were no statistically

significant differences between male and female control (0 mg/kg/day, vehicle only) and high dose

groups (1 mg/kg/day NNC 90-1170) in thyroid c—cell mass or proliferation.
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[N000 4.2.3.7.3 P45]

MICE

Liraglutide Efi’ects 0n Thyroid C-cell Parameters In Vivo

 M. .99 . ‘“ . “t“ a; ..
NNC 90—1170t0x1cokinetic parameters an ca c1t0n1n evels were e ermlned in CD-l mice

(3/sex/dose/time point, except for 0 mg/kg group, 10/sex/dose at time 0) administered a single

subcutaneous dose of 0 (vehicle), 0.03, 0.2, l, or 3 mg/kg/day NNC 90-1 170 (5 mL/kg), the same doses

used in the mouse carcinogenicity study. Blood sample for NNC 90-1170toxicokinetic analysis and

calcitonin levels were taken prior to dosing, then 0.5, 1.5, 3, 6, 12, 24, and 36 hours afier dosing.

NNC 90-1170 plasma levels were determined using a validated ELISA assay (dilution and

incubation in human plasma to remove endogenous GLP-l, overnight incubation with an anti—liraglutide

capture antibody, incubation with a second biotin labeled anti—liraglutide antibody, incubation with

streptavidin-labeled peroxidase, then color development after addition of TMB and H3PO4). Toxicokinetic

parameters are summarized in the table below. AUC is AUCO_inf.
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[NOOO 4.2.3.7.3.1 P65]

Both peak and total (AUCMf) plasma NNC 90-1 170 immunoreactivity increased across the dose range

with Tmax ranging from 3 to 6 hours after dosing.

Mouse plasma calcitonin was measured using a rat calcitonin immunoradiometric assay from

Immutopics (catalog # 50—5000, bead-immobilized anti-calcitonin monoclonal antibody for capture and

125I-labeled anti-rat calcitonin polyclonal antibody for labeling). The cross reactivity of mouse calcitonin
with the rat calcitonin assay was not established. The graphs below show the time course of plasma

calcitonin levels after dosing with vehicle or liraglutide (error bars show the range of data for each mean

value).
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Plasma calcitonin increased at 3 1 mg/kg liraglutide in males and females for up to 36 hours after

dosing (Table 5 and graphs below). The sponsor considered calcitonin levels increased at 3 0.2 mg/kg

liraglutide. In males, control group plasma calcitonin levels ranged from 2 to ~ 19 pg/mL. Although

average calcitonin levels were above 19 pg/mL in the 0.2 mg/kg group 36 hours after dosing, in the 1

mg/kg group from 6 to 36 hours after dosing and in the 3 mg/kg group from 1.5 to 36 hours after dosing,

there were non-responding mice. In females, the maximum plasma calcitonin level in the control group

females was 63 pg/mL, about 3 fold higher than in males. All NNC 90-1170 treated groups had at least

one mouse within the control group range, and increased group mean calcitonin levels was not dose
related.
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The following summary of the analysis of NNC 90-1170 effects on plasma calcitonin was provided by the
sponsor.

Caicimnifl anaivsis:

Winn: way and pair wise interactions betweenireannmt,1i.me and sex. were. not significant, The
effeci ofsex was not significmii, whereas the effect oi’ireatmenr and time was significam The ratio
of liraggutidc treated groups {-0 the Comm] group was .E .09 {15166: 13393. .iiroiijtl). 1,83{11,1 13.93.

P = [1021 3.36 {[1,43; 3,383, P<fi.0{}1'}, 2.43 {3.47; 4,00] , B0001) for Groups .2. 3i 4 and 5

respectively, Le alt dose groups except the iow dose had significauiiy higher cariciionin levels than
the Controi and the: increase- iu calcitonin icvcis increased with dose. Compariscns betwem

neighbouring Groups 2, 3, 4 and 5 showed significant difference betwcen groups 2 and 3, and 3mm

significant differaiices bemeen groups 3 mad 4, 4 and 5, “Le. the mick-00in levei in the low dose.
group was significantly iower than in the intenmdiate I gram; and the levels in the three highest

dose groups were no: significmiity different.

[N000 4.2.3.7.3.1 P12-13]
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To determine the time course of liraglutide induce increased calcitonin and thyroid c-cell

hyperplasia in CD-1 mice, males and females were treated with 0, 0.2, or 5 mg/kg/day liraglutide (5

mL/kg) for 2 or 9 weeks. Reversibility of increased plasma calcitonin and thyroid c-cell hyperplasia that
occurred in mice treated for 9 weeks with 5 mg/kg/day liraglutide was evaluated after 6 or 15 week

recovery periods. This study includes the following study reports
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The following table shows the number of mice in each dose group denoted as groups 1 (0 mg/kg/day,

vehicle), 2 (0.2 mg/kg/day liraglutide), or 3 (5 mg/kg/day liraglutide). Subgroup a was terminated after 2

weeks of treatment (30 mice/sex/dose), subgroup b was terminated after 9 weeks of treatment (25

mice/sex/dose), subgroup c was terminated after 9 weeks of treatment followed by a 6 week recovery

period (17 mice/sex/dose), and subgroup d was terminated after 9 weeks of treatment followed by a 15

week recovery period (17 mice/sex/dose).
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[NOOO 4.2.3.731 P23]

  
Study observations were mortality and clinical signs, body weight, blood sampling (orbital blood taken

prior to sacrifice) for plasma calcitonin levels (RIA assay) and liraglutide toxicokinetics (ELISA assay),

and examinations of the thyroid including histopathology (stained immunohistochemically for calcitonin

and counterstained with hematoxylin), calcitonin and GLP—lR mRNA levels (quantitative PCR with
levels normalized to beta-actin and GAPDH), transmission electron microscopy, and analysis of cell

proliferation in mice intraperitoneally injected with 50 mg/kg BrdU 3, 24, or 48 hours prior to sacrifice

(BrdU labeled samples of thyroid were not examined). For mice terminated after 2 weeks of treatment,

blood samples were taken prior to dosing and 0.5 and 3 hours after dosing to determine calcitonin levels.

The following definitions were used to characterize thyroid C-cell related findings (copy of the sponsor’s

text, modified for brevity).

Ultimobranchz‘al ducts was used to describe an unusual follicle with flattened epithelium,

increased in size and associated with C-cells (see Plates 2 & 4 in Appendix 5). This was graded as

minimal if there were only one or two ducts, as mild if there were three to five, and as moderate if
more than five.

 
New

0106642373.] P386]

Localized C—cells was used to describe the normal variation in the localized distribution of C-cells

in the mid-zone area of the thyroid lobe.

grade 1 - C-cells were distributed individually, around the periphery of occasional

follicles and in clusters of up to 5 cells (see Plate 1 in Appendix 5).
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[N000 41237.3. P335l 

grade 2 - C-cells formed several clusters of between 5 and 10 cells and/or formed an
almost continuous layer around the periphery of several follicles (see Plates 3 & 4 in

Appendix 5).

grade 3 - C-cells formed clusters of more than 10 cells and/0r formed an almost

continuous layer around the periphery of many follicles (see Plates 5, 6 & 7 in Appendix

5).

grade 4 - C-cells formed several coalescing clusters of more than 10 cells and/0r formed a
continuous single or double layer around the periphery of many follicles (see Plate 8 in

Appendix 5).

 
‘3921

C—cell hyperplasia described an increase in the number of C-cells forming aggregates of less than

five average follicles in diameter with or without displacement of individual thyroid follicles (see

Plates 9 & 10 in Appendix 5).

  
Wm M

[01500 42.3.7.3[1 P393]

C-cell hyperplasia was considered the part of a continuum of c—cell proliferation (localized c-cells

grade 1 < grade 2 < grade 3 < grade 4 < minimal hyperplasia < mild hyperplasia). Otherwise only

standard pathological terminology was used.

The following mortalities were reported:

Group 1 #17 sacrificed moribund on day 11 due to a large wound
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#64 sacrificed moribund on day 105 due to general ill health

#80 sacrificed moribund on day 18 due to a large wound

Group 2 #208 sacrificed moribund on day 78 due to general ill health

#215 died from a dosing error on day 55

#305 sacrificed moribund on day 141 due to general ill health

Group 3 #391 sacrificed moribund on day 18 due to a large wound

#396 died from a dosing error on day 33

#399 sacrificed moribund on day 1 1 due to a large wound

#450 went missing on day 64

#465 sacrificed moribund on day 130 due to general ill health

#472 sacrificed moribund on day 137 due to general ill health

Wounds occurring at the injection within the first 16 days of treatment were diminished after the

vehicle was changed from batch No PQ 50297 to batch No 433-04-1 15 (used from days 1 — 16) on Day

17 (and used until termination). These wounds were considered related to treatment with vehicle batch PQ
50297.

There was no treatment-related effect on body weight.

Plasma calcitonin was measured at the end of the treatment period on days 14 and 63, then at the

end of recovery on days 105 and 175. The average calcitonin level in control groups was 14.8 +/- 25.8

pg/mL in males (values ranging from 0.3 — 195.2) and 39.6 +/- 69.3 pg/mL in females (values ranging
from 0.8 — 311.0).

On day 14, there were no significant differences in plasma calcitonin levels between treatment

groups prior to dosing in males, but calcitonin was significantly higher than concurrent controls 0.5 and 3

hours after dosing with 0.25 or 5 mg/kg liraglutide (Figure l, the x-axis is mislabeled 0.25 hours for the

0.5 hour time point). In females, plasma calcitonin in the 5 mg/kg group was significantly higher than

controls prior to dosing and 0.5 and 3 hours after dosing. Plasma calcitonin in the 0.2 mg/kg group was

not significantly different from control prior to dosing and 0.5 hours after, but it was significantly higher

3 hours after dosing.

Figure I. Calcitonin Mei: at multiple time points after dosing an nay 14
 

 

3a

  MdnmlmlWitch"!rpm 0a:ssssE
I my arm Gonna

' [NOOO 43:37.31 P111]

Calcitonin levels were determined prior to terminal sacrifice at the end of treatment on days 14

and 63 and at the end of recovery on days 105 and 175 (Figure 2, Table 2). Calcitonin was significantly

elevated (p < 0.05, unpaired Student’s t—test) in 5 mg/kg females at the end of 14 and 63 week treatment

periods, but calcitonin levels declined to control group levels during recovery. In males, calcitonin was

statistically significantly higher than the concurrent control group at 5 mg/kg on day 63 only, but not at
the end of 6 and 15 week recovery periods.
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Figure. 2. Catatonia levels at a single time point on Days 14, 63, 105 and 175
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[NOOO 4.2.3.7.3.1 P114]

The calcitonin assay was highly variable, so the biological significance of statistically significantly

elevated plasma calcitonin in 5 mg/kg/day males and females is unknown.
Table 2. (falciaouln levels at a single time point on Days 14, 63, .105 sad 175
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[NOOO_4.2.3.7.3.1P115]

The sponsor’s analysis of liraglutide effects on calcitonin levels yielded somewhat different

results. The sponsor contends there were no significant differences between males and females for

liraglutide-induced changes in plasma calcitonin, so they combined data within each dose group and each
time point to increase the number of samples/time point, and used the natural log of plasma calcitonin

concentrations for statistical analysis. From this analysis, 5 mg/kg liraglutide significantly increased

plasma calcitonin prior to dosing and at 0.5 and 3 hours after while treatment with 0.2 mg/kg liraglutide

significantly increased calcitonin 0.5 and 3 hours after dosing, but not prior to dosing on day 14. Results

are shown in Figure l. The differences between the reviewer and sponsor analysis on day 14 were the

effect in males prior to dosing at 5 mg/kg (according to reviewer, no difference from control in males)

and the effect in females 0.5 hours after dosing with 0.25 mg/kg (according to reviewer, no difference

from control).
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[N000 4.2.3.7.3.1 P6]

Using the same analysis by combining data from both sexes and analyzing statistical differences

in the natural log of the mean calcitonin concentration in each dose group, the sponsor concluded

calcitonin was significantly increased in the 5 mg/kg group at the end of the 9 week treatment period, and

that elevated calcitonin returned to control group levels at the end of 6 or 15 week recovery periods

(Figure 2). There were no substantive differences between the reviewer and sponsor analysis of plasma

calcitonin levels at the end of 9 week treatment and 6 or 15 week recovery periods.MEIR $15M!
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[N000 4.2.3.7.3.1 P7]

After 2 weeks of treatment with 5 mg/kg/day liraglutide, quantitative assessment of

immunohistochemically stained thyroid cells in mice showed there were no treatment-related differences

in the density of follicular cells, c-cells, or the ratio of c—cells to follicular cells in males or females. There

was no treatment related qualitative difference between 5 mg/kg treated or control group mice in the

incidence or severity of localized c—cells or dilatation of the ultimobranchial duct.
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After 9 weeks, the incidence of minimal to mild thyroid c-cell hyperplasia significantly increased

at 5 mg/kg/day liraglutide in females. A low incidence of c-cell hyperplasia occurred at 0.25 mg/kg in
males and females and at 5 mg/kg in males.

Table 3 Summary of Histological findings: 9 Week Terminal Kill

GROUP TOTALS

HESTOLOGlCAL FINDINGS Glp 1 Grpz 6:9 3 Grp t Grp 2 Grp 3
t) 0.2 5.6 0 0.2 5.0

mslks {“9489 ““939 mglkg ”lg/k9 mglkgldav fda Ida Ida ida Ida

ENDOCRlNE SYSTEM

THYROlD GLAND

Ocells. localised, grade 1
Geeks. localised. grade 2
Ccells, localised, grade 3
C£ells, localised, grade it
C-ceil hyperplasia

minimal
mild
Total Incidence

Ulflmobranchtal duct! dilated
minimal
mild
moderate
Total Incidence

lnflatnmam cell infiltration, hisllocylic. lymphocyfip,difluse

  
Figdres in brackels represent the number of animalstmm which this tissue was examined microscopically

[N000 4.2.3.7.3.1 P248]

C-cell hyperplasia was reversed after a 15 week recovery period. Minimal c—cell hyperplasia also
occurred after 6 weeks of recovery in 5 mg/kg females (5/ 16), but 15 weeks after treatment was stopped,
the incidence decreased to 1/16. However, the incidence of grade 3/4 localized c-cells was notably higher

than controls with an increased incidence and severity at 3 0.2 mg/kg in both males and females. Because

c—cell hyperplasia in mice is rare, it’s persistence after a 15 week recovery period suggests it may be a
neoplasm.
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[NOOO 4.2.3.7.3.l P249]

The summary table below shows the incidence of plasma calcitonin levels considered above the
control group along with the incidence of focal thyroid c-cell hyperplasia. Plasma calcitonin was
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considered elevated if the value was above the overall average + 1 SD for calcitonin levels in male and

female control groups (average and standard deviation calculated using data from all time points); 41

pg/mL calcitonin in males and 109 pg/mL in females. On day 14, the incidence of elevated calcitonin was

greater than controls at 0.5 and 3 hours after dosing with 0.2 mg/kg in males, prior to dosing and 0.5 and

3 hours after dosing with 5 mg/kg in males, but only 0.5 hours after dosing with 5 mg/kg in females.

Thyroid c-cell hyperplasia did not occur after 14 days of treatment. On day 63 in males, the incidence of

elevated calcitonin was higher than controls at 5 mg/kg, but the low, non-significance incidence of c—cell

hyperplasia was the same in both groups (6.3%), despite the absence of increased plasma calcitonin at 0.2

mg/kg. At the end of 6 or 15 week recovery periods, elevated calcitonin or c-cell hyperplasia didn’t occur

at any dose in males. At the end of the 9 week treatment period, the incidence of elevated calcitonin and

c-cell hyperplasia were both increased at 5 mg/kg in females, but not at 0.2 mg/kg. The incidence of

elevated plasma calcitonin was increased in 0.2 mg/kg recovery group females at the end of both 6 and 15

week recovery periods, despite the absence of c-cell hyperplasia. In 5 mg/kg recovery group females,

plasma calcitonin and c—cell hyperplasia were elevated at the end of the 6 week recovery period, but not at

the end of recovery week 15.

Males Females

Liraglutide s I Plasma Caldtonin 'UCFdence 9f Plasma Calcitonin Iricjdence 0f
Dose Study Day amp e : mmlmal I mlld mnlmal / mlld

(mg/kg/day) T % of values focal Ocellfocal C-oell % of values
hyperplasia Average SD hyperplasia>41 pg/mL > 109 pglmL

 

 6.48 $5.06 0% 0% (0115) 72.7 94 23.5% (4/17) 0% (0/17)7.98 38.92 0% 0/17 0% 0/17 61.91 73.1 31.3% 5/16 0% 0/17

41.5 315.7 40% (4/10) — 92.5 68.7 20%(2/10) -119.6 03.2 90% 9/10 179.2 123.9 60% 6/10

13.3% 2/15

  
1Sampletimes were predose (P) and 0.5 or 3 hours after dosing.

The table below shows calcitonin levels in mice diagnosed with thyroid c—cell hyperplasia to

determine if the 2 findings are coincident. In 2 males with c-cell hyperplasia after the 9 week treatment

period, calcitonin was below or slightly above the maximum control group value of 41 pg/mL. In females

with the finding of c-cell hyperplasia on day 63, all but one had calcitonin levels elevated above the

maximum control group value of 109 pg/mL. However all but one female mice with c-cell hyperplasia

persisting in recovery periods had calcitonin levels within the control group range. Results in females

suggest elevated calcitonin levels were related to liraglutide treatment, not c—cell hyperplasia. At the end

of the treatment period (day 63), plasma calcitonin was elevated in nearly all females with c—cell

hyperplasia, but at the end of a 6 week recovery period (day 105) plasma calcitonin in high dose females

was within a normal range in nearly all female mice, despite the persistence of hyperplasia.
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Micewith minimall mild thyroid C-cell hyperplasia

Liraglutide Plasma
Dose StudyDay Sex Mouse# Calcitonin

(mg/kg/daY) (PglmL)
M 194

M 355

i

105 (recovery) 
175 (recovery)

*Valie ator below the control group mean +1 ed (41 pg/mL
calcitonin in males, 109 pg/mL infemales).

The sponsor’s analysis of thyroid histopathology combined c-cell hyperplasia findings from male

and female mice to generate Table 2. This analysis suggests focal c—cell hyperplasia dose-dependently

increases at 3 0.2 mg/kg/day liraglutide in males and females and it was partially reversed during a 6

week recovery period and fully reversed after 15 weeks. The sponsor’s analysis is substantially different

from the reviewer’s which shows a significant dose-related increase in c-cell hyperplasia only occurred at

3 mg/kg/day in females, but there a trend of increased c—cell hyperplasia in both males and females at 3

0.2 mg/kg. There was no substantial difference in the assessment of reversibility.

Table 2 WIncident: focal C—(‘cll hyperplasia in mice dosed with tirngiutidt For 9
Wicks inflow“! by a 6 week tj9+£3wk} or 35 week (94-151ka recovery perind {:30-
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[NOOO 4.2.3.7.3.1 P7]

Relative calcitonin and GLP—lR transcript levels in thyroid from mice treated with vehicle or

liraglutide for 9 weeks were measured by real-time quantitative RT-PCR incorporating fluorescent

primers into amplified cDNA and normalizing calcitonin or GLP-l levels to transcript levels encoding
housekeeping proteins GAPDH or beta-actin. Summary results in Table 2 show relative levels of

calcitonin transcript in thyroid (males and females in the same dose groups combined) increased 2 fold at

0.2 mg/kg liraglutide and 3.9 fold at 5 mg/kg, but due to variability in transcript levels, the difference was

only statistically significant from vehicle control treated mice at 5 mg/kg. The standard deviation of the

mean for vehicle control and 0.2 mg/kg groups show the range of values in these groups include values <

0. Although the increase appears to be dose—related and although it was statistically significant at 5 mg/kg,

the biologic relevance of increased calcitonin transcript at 5 mg/kg is questionable given the variability in

the assay.
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[NOOO 4.2.3.7.3.1 P202]

 

lime fare!
  

  

  
  

Although there was a trend of liraglutide to increased thyroid GLP—l transcript levels, the 1.6 fold
increase at 0.2 and 5 mg/kg liraglutide didn’t reach statistical significance and the increase wasn’t dose-
related.
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[NOOO 4.2.3.7.3.1 P203]

 

  
x

Reviewer note: The sponsor should determine ifPCR efiicienciesfor target and reference genes are
similar or ifthe assay is valid. A validation experiment using cDNA sample concentrations spanning 6
orders ofmagnitude (including 3 replicates ofeach standard curve point, running singleplex reactions
with target and endogenous control in separate wells andprimer concentrations of900pM andprobe

concentrations of250 hill) is necessary to determine ifthe A ACT calculation in valid (the slope ofthe log
[cDNA or RNA] vs ACT plot should be 0 — < 0.1). Given sex diflerences in calcitonin levels and

differences in the incidence ofthyroid c-cell hyperplasia, the sponsor should not combine resultsfrom
both sexes when analyzing thyroid calcitonin and GLP—1R transcript levels.

 

In a 4 week repeat dose study of 0, 0.1, 0.5, 1, or 5 mg/kg/day NNC 90-1 170 administered

subcutaneously once a day in CD-1 mice, minimal / mild thyroid c-cel] hyperplasia (confirmed by
immunohistochemical staining with an anti-calcitonin antibody) occurred in 1 male in the 1 mg/kg/day
group and in 2 females in the 5 mg/kg/day group. The single incidence at 1 mg/kg in males was
considered incidental because none occurred at 5 mg/kg/day.
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In a 13 week repeat dose toxicity study of 0, 0.2, 1, or 5 mg/kg/day NNC 90-1170, the incidence
of minimal to mild focal thyroid c-cell hyperplasia increased with dose at 2 0.2 mg/kg/day in males and

females (main study and satellite TK group combined).
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[IND 61,040 Pharm/Tox Review 3 10/25/04 P20]

To determine the effect of liraglutide on plasma calcitonin (report 204289), CD—1 mice were

subcutaneously injected with 0, 0.2, 1, or 5 mg/kg/day liraglutide (5 mL/kg) for 13 weeks and blood
samples were collected prior to dosing and 1, 2, 4, 6, 8 and 24 hours after dosing on the first day of
dosing and in week 13 (2 mice/seX/dose/time point). Calcitonin was measured using a two—site
immunoradiometric assay (IRMA) for rat plasma calcitonin that partially cross-reacts with mouse

calcitonin (plasma calcitonin capture using a bead-tethered monoclonal antibody, then the captured
calcitonin was radiolabeled using a 125I labeled goat anti-rat calcitonin polyclonal antibody. Alignment of
the amino acid sequences for mouse, rat, and human calcitonin is shown below.

Calcitonin Amino Acid Sequence Alignment

Mouse : CGNLSTCMLGTYTQDLNKFHTFPQTS IGVEAP

Rat : CGNLSTCMLGTYTQDULNKFHTFPQTSIGVGAP
Human: g CGNLSTCMLGTYTQDFNKFHTFPQTAIGVGAP

Despite only 2 difference in the amino acid sequence of rat and human calcitonin, the IRMA for rat
calcitonin only has 12.5% cross reactivity with human calcitonin (technical information for Immutopics
rat calcitonin IRMA kit, cat# 50-5000).

Reviewer note: The sponsor did not validate the assayfor mouse plasma calcitonin using the Immutopics

rat calcitonin IRMA kit. The assay was standardized using rat calcitonin.

The sponsor states plasma calcitonin levels were higher than controls in all liraglutide treated
groups in males and females on day 1 and in week 13. Liraglutide increased plasma calcitonin at all doses
on both days, but without a definitive relation to dose. Peak calcitonin levels in liraglutide treated mice
were N7 fold in all dose groups in week 13 compared to day 1, including female controls. In week 13,

increased pre-dose and liraglutide-stimulated calcitonin secretion in liraglutide treated groups was
consistent with treatment-related c-cell hyperplasia.
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[NOOO 4.2.3.731 P9]

Exenatz'de Effects on Thyroid C—cell Parameters In Vivo

 
   

mmuuéugm

This study compared the effects of 3 days of treatment with 0.9% saline (injected every 12 hours,

negative control), NNC-0113—0000-0000 (exenatide) (0.06 or 0.25 mg/kg injected subcutaneously once a
day or 0.03 or 0.125 mg/kg injected twice a day), or liraglutide (0.06 or 0.25 mg/kg injected once a day)

on clinical signs, body weight, and plasma calcitonin in male CD-1 mice (40/dose). Orbital plexus blood

samples were taken from fasted mice prior to dosing and l, 3, 6, and 12 hours after the last dose (8

mice/dose/time point). Calcitonin was quantified using the rat calcitonin IRMA assay (assay kit from

lmmutopics).
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[NOOO 4.2.3.7.3.1 P20]

 

Reviewer note: The standard curve and controls use rat calcitonin (12 — 1,800 pg/mL rat calcitoninfor

the standard curve), and mouse calcitonin cross—reactivity with this assay was not established.

Analysis of the dosing formulations showed exenatide concentrations were slightly higher than

the nominal concentration (108 — 1 12%) and liraglutide concentrations were substantially lower (62 —

86%). However, since toxicokinetic parameters were determined after the last dose, drug exposure was

confirmed. The actual doses of liraglutide were 0.04 mg/kg and 0.22 mg/kg.
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[N000 4.2.3.7.3.1 P26]

Four mice (see Table 4 below) were sacrificed moribund due to severe bite wounds and clinical

signs of subdued behavior and piloerection. Two mice in group 2 were lost prior to initiating treatment

(either completely cannibalized or escaped from the cage). There were no treatment-related clinical signs,

but bite wounds on the hind part of the back or tail occurred in 19% of the mice, including 17.5% of mice

in the saline control group.

sth‘ 4 Number of pre-schmluicd tnrminafimrs
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’ [NOOO 4.2.3.7.3.1 P27]

Body weight on day 3 was lower than day l in all dose groups, including controls (group‘ 1).

Decreased body weight gain was greater in exenatide treated groups (group 2 — 3) than in liraglutide

treated groups (groups 6-7). In exenatide treated groups, dosing every 12 hours (groups 4 - 5) had a

greater effect on decreasing body weight gain compared to dosing once a day (groups 2 - 3').
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Table 5 Body weight gain
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WOOD 4.2.3.7.3.1 P28]

Mice treated with exenatide or liraglutide were exposed, but plasma toxicokinetic parameters

could only be calculated for liraglutide (see Table 7 below) because of the short elimination half life of

exenatide (~ 30 minutes in mice) and the 3 1 hour interval between blood sampling times. Liraglutide

plasma concentration versus time profile is show in Figure 2. Consistent with a long elimination half life,

liraglutide was detected in predose blood samples. Both peak and total liraglutide exposures increased

with dose on both days. Tmax occurred 3 to 6 hours after dosing.
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[NOOO 4.2.3.7.3.1 P142]

Consistent with its short half-life, exenatide was not detected in day 3 predose blood samples or at 6 or 12

hours post-dose on days 3 or 5 (LOQ 45 pM using an RIA). The following table show mean exenatide

plasma concentration 1 and 3 hours after dosing.

Exenatide Dose

Group mg/Kgfinjecfion Interval mg/kg/day

2 0.08 24 0.06 5
3

4 0.25 24

5 013 12
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Mouse plasma calcitonin was quantified with a rat calcitonin immunoradiometric assay kit from

Immutopics using a standard curve based on dilutions of rat calcitonin (ranging from 12 to 1800 pg/mL)

and controls consisting of known concentrations of rat calcitonin (included in the kit) and calcitonin in

pooled rat plasma. Statistical significance was determined using the natural log of calcitonin
concentrations

In the saline control group (group 1), calcitonin levels ranged from 2.8 to 163.1 pg/mL.

Individual plasma calcitonin values in each dose group (transformed to the natural log of plasma

calcitonin concentrations) are shown in the graph below. There was significant overlap between control

and all exenatide or liraglutide treated groups.
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[NOOO 4.2.3.7.3.1 P91]

Statistical analysis of day 3 pre—dose plasma calcitonin showed levels were significantly higher

than controls (group 1) in exenatide treated groups 3,4, and 5 and liraglutide treated groups 6 and 7

(statistical analysis comparing natural log of plasma calcitonin concentrations). Group 1 predose values

ranged from 4.5 to 94.1 pg/mL calcitonin (Figure 1, below). The geometric mean of all treated groups

was within this range.
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[NOOO 4.2.3.7.3,l P29]
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The sponsor stated calcitonin levels in all exenatide or liraglutide treated groups measured 1, 3, 6, and 12

hours after dosing were significantly higher than controls (Figure 2). However, the geometric mean values

were all within the range of the control group. For exenatide treated groups, the sponsor concludes day 3

predose calcitonin levels were higher in mice treated every 12 hours (groups 3 & 5) compared to mice

treated once a day (groups 2 & 4), but there was no significant difference between 0.06 or 0.25 mg/kg/day

doses. After dosing, there was no significant dose-response, except 12 hours post-dose when calcitonin

levels in the 0.25 mg/kg exenatide groups were significantly higher than in the 0.06 mg/kg exenatide

group. Calcitonin levels in liraglutide treated groups (groups 6 & 7) prior to and after dosing on day 3

were significantly higher than the control group and the effect was dose-related with higher plasma

calcitonin at 0.25 mg/kg/day (group 7). Day 3 predose calcitonin levels were significantly higher in 0.25

mg/kg liraglutide treated mice (group 7) compared to 0.25 mg/kg exenatide administered once a day, but

there was no difference if the same dose of exenatide was administered twice a day (0.125 mg/kg/q12h).

Day 3 predose plasma calcitonin levels in the 0.06 mg/kg liraglutide group (group 6) was not significantly

different from 0.06 mg/kg/day exenatide (0.03 mg/kg administered every 12 hours, group 3), but

calcitonin levels in the 0.06 mg/kg exenatide administered once a day (group 2) was not different from

controls (group 1). After dosing on day 3, plasma calcitonin levels at 0.25 mg/kg liraglutide (group 7)

were significantly higher than all other group, including once or twice daily 0.25 mg/kg exenatide (groups

4 and 5). Day 3 post-dose calcitonin levels at 0.06 mg/kg liraglutide (group 6) were significantly higher

than 0.06 mg/kg exenatide (administered once or twice a day, groups 2 and 3) at 12 hours after dosing,

but it wasn’t significantly different from exenatide treated group (groups 2 — 5) at any other time.
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[N000 4.2.3.731 P30]

Group 7 mice had the highest geometric mean plasma calcitonin levels. The table below shows plasma

calcitonin levels measured in individual mice treated with saline (group 1, injected twice a day) or 0.25

mg/kg/day liraglutide (group 7, injected once a day). These results show all but 3 plasma calcitonin values

in group 7 treated mice (mice # 258, 268, and 276, column labeled “calc” with values expressed as pg/mL

rat plasma calcitonin equivalents) were below the highest value of 163.1 pg/mL in the control group

(group 1, mouse 10). In fact, group 7 mice 257, 259, and 267 may not have responded to liraglutide

because their calcitonin levels were < 50 pg/mL.
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[Complied from datain Appendix A at N000 4.2.3.7.3.1 P96,101- 102]

 
The sponsor performed nonlinear mixed-effects modeling of liraglutide pharrnacokinetics and

pharmacodynamics (liraglutide induced increased plasma calcitonin) in mice using data from a single

dose study and a 3 day repeat dose study (reports 205106 and 205050, respectively). Modeling exenatide

pharmacokinetics and pharmacodynamics was performed in a separate study (report 2005 001).

The pharmacokinetic model as described by the sponsor follows.

The final made! was a. one’vwmpartmem model with absorption Eng-film: linear absorption and

elimination and with random effects an clearance and absorption rate constant:

.., . 19105???F 1‘» n11: 1:151 WW1” M(1— ’1 W , =1}:U 1 111.111111% 111, I’m;

The concentration is. (lift 5.1 1113.

No effect ofdose was statistical 31'311i 13121111: bat: for sex there was a statisticatly significant effect

{pat-L1.2%) on {2111? with males itav'mg about; 13”“b minced ciearanoe compared to 1711111111133

Hawaiiat, the estimation procedure ofNQNMEM did not succesfidly complete the cmatiance step
thus the effect was not included in the: final modei.

The additive part ofthe error mode! came out with a variance close to 0, so the fins] error model

was given by fag

Parameter estimates are given in Table 1 where. WP and CUP are gEven since CL, V, and F can not

be catcuiated when only stabcutaneons data are» available. These parameter estimates are in 1.1111: with

2.11:1it-compamnemal PK parameters calculated in {4}, 1h. NQNMEM (see Appendix. A II the mode]

was parameterised in terms of log-parameters in order to ensure positive pharmacokinetic

parameters and tandem effects also appear on the Eng-seats

[N000 4.2.3.7.3.1 P9]

Pharmacokinetic parameters determined from pharmacokinetic modeling of subcutaneously administered

liraglutide in mice are shown in Table 1 (below). The 95% confidence interval of estimated plasma

liraglutide concentrations on day 3 after once daily dosing with 0.225 mg/kg dose (60 nmol/kg)

liraglutide administered subcutaneously is shown in Figure 7.
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Table 1 Parameter estimates for the one-compartment model with lagdime.
Parameter Estimate OWE/o) Beta-ten su bjcct Between subject
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(up (Lkgziig 0.033 0.4 1‘7
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[NOOO 4.2.3.7.3.1 P16]

The pharrnacokinetic model (liraglutide induced increased plasma calcitonin) as described by the

sponsor follows.

The firm! model was an indirect response model with ratio ofCT to control as response and
population predictions of liraglutide concentration as stimulatory inputto the build up ofcalcitoniu
response. The Em,Ix depended on whether a single dose (SD=1) or multiple doses (SM) had been
administered. though this fixator was confounded with which. of the two studies the data originated
from. No effects of sex could be detected. The equations defining the structural calcitonin response
model are given below:
tilt .

"27:5.” 4:5 4"]
SW .1“

= EC» + ('
1:,u :{xnl Em M!“SDI15,,H:)-cxp(b»(,77;mmr3

(‘1’
(’7'urn-oi

S

=1+R
 

[N000 4.2.3.7.3.1 P12—13]

Pharmacodynamic parameters estimated from modeling plasma calcitonin response to a single

dose and 3 days of repeat dosing are summarized in table 2. Emax, the maximum fold liraglutide induced

increase in plasma calcitonin over concurrent control (CT/CTcomml), varied between single (Emaxl) and

repeat dose (Emax 2) data with the difference attributed to differences in standards used in the calcitonin

assay. The ECso was estimated at 11.8 — 44.3 nM liraglutide, which was in good agreement with the in

vitro EC50 of 91 ~ 108 nM for liraglutide induced increased CAMP in plasma membranes of recombinant

BHK 467-12A cells expressing the human GLP-IR (in the presence of human serum). The coefficient of

variation was > 30% for most parameter estimates.
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Table 2 Parameter estimates for the iiitlit'ect response medal. on CTt‘CTmma
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[N000 4.2.3.7.3.l P13]

Figure 5 shows the dependence of plasma calcitonin response on plasma liraglutide concentration

assuming a constant control level of 10 pg/mL calcitonin.amleaose
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[N000 4.2.3.7.3.1 P14]

Modeling liraglutide and exenatide pharmacodynamic effects showed differences in the

persistence of elevated serum calcitonin. Liraglutide elevated calcitonin persists for 24 hours after dosing

while the effect of exenatide diminished (figure 8, below). These pharmacodynamic differences can be

explained by pharrnacokinetic differences where exenatide is eliminated from plasma at a much higher

rate than liraglutide (see Figure 7, above).
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[NOOO 4.2.3.7.3.1 P17]
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Based on the pharmacodynamic model, the sponsor predicts on the third day of repeat dosing,
continuous infusion of 60 pmol/kg exenatide (0.225 meg/kg) will yield plasma calcitonin levels similar to
those elicited by a single daily dose of 60 nmol/kg/day liraglutide (0.225 mg/kg) (Figure 9). 
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nnmlflig {manila-4 gear day, :cspeelirfiy.

[NOOO 4.2.3.7.3.1 P18]

Eflects ofExenatide on Thyroid C~cell Parameters In Vivo

 
  

Slngle doses of 0.25, l, or 5 mg/kg exenatide increased plasma calcitonin in CD-1 mice, but the
effect wasn’t dose-related. Based on the fold increase calcitonin compared to the concurrent control at
each time point for each sex and statistical analysis of the natural log transformed calcitonin plasma
levels, the sponsor contends there was a treatment-related, but not dose-related, increase in plasma
calcitonin with the most pronounce effect occurring 6 hours after dosing (the time point with the lowest
control group mean calcitonin levels in both males and females, but not the time point with the highest
calcitonin levels in any exenatide treated group).

Five groups of fasted CD—1 mice (5 / sex/dose/time point) were administered a single
subcutaneous dose of 0, 0.25, 1, 0r 5 mg/kg exenatide (NNC 0113—0000-0000, 5 mL/kg) or a single

intraperitoneal injection of 1 mmol/kg calcium to elicit calcitonin release. Study observations were
clinical signs, exenatide toxicokinetics, and plasma calcitonin (prior to closing and 0.25, 0.5, l, 3, 6, and
24 hours after dosing).

There were no treatment-related mortalities or clinical signs.

Toxicokinetic parameters are summarized in Table 6. Both peak and total plasma exenatide

plasma concentrations increased with dose with a less than dose proportional increase in Cmax and a dose
proportional increase in AUC0.inf. The elimination half life was < 1 hour in all dose groups except in
males administered 5 mg/kg exenatide, the half life was 6.97 hours, primarily due to anomalously high
exenatide levels in one male 24 house after dosing.
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[NOOO 4.2.3.7.3.l P24]

Mouse plasma calcitonin was measured using a rat calcitonin IRMA (immunoradiometric assay,

Immutopics kit, performed at _ .. validated using rat calcitonin controls supplied

with the kit. In vehicle treated control groups, mean calcitonin concentrations ranged from 7.6 — 72.5

pg/mL in males and 13.7 — 91.7 pg/mL from 0.25 to 24 hours after dosing (Table 5). In males, the group

mean value was above the control range 0.25 hours after dosing with 1 mg/kg exenatide. In females,

group mean plasma calcitonin levels were above the control range in the 0.25 mg/kg group (0.5 and 3

hours after dosing), the 1 mg/kg group (24 hours after dosing), and 5 mg/kg group (1 and 3 hours after

dosing). Plasma calcitonin levels or time of peak calcitonin after dosing were not dose-related in either

males or females. The magnitude of calcitonin increase elicited by NNC 90—1170 was much smaller than

that elicited by calcium loading ( intraperitoneally injected calcium (Table 4)).
Table 5 Mean mlm‘mm‘n mines {(15:1le
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[NOOO 4.2.3.7.3.1 P23]

 

  

 
 

 
 

In the positive control group in which mice were intraperitoneally injected with calcium, plasma

calcitonin increased 15 minutes after dosing in males and females. Table 4 shows the range and mean

plasma calcitonin levels in group 5 with results from both sexes combined.

Table 4 Average ni’ealcimnin 15 minutes after dosing

E Caitlmnlfl {953ml}

 
3

: Camp 5 {9 mg Cami!)
15 min. after filming 

[N000 4.2.3.7.3.1 P23]

Calcitonin levels in individual group 5 mice are shown in Tables 1 and 2 below. Two mice were non-

responsive to calcium injection: male 127 and female 330. It’s unclear if these mice didn’t receive the
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proper dose of calcium, didn’t respond to it, or if there was an error in sampling or the calcitonin assay for
these mice.

Table I Calcitonin results fur maie mire
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Continuous infusion of 0.25 mg/kg exenatide resulted in sustained elevated plasma calcitonin, but
bolus subcutaneous injection of the same dose, either once, twice, or three times daily, did not. The effect
of 0.25 mg/kg/day exenatide subcutaneously administered once a day (group 2), twice a day (0.125
mg/kg/injection, group 3), or 3 times a day (0.083 mg/kg/injection, group 4) for 2 days was compared to
vehicle treated mice (injected 3 times a day, group 1). Mice in groups 5 and 6 were continuously
administered 0 (vehicle, group 5) or 0.25 mg/kg/day exenatide (group 6) for 2 days using an AZLET
osmotic minipump. The study objective was to determine the effect of the frequency of exenatide
administration on plasma calcitonin levels. Other study parameters were clinical signs, body weight
(daily), and exenatide toxicokinetics. Mice were fasted 7 — 9.25 hours and anesthetized with isoflurane
prior to retro-orbital sinus blood sampling for plasma calcitonin and exenatide taken 1, 3, 6, 12, 18, and
24 hours after the first dose on the second day of dosing. After sample collection, mice were euthanized

by exsanguination and cervical dislocation.“faith 4 Details arsuhwiamnas rinsing
5, Gravy Conway] (Ima- Itvve Damper5% Cam. real lbw ”311m

1mm inlaid!
fill 15
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[NOOO 4.2.3.7.3.1 P21]
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[N000 4.2.3.7.3.l P22]

  
There were no unscheduled deaths. Exenatide formulations were within 16% of the nominal

concentrations in all dose groups. Analysis of exenatide solution recovered from implanted osmotic

minipumps after 48 hours showed stability of exenatide in the osmotic pumps was compromised by

phosphate -——with a significant contamination of an unidentified compound (may be exenatide-related

based on its HPLC retention time, Figures 1 and 2 below). Exenatide plasma levels were demonstrated in

mice administered the drug by subcutaneously implanted AZLET minipump.

  
,___ . "www.- .,m "r..." . -23; m.- .mw.m -mvfifi

Figure 2. 9x4 recovered {ram osmotic pump {group 6F} after 48 h incubation in. rat

[NOOO 4.2.3.731 P77]

A GLP-lR agonist assay was performed on the recovered material to assess its biologic activity, and it

was active (but the results presented by the sponsor were uninterpretable, see Appendix B, Figure 3).
Figure 3;, Below is shewnwe BEE-MES Burn the GLP-J. flaw-rename? assay,

300 Win. 

[N000 4.2.3.7.3.1 P77]

Plasma exenatide concentrations (natural log of exenatide concentrations) versus time graph after

the first dose is shown in Figure 1 (below). Although exenatide was administered twice a day (group 2) or

3 times a day (group 3), plasma exposure was probably underestimated in these groups because of the

short plasma elimination half life of exenatide and blood sampling intervals.
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[N000 4.2.3.7.3.1 P28]

One hour after dosing, a low level of exenatide occurred in the control group that the sponsor attributes to

contamination of the dosing solution or blood/plasma samples, but a definitive cause of control group

contamination was not determined and it didn’t occur at any other time point in group 1. In AZLET

minipump control group, exenatide levels were above the 45 pg/mL lower limit of detection 28 hours

after dosing in one mouse, but this was considered an incidental finding because it only occurred in one

mouse and only 18 hours after dosing.

Table 11.8 Sammy ofpiasma mutant 017141516 01.1360ka

 
  
--m

--s___--
[N000 4.2.3.711 P5859] -0..........-

 
The control group average plasma calcitonin level was 41.2 +/- 31.1 pg/mL (n = 30, all time

points), so group mean values < 72.3 pg/mL (the average + 1 s.d for the control) were considered within

the control group range. In group 6 (continuous infusion of 0.25 mg/kg exenatide), plasma calcitonin was

statistically significantly higher than concurrent controls 3, 6, 12 and 18 hours after the first dose (first

dose administered to control group (group 1) and groups 2, 3, & 4) on study day 2. The graph below

shows group mean plasma calcitonin levels. Plasma calcitonin levels in groups subcutaneously injected

with exenatide once, twice, or 3 times daily were independent of plasma exenatide concentration.
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Group mean plasma calcitonin levels versus time on study day 2 after the first dose. Error bars represent

standard deviations of the mean for data in groups 1 and 6. Plasma calcitonin levels were significantly

higher than concurrently controls (unpaired t—test, two-tailed p < 0.05) at hours 3, 6, 12 and 18. The red

line at 72.3 pg/mL calcitonin is the value of mean + l sd of all plasma calcitonin measurements from
control group 1.

Figure 2 (below) is a plasma calcitonin (Ln of plasma calcitonin) versus time graph on study day

1 (the second day of dosing). The sponsor concluded exenatide elevated plasma calcitonin levels in all

groups, but continuous infusion of exenatide resulted in sustained plasma exenatide levels and elevated
plasma calcitonin.

«in Group 1 (x 3. control)
«in Group 2 (x1)
-+- Group 3 (x 2]
"w Group 4 [x 3}
—o— Group 5 (inf-control)
49* Group 8 (inf)InCT(pglmli 

Time I Hours

figure 2 Pmsm a levels of calcitonin (pghnl') of groups 1-6.
Group I was ndminiarmmd vehicle alum: times daily: Groups 2—.“- wzis administrated :1 mm! dujéy dose of{121‘
mykgiday NV: (It [EDDIXHXKW by subcaiémcms bolus. injccrimls chine: amt daily (1125 mgfkg. amp 2}.
mice daily (13.125 mg’itg. group 3101 three times daily {11.083 nmékg. gmup 45). Group 5 and ti “as udmiuislmtcd
mum at 0.25 mykgiday NM? 01 li-(Klml-ntlm) (10.4 ugxkg’io by cominuws infusion by osmotic mini pumps
Blood samples was taken 1-24 1mm; first dusizig Day I.

[NOOO 4.2.3.731 P30]

  
Subcutaneous bolus injections of gxenatide (0.33 mg/kg/injection 3 times daily for 8 days, then 1

mg/kg/injection 3 times daily for 12 weeks) increased week 13 plasma calcitonin in male CD-1 mice, but
not females, and caused distended gall bladder in females. Subcutaneous injections of 0.25, 1, or 5
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mg/kg/day exenatide once a day for 2 weeks dose-dependently increased calcitonin mRNA in thyroid, but
did affect thyroid GLP-IR mRNA levels.

The effect of subcutaneously injected exenatide on plasma calcitonin, thyroid c—cells, and thyroid
GLP-lR and calcitonin mRNA levels was determined in CD—1 mice after dosing with 0 (vehicle), 0.25, 1,
or 5 mg/kg/day exenatide injected 3 times daily (0, 0.083, 0.33, or 1.67 mg/kg/injection) for 2 weeks
(6/sex/dose) or in a 13 week study of 21 mice/sex/dose, 0 mg/kg (vehicle) for 13 weeks or 1 mg/kg/day
(0.33 mg/kg/injection) for 8 days followed by 3 mg/kg/day for 12 weeks (13 week total treatment time).
Study parameters were clinical signs, body weight, food consumption, plasma calcitonin, anti—liraglutide
antibody analysis, macroscopic pathology, and thyroid histopathology including a quantitative analysis of
c-cells.

There were no treatment-related mortalities. Weight loss and decreased food consumption
occurred at all exenatide doses on day 1. Decreased food consumption persisted to day 2 for males and to
day 5 for females treated with 1 or 5 mg/kg exenatide. Food conversion efficiency trended higher in all
exenatide dose groups in the 2 week study and in the l / 3 mg/kg group in the 13 week study. Anti—
liraglutide antibodies were not detected.

Reviewer note: A “radioimmunoassay” was described in which the sponsor added 125] exenatide to a
sample (sample not described in the methods section ofAnnex 5, antibody determination SOP referenced,
but not included in report), incubating it, then quantijfving radioactivity in protein precipitant using a
gamma counter. The sensitivity ofthe assay is unknown.

After 2 weeks, group mean calcitonin was statistically significantly higher in all exenatide treated

groups compared to concurrent controls (unpaired t—test, p< 0.05, Table 1) with calcitonin increased up to
6.2 fold in males and up to 8.1 fold in females.

Table I N mean, and standard deviation ofcnlcitonin values in two week groups
SEX

F M
Mean Std Nobs Mean Std Nobs '
calc calc calc calc

group
I 9.0? 2.72 6 8.35 1.65 r,
3 48.30 20.38 6 36.85 ”.30 S
4 33.241 17.40 6 67.78 31.95 6
5 56.57 24.02 6 62.94 31.91 6 

[N000 4.2.3.7.3.1 P279-80]

At the end of 13 weeks, group mean calcitonin was significantly increased in l / 3 mg/kg/day treated
males, but not in females. In 1 / 3 mg/kg males, plasma calcitonin was 3.8 fold higher than controls.

Table 5 N, mean, and standard deviation of calcitnnin values for 13 week groups
 group

'2 6
Mean Sui N055 Mean Std Nuns.
can; mic mic {:Ik‘;

sex

1" 45.90 565%? ‘31 80.41 99.21 21
M i319 5.9!] 20 50.53 23.00 21 

[N000 4.2.3.731 P281]

Figure 2 shows the natural log of plasma calcitonin concentrations from each dose group in the 13 week
study. Most of the values in treated females were within the control group range (compare control group
2F to treated group 6F).

463 of513



Reviewer: Anthony L Parola, PhD NDA 22,341

5 “firm Emma “WW"Wmmms

M4) 
Ems-WV..._.... ., .....,m....."M

Figure 2 ixuiiviz'iuai in Imusfionm‘cl takilmnin mines fur 13 mark gmups

[NOOO 4.2.3.731 P281]

After 2 weeks, no macroscopic pathology findings considered treatment related occurred. After

13 weeks, the incidence of distended gallbladder was significantly increased in females in the 1 / 3

mg/kg/day group.
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WOOO 4.2.3.731 P432]

Only thyroids were examined microscopically from mice sacrificed after 2 or 13 weeks of

exenatide treatment. Thyroid tissue sections were immunohistochemically stained for calcitonin to

identify c—cells. The only treatment-related qualitative microscopic finding was increased incidence of

prominent ultimobranchial ducts in males treated for 13 weeks with 1 / 3 mg/kg/day liraglutide.
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[NOOO 4.2.3.7.3.1 P3 8]

Thyroid c-cells were quantified by examining anti-calcitonin stained slides of the left thyroid lobe

from mice treated for 2 or 13 weeks. C-cell counts / mm2 thyroid were highly variable and significantly
decreased compared to the concurrent control in 2 week 0.25 mg/kg treated females and significantly

higher in 13 week 1 / 3 mg/kg treated females. Given the variability in the response, and the fact that both

decreased and increased c-cells occurred in exenatide treated groups, the biological significance of these

changes are equivocal. The sponsor considers increased c—cells in group 6 females a biologically

significant adaptive response, despite the significant decrease seen in group 3 females and the absence of

qualitative c-cell findings including c-cell hyperplasia or adenoma.TABLE 5

fluent iltili'rr: {t-reli evaltmtirm — may mean values tL'T-wllxz' mm: 5
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[N000 4.2.3.7.3.1 P75]

Relative calcitonin and GLP—lR mRNA levels in thyroid from mice treated with exenatide for 2

weeks was measured by real time quantitative PCR incorporating fluorescent primers in amplified cDNAs

and normalizing target transcript levels to transcript levels encoding housekeeping protein GAPDH and

beta actin. Summary results are shown in Table 2 (below) and Figure 2 (below). Exenatide significantly

and dose-dependently increased thyroid calcitonin mRNA up to 4.8 fold at Z 0.25 mg/kg.
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[N000 4.2.3.731 P335]

Exenatide did not affect thyroid GLP-lR mRNA levels (Table 3).
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[NOOO 4.2.3.731 P336]

 
   

  MMé

Subcutaneous nfusion of 0.25 or 1 mg/kg/day exenatide in CD-1 mice increased plasma

calcitonin within 4 weeks of treatment and caused focal c—cell hyperplasia in thyroid after 12 weeks.

CD—1 mice were treated with exenatide by continuous subcutaneous infusion (0, 0.25, or 1

mg/kg/day, groups 1 — 3) or once daily subcutaneous injection (0 or 0.25 mg/kg/day, groups 4 — 5) for 12

MWM  
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or 16 weeks. Treatment groups are shown in Text-table 1, below. For continuous infusions, AZLET

minipumps were replaced every 4 weeks and removed 24 hours prior to sacrifice. The dose volume of

subcutaneous injections was 5 mL/kg in week 1 and 1 mL/kg thereafter. Half of each treatment group was

sacrificed in week 12 with surviving mice sacrificed at the end of week 16. Study parameters were

clinical signs, body weight, food consumption, fasted blood samples (8 — 16 hours prior to collection)

every 4 weeks from groups 1 — 3 and prior to termination for quantifying exenatide exposure, plasma

calcitonin, and anti-exenatide antibodies, gross necropsy, and histopathology of thyroid with anti-

calcitonin antibody staining to identify c-cells. ln-life retro-orbital blood samples were obtained in weeks

4 and 8 from isoflurane anesthetized mice. Terminal vena cava blood samples were obtained in weeks 12
and 16 from isoflurane anesthetized mice.
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[N000 4.2.3.7.3.1 P15]

 

Reviewer note: The following definition ofc—cell hyperplasia was used in this study:

“C—cell hyperplasia is an increase in the number of C-cells to form an aggregate of less than five average

follicles in diameter with or without displacement of individual thyroid follicles. This corresponds to

Grade 3 in the 5-point scale mentioned above [N000 4.2.3.7.3.1 P336].”

Exenatide concentrations in dosing formulas were within limits (-15% to + 5% of nominal

concentration). After the subcutaneous injection dose volume was reduced to 1 mL/kg in week 2, the

exenatide concentration was below acceptable limits (—27.8% of nominal concentration), but within

acceptable limits by week 8 (-10.2%). To verify the stability of exenatide in implanted minipumps, its

concentration was measured after recovery of the dosing formulation from minipumps removed prior to

sacrifice. After 4 weeks, exenatide concentrations withinminipumps were within acceptable limits for the

1 mg/kg/day high dose (—.4 to -l3.1%), but not for the 0.25 mg/kg/day low dose (-31.8% to +62%).

Eight unscheduled deaths occurred, but none of the deaths were considered treatment related by

the sponsor.

Unscheduled Deaths

Minipump

Group 1 (0 mg/kg): 1 male, 1 female

Group 2 (0.25 mg/kg): 1 male, 1 female

Group 3 (1 mg/kg): 1 male, 2 females

Subcutaneous injection

Group 4 (0 mg/kg): 1 male
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A female in group 3 was sacrificed moribund with clinical signs of pallor. Morbidity and

mortality of other decedents in groups 1 — 3 was attributed to damage / trauma at the site of minipump

implantation. The decedent in group 4 was sacrificed moribund due to trauma of the pinnae and abrasions
on the skin.

There were no clinical signs considered treatrnent—related, but scabs, abrasions, and areas of

reddening were associated with surgical implantations and occasional clipper damage. Both doses of

continuously infused exenatide decreased body weight and body weight gain compared to controls, but

subcutaneously injected 0.25 mg/kg exenatide increased'body weight (group 5 compared to group 4). In

mice treated by continuous infusion of exenatide, food consumption was decreased up to week 10 in

males and for the entire treatment period in females. Subcutaneously injected exenatide had no effect on

food consumption.
Twit-table 9 — fl-ndywcighl gain during the. wax-eel: mammal period
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[N000 4.2.3.7.3.1 P36]

Reviewer note: Group mean body weight ofsubcutaneously injected control group mice (group 4) was

statistically significantly lower (unpaired t—test, p < 0.05) than minipump implanted control group mice

(group I) in both males andfemales in both study periods (0 — 11 weeks or 0 — 15 weeks). This lower

body weight in control group 4 accountsfor higher body weight in group 5.

In an anti-exenatide antibody screening assay, anti-exenatide antibodies were detected in 5 of 302

samples by precipitating protein bound 125I-exenatide from mouse plasma after addition and incubation
with the radioligand. Antibody positive mice were from the 0.25 mg/kg/day exenatide infusion group

(group 3, 2 males and 3 females). Exenatide neutralizing potency was assessed for samples testing

positive in the screening assay. All 5 samples inhibited < 30% of exenatide stimulated CAMP
accumulation in BHK cells with the human GLP-lR and were therefore considered negative in the

neutralization assay.

Reviewer note: The anti—exenatide antibody screening assay was not validatedfor exenatide, but a similar

validated assay is usedfor anti—liraglutide antibody screening (SOP 8 78—LP-08006, doc no 022 751).

In study weeks 4 and 8, plasma levels of exenatide were determined in mice subcutaneously

administered exenatide by continuous infusion (groups 1 — 3). Group mean plasma levels in weeks 4 and

8 (summarizedin the table below) increased with dose. Plasma levels ranged from 823 to 8,320 pM in the

0.25 mg/kg group and 2,030 to 25,800 in the 1 mg/kg group. Plasma exenatide was near of below the
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limit of detection 24 hours after the minipump was removed (prior to sacrifice). Plasma exenatide was

below the limit of detection 24 hours after the last subcutaneously injected dose.

Plasma Exenatide (pM)
Infusion Dose
(mg/kglday)

 
Plasma calcitonin levels were determined from orbital sinus blood collected during weeks 4 and 8

and from vena cava blood collected prior to terminal sacrifice in weeks 12 and 16. Group mean plasma
calcitonin concentrations were summarized in Table 8. In mice treated by subcutaneous infusion,

calcitonin was significantly higher in 0.25 or 1 mg/kg/day groups compared to concurrent controls in both

sexes in weeks 4, 8, 12, and 16. Compared to concurrent controls, group mean calcitonin levels were not

significantly increased in mice subcutaneously injected once a day with 0.25 mg/kg/day exenatide for 12
or 16 weeks.
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[NOOO 4.2.3.7.3.1 P36]

There was a large difference in calcitonin levels determined in weeks 4 and 8 compared to weeks 12 and
16 (Table 8 and graph below). During blood collection in weeks 4 and 8 treatment was continued, but in

weeks 12 and 16, treatment was stopped 24 hours prior to collection.
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Gross and histopathology findings after 12 or 16 weeks of exenatide treatment by continuous
subcutaneous infusion (0, 0.25, or 1 mg/kg/day) or once daily subcutaneous injection (0 or 0.25

mg/kg/day) are summarized in the table below. Pathology findings were mainly confined to mice
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Dose-related increased thyroid c-cell hyperplasia occurred after 12 weeks subcutaneous infusion with
0.25 or 1 mg/kg exenatide. After 16 weeks, increased thyroid c-cell hyperplasia occurred at 0.25 and 1
mg/kg/day exenatide infusion in males and females, but the increased incidence was only dose-related in

Infusion
0 0.25 21.0

 
Gall bladder distension

c-cell hyperplasia

dilated
ultimobranchial

   
 T e sponsor performed non-
pharrnacodynamics (exenatide induc

mg/kg once a day and 0.125 mg/kg tw1ce a day in study 205074 were excluded from the modelingdataset.

The 2 compartment PK model is described below.

The film! PK model was :1 ma “impairment made] (Figure 4} Willi. tandem Bchcls an K3 and ("UK
and awe ofl‘e‘cr. (m K“, Cu? and WP. Grisly K5. {13E 13+“. W}: and VyiF can) be mailman! Frans3.0. dam alum

 
Figure vi Fina} 1m) cccnpmumut model for {"A'EKIiII-4 cmweuualiau. Here only [he fmfll’iflll F ofxhr aim is being almrbcd.

[NOOO 4.2.3.7.3.l P13]
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Dose-dependency of the PK parameters were modeled using the following equations:
' _ g,» t, :

(2'11: 1‘? = ("11" «m M+ q IK 15'}, “ + dim!“

 £2; = a”, exp] ————8?"L‘ ,g a; +d.~
a; r wt was»; «my

[N000 4.2.3.7.3.1 P14]

Pharmacokinetic parameters estimates from the model are shown in Table 1 (below).Table I Fumunzlsr 4:56;!!on fur 1M [1M1 PK» made]
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[NOOO 4.2.3.7.3.1 P14]

A direct response pharmacodynamic model based on the ratio of plasma calcitonin levels elicited

by active treatment compared to control is shown below.
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[N000 4.2.3.7.3.l P18]

Table 2 shows parameter estimates for the plasma calcitonin response to exenatide.

Table 2 Parameter estimates for the CT model.

 Parameter Estimate CV (%)

Enmxl 7.0 16

EC 5:1 (11M) 0.030 40
9‘ -0.088 13

Em: {6}) l4

65 r .03 _

[NOOO 4.2.3.7.3.1 P21]

Figure 10 shows the dose-dependence of exenatide to increase in plasma calcitonin levels after a single
dose and after multiple doses.
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[N000 4.2.3.7.3.1 P21]

Exenatide has an estimated EC90 of 270 pM (repeat dosing) for increasing plasma calcitonin. Based on the

plasma EC90 and exenatide pharmacokinetic modeling, the amount of time exenatide levels were above
the EC90 are shown for different dosing regimens in Table 4. These results suggest a continuous

subcutaneous infusion of 0.25 mg/kg/day exenatide yields exenatide plasma levels above the EC90 for
100% of the time during treatment, but subcutaneous injections once or 3 times daily do not, even at
higher total daily doses.

T3516 4 Simulation of ‘34; chime above 51:90 mm) various rinse scenaréoe siagie day.

Dime scat-date Em " m -. .. P. .,-. ”firstly \ \ ‘qj 1‘

{1% w clay] 1mm 11$: LL,” qu , 0 Cl Emu: PM {a C E 
IL);'1

 
CYNOMOLGUS MONKEYS

  

     
 The distnbutlon of c—cells in thyroid fro /sex) was

characterized in fixed paraffin embedded glands sectioned longitudinally (right lobe) or transversely (left
lobe). Sections were stained with hematoxylin — eosin or immunohistochemically stained for calcitonin
using a polyclonal rabbit anti-human calcitonin antibody.
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Figure 1 Sampling Method
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[P11]

In thyroid tissue sections, calcitonin immunoreactive c-cells occurred in clusters or as solitary

cells surrounding the epithelial lining (Figure 3). C—cells were only identifiable in HE stained tissue

sections when they were arranged in clusters (Figure not shown).

Figure-3 C-ci-lls'

 
 “ Hire 3. minimum jmsiiE-re C-cella in me cwmnulgua monkey thyroid 135119 1;fen’m$e,’:uxir1ml
2522651), A. Cseeélls appear either in 11 1mafi~dl§culax [whim {arrow} Or are closely number] w 1112
lbllimllmtepitital‘uma [:mrmheiulfi). l3( Cvuulix lining libE epithefiikuit (31" '11 mediufivgizgd thymh!
tblkit‘lm Magnificatiuu A and B {xi-D). i

[P18]

Most c—cells occurred in clusters of up to 10 cells (Table 2) primarily in the middle third of the

thyroid lobe (Figure 5).
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Figure 5 ("1-ch [ilsnrilmtlnn

M4)

[P20]
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C-cell den51ty and proliferation was assessed in preserved thyroid glands from mo eys treated

with liraglutide for 52 weeks. Quantitative image analysis of thyroid tissue sections stained for calcitonin
immunoreactivity and proliferative cell nuclear antigen (PCNA) showed there were no statistically
significant differences between male and female control (0 mg/kg/day, vehicle only) and high dose
groups (1 mg/kg/day NNC 90-1170) in thyroid c—cell mass or proliferation.
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[N000 4.2.3.7.3 P46]

 
   

  
  

 1» < ” «m ’33; 0 w» an»!

Single or repeat doSing with 0.25 or 5 mg/kg/day NNC 90-l170 in cynomolgus monkeys for up
to 87 weeks had no effect on plasma calcium, iPTl—l or calcitonin, and after 87 weeks of treatment, no

effect on thyroid C-cell proliferation. Although anti—NNC 90-1 170 antibodies were confirmed in 5
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monkeys, high plasma levels ofNNC 90-1170 could have interfered with anti-NNC 90 1170 screening

and did interfere with the assay for neutralizing antibodies.

Cynomolgus monkeys (5/sex/dose) were treated with 0, 0.25, or 5 mg/kg liraglutide (1 — 1.5

mL/kg) injected subcutaneously once a day. The study consisted of 3 single dose phases using nonfasted,
fasted, calcium—loaded fasted (0.33 mmol/kg Ca+2 IM) monkeys, and a 4th repeat dose phase lasting 87
weeks. There was a 9 — 14 day washout period between single dose phases and prior to repeat dosing.

Blood and urine samples (weeks 4, 11, and 12 of repeat dose phase) were taken during the treatment

period to determine calcium homeostasis parameters. Plasma PTH (quantified by a 2 antibody, bead-
based immunoradiometric assay (IRMA) only to week 61 because the assay kit became unavailable after

that), calcitonin (quantified by PEG—precipitation based RIA), and calcium (pH adjusted) were determined
in nonfasted, fasted, and calcium-loaded fasted monkeys during the single dose studies and in fasted

monkeys throughout the 87 week repeat dose treatment period except in weeks 4 (nonfasted) and 8

(calcium-loaded fasted). Plasma vitamin D (quantified by a RIA after separation from metabolites) was

determined in single dose phase 3 and in week 6. Other in-life study parameters were clinical signs, body

weight, food consumption, ECG recording (prior to calcium loading and 10, 30, and 60 minutes after),
serum chemistry (venous blood; calcium, pH, pH 7.4 adjusted calcium, iPTH, calcitonin, vitamin D),

urinalysis (urine volume and concentrations of Ca, P04, Mg, Na, C1), presence and characterization of
anti-liraglutide antibodies (sampled during after suspending treatment for 3 days in weeks 59/60, 72/73,

and 87/88), and liraglutide plasma toxicokinetics. At the end of treatment, monkeys were sacrificed and

thyroid glands were examined microscopically specifically to determine the effects on C—cell mass and

proliferative lesions. C-cells were identified by staining with a rabbit anti-human calcitonin antibody. The
following study reports were included as appendices to report 203262:

Table 1 Studies included:

Nov!) Damidém. 9rw.iii.4ll9.
Nordisk M
Study
nmnbcr

 

Phase In life phase Hornmne Hormone Statistical Slmisflcai b(4§, mug-sis analysis analysis smiysis
Test Novo Nordisk Novo Nordisk
facility AIS AIS
GLP—srams 7 Non—(3L? Non-(EL?

[N000 4.2.3.7.3 P3]

  
Single Dose Phase

During 3 single dose phases (calcium loaded, fasted, and non-fasted), liraglutide had no effect on

clinical signs, body weight, or plasma calcium concentrations, except calcium loading increased plasma
calcium (corrected) at 0.25 and 1 hour after loading. Liraglutide had no effect on pH corrected calcium
concentrations or PTH levels.

Single subcutaneous doses of 0.25 or 5 mg/kg liraglutide had no effect on plasma calcitonin in

fasted monkeys up to 24 hours after dosing (Figure 1).
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Calcium loading (im injection of 0.33 mmol/kg calcium) increased plasma calcitonin in fasted

monkeys, but liraglutide had no effect on calcium induced increased plasma calcitonin (Figure 2)
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Repeat Dose Phase

During the 85 week repeat dose phase, a control group male (monkey 3M) was sacrificed in week

63 because of aggressive behavior toward cage mates and technicians. Clinical signs of subcutaneous

swelling and edema occurred at _>_ 0.25 mg/kg liraglutide in both males and females. Body weight, food

consumption, ECG parameters, and organ weights were unaffected by treatment. Urinalysis changes were

limited to the 5 mg/kg/day groups in week 11 with high urinary volume occurring in males and low

urinary volume occurring in females 0 — 4 hours after dosing, but without any changes in the

concentration of electrolytes, including calcium and magnesium. There were no treatment-related effects

on plasma calcium, iPTH, or calcitonin during the repeat dose phase. Calcium loading on day 56 (im

injection of 0.33 mmol/kg calcium) transiently increased plasma calcium, but calcium returned to predose

levels within 3 hours after dosing. Peak plasma calcitonin levels elicited by calcium loading were similar

in single and repeat dose phases suggesting repeat dosing with NNC 90-1170 had no effect on thyroid 0-

cell proliferation.
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Week 8 (fasting), Calcium, iPTH, and Calcitonin after Calcium Loading
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Week 61 (fasted) iPTH and Calcitonin
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[N000 study 203262 P166 — 7]

Treatment-related necropsy findings occurred at the injection site with the incidence of

macroscopic thickened areas above control group levels at 5 mg/kg/day NNC 90-1 170. ~
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[Study 203262 Compiled from Table 73]

 air-n fizmifim mg ml Maximal

There were no treatment-related histopathology findings in thyroid tissue sections stained with

hematoxylin-eosin (Table 1) or stained for calcitonin immunoreactivity (Table 2).
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[Study 203262 P607]
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Week 87 toxicokinetics showed plasma NNC 90-1170 exposure increased with dose and
phannacologically relevant levels of drug (> 1 nM ) persisted for up to 60 hours after subcutaneous
dosing at _>_ 0.25 mg/kg/day.
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[Study 203262 P574-576]

Anti—NNC 90-1170 antibodies were detected using a RIA based on precipitation of radioactivity

from monkey plasma after incubation with [1251]liraglutide. Plasma samples were taken 3 days after
dosing in weeks 59/60, 72/73, and 87/88. Five monkeys were antibody positive: one at 0.25 mg/kg (24F)

and 3 at 5 mg/kg (13M, 27F, 30F) from weeks 59/60 onward and one male at 5 mg/kg (14M) from week

72 onward. Plasma levels ofNNC 90-1170 may be high enough to interfere with detection of anti—NNC

90-1170 antibodies, particularly in the 5 mg/kg/day group, even 3 days after dosing. High plasma NNC

90—1170 prevented characterization of antibody neutralizing activity in confirmed positive samples.

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Subcutaneously injected liraglutide was a non—genotoxic carcinogen in 2 year repeat dose studies

of in rats and mice causing thyroid c-cell neoplasms in both species. To evaluate the human relevance of

thyroid c-cell tumors, the sponsor performed mechanistic studies to show that liraglutide-induces C-cell

tumors in rats and mice by causing GLP-lR mediated persistent calcitonin secretion from C-cells. The

sponsor asserts proliferative C-cell lesions in rats and mice are not relevant to human safety assessment

because GLP-lR—mediated calcitonin secretion is more robust in rodents compared to monkeys or

humans, However, the weight of evidence does not support the proposed mode of action in rats or mice,

therefore the relevance of rodent thyroid c-cell tumors to human risk assessment cannot be dismissed.

Thyroid C-cell Neoplasms

Thyroid parafollicular cells, or C-cells, synthesize calcitonin and secrete it in response to

elevations in serum calcium. C-cells are unevenly distributed within the thyroid’s follicular basal lamina,
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and they are situated basally without directly contacting the follicular lumen. Unlike thyroid hormone

synthesizing follicular cells which are derived from endoderm, C-cells arise from the ultimobranchial

body composed of cells from the neural crest. Histologically, normal C-cells are difficult to discern by

hematoxylin-eosin staining, but they are easily identified by immunochemical staining for calcitonin.

There are some species differences in c-cell distribution within the thyroid gland. In humans, c—cells are

concentrated at the junction of the upper and middle lobes, but in rats, they’re more widely distributed

with higher concentrations occurring in the central region. Normal c-cells and cells resulting from

physiologic hyperplasia are uniformly and strongly stained by anti-calcitonin antibodies, but calcitonin

staining of c—cells forming nodules can show variable and weaker staining patterns. lmmunohistochemical

staining for calcitonin is the most useful method for evaluating c-cell tumors, even though poorly

differentiated tumors may be only weakly stained. Proliferative C—cell lesions can be assessed

histologically and proliferative c-cell lesions occur along a continuum ranging from diffuse hyperplasia,

focal hyperplasia, nodular hyperplasia / adenomas to carcinomas. Nodular aggregates showing

displacement of the surrounding gland without invasion are considered adenomas. C-cell hyperplasia and

adenomas are differentiated by size with a focus of c-cells > 5 average-sized contiguous follicles

considered adenomas. However, whether or not these adenomas are autonomous neoplastic growths is

unknown. C—cell carcinoma, also called thyroid medullary carcinoma, occurs when c-cell nodules or cords

develop stromal or vascular invasion,

Thyroid tumors in humans affect approximately 1% of the population with 95% originating from

thyroid follicular cells and 5% from calcitonin-secreting C-cells (parafollicular cells). Thyroid carcinomas

arising from C—cells are usually referred to as medullary thyroid carcinoma or MTC. The 5-year survival

rate for MTC is approximately 50%. While approximately 75% of MTC occurs sporadically, 25% is

familial due to inherited autosomal dominant gain of function point mutations in the flarranged during

Iransfection (RET) proto-oncogene. RET is a plasma membrane receptor tyrosine kinase that regulates

the growth of cells derived from the neural crest, and point mutations causing constitutive receptor

tyrosine kinase activity lead to MTC. Somatic RET mutations also occur in up to 50% of sporadic cases,

therefore activating mutations in RET are the most common molecular pathology causing spontaneous

and familial MTC in humans. While some RET mutations are only associated with familial MTC, others

also cause pheochromocytomas, ganglioneuromas, and other endocrine tumors associated with multiple

endocrine neoplasia type 2 (MEN2). Although other tumors occur during the clinical course of MENZ,

MTC usually precedes them. In familial MTC, c-cell hyperplasia and hypercalcitoninemia precede

carcinoma. Hypercalcitoninemia and C-cell hyperplasia are uncommon in humans, but they occur at an

increased frequency in families prone to the development of MTC and MEN2. Physiologic c—cell

hypertrophy and hyperplasia associated with hypercalcemia, hyperparathyroidism, or toxic goiter can be

distinguished from hyperplasia associated with neoplastic growth. Physiologic c—cell hyperplasia is

diffuse and identified by anti—calcitonin antibody staining and quantitative analysis whereas neoplastic

hyperplasia is focal or nodular and can be detected by hematoxylin-eosin staining as mildly to moderately

atypical c-cells confined to the basement membrane of thyroid follicles (Perry et al., Cancer (1996) 77(4):

750 — 756). Perry et al. proposed that only focal hyperplasia precedes both sporadic and familial c—cell

neoplasms in humans. Hypercalcitoninemia can occur in both physiologic and neoplastic hyperplasia.

Thyroid C—cell hyperplasia and tumors were characterized in laboratory rats (DeLillis et al,

Laboratory Investigation (1979) 40: 140 — 154) and mice (Van Zweiten et al, Am J Pathol, (1983) 110:

219 — 229) and there are species differences in the development of proliferative c-cell lesions. In rats,

plasma calcitonin and the incidence of diffuse c-cell hyperplasia, focal c-cell hyperplasia, and c—cell

adenomas increase with age. Although age-related diffuse and focal C—cell hyperplasia and adenomas are

common in rats (incidence > 1%), c—cell carcinomas are rare in most common laboratory rat strains

(incidence < 1%). In both familial MTC in humans and strain—dependent age-related c—cell tumors in rats,

a prolonged period of diffuse and nodular c-cell hyperplasia and elevated serum calcitonin precedes the

development of c-cell tumors. In mice, hypercalcitoninemia, c-cell hyperplasia, adenomas, and

carcinomas are rare (incidence < 1%) and c-cell hyperplasia usually doesn’t precede tumors. Because the
course of MTC in rats and humans is similar, rats were considered a model for human MTC. However,
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the most common molecular pathology of MTC in humans, activating RET mutations, is not common in

rat thyroid c—cell tumors.

The incidence of C—cell lesions in rats is strain dependent and affected by diet. In rats, the ratio of

c-cells to follicular cells and the number focal aggregates of c-cells increases with age. Several strains of

rats with a high incidence of age-dependent spontaneous c-cell tumors have been proposed as models of
inherited human MTC because the clinical course of the disease is similar with elevated serum calcitonin

and age-related c-cell hyperplasia progressing to tumors, but the molecular pathology in at least 2

susceptible rat strains is not because they lacked activating mutations in RET. WAG/Rij rats, a substrain

of Sprague Dawley rats, and Long-Evans rats develop c-cell tumors that are preceded by c-cell

hyperplasia and hypercalcitoninemia. In Long-Evans rats, proliferative c-cell abnormalities progress from

mild to severe diffuse hyperplasia, nodular hyperplasia (probably categorized as focal c-cell hyperplasia

or adenomas), and finally carcinoma. Tumors first appear at about 1 year of age and increase in frequency

thereafter. C—cells in young Long-Evans rats account for ~ 4% of thyroid substance morphometrically,

increasing to 7% by 1 year of age and up to 20% in older rats with a change in thyroid gland distribution

from predominantly central to more peripheral. The ratio of C—cells to follicular cells, focal aggregates of

c-cells, and aggregates progressing to nodules increases with age. Up to 47% of 24 — 36 month old Long-

Evans rats develop nodular hyperplasia (25%) or MTC (22%). Calcitonin is elevated in rats with severe

diffuse c-cell hyperplasia, nodular hyperplasia, or carcinoma, but not in rats with mild diffuse hyperplasia.

WAG/Rij rats also have a high incidence of spontaneous age-related proliferative C-cell lesions, but there

were no differences in RET exon nucleotide sequences compared to Sprague Dawley rats (a non-MTC-

susceptible strain) or no mutations known to activate human RET. A MEN-like phenotype spontaneously

arising in a Sprague Dawley rat breeding colony characterized by bilateral juvenile cataracts,

pheochromocytoma, thyroid c—cell hyperplasia, parathyroid hyperplasia, and pituitary adenoma was

autosomal recessive without any difference in the RET nucleotide coding sequence between affected and
unaffected rats.

In mice, c-c’ell tumors occur without any degree of c-cell hyperplasia. However, genetically

engineered mice expressing a mutant RET under the control of a specific C-cell promoter (CGRP-

RetC634R), harboring simultaneous heterologous deletions of Rb (retinoblastoma protein, a tumor
suppressor) and p53 (protein 53, a tumor suppressing transcription factor) (Rb+" x p53”), expressing v-
Ha-ras (Harvey rat sarcoma viral oncogene homolog) under the control of a c-cell specific promoter

(CGRP—v—Ha-ras), or coexpressing a truncated form of the polyomavirus (Py) middle-T antigen and the

full—length Py small-T antigen under control of a Py early promoter/enhancer all developed MTC. The

C634R mutation in RET is a common mutation causing MEN 2A syndrome in humans, and nearly all»

mice with the mutation developed C-cell hyperplasia progressing to bilateral MTC and elevated calcitonin

by the time they were 8 to 12 months old. Tumor penetrance of the CGRP-RetC634R mutation depends on
the background strain with 0% of FVB/N mice developing tumors compared to 98% of CBA/ca mice.

Overexpressing RET alone did not cause c—cell tumors. Mice (129 strain) harboring heterozygous

deletions of both Rb and p53 developed c-cell hyperplasia progressing to MTC by 7 months of age.

Spontaneous activating mutations in RET were detected in 4 of 8 MTC from Rb” x p53” mice. The
importance of modifier genes in the development of MTC was also demonstrated by heterozygous
deletion of only Rb (Rb+/' x p53+/+) causing MTC in 56% of mice with a 129/Sv x C57BL/6 background,
despite two active p53 alleles. The loss of Rb was detected in many types of human thyroid cancers, so

it’s deletion isn’t specific to MTC. Transgenic mice (C57Bl/6 x SJL background strain) expressing v-Ha—

ras under the control of the c—cell specific CGRP promoter develop c-cell hyperplasia progressing to

calcitonin secreting MTC in 85 — 93% of mice within 6 — 12 months of age. Although the MTC tumor

phenotype in mice resembles the human disease, the genotypes don’t because ras mutations haven’t been

detected in human MTC. Comparison of thyroid tumor phenotypes in humans and genetically engineered

mice are shown in Table 2 (below).
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[Knostman, KA et a], Vet Pathol. 2007 Jan;44(1):1-14]

Hyperprolactinemic male mice have elevated levels of calcitonin (Lu, CC et al, Metabolism (1999) 48:
221-6.), but MTC developed in 41% of 12 month old genetically engineered prolactin receptor null mice.

These mice were hypercalcemic with increased parathyroid hormone levels, elevated calcitonin, and in
isolated MTC tumors, the absence of common activating mutations in RET (mutations in codons 634 or

918).

Postulated Mode ofAction

The sponsor’s postulated‘mode of action is:

Circulating liraglutide binds to and activates GLP—le on C-cells
GLP-lR activation on C-cells induces calcitonin release

Continued calcitonin release leads to increased calcitonin synthesis

Persistent stimulation of C—cells leads to C—cell hyperplasia in rodents

Long-term C—cell hyperplasia may lead to C-cell neoplasia in rodents.

999’5’?‘
Key events in the proposed mode of action are l) liraglutide induced, GLP-lR—mediated

calcitonin secretion leading to C-cell hyperplasia, 2) persistent C—cell hyperplasia due to increased

calcitonin secretion (expected to be diffuse hyperplasia) leads to progressive, proliferative c-cell lesions.

This mode of action precludes direct GLP-IR mediated transformation of c-cells and it depends on

increased calcitonin secretion not being terminated by normal counter—regulatory responses. It is accepted

that persistent hyperplasia may progress to adenomas then carcinomas. For liraglutide—induced calcitonin

secretion to persist, liraglutide must increase the sensitivity of calcium—induced calcitonin secretion (an

expected effect of increased intracellular CAMP) and/or abrogate the counter-regulatory responses that
inhibit calcitonin secretion; primarily decreased blood calcium.

The sponsor asserts calcitonin secretion is a pharmacological effect of GLP—lR agonists,

including liraglutide and exenatide. In rats, diffuse hyperplasia is considered a physiologic response to

increased calcitonin demand, but when it persists, it progresses to focal hyperplasia, then adenomas, and
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finally carcinomas. Since calcitonin is primarily secreted from thyroid C-cells, liraglutide induced

secretion can be detected as increased plasma calcitonin. Plasma calcitonin is also increased with diffuse

or focal hyperplasia and C-cell tumors. The sponsor asserts that persistent GLP— lR activation by

liraglutide results in proliferative lesions, and less persistent activation by shorter acting GLP- 1R agonist,

like exenatide, does not, with the difference in effects on c-cell proliferation attributable to differences in

pharmacokinetics, not pharmacodynamics.

Demonstrating calcitonin release is directly caused by liraglutide activating C—cell localized GLP-

le is relevant to human safety assessment because the sponsor proposes that in rodents, this is a robust

mechanism for calcitonin release, but in humans it is not. Based on this species difference in GLP—lR—

mediated calcitonin release, the sponsor asserts liraglutide—induced C-cell tumor findings in rodents are

not relevant to human safety assessment.

Hypothetical Coupling ofGLP-I Receptor t0 Calcium—Induced Calcitonin Secretion

The GLP-lR is coupled to adenylyl cyclase via the stimulatory heterotrimeric G-protein, Gs.

Agonist binding to the receptor activates Gs by inducing exchange of GTP for GDP in the Gsa subunit.

The Gsoc-GTP complex activates adenylyl cyclase increasing intracellular concentrations of CAMP.

Increased intracellular cAMP activate protein kinase A (PKA) and CAMP-regulated exchange factor II

cAMP—GEFII). Activated PKA and cAMP-GEFII increase hormone secretion by increasing intracellular

calcium (activating L-type calcium channels and ryanodine receptor dependent and 1P3 receptor

dependent intracellular calcium release) and inhibiting efflux of intracellular potassium through KATP

channels and Kv channels. In pancreatic beta cells, GLP-IR agonists increase glucose-dependent, but not

glucose independent insulin release. GLP—lR agonists don’t increase the sensitivity of beta cells to

glucose, but increase the amount of insulin secreted by glucose stimulus. GLP- le are linked to MAPK

signaling, a pathway regulating mitosis, differentiation, and cell survival / apoptosis in beta cells.

 ,m
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Figumé Signalting cascade for CLP—l in the beta-call {From Perry and. Graig 1:311}

Calcium in the major physiologic stimulus for calcitonin secretion from thyroid c—cells, and it’s

effects are mediated by the G-protein coupled calcium sensing receptor (CaSR) on C-cells. Calcitonin

secretion is calcium dependent with high extracellular calcium concentrations activating CaSR. The
intracellular calcium ion concentration determines the rate of calcitonin secretion. Calcitonin release is

enhanced by increased intracellular CAMP, which can by elicited by CGRP (a paracrine factor),

norepinephrine (mediated by the [32 adrenergic receptor), or glucagon (mediated by glucagon or GLP-

le) and inhibited by somatostatin (a paracrine effect). Since GLP-lR are coupled to Gs, any effect of
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GLP—l to directly modulate calcitonin release from C—cells is probably due to CAMP-dependent increased

calcium-stimulated calcitonin release. In perfused rat thyroid, GLP—l(7-37) induced calcitonin secretion

was calcium dependent; it occurred at high extracellular calcium (3 mM Ca), but not low calcium (1

mM). Hypothetically, GLP-lR activation elevates intracellular cAMP, elevated intracellular cAMP
increases calcium-elicited calcitonin secretion. In rat c-cell lines (MTC 6-23 or CA77), GLP-lR agonists

increase intracellular CAMP. Increased calcitonin decreases plasma calcium by deactivating osteoclasts

and increasing urine calcium excretion, and as plasma calcium levels decrease, calcitonin secretion

diminishes due to diminished CaSR activation. GLP-lR agonists causing sustained calcitonin secretion

must either uncouple calcitonin secretion from extracellular calcium or desensitize the calcitonin-induced

hypocalcemic response.

Type 2 CaSR agonists allosterically modulate the receptor to increase its calcium sensitivity and

in thyroid c—cells, increase calcitonin secretion. Mice heterozygous for calcium sensing receptor gene

deletion (Casr+/') had higher blood calcium levels, but lower calcitonin levels compared to wild type mice
(Casr+/+) indicating the CaSR calcium response curve was significantly blunted or rightward shifted in
Casr+/‘ mice (Fudge NJ and Kovacs CS, BMC Physiol (2004) 20; 4-5). In calcitonin secreting MTC 6-23
cells, the CaSR agonist AMG—O73 (cinacalcet, a marketed type II calcimimetic) causes a dose-dependent

rightward shift in calcium-induced calcitonin secretion (Figure 2).

Figure 2. WIN AME [81-013 on Calcium-Stimuiated Caicifonirt Release-from
MTC 15-23 Celts
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[NDA 21-688 Study R2002079 P13]

In rats orally administered NPS R—568, a type II CaSR agonist, plasma calcitonin transiently

increased within 10 — 90 minutes after dosing, but calcitonin levels return to baseline due to a counter-

regulatory decrease in plasma calcium (Figure 4) (Fox J et al, JPET (1999) 290:480~486). Clamping

blood calcium levels by iv infusion of calcium gluconate to maintain normocalcemia in NPS R-568

treated rats results in sustained hypercalcitoninemia (Figure 6).
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[PMID 10411553 P483]

These results show calcitonin—induced hypocalcemia is a counter-regulatory response that decreases

plasma calcitonin.  
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CaSR agonist induced increased calcitonin causes hypocalcemia by inhibiting osteoclast mediated bone

resorption. Orally administered NPS R-568 didn’t affect plasma elimination of a pulsatile dose of intra-

arterially injected “Ca”, but it dose-dependently decreased unlabeled plasma calcium indicating the drop
in calcium was due to diminished bone resorption, an expected physiologic effect of increased calcitonin.
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Cinacalcet transiently and dose—dependently increases calcitonin secretion at l or 30 mg/kg in

normal rats (Figure 12 below).
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[Nemeth EF et a1, JPET (2004) 308 ; 633]

Despite increasing calcitonin secretion, the CaSR agonist Cinacalcet (AMG R—073) didn’t cause thyroid

tumors in 2 year carcinogenicity studies in mice or rats. In the rat carcinogen bioassay, Cinacalcet actually

dose—dependently decreased the incidence of c-cell adenomas in males and decreased the incidence of

focal c-cell hyperplasia (a preneoplastic lesion) in low and high dose groups males and high dose group
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females(see histopathology table below). The mechanism of CaSR agonist lowering proliferative C—cell

lesions is possibly due to activating counter—regulatory mechanisms in response to transient

hypercalcitoninemia (see Dr. Gemma Kuipers’ nonclinical review ofNDA 21-318) or by increased

circulating calcitonin directly inhibiting c-cell growth. (Kakudo, K., et a1. Acta Pathol Jpn. 1989
Sep;39(9):545-50)..

GROUP TOTALS
=l~§ales_

filSTDLOGECAL FINUINGS GROU?’ Cent Grp 3 Grp 4 67p 5 Cont Grp 3 Grp 4 Grp 5DOSE D 5 15 35 0 5 20 50i35
mgy’kg mgu‘kg mglkg mglkg mglkg mama mge‘kg mglkg

Y Ma - , Ma Ida ' ida’ {Ha Ha» Ida Ma
THYROID GLAND

No awormality detected
GCELL CARCINOMA [M]
CdCELL ADENOMA [B]
Focal C-cell hyperplavsse

minim!
mild
moderate
marked
Total Incidence

 
Significarrfiy dillerent from lha ControE: ‘ P0035, "' P<0.0L “" P<0.001
[B] Banlgn tumour
[M3 Malignant tumour
Figures in brackets represent the number of animals from which this tissue was examined microecopicsély
The absence e! a numeral indicates that the lesion specified was not identified
Control Groups (-1 and 2) are combined

[Excerpted from NDA 21-318]

Xenobiotic Effects on Thyroid C—cell Tumors in Rats

There is no established mechanism of thyroid C-cell tumor induction for 7 marketed drugs in 7

different pharrnacologic classes that cause thyroid C-cell tumors in at least one sex in rat carcinogen

bioassays (see summary table below). None of these marketed drugs caused thyroid C-cell tumors in

mice. Six increased C-cell adenomas, two increase adenomas and carcinomas, and only 1, atenolol (a

selective B] adrenergic receptor antagonist), increases C—cell carcinomas without increasing adenomas.

Naratriptan, a 5—HT1D/IB receptor agonist, was the only drug that increased C-cell adenomas in both sexes

of rats. Exenatide, a GLP-lreceptor agonist, is suspected to increase GLP—lR mediated calcitonin

secretion as a potential mechanism of inducing benign C—cell adenomas in female rats. In 2 year

carcinogen bioassays in rats and mice, cinacalcet, a marketed CaSR agonist eliciting calcitonin release,
didn’t cause proliferative c-cell lesions in mice and reduced their incidence in rats.
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Thyroid C-cell Tumors Occuring in Rodent Carcinogenicity Studies of Marketed Dmgs and GLP-1 Receptor Agonists
Mice RatsD CI

“——
Approved Dmgs

adenoma
bis 0 honate

ph Sp (NOAELD.26X,LOAEL1X)2

adenoma & carcinomaarformoterol 2 receptor agonist NOAEL 55x LOAEL13OX

t olol t t t carcinoma (NOAEL 150xa en rece or an a nis
1 p 90 LOAEL 25 oxi3 adenoma

colesevelam bile acid sequestrant (NOAELZOX, LOAEL 40X):

_aratriptan 5-HT1mB—eceptoragonist—— adeno maI5 (NOAEL 29x, LOAEL180X)adenoma combined

palonosetron 5HT3 receptor antagonist adenoma & carcinoma
(NOAEL 82X, LOAEL 182X)1

GLP-1 Receptor Agonists

GLP— 1 receptor agonist ' . ’ . adenomaA(NoAEL< 5x)‘l
exenatide LAR . _. . . . adenoma, combined
(extended release GLP- 1 receptor agonist . ’1 . ,E . - , ‘ adenoma e03, mgmgf adenoma & carcinoma (>
formulation) -. >. ,- ‘ 0,3 mglkgf

‘ , adenoma, carcinoma

adenoma (Nb/“51L: 'adenoma, combined (NOAEL 2.2x LOAEL 7.6)1‘ , adenom a, combined
liraglutide GLP—1 receptor agonist 0.6x, LOAEL 33'), adenoma & carcmomil combined adenoma & adenoma & carcuioma, , (NOAEL 0.6x, LOAEL 3.3) carcinoma (NOAEL 0.5x, (NOAEL < o.5><)

‘ LOAEL 22 1
Approved Drug Cited By Sponsor

adenom as, combined

tenparatIde PTH receptor agonIst 3 NT0 , adenoma & carclnomaP

 
1Human exposure multiple calculated using plasma AUC comparison.

zHuman exposure mutliple talculated using body surface area based dose comparison.

3Human exposure multiple calculated using weight based dose comparison.

4Body weight based subortaneous dose administered every other week. Exposure multiples weren't calculated because exenatide plasma
exposure during the rat carcinogenicity study or the human MRHD were not known.

AAccording to the drug label, incidences in female rats were 8% and 5% in the 2 control groups and 14%, 11%, and 23% in the low-, medium—, and
high—dose groups, but increased tumor incidences in exenatidetreated groups were not statistically significant by trend analysis or control group
pairwise comparison.

E’According to the dmg label "Two rat studies were conducted, 1 using a standard diet and the othera nitrite—supplemented diet (naratriptan can be
nitrosated in vitro to form a mutagenic product that has been detected in the stomachs of rats fed a high nitrite diet)." Exposure multiples are
based on results from the nitrite-diet supplemented study in which c—cell tumors occurred at lower exposures.

CNT = not tested

DThyroid C-cell tumors are not listed as a drug—related finding in the approved drug label, but in male rats (n = 60/dose), there was a statistically
significant doserelatedtrend for adenomas (incidence of O, 2, 1,3 at 0, 5, 30 , 75 mg/kg/day teriparatide) and combined adenomas and
carcinomas (incidence of 1, 2, 1, 4 at 0, 5, 30, 75 mglkg/day teriparatide). Human exposure multiples for rat doses of 5, 30, and 75 mg/kglday
teriparatide calculated using plasma AUC comparison were 3, 20, and 60 times the human systemic exposure, respectively, for a 20 mcg/day
dose. The incidence of C—cell adenomas or combined adenomas and carcinomas were not significantly different from controls for any dose group,
therefore a NOAEL or LOAEL were not identified.

EExenatide is the only marketed GLP-1 receptor agonist.

Norepinephrine, serotonin, and bisphosphonates affect bone metabolism. Secretory vesicles in

MTC 6-23 cells, a rat thyroid c-cell line, costore serotonin and calcitonin (Tamir H et a1, Synapse. 1992

Oct;12(2):155-68). In addition to secreting calcitonin, extracellular calcium also elicits CaSR—dependent

secretion of serotonin from sheep thyroid c-cells in culture (McGehee DS et a1., J Physiol. (1997) Jul

1;502 (Pt 1):31-44). Serotonin does not elicit calcitonin secretion from rat MTC 6-23 cells(Gi1genkrantz

JL, Experientia. 1991 Oct 15;47(10):1067—9), but it does elicit calcitonin secretion from excised thyroid

glands from young rats (M Zabel, Histochemistry. (1985);83(1):71-5). Rats treated with serotonin have

increased bone mineral density and altered bone architecture (Gustafsson B1 et al., J Cell Biochem

2006;97:1283—1291). Three serotonin receptors occur on osteoblasts; 5-HTIB, 5-HT 2A, and 5-HTZB.
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Osteoblast-speciflc gene-inactivation studies show the 5-HT, 13 receptor mediates serotonin-induced

decreased osteoblast proliferation (Yadav VK et al, Cell. 2008 Nov 28;135(5):825-37). Non-specific

inactivation of Htr2b gene in mice suggest a role for the 5-HTZB receptor in mediating osteoblast

recruitment and proliferation (Collet C, et al., FASEB J. (2008) 22(2):418-27), but these effects are

apparently not mediated by the osteoblast localized receptor (Yadav VK et al, Cell. 2008 Nov

28;135(5):825-37). The specific role of 5-HT“), 5—HTIB, or 5—HT3 receptors in calcitonin secretion or c-

cell proliferation isn’t as well defined.

The nonselective [31/2 receptor agonist, isoproterenol, stimulates calcitonin secretion from rat

MTC 6-23 cells (Gilgenkrantz JL, Experientia. 1991 Oct 15;47(10):1067—9), but carcinogen bioassays of

isoproterenol were not performed. B2 adrenergic agonists increase serum calcium by directly activating

osteoblast {32 receptors that results in Rank ligand activation of osteoclasts. B receptor agonists may elicit

calcitonin secretion either by directly activating c—cell B2 receptor or indirectly by elevating serum

calcium. In either case, arfonnoterol induced c-cell tumors are not a pharmacologic class effect because

they didn’t occur in 2 year carcinogenicity studies of salmeterol and forrnoterol, 2 other long acting [32

receptor selective agonists. The [31 receptor selective antagonist atenolol increased c-cell carcinoma

without increasing adenomas suggesting its effects are unrelated to changes in calcium or calcitonin.

Alendronate causes c-cell adenomas in male rats by an unknown mechanism. This is not a

chemical class effect because 5 other marketed bisphosphonates including etidronate, risedronate,

zoledronic acid, ibandronate, and pamidronate didn’t cause c—cell tumors in rats.

The effects of the non—absorbed bile acid sequestrant colesevelam on calcitonin secretion is

unknown and 2 year rat carcinogenicity studies of 2 non-absorbed bile acid sequestrants, colestipol and

cholestyramine resin were not undertaken.

Drugs inhibiting thyroid hormone synthesis have different effects on C—cell proliferation.

Thiamazole results in hyperplasia and adenomas of both follicular cells and C-cells (Capen, C.C. et a1,

Toxicologic Pathology (1989) 17: 266 — 293). Methimazole increases the number of TGF-lB secreting C-

cells (Logan, A. et al, J Endocrinol. (1994) 141(1):45-57) and in a 2 year rat carcinogen assay, it

increased the incidence ofthyroid hyperplasia, adenoma, and carcinoma, but the proliferative thyroid

lesion cell type(s) were not identified (drug label). Administration of propylthiouracil in drinking water

for 21 days decreased C-cell density, C-cell calcitonin immunoreactivity, and plasma calcitonin levels in

rats (Zbucki, RL et al. ,Folia Histochem Cytobiol 2007,45(2): 115—21).

C-cell hyperplasia1n rats can be induced by10nizing radiation (5 — 10 uCi 131I, Triggs and
Williams, Acta Endocrinol (1977) 85: 84—92). A diet high1n calcium alone didn’t furtherIncrease the

incidence of C-cell tumors in irradiated rats, but a diet supplemented with high levels of vitamin D3 did

(Thruston and Williams, Acta Endocrinol. (1982) 100: 41 — 45). The effects of vitamin D and

hypercalcemia on thyroid c—cell proliferation are not definitive because morphometric analysis of thyroids

from- rats treated for 3 months with high dose vitamin D3 showed the number of C—cells decreased,

calcitonin mRNA levels decreased, and plasma calcitonin was unchanged despite persistent

hypercalcemia.

Novelty 0fthe Mode ofAction

The sponsor is proposing that liraglutide increases the incidence of thyroid C-cell tumors in rats

and mice by persistently stimulating GLP-lR mediated calcitonin secretion from C-cells resulting in

increased calcitonin synthesis, c-cell hyperplasia, and progression of hyperplasia to adenomas with further

progression to carcinomas. This is a novel mechanism based on the potential pharrnacologic activity of

GLP-IR agonists to elevate c-cell intracellular cAMP with a resulting increase in calcium-stimulated

calcitonin secretion. Persistent stimulation of calcitonin secretion from thyroid c-cells results in c—cell

hyperplasia. This mechanism depends on either uncoupling calcitonin secretion from extracellular

calcium concentrations and/or desensitizing the hypocalcemic response to calcitonin. The key events in

the proposed mode of action are persistent drug-related increased calcitonin secretion leading to C—cell

hyperplasia and persistent hyperplasia leading to c-cell tumors.
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In 2 year carcinogenicity studies of exenatide in rats and mice, no tumor findings occurred in

mice or male rats. An increased incidence of focal thyroid C-cell hyperplasia, but not diffuse hyperplasia,

occurred in exenatide—treated male (4/65, 5/65, 12/65, 11/65) and female rats (2/65, 6/65, 11/65, 8/65) at

all doses in the 2 year rat carcinogenicity study (0, 0.018, 0.07, and 0.25 mg/kg/day, respectively), but it

didn’t occur in a 13 week repeat dose toxicity study at doses up to 0.25 mg/kg/day.

In the rat carcinogenicity study of exenatide, an increased incidence of C-cell adenomas above

the sponsor’s historical control group range occurred in females at all doses (8% and 5% in the two

control groups and 14%, 11%, and 23% in the low—, medium—, and high-dose groups with systemic

exposures of 5, 22, and 130 times, respectively, the human exposure resulting from the maximum

recommended dose of 0.02 mg/day, based on plasma area under the curve (AUC), but the increased

incidence was not statistically significant for either a dose related trend or pairwise comparison of treated

groups to control.

Other Potential Modes ofAction

Other potential modes of action for liraglutide induced thyroid c-cell tumors in rats and mice

include direct mitogenic activity of GLP-lR agonists on thyroid C—cells or activation of the RET proto-

oncogene. Quantitative analysis or BrdU labeling studies of thyroid c-cells from liraglutide treated rats

and mice and in vitro [3H]thymidine incorporation assays using rat or human C-cell lines suggest
liraglutide is not a C-cell mitogen. Liraglutide did not cross react with receptors linked to C—cell growth

responses including human bombesin receptors, CCK2 receptors, or neuromedin receptors. Direct or

indirect activation of RET has not been ruled out as a potential mode of action. Activation of RET kinase

increases plasma calcitonin from wild type mice or mice implanted with human TT cell xenografts and

based on the time course of RET kinase inhibitor activity, RET kinase induced increased plasma

calcitonin is independent of it’s effects as a C-cell mitogen. Liraglutide caused focal, but not diffuse, 0-

cell proliferation in both rats and mice suggesting it may be a c—cell tumor promoter, at least in vivo.

KEY EVENTS IN LIRAGLUTIDE INDUCED THYROID C-CELL TUMORS IN RODENTS

Liraglutide Pharmacodynamics in Rats and Mice

A pharmacodynamic effect of liraglutide, decreased body weight gain, was demonstrated in 2

year carcinogenicity studies in Sprague Dawley rats treated with 0.075, 0.25, or 0.75 mg/kg/day, but not

in CD-1 mice treated with 0.03, 0.2, 1, or 3 mg/kg/day. Liraglutide dose-dependently decreased body

weight gain in male and female rats at 3 0.075 mg/kg/day, but not in mice at any dose (see Figure below).

GLP-le may not regulate body weight or feeding behavior in mice because GLP—lR knockout mice

were lean (Scrocchi et al., Nat Med (1996) 2:1254—125 8) and inactivating the GLP—IR in obese ob/ob

mice had no effect on food consumption or body weight (Scrocchi et al., Diabetes (2000) 49:1552—1560).
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Effect of Liraglutide on Body Weight Gain in SD Rats and CD-1 Mice
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Liraglutide is pharmacologically active in mice because it dose-dependently increased glucose

(10 mM) stimulated insulin release from perfused pancreatic islets from NMRI mice (EDSO lOnM),

lowered blood glucose female diabetic ob/ob mice, and increased pancreas beta cell mass in ob/ob mice

(C57BL/6J background strain). However, pharmacologic activity was not directly demonstrated in CD-l
mlce.

Liraglutide Dose and Duration Dependent Ejj’ects on Proliferative C—cell Lesions and Plasma Calcitonz'n

Rats .

In rats, liraglutide dose-dependently increased proliferative thyroid c—cell lesions, including age—

dependent focal hyperplasia, the progression of C—cell hyperplasia to adenomas, and the progression of C-

cell adenomas to carcinomas. Liraglutide did not accelerate the onset of focal c-cell hyperplasia, but it did

accelerate the onset of c—cell adenomas. Elevated plasma calcitonin was dependent on age and the

incidence and severity of diffuse and focal C-cell hyperplasia, but not liraglutide dose or treatment

duration. In rats, calcitonin was not a valid marker for liraglutide—induced C-cell tumors.

In a 2 year carcinogenicity study of 0.075, 0.25, or 0.75 mg/kg/day liraglutide in rats yielding

exposures of AUC0_24 423, 1785, or 6,225 nM.hr, respectively, liraglutide dose-dependently increased the

incidence of focal C-cell hyperplasia (HPL), adenomas (AD), and combined adenomas and carcinomas

(AD + CAR) in males at 3 0.25 mg/kg/day and in females at 3 0.075 mg/kg/day (Figures below, filled

symbols on the y—axis show vehicle—treated control group incidences). Increased incidence of hyperplasia,
adenomas, and combined adenomas and carcinomas was dose—related in males and females, and

carcinomas were dose-dependently increased in males. The incidence of C-cell hyperplasia was similar to

total C—cell tumors (adenomas and carcinomas combined), except at 0.25 mg/kg dose in females where

the incidence of hyperplasia was higher.
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Dose-Dependence of Liraglutide Induced Focal C-cell Hyperplasia (HPL),
Adenomas (AD), Carcinomas (CAR) and Total Neoplasms (AD + CAR)

in Male SD Rats
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Plasma calcitonin was not measured during the rat carcinogenicity study, but it was determined in

mechanistic studies in male rats. Calcitonin measured in plasma of young male Sprague Dawley rats (2

months old at start of dosing) or aged male rats (8 months old at start of dosing) taken 3 hours after the

first dose (day 1) of 0, 0.075, 0.25, or 0.75 mg/kg/day liraglutide and after dosing on day 302 showed

increased plasma calcitonin was age dependent, but not liraglutide dose—dependent (see Figure below).

Calcitonin levels in young rats treated with liraglutide for 302 days were similar to those in aged rats

treated for 119 days, and these rats were the same chronological age at the time of sampling (~ 360 days

old). Calcitonin levels were independent of liraglutide dose.
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Effect of Liraglutide on Plasma Calcitonin in Young and Aged Male SD Rats
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In single dose studies of subcutaneously injected liraglutide in normal and calcium loaded young

male rats, liraglutide had little effect on calcitonin levels (data not shown, but included in review of

studies 203281 / 203282), particularly compared to calcium loading. Liraglutide—treatment-related

increased plasma PTH was possibly a counter-regulatory effect of decreased serum calcium secondary to

any increase in plasma calcitonin, but the magnitude of any liraglutide-related decrease in serum calcium
was small.

Liraglutide increased the incidence of age-dependent focal thyroid c—cell hyperplasia in rats,

considered a pre—neoplastic lesion, but without increasing age-dependent diffuse c-cell hyperplasia.

Liraglutide accelerated the progression of age—dependent focal c-cell hyperplasia to adenomas after at

least 7 months of treatment and accelerated the progression of c-cell adenomas to carcinomas after at least

86 weeks of treatment, but without accelerating the onset of focal c-cell hyperplasia or without increasing

the incidence of diffuse c-cell hyperplasia. (The first decedent with C-cell carcinoma in the high dose

group occurred in week 86, but the first control group decedent with C—Cell carcinoma died in week 93).
Nearly all liraglutide mechanistic studies in rats used only males, and this was acceptable because

there were no qualitative sex differences in liraglutide—induced proliferative C-cell lesions. A time course

for the development of focal c—cell hyperplasia, adenomas, and carcinomas in 2 month old male Sprague

Dawley rats (approximate age when dosing was initiated) treated with vehicle or high dose liraglutide Q

0.75 mg/kg) was constructed using data from 4 (0.75 mg/kg HD), 13 (1 mg/kg HD), and 26 week (1

mg/kg HD) repeat dose toxicity studies, mechanistic studies examining thyroid histopathology after

treatment for 4, 30, 43, 56, and 69 weeks, and a 104 week carcinogenicity study (see Figure below). For

rats treated for 3 30 weeks, the high dose of liraglutide was 0.75 mg/kg.
The incidence of C-cell adenomas, but not focal hyperplasia, increased in young males rats

treated with 0.75 mg/kg/day liraglutide for 7 months (9 months old). This result indicated liraglutide

increased progression to adenomas without affecting the incidence and without accelerating the onset of

focal hyperplasia. After 10 months of treatment (12 month old rats), liraglutide increased the incidence of

both focal hyperplasia and adenomas. After 24 months (26 month old rats), liraglutide increased the
incidence of carcinomas.
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C-cell Hyperplasia (HPL), Adenomas (AD), or Combined Adenomas and
Carcinomas (AD + CAR) in Young Male Rals* Treated with Vehicle (0) or High Dose

‘ (HD, > 0.75 mglkg) Liraglutide
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*Rats were ~ 2 months old when treatment started.

A mechanistic study to determine the effect of age on Iiraglutide—induced thyroid C-cell

proliferative lesions treated 2 month old male rats (“young” rats) for 30 to 69 weeks (7 to 16 months) or 8
month old male rats (“aged” rats) for 4 to 43 weeks (1 to 10 months). In young male rats, focal c—cell

hyperplasia didn’t occur at up to 6 months of treatment with up to 1 mg/kg liraglutide (see Figure of
incidence versus rat age, above). Compared to concurrent controls (0 mg/kg/day), liraglutide (0.75

mg/kg/day) increased the incidence of C-cell adenomas after 7 months of treatment, but without

increasing the incidence of focal C-cell hyperplasia (see Figure below). At 12 months, liraglutide

increased the incidence of both c-cell focal hyperplasia and adenomas, and this increase persisted up to
the end of the study when rats were 18 months old.

Focal C-cell Hyperplasia (HPL) and Adenomas (AD) in Young Male Rals*
Treated with 0 or 0.75 mglkg Liraglutide
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*Young male rats were 2 months old when treatment started.

In aged rats, 0.75 mg/kg/day liraglutide increased the incidence of focal c—cell hyperplasia after 1 month

of treatment, but only increased the incidence of adenomas after 7 months (15 month old rats, see Figure

below). The incidence of focal c-cell hyperplasia in aged rats decreased after 10 months of treatment (18

months old), and the decrease may be due to an increased incidence of adenomas, at least in part.
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Focal C-cell Hyperplasia (HPL) and Adenomas (AD) in Aged Male Rats”
Treated with 0 or 0.75 mglkg Liraglutide
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*Aged male rats were 8 months old at the start of treatment

The figure below compares incidences of proliferative c-cell lesions based on liraglutide

treatment-duration for young and aged male rats. This figure shows the incidence of God] adenomas

increased with treatment duration. Liraglutide increases the incidence of age-related focal hyperplasia

since liraglutide increased the incidence of focal hyperplasia only after at least 7 months of treatment in

young rats and after only 1 month in aged rats, but without accelerating the onset of focal hyperplasia or

without causing diffiJse hyperplasia.

Effect of Age and Treatment Duration with 0.75 mglkg Liraglufide on Incidence of
Focal C-cell Hyperplasia (HPL) or Adenomas (AD) in Young and Aged Male Rats‘r
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*When treatment started, young rats were 2 months old and aged rats were 8 month old.

In male rats, liraglutide increased the incidence of age-related focal c-cell hyperplasia and

increased the progression of focal hyperplasia to adenomas after _>_ 7 months of treatment, and increased

the progression of adenomas to carcinomas after at least 20 months.
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Plasma calcitonin levels increased with age, but there was a trend of higher calcitonin at 0.75

mg/kg liraglutide throughout the treatment period (see Figure below). Increased plasma calcitonin was not

liraglutide dose-dependent in young male rats. Higher calcitonin levels in all groups occurring after 6
months of treatment can be attributed to increased diffuse and focal c-cell hyperplasia.

Plasma Calcitonin (3 Hours Post-dose) in Young Male Rats” Treated
with 0, 0.075, 0.25, or 0.75 mgle Liraglutide
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#Rats were 2 months old when treatment started.

The sponsor’s analysis showed plasma calcitonin was significantly higher than concurrent

controls after 1 month of dosing with 3 0.25 mg/kg liraglutide, but the effect didn’t persist and there were

no statistically significant increase compared to control after the first month (see Figure below).
Plasma Calitonin in Young Male Sprague Dawley Rats” Treated

with 0.075, 0.25, or 0.75 mglkg Liraglutide2.25 
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0.50 . 1 r r 
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#Rats were 2 months old when treatment started.

*Statistically significantly increased above concurrent control (p < 0.05).

In both aged and young rats, plasma calcitonin increased with age, and increased plasma

calcitonin correlated with increased c-cell hyperplasia, but not with liraglutide dose (see Figure below).
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Plasma Calcitonin (3 Hours Post-dose) in Young and Aged Male Rats:
Treated with 0, 0.075, 0.25, or 0.75 mglkg Liraglutide
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#When treatment started, young rats were 2 months old and aged rats were 8 month old.

Mice

In a 2 year carcinogenicity study of 0.03, 0.2, 1, or 3 mg/kg/day liraglutide in mice yielding

exposures of AUC0.24 185, 1,501, 8,153, or 36,830 nM.hr, respectively, liraglutide dose-dependently

increased the incidence of focal C-cell hyperplasia (HPL) at 3 0.2 mg/kg/day in males and females,

adenomas (AD) at 3 1 mg/kg/day in males and females, and combined adenomas and carcinomas (AD +

CAR) in females at 3 mg/kg/day (Figures below, the incidence of hyperplasia, adenomas, or carcinomas

in the control groups was 0% in both sexes). The incidence of C-cell hyperplasia was similar to or higher

than total C-cell tumors (adenomas and carcinomas combined) at all doses. The higher incidence of

hyperplasia at lower doses than those causing tumors and the higher incidence of hyperplasia compared to

C-cell tumors at all doses is consistent with the hyperplasia preceding adenomas. In females, C-cell

carcinoma only occurring at the highest dose was consistent with liraglutide accelerating the progression
of adenomas to carcinomas.

Dose-Dependence of Liraglutide-lnduced Focal C-cell Hyperplasia (HPL) and
Adenomas (AD) in Male CD-1 Mice
 

 

 
 

 

40

Human Exposure

35 ' @ MRHD

30 ’ —B— HF’L (NI)
—9— AD (NI)

NU1 

 

lncrdence,% (Week104) mo

_s 01 

_\ O
 

5 
 

o 9., , . I . , . i . . a ,
2.00 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50 4.75

Exposure (Log (AUC, nM.h))

  

501 of513



Reviewer: Anthon L Parola PhD NDA 22 341 

Dose-Dependence of Liraglutide-lnduced Focal C-cell Hyperplasia (HPL),
Adenomas (AD), Carcinomas (CAR), and

Combined Adenomas and Carcinomas (AD + CAR) in Female CD-1 Mice 
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A time course for the development of focal c-cell hyperplasia, adenomas, and carcinomas in high

dose liraglutide-treated CD—1 mice was constructed using data from 4 week (5 mg/kg HD) and 13 week (5

mg/kg HD) repeat dose toxicity studies, mechanistic studies examining thyroid histopathology after
treatment for 2 or 9 weeks (5 mg/kg HD), and a 104 week carcinogenicity study (3 mg/kg HD, see Figure

below).

High dose liraglutide increased the incidence of focal c-cell hyperplasia after 3 4 weeks in

females and after 2 9 weeks in males, but the incidence of diffuse hyperplasia was unaffected by

liraglutide. C—cell hyperplasia preceded C—cell tumors. In the 104 week carcinogenicity study, c-cell

tumors first occurred in high dose group decedents in week 64 in females (a C—cell carcinoma) and in

week 78 in males (an adenoma), but focal hyperplasia occurred 17 weeks earlier in decedents from both
sexes.

C—cell Hyperplasia (HPL), Adenomas (AD), or Combined Adenomas and Carcinomas
(AD + CAR) in CD—1 Mice Treated with High Dose (HD, 3 3 mglkg) Liraglutide 
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S2 and 6‘ denote occurrence of first C-cell tumor in a decedent female and male, respectively.

After a single subcutaneous dose of 0, 0.03, 0.2, 1, or 3 mg/kg liraglutide, a trend of increased

plasma calcitonin above control group levels occurred at 3 0.2 mg/kg in males and females, but with a

high degree of variability. In males, the largest increase occurred ~12 hours after dosing with 3 mg/kg,
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but in females, increased calcitonin was not related to dose. In females, the largest increase occurred in

the 0.2 mg/kg group 12 hours after dosing.

Effect of a Single Subcutaneous Dose of Liraglutide
on Plasma Calcitonin in Male Mice (3ldoseltimepoint)
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Effect of a Single Subcutaneous Dose of Liraglutide
on Plasma Calcitonin in Female Mice (3/dose/timepoint) 
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Plasma calcitonin was determined in the 2 year carcinogenicity study after dosing in weeks 26,

52, and- 104 (see Figures below). Plasma calcitonin was significantly above control group levels (shown

as filled symbols, corresponding to the respective sample week, on the y—axis) at 3 0.2 mg/kg/day in week

26 and at all doses in weeks 52 and 104. The increase was generally dose-dependent in both sexes. Dose—

dependence was clearly established in week 104, probably due to an increased incidence of proliferative

C-cell lesions in both males and females and decreased control group levels in females. A more robust

response with increased treatment duration is consistent with an increased incidence of proliferative C-

cell lesions, a pharmacologic effect of liraglutide to increase calcitonin secretion, or both. Although
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plasma calcitonin was significantly increased above control group levels at 2 0.2 mg/kg/day liraglutide in
week 26 and at all doses in weeks 52 and 104, plasma calcitonin increased with treatment duration at 3

mg/kg/day liraglutide in both sexes.

Effect of Liraglutide on Plasma Calcitonin in Male CD-1 Mice
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Exenatide is a marketed GLP-lR agonist with once daily subcutaneous injections causing c-cell

adenomas in female rats, but not male rats or mice. Because liraglutide was more efficacious than

exenatide at inducing proliferative c-cell lesions in both rats and mice, and because this effect was

thought to be mediated by the GLP-lR, the sponsor considered differences in exenatide and liraglutide

thyroid c-cell tumorogenicity may be due to pharrnacokinetic differences. Since focal c-cell hyperplasia

precedes c—cell adenomas in liraglutide-treated mice, but not in rats, and because focal c-cell hyperplasia
in mice occurs within 13 weeks of treatment, the sponsor determined the effects of sustained plasma

levels of exenatide on plasma calcitonin and thyroid c-cell histopathology in mice. Mice administered

0.25 mg/kg/day exenatide developed focal c-cell hyperplasia by week 12 that persisted to week 16 if

exenatide was administered by constant subcutaneous infusion, but the incidence of hyperplasia was

much lower for mice subcutaneously injected with the same bolus dose once a day. Repeat dosing of up

to 1 mg/kg exenatide for up to 3 times a day for up to 13 weeks did not cause focal c-cell hyperplasia.
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Pharmacokinetic / pharmacodynamic modeling of the effects of exenatide on plasma calcitonin and focal
c-cell hyperplasia in mice indicate that sustained plasma levels of GLP—lR agonists, by daily
subcutaneous injection of liraglutide or constant subcutaneous infusion of exenatide, results in persistent
calcitonin secretion and C—cell focal hyperplasia, but not diffuse hyperplasia. These results suggest

persistent GLP-lR activation induces increased plasma calcitonin and proliferative C-cell lesions
(preneoplastic and neoplastic) in mice.

CONCLUSIONS

C-cell proliferative lesions in rats and mice appear to be a pharmacologic effect of long acting
GLP-lR agonists including liraglutide and sustained release subcutaneous formulations of exenatide. A
recently submitted safety report to ' ‘~————=— (serial 120 submitted 11/12/08) showed an extended
release formulation of exenatide subcutaneously injected in rats once every other week increased the
incidence of adenomas (males and females) and combined adenomas and carcinomas (females). Sustained
release exenatide from subcutaneously implanted osmotic pumps in mice cause focal thyroid C-cell

hyperplasia within 9 weeks of treatment. Liraglutide and sustained release formulations of exenatide are
unique in causing proliferative c-cell hyperplasia in rats and mice. Persistent stimulation of thyroid c—cell
calcitonin secretion leading to c-cell hyperplasia with progression to tumors has been proposed as a mode
of action for treatment induced C-cell adenomas in rats for other drugs, but the mode of action was not

thoroughly investigated. A search of approved drug labels identified 7 drugs positive for c-cell tumors in
rat carcinogen bioassays, but none caused c-cell tumors in mice. A search of the NDA/IND review
document database (DARRTS and DFS) did not identify any other approved or investigational drugs
causing c-cell proliferative lesions in mice. The role of GLP-le in mediating liraglutide-induced c-cell
proliferative lesions is unknown, however rat carcinogenicity studies of exenatide which caused c-cell
adenomas in female rats and an extended release formulation of exenatide (exenatide LAR) which cause
c-cell adenomas in male rats and adenomas and combined adenomas and carcinomas in females, is

consistent with persistent GLP—lR activation leading to c-cell neoplasms in rats.
The table below summarizes findings in liraglutide mechanistic studies in each species.
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g‘lmmunohistochemical localization studies of GLP-1 receptor in thyroid tissue sections from mice, rats. monkeys, and humans were indeterminant because
ithe specificity ofthe anti—GLPJI receptor antibody was not demonstrated. In situ hybrizidation studies localizing GLP—‘l receptor mRNA in thyriod tissue
gsections were equivocal because receptor mRNA levels were very low.
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The weight of evidence does not support the proposed mode of action for liraglutide-induced
thyroid c-cell tumors in Sprague Dawley rats because:

1. Although published studies demonstrate GLP-le in rat thyroid by autoradiographic tissue
binding and GLP-lR agonist increased calcium-stimulated calcitonin release from perfused rat
thyroid cells, the sponsor’s immunohistochemical and in situ hybridization studies did not
adequately demonstrate GLP—le were localized to c-cells.

2. Although there are differences in GLP—lR expression, second messenger coupling, and calcitonin
secretion between c-cell lines derived from rats or humans indicating c-cell GLP-le are coupled

to calcitonin secretion in rats but not humans, any differences occurring in c-cell lines may not

reflect normal c—cell physiology in Vivo.

3. In vivo, increased plasma calcitonin was age dependent, not liraglutide dose or treatment duration
dependent.

4. A time course for progression of c—cell proliferative lesions in control and high-dose liraglutide-
treated rats showed liraglutide increased the incidence of c-cell adenomas prior to increasing the

incidence of focal c—cell hyperplasia. Liraglutide did not cause diffuse c-cell hyperplasia,

considered a physiologic response to increased calcitonin secretion, and it didn’t accelerate the
onset of age-dependent focal c-cell hyperplasia.

5. Increased incidence of c-cell adenomas and carcinomas were treatment duration dependent, but

the incidence of focal c—cell hyperplasia was age-dependent.

Liraglutide increased the incidence of c—cell carcinomas, which are otherwise rare in Sprague Dawley
rats. These results suggest liraglutide accelerates the progression of age-related focal c-cell hyperplasia to
adenomas in rats, but without causing diffuse hyperplasia or accelerating the onset of focal hyperplasia.

Although plasma calcitonin levels markedly increased with age, the increase was not liraglutide dose-

dependent, despite higher incidences of C-cell tumors in liraglutide-treated rats. These data suggest
plasma calcitonin is not a biomarker for liraglutide—induced thyroid tumors in rats. The role of GLP-lR in
mediating liraglutide-induced c-cell proliferative lesions is unknown, however rat carcinogenicity study
results of exenatide which caused c-cell adenomas in female rats and an extended release formulation of

exenatide (exenatide LAR) which cause c-cell adenomas in male rats and adenomas and combined

adenomas and carcinomas in females, is consistent with persistent GLP-lR activation leading to c-cell

neoplasms in rats.

The weight of evidence does not support the proposed mode of action in CD-1 mice because:

1. immunohistochemical localization and in situ hybridization studies of GLP-lR in thyroid did not

adequately demonstrate GLP—lR protein or transcript localized to calcitonin immunoreactive 0-

cells. A published study showed that thyroid from 60% of mice (3/5) were positive for GLP-le
detected by autoradiographic ligand binding, but GLP—l binding activity wasn’t localized to a

specific thyroid cell-type.

2. Although liraglutide (and sustained release exenatide) caused focal hyperplasia (a preneoplastic
lesion), but without causing diffuse hyperplasia (a physiologic response to increased calcitonin
demand).

3. In addition to thyroid c-cell tumors, fibrosarcomas on the dorsal surface were treatment related at
3 mg/kg in male mice. GLP-le. GLP-le coupled to MAPK/ERK, but not to adenylyl cyclase,
occur in hair follicles and in cultured skin-derived cells expressing nestin (a marker of.cells

dedifferentiated by epithelial to mesenchymal transition) (List et a1, Regulatory Peptides (2006)
134:149-157).
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Liraglutide increases calcitonin secretion in mice, and with continue treatment, liraglutide increases

thyroid c-cell proliferative lesions resulting in elevated basal calcitonin levels.

Based on repeat dose toxicity, carcinogenicity, and mechanistic studies of liraglutide in rats and

mice and exenatide in mice, the weight of evidence does not support the proposed mode of action. In both

rats and mice, there was insufficient evidence to conclude thyroid GLP-le are localized on C-cells.

Quantitative analysis of thyroid c—cells in rats and mice showed that liraglutide increased the incidence of

focal hyperplasia (a preneoplastic lesion), but without increasing diffuse hyperplasia (a physiologic

response). In rats, liraglutide increased the incidence of age—related focal c-cell hyperplasia, the

progression of focal c—call hyperplasia to adenomas, and the progression of adenomas to carcinomas, but

without accelerating the onset of focal c-cell hyperplasia or without causing a sustained dose—related

increase in plasma calcitonin above the age—related increase that normally occurs in rats. In mice,

liraglutide caused neoplasms on the dorsal skin surface and in thyroid c-cells. Liraglutide increased

calcitonin secretion, initiated focal c-cell hyperplasia, and with continued treatment, induced c—cell tumors

in males and females, but without increasing the incidence of diffuse c-cell hyperplasia.

RECOMMENDATIONS

Mechanistic studies of liraglutide-induced thyroid C—cell tumors in rats and mice do not support

the sponsor’s conclusion that these tumors are not relevant to human risk assessment. The sponsor should

remove any statement indicating liraglutide induced thyroid c-cell tumors in rodents are not relevant to

humans from any document communicating risk to clinical trial participants, including the investigator

brochure or patient informed consent.

Question to the ECAC

The Division is seeking the ECAC’S concurrence that mechanistic studies investigating the mode of

action for liraglutide—induced thyroid c-cell proliferative lesions in rats and mice do not support the

following statement in the sponsor’s proposed drug product label:

”The mechanism responsiblefor induction ofthese tumors [thyroid c—cell tumors] in

rodents has been elucidated, and they are caused by a non-genotoxic, specific GLP—I

receptor-mediated mechanism to which rodents are particularly sensitive and monkeys
and humans are not. ”

The reviewer proposes replacing the sponsor’s statement with the following:

“The relevance ofliraglutide-induced thyroid c—cell tumors in rats and mice to humans is
unknown. ”

Does the ECAC concur that the sponsor’s proposed statement regarding the human relevance of thyroid

C—cell tumors is not supported by mechanistic studies?

Yes, the ECAC agreed there was insufficient evidence to conclude liraglutide—induced thyroid c—cell
tumors in rats and mice are not relevant to human risk assessment.
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11(4)
Appendix D: Rat Embryofetal Historical Control Data from

Control group data from the definitive combined fertility and embryofetal toxicity study of liraglutide in

rats (study 990284) is included as study 15.

NR = not reported (but 0 may be the correct value)

For the means and ranges, the values generally refer to absolute incidences, not percentages, because

percentages are of limited values for low-incidence parameters. For the numbers of ribs, percentages are

more applicable. Mean and range values are not provided for total numbers of abnormalities or foetuses

examined, because the values are not considered helpful for data interpretation.
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Minor Visceral Malformations / Variations
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11(4)

Control group data from the definitive study of liraglutide embryofetal toxicity is included as study 6.

Appendix D: Rabbit Embryofetal Historical Control Data from

NR = not reported (but zero may be the correct value).

For the means and ranges, the values generally refer to absolute incidences, not percentages, because

percentages are of limited values for low-incidence parameters. For the numbers of ribs, percentages are

more applicable. Mean and range values are not provided for total numbers of abnormalities or foetuses

examined, because the values are not considered helpful for data interpretation.

Malformations
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Minor Skeletal Malformations / Variations
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2. 6 PHARMA COLOGY/T0X1COLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 22—341 (IND 61,040)

Sponsor and/0r agent: Novo Nordisk Inc., 100 College Road West, Princeton, NJ 08540

Manufacturer for drug substance: Novo Nordisk A/S Hallas Allé, DK-44OO Kalundborg,
Denmark

Reviewer name: Anthony L Parola, PhD
Division name: Metabolic and Endocrine Products

HFD #: 510

Review completion date: December 4, 2008 (draft), February 12, 2009 (revised)

Drug:
Trade name: Victoza®

Generic name: liraglutide

Code name: NNC 90-1170, NN2211

Chemical name: Arg34Ly526—(N-s-(y-Glu (N—a-hexadecanoyl)))—GLP-l [7-3 7]
CAS registfl number: 204656—20-2

Molecular formula/molecular weight: C172H265N43051: 3,751.20 Da

Structure: hygroscopic white powder highly soluble in water at pH > 7 (270 mg/mL)

with decreased solubility at lower pH (0.05 mg/mL at pH 4 — 5).
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Figure 3—1. The Chemical Structure of Liraglulide.

[NOOO IB P17]

Drug class: GLP-1 receptor agonist

Intended clinical population: Type 2 diabetics

Clinical formulation: solution for injection
Route of administration: subcutaneous

Sponsor’s maximum recommended human dose: 1.8 mg/day (Cmax'36 nM, AUC0_24 816
nM.h)



Background:

Liraglutide, a palmitoylated recombinant human GLP—l analog with a prolonged
elimination half-life due to increased peptidase resistance of the highly protein bound drug, is

being developed to treat type 2 diabetes under IND 61,040. In 2 year repeat subcutaneous dose
carcinogen bioassays in rats and mice, liraglutide was a non—genotoxic carcinogen increasing the
incidence of thyroid c-cell tumors in rats and mice and fibrosarcomas on the dorsal surface, the
body surface for drug administration, in male mice. The sponsor performed mechanistic studies to
evaluate the human relevance of thyroid c-cell tumor findings. Mechanistic studies were reviewed

and presented to the Executive Carcinogenicity Committee at a meeting on 9 December 2008 for ’
concurrence with the Division’s recommendation that the lack of clinical relevance of liraglutide-

induced thyroid c-cell tumors in rodents was not supported by mechanistic studies.

Effect of Liraglutide on Thyroid Parameters in Humans

Because liraglutide caused proliferative lesions of thyroid c-cells in rats and mice, the

sponsor monitored thyroid parameters in clinical studies. Plasma calcitonin was measured in
several clinical trials and a calcium—stimulated calcitonin test was performed on a subgroup of

subjects in 2 long term studies (1573 and 1574). Thyroid biochemistry parameters were
monitored in 8 clinical studies and thyroid structure, determined by ultrasonography, was
monitored in 4 studies. A search of adverse events related to calcitonin or thyroid was performed

across 38 completed and 4 ongoing clinical studies. The sponsor evaluated GLP-1 receptor
radioligand binding, second messenger coupling, and calcitonin secretion in a human thyroid C-
cell line, TT cells.

Thyroid

In completed'clinical trials, the rate of total, serious, and non-serious thyroid adverse
events (Table 2—16, number of events divided by subject years of exposure multiplied by 1000)
was higher in liraglutide treated subjects (event rates of 35.7, 4.5, and 31.2 for total, serious, and
non-serious AEs, respectively) compared to non-liraglutide-treated subjects (placebo or

comparator, event rates of 22.0, 0.9, and 21.1 for total, serious, and non-serious AEs,
respectively).

Table 2~—16 Summary of Treatment Emergent Thyroid ABS - All Completed Trials - Safety
Analysis Set 

  Liraglntide Non-limgiutide

Safety Amtiysis Set 421! 2272 M
T0131 Exposure (yrs) 2241.4 1 138.6
Number of Subjects with Serious Thyroid Adverse Events (events) 2’ (10) l (1)
Number ofSubjects with Nora-serious Thyroid Adverse Events 5? (‘20) (24 )24
(events)

Total Number of Subjects with Thyroid Adverse Events (events) (it (80) 24 (25)
Rate of Thyroid Serious Adverse Events (R) 4.5 0.")
Rate oletyroid Non-serious Adverse Events (R) 31.2 2 t .1
Rate ofAll Thyroid Adverse Events {12) 35.7 22.6 

R: Number of events divided by subject years ofcxposure multiplied by 1000

[NOOO Module 2.5 P107]

Table 2-20 shows thyroid adverse events that occurred after at least 1 dose in clinical

studies. Thyroid adverse events that increased in liraglutide-treated clinical trial subjects were
goiter, hyperthyroidism, thyroid cyst, and thyroid disorder. The incidence of treatment-emergent
benign and malignant thyroid neoplasms was higher in liraglutide—treated compared to non-
liraglutide treated subjects. The incidence of papillary thyroid tumors were notably higher in
liraglutide—treated subjects with the earliest onset occurring within 50 days of initiating treatment .



with 1.8 mg liraglutide + metformin + rosiglitazone (Table 2-23). Despite dose—related elevated

plasma calcitonin levels in liraglutide-treated subjects, thyroid c-cell tumors were not noted in

liraglutide—treated subjects.

Table 2-20 Treatment Emergent AEs - Thyroid (A'E Onset Date after First Drug mite) - by

SOC and Preferred Term - All Completed Trials — Safety Analysls Set  

 

 
 

 
  

 

airaglutide Non—Liragiutiée
N m E R r: {fist E R

Safety Analyais Set 4211 2272

Total Exposure (yrs) 2241.4 1135.6

46{ 1.1) 62 27 '1' 19$ 0.8) £9 16.?

39€ 0.5} 2*). 10.7 'H [3.3) 7 6.1
13$ 0.3} 14 6.2 1( 9.0) l 0.9

Hypothyroidism at 0.1) 3 3.3 4( 8.2) 4 3.5
‘Hypexth'zoiflism 2( 0.0: 2 0.9 m 9.0) o 0.02{ 0.0} 2 0.9 Bl 13.0) G 0.0
Thyroidnieoxder 2{ 0.0) 2 0.9 B( 9.0) O 9.0
Autoimmune Thyroiditis l{ 0.0} R 0.4 2( 0.1) 2 2.8

Neoplasmsfianzgn, 22 9 8 4( 0.2) 4 3.5

anyxoid .4} 13 7.1 4( 0.2) 4 3.5
?a gllaxy Thyzoifi €angor 4t G.ll 4 1.8 B( 6.0) B 3.0Benign fieoplasm 0f Thyroid Gkand 1{ 0.0} 3 0.4 oz 0.6) G 0.6
Parathyroid Tumour Benign it 0.0) i o.a of 0.0) e 0.0

Investigations 145 0.3) 16 7.1 &( o.a) 8 7.0Bkoqd Calcitanin Increased not 0.2) 1; 4.9 Gt 0.3) 6 5.3
Blood Thyroid Stimulating Hormone Incr 2i 0.0) 3 l.3 it 0.0) 1 0.9
Blood Calcitonin Abnormal 1{ 0.0) 1 0.4 at 0.0) 0 e.o
Thyroxine Decreased 1{ 0.0} 1 0.4 ml 0.0) 0 9.0
Blood Thyroid Stimulating Hormone Deer 0{ 0.0} G 0.0 It 0.3) l Q.9

N: number of Subjects with adverse events
%; Froportion of subjects in analysis set having adverse evenzsE: Rumbar of adverse events
R: Rumber of events divided by Suhfiect yearn of exposure multiplied by 1006

[N000 Module 2.5 P108]

Table 2-23 Treatment Emergent Adverse Events of Papillary Thyroid Cancer - All
Completed Trials and Ongoing Trials
 

  

Trial Subject ID Age Treatment Preferred Term |MedDRA§ Duration of Duration of
YrsIGc (Relationship) Therapy at Event
"dc!“ (Outcome) (severity) on“!

13.34 161304 'EOiF Liraglmidc 0.13 mg Papillary thyroid cancer 99 days NA
(:8) (Rf) (mild)

'l573 26l006 62.147 Liraglmiclc 1.2 mg Thyroid disorder 356 days 113 days
(P) (R) (moderate)
Papillary thyroid cancer
(P) (R) (moderate)
Benign neoplasm oftiic
thyroid gland (P) (R)

3436 506001 59iM Limgltttide Papillary thyroid cancer I75 days 149 days
LS mg+glimepiridc Possible (liraglutidc)

Unlikely (glimepin’dc)
 (R) (moderate)

1574 3.26036 53?? Limglutide Goitre (U) (R) (mild) 22 days 30 days
L8 lllg‘HIIleomliH‘T Papillary thyroid cancer 50 days 63 days
rosiglitnmne (U) (R) (moderate)

326008 S93v1 Mctfonuinw’rosigliia Papillary thyroid cancer I (lay 91 days
zone (1}) (R) (moderate)

*Updmed based on information received aflercnd ofirial (Appendix 7.4. Listing 5)
Gender: M=mttle and F=female

Relationship: Puevaluated as possibly or probably related by investigator. Umunlikcly related
Outcome: R=reeovercd. NR=not recovered
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Calcitonin

A Forest plot of individual clinical trials and pooled results from week 26/28 of long term

clinical trials showed significant, dose-dependent increased plasma calcitonin compared to

placebo at all liraglutide doses, but no significant difference between liraglutide and active

comparator at any dose.
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At week 52, calcitonin was significantly higher than placebo at both 1.2 or 1.8 mg/day

liraglutide, and calcitonin was significantly higher than active comparator at 1.8 mg/day (Figure

85 in Appendix 7.3 not found, but the report containing the appendix wasn’t hyperlinked. Data
from clinical trial 1573.)

A calcium stimulated calcitonin test was performed in a subset of subjects from long-

term clinical studies 1573 (90 subjects) and 1574 (54 subjects). There were no significant

differences in calcium-stimulated calcitonin secretion between comparator or liraglutide (1.2 or

1.8 mg/day) groups prior to initiating treatment or after 52 weeks of treatment.

GLP-J Receptors in Human Thyroid C-cells

Autoradiography using 1251-GLP-l(7—36)amide in thyroid tissue slices showed GLP-l
receptors occurred in thyroid of 1 of 18 humans, compared to 60% of thyroids from mice and

100% of thyroids from rats (Table 3) (Komer M et al., . J Nucl Med(2007) 48: 736—743).

Although specific thyroid cell types binding 125I—GLP—1(7—36)amide were not identified, the



TABLE 1

GLP~1 Receptor Incidence and Density in Human Tumors

6031 H7 HT
HWW

[Komer M et al., . J Nucl Med 48: 736—743, 2007]

In study report 204370, colocalization of GLP-1 receptors and calcitonin

immunoreactivity in human thyroid tissue were equivocal for GLP-1 receptor because the

specificity of the rabbit anti—human GLP-1 receptor antibody, K100B, was not adequately

demonstrated (staining only partially blocked by preabsorption with the antigenic peptide,

antibody stains pancreatic islets in GLP-l receptor knockout mice) and staining was weak and not

always colocalized with calcitonin (see Figure below).
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KIOOB strongly stained islets from pancreatic tissue, but preabsorption of KIOOB with

the antigenic peptide only partially blocked staining (Figure 12, below).

Figure 12 Pancreas serial sectioned. human
Pre-iucubated \m‘lh peptide
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In situ hybridization of species specific 35S-labeled riboprobes to GLP—1 receptor mRNA

was evaluated in paraffin-embedded thyroid tissue sections from humans (study 20040515PR4).

Thyroid c—cells were identified by indirect fluorescent microscopy after staining with an

Alexa488-coupled anti—calcitonin antibody. In situ hybridization to pancreatic islets served as a

positive control for GLP-1 receptor probes and hybridization of a 35S-labeled riboprobes to
calcitonin served as a control for mRNA quality in thyroid tissue. A 35S-labeled probe to
cyclophilin, a low to medium abundance transcript, served as a addition control for mRNA

quality in samples of thyroid and pancreas.

GLP-1 receptor mRNA was not detectable in thyroid c—cells identified by anti-calcitonin

antibody staining and Figure 6 shows colocalization of GLP-l receptor mRNA and calcitonin was

not compelling (Figure 6). Anti-sense human GLP-1 receptor probes labeled human pancreatic

islet cells and an antisense calcitonin probe labeled calcitonin immunoreactive cells in human

thyroid tissue sections (data not shown)
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Figure 6 Human thyroid GLP—JR IIIRNA co-iomlisation with C-celi calcitonin

[NOOO 4.2.3.7.3 P20]

GLP-I Receptors in Human Thyroid C—cell Lines

The human thyroid C-cell line, "IT, was devoid of functional GLP-l receptors coupled to

calcitonin secretion, but CAMP—coupled receptor pathways may be perturbed in this cell line. In

TT cells, forskolin, a direct activator of cAMP, increased calcitonin secretion, but pentagastrin, a

potent human and rat calcitonin secretagogue, did not. Furthermore, known TT cell mitogens

pentagastrin and epidermal growth factor did not stimulate TT cell mitosis. More detailed reviews

of studies characterizing GLP-l receptors in human TT cells are included in reviews of studies

characterizing GLP—1 receptor signaling in rat c-cell lines in Section 2.6.6.8 because rat and

human cell lines experiments were included in the same reports.

Western blotting of TT cell proteins after separation by SDS-PAGE using the anti-GLP-l

receptor polyclonal antibody K102B did not identify the GLP-1 receptor protein, but the results

are not valid because the specificity of the K102B antibody was not adequately demonstrated

(study report 205218). TT cell GLP—1 receptor transcript levels were very low to undetectable by

real-time PCR with estimated transcript levels of l GLP—l receptor transcript / 1000 beta actin

transcripts (report 204415).

Although the sponsor claims specific binding of radiolabeled, but not fluorescent GLP-

l(7-37) was demonstrated in human TT cells, specific ligand binding wasn’t demonstrated in

either study (study report 1425-006 and 205088 using [1251]GLP-1(7-37) or GLP-l(7-36)—Lys(6-
FAM), respectively).

GLP-1 receptor agonists liraglutide or exenatide didn’t stimulate intracellular CAMP

accumulation or calcitonin secretion from TT cells, but the positive control forskolin did. In vivo

in humans, pentagastrin stimulates CCKZ receptor mediated calcitonin release, but pentagastrin

had no effect on cAMP accumulation or calcitonin secretion from "IT cells (study report 13737-

025). Micromolar concentrations of forskolin did not elicit calcitonin secretion from 3 other

human thyroid c-cell lines: SINJ, SHER-l or MTC—SK cells (report 14725—062).

Liraglutide, GLP-l(7-37) or exenatide were not mitogenic in a [3H]thymidine DNA
incorporation assay using human TT cells, but these cells didn’t respond to the positive control

mitogens gastrin or epidermal growth factor (study report 205295).



Liraglutide doesn’t bind to human calcitonin receptors. In a scintillation proximity format

assay, up to 5 [1M liraglutide or GLP-1(7-37) did not inhibit binding of 53 pM [1251]calcitonin
, (salmon) to BHK cell expressing a recombinant human calcitonin receptor (report 14718-007).

In conclusion, specific GLP-1(1—37)amide binding occur in normal thyroid in at least a

subgroup of people, but GLP-l receptors have not been localize to specific cells in thyroid. When

it occurs, the density of receptor binding sites in thyroid was similar to pancreas. GLP-l receptors

are more commonly found in human MTCs than in normal thyroid. In clinical studies, liraglutide

dose-dependently increased plasma calcitonin compared to placebo at 0.6, 1.2, and 1.8 mg/day at

26 or 28 months of treatment. In clinical studies, the incidence of treatment-emergent benign and

malignant thyroid neoplasms was higher in liraglutide-treated compared to non—liraglutide treated

subjects.

Disclaimer: Tabular and graphical information are constructed by the reviewer unless cited
otherwise.

Studies reviewed within this submission:

Special Toxicity

Mechanistic Studies (Rodent Thyroid C—cell tumors)

0 c-cell / Rodent C-cell findings: Assessment of human relevance

0 204370 / An immunohistochemical investigation of the GLP-IR in tissue from mice, rats,

cynomolgus monkeys, and humans

0 20040515PR4 / Investigation of GLP-1 receptor mRNA expression in mouse, rat

cynomolgus monkey, and human thyroid C-cells and in pancreatic islets studied by in situ

hybridization

o 14725-006 / GLP—1 receptor expression in rat and human cell lines

0 205088 / Quantitative analysis of GLP-1 receptor levels on 2 rat (rMTC 6—23 and CA-77)

and one human (TT) C—cell line

0 205218 / Western blot analysis of GLP—1 R expression in rats and human C-cell lines

0 204415 / Real—time (TaqMan) RT—PCR quantification of glucagon-like peptide 1 receptor
in C-cell lines

o 13737—025 / Thyroid C—cell line GLP-1 receptor functional data: CAMP accumulation and
calcitonin release

0 14725-062 / Further human C-cell lines

0 205295 / Investigation of the mitogenic potential of liraglutide in rats and human C-cell
lines

o 14718-007 / Calcitonin receptor binding studies

0 13736-092 / Liraglutide binding to rat gastrin (CCK2R) and bombesin (BB2R) receptors
in AR42J cells

0 040301 / Assessment of beta and non—beta cell mass in pancreatic islets of cynomolgus

monkeys treated with liraglutide for 52 weeks: ' ~— study 577863, NN study 200241
0 205106 / NNC 90-1170 single dose study in mice with subcutaneous administration

0 204268 / A 9 week exploratory study with reversibility in mice — Combined evaluation of

the in life phase, hormone analysis, molecular analysis, pathology, and statistical analysis

0 204289 / 13 week toxicity study in mice with subcutaneous administration. Calcitonin

determinations in mouse plasma

0 203281 / Effects on calcium homeostasis after a single subcutaneous administration to

male rats in a fasted condition — Combined evaluation of the in life phase, hormone

analysis, statistical analysis, and molecular analysis

1’(4)



203258 / The effects on calcium homeostasis after a single subcutaneous administration

to male rats in a nonfasted condition — Combined evaluation of the in life phase, hormone

analysis, and statistical analysis

203282 / Study on acute effects on calcium homeostasis related hormones after single
dose subcutaneous administration in fasted and calcium treated rats

203317 / Effects on calcium homeostasis related parameters and thyroid volume fractions

after up to six weeks daily subcutaneous administration followed by a 2 week
reversibility period in male rats — Combined evaluation of in life phase, hormone
analysis, and statistical analysis

204163 / Effects on plasma calcitonin, thyroid C-cell mass, and formation of antibodies
after up to 483 days daily subcutaneous administration in young aged male rats -
Combined evaluation of the in life phase including antibody analysis, calcitonin

204021 / Quantification of thyroid C-cells by digital image analysis on histological

sections prepared from specimens from studies 577863 (cynomolgus monkeys)

and 455476 (Crl: CD rats) [1(4)
203262 / Effects on calcium homeostasis related parameters after up to 87 weeks daily

subcutaneous administration in male and female cynomolgus monkeys — combined

evaluation of in life phase including thyroid histopathological evaluation

204402 / Study on the acute effects on calcitonin and toxicokinetics after single dose
subcutaneous administration in fasted mice

205074 / In vivo study with administration of NNC 0113-0000-0000 by subcutaneous

administration as bolus injections (once, twice, three times daily) or continuous infusion
in female mice

205050 / NNC 0113-0000—0000 and liraglutide. Study on calcitonin and toxicokinetics

after 3—days of subcutaneous administration in fasted male mice

205025 / Preliminary investigative study by subcutaneous administration (3 times a day)
to CD—1 mice for 2 or 13 weeks — Combined evaluation of the in life phase including

hormone analysis and C-cell pathology of the thyroid gland and molecular analysis

205205 / Investigatory toxicity study by osmotic minipump subcutaneous administration
to CD-1 mice for 12 or 16 weeks

2005 001 / Modeling of exendin-4 concentration and effect on plasma calcitonin in mice

2005 005 / Modeling of pharmacokinetics and effect on plasma calcitonin after once

daily dose administration of liraglutide
205121 / Characterization of the distribution of C—cells in thyroids from cynomolgus

monkeys
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2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

Carcinogenicity:

Subcutaneously injected liraglutide was a non—genotoxic carcinogen in 2 year repeat dose

studies causing thyroid c—cell tumors in male and female rats and mice and fibrosarcomas on the

dorsal surface (the body surface used for drug administration) in male mice. In Sprague Dawley

rats treated with 0.075, 0.25, or 0.75 mg/kg/day liraglutide for 104 weeks, liraglutide plasma

AUC0_24 values were approximately 0.5, 2.2, or 7.6 times the mean human plasma drug exposure

from a single 1.8 mg/day subcutaneous dose, respectively. Treatment-related thyroid c-cell

adenomas occurred at 3 0.25 mg/kg in males and at 3 0.075 mg/kg in females, c-cell carcinomas

occurred at 0.75 mg/kg in males, and combined c—cel] adenomas or carcinomas occurred at 3 0.25

mg/kg in males and at 3 0.075 mg/kg in females. In CD-1 mice treated with 0.03, 0.2, 1, or 3

mg/kg liraglutide for 104 weeks, liraglutide plasma AUC0_24 values were approximately 0.2, 1.8,

10, or 45 times the mean human plasma drug exposure from a single 1.8 mg/day subcutaneous

dose, respectively. Treatment-related thyroid c—cell adenomas occurred at 3 1 mg/kg in male and

female mice, combined c-ceil adenomas or carcinomas occurred at 3 1 mg/kg in females, and

fibrosarcomas on the dorsal skin and subcutis, the body surface for drug administration, occurred

at 3 mg/kg in males.

Special toxicology:

Mechanistic Studies ofLiraglutide-Induced Proliferative Thyroid C-cell Lesions in Rats and
Mice

To evaluate the human relevance of liraglutide-induced thyroid c—cell tumors, the sponsor

performed mechanistic studies to support their proposed mode of action that:

Circulating liraglutide binds to and activates GLP-l receptors on thyroid C—cells.

GLP-1 receptor activation on C-cells induces calcitonin release.
Continued calcitonin release leads to increased calcitonin synthesis.

Persistent stimulation of calcitonin secretion and synthesis in C-cells leads to C-cell

hyperplasia in rodents.

5. Long-term C-cell hyperplasia may lead to C-cell neoplasia in rodents.

ewwr

A schematic of the sponsor’s hypothetical mode of action is shown below.
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Fz’gu re 2 Key events in the process leading to rodent Cvcell proliferation after long-term

treatment with GLP-1 receptor (GLP—l R) agonisls

[N000 4.2.3.7.3 Assessment Document P15]

The key events are 1) persistent liraglutide-induced GLP-l receptor-mediated calcitonin release

from thyroid C-cells results in c—cell hyperplasia and 2) persistent hyperplasia progresses to

adenomas, then carcinomas. The sponsor proposed that GLP—1 receptor agonist-induced

calcitonin secretion from c-cells is more robust in rodents compared to primates, therefore this

mode of action is relevant to liraglutide induced C-cell tumors in rats and mice, but not humans.

Rats and mice have different susceptibilities to naturally occurring and xenobiotic—

induced thyroid c—cell tumors. In rats, plasma calcitonin, diffuse c—cell hyperplasia (considered a

physiologic response), focal c-cell hyperplasia (considered a preneoplastic lesion), and c—cell

adenomas increase with age. In Sprague Dawley rats, thyroid c-cell adenomas are common in
control groups of 2 year studies (incidence > 1%), but c-cell carcinomas are not (incidence < 1%).

In mice, focal c-cell hyperplasia, adenomas, and carcinomas are rare in control groups of 2 year

studies (incidence < 1%). In rats, proliferative c-cell lesions progress from diffuse hyperplasia to

focal hyperplasia to adenomas, but in mice, when adenomas occur, they are rarely preceded by

focal c-cell hyperplasia. Seven marketed drugs with rat thyroid c—cell tumor findings in their label

were identified (including exenatide), but none of them caused c-cell tumors in mice and a

mechanism for drug-induced c-cell tumors wasn’t established for any of them (see Overall

Conclusions and Recommendations section).

The sponsor used rat and human C-cell lines to characterize species differences in GLP-1

receptor agonist binding, signal transduction, coupling to calcitonin secretion, GLP-1 receptor

agonist-induced regulation of calcitonin and GLP-1 receptor transcription, or ligand-induced

mitogenesis. However, the behavior of the human TT cells, a thyroid C-cell line, did not agree

with previously published studies with respect to known mitogens or known calcitonin

secretagogues, therefore any differences in GLP-1 receptor agonist effects in rat and human cell

lines are not proof of species differences occurring in vivo.

Since rats and mice differ with respect to their susceptibility to drug-induced thyroid 0-

cell tumors and the incidence and course of development of spontaneous c-cell tumors,

mechanistic studies addressing the mode of action of liraglutide induced proliferative C-cell

lesions were considered separately.

Rats

Thyroid c—cell GLP-1 receptor in rats

There is no direct evidence of rat thyroid c-cell GLP-l receptors coupled to calcitonin

secretion. Rat c-cell GLP-l receptors are inferred from autoradiography of rat thyroid tissue using

radiolabeled GLP-l , in vitro pharmacology studies of GLP—1 receptor agonist binding and

13
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adenylyl cyclase activation in rat c—cell lines, GLP-1 receptor mRNA in rat c-cell lines, and GLP-

1 induced calcitonin secretion from perfused rat thyroid and rat c-cell lines.

Published studies suggest GLP-l receptors occur on rat thyroid c-cells, and studies with

perfused rat thyroid and rat c-cell lines suggest the receptor mediates calcium-dependent

calcitonin secretion. Autoradiography ofthyroid tissue slices labeled with 125l—GL1>—l(7—36)nmide
showed detectable GLP-l binding sites, but binding wasn’t attributed to a specific cell type

(Komer et al. J Nucl Med 48: 736—743, 2007). GLP-l receptors were demonstrated in rat c-cell

lines CA77 (Lamari et al, FEBS Lett. 393(2-3): 248 — 52, Crespel et a], Endocrin 137: 3674 — 80)

and MTC 6—23 (Vertongen et a1, Endocrin 135: 1537 — 42). In CA77 cells, GLP-1 receptor

mRNA was detected by RT—PCR amplification using transcript specific primers and by Northern

blot. GLP-l receptors in CA77 cells were coupled to adenylyl cyclase activation via Gs,

calcitonin secretion (up to 52% increase over baseline), and increased calcitonin mRNA (2.9

fold). GLP-1 receptor expression in MTC 6-23 cells were demonstrated by radioligand binding,

the presence of the receptor transcript by PCR amplification using receptor specific probes, and

GLP-1 (7-36)amide activation of adenylyl cyclase.

An immunohistochemical study of GLP-1 receptor in rat thyroid tissue sections stained

with anti-calcitonin antibodies to identify c-cells did not confirm because the specificity of the

rabbit polyclonal anti—human GLP-1 receptor antibody, K102B, wasn’t demonstrated (study

204370). GLP-1 receptor specificity of K102B was not adequately demonstrated because; 1)

K102B staining wasn’t blocked in the presence of the peptide antigen used to generate the

antibody and 2) Western blot analysis of protein from c-cell lines did not demonstrate GLP-1

receptor specific staining (study 205218). Furthermore, results from Western blots of SDS-PAGE

electrophoresed proteins from rat c-cell lines CA77 and MTC 6-23 and the human TT c-cell using

K102B were equivocal because stained proteins were unlikely to be GLP-l receptors (study

205218)

An in situ hybridization study of GLP—1 receptor mRNA in tissue sections from rats

showed GLP—1 receptor transcript levels were low to undetectable in thyroid, but much higher in

pancreas, a positive control (study 20040515PR4).

GLP-l receptors were demonstrated in rat thyroid c-cell lines CA77 and MTC 6—23 by

125l-GLl>l(7—37) radioligand binding (study 14725-006), GLP-1(7-36)-Lys(6-FAM) fluorescent
ligand binding (study205088), PCR amplification of the receptor transcript, and GLP-1 receptor

agonist induced CAMP accumulation (study 13737—025). GLP—1(7—37) was 48 fold more potent

than liraglutide at stimulating cAMP accumulation in MTC 6-23 cells. The presence of GLP-1

receptors in rat c-cell lines doesn’t confirm the presence of the receptor in thyroid c-cells in vivo.

C—cell GLP—1 receptor activation linked to calcitonin release

There is no direct evidence that rat thyroid calcitonin secretion is mediated by a c-cell

GLP-1 receptor. In subchronic and chronic repeat dose studies of liraglutide in male Sprague

Dawley rats, the magnitude of any effect was small, typically < 2 fold, and transient because it

didn’t persist after a few months of treatment. Although GLP-1 receptor agonist appear to

increase it, plasma calcitonin levels probably remain within a normal physiologic range and elicit

a counter-regulatory hypocalcemic response.

The best evidence for GLP-l mediated calcitonin release in rats comes from a published

study by Crespel (Endocrinol 137(9): 3674 — 3680). Perfusion of rat thyroid glands with 1 or 10

nM GLP—l in the presence of low calcium (1 mM) or high calcium (3 mM) showed GLP-l

induced calcitonin secretion was calcium dependent (Figure 5). However, it should be noted that

1 mM calcium is a subphysiologic concentration (4 mg/dL) whereas 3 mM is within a normal

physiologic range (12 mg/dL). Persistent calcitonin secretion in the presence of GLP-1 probably

doesn’t reflect normal physiology because the major counter-regulatory response, decreased

serum calcium (due to inhibition of osteoclast-mediated resorption), can’t occur.
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FIG. 5. Effect of glucagon (ll or tGLP-l (O) on calcitonin secretion
from perifused rat thyroid in the. presence of 1 mm calcium (A) and 3
mM calcium (B and C). A stabilization period of 120 min at 0.5 mM
calcium preceded the stimulation phase of90 mm at either 1 or 3 mm
calcium and was followed by a 30-min period at 0.5 mM calcium.
Perifusion beminated with of a 15-min period at 5 mm calcium for
viability control of each preparation. Results are the mean 2: SEM of
four to eight experiments and are expmzsed as a percentage of the
maximal secretion obtained at 5 mM calcium for each perifusion.

[Crespel et a1. Endocrinol 137(9): 3674 — 3680)]

This study also demonstrated GLP-l elicited calcitonin release from CA—77 cells, a rat c-cell line,
but calcitonin secretion from MTC 6—23 cells was calcium independent (Scherub et al Horm Met

Res [Suppl] 21 : l8 — 2]). Differences in calcium dependence of GLP-l elicited calcitonin release

from perfused thyroid and MTC 6—23 cells indicates cell lines may not accurately reflect

regulation of calcitonin secretion from c-cells in vivo.

GLP-1 receptor agonists induce calcitonin secretion from cultured MTC 6-23 cells with

the rank order potency expected for GLP-1 receptor mediation: exenatide (EC50 55 pM) > GLP-l

(1—37) (ECso 80 pM)>> liraglutide (EC50 5,300 pM). Calcium dose—dependently stimulated

calcitonin release from MTC 6-23 cells and liraglutide enhanced calcium-stimulated calcitonin

secretion. Pentagastrin, a potent calcitonin secretagogue in humans and rats, had no effect on

calcitonin secretion from rat MTC 6-23 cells suggesting that receptor-coupled calcitonin secretion

in the cell line was different from thyroid c—cells in vivo.

In young rats (~ 2 months old at the start of treatment), single and repeat dosing with

liraglutide for up to 6 weeks increased plasma calcitonin, but the effects didn’t persist in

chronically treated rats. Liraglutide-induced increased calcitonin provokes a counter-regulatory

response of decreased plasma calcium and subsequently, increased PTH. The effect of
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subcutaneously administered liraglutide on plasma calcitonin in rats was determined after single

doses and repeat dosing up to 69 weeks.

A single dose study of subcutaneously injected 0 (vehicle) or 0.75 mg/kg liraglutide in

male Sprague Dawley rats with monitoring plasma calcium parameters for up to 6 hours after

dosing showed plasma calcitonin was modestly, transiently, but significantly increased compared
to concurrent controls 0.5 and 1 hour after dosing and PTH levels increased 6 hours post-dose

(study 203281). The transient increase in calcitonin was countered by decreased blood calcium,
increased PTH, and increased excretion of calcium in urine (not monitored in this study). In

calcium loaded rats (intraperitoneal injection of 1 mM/kg calcium) treated with 0 or 0.75 mg/kg

liraglutide, calcitonin levels peaked within 15 minutes of dosing with higher levels in the

liraglutide group (study 203282). The magnitude of increased plasma calcitonin in response to

calcium loading was > 10 fold greater than any increase due to liraglutide. Plasma calcitonin

levels were similar or below control group levels from 0.5 — 6 hours after dosing. Within 24 hours

of a single s.c. injection of 0 or 0.75 mg/kg liraglutide to male Sprague Dawley rats, liraglutide
increased urine volume and calcium excretion, but without significantly increasing plasma

calcitonin. Decreased plasma calcium was considered an effect of increased calcium excretion,

and increased PTH was a counter-regulatory response to decreased plasma calcium.

A 6 week study of 0 or 0.75 mg/kg liraglutide injected s.c. once a day to male Sprague

Dawley rats included a 4 week interim sacrifice group, a 2 week recovery group. On day 45,

fasting treated rats were calcium loaded to determine its effect on any liraglutide-induced changes

in plasma PTH and calcitonin. Calcium loading vehicle or liraglutide treated rats on day 45

markedly reduced plasma PTH and increased calcitonin with return to baseline levels within 24

hours after calcium loading. Calcitonin levels in the liraglutide—treated group trended higher than

concurrent controls in non-fasted rats sampled in week 4 and in fasted rats sampled in week 5.

After a 2 week recovery period, plasma calcitonin levels in rats treated with liraglutide for 6
weeks trended lower than concurrent controls.

In a chronic repeat dose study of liraglutide in young and old male Sprague Dawley rats,

any liraglutide-related increase in plasma calcitonin was transient and occurred early in treatment.

In a 69 week repeat dose study of 0 (vehicle), 0.025, 0.25, or 0.75 mg/kg/day liraglutide in young

male Sprague Dawley rats (2 months old) treated for 7, 10, 13, or 16 months or aged rats (8

months old) treated for 1, 4, 7, or 10 months, calcitonin levels were > 1.3 fold higher than

concurrent controls prior to and after dosing at 0.25 and 0.75 mg/kg/day on day 28 in young rats,

and at 0.75 mg/kg/day in aged rats. Calcitonin levels > 1.3 fold higher than concurrent controls

occurred sporadically at all doses in aged rats, but the increase was small (at or near 1.3) and
these increases were considered incidental because they weren’t related to dose, duration of

therapy, or time of drug administration. Calcium levels were unaffected by liraglutide treatment.

GLP—1 receptor agonist—induced calcitonin release increases calcitonin synthesis
In normal rats, a single dose of liraglutide decreased thyroid calcitonin peptide and

mRNA levels, but in calcium loaded rats, it increased both. Repeat dosing up to 4 weeks did not

significantly increase thyroid calcitonin transcript levels.

A single subcutaneous injection of 0.75 mg/kg liraglutide decreased thyroid calcitonin

and calcitonin transcript levels in fasted rats, but in calcium loaded rats, liraglutide increased

thyroid calcitonin and calcitonin transcript levels. Thyroid calcitonin and calcitonin transcript
levels were determined 6 hours after a single subcutaneous injection of 0 (vehicle) or 0.75 mg/kg

liraglutide to male Sprague Dawley rats (study 203281) or calcium loaded rats (single

intraperitoneal injection of l mM/kg calcium). Calcium loading reduced thyroid calcitonin up to

2.2 fold up to 6 hours in vehicle treated controls, but in the liraglutide group, calcitonin levels

were up to 4.7 fold higher than concurrent controls 6 hours after calcium loading. In fasted rats

(without calcium loading), liraglutide decreased thyroid calcitonin up to 2.7 fold up to 6 hours

compared to controls. Calcium loading liraglutide treated rats resulted in increased thyroid
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calcitonin up to 3.8 fold up to 6 hours after dosing indicating concurrent liraglutide treatment and

calcium loading increases calcitonin synthesis, whereas liraglutide treatment alone or calcium

loading alone do not. In fasted rats, liraglutide decreased thyroid calcitonin mRNA up to 3.5 fold

compared to controls, for up to 6 hours after dosing whereas calcium loading increased calcitonin

mRNA levels in liraglutide treated rats.

After 4 weeks of dosing male Sprague Dawley rats with 0 or 0.75 mg/kg/day liraglutide

(s.c. injections once a day), there were no treatment—related differences in relative thyroid

calcitonin mRNA levels (study 203317).

Persistent c-cell stimulation (persistent elevatedplasma calcitonin) leads to c-cell hyperplasia

There was no compelling evidence of liraglutide-induced diffuse thyroid c-cell

hyperplasia, an expected physiologic response to increased calcitonin demand, but liraglutide

increased the incidence of age-dependent focal c-cell hyperplasia, a preneoplastic lesion. There

was no evidence of diffiJse c-cell hyperplasia preceding focal hyperplasia in liraglutide—treated

rats. Liraglutide appears to be a tumor promoter in rats because liraglutide-induced focal c-cell

hyperplasia was age—dependent while liraglutide-induced c-cell tumors were treatment-duration

dependent.

Treatment with up to 1 mg/kg/day liraglutide subcutaneously injected once a day in male

and female Sprague Dawley rats for up to 26 weeks, did not increase the incidence of focal

thyroid c-cell hyperplasia or c-cell adenoma. In a 2 year repeat dose carcinogenicity study of O,

0.025, 0.25, or 0.75 mg/kg/day liraglutide, an increased incidence and severity of focal thyroid 0-

cell hyperplasia was dose-related at 3 0.25 mg/kg/day in males and females. Retrospective

quantitative analysis of thyroid c—cells in rats from the 26 week chronic rat toxicity and the 104
week carcinogenicity study did not find any evidence of liraglutide-induced diffiJse c-cell

proliferation or any effect on the ratio of thyroid c-cells to follicular cells in the high dose groups

(1 mg/kg/day liraglutide in the 26 week study and 0.75 mg/kg/day in the 104 week study).

In a repeat dose study of 0 or 0.75 mg/kg/day liraglutide administered to male Sprague

Dawley rats for up to 6 weeks with BrdU administered within 48 hours of the terminal sacrifice to

label proliferating cells, group mean absolute and relative thyroid weight in the liraglutide treated

group was significantly lower than concurrent controls. However, quantitative analysis of c—cells

(immunoreactive with anti-calcitonin antibody) and BrdU labeled c-cells showed despite

differences in thyroid weight, there were no treatment-related differences in follicular cell

volume, c-cell volume, or volume of proliferating c-cells. Elevated plasma calcium increases

calcitonin secretion from thyroid c-cells in rats and mice, but elevated calcium doesn’t necessarily

result in c-cell hyperplasia. Hypercalcemia induced by hypervitaminosis D3 in rats (25,000

IU/day D3 concurrently administered with or without CaClz) did not cause c-cell hyperplasia

(Femandez-Santos et a1, Histol Histopathol. (2001) 16(2):407—14).

To determine the time course and characteristics of liraglutide—induced c-cell hyperplasia,

the sponsor carried out single and repeat subcutaneous dose studies of up to 69 weeks with

monitoring of calcium parameters including plasma calcium, calcitonin, and PTH, and

quantitative and qualitative thyroid microscopic pathology. In a repeat dose study of 0, 0.075,

0.25, or 0.75 mg/kg/day liraglutide injected once a day in young (2 months old) or old (8 months

old) male Sprague Dawley rats for up to 69 weeks with sacrifices occurring after 30, 43, 56, and

69 weeks for young rats and 4, 17, 30, or 43 week for aged rats (study 204163), focal thyroid c-

cell hyperplasia first occurred in the 075 mg/kg/day group after 30 weeks of dosing in young rats

and after just 4 weeks of dosing in aged rats. The age of onset, 9 months, was the same in both

young and aged rats. C-cell adenomas first occurred in the 0.75 mg/kg/day group after 30 weeks

of dosing in young or aged rats (9 months at age of onset in young rats, 15 month age of onset in

aged rats), so the duration of treatment was the same, 30 weeks. In young rats, both focal c-cell

hyperplasia and adenoma occurred after 30 weeks of treatment. Therefore, liraglutide—induced

focal c-cell hyperplasia appears to age-dependent, but liraglutide-induced c—cell adenomas are
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treatment-duration dependent. Although c-cell carcinomas occurred in a 104 week rat carcinogen

bioassay, c-cell carcinomas didn’t occur in “young rats” treated for up to 69 weeks or “aged rats”

treated for up to 43 weeks in repeat dose mechanistic studies using the same doses.

Persistent liraglutide-induced c-cell hyperplasia progresses to c-cell neoplasms

Progression of liraglutide—induced focal thyroid c-cell hyperplasia to adenoma was

treatment-duration dependent, but it occurred in the absence of any evidence of persistent

elevated plasma calcitonin over and above the age-related increase that normally occurs in rats.

Repeat dose mechanistic studies of subcutaneously administered liraglutide up to 69 weeks in

young male Sprague Dawley rats and up to 43 weeks in aged rats showed liraglutide-induced

focal thyroid c-cell hyperplasia was age dependent. In a 2 year repeat subcutaneous dose

carcinogenicity study of 0.03, 0.2, 1, or 3 mg/kg/day liraglutide in Sprague Dawley rats, a strain

not susceptible to thyroid c—cell tumors, the NOAEL for focal c-cell hyperplasia was < 0.075

mg/kg/day liraglutide in males and 0.075 mg/kg/day in females with minimal to marked c-cell

hyperplasia occurring at the lowest observed effect level (LOEL) in both sexes (0.075 mg/kg/day
in males and 0.25 mg/kg/day in females). C-cell adenomas occurred at _>_ 0.25 mg/kg/day in males

and at 3 0.075 mg/kg/day in females. The LOEL for c-cell adenomas in females was lower than

the LOEL for hyperplasia. The incidence of c-cell carcinomas exceeded the concurrent and

historical control range occurred at 3 0.075 mg/kg/day in males and at 3 0.25 mg/kg/day in

females. In the 2 year carcinogenicity study, the incidence of combined c—cell tumors (adenoma/

carcinoma) exceeded the incidence of focal hyperplasia at _>_ 0.25 mg/kg/day in males and at 0.75

mg/kg/day in females. Although a prolonged period of diffuse and nodular c-cell hyperplasia and

elevated serum calcitonin typically precedes the development of c-cell tumors in both humans

and rats, that didn’t occur in the mechanistic studies of liraglutide induced c-cell tumors in rats.

Mice

Thyroid c—cell GLP-1 receptor in mice

Immunohistochemical and in situ hybridization studies of GLP-1 receptors in mouse

thyroid did not provide sufficient evidence of GLP-1 receptors on c-cells.

A published autoradiographic ligand binding study of [1251]GLP-1(7-36) in thyroid tissue
sections from mice showed mice are heterogeneous with specific tissue binding occurring in

thyroid from 3/6 mice (Korner M et al, J Nucl Med(2007) 48: 736-743). Mouse thyroid cell

type(s) labeled by [1251]GLP-1(7-36) were not identified.
An immunohistochemical colocalization study using mouse thyroid tissue slices was

equivocal for colocalization of GLP-1 receptor and calcitonin immunoreactivities on the same

cells because GLP—1 receptor immunoreactivity was weak and the specificity of the anti—GLP-l

receptor antibody was not demonstrated. The specificity of K100B, a polyclonal rabbit anti-

human GLP—1 receptor antibody, was not adequately demonstrated because; 1) the antibody

stained pancreas from GLP-1 receptor knockout mice and 2) immunohistochemical staining in the

presence of the peptide antigen used to generate the antibody did not block staining.

An in situ hybridization study of GLP-l receptor mRNA in tissue sections from mice was

equivocal with low to undetectable levels of GLP-1 receptor transcript in thyroid, but much

higher levels in pancreas, a positive control.

C-cell GLP—1 receptor activation linked to calcitonin release
There were no in vitro studies in mouse thyroid c-cells or mouse c-cell lines linking GLP-

1 receptor activation to calcitonin release. There is no direct evidence of liraglutide induced, .

thyroid c-cell GLP-1 receptor mediated calcitonin release in mice, but GLP-1 receptor agonists

liraglutide and exenatide increase plasma calcitonin and thyroid calcitonin mRNA in mice prior

to inducing focal c—cell hyperplasia. The magnitude of any GLP-1 receptor agonist elicited

increase in plasma calcitonin was substantially smaller than that of intraperitoneally injected
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calcium. There was a trend of increased plasma calcitonin after the first liraglutide dose, and

increased plasma calcitonin was sustained for up to 2 years of continuous treatment in a mouse

carcinogenicity study. Focal c—cell hyperplasia develop after 4 — 9 weeks of liraglutide treatment

and neoplasms develop after 64 weeks. Proliferative c-cell lesions account for increased basal and

GLP-1 receptor agonist stimulated calcitonin release in liraglutide-treated mice.

A methodological issue confounded results from studies of GLP-1 receptor agonist

effects on plasma calcitonin in mice. Mouse plasma calcitonin was quantified using a rat
calcitonin immunoradiometric assay (IRMA), but reports of the sensitivity, specificity, and

validity of the assay for mouse calcitonin weren’t submitted to the NDA (reports 205089 &

205189). Although peptide sequences of rat and mouse calcitonin differ by only a single amino
acid, cross-reactivity of the rat IRMA with human calcitonin is only 12%, despite human and rat

sequences differing by only 2 amino acids.

A recently published study characterizing bone and mineral homeostasis in GLP—1

receptor deficient mice supports the sponsor’s hypothesis that the GLP-1 receptor showed

receptor signaling is linked to bone resorption by a calcitonin dependent pathway (C. Yamada et
al., Endocrinology (2008) 149(2):574—579). GLP—1 receptor knockout mice had increased

osteoclasts, increased bone resorption, and decreased thyroid calcitonin mRNA, but plasma levels
of ionized calcium and intact PTH were unaffected. Administering 10 IU/kg eel calcitonin

suppressed elevated urinary excretion of deoxypyridinoline, a biomarker of increased bone

resorption, in GLP-1 receptor knockout mice. Furthermore, GLP-1 receptor agonists don’t

directly affect osteoclast or osteoblast activity.

The effect of subcutaneously administered liraglutide and exenatide on plasma calcitonin

in mice was determined after single and repeat dosing. Plasma calcitonin levels were measured

for up to 16 weeks of exenatide treatment and up to 2 years of liraglutide treatment.

Single bolus subcutaneous doses of 0.2, 1, or 3 mg/kg liraglutide increased calcitonin in

CD-1 mice (male and females combined)1.8, 2.4, or 2.4 fold compared to concurrent controls,

respectively, within 1.5 to 36 hours after dosing. In nearly all dose groups at all time points, some
mice were considered liraglutide non-responsive because plasma calcitonin levels were within the

range of values for the control group.

In a 3 day repeat subcutaneous dose study of 0.06 or 25 mg/kg/day liraglutide in male

CD-1 mice, day 3 pre-dose group mean plasma calcitonin dose-dependently increased in both

liraglutide groups. However, there was evidence that some high dose group mice didn’t respond

to liraglutide treatment (plasma calcitonin < 50 pg/mL).

Liraglutide increased plasma calcitonin within 2 weeks of daily subcutaneous dosing in
CD-1 mice, the increase was sustained with continued treatment for up to 9 weeks, and it was

reversed within 6 weeks after treatment was stopped. In a 9 week study of 0.2 or 5 mg/kg/day

liraglutide in CD-1 mice, the time course of liraglutide effects on plasma calcitonin were

determined prior to dosing and 0.5 and 3 hours after on day 14 and at a single time point after

dosing on days 14 and 63 (at the end. of 2 and 9 weeks of treatment). Liraglutide increased plasma
calcitonin in males 0.5 and 3 hours after dosing on day 14 and in females, calcitonin was above

concurrent control levels 3 hours after dosing at 0.2 mg/kg/day and at all time points in females

treated with 5 mg/kg/day. In males, calcitonin was increased only at 5 mg/kg/day and only at the
end of the of the 9 week treatment period, but in 5 mg/kg/day liraglutide females, calcitonin was
elevated after 2 and 9 weeks. Calcitonin levels in both males and females in the 5 mg/kg/day

group returned to control group levels by the end of a 6 week recovery period.

In a 13 week repeat subcutaneous dose toxicity study of 0.2, l, or 5 mg/kg/day liraglutide

in CD—1 mice, plasma calcitonin levels increased at all liraglutide doses within 24 hours post—dose
after the first dose and in week 13. In a 2 year carcinogenicity study of 0.03, 0.2, 1, or 3

mg/kg/day liraglutide subcutaneously injected once a day, plasma calcitonin was measured in
weeks 26, 52, and 104. Group mean calcitonin in males was significantly higher the concurrent

control group at 3 0.2 mg/kg/day in week 26 (male and female), then at all doses in weeks 52
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and 104. In females, calcitonin increased at 3 0.2 mg/kg/day liraglutide in weeks 26 and 52, and
at all doses in week 104. Between weeks 26 and 104, group mean plasma calcitonin increased

more than 2 fold at 3 mg/kg/day in males and females, but not at lower doses. Proliferative C-cell
lesions in liraglutide treated mice accounts for increased calcitonin at 3 mg/kg/day at the end of
the carcinogenicity study.

To support their hypothesis that liraglutide-associated increased plasma calcitonin is
GLP-1 receptor mediated, the sponsor evaluated the effects of a second agonist, exenatide, on
plasma calcitonin and proliferative c-cell lesions in mice. Pharmacokinetic / pharmacodynamic
modeling of liraglutide effects on plasma calcitonin in mice indicated that more frequent or
continuous dosing with exenatide would be necessary to achieve comparable effects on plasma
calcitonin due the shorter elimination half life of exenatide compared to liraglutide.

In a single subcutaneous bolus dose study of 0.25, 1, or 5 mg/kg exenatide in CD-1 mice,
exenatide had little or no discemable affect on plasma calcitonin for up to 24 hours after dosing,

particularly compared to the robust response elicited by intraperitoneal infusion of calcium.
Because of its short half life, exenatide was administered more frequently, up to 3 times

daily, by subcutaneous bolus dosing or by continuous subcutaneous infusion using implanted
ALZet osmotic minipumps.

Subcutaneous bolus injections of 0.25 mg/kg/day exenatide once a day or in divided
doses 2 or 3 times a day (0.125 or 0.083 mg/kg/injection, respectively) in female CD—1 mice
didn’t affect plasma calcitonin levels after 2 days of treatment, but continuous subcutaneous
infusion of 0.25 mg/kg/day liraglutide (ALZet osmotic minipump) significantly increased plasma
calcitonin above control group levels on study day 2.

In a 3 day repeat subcutaneous bolus injection study of 0.06 or 0.25 mg/kg/day exenatide
administered once a day or 0.03 or 0.125 mg/kg/injection administered twice a day (0.06 or 0.25

mg/kg/day) to male CD—1 mice, day 3 predose plasma calcitonin levels were higher in mice dosed
twice a day, but there was no significant difference between 0.03 and 0.125 mg/kg/injection
doses. Within 6 hours after dosing, plasma calcitonin levels were similar to controls. The effect of

once a day exenatide dosing on plasma calcitonin was minimal.
In a repeat subcutaneous dose study of 0.083, 0.33, or 1.67 mg/kg/injection exenatide

administered 3 times daily, (0.25, 1, or 5 mg/kg/day total dose) for 2 weeks, group mean

calcitonin was significantly higher in all exenatide treated groups; up to 6.2 fold higher than
concurrent controls in males and up to 8.1 fold higher in females. In a 13 week study of .33

mg/kg/injection exenatide administered 3 times daily for 8 days (1 mg/kg/day total dose)
followed by 1 mg/kg/injection administered 3 times daily for 12 additional weeks (3 mg/kg/day
total dose), calcitonin levels were significantly increased in exenatide treated males, but not in
females, at the end of the 13 week period. At the end of the 13 week treatment with multiple daily
subcutaneous injections of exenatide, increased plasma calcitonin and increased thyroid
calcitonin mRNA lacked correlative focal c—cell hyperplasia in males.

Plasma calcitonin levels were determined in a 16 week repeat dose study of 0.25 or 1

mg/kg/day exenatide administered by continuous subcutaneous infusion or 0.25 mg/kg injected
once a day in CD-1 mice. Compared to concurrent controls, daily subcutaneous injections of 0.25
mg/kg/day did not significantly increase plasma calcitonin levels after 12 or 16 weeks of
treatment. In mice treated by continuous infusion, calcitonin levels were higher than concurrent
controls in weeks 4, 8, 12 and 16. In weeks 12 and 16, calcitonin levels in exenatide groups

treated by continuous infusion were at least 4 fold lower than in weeks 4 and 8, probably because
treatment was stopped 24 hours prior to sampling in weeks 12 and 16, but in weeks 4 and 8,

samples were taken while treatment was ongoing.

Pharmacokinetic / pharmacodynamic modeling of exenatide effects on plasma calcitonin
in mice, using an EC90 of 270 pM exenatide to increase plasma calcitonin, estimated continuous
infusion of 0.25 mg/kg/day would be sufficient to cause sustained elevated blood levels of
calcitonin while subcutaneous bolus injections of5 1.67 mg/kg/injection administered 3 times
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daily would not. This modeling result is consistent with the absence of thyroid c-cell proliferative

lesions in a carcinogenicity study of 0, 0.018, 0.08, or 0.25 mg/kg/day exenatide subcutaneously

injected once a day in CD-1 mice for up to 98 weeks in males and up to 96 weeks in females and

the presence of c—cell hyperplasia in mice after 12 or 16 weeks of treatment with a constant

subcutaneous infusion of 0.25 or 1 mg/kg/day exenatide for 12 or 16 weeks.

GLP-1 receptor agonist—z'nduced calcitonin release increases calcitonin synthesis

There is no direct evidence of liraglutide induced, thyroid c-cell GLP-1 receptor mediated

calcitonin release in mice, but GLP-1 receptor agonists liraglutide and exenatide increase plasma

calcitonin and thyroid calcitonin mRNA prior to inducing focal c—cell hyperplasia. A recently

published study showed GLP—1 receptor knockout mice (Glp-lr'/') mice had cortical osteopenia,
bone fragility, increased numbers of osteoclasts, increased bone resorption, higher levels of

urinary deoxypyridinoline (a marker of bone resorption), and reduced levels of thyroid calcitonin

mRNA (Yamada et al. Endocrin (2008), 149(2):574—579). GLP—l had no direct effect on

osteoclasts and osteoblasts, so in mice, GLP—l receptors control bone resorption through a

calcitonin-dependent pathway. Subcutaneous injection of 24 nmol/kg exenatide (90 meg/kg)

increased calcitonin transcript levels in thyroid of wild-type mice, and calcitonin transcript levels

were significantly reduced in GLP-1 receptor knockout mice (see Figure 4 below from Yamada et

a1., Endocrinology (2008) l49(2):574—579) without affecting blood levels of ionized calcium or

iPTH (data not shown) .

60W] rigid“ MA’FE’IZlAb

FIG. 4. Calcitonin deficiency resulted in increased bone resorption in Glp-lr'I‘ mice. C,
Relative expression levels of calcitonin mRNA in thyroid from WT mice injected ip with
PBS or 24 nmol/kg exendin-4 (Ex-4) 6 h before RNA isolation. Values are expressed as
means +/- SE; n = 5 mice per group. *, P < 0.01, PBS vs. exendin-4 treatment. D,
Relative expression levels of calcitonin mRNA in thyroid from WT and Glp-lr‘I‘ mice
determined by quantitative real—time PCR. Values are expressed as means +/- SE; n = 4
mice per group. *, P < 0.05; **, P < 0.01, WT vs. Glp-lr'l' mice.

[Excerpted from Yamada et al. Endocrin (2008), l49(2):574—579]

In a 9 week study of 0, 0.2, or 5 mg/kg/day liraglutide in CD-1 mice, thyroid calcitonin

mRNA levels in the 5 mg/kg/day group significantly increased 3.9 fold over concurrent controls.

After 2 weeks of repeat subcutaneous dosing with O, 0.083, 0.33, or 1.67 mg/kg/injection

exenatide administered 3 times daily, (0.25, l, or 5 mg/kg/day total dose), calcitonin mRNA

levels in thyroid were significantly, dose—dependently increased 2.3 - 4.8 fold at 0.25, l, and 5

mg/kg/day exenatide, and GLP-1 receptor mRNA was unaffected.

Persistent c—cell stimulation (persistent elevatedplasma calcitonin) leads to c-cell hyperplasia

Evaluation of GLP-1 receptor agonist-induced c-cell hyperplasia in mice was confounded

by inconsistent definitions of c—cell hyperplasia across studies. A Pathology Peer Review and

Pathology Working Group Review to peer review thyroid c-cell histopathology findings in 4, 9,

and 13 week studies in mice, chaired by Peter C. Mann, DVM, reached a consensus diagnosis for

c-cell findings in these studies.

To determine the time course of liraglutide-induced thyroid c-cell hyperplasia in CD-1

mice, c—cells in thyroid tissues sections were identified by calcitonin immunoreactivity and

21



Reviewer: Anthony L Parola, PhD NDA No. 22-341

examined microscopically from mice treated with subcutaneously injected liraglutide for 2 weeks

(study 204338), 4 weeks (study 203261), 9 weeks (study 204338), or 13 weeks (study 203261)

and for 2 years. In the 9 week study, the time course of reversal of c-cell hyperplasia was

determined after 6 and 15 week recovery periods.

In a 9 week study of 0, 0.2 or 5 mg/kg/day liraglutide with an interim sacrifice in week 2

and recovery periods lasting 6 or 15 weeks, there were no qualitative or quantitative microscopic

changes in thyroid c-cells in week 2. After 9 weeks of treatment, a low incidence of minimal c-

cell hyperplasia occurred in males at 3 0.2 mg/kg/day (1/16 at 0.2 or 5 mg/kg/day), and a dose-

related increased incidence and severity of up to mild c—cell hyperplasia occurred in females at 3

0.2 mg/kg/day (1/16 at 0.2 mg/kg/day, 6/16 at 5 mg/kg/day). C-cel] hyperplasia was fully

reversed in males and partially reversed in females at the end of a 6 week recovery period, and

after a 15 week recovery period, minimal hyperplasia only occurred in 1/16 females at 5

mg/kg/day. In a 4 week repeat subcutaneous dose toxicity study of 0, 0.1, 0.5, 1, or 5 mg/kg/day

liraglutide in CD-1 mice, minimal to moderated c-cell hyperplasia occurred in 2/10 females in the

5 mg/kg/day group, but review of the finding by the Pathology Working Group dismissed the

finding as “developmental disturbances associated with incomplete filsion of the ultimobranchial

duct with the thyroid lobe resulting in only partial delivery of c-cells in the thyroid, and were not
considered related to treatment.”

In a 13 week repeat dose study of 0, 0.2, 1, or 5 mg/kg/day liraglutide in CD-1 mice,

dose-related increased incidence and severity of minimal to mild c—cell hyperplasia occurred at 3

0.2 mg/kg/day in males and females. The Pathology Working Group agreed with the study

pathologists diagnosis of c—cell hyperplasia, but disagreed with the characterization as focal.

Persistent calcitonin release resulting in C-cell hyperplasia would expected for treatments

that induce hypercalcemia in mice and rats. However, hypercalcemia induced by implanting

canine CAC8 adenocarcinomas in nude mice (Okada et a1., Vet Path (1994) 341: 339-347) or

hypervitaminosis D3 in rats (25,000 IU/day D3 concurrently administered with or without CaClz)

(Femandez—Santos et a1, Histol Histopathol. (2001) 16(2):407—14) did not cause c-cell

hyperplasia. These results suggest that hypercalcemia itself may not be sufficient to induce c—cell

hyperplasia in rats or mice.

Persistent liraglutide-induced c-cell hyperplasia progresses to c—cell neoplasms

Repeat dose studies of subcutaneously administered liraglutide up to 13 weeks in CD-1

mice showed focal thyroid c-cell hyperplasia occurred after 3 9 weeks of treatment, and

liraglutide—induced hyperplasia was largely reversible in males and females. Diffuse hyperplasia,

an expected physiologic response to increased calcitonin demand, was not liraglutide treatment

related. In a 2 year repeat subcutaneous dose carcinogenicity study of 0.03, 0.2, 1, or 3 mg/kg/day

liraglutide, the NOAEL for proliferative c—cell lesions was 0.03 mg/kg/day with minimal to

marked focal c-cell hyperplasia occurring at 3 0.2 mg/kg/day in males and females, c-cell

adenomas occurring at 3 1 mg/kg/day in males and females, and c-cell carcinomas occurring at 3

mg/kg/day in females. In the 2 year study, focal c—cell hyperplasia was considered a preneoplastic
lesion because:

1. the incidence and severity of focal hyperplasia increased with dose in both males and
females.

2. focal hyperplasia occurs at lower doses than c—cell tumors

the incidence of focal c—cell hyperplasia in mice with adenomas in the 3 mg/kg/day group
was 56% in males and 33% in females.

4. in decedents, a finding of c-cell hyperplasia preceded c-cell tumors by 17 weeks in both
males and females.

Lo.)

Cynomolgus Monkeys
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Subcutaneously administered liraglutide had no effect on plasma calcitonin, thyroid c-cell

proliferation, or calcium homeostasis parameters including plasma calcium and iPTH in studies

up to 87 weeks long. Four mechanistic studies were performed: 1) immunohistochemical

colocalization of calcitonin and GLP—1 receptor immunoreactivity in thyroid and pancreas tissue

sections, 2) in situ hybridization determining GLP—1 receptor transcript levels in c—cells of thyroid

tissue sections and pancreatic tissue, 3) quantifying c-cells in thyroid tissue sections from control

and high dose monkeys from a pivotal 52 week repeat dose toxicity study, and 4) determining

calcium homeostasis parameters (plasma calcium, iPTH, and calcitonin) and thyroid

histopathology in monkeys treated with 0, 0.25, or 5 mg/kg/day liraglutide for up to 87 weeks.

In a dedicated study characterizing thyroid c-cells in male and female cynomolgus

monkeys (study 205121), the sponsor determined calcitonin immunoreactive c-cells were

primarily located in the middle third of each thyroid lobe in clusters of 2 to 10 cells attached to

thyroid follicular epithelium or in parafollicular positions (cell clusters between follicles).

type(s) labeled by [1251]GLP-1(7-36) were not identified.
GLP—l receptors were not localized on thyroid c-cells in monkeys. An

immunohistochemical colocalization study using monkey thyroid tissue slices was equivocal for

colocalization of GLP-1 receptor and calcitonin immunoreactivities on the same cells because

GLP—1 receptor immunoreactivity was weak and the specificity of the anti-GLP-l receptor

antibody, KlOOB, was not demonstrated (study 204370). The specificity of KIOOB, a polyclonal

rabbit anti-human GLP-1 receptor antibody, was not adequately demonstrated because; 1) the

antibody stained pancreas from GLP-1 receptor knockout mice and 2) immunohistochemical

staining in the presence of the peptide antigen used to generate the antibody did not block

staining. An in situ hybridization study of GLP—1 receptor mRNA in tissue sections from

monkeys was equivocal with undetectable levels of GLP-1 receptor transcript in thyroid, but

much higher levels in pancreas, a positive control (study 20040515PR4).

Repeat subcutaneous dosing of up to 5 mg/kg/day liraglutide for up to 87 weeks in

cynomolgus monkeys had no effect on plasma calcitonin or thyroid c-cells. In a definitive 52

week chronic toxicity study in monkeys, there were no thyroid c-cell proliferative lesions or

plasma calcium changes. PCNA immunohistochemical staining thyroid tissue from control group

and 5 mg/kg/day high dose monkeys in the 52 week study showed liraglutide had no effect on 0-

cell proliferation. In an 87 week mechanistic study identifying calcitonin immunoreactive c-cells

in thyroid tissue sections of monkeys treated with 0, 0.25, or 5 mg/kg/day liraglutide, high plasma

liraglutide levels interfered with the anti—liraglutide antibody screening and neutralization assays,

and in the absence of any pharrnacodynamic effect, the inability to characterize the anti-

liraglutide antibody response confounds interpretation of the study. In the 87 week study, single

or repeat doses of 0.25 or 5 mg/kg liraglutide had no effect on plasma calcium, plasma calcitonin,

plasma iPTH, or calcium-induced secretion of calcitonin or iPTH. At the end of 87 weeks,

liraglutide had no effect on macroscopic or microscopic pathology of calcitonin immunoreactive

thyroid c-cells.

2.6.6.8 Special Toxicology Studies: Mechanistic studies of liraglutide—induced thyroid c-cell

proliferative lesions

GLP-I Receptor Localization and Signaling

 
  

Immunohistochemical studies of thyroid tissue sections from mice, rats, cynomolgus
monkeys and humans using anti—calcitonin antibody to identify c-cells and an anti-GLP—l

receptor antibody to determine if c-cells express GLP-l receptors were inconclusive. A
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fluorescent Alexa488—labeled anti-human calcitonin polyclonal antibody and a primary rabbit

anti—human GLP-1 receptor polyclonal antibody (recognizing the receptor’s amino terminus)
labeled with chromogenic secondary goat anti-rabbit secondary antibody coupled to HRP

(biotinylated antibody, avidin coupled HRP) were used for colocalization. Three different rabbit
anti—human GLP—1 receptor antibodies were produced. Due to species differences in GLP-1

receptor immunoreactivity, antibody KlOOB was used to stain human, mouse, and monkey tissues
and K102B was used for rat tissues. Pancreas tissue slices were used for GLP-1 receptor positive

controls in all 4 species. Results using human tissues were already presented. Specificity of both
anti-GLP—lR polyclonal antibodies (Kl 00B and KIOZB) was not demonstrated because in both
cases, staining was weak and staining wasn’t blocked or it was only partially blocked by

preincubation with the antigenic peptide. Furthermore, K1 00B stained cells in thyroid and
pancreas from GLP—l R knockout mice, and Western blot of GLP—lR containing cell lines using
K102B didn’t demonstrate receptor specific labeling.

The figures below show specific calcitonin staining (left) and only weak GLP-lR staining
in rat thyroid.

Rat, Calcimnin (ELF-i R
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Figure 7 shows calcitonin immunoreactivity in rat thyroid was strongly labeled, but GLP-1
receptor labeling with K102B was weak with questionable specificity because staining wasn’t
blocked by preabsorption of the antibody with the GLP—1 receptor peptide antigen (data not
shown). Figure 8 shows K102B stained specific cells in rat pancreas, a GLP-lR positive control,
but stained cell types were not determined.

Figure 7 Thyroid gland serial st-uinned. rm
Cnicitmriu   
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Figure 8 i’ancreas scriai sectioned. ml
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In mouse thyroid tissue sections stained with A1exa488-labeled anti-human calcitonin

polyclonal antibody or KlOOB, a polyclonal anti-GLP-IR antibody, calcitonin staining had high
background 1evels(Figure 1, left). GLP—l R staining was evident in one calcitonin positive cell

(Figure 1, right, enclosed in a square), but other cells not labeled by anti-calcitonin antibody were
also stained by KIOOB.

Figure 1 Mouse and rat thyroid gland, double staining
Mouse. ("a Ianin

 
[NOOO 4.23.7.3 P19]

 
Figure 3 shows calcitonin immunoreactive cells in mouse thyroid, but GLP-1 receptor
immunoreactivity with KlOOB was weak and specificity wasn’t clearly demonstrated because

preabsorption of the antibody with the GLP—lR peptide antigen had little effect on staining.
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Figure 4 shows specific cell staining by K1 00B in mouse pancreas, a GLP-lR positive control.
However, the specificity of K102B was not clearly demonstrated because staining was only

partially blocked by preincubating the antibody with the antigenic peptide.Figure 4 Pilitrrms «rial salioned. mouse

Contra! Scrum

   
[N000 4.2.3.7.3 P22]

K100B cell staining in thyroid and pancreas tissue sections from GLP-1 receptor

knockout mice, GLP—lR negative control tissues, was similar to wild type mice. GLP-1 receptor

staining in GLP-lR knockout mice was attributed to expression of a non—functional GLP-1

receptor amino terminus. Figure 5 shows calcitonin immunoreactive cells in thyroid tissue
’ sections from GLP-lR knockout mice, but GLP-1 receptor labeling with K100B was weak,

although preabsorption of the antibody with the GLP-1 receptor peptide antigen did inhibit

staining to a greater extent than in thyroid from wild-type mice.
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Figure 5 Thyroid gtmxd serial sectionrd. K071301151-
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K100B labeled cells in pancreas from GLP-lR knockout mice, but labeled cell types were not
identified. Preabsorption of K1 00B with the peptide antigen partially decreased islet staining.

Figur‘r 6 funerals serial sectioned. Kthnomr
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Results of immunohistochemical studies colocalizing calcitonin and GLP—1 receptor

immunoreactivity in thyroid tissue sections from cynomolgus monkeys to identify GLP-l

receptors on c—cells was equivocal. GLP-1 receptor immunoreactivity may not be confined to
calcitonin immunoreactive cells and not all identified c-cells reacted with the anti—GLP-l receptor

antibody. A fluorescent Alexa488-1abeled anti-human calcitonin polyclonal antibody and a
primary rabbit anti-human GLP-1 receptor polyclonal antibody (antibody KlOOB directed against
the receptor’s amino terminus) labeled with chromogenic secondary goat anti—rabbit secondary
antibody coupled to HRP (biotinylated antibody, avidin coupled HRP) were used for
colocalization. Figure 2 shows specific calcitonin staining (left) and weak GLP—1 receptor

staining (right). In some instances, calcitonin immunoreactive cells were not GLP—1 receptor
immunoreactive and visa versa.
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Figure 2 (Tynonwlgus Monkey and human thyroid gland. double staining
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Figure 9 shows KIOOB labeled specific cells in monkey thyroid, but GLP-1 receptor labeling with

the K1 OOB polyclonal antibody was weak and specificity wasn’t demonstrated because

preabsorption of the antibody with the GLP-1 receptor peptide antigen had little effect on
staining.

Figure 9 ‘i‘hyroid gland serial sectioned. Cyuomulgus monkey

Control (fnlcimnin
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Figure 10 shows KIOOB labeled specific cells in monkey pancreas, a GLP—1 receptor positive

control. Pancreas cell types labeled by KIOOB were not identified. Specificity of KIOOB

immunoreactivity was not clearly demonstrated because staining was only partially blocked by

preincubating the antibody with the antigenic peptide.
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In situ hybridization of species specific 35S-labeled riboprobes to GLP-1 receptor mRNA
was evaluated in paraffin-embedded thyroid tissue sections from mice, rats, cynomolgus

monkeys, and humans. Thyroid c-cells were identified by indirect fluorescent microscopy after

staining with an Alexa488—coupled anti-calcitonin antibody. In situ hybridization to pancreatic

islets served as a positive control for GLP-1 receptor probes and hybridization of an 35S-labeled
riboprobes to calcitonin served as a control for mRNA quality in thyroid tissue. An 35S-labeled
probe to cyclophilin, a low to medium abundance transcript, served as a addition control for

mRNA quality in samples of thyroid and pancreas.

Thyroid c-cells from mice, rat, cynomolgus monkeys, or humans have very low to

undetectable levels of GLP-1 receptor transcript. Evidence of GLP-1 receptor mRNA in thyroid

tissue was equivocal in all species tested. Results are summarized in Table 1 (below). GLP-1

receptor mRNA levels in calcitonin-positive thyroid cells (identified by immunofluorescence

after staining with anti-calcitonin antibody) determined by autoradiography was weak in mice and

rats and undetectable in monkeys and humans. In situ hybridization using a calcitonin mRNA

probe showed thyroid cells stained with anti-calcitonin antibody contained calcitonin mRNA
demonstrating thyroid tissue was suitable for in situ hybridization.
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Table 1 Summary of results with GLP in sitn hybridisation) and control experiments

 
 ln-silu hybridisation with ”S labelled riboprobc to mRNA in tissue. with or without double labelling by iummnofluormcem antibody to

calcitonin in thymids.
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Although the sponsor claims GLP-1 receptor mRNA was detectable in thyroid c-cells

identified by anti—calcitonin antibody staining, Figure 3 shows colocalization of GLP-1 receptor

mRNA and calcitonin was equivocal due to high background staining by the anti—calcitonin

antibody and weak to undetectable autoradiographic signals in cells. As a positive control, anti-

sense rat GLP-1 receptor radiolabeled probes labeled cells in rat pancreas (Figure 16, left) and an

antisense calcitonin radiolabeled probe labeled anti-calcitonin immunoreactive cells (Figure 8,

left) in rat thyroid tissue sections. Sense probes for GLP-1 receptor and calcitonin were inactive

in both tissues (left panels in Figures 16 and 8).

01: left: Calcixomn demonstrated by IFL after incubation with mhbu nmmaicucnin—
testifies complex: lower iefr: silver grains in automdiogmphs alter indim hybridisation

villi “S labelled antisense riboprobc to erLP-I R: light: composite «the 1H. and in-
im hybridisation {mules Cryosuu sections.

FigureS Rm thyroid Gi’L—IR mRNA (to-localisation with C-cell calcitonin IFL
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