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Figure $6 Gl‘P-IR mRNA expression in rat pancreatic islets

[N000 4.2.3.7.3 P30]

  
award fluorescence microscope. 
figure 35 Rat zlvyzaié co-Iocalisution of calcitonin mRNA and immutmmictivity

[N000 4.2.3.7.3 P22]

In mouse thyroid tissue sections, high backgroundanti-calcitonin antibody staining

precludes the identification of c-cells (Figures 1 and 2). Since GLP-1 receptor 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-1 receptor mRNA was

equivocal. Non-specific mRNA detection using a sense probe confirms that GLP—1 receptor

mRNA was at or below the level of detection (Figure 2).
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Figure 2 Mouse thyroid GLP-iR mRNA in-situ hybridisation sense control with C-cell
calcitonin lFL

[NOOO 4.2.3.7.3 P16]

As a positive control, anti-sense human GLP—1 receptor 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 calcitonin immunoreactivity (Figure

7).
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Figure 7 Mnuse thyroid cn-Iomlisntion of calcitmiin mRNA mid immlmoreactivity

mooo 4.2.3.7.3 P21]

Figure 5 shows colocalization of GLP- 1 receptor mRNA and calcitonin immunoreactivity

was negative in monkeys As a positive control, anti--sense monkey GLP- 1 receptor RNA probes

labeled specific cellsin monkey pancreas and an antisense calcitonin probe labeled calcitonin

immunoreactive cellsin monkey thyroid tissue sections (not shown).
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[N000 4.2.3.7.3 P20]

  rand human cell in
Functional GLP- 1 receptors in rat thyroid 0--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-l receptors/cell with an affinity of Kd 47.0 pM

(Figure 1). The number and receptors / cell may be underestimated because MTC 6—23 cells were
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detached from culture plates by protease treatment 24 hours prior to performing radioligand

binding experiments.
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Figure 1 GLP-1 receptor saturation plain for MTC 6-23 cell line.

[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.
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Figure 2 GLP— I receptor saturation plots for the CA-77 cell line.

[N000 4.2.3.7.3 P11]

Rat INS—1E cells, derived from pancreatic beta cells, expressed 8,780 GLP—l binding
sites/cell with and affinity of Kd 82 pM.
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Figure 4 GLP—1 receptor saturation plots for the INS-1E cell line.

[NOOO 4.2.3.7.3 P13]

The finding that rat thyroid c-cell lines and a pancreatic beta cell line express similar

levels of GLP—1 receptors, despite a large difference in GLP-1 receptor antibody reactivity and

mRNA levels in thyroid and pancreas tissue sections suggests the density of GLP-1 receptors 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 GLPw! receptor saturation plots for the TT cell line

[NOOO 4.2.3.7.3 P12]

 
  

Functlonal GLP-l receptors 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 LLM exendin(9-39) was quantified

by flow cytometry to estimate the number of GLP-1 receptor sites and ligand affinity.
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Figure 4 Number of gamma-expressed GLPJR on the. rat Gee]! lines rMTC 6—23 and CAv
77. and on the human C-cell fine TT.

Results are means 033 independent experiments. The expression ol‘GLP-l R on the rat C-cell lines
was significantly higher that GLP-E R expression on the human C-ccll line (see legal}.

[NOOO 4.2.3.7.3 P17]

GLP-1 receptor 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-1 receptor density on rat MTC 6—

23 cells and CA-77 cells was similar (3,499 and 4,369 GLP-l receptors / cell, respectively).

Compared to radioligand binding saturation studies, the number of GLP-1 receptor 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.

 W4 JJ;/ 9 I §§

The sponsor claims GLP—1 receptor 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-1

receptor antibody K102B. However, these results are equivocal because the specificity of the

antibody for GLP—l receptors was not demonstrated and the protein size and SDS-PAGE pattern

were not consistent with published results for GLP-l receptors (Widman et al, Biochem. J. (1995)
310, 203-214).
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GLP-1 receptor 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—1 receptor antibody

targeted to the peptide sequence TVSLWETVQKWREYRRQC corresponding to human GLP—1

receptor 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-1 receptor), an HRP—

conjugated horse anti-rabbit IgG secondary antibody, and a chemiluminescent substrate (ECL,

GE Healthcare).

Antibody IOZB 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 l GLMR cannot be detected in a human C-c'ell line.
Two sets ofC-ccll line lysutcs; Iysis group l and lysis group 2, with high and low passage numbers, respectively {see
table 2 for passage numbers), were analysed by Western immtmoblotting for GLP- tR cxprcssiortl Lysate of rat thyroid
was included as a positive control. A, representative result from three independent Western blot experiments (see
appendix 8 {or whole filter image). Top panel. the GLP— l R baud location is indicated by an arrow. Middle panel,
absorption with $4 0M human GLP-IR, peptide lead to reduction at? the 5! kDa GLP-ER banal demonstrating the
specificity of the reaction. Bottom panel. a parallel, membrane was probed with ttnti-GAPDH antibody, to verify equal
protein loading. Bi Quantitative analysis of 613le expression levels. Data from but!) C~cell lint: lysis groups for three
independent Westcm blotting experiments are shown in the bar diagram

[NOOO 4.2.3.7.3 P14]

Reviewer note: Because ofthe heterogeneity ofglycosylated receptors, immunoreactive GLP-I

receptors 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. (1995) 310, 203-214). The staining pattern 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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[N000 4.2.3.7.3 P19]

 
 

Consrstent with low to undetectable functional GLP-l receptors in TT cells, a human

thyroid c-cell line, GLP-1 receptor 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-1 receptor 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—1 receptor

transcript levels to transcript levels encoding for beta-actin. Summary results in Figure 3 show

relative levels of GLP-1 receptor mRNA were significantly higher in rat c-cell lines MTC 6-23

and CA77 (l 8 — 27 GLP-1 receptor transcripts / 1000 beta actin transcripts) compared to human

TT cells (1 GLP-1 receptor transcript / 1000 beta actin transcripts).
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Figure .3 Comparison of GLP-IR mRNA expression levels between rat amt human
chell lines
Relative GLP— lR mRNA levels were determined by xmmnlimtion to beta actin, and
expressed as 2““ (arbitrary units‘ Table 3) The columns represent mean 2"“ values
from table 3; Bars, one standard deviation: *Both mt C~cell lines had significantly
higher relative GLP—IR mRNA content that the hmmm T’l‘ C-cell line (941.01. student‘s
I-tcstli

[Nooo 4.2.3.7.3 P17]
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 tiona LP-l receptor 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 vivo.

' The rank order potency of the GLP-1 receptor 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 uM forskolin control, a phorbol ester that directly activates

adenylyl cyclase (Figure 4A). '
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Figure 3 GLP-l receptor signalling and pharmacology is; the rat thyroid C-celi line MTC 6—23.

[NOOO 4.2.3.7.3 P14]

To demonstrate GLP-1 receptor 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-1 receptor antagonist (Figure 4B).
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Figure 4 Camparison of GLP—1 and forskolin induced cAMP activation in the rat thyroid
cell line, MTC 6-23.

[N000 42.3.7.3 P15]
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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 HM forskolin.
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Figure 5 Calcitonin release from the rat C-ccll line MTC 6—23.

Data are from cxpcn'mcnl 14725.0()! and 13737-880. In A, the 5mm: concentration was 1% and in B
15%.

[N000 4.2.3.7.3 P16]

Exendin(9—39), a GLP-1 receptor specific agonist, inhibits liraglutide stimulated

calcitonin secretion from MTC 6-23 cells (Figure 6).
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Figure 6 Exendin(9-39) antagonised GLP-l, exenatidc and liraglutlde induced calcitoninrelease.

[N000 4.2.3.7.3 P17]

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 7 Pentagastrin did not stimulate calcitonin release from MTC 6—23 cells.

Data are from experiment 14725-001.

[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 Calcitonin release from MTC 6-23 cells with varying calcium concentrations.

[NOOO 4.2.3.7.3 P19]

GLP-1 receptor 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-1 receptor agonists didn’t stimulate adenylyl

cyclase in human TT cells, but the positive control, forskolin, did. GLP-l(7-37), but not

pentagastrin, stimulated calcitonin secretion from CA-77 cells.
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Figure 10 cAMP and caicitonin data from the rat thyroid C~oeli line, CA-77.

The data are from experiments 13737-056 and 14725-002.

W000 4.2.3.7.3 P21]

Forskolin increased cAMP accumulation (not shown) and calcitonin secretion from

human TT cells (Figure 12), but GLP—1 receptor agonists GLP-1(7-37), exenatide, or liraglutide
did not.
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Figure 12 Calcitouin release from human Gee}! line, TT.

[N000 4.2.3.7.3 P23]

The rank order potency and absolute potencies of GLP—1 receptor 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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Table 1 Potency for GLP-l, exenatide and liraglmide in rat pancreas and thyroid cell fines.
cAMP experimems were conducted using 0.1% serum albumin and calcitonin release experiments 15%
serum (horse serum, HS) when nothing else is indicated.

[N000 4.2.3.7.3 P24]

 

   . , N. 319 , W .. . . ts,

he mitogenic potential 0 irag ut1 e, uman GLP—l (7—37), a d exenatide were

determined 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-1

receptor agonists were mitogenic (Figure 5). To demonstrate activity of GLP—1 receptor 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 cf

gastrin receptors in a functional binding assay.
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Figure 5 CHM and GLP-1 analnguc mediated pmlifemtion mam three C-cell zines.

[N000 4.2.3.7.3 P18]
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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 125I—CCK-8 or [1251]Tyr4-
bombesin binding to cell membranes from rat AR42J cells, a pancreatic acinar cell line

endogenously expressing CCKZ 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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Figure 1 Displacement by GLP~L exendin-st and limglmide of A) [Isl—CCKas and B) ‘zsl-Tyr’.
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[N000 4.2.3.7.3 P9]
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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 after 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 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, 1, 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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Figure3 pH ofblood

[N000 4.2.3.7.3 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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[N000 4.2.3.7.3 P30]

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
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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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[NOOO 4.2.3.7.3 P9l-92]

In calcium loaded rats, calcitonin levels were markedly increased within 1 hour after

calcium loading and returned to baseline levels within 3 hours (Figure 1a, Table 3a, b below).

Calcitonin levels in the liraglutide treated group were < 2 fold higher than in the vehicle control
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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.
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Table 7 The effect of calciamnluad itself on calcitonin protein level in thyroid tissue from
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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.

Table 6 The effect of liraglutide on the levels of calcitonin peptide in thyroid tissue from
rat, 
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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 l, 3, and 6 hours after

dosing (Table 5).
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Table 5 The effect of calcium-load itseif on caicitonin mRNA levels in thyroid tissue from
rat.
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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).

Table 4 The effect of liragiutide on calcitonin mRNA expression levels in thyroid tissue
from rat,
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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 iPTI—l 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.
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[N000 4.2.3.7.3 P30]

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.
 

  
Figure 4 Mean piasma nibmnin (g/L)

[NOOO 4.2.3.7.3 P32]

Lower plasma phosphate levels in the liraglutide treated group from 3 to 24 hours after

dosing were attributed to increased phosphate excretion in urine.

  
Figure 5 Mean plasma phosphate (urinal/L)

[NOOO 4.2.3.7.3 P33]

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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Figure 2 Calcium“: memw 00 Vehicle and Linaglutidc (NRC 130-1171.!) (mum H~ SEEM}
Faults 1 lulucl P’Tli Rt'aponsc 30 \‘chidl‘ and Uruxlutidr WNC 9931170) [main ‘1‘ SEN)

  

40 800 -

mo 600 .

 
.+Viiehiégwwi
amum Lkeglutsdet‘  Calcltontn(pg/mt

MO

IntactPI’H(norm!
5Q0

Nat:a 

i
E
3g
3
3
3

EE
E
E
E
iiza:
 

o .VmyWW.t...m......._.....__...............w._..w_....mm O
a x i2 18 24

Time after cosingzhr) Time arm dosing (hr)

[NOOO 4.2.3 3P66--7]

  
   

Liraglutide had a diuretic effect with significantly increased urine volume from O — 8

hours and 0 — 24 hours after dosing, increased total sodium and phosphorus at O — 24 hours, and

decreased total potassium and chloride at 0 — 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.

Table 3 Urine anaiysis
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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 0 — 4 and 4 — 8 hours after dosing, but not at 8 — 24 hours
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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.
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The effect of once daily subcutaneous injections of 0 (vehicle) or 0.75 mg/kg/day NNC

90-1170 (2 mL/kg) on thyroid c-cells and plasma calcitonin was determined in young male

Sprague Dawley rats (N2 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 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
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intraperitoneal injection of l mmol/kg calcium afier 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, 1, 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-1 receptor 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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Figure 1 NNZKBLSW Urine volume and urinary calcium concentration values {mean and
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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).‘6

Please note that some samples were diluted prior to calcitonin analysis to obtain sufficient
volume to complete the assay. Several of these diluted samples produced a result that was
below the LOQ of the assay and were flagged appropriately. However, once the assay result
was multipiied by the dilution factor, the final result was above LOQ. when it). fact the assay
result used to calculate the final result was below LOQ, hence the LOO flag attached the
final resutt.

The LODZLOQ values ferrite mt PTH and Calcitonin assays are. as follows:
PTH: LCD: 1 LS9 pg‘mf

LOQ: 24.00 py’ml

Calcitonin: LOD: 0.l4pglml
LOQ: 2.8? jig/ml ”

[N000 4.2.3.7.3 P129]
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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 within3 hours after dosing.
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[N000 4.2.373 P141]

In nonfasted rats in week 4, NNC 90-1170 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.

figure 1b: fired of ”nightlife {3N6 90o! ITIF) ms CnIti1uni11 Under Namfasting
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(man if.$1.11] 1 .
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[N000 4.2.3.7.) P133]

In fasted rats in week 5, NNC 90—1 170 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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[NOOO 4.2.3.7.3 P137]

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 afier 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.
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[N000 4.2.3.73 P145]

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—1170 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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[N000 4.2.3.7.3 P217—218]
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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).
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[N000 4.2.3.7.3 P11]

  a v \ i. .7... .... .. I!-
L1raglut1de increased the Incrdence of 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 (1 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 125I—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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[NOOO 4.2.3.7.3 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 3 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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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.

59



Reviewer: Anthon L Parola PhD NDA No. 22—341 

w

Llraglutldedose(mglkglday) O 0.075 0.25 0.75 0 0.075 0.25 0.75

Convulsions (related to dosing, 1 1 2 2
# of affected rats)

“In“!I4“-37

Consistent with liraglutide’s GLP-1 receptor 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.
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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 4.2.3.7.3 P659]
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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 ~l .3 — 1.9 fold above concurrent controls at 0.75

mg/kg/day in aged rats on study 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 1 19 and after dosing 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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[N000 4.23.7.3 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 closing) 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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Effect of Liraglutide on Plasma Calcitonin in Young and Aged Male SD Rats
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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 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 after 3 210

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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[N000 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.

i3(4)

  
 

C-cell density and proliferation was assessed in preserved thyroid glands from rats in the

26 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—1 170) in thyroid c-cell mass or proliferation.

 */m
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Mice

Liraglutz'de Eflects 0n Thyroid C-cell Parameters In Vivo
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NNC 90-1170 toxwokinetlc parameters and ca101ton1n levels we e determined in CD—1

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, 1, or 3 mg/kg/day NNC 90-1170 (5 mL/kg),

the same doses used in the mouse carcinogenicity study. Blood sample for NNC 90—1170

toxicokinetic analysis and calcitonin levels were taken prior to dosing, then 0.5, 1.5, 3, 6, 12, 24,

and 36 hours after 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 AUCMM.
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Figure 1 Mean (arithmetic. Fiftimmimomasma melanin—time pmfljes ofliragjutldein. mice.

iflaé-COE Females
”Y ..

t 43% f E‘K ma»: level {mag}

g mamas g .3 “25.x ‘9‘ 0-03< ”x. A» o.
E 15+fl06§ l “n. 3

2 f “x w 1
§ 1 .a.
2

Eo 
35mm Melee

Dose level {my
":3“ 9.03

:‘ -*- 052

z \. +1

9.
g:3

>0

ra+ans§Gomemmtmtpnmlm 8'eé%

 
77ml???

[NOOO 4.2.3.731 P65]

Both peak and total (AUCO_inf) plasma NNC 90-1170 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).

Plasma calcitonin increased at Z 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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Table 5 Mean catciinnin values 
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The following summary of the analysis ofNNC 90—1170 effects on plasma calcitonin was

provided by the sponsor.

Caicitouin anaiysis:

Three way and pair wise interactions between treatment, time and sex were not significant. The
effect: of sex was not significant, whereas the effect of treatment and time was significant. The ratio
ofliraghztide treated grou s to the Control grou was 1.09 ( '0.66;E.79 , P>0.50), 1.83( 1.1 1;3.01 ,

P = 0.02), 2.36 ([1,43; 3.88}, P<0.001), 2.43 (347; 4.00] , P<0.001) for Groups 2, 3: 4 and 5
   

respectively i.e all dose groups except the low dose had significantly higher calcitonin. ieveis than
the Control and the increase in calcitonin levels increased with dose. Comparisons between

neighbouring Groups 2, 3, 4 and 5 showed significant ditTerenee between groups 2 and 3, and non»

significant differences between groups 3 and 4, 4 and 5, Le. the calcitonin levei in the low dose

group was significantiy lower than in the Intermediate I group and the leveis in the three highest

dose groups were not significantly different.

[NOOO 4.2.3.7.3.1 P12-l3]

 
To determine the time course of liraglutide induce increased calcitonin and thyroid c-c—ell

hyperplasia1n 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

Table 3 Studies ineludrti
New xsw____z__ns menu-1. mum-us V'NEIHH-JtzNumber
Studynumber

  

 

  
[N000 4.2.3.7.3.1 Pl2-l3]

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 (1 7 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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[N000 4.2.3.7.3.1 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—

1 receptor 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).

Ultimobranchial 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.

 

 

$3»
 mid cum: no, (Kalli, mew. 151d: 2;(Ylmmikmdizl mm. film: ma

[N000 4.2.3.7.3.1 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).

Hm 1: Mali-3 32h, 9mm "1.115(6)“! (.31le A35). emu. lwalim my I:

[NOOO 4.2.3.731 P385]
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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/or 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/or

formed a continuous single or double layer around the periphery of many

follicles (see Plate 8 in Appendix 5).

 
”at: K; mama: €145, Sum!) { flywliiflbisd A311. ("-CE’IES Mimi. grade 4.

[N000 4.2.3.7.3.1 P392]

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).

asaaaaaagar

  
hm §: Ali-“mi “£ch A. m-wsawua («Mngmfisux mutual

[NOOO 4.2.3.7.3.1 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

#64 sacrificed moribund on day 105 due to general ill health

#80 sacrificed moribund on day 18 due to a large wound
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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 11 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 433-04-115 (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 1, 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 1. Calcitonin lave}: at multipie time 11051118 after dosing on Day 14
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[NOOO 4.2.3.731 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.

72



Reviewer: Anthon LParola PhD NDA No. 22-341 

Figure 2. Cnlcltonin levels at a singie time point on Days 14, 63, 105 and 175 
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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.
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[N00042...37.31P115]

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 closing 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. BMW}: 9915M.

mm}99*!“ LMMI}m'ml  
'42 m”; 3 may
mam:
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[N000 412.3.7.3.1 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 0-061] hyperplasia occurred at

0.25 mg/kg in males and females and at 5 mg/kg in males.
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[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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[N000 4.2.3.7.3.1 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 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.
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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.

Micewithminimall mild thyroid C-cell hyperplasia

Liraglutide Plasma
Dose Study Day Sex Calcitonin

(m glkglday) (pg/mL)

105 (recovery) 
175 (recovery)

‘Valie ator below the control group mean +1 sd (41 pg/mL
calcitonin 'n males, 109 pg/mL infemales).
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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.
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[N000 4.2.3.7.3.1 P7]

Relative calcitonin and GLP-1 receptor 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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[N000 4.2.3.7.3.l P202]

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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[N000 42.3.7.3.1 P203]

Reviewer note: The sponsor should determine ifPCR efliciencies for 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 nil!) 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 differences 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-1 receptor transcript levels.

 
In a 4 week repeat dose study of 0, 0.1, 0.5, l, or 5 mg/kg/day NNC 90-1170

administered subcutaneously once a day in CD-1 mice, minimal / mild thyroid c-cell 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.

 

 
 

  

 

 
Sex Mate Female
Doses. mlkid 0 0.! 0.5 1.0 5.0 0 (L! 0.5 Lil 5.0
Thyroid gland No. Exiuuiucd In It) lit :0 10 IO It) to 10 ll)
Focal {led} mekasia. numeral .Miniml 0 0 l.) l I) <3 0 0 0 1

Moderate 0 0 0 0 0 0 fl {3 0 l
Tomi incidence 0 0 0 l u u u u n 2

Follicular distension 0 l} {I 0 0 0 l l l l  

 
In a 13 week repeat dose toxicity study of 0, 0.2, l, or 5 mg/kg/day NNC 90—1170, the

incidence of minimal to mild focal thyroid c-cell hyperplasia increased with dose at 3 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 1251 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 : CGNLSTCMLGTYTQDLNKFHTFPQTSIGVEAP
Rat : CGNLSTCMLGTYTQDLNKFHTFPQTS IGVGAP
Human : 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 ~7 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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[N000 4.2.3.7.3.1 P9]

Exenatz'de Efi’ects on Thyroid C-cell Parameters In Vivo

 
  

“cams

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 closing

and 1, 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 Immutopics).

A
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[N000 4.2.3.731 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 — 112%) 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 4.2.3.731 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.

Tab}: 4 Nllmimr 9f pre-schcduifld terminations

  
Body weight on day 3 was lower than day 1 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).

82



Reviewer: Anthon L Parola PhD NDA No. 22-341 

Table 5 Body weight gain
Gmup Batty weigh! gain

:1“ day: «may; — 2.“ day of dus'ulgle
t. a! control
 
 

 
  

[N000 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.

Table 7‘ Toxicokitrelic parameters fer li’mglutide
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mooo 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.
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Group mg/kgfinjecfion Interval mg/kg/day Sample Day {

 
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
10g of calcitonin concentrations

In the saline control group (group I), 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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[N000 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 4.2.3.7.3.1 P29]

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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[NOOO 4.2.3.7.3.1 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 data in Ap endix A at N000 4.2.3.731 P96, 101-102]

 121;... gag->1:
The sponsor performed nonlinear mixed—effects modeling of liraglutide phannacokinetics

and pharrnacodynamics (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).
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Modeling exenatide phannacokinetics and pharmacodynamics was performed in a separate study
(report 2005 001).

The pharrnacokinetic model as described by the sponsor follows.

The. final model was a onencampartment model with ahsnrptien iag-(ime, linear absorption and

ciimination and with random effects on clearance and absorption rate constant:

_ 13058 ‘ 1: ‘ kn» "‘"R'is 3 (.225 v

i! ‘ {rile} M (“LN-1"]
a: i-rw )1", ]C(r) fiir r > ’m-

The cuaieenimtiou is 0 if t 5 lug.

No effect nt‘dose was statistical significant but for sex there was a statisticai 13; significant effect

(3)304 E 2%) on (232?? with males having about. 13% reduced clearance nonmetal m fenmics.
However, the estimation procedure ofNONMEM did not sac-£35111“? complete the: covariance step
thus tile effect was not included in the finai made-i.

The additive part of the error. model came out with a varieties: close to 0, so the final error model

was given by 1432.

Parameter estimates are given in Table t where W? and CUP are given shim CL. V, and F can not

be caEcutated when only snbcntmieous data are available; "these parameter estimates are in line with

non-compartmentaI, PK. parameters emulated in. (43‘ In NONMEM [see Appendix A. 'J the model

was. parameterised in terms oflog-parzmeters in order to ensure positive pharmaeokinetic

paramerer's and random effecrs also appear or: the tog-State.

[N000 4.2.3.7.3.l 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.

Table 1 Parameter estinmtes for the one—compartment model with Iag~zime. 

 

  

Parameter Estimate {NU/a) Between subjm‘t Bum our subject
\‘miaiimt CV 3:») Correlation {lau-

scale)

cur [141:le 0,933 6:4 1.?
\-’:’F {L’kgi 0.24 6.2 * $.94
K4131!) 0,33 16 [6
im (11) 0.35. .‘ -8 0.98

a: 0.27 

[NOOO 4.2.3.7.3.1 P10]
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[N000 4.2.3.7.3.1 P16]

The pharmacokinetic model (liraglutide induced increased plasma calcitonin) as

described by the sponsor follows.

The final model was an indirect response model with ratio ofCT to control as response and

population predictions of liraglutide concentration as stimulatory input to the buildup of calcitonin

response. The Bum depended on whether a single dose (SDrl) or multiple doses (SD=0) had been

administered, though this factor 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:
(IR
__ = k ' . _’ s. R
d, (3 l

S = kmm ’ (
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[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 EC50 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-1 receptor (in the presence of human serum). The coefficient of variation was >

30% for most parameter estimates.
Table 2 Parameter estimates for the indirect response model on CT/CTWW

Parameter Estimate C\’(%)

Ems; is 31
ECm (HM) 22.9 33

b «0.062 ()6
kwi mm 0.29 7.9

Emmi [9.5 3'."
Residual variance (of) 213 —

[N000 4.2.3.7.3.1 P13]
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Figure 5 shows the dependence of plasma calcitonin response on plasma liraglutide concentration

assuming a constant control level of 10 pg/mL calcitonin.8mm D056 [NEW 0081':
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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 pharmacokinetic differences where exenatide is eliminated from

plasma at a much higher rate than liraglutide (see Figure 7, above).
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[N000 4.2.3.7.3.l P17]

Based on the pharmacodynamic model, the sponsor predicts on the third day of repeat

dosing, continuous infusion of 60 pmol/kg exenatide (0.225 mcg/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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[N000 4.2.3.7.3.1 P18]

Eflects ofExerzatz'de on Thyroid C—cell Parameters In Vivo
«'5

 
   a, mgr?» W s

Single doses of 0.25, 1, 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, or 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 dosing
and 0.25, 0.5, 1, 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 AUCO.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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Table 6 Summary (11f TK parameter estimates
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[N000 4.2.3.7.3.1 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 Mann caleimm'n “values {pgtmlr
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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 of calcitonin 15 minutes after dosing

E Calcitonin (pglml)i——-——_——.—_—.—_—_——_

Gran}: 5 (9 mg Calm!) Group .1: b(4)  15 min. after dosing E Prc-dose
W’— —

917.02 39.35 " "  
[NOOO 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
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receive the proper dose of calcium, didn’t respond to it, or if there was an error in sampling or the
calcitonin assay for these mice.

T‘ible 1 C'aicitanin resuits for maie mice.
Odmmeria Measured Calcllonin
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[Compiled from Table lat N000 4.2.3.731 P68— 71]
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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— 925 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.
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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 9... with a significant contamination of an unidentified b(4)
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.

0(4),

[N000 4.2.3.7.3.1 P77]

A GLP—1 receptor 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).
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Figure 3.. Betow is shown the results from the GLP—l radlo~receptor assay.

 

[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 4.2.3.731 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.
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[NOOO 4.2.3.731 P5859]

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 + l 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
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calcitonin levels in groups subcutaneously injected with exenatide once, twice, or 3 times daily

were independent of plasma exenatide concentration.

 

 

 
 
 

 
 

 

 

   
  
 
 

 
 

  
 

200.0 T—-— #3 - Group 1i
— Group 2i
A Groups

3 160-0 <> Group4

\E, )K Groups
5 —-B—Group6
5 120.0 —C
.9'5
E
0 80.0N
E ‘

E A

40.0 <> _____ -'

........g x
0.0 r r r l I

O 5 10 15 20 25
Time (hours) '

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 + 1 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.
W'- Group 1 (x 3. control)
new Group 2 {x 1)
--*-- Group 3 (x 2)
“9” Group 4 (x 3)
—0— Group 3 (inf-control)
“a" Group 6 (inf)InCT(pglml) 

a 10 20 30
Time I Hours

Figure -2 Piasma levels ofcalcitonin (mind) of groups M3.
(imp l was :uhuinismncd vehicle dim: gi’mes daily" Gmups 2—1 mg :ulminisrmcd :- zmai daily dose (€0.25
“puma;- NNC 0E lR-LllIXXi-éxximyysilhcmanms bolus injections calm once daily (0.25 nig’kg. gmup 2;,
twice daily [0.12‘ meta. group 3101' three éimcs dailyw. 1 dug/kg. group 41 Group 5 and 6 was administrated

day NNCOI 134900041000 (10.4 pg 1;» x) by continuum infusion by osmutic mini mumps,
mood samples were [alien 3x24 11 {1130: firm dosing; Day 1.
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Subcutaneous bolus injections of exenatide (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 mg/kg/day exenatide once a day for 2 weeks dose-dependently

increased calcitonin mRNA in thyroid, but did affect thyroid GLP—1 receptor mRNA levels.

The effect of subcutaneously injected exenatide on plasma calcitonin, thyroid c-cells, and

thyroid GLP-1 receptor 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 l. 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 1 / 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 quantifizing 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 of calcitonin; values in two week groups

F M
Mean Std Nobs Mean Sid Nobs
calc calc caic calc

group
I 9.07 2.72 6 8.35 1.65 6
3 48.30 20.38 6 36.85 I 1.80 5
4 33.24 17.41} 6 67.78 33.95 6
5 56.5? 24.02 6 62.94 31.91 6

[N000 4.2.3.731 P279—80]

At the end of 13 weeks, group mean calcitonin was significantly increased in 1 / 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.
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Table 5 N, mean, and standard deviation of calcitonin values for 13 week groups

group
2 6

Mean Std Nobs Mean Std Nobs
calc caic calc calc

sex

.F 4590 56.47 21 80.41 99.21 2]
M 13.19 5.90 2 50.53 23.00 21

[N000 4.2.3.7.3.l 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).
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After 2 weeks, no macroscopic pathology findings considered treatment related

occurred. After 13 weeks, the incidence of distended gall bladder was significantly increased in

females in the 1 / 3 mg/kg/day group.

SqA OtAUGOfi 1 1:23 FILENAMENI‘sNoncEn‘M’ZDOS’QOSSD4 7191;793:1130" Sweekasas
Figaro 2 individual In transformed calcitonin values for 13 week groups

[NOOO 4.2.3.7.3.1 P281]
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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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[N000 4.2.3.7.3.1 P38]

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.

98



Reviewer: Anthony L Parola, PhD NDA No. 22-341

'Fa'lfllf: S

Qunvuimlivc f-ccucralumimi - 3.1mm mm: '-<alu»:$tC-o¢lls‘ mu?)

 

 

(Emma l ’2 V3 3 i E‘-
Cnmpound Control Comm} mmmox NNE’flI woumnnm u ~
Ian-sage [mg‘kg ml) 0 0 6.4133. 0.33 115.7 . fl .0
[Mange [Ing‘kg-flag'} o n 1135 LG‘ 3.0 Hits-.9

(5mm Dosage Du'rmim‘i of Number rzf Menu , 5!}
55m: tmgfiifidkfi “taxman! animals, v'r C-caélsx‘mm‘musk:

1M (19mm! :2 5 WE: U I
fit“ (H25 2 1 £54 44]
$M [.0 2 :1 E40 43
SM SK] 2 u 100 Si!

IF Cranial. 2 0 iii E05
31" ‘ 0,35 3 5. 815i 421
vi]? L0 3 I} £55 93
5? 5.0 2 6 32‘! F H

2%“ Cram-l l3 [3 £93 T0
{mi If} l3 I? fill) E04
2? ‘9 (interim! I3 20 £5] '33?
6'!“ If} [3 2| 2.3"} is $2

a‘ mmtw Mammals Mill 3! learn arm Icectwim C—ecils-
SJ.) Slanderd devimim
n Signil‘xnm when mmlmiw with 31mm l jpvf-IMIS; h ---xigpiiicni|k when mitigated with grow: 2 [$0.1M
-‘ Animal 9'? {is l'mm’li‘ in you}: 3] um uxcludéd
“ Animal 7-1 {a fanatic Inge-n]; 2:1 was excluded

[NOOO 4.2.3.7.3.l P75]

Relative calcitonin and GLP-1 receptor 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 2 0.25 mg/kg.
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[N000 4.2.3.7.3.l P335]

Exenatide did not affect thyroid GLP-1 receptor mRNA levels (Table 3).
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[N000 4.2.3.7.3.1 P336]

 

  «m

Subcutaneous infusion 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 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 l 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
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isoflurane anesthetized mice. Terminal vena cava blood samples were obtained in weeks 12 and
16 from isoflurane anesthetized mice.
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Reviewer note: Thefollowing definition ofc-cell hyperplasz'a 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 [NOOO 4.2.3.7.3.l P336].”

Exenatide concentrations in dosing formulas were within limits (-15% to + 5% of

nominal concentration). After the subcutaneous injection dose volume was reduced to l 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

within minipumps 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

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.
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There were no clinical signs considered treatment—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.

'l‘cxI-enblefi— fiodjawighi guilt during the l6~week treatment period
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[NOOO 4.2.3.731 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—1 receptor 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 022751).

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 (summarized in 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 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.
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Plasma Exenatide (pM)
Infusion Dose

(mg/kgway) week

11,692 7,802 9,778 g 4.143
15,539 3,401 15,194 3,314

 
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.

Table 8 Mean and standard deviation (std) of calcitonin measurements 

 week
4 8 £2 16
calcitonin calcitonin calcitonin cakitonin
Mean Sad Moan Sid Mean Std Mean Ste

sex group
‘F 1 27.9.5 461617.57 9.07 10.53 8.64 12.35 10.70

2 130.19 65.83 122.20 35.00 24.99 1340 28.80 10.83
3 188.20 84.63 157.69 58,119 23.16 16.6! 31.22 19.43
4 18.27 41.16 13.32 4.57
5 . , . . 15.96 10.59 21.07 9.93

:M 1 13.50 8.11 10.04 9.91 6.07 2.33 12.57 1425
2 130,23 33.62 130.40 77.36 i967 14.65 19.88 15.95
3 126.73 31.03 “7.72 56.71 %.i)3 20.25 3248 M34
4 6.33 2.87 8.21 3.42
E 7.23 335 £1.64 6.09

[N060 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 administered exenatide by subcutaneous infusion. A dose-related increased
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incidence of distended gall bladder occurred at 0.25 and 1 mg/kg exenatide in both males and

females. At the end of 16 weeks, distended gall bladder occurred at 0.25 and 1 mg/kg in females,

but it only occurred at 1 mg/kg in males. 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 females.

Males

Organ Finding , infusion
= o '0.25§1.00'
 

Gal! bladder distension

c—cell hyperplasia

dilated
ulfimobranchial

   
 

    em «QM iawri» 0 mg. Q

The sponsor performed non-linear mixed effect modeling of exenatide pharmacokinetics

and pharmacodynamics (exenatide induced increased plasma calcitonin) in mice. The effect of
subcutaneous injected exenatide on plasma calcitonin in mice was modeled based on results from

a study of single dose subcutaneous injections of 0, 0.25, 1, or 5 mg/kg exenatide (report

204402), a 3 day repeat dose subcutaneous injections of 0, 0.03, or 0.125 mg/kg injected every 12
hours or 0.06 or 0.25 mg/kg injected every 24 hours (report 205050), and a 2 day study of 0.25

administered once a day, twice a day (0.125 mg/kg/injection) or 3 times a day (0.083

mg/kg/injection) or by continuous infusion (AZLET minipump) (report 205074). The sponsor
states due to the absence of vehicle control groups using the same dosing frequency, data from

administration of 0.06 mg/kg and 0.25 mg/kg once a day in study 205050 and 0.25 mg/kg once a

day and 0.125 mg/kg twice a day in study 205074 were excluded from the modeling dataset.
The 2 compartment PK model is described below.

 

The film! PK mndL-l mm mm wmgumnml model (Figure Muilh random efTucls an H, and {'L‘F.
and (Inge cft’mr mi K,. {L'F ans! CW. flair (Q. mgr, (XE, 'v‘ga‘r. and, #1)? can be. mammal from
50.111110 01mm

 
Figure 4 Final 1va companmm "model I'm mmdiufl ceizxentml‘mn. Ham {mlg' 11w {mum ? of

:00 005:: is being. sheathed.

[N000 4.2.3.7.3.1 P13]
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Dose-dependency of the PK parameters were modeled using the following equations:

’ _ ,2 x

(7'5". “liven; WM]97‘ + (laye’
. 9 «10362
[(0 = K ~ex ~W»:"a p[ B,“ + :iose' 7]
Qz' I" = Q3 -exp(0_,, - dose)

[N000 4.2.3.7.3.1 P14]

Pharmacokinetic parameters estimates from the model are shown in Table 1 (below).

Tillil»: l Pnramwler wtimnus {I}: if» final PK "twirl
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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.

'i‘ahle 2 Parameter estimates for the CT model.

Parameter Estimate CV (‘56)

Em, 7.0 16

1500 (nM) 0.030 40
9,: 0.083 13

Ema; 16.9 14

of - 1.113 -

[N000 4.2.3.7.3.1 P21]
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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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Figurt- .10 Estimated ratio IJFC‘JL=’C‘I;-_,ma response. in mice as function of 53% ammonium tiara
constant C?" terminal of 10 pgme 132:4 pinsma concentration is in 51M heave. The outer
lines mart; the limits of the 95% Ci.

[NOOO 42.3.7.3.1 P21]

Exenatide has an estimated EC90 of 270 pM (repeat dosing) for increasing plasma calcitonin.

Based on the plasma EC90 and exenatide phamiacokinetic modeling, the amount of time
exenatide levels were above the ECgo 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.

Tabte 4 Simulation of % of time above EC” from various dose scenarios single day.

Estimate 1 §
Time above EC” ‘ Lower 95% C! i Upper 95% CI(“10) ‘;

Dose Schedule
(walkway)

   
Cynomolgus Monkeys

< $183”
31 

The distribution of c-cells in thyroid from untreated cynomolgus monkeys (5/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 l 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).

figunz J iii-cells

 
Figure 3. Calciwnin posiiive C-celis in 1211‘: cwnonsmlgminmzkey iiiymid tissue (remake. animal
2522265). .5... (Smells appeal: ehher in u pamflwlléculm position {mow} or are (41.19er matches] :1) the.
Rallimizur gfillxelilfiu [ummhemlsx B. (Smells lining the Epitheliunnfl‘h mefllum‘slud thyroid
lbliicle Magnificatinn A {1131158 mu),

[P18]

of the thyroid lobe (Figure 5).
Table 2 C-cell Appearance

   
 

g Fr: males
Left Lube  
 

C-cell Appearance

  
  
  
 

 

R in Lobe___

 

C‘ccll Cluster (1701: thou?!) cells)
Cécll cluster (6v! 0 cells)

No God} cluster  
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[P20]

  
C—cell density and proliferation was assessed in preserved thyroid glands from monkeys

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.

Figure 2 Results for Cynomulgns Monkeys. Males and Females Separate
(Arithmetir Means 1‘ Standard Deviation)

PCNA Labefling Index,
Males and Females Separate

  
Note: This dun sham asimtmic mmns and is I’m ilawmuvn may, Adjusted mean wines lune been

used for fltuisii'ml analysis.

[N000 4.2.3.7.3 P46]
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Single or repeat dosing with 0.25 or 5 mg/kg/day NNC 90-1170 in cynomolgus monkeys

for up to 87 weeks had no effect on plasma calcium, iPTH or calcitonin, and after 87 weeks of

treatment, no effect on thyroid C-cell proliferation. Although anti-NNC 90-1170 antibodies were

confirmed in 5 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 (l —

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 4‘h 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, Cl), 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 .indudcd:
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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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[N000 study 203262 P97 - 100]

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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[N000 study 203262 P104 — 7]

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 3 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 90-1 170 had no effect on thyroid c-cell

proliferation.

wVehicie

«an 0.2 mgikg
-¥- 5 "1ng

 LN(PredoseCT)!pglml.
0 3 5 9 12 15 18 21

Month of dosing

Figure 3 Plasma C‘l‘ (natural logarithm transformed) values (mean and 95% CI) in
cynomolgns monkeys {5 males and 5 female lgronp) treated with liraglulide (SJ) or
0.25 mgfiig) or vehicle.

[N000 study 203262 P7]

Week 4 (fasting) iPTH and Calcitonin
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[N000 study 203262 15640] ‘
   

Week 8 (fasting), Calcium, iPTH, and Calcitonin after Calcium Loading
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[NOOOistudy 203262 P646]

Table 37 31006 Gas Anaiysis; Week 57: Repeat Ease. Phase: Group Main Values: filialas
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Table 38 Blend Gas 3.0311353: Week 57; Repeat Dow: Phase: Grainy Mam Values: Females:
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[NOOO study 203262 P152 — 3]

Week 61 (fasted) iPTH and Calcitonin
10.25 "’1‘" Resulls~ Repeated Dose Phase \Vcckél 10.26 Calcilonin Results - Repeated D052 Phase Week 6|

 fiepéated Dose Phase Week61 ' ' H 1 Repeated Dose Phase Week a"! V
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>Time Relative i0 Dosing (h)

[N000 50:00 203262 P677 ' 678]

Time Relative to Dosing (h)  

Week 85 (fasted) Calcium and Calcitonin
10.32 Caicimnin Results - Repeated Dose Phase Week 85

 Repeated Dose Phase Week 85
Calcitanln Geometrlc Means
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Table 51 Blood Gas Analysis: Week 85: Repeat Dose Phase: Group Mean Values; Males
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mooo 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 90-1170.
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[Study 203262 Compiled from Table 73]]

There were no treatment-related histopathology findings in thyroid tissue sections stained

with hematoxylin—eosin (Table l) or stained for calcitonin immunoreactivity (Table 2).
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[Study 203262 P607]

Week 87 toxicokinetics showed plasma NNC 90-1170 exposure increased with dose and

pharmacologically relevant levels of drug (> 1 nM ) persisted for up to 60 hours after

subcutaneous dosing at 3 0.25 mg/kg/day.
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[Study 203262 P574-576]

Anti-NNC 90—1 170 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.

117

12(4)



Reviewer: Anthony L Parola, PhD NDA No. 22-341

2.6.7-

[provided by the sponsor]

2.6.7.16 Other Toxicity Studies

Method of
Administration

Duration
Tissue/Smotes.i Strain nl'Dnsittg

In film studies

Mechanistic Stuttits tn
ct‘alnaic rodent thyroid C-
cell tumour finding:

SLY-t receptor cxprm’o‘iouand function

Thyroid spt‘cmtcns from CD-
! mice, GUM receptor
knock-out mice (C DAI
background), Spmguc-
Dntvlcg; rats. Cynontolgus
monkeys {Macaw-t

Altlo’t‘it‘llfr‘lrit‘) and human
subjects.
Ihymid specimens from
NMRI mice. Spmguomwicy
rats. Cynotnolgus monkeys
(3117mm,fitsc‘iwtirtric) and
human subjects,

NM NM

NIA Nir‘t

  
Method of
Administration
WA

Duration .
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NEA

TissuciSpecicsi Strain

Rm (rMTC 6‘23 and C 77‘)
and human (”fl") thyroid C-
ccll tines. Rm pancrmtic
beta-cell line ms 1!?

   

Rn! (rMTC (v23 and CA77)
and htnnau rm thyroid C—
ecil lines

NEA N {A

Rat t’rMTC (v.3 and CA7?)
and human (21‘) thyroid C’»
cell lines

NiA 3;

R31 (rMTC 6‘23 and CAT?)
and human (TT) tltytoid C»cell lines

NEA

 
Ns’A

tht trMTC (2‘23 and CW?)
and lithium (“1’1“) thyroid C1
cell fines. Rut pancreatic
heta-cclt tittc RINQAIX

NM

Human {Slit}. SEER-l,
MTC~$K§ C-ccli lines

NEA

 
Rttl (rMTC tit—23 and CAT?)
and human WT) thyroid ('-
ccll lines. Rat pancreatic
octane]! line 3N8 1E

NiA

    

 

 

Duties
(mg‘kgt‘tlay)

NM

m4

TOXICOLOGY TABULATED SUMMARY

Test Article; Liragintide
 

EGcmler am] No. per
E Group

 
m

Noteworthy Findings Stony Nnmbcr
{NN rcf No.)

The GLP~| temptor is exptcsscd in thywid szttttmn
C-cctts in an species tested. Qtlaltlificfllifill (4.2.313
was not possible using thin technique. Mechanistic

Studios)

GLP—l receptor mRN-A is cxprcssnd in low NNthlMQSiSP
quantities in mice and nut thyroid C-cetls. m
but cannot be detected in monkey and (4.3.33.3
httnm Calls, despite other positive Mechanistic
control tnRNA expression Studies)   

Doses
(mgikg/(lny)
awn
   

 
 

  
  

  
  
  
  
 

  
  
   

NfA
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EGmder and No. [MT
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Nr’A
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   I;’\*nictt’nrtlty Findings Study Ntimhcr{NN refN .j
NNHYEMM
(4.2.3.73
Mechanistic
Studies)

   i

. The GLP-I matter is expressed in rat
thyroid (ii-cell tines and welt as rat
pancreatic bcttt-ccll linc‘ but only in very
smuli numbers on a human thyroid C~ccll
lint: (measured by saturation binding),
The GLP-1 receptor is cxprcsscd in mt
thyroid C-coll tines. hit! not in a human
thyroid C-cell tine (measured by how

, cytonmiy temple: binding).
“Etc GLP-l receptor is expressed in rat

« thyroid C-cclt Sines, but not in a lmnum
thyroid C-ccll tint (measured by WQSiCH)
binning).
GLP-l receptor mRNA is expressed at

 

NN 205088
(42.3.7.3
Mechanistic
Studies)
, -052!!!
(43.3.7.3
Meclmnistic
Studies)
N93204:“5

  reltttivcty low t'tutttbrrs in ltutmn thyroid [4 7,3
Quit line. and high in mi thyroid C-ccll Meclnmistic
lines Studiéfi'}
Rat timoid C-ccli lines express :1 1373?~025
hmctiomtl (ELM receptor that respond to (43.3.7.3
GUM mntlogncs by CAMP accumulation Machznn'stic
and calcitonin secretion) The hmmm cell Studies}
linc has :1 poor cAMP response IOVGLI’J
and no czilcitoniu micasc, A positive
control did rcicnsc caicitonln.
These C-ccll lines arc not valid models of ”125062
human C~cclls but stiil. they do not express (4.13.7.3
functional GLPvl receptors, Mechanistic

Studies)
GLP~I or liraglutidc did not stimuttnt: 35205295
proliferation in rat or human thyroid C-cetl (4.23.7.3
lines, but did in positive control. rat Meclwnistic
pancreatic fiche-(9H tine. Studies)
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receptors
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Mechanistic
Studies)

Rat gasltt'wbombcsiu Ni'A NBA Nz’A MA 'Limglutidc has no cross-reactivity to trim-092
receptoxs in ccli line AME] gustritt (CCKI) or boutbesin (882) {433,73

receptors. Mechanistic
’ Studies)
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In vim xiutiies

Impurities

:1 Week Subcutaneous Subcutaneous 4 weeks (t. ‘l to males and H3 Pitumtncoiogically mediated effects on NNZGSMJ
Toxicity Study in Rats females food consumption and body weight were (4.2.3.715
(bridging study) recorded. These findings were consistent Impurities)
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Mechanistic studies

Aesmmcnt 0E beta and non-
bcw cell muss in pancreatic
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cell tumour finding
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Limglttiidc (NNC 9041703:
Single Dose. Study in Mice
with Subcutaneous
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 Noteworthy Findings Study Number
(NB ref No.)

The rclntite volume fraction ofthc beta CGniMUMI
and non-bctu'ceils was dceteased by the (4.23.?)
limghnidc S mgflzgiday treatment The Mechanistic
absoiute beta- and nou-bcaa-pcll mas; was Studies)
not influenced by lhc tratttttettt,
The relative volume fntctiotts ot'duci (CK-
3;. cells} and exocrine cell; were not
changed. but the absolute duct tail mass
was 67% higher mid that otfcxocriue cciis
04% in the limgimidc gmnp than in the
vehicle group.

 
 
 

   

NNzttS H36
(4.23.7.3
Mechanistic
Studies)

A significant treauncntqcimcé and dose-
dependent increase in plasma czticitoniu
was observed at doses of £12 ntgitg. andabove.
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E funnies limglntidc resulted in a dQSC'dt’pEKKimtl S‘llltti):l.r)‘ at“
E increase: in plasma calcitonin. in line with \Nztulfis.
E . this. tltcrc was a dnsc~dcpcndct1l increase 342043 15.
E in thc tmnscriptional activity at" CT . “204338 and
E (tnRNA) nhcr awn weeks of ttcatmcnt. At NN2tt4-ll}
E this tinwpoim no hmtmcnt-t‘clatcd Cecil (4,1371;changes “'Cl’c observed by cnhauced Mechanistic
E t ltt‘stopttthological techniques. The plasma Studies)
' ECT Increase was reversible upon cessationE toftrcamwnt as t; and l5 weeks of recovery
E resulted in CT levels reverting to normal
E Reversibility was also observed for the C-

cell pathology data, Thus. trmtment-zclatcd
E minimal to mild C-cctl hyperplasitt was
E observed (the: 9 weeks M trcatmcnr with
E evidence of reversibility shown after 15
E weeks ofrccove ry»
E

Gender and ‘ Nnicwnrthy Findings Study Number
Group E (NN rut‘ Nut)“a.”
Samples coilcntd from l’lttstna calcilonitt levels were higher in all ENNZtMZm
satcliitc animals: 28 limgltnidc treated groups. witch compared 9.13.73
males and 28 females to the vehicle group. in both female and Mechanistic

, male mice. after one day ofdosing as wail Stndics)
gas after l3 weeks of timing3

3

Ea
l

3!) males E A transient increase in plasma atlcimm'n Report
3 was observed after 2t sing§c dose of snnnmn; or

timgltttidc (01$ tngikg) to fastcxl mts. ht xxzmzst,
jpztmlici. low plasma calcium and increased NNZtiSlea and
‘ 3’TH were ubScwcd. Nz‘fizmtllik
En is considered likely that an initial (’42 3 
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Mechanistic
Studiesl

, stimulatory cmm of limglutidc on CT
Esccmtion was follomxi by loss of calciumin the mint: which caused the
thypocttl’cttctnia and thereby n
contpcnsatory increase in P’m to mobih‘zc

' mlct‘umt The» dccmtscd piasntzt calcium
' possibly Eater counteracted any stimulatory
effect of tiraglntidc on the calcitonin

gscctctlon. The observed reduction in
thyroid calcitonin contents was compatible

‘ with secretiett ofstttrccl protein and a
parallel decrease in tnRNA levels was
interpreted as the rcsnit of increased
mtnslatinn to compensate for the ittcmtsctl

  
calcitoniu secretion, E
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Method of Duration Doses Gender and \0. per Noteworthy Findings Slutty Number
Tixrun‘streeiest Strain Administration or Dosing {nigkg/ttay) Group (\\ ref No.)

Liragltttitlc (NM? 90-! till); Subcutaneous Single dose 0.0.?5tugfltg ; SE) males A limited itthasc in diuresis was 2: Report
The effects on calcium prominent finding alter a single dose of sunnttary of
homeostasis alter at single g litaglutide (0.75 mgikg) to rats. The NNZItSZSI-t and
subcutaneous administration g diuresis was paralleled by increased plasma M20329:
to mule rats in at non-fasted é albumin and decreased phosphate. low [42.313
condition - Combined plasma eulcinnt and increased P‘l‘l-i Mechanistic
evaluation of the in life phase whereas no consistent pattern in the CT Studies)
and honnotu: analysis levels was observed.

it is considered likely that the diuretic
effect \\“-IS the main mechanism behind the
obscured changes in the examined calcium
homeostasis related pamtneters, An initial
ioss ofcaicittm in the. urine caused
hypocalcuetuitt and thereby ti
cotnpenszttoty increase in PTH to mobilize
calcium. The decreased pittsntzt calcium
possibly masked any stimulatory meat of

E limglutirle — as seen in other studies - on
i the Cttlcitoniu secretion.

Limgintidc (NNC tin-t t 701: Subcutaneous Single dose 0. 1).?5tngikg 36 little: A single acute subcutaneous injection with Report
Study on acute effects on lirttgltnirlo to fasted calcium treated rats did stututtary ot‘
:tlcium homeostasis minted not infect PT“ and (‘1' levels significantly. “293281 tutti

hommnes alter single dose i A rapid fall in PTH and rise in calcitoniu NN203325
subcutaneous tttlun'ttis‘tmtiou E during the first ES minutes after vehictc or {423.13
in fasted and culcium treated E limgltuide administration and plasma Mechanisticrots— Combittcd evaluation of g c; citttu levels adjusted ferpi-l were lower Studies)
the in tire phase and hormone E in limglutide treated animals. However. the
analysis i observed 2.4% decrease in calcium was

judged to he of questionable biological
significance

i

Method of fiumtitm Doses antler and No. per Noteworthy Findings Study Number
Tiwutzt’Sttecicsi Strain Administration of timing (mu’kfidny) mun (SN ref No.)

Umglutide (NNC 90-! t 70): Subcutaneous o weeks t). t).?5mgikgWincrcase in plasma caicitonin ReportEffects on calcium
liotncosutsis related
parameters and thyroid
volume (radians after up to
six weeks daily subcutaneous
administration followed by a
two week reversibility period
in mate. rats - Cetttbined
evaluation of the in life
phase hormone analysis.
vitamin 1) analysis. C—ecti
pathology ol‘tltc thyroid
gland and molecular analysis
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concentnnious omtrrcd consistently in
both fed and fasted rats after 4-5 weeks of
repeated dosing with limgiutioc, in line
with this. there was a trend towards
increased tttmscriptlonal activity of
calcitouin, The increase in plasma
calcitonirt was reversible ttl’tcr a two week
treatment-free period with recovery ier=els
being decreased
A tttodcnut: increase in urinary volume was
seen after repeated dosing with iimglntidc
in fed nus and a corresponding utu supra—
proponionttl increase in the amount of
calcium cxcrcteti in the urine was seen.
Calcium homeostasis disturbances were
further seen us decreases in plasma PTR.
calcium and Vitamin D during the first
weeks oftreatment,
No signs of C-ceil proliferation or
ittpcrplnsitr were observed after 4 weeks of
dosing
In conclusion .1 significant and sustained
increase in plasma ealeilonin was observed
at a time point where no signs ofC~ccil
iiyperpiasitt or proliferation were present.
Therefore. eulet'touirt release was an catty
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iirttglutide in the absence of liypcrplasitr or
proliferation in rats.
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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—1 receptor 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-l receptor-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, 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 BEarranged 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 (MENZ). Although other tumors

occur during the clinical course of MENZ, MTC usually precedes them. In familial MTC, c—cell
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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

a1, Laboratory Investigation (1979) 40: 140 — 154) and mice (Van Zweiten et al, Am J Pathol,

(1983) l 10: 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, 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.
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In mice, c-cell 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).

Table 2. (Comparison or" human thyroid tumors and genoticnliy cngizmeml mouse models of thyroid cancer Table 2. EMt‘fidL‘d
with similar genetic mutations,

 

[Knostman, KA et al, Vet Pathol. 2007 Jan;44(1):1-14]
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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-l receptors on C-cells
GLP—1 receptor 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.
UI-RUJNH

Key events in the proposed mode of action are 1) liraglutide induced, GLP-1 receptor—
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-1 receptor 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-1 receptor
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 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-1 receptor activation by liraglutide results in proliferative
lesions, and less persistent activation by shorter acting GLP-1 receptor 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—l receptors 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-l receptor-mediated calcitonin release, the sponsor asserts
liraglutide-induced C-cell tumor findings in rodents are not relevant to human safety assessment.

Hypothetical Coupling ofGLP—1 Receptor t0 Calcium-Induced Calcitom'n Secretion
The GLP-1 receptor 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 Gstx subunit. The GSOL-GTP complex activates adenylyl cyclase increasing intracellular
concentrations of CAMP. Increased intracellular cAMP activate protein kinase A (PKA) and

CAMP-regulated exchange factor 11 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-1 receptor agonists increase glucose-dependent, but not glucose
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independent insulin release. GLP—1 receptor agonists don’t increase the sensitivity of beta cells to
glucose, but increase the amount of insulin secreted by glucose stimulus. GLP-l receptors are
linked to MAPK signaling, a pathway regulating mitosis, differentiation, and cell survival /
apoptosis in beta cells.

 
firmh:mmjm‘$m

Figure-3 Signalii’ng cascade for GLP—l in the beta-cell {from Perry-and Gmigfigj}

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 Bz adrenergic receptor), or
glucagon (mediated by glucagon or GLP-l receptors) and inhibited by somatostatin (a paracrine
effect). Since GLP-1 receptor are coupled to Gs, any effect of GLP-1 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-1 receptor activation elevates intracellular CAMP, elevated intracellular
cAMP increases calcium-elicited calcitonin secretion. In rat c—cell lines (MTC 6—23 or CA77),

GLP—1 receptor 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-

1 receptor 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—073
(cinacalcet, a marketed type II calcimimetic) causes a dose-dependent rightward shift in calcium-
induced calcitonin secretion (Figure 2). V
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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 a1, 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).403 an.“
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[PMID 10411553 P483]
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These results show calcitonin-induced hypocalcemia is a counter-regulatory response that

decreases plasma calcitonin.
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[PMID 10411553 P484]

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 45Ca”, 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 1 or 30

mg/kg in normal rats (Figure 12 below).
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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 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 0-

cell growth. (Kakudo, K., et a1. Acta Pathol Jpn. 1989 Sep;39(9):545—50)..
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[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 pharmacologic 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 [31 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-1 receptor 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 Cl .

“____—
Approved Drugs
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adenoma, carcinoma
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Approved Drug Cited By Sponsor
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NTcPTH rece tora onist .
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1Hu man exposure multiple calculated using plasma AUC comparison.

2Human exposure mutliple calculated using body surface area based dose comparison.

3Hu man exposure multiple calculated using weight based dose comparison.

“Body weight based subwtaneous 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.

A/-\ccord’rng 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 tumorincidences in exenatidetreated groups were not statistically significant by trend analysis or control group
pairwise comparison.

BAccording to the drug 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 nitritediet supplemented Sudy 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 doserelated trend for adenomas (incidence of 0, 2, 1,3 at 0, 5, 30 , 75 mglkglday teriparatide) and combined adenomas and
carcinomas (incidence of 1,2, 1,4 at O, 5, 30, 75 mglkglday teriparatide). Human exposure multiples for rat doses of 5, 30, and 75 mglkglday
teriparatide calculated using plasma AUC comparison were 3, 20, and 60 times the human systemic exposure, respectively, for a 20 meg/day
dose. The incidence of Goa" adenomas or combined adenomas and carcinomas were not significantiy 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 al., J Physiol. (1997) Jul 1;502 ( Pt 1):31—44). Serotonin does not elicit

calcitonin secretion from rat MTC 6-23 cells(Gilgenkrantz 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 Bl et al., J Cell Biochem
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2006;97:1283—1291). Three serotonin receptors occur on osteoblasts; 5-HTIB, 5-HT 2A, and 5-

HTZB. Osteoblast-specific gene-inactivation studies show the 5-HT“; receptor mediates serotonin-

induced decreased osteoblast proliferation (Yadav VK et al, Cell. 2008 Nov 28;]35(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 [32 receptor or

indirectly by elevating serum calcium. In either case, arformoterol induced c-cell tumors are not a

pharrnacologic class effect because they didn’t occur in 2 year carcinogenicity studies of

salmeterol and formoterol, 2 other long acting [3; receptor selective agonists. The B] 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 al, Toxicologic Pathology (1989) 17: 266 — 293). Methimazole increases the number of TGF—

IB secreting C-cells (Logan, A. et al, J Endocrinol. (1994) 14l(1):45-57) and in a 2 year rat

carcinogen assay, it increased the incidence of thyroid 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 hyperplasia in rats can be induced by ionizing radiation (5 — 10 uCi 1311, Triggs
and Williams, Acta Endocrinol. (1977) 85: 84-92). A diet high in calcium alone didn’t further

increase 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-1 receptor 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—1 receptor 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
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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.

Investigational drug applications for 15 structurally distinct GLP-1 receptor peptide-
related agonists have been submitted to the FDA and one is marketed, exenatide. Rat and mouse
carcinogenicity studies have been completed for 3; immediate release exenatide, exenatide LAR
(sustained release exenatide), and liraglutide. 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, 18, 70, and 250 mcg/kg/day, respectively), but it didn’t occur in a 13
week repeat dose toxicity study at doses up to 250 mcg/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 20 mcg/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.

 
57,725 Amylin active Exenatide (Byetta) T2DM

61,040 Novo Nordisk active alm' lated rhGLP-1,|iralutide, Victoza T2DM, we" ht manaement

52(4) 
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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-1 receptor 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 xenografis 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 diffiise, c-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, l, or 3 mg/kg/day. Liraglutide dose-

dependently decreased body weight gain in male and female rats at 2 0.075 mg/kg/day, but not in

mice at any dose (see Figure below). GLP-l receptors may not regulate body weight or feeding

behavior in mice because GLP-1 receptor knockout mice were lean (Scrocchi et al., Nat Med

(1996) 2:1254—125 8) and inactivating the GLP-1 receptor in obese ob/ob mice had no effect on

food consumption or body weight (Scrocchi et al., Diabetes (2000) 49:1552—1560).

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 10nM), 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—1 mice.

Liraglutide Dose and Duration Dependent Eflects on Proliferative C—cell Lesions and Plasma
Calcitonin
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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 Z 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.

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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Dose-Dependence of Liraglutide Induced Focal C-cell Hyperplasia (HPL),
Adenomas (AD), Carcinomas (CAR) and Total Neoplasms (AD + CAR) in

Female 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 ofyoung 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 closing 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.

Effect of Liraglutide on Plasrm 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
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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 (3 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.

C-cell Hyperplasia (HPL), Adenomas (AD), or Combined Adenomas and
Carcinomas (AD + CAR) in Young Male Rats” 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 liraglutide—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
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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 Yoimg Male Rats’
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 (1 8 months old), and the decrease may be due to an increased incidence of

adenomas, at least in part.

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 C—cell

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
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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 diffuse hyperplasia.

Effect of Age and Treatment Duration with 0.75 mgle Liraglutide on Incidence of
Focal C-cell Hyperplasia (HPL) or Adenomas(AD) in Young and Aged Male Rats‘ 
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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 3 7 months of treatment, and

increased the progression of adenomas to carcinomas after at least 20 months.

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 Postdose) in Young Male Ram” Treated
with 0, 0.075, 0.25, or 0.75 mglkg Liraglutide
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#Rats were 2 months old when treatment started.
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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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#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).

Plasma Calcitonin (3 Hours Post-dose) in Young and Aged Male Rats#
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 350

(A)OO
_._ 0 (Aged)
+ 0.075 (Aged)
_ A, -025 (Aged)

<> _ 0.75 (Aged)
+0 (Young)
......0, ,. o_o75 (Young)
a .Av -025 (Young)
,, o 0.75 (Young)

§
 

 

_; 0‘O Calcitonin(pg/mL) N8

100 

50 
  
 

0 5 10 15 20 25 30

Rat Age (Months)

#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
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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
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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 3 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
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carcinoma) and in week 78 in males (an adenoma), but focal hyperplasia occurred l7 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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E2 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, 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 (3/dose/timepoint)
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Effect of a Single Subcutaneous Dose of Liraglutide
on Plasma Calcitonin in Female Mice (3/doseltimepoint)
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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 _>_ 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 plasma calcitonin was

significantly increased above control group levels at 3 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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Effect of Liraglutide on Plasma Calcitonin in Female CD-1 Mice
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Exenatide is a marketed GLP-1 receptor 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-1 receptor, 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. 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—1 receptor 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-1 receptor 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-1 receptor 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 0-

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
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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—1 receptors 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—

1 receptor activation leading to c-cell neoplasms in rats.

The table below summarizes findings in liraglutide mechanistic studies in each species.
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(“Immunohistochemical localization studies of GLP~1 receptor in thyroid tissue sections from mice, rats. monkeys, and humans were indeterminant because
the specificity of the anti»GLP-‘l receptor antibody was not demonstrated. In situ hybrizidation studies localizing GLP-1 receptor mRNA in thyriod tissue '
sections were equivocal because receptor mRNA levels were very low.     

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-l receptors in rat thyroid by

autoradiographic tissue binding and GLP-1 receptor 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-l receptors were
localized to c-cells.

2. Although there are differences in GLP-1 receptor expression, second messenger coupling,

and calcitonin secretion between c-cell lines derived from rats or humans indicating c-cell

GLP-l receptors 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.

In vivo, increased plasma calcitonin was age dependent, not liraglutide dose or treatment

duration dependent.
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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-1 receptor 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-1 receptor 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-1 receptor in

thyroid did not adequately demonstrate GLP-1 receptor protein or transcript localized to

calcitonin immunoreactive c-cells. A published study showed that thyroid from 60% of

mice (3/5) were positive for GLP—l receptors 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).

L») In addition to thyroid c—cell tumors, fibrosarcomas on the dorsal surface were treatment

related at 3 mg/kg in male mice. GLP—l receptors. GLP-l receptors 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).

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-l

receptors 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 t0 adenomas,

and the progression of adenomas to carcinomas, but without accelerating the onset of focal c-cell

149



Reviewer: Anthony L Parola, PhD NDA No. 22-341

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 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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CARCINOGENICITY ASSESSMENT COMMITTEE (CAC/CAC-EC) REPORT
AND

FDA-CDER RODENT CARCINOGENICITY DATABASE FACTSHEET (Rat)

P/I‘ REVIEWER: Anthony L Parola, PhD

REVIEW DATE: 8/20/08 (draft), 9/2/08 (final), 9/7/08 (revised to include CDER statistical

analysis), 9/15/08 (revised to include comments from the ECAC meeting)

NDA: NDA 22-341 (IND 61,040)

DRUG CODE#: NNC 90-1170, NN2211
CAS#: 204656—20—2

DIVISION: Division of Metabolic and Endocrine Products

DRUG NAME(s): Victoza® (liraglutide for subcutaneous injection)

CHEMICAL NAME: Arg34LySZ6-(N-s-(y-Glu (N—u-hexadecanoyl)))—GLP—1[7-37]
MOLECULAR FORMULA/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).7 10 20 O 37so

HzN @09600093069006MQ00 960099013669 COOH

O NH

Glu-spacer 2/

/\/\/\/\/\/\/Ho\/€HCH3 0Palmitic acid

 

Figure 3—1 The Chemical Structure of Liraglutide.

[NOOO IB P17]

SPONSOR: Novo Nordisk Inc., 100 College Road West, Princeton, NJ 08540

THERAPEUTIC CATEGORY: Inj ectable hypoglycemic lowering fasting and post-prandial
blood glucose concentrations in patients with type 2 diabetes mellitus by stimulating glucose-

dependent insulin secretion, preserving pancreatic beta cell mass, and delaying gastric emptying.

PHARMACOLOGICAL/CHEMICAL CLASSIFICATION: Liraglutide (Arg34Lys26-(N-s-(y-
Glu (N-a—hexadecanoyl)))—GLP—1[7-37]), a GLP—1 receptor agonist, is a fatty acid-derivatized

peptide analog of human GLP-l(7-37) made by acylating Arg34-GLP-l (recombinantly expressed
in yeast) with glutamate-spaced hexadecanoic acid at Lysm.

MUTAGENIC/GENOTOXIC (y/n/equivocal/na; assay):

No. Liraglutide was negative in a battery of genetic toxicity assays consisting of an Ames test

with or without rat liver S9 metabolic activation using liraglutide concentrations up to 5000

mcg/mL, a chromosomal aberration assay using human peripheral blood lymphocytes in the

presence or absence of rat liver 89 metabolic activation using liraglutide concentrations up to

5000 mcg/mL, or an in vivo 28 day repeat subcutaneous dose erythrocyte (peripheral blood and

bone marrow) micronucleus assay in rats using doses up to 1 mg/kg/day liraglutide.
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LABORATORY:
 

 

CARCINOGENICITY STUDY REPORT DATE: August 11, 2005
STUDY DURATION: 104 weeks

STUDY STARTING DATE: 5/7/01; final necropsies beginning the week of 5/7/03
STUDY ENDING DATE: 3/21/05

RAT STRAIN: Sprague Dawley (Crl:CD®(SD) IGS BR) from t . 

ROUTE: Subcutaneous injection (4 sites: sites 1 & 2 in the left and right scapular region, sites 3

& 4 in the left and right dorsal flank).

DOSING COMMENTS: Liraglutide or vehicle was subcutaneously injected once a day for 104

weeks. Liraglutide solution (2.0 or 5.0 mg/mL NNC 90-117) diluted in vehicle (0.71 mg/mL

disodium monohydrogenphosphate dihydrate, 0.621 mg/mL monosodium dihydrogenphosphate

dihydrate, 36.9 mg/mL mannitol, 5.0 mg/mL phenol, pH 7.4 adjusted with NaOH) or vehicle

alone were administered in a dose volume of 1.0 mL/kg.

NUMBER OF RATS (#lsex/dose):
Week 104

(main study)

- Control-1 (vehicle group 1): 50

- Low Dose (group 2): 50

- Middle Dose (group 3): 50

-High Dose (group 4): 50

RAT DOSE LEVELS (mg/kg/day liraglutide):

- Low Dose (group 2): 0.075

- Middle Dose (group 3): 0.25

-High Dose (group 4): 0.75

BASIS FOR DOSES SELECTED

High dose selection for male rats was based on a MTD (> 10% reduced body weight gain

at 3 0.1 mg/kg/day in a 13 week range finding study), but high dose selection in females was

based on AUC > 25 at the MRHD (1.8 mg liraglutide daily). High dose selection in females was

not supported by toxicokinetic data in the 2 year carcinogenicity study, but since liraglutide was a

non-genotoxic carcinogen in both male and female rats, dose selection was adequate.

PRIOR FDA DOSE CONCURENCE:

For a 2 year rat carcinogen bioassay rats, the sponsor proposed doses of 0, 0.01, 0.075,

and 0.75 mg/kg/day NNC 90-1170 by 5.0 injection based on AUC > 25. The Executive CAC

recommended doses of 0, 0.01, 0.075, and 0.25 mg/kg/day for males based on a MTD of5 0.1

mg/kg/day NNC 90-1170 due to > 10% decreased body weight gain in male rats only in a 13

week dose-range finding study of 0.1, 0.25, or 1 mg/kg/day NNC 90-1170. Doses for female rats

could not be selected based the absence of a MTD in the 13 week study and doses could not be

selected based on AUC > 25 because of insufficient comparative plasma protein binding data,

insufficient comparative metabolism data, and the absence of negative results in a standard

battery of genetic toxicity assays.

In the completed 2 year rat carcinogen bioassay, the sponsor used doses of 0, 0.075, 0.25,

or 0.75 mg/kg/day liraglutide. Liraglutide was negative in a standard battery of genetic toxicity

assays. In vitro plasma protein binding studies using equilibrium dialysis showed liraglutide

plasma protein binding in rats (95.8 — 98.2%) was lower than protein binding in humans (98.7 —

99.2%). Metabolism of liraglutide was inadequately characterized because exposure to

2of40

9(4)

”(4)



delipidated liraglutide metabolites in humans and rats was not characterized in vivo (see Review
of Mouse Carcinogenicity Study of Liraglutide).

At the MRHD of 1.8 mg/day liraglutide, Cmax and AUCO.inf were 36 nM and 648 nM.h,

respectively. In the proposed drug label, the same daily dose yields steady state concentrations

(AUC 1/24) of 34 nM (calculated AUC0_24 816 nM.h.)

Human exposure multiples were calculated based on AUC0_24 at the MRHD of 1.8 mg

liraglutide injected once a day. Based on toxicokinetic parameters in the 2 year rat
carcinogenicity study, AUC was < 25 at all doses.

Plasma NNC 90-1170

Auco,24 (nM.hr)

: Human Exposure

Multiples‘

NNC 90-1179
Dose

(mg/kg/daw

Sample AverageF
Time (M+ F)

299 347  
1Calculated based on MRHD 1.8 mg NNC-904170 subcutaneously injected once
a day yielding Cmax 36 nM and AU C024 816 nM.h (based on AUC €24 34 nM at
steady state).

RAT CARCINOGENICITY

Liraglutide was positive in a 2 year carcinogenicity study in male and female rats.

RAT TUMOR FINIDNGS

In a 2 year carcinogenicity study of 0.075, 0.25, or .75 mg/kg/day liraglutide, liraglutide increased
the incidence of thyroid c-cell adenomas at 3 025 mg/kg/day in males and females, c-cell

carcinomas at 0.75 mg/kg/day in males, and combined c—cell adenomas or carcinomas at Z 0.25

mg/kg/day in males and females.

RAT STUDY COMMENTS

The study is acceptable based on tumor findings in male and female rats.
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RAT CARCINOGENICITY STUDY REVIEW

  
  

  

 

R ult . ' ‘
es issue Neoplasm Hrstorrcal ParameterIncidence

  
  

incidence (%) 26.5 32.7 56.0

p—value 0.0213 0.005 0.000

incidence (%)

pvalue

  

  
 

   
 

 

c-cell carcinoma < 1% 
 Positive Thyroid

 
c—cell adenoma +

carcinoma

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.

aAlthough control group comparison p—value is above 0.01, the upper limit p-value fora false positive result for a common tumors, the
finding was considered positive because trend analysis p-value was < 0001 , 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:

- NNC 90-1 170 was a non-genotoxic carcinogen in male and female rats with treatment-

related neoplasms occurring in thyroid c—cells at Z 0.25 mg/kg/day in males (human

exposure multiple (HEM) 2 2.2) and at 3 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). V

o NNC 90-1 170 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 Z 0.25

mg/kg/day in females (HEM 3 2.2).

0 Study deficiencies were:

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 90-1170 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

(AUC0_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

4of40



Anthony L Parola, PhD NDA 22-341

Adequacy of the carcinogenicity study and appropriateness ofthe test mode]:

Sprague Dawley rats are pharmacologically responsive to subcutaneously administered

NNC 90-1 170 with reduced body weight gain and lower body weight compared to controls in all

NNC 90-1 170 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]—liraglutide 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 of NNC 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 3 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.

° 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 3 0.25 mg/kg.

Study no.: 200240 (sponsor), 455371 f"

Submission, Module, and page #: N000 4.2.3.4.].1, pages 1 — 1631
Conducting laboratory and location:
 

 

Date of study initiation: 23 April 2001

Study ending date: 1 1 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

 
 

 
 

 
 

 
  

Concentration Date Of .

  

D1000 4.2.3.4.].1 P17]
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Test Item Composition

Constituents: Amount er ml _NNC 90-1170

[N000 4.2.3.4. 1.1 P17]

Methods

Doses: 0 (vehicle), 0.075, 0.25, 0.75 mg/kg/day NNC 90-1170

Basis of dose selection (MTD, MFD, AUC etc. ): MTD in males (> 10% decreased body
weight gain at 3 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).

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

Number/sex/group (main study 1: 50 /sex/dose main study.

 
 
 
 

Animal Numbers
Males Females  

 
 
  

Treatment (mg.kg".day“)

 
 
  

 
 

 
 

  
 

 
 

Control 0 1-50 201~250
Low Dose 51—100 251-300
intermediate Dose 101-150 301 4450
Hi I h Dose 151-200 351-400

[N000 4.2.3.4.].1 P19]

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

NNC 90-117 solution diluted in vehicle (vehicle composition shown in summary table
below), 1.0 mL/kg

Vehicle composition

 

 
Constituents:

Disodium monohydrogenphosphate. Dihydrate
Monosodium dih dramenhoshate, Dih (irate
 

[N000 4.2.3.411 P16]

H was ad’usted with NaOH
 

Frequency of dosing: once a day

Satellite ggoups used for toxicokinetics or special ggoups: 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 dietary restriction studies: None.

Drug stabilig/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:
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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.

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—1 170 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 fig" evaluating 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 4.2.3.4.1.1 P25-26]

Results

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

acceptable range of 84 — 101% for all samples.

Mortality:

There were no treatment-related effects on mortality.
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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 3 0.25 mg/kg/day and staining of the fur (near the injection site) at all doses in males
and females.

8of40



Anthon L Parola PhD NDA 22-341

GroupfSexmose Level (mgkg .day‘ )
Clinical Sign 1M 2M

0075 025 | 075 . . .
Hunched Posture

incidence“

 

 

b
Observations

Staining on fur
incidence”
Observations”

Piloerection
incfcieneea
Observations“

 
= on! of 50 per sex

b = number Of occasions observed

[N000 4.2.3.4.].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

2 0.075 mg/kg/day in males and females.

ileum! 6mm;- anM Wright ~ Made:
Hunk 1 Group Mean Body may" - Fraud“

nun-name S§2§§E§S§§X
S 

WWWQ1%“
.Mmggz’r‘J/fiw . ‘Pa rameter ' ’

N,week0

9 (group mean), week 0

Body weight

% difference from control,
week 104

g,(week 104- week 0)Bo wei ht ain

(weesyOtovgeei104) %ofpretestbodyweight 322.0 293.4 267.3 207.0 245.3 2139 168.8 162.3
% difference from control mm--m---

 
Food consumption:

Compared to the vehicle control group, NNC 90-1 170 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 90-1 170 treated groups

in the first week in males and females. In males, food consumption decreased at Z 0.25

mg/kg/day from week 5 to the end of the study. After the first week, group mean food

consumption in NNC 90-1 17 treated females was similar to controls. From week 13 onward, food
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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.
 

 

 
  

 

 

 
Group/SexlDose Level (mg.kg’1.day“)

“WE-

Percentage of Control Group Mean

[N000 4.2.3.411 P39]

  

 

Week

1
13
26
50
78
104

Water consumption:

Water consumption was considered unaffected by treatment.

Ophthalmoscopy:
There were no treatment-related effects.

Hematology:

Compared to concurrent controls, lymphocytes increased in males at 0.75 mg/kg/day in

weeks 52 and 78, but not in week 103. In females, lymphocytes increased at 0.75 mg/kg/day in

week 52 and in week 78, but not at any dose in week 103. A statistically significant effect of

treatment (comparing lymphocyte counts in NNC 90-1170 treated groups to control) occurred in
both males and females in weeks 52 and 78, but not in week 103.

Lymphocytes (x 109IL)

3Group Effect . Group Effect

6.96 23.423 4.24 4.4134323 0.044

5.56 36.083 0.010 3.66 3.76 33.663 0.010

4.74 35.043 3.36 3.40 33.843 >005

Group mean values statistically significantly differentfrom oontol are underlined.

 
aMale 59 had elevated WBC consisting ofWBC 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 occurred in week 52 in males ( 61, 69,

and 53% of controls at 0.075, 0.25, and 0.75 mg/kg/day, respectively), but the decrease wasn’t

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 3 0.075 mg/kg/day.
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NNC 90-1170 Dose (

Parameter

Bodyweight 797 744 |695 642 487 441 373 374

37.1 44.6 |47.1 60.2 30.9 33.6 30.9 42.7
4.7 6.0 lee 9.4 6.3 7.6 8.3 11.4

Thymid Relative weight,
foldchangefrom 1.3 1.5 2.0 1.0 1.2 1.3 1.8
control

Gross pathology:

A low incidence of masses in the abdominal cavity was higher than controls at 075

mg/kg/day in males.

A high incidence of staining of the skin, presumably near the injection site, was above

control group levels at 3 0.075 mg/kg/day in both sexes.

Enlarged thyroid gland at 3 0.25 mg/kg/day in males and females correlated with

increased relative weight of thyroid and histopathology findings of C-cell hyperplasia/ adenoma/
carcinoma.

  

 
GROUP TOTALS

NECROPSY FINDINGS GROUP Grpt Gm 2 Grp 3 Grp 4 Grp t Grp 2 6:10 8 Grp 4
DOSE O 0.075 0.25 0.75 0 0.975 0.25 0.75

matte me'kg We Ins/k9 mm "191k? maths mike[:13 Ida Ida i'da Ida Ida Ida Ida

GENERAL COMMENTS

Number of animais necropsied
ABDOMINAL CAVITY

Mass(es)
SKiN AND SUBCUTIS

Hair loss
Swollen
Bruising
Staining

THYROID GLAND

Mass(es). onelboth 1 1 1
Dark. both 1
Pale focus. rightziefl . 1 1
Pale. right 1
Dark focus. rightilefi 2 1
Enlarged. onGIbmh 5 7 1 2

I..._—_______.__._s_.__L—__s__|____s_.__a_—x____a__l

The absence of a numeral indicates that the iesion specified was not identified

[N000 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
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focal c-cell hyperplasia was only significantly higher than controls in high dose group

males (p < 0.05) and mid-dose group females (p < 001). 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 3 0.075 mg/kg/day, but in females, the incidence of in NNC 90-1 170 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 2 025 mg/kg/day in females. There was a higher incidence in

NNC 90-1 170 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—1 170 toxicity.
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 GROUP TOTALS

HiSTOLOGlCAL FINDINGS GROUP Gr}: 1 Gt}: 2 Grp 3 Grp 4 Grp 1 Grp 2 Grp 3 Grp 4
DOSE 0 0.675 0.25 0.75 0 01075 0.25 0.75

mgtkg mglkg mgikg mgikg mgikg nag/kg mgtkg rag/kgrule Ida ida Ida .ida ' Ida Ida fda

LUNG (50} (49) (50) (50) ($0) (49) {50} (50}
Alveolar macrophage accumulation. focalfmultilocal 15 1’4 15 20 12 15 16» 21

THYROID GLAND (50) {49) {50) (50) (50) (49} (:19) (50)

FOLLlCULAR CELL ADENOMA {B} O 2 1 2 1 0 2 0
FOLLICULAR CELt CARCINOMA {M} O 1 1 O a 0 0
Focal C~cell hyperpiasia‘minimal 3 0 2 3 6 1 2 4

mild 5 7 6 9 7 7 14 1 1
moderate 2 3 6 4 1 5 8 4
marked . 0 4 4 8*“ t3 1 5* 5

' Total incidence 1 1 14 20 24‘ 14 14 27“ 24
Diffuse Goal: hyperplasla. 0 1 O 0 0 O 0 0minimal 1 0 G 0 2 O 0 0

mile 2 2 3 3 3 2 2 2
moderate 13 2 1 2 0 4 1 0
marked 0 1 1 2 1 2 U ‘1
Total Incidence 3 6 3 7 6 8 3 3

OCELL ADENOMA f8]. 6 8 21" 23‘” 5 13' 16" 28'”
CvCELL CARCINOMA {ML 1 4 3 7 O 0 2 -3

A0RENAL GLAND (49) ($0) (49) (SO) (50) (50) {50) 50)
Focal conical can hypertrophy. with degeneration. 3 9 111" 8 22 18. 14 15
Focai conical cell hypertrophy, 11 10 10 11 4 4 9 6

MONEY (49) (50) (50) (50) (50) (so) (50} (50)
Diffuse transitional cell hyperplasia.minimal 1 1 1 O 0 0 0 0

mild t 1 6 12 6 9 6 1 1 6
moderate O 1 6’ 5 3 3 4 3
marked 0 1 O 0 O 0 2 0Total incidence 12 9 19 11 12 9 17 9

Mineralisatinn 1 14‘“ 9‘ -8‘ 25 26 24 15
LIVER (50) (50) (SO) (50) (50) (50} (50} (503

Basophilic ceil focus. homogenousmild 1 0 1 1 0 2 3 5
moderate 0 0 0 0 2 O 1 O
marked 0 2 1 1 4 2 3 5
severe O 0 0 £1 0 1 0 0
Total incidence 1 6 4 7 10 8 12 15  

Significantly differen: from 1113 Control: ’ P<o.05. "- P<0m1 '" P<0.0ot
Figures in brackels represent the number of animals from which this tissue was examined microscopically
The absence of a numeral indicates that the lesion specified was not identified

[N000 4.2.34] .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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Tumor-Types withP-Values P 0.05 for Dose Res ponse Relationship or Pairwise Comparisons 

Cont Low Med High P_Value P_Va1ue P_Value P_Value
Sex Organ Name Tums: Name “=42 N=45 N=43 11:43 D05 Resp c vs. L c vs. M c Vs. H
ill/llffll/I!IIII/IIIIIIIIIIIIIIIIIIIII/f/IIlflllfflIffl!flfl!fflll/If/lfllllffllllllfll/Illfflllflllfflllflflfff
Male Thyroid Gland C-CELL ADENOMA [s] a a 21 23 0.000 0.431 0.002 0.000

C—CELL CARCINOMA [M] 1 4 3 7 0.020 0.137 0.330 0.027

C-CELL TUMOR 7 11 21 20 0.000 0.227 0.003 0.000

Cont Law Med High P_Value P_Va1ue P_Value P_Va1ue
sex Organ Name mmor Name N=47 “=47 N=46 21:49 Dos Resp c vs. 1. c vs. M c vs. H
If]llffl!llIf]Ill/II!If."flIfffflflllfflf/lflllfI/flIffl!I[IfIfIll/l!I/IfiflllllllfllffllIll/llfllfllllfffflffllf

Female Pituitary Gland CARCINOMA, ANTERIOR 1 0 1 5 0.009 0.472 0.740 0105

Thyroid Gland C-CELL TUMOR 5 13 1a 29 0.000 0.021 0.001 0.000

C-CELL ADENOMA [B] 5 13 1s 25 0.000 0.021 0.005 0.000

C-CELL CARCINOMA [M] 0 0 2 3 0.028 . 0.240 0.125
 

N ote: C-cell tumor=C—cel] adenoma + C-cell (meinoma.

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 C-cell adenoma significantly
exceeded concurrent controls and the historical control range at Z 0.25 mg/kg/day in

males and at 3 0.075 mg/kg/day in females. The historical control mean incidence of c—

cel] adenomas in Sprague Dawley rats at the '1“*' (1994 — 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 Z 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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Sex

NNC 90-1170 Dose (mg/kglday)

Organ Finding

Diffuse Geell
hyperplasia

minimal
mild

6 5 8 61327 $571054 757 13 E14510total afflected ' ' ' ' ' ' ‘
11 22%) 14(28 6%) 20 (40.0%) 24 (48.0%)' 14 (28%) 14(28.5%) 27 (55.1%)“ 24 (48.0%)
5 1 5 3 11 310'" 12 1:1*" 4 1 1o 3 9' 7 19'“? 9"Gcell adenoma - - - . . . ( _

21 42.CP/a” 23 46_(_0)_%'“ 5 (100%) 13 (26.5%? 16 32.7%“ 28 56.0%‘“

Ocell carcinoma
10.(20%) 42(82%2) 3(6:.0%1) 7140"/"‘ 12(41%)13(6:;)0%

C-celladenoma or carcinoma 11 (22.4%) 21 (42.0%)“ 28 (56 0%)" 500%) 13 (26.5%)' 18 (as.7%)” 29 (.580%)"

Focal C-oell
hyperplasia
(preneoplastic)        

    
Stalisticaly sign‘ricanliy different from control by Pete analysis: 'p < 0.05. "p < 0.01, ”'p < 0.001

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).
 

Sex
  

 

carcinoma, anterior
lobe
 d ’ l . | : : : :

a emma 3" er'mob 0%)222(44.9%) 216( %.) 2151(50.0%) 34:(68.0% 2170(551%) 35 (71.4%)Pitu'tary 0 . 0 = 1 1 = 0
)1) )

Stafisficaly signiicanlly different from control by Pete analysis: 'p < 0.05. ”p < 0.01

Sponsor’s statistic analysis (PETO) of tumor findings
Tumour Type — PVALUE I P-VALUE‘“ PVALUE" PVALUE I

MFemales 027 012
Males «1001 1 43.001

Females 0.001 1 <0001Males <000‘;

030 048 1.00 0.47
0.008 1.00 (169 0.089

  
 

 
 
 
  

 

 
 
 

C~cell Carcinoma {M}  

     
 
  

C-cell Adenoma [B]

 
 

 

 
  C-cell Tumour
 
 Carcinoma anterior

lobe {M}. locally
invasive

 

  

Linear trend1 l
1 ) Group 2 vs Group 1
(3) Group 3 vs Group 1
() Group 4 vs Group 1

[N000 42.3.4.1.1 P42]
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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 l 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 90-1 170. 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

Cmax (nM) Alma—24 ("M-hf) Tmax (hr)

 
NNC 90-1179

Dose

(mg/kglday)

Sample
Time  Range

M F gAverage (M+F)F Average

394 401

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

shown in the graphs below.
Figure 5 Mean (arithmetic) plasma canemtmfion-time profim fofinwing 104 weeks dosing

offimglmide in female rats.

”MW $04. gendum‘cmnlc

no» love! (mm)
50000:: a» 0.075

{genome «v 0.25
$300000 " 0.753

E mo
8 100090 \\0

0 s 10 i5 20 25
The (M

[N000 4.2.3.411 P1600]
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Figure 6 Mam (arithmetic) plasma concentration—time profiles {mowing 304 weeks dosing
offimglutide in mate rats.

Mcdwk 104. condomme’a
00“ lm‘ (W9)

4“ 0.075

*9 0.25

*5 0.75

 
0 5 10 15 20 25

Time (h)

[N000 4.2.3.4.1.1 P1600]

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 2 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 90-1 170 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 3 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—1 170 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 c—cell adenomas or carcinomas at 3 0.025 mg/kg/day NNC 90-
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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.

APPEARS ms WAY
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Appendix/attachments

Appendix 1: List of Tumor Incidences Compiled from ‘Peto analysis oftumor incidence: Males’

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

Males, Peta analysis oftumor incidence
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0.75
mikgzday

”#503
 

0 . 009

50
23
23

“0.001

50
28
28

43.001

0.57

5D

0...A
0.47

0.56

(one~sidarl)
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0 0.075 0.25 0.75
mikgiday mglkglday mgzkgiday mikglday

(11:50) (2::50) (11:50) «4:50;
Orgaaninding

HONEY MEX. 49 50 50 50
TUBULAR CELL CAQCIROM [m unilateral MOSS 0 0 1 C

I O O O
F O 0 1 G
P-VALUE # 0.54 1.00 0.55 1.00

KIDNEY HEX . 49 50 50 50
YUBULfiR CELL ADERDMA (B) unilateral NOBS O O O 1

I S 0 O 1
F 0 o o a
P-VALUE 11 0.25 1.00 1.00 0.53

KIDNEY REX 49 50 SO 50
UPON»? {B} unilateral N038 f 0 0 e

I 1 D O 0
F O 0 O 1)
P~VA£U£ a 1.00 1.00 1.00 1 .00

KIDNEY Max 49 so so 50
LIPSSMCOIAA (L!) unilateral NOBS 2 0 o o

I 2 O 0 0
F 0 D 0 G
PwVALUE it 1.00 1.00 1.00 1.00

STWACH NEX 49 so :9 50
SOUfiMOUSuCELL CARCINW (M; NOBS D 0 1 O

I 0 O 1 O
F 0 D O 0
P-VALU£ tr 0. 53 1.00 0.55 1.00

JEJUMBM REX 45 ~17 4‘? 50
LEIOMYOSRECOW‘ [kl] locally invasxve NOBS 1 0 O O

I o o o o
F 1 0 o 0
P-VALUE # 1.00 1.00 1.00 1.00

LIVER HEX 50 50 50 50
REPATOCELLULAR CARCINOMA [In NOBS o o o 1

I 0 0 O 1
F O O O o
P-VAUJE E 0.25 1.00 1.00 0.53

LIVER Mix 50 so 50 so
REPETOCELLULAR AOENOMA 18) NDBS 1 0 0 f

I 1 0 o 1
F 0 o o 0
P~VA£UE S 0.45 1.00 1.50 0.78

SALIVARY GLANB {SUBMKXIiLJSRY} mix 5!) $0 49 50
CARCINOMK (Ml ductulm‘ MOBS D 1 O O

I I) o o c
F O 1 0 0
P»VALU£ #6 0.75 0.51 1 .00 1.00

PANCREAS (EXGCRINE) NEX 50 50 49 50
ACJW CELL ADEMOMA {B} NOBS 1 1 O 8

I 1 1 o 17
F o 0 o o
P-VALUf 8 0.95 0.77 1.00 1.00

BRAIN MEX 50 50 49 SO
auom. m] N083 0 1 o 0

I I} 1 0 0
F I} O 0 0
P-VALUE § 0.77 0.51 1.00 1.00

SKIN AND 58300118 NEX 50 so 49 50
{IBSOSABCOHLA £1.11 N088 2 1 2 O

P»VALUE 1! 0.68 0.88 0.71 1.00

SKKM AND SUBCUTIS NEX 50 50 49 50

muomm’ scm‘tAmm gm N088 a o 1 4
P~VA£UE Q 0.18 1.00 0.49 0.50

SKIN AND suacuns NEX 50 50 49 so
DERMAL FIBEOMA [8] NOBS 9 11 3 1O

P-VALUf 0.46. 0.36 0.97 0.40

SKIN AND SUBGUTIS Mix 50 50 as 50
REURAL CREST Tumoun {:11 Ross 0 1 o 1

P-VALUE # 0.32 0.51 1.00 0.49
REX = Number of animals examnea, N085 = umber m‘ animals with timingI Number of animals with Xh61€32ntaL finding (defined as 111615211161 Or probably incidental)
F = number of animus wztl‘s ‘fmal finéing {defined as fatal or probably fawn
1.! = Exact parautatinn test
Pv‘IALUE = [ll-values under thE central greup are tread test, under dosed groups are pairwise comparisons (ansidad)
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0 0,075 025 0,75
mgikgiday mikgiday mgikg/day mgikgzday

(14:56) (14:50} 03:56) (Nam)
organyFinding
s i S

BASAL CELL CARCINM [H] N083
P-VALUE .2 0.51 0.52

$K1N AND SUSCUTIS MEX $0 56 49 5t)
MEAL CEtL #101516ka (BE N083 O 2 0 2

P-VALUE ft 0.20 0.25 1 .00 £2.27

SKIN AND suacmzs NEX so 50 49 50
SGWIGUS«CELL PAPILLONA [B] N035 1 1 3 O

P-VALUE .3 O .80 0.75 0.35 1 100

SKIN AND suacuns «Ex 50 so 49 so
WGUS»CELL CARCINOMA {a} 11053 0 1 D DPuVALUE .3 0.75 0.50 1.00 1,00

SKIN AND suswns NEX so 50 49 50
SEBASEOUS CELL ADENGMA {Bl M095 1 0 1 S

?-’IALUE it 0.38 1.00 0.74 0.75

SKIfi A!!!) SUBCUTIS MEX 50 SO 49 50
macaw (NOT OTHERWISE SPECIFIED) [M] Ross 0 s o o

?»VI\LUE )5 0.74 0.43 1.00 $.00

SK!“ 1‘1le SUSCUTIS MEX 50 50 49 SO
Hum [83 noes 6 5 4 2

9-VALUE 03¢ 6.63 0.80 0.93

SKIN mm SUQCAITIS REX 50 SD 49 SO
mow. [a] was 2 3 5 o

i’NALUE I! 0.92 0.49 0.24 1.00
SKIN ANS SUBWTSS "Ex 50 SD 49 50

WXDSAHCDHA [M] [11088 0 0 1 0P-VALUE .2: 0.55 1.09 0.56 1.00
SKIN AND SUBCBTIS NEX $0 50 $9 50

xmrmcmxoua m moss 3 s s 2
P-VALUE 0.94 0715 0.26 0.68

SKIN AND suscmxs NEX 50 50 49 so
MEW§GIG$A£COMA {m N633 0 z 0 o

F~VALUE 3 0.75 o.5$ 1.00 1.98
MRMHY GLAND ”EX 48 48 47 48

FIBROADEMO!“ {B} N083 1 3 D O
P~VALUE 4' 0,97 0.34 1.00 1.00

WWW GLAND HEX 43 45 :7 48
CARCINOMA (MI M033 0 1 0 0

P‘VALUE g 0.77 0.5Q 1.00 1.00
HEX
I Hume? of animals Hammad, was = number of animals wixh finding

Nuaber of animals sum: xncmantal finding (defines as incidental or probably mammal)

uuuunF Runner or animals mm mtal finding (66141.net: as fatal or probably fatal)
11 Exact permutaziun test
P—VALUE p-vaiuas undar the control group are Irena tam:x under dasaé groups are pairwisa comparisons (anksldedj

[N000 4.2.3.4.1.1 compiled from P230-251]
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Females
G O . 075 G . 25 O. ’25

ngjkgmay mgikgiday ngzkgjday mg; kgmay
"“503 (3:59) (bl-‘56} (”$50)

Brganfilmung 
HAEWFOIEYXC SYSTEM REX 50 50 50

LEUKAEU] A GRANULOCYT 10 {9.1: R035 0 D D 1
I 5 0 D O
F 0 0 0 1
Pv‘lALUE I 6.25 1.00 (.00 0A9

MEWPOIEYIG SYSTEH HEX SD '50 50 50
Ms? IOCYTIC meow». {m "985 o u a x

I O 0 D
F 0 0 I) S
PvVALUE # 0.26 L0!) 1.1!?!) 0.49

MEWPOIETIC SYSTEM “Ex 50 56 $0 50
LWAPHOM LYEF’HOCWIC It“ “955 1 i 1 S

I 1 0 O O
F 0 ¥ 1 1
PAVALUE 1' G ‘5‘ 0‘74 0.70 0.74

MEMOPOIETIC SYSTEM NE): 50 50 50 5t)
LWPHOIKA I”! "035 1 U 0 0

I 1 0 O O
F 0 Q 0 0
P~VA£UE 8 1; .62!) 1 .06 t .60 1 ,OG

LYN?“ N095 (NESEETESIC) HEX 49 50 49 49
HAEMMGXW :31 mas : o n 9

I f O 0 a
F G O 0 3
PAVALUE # L06 3.00 L00 1.00

mmmo 6W3 um 50 49 4Q 50
FOLLECULAK CELL ABEM‘IEIA {BS unilateral HGSS 1 G 2 G

I 1 G ‘2 D
E 0 0 fl 0
9~VALUE :1 6‘ 70 1.00 9.35] 1.007

71913910 GEMS "EX 50 49 49 50
FOLLXOULAR CELL 71311013 N685 I 1} 2 O

I 1 G 2 O
F 6 6 £2 0
P-VALUE )1 a. 79 1.00 8.39 1.00

THYRGw GLAND NE): 50 49 :9 50
C-GELL CARCINOBA {MI “958 0 (X 2 5

I 0 o 2 3
F O O O G
PNALUE a 9.027 $.00 9,27 0.12

'{HYRfiZD SLAM) HEX SD 49 £9 50
C‘CE‘J. RDENWA (8; N053 5 13 36 28

I 5 I 3 1 6 28
F 0 O D G
PAVALUE «mom mus o. 0:31 «Loo:

21.73019 suns Nix so 49 49 50
C~CE§L TIMOUR ROSS 5 13 19 29

I 5 1 3 15 29
F 9 0 O O
mama *4}. cm 0 . (8:16 413.051 ‘4} .80}

PARAWKGID GLAND NEK £9 46 50 48
macaw {83 uniiattral "059‘ 1 6 2

K 1 B 1 2
F 0 D D 0
PAVALUE E 0‘16 1.0!) 0.89 0.4}

ADRENAL (RAND "Ex 50 50 50 50
513905wa CELL WW ‘8) unilateral. N055 O 1 O D

l 0 D 6
F 0 9 Q Q
PmVAUJE ‘! 0.68 0.42 $.60 1.06

ADHERA‘: SLAMS HEX 50 50 50 50
CGRYICAL ASEROMA {a} unilateral N668 a I 0 2

I 3 Y D 2
F 0 Q V G 0
P~‘M§.UE I! 0.51 6,92 1.63) OJ?ABSENA; GLAHQ HEX 56 50 50 50

vmeacxmmmm {B} N085 6 1 2 1
1 9 1 2 1
F 0 D 0 0
P-‘IALUE 5‘ 3,32 0.47 6.19 0.51

MEX 2 ”newer of Animals examznéd, N058 =' Numbsr of an ma}: with finding
I Runner or animals with mammal {194:an {definw as meme-nus). or probanly gncidanml}
F = mafia? af animals wt'kh 1am: unamg idefineé as fatal 65‘ probabiy fatal}# = Exact pecmutation tesx
PNALUE = p-values uader the control gx‘oup are trend test. under dosed groups are pairwise cmparisons (me-95.6w)
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o 0.075 0.25 0.75
mgikgiday ng/kgiday mg!k9;day wglkgfday

(N=50) (11:50) [11:50] (11:50)
organiFinaing
?!TUITARY SLAMS HEX 50 49 #9 56

CARCINOMA Amsmon LOSE [N] locally anvasive "03$ 1 0 1 s
I 0 0 1 3
F 1 0 0 2
P-VALUE 3 0.002 1.00 0.69 0.089

lexTARY GLAND Mix 50 49 49 50
ADENOHA Anteater; LUBE [6; NOBS 34 27 35 23

I 22 15 21 22
F 12 12 14 6
P‘VALUE 0.85 0.75 0.29 0.89

FlffliTARY GLAND N£X 50 £9 49 SD
ADENOM iNTEfiiIEDIA‘IE 1055 [B] Moss 0 a 1

I 0 G 1
F 0 0 0
P‘VALUE # 0.19 1.00 0.43 0.51

FANSRéAS (ENGOCRINE) MEX 50 SD 50 49
ESLiT CELL ADE“€MA [Bi N058 G 0 0 1

I 0 0 9 1
F 0 0 9 <1
P-VALUE # 0.28 1.00 1.03 0.51

OVARY MEX 50 so 50 50
GHMmLOSNWECAL CELL 1011003 {B} NOBS 0 1 a 0

I 0 1 o 6
F 0 o 0 0
P-VAiUE # 6.73 0.67 3.09 1.00

OVASY NEX $0 50 Sfi 58
Fzssoua {3] unilateral NGBS O 1 G 1

I ¢ 1 fi 1
F o o o 0
P‘Vkiufi a? 0.33 0.47 1.09 0.51

menus MEX 50 so 50 50
5mm POLY? [3; noes 5 s 7 u:

I 5 5 7 16
F 0 0 9 E
www: 9.058 0.46 0.19 0.050

WEEDS Mix 50 50 50 50
mENOCAHmmuA {u} ”085 1 o a 0

I I 0 0 B
F t» 0 0 3
PJzAwe 1 1.00 1.00 1.00 1.06

UYEHUS HEX 56 50 58 58
SYROMAL :3ch (11} N083 3 1 2 o

I f 1 2 6
F 2 o 0 e
P‘VAiUE g 9.93 9.95 0.66 1.00

UTEBUS Nix 50 SO 50 58
Fiaaomx (a: was 1 0 0. a

1 1 0 3 G
F O O B G
P—VAwE k 1.00 1.00 1.03 1.01}

U1EHUS Nix 50 50 50 SB
Anew {83 Haas 0 0 o 1

I G 0 O 1
F o a 9 0
P-VALUE # 0.15 1.00 3.00 0.35

YORGUE NEX $0 49 50 50
sommusweu CARCINOMA w) N005 1 0 o 0

} 0 b 0 a
F 1 G 0 0
P—’IALUE 53‘ 1.00 1.00 1.00 1.00

DUQDERUM ”EX 319 50 41B 4:9
1.5101110552100113 am 11085 a o 1 0

I O 0 1 0
F c O 6 0
?-VALUE .1 0.49 1 .00 0.43 1 .00

9000511013 Hex .19 so 119 as
LEMM’YOVA {8] N095 0 1 O 0

I 0 1 0 0
F B 0 O 6
P~VALUE 1? 0.73 0.67 1.00 1.00

HEX Nuaher of animals examined, N085 = Nuaber of anxmals with finding
Number of animals with incidental finding (defined as incidental 0r prohably incidenlal;

F = Number of animals with fatai finaing (definga as fataz or probably fatal)
0 = 2x351 permutation tss!
P<VALUE = p-values under the contral group ara trena test, under dosea groups are pairwise comparisons {one-sided)
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9 0.075 0.25
mgjkgway mgikgmay mgikggday

was“); {9550; ($51))
ergnnirxmmg
LIVER N5! 50 50 5D

HEPAYDCEL‘LULAR AD-EEM 18] 34035 ‘ i ‘E 1 | 1
F 0 0 0
PvVALVE II 0.52 0.7-! 0.73

LI’IEH NEX it) 50 $0
cnowaamtu. {a} was a o 1K 0 D I

F 0 O 0
P-VALBE é? 0.:9 1.60 O .43

GRAIN "Ex 55 50 50
635119113 CELL mama (E; N085 {3 G 0

I 1,; O G
1" fi 0 Q
P~VALUE K 6.15 L00 L00

ERF‘JN HEX 517 59 SD
GilGBDEMDROGLIOM ill] 91088 3 O 0I B 6 D

F } 0 0
P—VALUE 5 1.05 $.00 L00

SPIN)“. CORD HEX 513 50 50
MEMBIGEAL SABGOEK {M} locally mvasxvs “CBS 5 O 1I 0 Q 0

F D 0 1
P.WLUE I: 6.491 3 .09 O .50

SKIR AND SUECUHS HEX 56 50 50
FIBfiaSLKW fill} “985 8 2 0PvVfiLUE l 6.31 8.23 f .30

$3134 N10 55850713 REX 5K} 50 ‘50
0553ka FIEROEIA £83 N683 :1 1 ‘P~VALUE l 9.63 8.86 0.33

SKIN RID SMUTIS HEX 50 50 50
SAME. 66L}. ADENNIA {B} NOBS 1 l 0F-YNAéE V 0.93 0.72 L‘QO

SK!“ mo MCU‘US £5}: 50 50 50
SOUMUS-SELL ”‘91an (B) fiOBS G 1 0

P-VALUé 1 0.7” 0.136 LOO

SK!“ MD SBSCUTIS HEX 50 SD 50
SOUHJDUSXCELL CARCINWA {M} #083 O 1 0F-VALVE fl 9.75 0.48 1.00

SK!" MD SUSCUTIS MEX SO 50 50
SAHCQMA (MT OTKEB’EISE SPECIFXSD) [Mi N033 0 0 1PJt‘i‘uAii J' 0.5!} 1.00 0.30

5K1" MD WUTIS “5X 50 50 ED
FIE-903M [S] N083 4 1 I

EVALHE 3‘ 0.56 3.545 0.95

SKIN AND MCUIIS HEX $0 359 50
mom {a} was 1 1 o?~VAU}E f 0.53 6.72 $ .00

SXIR Aim SURCUTIB Mix 59 59 50
mxam $13; was: 4: o oF~VALUE R $.27 1.00 LOO

SKIN AND SUBCUTIS Mix SB 5!: $0
KERAYDAW‘RIHOMA [8} NEWS 6 1 D

P—VALUE f 0.39 0.47 $.00
mmv sum Max 50 so so

FIflflQGfifiClflOflA I“! H055 0 0 1
P JIALuS :3 O _ BO 3 .60 O .439

“MY 5mm “EX 5!} 50 50
FIBSOAGEQBUA EB} N065 26 25 26P—VALVE €4.93 0.65 032

W‘l 5W REX .50 SD 50
MRGENQM ME "OBS 10 33 6

$431.35 0.95 0.15 0&2

WJAQ‘! SLAM} REX 50 50 50
NJEROLR [2) N033 4 5 5

#4me cmé 0.31 0.33
HEX * Kamber- 9f annals examined, was : Nunauor of animals with finding
I = Numb" of animus wnh meldsnml finding maimed as inciaanzal or probably mudenzai) 
t: ‘ Exact psrmumuon [est

Number of anmals with fatal finding {defined as fatal w probably fatal)

0.35
SD

1.01)

1 .00

$6

1.00
50

1.00

0.74
50

0.51

so

0. 47
$0

I .06

SQ
20

0.92

50

0.96

SD

0.37

P-VALUE = p-vaiues under the centro} grcup are «and test, under dosed groups are patrxzse coagarlsons mag-sided;

[N000 4.2.3.4.] .1 compiled from P252-273]
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Appendix 2: Historical control group data of tumor incidence in control groups of Sprague

Dawley rats from 2 year carcinogenicity studies at the '
from 2002 to 2004.

 M4) 

TABLE 2
INCIDENCES OF NEOPLASTIC AND FOCAL HYPERPLASTic

LESIONS IN UNTREATED Crl: CD SPRAGUE-DAWLEY RAfs IN 104 WEEK STUDEES
ADRENAL GLAND (MEDULLA)

7’53Fe'maié .
 
 

'uugnbegffi " Fecal i pm [simian Neaptasié waxsgnah’t. » Examine¢fip Easia » ' ’ “ ' ' ' -‘ " westasia ’
523 49 6 Sphaeocm     phaeochmmocytoma 48 5 6 phaeochromocytoma 0
009 59 9 10 phaaochmmykoma 1 phaeuchyomocytoma 60 4 1phacochrwnocytoma 0
059 48 9 7 phaeocnxomucymrna 0 50 3 1 phagochrwnocytoma 0
441 50 8 8 phaeochromocytoma 5 phaeocmomacytoma 50 3 3 phagochromocytoma 0
499 49 13 4 phaeochromocytoma 1 phaeochmmocytoma 49 5 2 phaeochromocytoma 0
530 50 11 4 phaeochmmocymma 1 phaeochrunocytoma 49 S 1 phaeachromocyluma 0
588 $0 5 6 phaeochtomocytoma 0 50 1 O 0
939 83 12 7 phaeochromocytcma 3 phaeochromocy-loma 78 13 1 phaeachmmocyloma 0
970 75 2 12 phagochmmocyioma 0 77 O Sshaeccbranocyloma 1 phaeodaromocytoma
089 50 14 8 phaeochmmocytoma O 50 3 2 phaecchrmocyloma .0
911 50 8 7 phaeochmmocytoma O 50 3 1 phamhrmocytoma 0
332 100 50 17 phaeocmomocyloma 1 phaeochromacyloma 100 15 anaeochromocytoma 0
348 100 21 15 phaaodttomocytoma 1 phaeochromocytoma 100 6 Sphaeodaromocytoma 0
678 “£20 23 7 phaeoomomocytoma 0 120 6 2 phamromocytoma 1 phaaodiromocylnma
277 100 0 1 phamhsamocytoma 1 phaaochrwnocytoma 100 0 0 0
430 120 13 14 phaeocmomocytoma 4 phaeochrmnocfioma 117 15 6 phaeochromocytoma 2 phaeodiromocytuma
687 65 21 9 phaeochmmocytoma 2 65 15 ‘1 phaeochromocyloma 0
TOTAL 1 218 225 144 21 1213 102 35 4
RATE 18.5% 11.8 “/0 1.7% 8A% 2.9% 03%
RANGE 0-5036 146.9% 0‘ 10% 0-23.1% 0-1 2.5% 0-1 7%

 
  

ADRENAL GLAND (SUBCAPSULAR CELL)

100
100
120
100
120
65
1218

 mowaumoooooooooooo' oooooooooooooooooo'~m.§ how—\oooooooooooooo"5'" oooooocooooooooooo oooooooooooooooooo
0
0
0
0
0
0
0
O
O
0
0
O
O
0
O
O
0
O
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ADRENAL GLAND (CORTEX)

 
 

 
 
 

 

 

 

  

 
 
 
 
  

 

  

 
> ‘ Banlgn : M: . _; _ Ben‘

.erplas’ia Nacpfasiags Naoplasm Exammed Hyerptas’ia neoplasl
1 2 adenoma 0 48 1 0
6 0 0 60 :3 0 1 carcinoma
1 0 0 50 1 1adenoma 0
11 1adenoma 0 50 3 2adenoma 0
14 0 2 carcinoma 49 12 0 0
8 0 O 50 5 2 adenoma D
6 O O 50 6 1adenoma 0
18 1 adenoma O 78 20 3 adenoma O
4 0 0 77 3 1 adenoma 1
21 1 adenoma 1 carcinoma 50 28 1 adenoma 0
8 0 1 carcinoma 50 1O 1 adenoma 0
30 3 adenoma 1 carcinoma 100 62 0 0

348 100 16 1 adenoma 0 100 8 2 adenoma 1 carcinoma
678 120 26 2 adenoma 2 carcinoma 120 7 2 adenoma 1 carcinoma
277 100 48 2 adenoma 1 carcinoma 100 14 0 O
430 120 37 1 adenoma 0 117 17 2 adenoma 1 carcinoma
687 65 16 2 adenoma O 65 21 0 2 carcinoma
TOTAL 1218 271 16 8 1214 221 18 7

1.3% 0.7% 18.2% 1.5% 0.6%
13-41%

  

 

  
 

  

 
623 50 0 0
009 60 O 0 0
059 50 0 1 glioma 0 1 glioma 0
441 50 0 1 granular cell tumour 2 glioma 50 O 0 2 reiiculosis
499 49 D O 1 astrocytoma 50 0 1 meningioma 1 granular cell tumour
530 50 D 1granular cellfumour 1 reticulosis 50 0 0 0
588 49 0 1 granularcell fiumour 291101113 50 0 0 0
939 82 1 2 granular cell tumour 2 aslrocytoma 78 0 0 0
970 74 0 0 1 astrocytoma 77 0 0 1 astrocytoma
089 50 0 1 granular cell tumour 0 50 0 0 O
911 50 0 1 granular cell tumour 0 50 0 0 O
332 100 0 1 meningioma 0 100 0 1 granular cell tumour 0
348 100 O 1 meningioma 2 astrocyloma 100 D 1 ependymoma 0
678 120 O O 4 astrocytoma 120 0 0 01 sarcoma
27? 100 0 2 granular cell tumour 0 100 0 1 granular cell tumour 0
430 120 0 1 granular cell tumour D 119 0 0 1 astrocyloma
687 55 0 1 granular cell tumour 0 65 0 0 2 astrocyloma
TOTAL 1219 1 14 18 1218 0 5 7
RATE 0.0% 131% 1.5% 0.0% 0.4% 0.5%
RANGE (10% 13—23% 04.2% 0.0% 02% 04%
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DUODENUM

Ieiomyosarcoma
Ieiomyoma

leiomyosarcomamooo~aoaooooooooooo'
O
O
O
O
O
O
0
0
O
0
0
0
0
0
0
0
0
0

AO-‘DOOOOOOOOCOODOQ 
   

0 0 O 0 O
0 0 t) 0 O
0 0 O 0 0
0 0 0 0 0
0 0 O O O
0 0 0 0 0
O 0 1 mesothelioma 50 O 0 0
0 0 1 mesothelioma 78 0 0 0
0 0 0 77 0 O 0
0 0 0 50 0 0 0
0 0 G 50 0 0 0
0 0 1 mesothelioma 100 0 0 0
0 0 1 mesothelioma 100 0 0 0
0 Zschwannoma 0 118 0 1schwannoma 0
O 0 0 100 0 0 0
1 0 O 120 2 0 0
0 0 0 65 0 0 O
1 2 4 1217 2 1 0

RATE 0.1% 0.2% 0.3% 0.2% 0.1% 010%
RANGE 0-0.8% 04 1% 02% (M .7% 0~0.8% 0.0%  
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JEJUNUM

.. .. .. ‘ > "\Feifiéie > >
, ’Ben‘iggz' wafignanzy, Number ; .. Fecal , I?Benfgni ,.

, lasia- Neopiaia Ne‘o lasiaiff: Examiuédi H. pa Easia ,Neoiasia

leiomyosarcoma

100
1 13
99
106
59
1097

OCCOOOOOOOGOC-‘D
1 sarcoma
0
2
0.2%
0-3 7%

0
0
(3
0
O
O
0
0
0
0
0
0
0
0
0
0
0
0

OOOOOOOOOOOOOQOOOO OOOOOOOOOOOOOOOOOO OOOOOOOOCOOOOOOOOD OOODOOOOOOOOOOOOOO 
KiDNEY

Stufiy Nu, I . ,, , , , ' aii'g‘hanméapia a
Saxamineé- Hyperpias . j ” . .. V ” ’ ' ' ‘ ' " > ~ -‘ '

1adenoma 50
0 60
1adenoma 50
0 50
0 50

50
50
100

carcinoma 100
50
50
100

1 mesenchymal tumour
1 liposarcoma
0
0
0

1 liposarcoma
0

1 iiposarcoma
1 carcinoma
0
0

adenoma O
papilloma

O
.A ‘o9.. ‘-< "o 0000700000000-

100
120

1 carcinoma 100
3 carcinoma 120 1 carcinoma

1 fiposarcoma
1 fiposarcoma
8
06%
0-2%

0 65
1265

O
0
G
O
0
0
0
3
0
0
O
0

O
O
2
2

O
7

4&00‘0000000 NOGOOD 
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LIVER (HEPATOCELLULAR)

 , , 1556; 89111911 ‘» mgnant’p‘hifie :Naoytasia-, magma‘ loci ‘» - '
 

 
   

823 so ' 22 1o zadenom o ' so 12O G 0 0 x

009 60 25 21 O 6 adenoma 2 carcinoma 60 23 0 ' 3 adenoma 0 §059 50 19 13 0 1 adenoma 1 carcinoma 50 12 0 3 adenoma 0 1
441 49 13 7 0 2 adenoma 2 carcinoma 50 9 D 0 0 g
499 50 30 11 0 5 adenoma 2 carcinoma 50 24 0 0 0
530 50 11 13 0 2 adenoma 4 carcinoma 50 7 (3 o O
588 50 15 17 0 1 adenoma 4 carcinoma 50 10 27 B 0 O
939 84 36 17 o 0 1 carcinoma 78 30 36 G 0 1 carcinoma
970 76 23 14 0 Zadenoma 0 77 16 25 0 1adenoma 0
089 50 27 12 i} 2 adenoma O 50 12 22 0 1 adenoma 1unknmnor§gin
911 50 31 2 0 O 1 carcinoma 50 9 13 G 0 O
332 100 52 40 O 3 adenoma 4 carcinoma 100 26 75 0 0 0
348 100 72 11 9 4 adenoma 1 carcinoma 100 20 50 0 0 0

678 120 60 24 9 2 adenoma 2 carcinoma 120 26 84 7 1 adencma 0 §277 100 11 7 0 1 adenoma 0 100 7 11 0 0 O
430 119 74 39 0 1 adenoma Scarcinoma 118 52 77 3 0 2 carcinoma 3
637 65 45 22 o 0 1 carcinoma 65 17 53 0 O 0
TOTAL 1123 616 280 9 34 30 1218 312 637 10 9 4
RATE 54.9% 24.9% 018% 3.0% 2.7% 25.6% 52.2% 0.8% 0.7% 0.3%
RANGE 11~72% 440% 04.5% 040% 043% 748% 11~81.5% 13-58% 06% 0-2%

 
  

Lymphoreticularl Haemopoietic System

 
 

$1

 sarcoma

 
623 50 0 0 1 50 1 0 3
009 60 2 0 2 60 2 O 0
059 50 3 0 1 50 1 0 2
441 50 1 0 0 50 2 0 0
499 50 0 2 3 50 1 0 2
530 5G 0 0 1 50 0 0 2
588 50 4 0 2 50 0 0 2
939 82 5 4 3 77 O 0 3
970 76 4 O 1 77 1 0 1
089 50 0 3 2 50 G 0 3
911 50 1 1 4 50 1 0 3
332 100 0 1 0 99 O 0 2
348 100 O 2 3 100 3 2 0
678 120 3 1 4 120 2 0 3
277 100 0 6 0 100 0 0 0
430 1 19 1 1 0 1 19 3 0 2
687 65 0 3 0 65 O 0 4
TOTAL 1222 24 24 27 1217 17 2 32
RATE 2.0% 2.0% 2.2% 1.4% 0.2% 2.6%
RANGE 0-8% 0—6% 06% 04% 0-2% 06.2%
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MAMMARY GLAND

 

 
 

 

 
 

 
 

 
 

  
  
 

.. . . Rm: Iasia -‘ Examined ’ . . .. . . -
0 0 29 broadenoma caxcinoma

' 2 adenoma
009 54 1 0 O 60 D 22 fiiyroadenoma 10 carcinoma
059 49 0 211broadenoma 1 carcinoma 50 2 34 fibroadenoma 1O carcinoma

1 adenama
441 49 0 3 fibmadenoma D 50 6 27 fibroadenoma 4 carcinoma
499 46 0 4 fibroadenoma 0 50 4 28 ribmadenoma 5 carcinoma
530 44 0 1fibmadenoma 0 50 1 2911bmadenoma acaxcinoma

1 adenoma 1 adenoma
588 4B 0 O O 50 0 36 fibroadenoma 8 carcinoma

1 adenoma
939 74 0 1 fibroafienoma 0 78 11 44 {inroadanoma 12 adenocarcinoma
9‘10 75 8 1 adenoma 1 carcinoma 7? 4 40 adenoma 3 carcinoma
089 50 0 iflbroadenoma O 50 0 ZGIbroadenoma 10 carcinoma

2 adenoma
911 46 0 2 fibroadenoma 0 50 D 24 febroadenoma 8 wcinoma

332 96 4 1 fibmadanoma 0 100 _ 37' 42 fibmadenoma 17 carcinoma10 adenoma
1 fibroma
1 lipoma -

346 81 0 1 fibmadenoma 1 carcinoma 100 4 4-1 fibrosdenoma 23 carcinoma
2 adenoma
1 cysladenoma678 120 0 ’l fibroadenoma 0 120 11 Mrmroadenoma 12 carcinoma
7 adenoma 1 carcinosarcoma
2 cystadenoma2?? 98 16 2 fibroadenoma D 100 59 41 {abroadenoma 5 caminoma
S adenoma

430 107 1 21ibroadenoma 1 adenocarcinoma 120 34 7O fibroadenoma 24 adenocarcinoma

3 23%;" 1$87 53 0 2 fibroadenoma o 65 15 37 (abroadenoma 12 adenocarcinoma
2 adenoma 1 carcinosarcoma
1 fsbmma

TOYAL 1 133 30 25 4 1220 260 671 173 J
RATE 2.6% 2.2% 9.4% 21.3% 55% 14.2% I

RANGE 046.3% 0-8.7?» @272» 059% 367.74% 3.123% J1
OVARY

magma-5 .. .. .
Ne Jasia» Examined H_ . . .

50 O O O
0 60 0 0 0
O 50 0 O G

1 senoli cell tumour o 50 O O 0
499 50 31 1 seriollform adenoma 0 50 0 0 0
530 50 3 0 0 50 0 0 O
588 50 6 2 granulosa cell tumour 0 50 0 0 O
989 78 42 0 O 78 0 0 G
970 77 10 0 1 carcinoma 77 0 0 o
089 50 1 0 0 50 O 0 0
911 50 3 1 granulosa cell tumour 0 50 0 O 0
332 100 13 1 polyp 0 100 15 0 G

1 granulosa cell tumour
348 100 4 O 1 sarcoma 100 4 1 thecal ceil tumour 0
678 1 20 1 1 0 O 120 0 0 G
277 100 46 3 granulosa cell tumour 0 100 0 O O
430 114 1 1 serial? celt tumour 9 114 6 O 0
687 65 0 1 adenoma D 65 0 1 thecal cell tumour 0
TOTAL 1214 175 12 2 1214 25 2 0

1.0% 0.2% (3.0%
04% 0—1 %
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ENDOCRINE PANCREAS

”51a: .. . ., .1
,Focai Benign
'erpiasi'a New . ' . . z

7 adenoma 0 1 adenoma
12 adenoma 1 carcinoma 59 1 adenoma
6 adenoma 0 50 1 adenoma
6 adenoma 3 carcinoma 50 1 adenoma
7 adenoma 1 carcinoma 50 0
2 adenoma 1 carcinoma 49 3 adenoma
2 adenoma 1 carcinoma 50 1 adenoma
2 adenoma 3 carcinoma 76 O
5 adenoma 0 77 1 adenoma
3 adenoma 0 50 0
2 adenoma 0 48 0
8 adenoma 0 99 1 adenoma
5 adenoma 0 99 0
3 adenoma 1 carcinoma 120 3 adenoma
6 adenoma 0 100 1 adenoma
2 adenoma 2 carcinoma 119 3 adenoma
2 adenoma 1 carcinoma 62 4 adenoma
80 14 1207 21
616% 1.2% 1.7%
1.7-20.3% 06.3%

3X00 RRNE PANCR£A$

O) ODQOOQOOOOOOOOOOQO“   
  

Maia ; i. » . * ~ ‘
. . . ’ Benign. 1631:ng . , Manama:

f." _ . Examined: PE 9 iasria. Neo'iasia . V , f ’ ' ’ g \ ” ” ’ Nee 13513..623 50

, ' . Numfiar       
4 3 adénoma 0 49 O 0 1 carcinoma

009 59 0 0 0 59 0 1 adenoma 0
059 50 0 3 adenoma 9 50 0 0 0
441 48 1 0 0 50 0 0 0
499 49 0 0 O 50 2 1 adenoma 0

- 530 49 0 0 O 49 O 0 D
588 50 0 0 0 50 O 0 0
939 81 4 0 O 76 O 0 0
970 76 2 0 O 77 0 0 0
089 50 0 0 O 50 0 0 0
911 49 1 1 adenoma 0 48 1 1 adenoma 0
332 98 6 0 0 100 0 0 0
348 100 1 0 0 100 0 0 0
678 1 20 0 0 0 120 O 0 0
277 99 0 0 0 100 0 0 0
430 116 0 1 adenoma 0 117 0 0 1 carcinoma
687 62 1 0 0 65 0 O O
VOTAL 1206 20 8 0 1210 3 3 2
RATE 117% 0.7% 0.0% 0.2% 0.2% 0.2%
RANGE 0-8% 0-6% 0.0% 04% 021% 0-2%
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PARATRYROlD GLAND

we I

Number ~ focal . Benign. ‘Maii'gn 011 Number Focaf . Benign Malig an't'
co'rlasia=-I.h£aopta. a , . Ea. Examined H arplasia Neoiasia Neblasia 
 

  

44 1 1adenoma 0 0 1adenoma 0
56 0 1adenoma G 55 0 9 0
46 1 1adenoma 0 42 0 1adenoma 0
48 1 1adenoma O 48 0 O 0
44 4 0 0 42 1 0 0
47 1 2 adenoma O 44 1 0 0
45 0 2 adenoma 0 49 O 0 0
68 5 tadenoma O 74 6 1adenoma 0
72 6 0 0 68 2 0 0
49 G 0 O 40 0 0 0
46 0 1 adenoma 0 45 0 0 0
97 10 1 adenoma 0 93 7 0 0
84 2 0 0 89 4 0 0
112 8 2 adenoma 0 98 3 0 O
92 O O 0 90 0 0 0
114 18 8 adenoma G 117 5 3 adenoma 0
59 8 1 adenoma 0 58 4 0 0
1 123 65 22 G 1098 33 6 0

5.8% 2.0% O 3 0.5%

 
    

 

 

0-1 5.8% 0 . . 0-2.6%

Mafignant ‘

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

Neoplasia . Neopiacia ‘
4 28 adenoma 1 carcinoma 49 0 35 adenoma 7 carcinoma
0 30 adanoma 1 carcinoma 60 0 44 adenoma 6 carcinoma

059 50 5 33 adenoma O 50 4 38 adenoma 1 carcinoma
441 50 3 28 adenoma O 49 1 34 adenoma 1 carcinoma
499 49 12 31 adenoma 0 50 10 36 adenoma 1 carcinoma
530 50 0 23 adenoma 2 carcinoma 98 0 26 adenoma 5 carcinoma
588 50 0 22 adenoma 0 50 0 27 adenoma 6 carcinoma
939 82 25 32 adenoma 1 carcinoma 77 1O 56 adenoma 3 carcinoma
970 76 8 35 adenoma 0 75 2 61 adenoma O
089 59 8 21 adanoma 0 49 10 36 adenoma 3 carcinoma
911 49 12 19 adenoma 0 49 8 34 adenoma 2 carcinoma
332 109 27 43 adenoma 0 99 26 60 adenoma 3 carcinoma
348 98 1O 29 adenoma 0 97 1O 62 adenoma 6 carcinoma
678 120 23 44 adenoma 1 carcinoma 117 19 61 adenoma 2 carcinoma
277 99 19 36 adenoma 0 98 12 35 adenoma 0
430 119 29 29 adenoma 0 129 20 70 adenoma 5 adenocarcEnoma
687 64 20 12 adenoma 1 carcinoma 64 14 39 adenoma 1 carcinoma
TOTAL 1216 205 495 7 1251 146 754 52

16.9% 40.7% 016% 1117% 69.3% 4.2%
061.3% 18.8-66% 04% 0-26]% 2615-81396 044.3%
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APPEARS THIS WAY

0N ORIGiNAL

Suammoseumn (SALiVARY GLAND)

1 ‘39
1 00
1 18
65

TOTAL 1 195
RATE
RANGE

OOOOOOOOOOOOOOOOOO fiOOOOOQOOOOOOOOOO-fi ODOOOOOOOOOOOOOOOO OODOOOOOOOOODOOOOD
1 .
O
0
O
1
O
O
0
O
0
0
0
O
O
O
0
O
2

MOOOOOOOOO—‘OOOOOO 
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SEMINAL VESICLE

 

  
umber :. .

xamimzd H; e'.

 
 

 

 

 

 
 

0 O
0 O i
0 O
1 0
0 O
0 o

9 0 0
0 O
0 O
0 0
0 adenoma O

100 O O
100 0 O
120 0 0
100 0 0
115 2 0

1 0
1074 4 0

RATE 0.4% 0.1% 0.0%
RANGE 0-2% 02% 0.0%

SKm (Emmeuum)

  

  

  
    

   

    
     

    

  
    
  

  
   

man 555915553.  
 

 

   
flafigmnt Mafiiasln

 
£23 50 1 1 muamuaneoue. comifymg epdxemmn 1sebzcews caruaoma K} finnaculancaus comfyng apnhohoma 1 sebaceous carcinoma
£39 an 0 3 Inttamtanecus sunflyx‘ng ep‘mabmn 0 SO (3 9 0

i mailman5 baszfi cult adenoma
559 50 0 2 inuawtaneous wnflfying epmabma D 50 0 4) 01 papiuoma
4‘1 50 2 8 inhacutancous comiiying epééaelbma 1 basal cell oarcmoma 50 0 2 inbawwmus coaufying epdhuixsma 3 base!» cell camimma1 boss: can Manama 1 hibemosaxmma
499 59 1 3 keearoacamboma 1 squamuus nefi aerobmma $5 0 i; 02 basa‘: cola auenoma

2 papilloma
530 50 5 2 imwwwnucus comfiyhg magma 1 base! can carcinoma: SO 0 0 1 squamous can wdmm1 mpillcma
588 $0 4 3 intracutanecus comifying epilhefiema 1 squamous 09E cardnma $0 3 ‘2 papifloma 01 papilloma1 sefiaczous adehoma
939 83 o 2 pawlloma a 76 a 1 papiuoma O2 keeaioacamhoma
970 75 D 10 $8541? cefi adenoma 0 77 o 1, basaltefl ademma 1 cardrwma

4 papfiiama
(359 SB 1 2 kerawacamhoma I squamous oak carciwna 50 4 c G
€311 50 O 0 I aquamws w} cardnmm 50 D G O
332 (00 2 5 ketaloacanlmms I} 100 3 1 keratuacanlmma 1 basaficetl miama2 scbmous Momma

2 pasiflnma1 basafi ceB adenoma
348 mu 2 :5 keraloacanlbama 1 squamous m5 carcinoma $00 2 ‘: Reraiomnmama 0! imsalceti sawhorse 

     

  

  
 

6 «grammar-mama
1 ham: out: aéenama
1 sebaceous adenvma

277 ms 1: 3 keratoacamhmva D 100 0 2 kHabacanlhorna i}
430 123 G E keratoacsmhoma 6 basa! cell mzcinoma 12‘: 0 1 kelamcanflmma t mass! can carcinoma

    
E basas cell wicinoma 120 1 ketamcanxmma

  
  
  

 
  

2 papilsoma t squamous mi ¢mcinama1 sebaceous adennma i 59333090» caminum
$87 65 3 7 kevatoacamhoma o 65 2 a 1 sqitamoas w; cwamme1 Essa: c2}! aéenoma

1 Sfibmmfi adenams;   
 

1 papiliamaTOYAL 1222 21 10} 18 1239 1-3 13 8
M38 {7% 8.3% 1.5% 11% 3.1% 03%
RANGE 0~ $054: 048.7% 033% 0%% 9-426 
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SKmIsuacu‘rIs (MESODERM)

5139“ at isle. mafia >: Mamba ' : Maiignam, : *’ ’ Examihe‘d ’ sec iasia
8 fibroma 1 fibrosaxcoma i sarcoma
2 dermal fibroma
1 lipoma
3 fibroma 3 fibrosarcoma 0
1 iipoma 1 fibrous hisfiocytoma
1:) libmms 2 fibrosascoma 1 fibroma 0
2 lipoma ‘
‘14 fibroma 2 fibrosarooma 1 fibmma 1 {ibrosarcoma
2 lipoma 1 sarcoma
7 ribroma 1 tibrosarooma 1 fibroma 0

1 sarcoma
$9 fibroma 5 fibrosarcoma 3 fibroma 1 sarcoma
4 lipoma
7 fibmma 2 fibrosarcoma 0 3 iibrosarcoma
12 fibmma 0 4 fibroma 1 fibrosarcoma
2 lipoma
9 fibroma 2 sarcoma 3 fibroma 2 sarcoma
9 fibroma 1 sarcoma 2 fibroma 0
2 lipoma 1 Iipoma11 fibmma 3 fibrosarcoma 1 fibroma O
1 fibrous mmcwoma 2 sarcoma
1 iépoma
9 fibroma 4 fibrasarcoma 1 fibroma i iiposarcoma
7 dermal fibroma 1 lipoma
3 lipoma 1 fibrolipoma
1 fibralipoma
9 fibroma 4 sarcoma 7 Iipoma 3 fibrosarcoma
3 lipoma 2 fibrosarcorna 4 fibmma
9 fibroma 5 fibrosazcoma 7 fibroma 3 fibrosarooma
8 hpoma E dermai fibroma 2 sarcomai8 dermal fibroma
‘3 fibroma 1 fibrosarcoma 5 fibroma $ sarcoma
4 dermal fibroma 1 sarcoma 1 iipoma
13 :ibroma 4 fibrosarcoma 5 fibroma 2 fibrcsarcoma
S [Enema 3 Iiposarcoma 2 iipoma
3 dermal fibroma 2 fibrous Mstiocyloma
1 fibroliporna 2 sarcoma
5 fibrozna 3 fibrosarooma 3 fibroma4 dermal fibroma
1 myxoma
§ Iipoma

1222 2 1 5 58
4 7.8% 41%

040% 

 
SPINAL CORD

astrocytoma

100
100
120
100
120
85

TOTAL 1171
RATE
RANGE

astrocytoma

astrocytomaOOOOODCOOOOOOOOOOO" NOOOJOOOMOCOOOOOOOy, OOOOOOOOOOOOOOOOO¢_ OOOOOOOOOOOOOOOOOO: AOOOOQ—‘OOOOOOOOOOO
0
0
0
0
O
0
0
0
0
0
0
0
O
0
0
0
0
O
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STOMACH (NON-GLANDULAR)

 

  

:"3’ '. 'Qm§15:11
amigo Nee

 

 

 
 

a
m
m
m
w
w

squamous eel: carcinoma 50
W
N
w
50
w
%
1w
1%
1w

1 squamous cell carcinoma 65
2 1213

&1% 02% 26% Q1% Q0%
01% 0~2.1% 046% 02% 0.0%

squamous eel: papiiloma

squamous cell papiilomaaooaooooooooooooooé‘ oooooooooaoooooo" Odom—aooooommmmwho" oooooooocooooooooo'
(A)N

 

TESTIS I EPIDibYMUS

3 adenoma
3 adenoma
4 adenoma
5 adenoma
3 adenoma
4 adenoma
3 adenoma
10 adenoma
4 adenoma
1 mesothelioma
5 adenoma
2 adenoma

100 5 adenoma
1 senoli cell tumour

100 2 adenoma
120 2 adenoma
100 6 adenoma
119 6 adenoma
65 3 adenoma

TOTAL 1222 72
RATE 5.9%
RANGE 1.7—11.9%

OéNhNNN-JO 000000000
000

carcinoma
AGO-ADOCOO000000000; 000000000OOOOOOOOO 000000000000000000 
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hibernoma 1 carcinoma

1 thymoma 74 0
1 carcinoma 74 2 thymoma 1 carcinoma

49 . 1 thymoma 1 thymoma
48 1 Ihymoma
98 0
89 0
116 0

95 2 ihymoma
2 thy’moma 114 O
0 60 38 0

34 4 1169 148 7
3.0% . 0.4% 12.7%
047.8% . 063.3%

bogowONmODOOO-‘Ok OQOAQOONOONDDOOOO 
e _ .

Examined.

    
0 0 O 0
0 1 adenoma O 60 0 0
0 0 O 48 1 1adenoma 0
2 Sadenoma O 50 0 1adenoma 0
0 2 adenoma 0 50 O 0 0
O 1 adenoma 0 49 O 2adenoma 0
0 3 adenoma 0 50 0 0 0
3 1 aéenoma 1 carcinoma 77 0 2 adenoma 0
0 0 0 76 5 2 adenoma 0
1 0 O 49 0 1adenoma 0
O 1 adenoma O 50 1 0 0
4 1 adenoma 1 carcinoma 97 1 0 0
0 0 0 99 2 1adenoma 0
1 1 adenoma 1 carcinoma 114 0 0 1 carcinoma
2 0 0 100 1 3 adenoma O
3 1 adenoma 0 118 1 1 adenoma 2 carcinoma
2 0 0 65 0 0 0

TOTAL 1191 18 17 3 1202 12 14 3
1.5% 1.4% 0.3% 1.0% 1.2% 0.2%

040.2% 04.3% 04.1% 04.7%
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THYRorD GLAND (C-CELL)

Benign
Neoptasia .  623

 
 

3 9 adenoma 0 50 8 adenoma

E009 60 6 9 adenoma 1 carcinoma 60 1 6 adenoma 1 carcinoma
$059 47 5 5 adenoma 1 carcinoma 48 9 3 adenoma 0
£441 49 6 7 adenoma 0 50 4 5 adenoma 2 carcinoma

£499 49 7 8 adenoma 1 carcinoma 50 6 5 adenoma 0
£530 50 2 2 adenoma 1 carcinoma 49 1 3 adenoma 1 carcinoma‘588 49 1 3 adenoma 1 carcinoma 50 3 3 adenoma 1 carcinoma

1939 75 9 4 adenoma 1 carcinoma 77 14 6 adenoma 2 carcinoma
$970 75 o 3 adenoma o 76 o 1 adenoma 0
£089 50 2 5 adenoma 0 49 4 6 adenoma 1 carcinoma

E911 50 1 3 adenoma O 50 4 4 adenoma 0
$332 94 6 12 adenoma O 97 11 11 adenoma 0
3348 97 4 1O adenoma 1 carcinoma 99 3 4 adenoma 0
3678 117 1 1 13 adenoma 0 114 8 7 adenoma 0
277 100 10 11 adenoma 0 100 9 9 adenoma 0
430 118 13 25 adenoma 1 carcinoma 118 14 1O adenoma 1 carcinoma
687 61 9 10 adenoma 0 65 18 7 adenoma 0
TOTAL 1191 95 129 8 1202 119 98 9
RATE 7.8% 10.8% 0.7% 9.9% 8.2% 0.7%
RANGE - 044.3% 4~21 11% D»2. 1 % 0~20% 143~16% 0~4%

TONGUE

=raarrgnan , Numberjl ‘ Isaaiigqgnp
*NeopSasiagfixamined, opias'

50
98
97
1 19
100
1 18
65

TOTAL 1 1 ()3
RATE
RANGE

OOOOOOOOOOOOOOOOOO OODOOOOOOOOOODOOOO OOOOOOOOOOOOOOOOOO OOOOOOOOOOOOOOOOOG OOOOOOODOOOOOOOOOO
O
0
0
O
O
0
O
0
0
0
0
O
0
0
O
0
O
0
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UTERUSICERVIX

" ’Smofihmascfin” "

   
mar, mm .
 

 
 

  
 
 

 
     

. H
O 3 poly 0 49 0 O O 49 0 O 0

1 adenoma
2 2 polyp 0 60 0 0 0 60 0 0 O
4 4 polyp G 50 0 0 0 50 0 1 s1romal tumour 1 sarcoma
0 2 polyp 0 50 0 O 0 50 0 0 0
O 3 polyp 0 50 O 0 O 50 0 0 0
0 1 polyp 0 50 O 0 0 50 0 0 0
0 3 polyp 0 50 0 0 0 5O 1 0 0

1 papilloma
0 0 Tadenocarcinoma 78 O 0 O 78 0 4 polyp 0
0 O G 77 0 3 leiomyoma O 77 0 O 0
0 1 polyp 0 50 0 0 0 50 0 O 0
0 O 0 50 O 0 0 50 0 2 polyp 0
O 0 0 100 O 1 leiomyoma 0 100 0 8 polyp O
0 7 polyp O 100 O 1 lelomyoma 0 100 0 U 0
2 1 adenoma 1 carcinoma 120 O 0 0 120 0 7 polyp 3 sarcoma
O O 0 100 0 0 0 100 0 7 polyp 0
5 O 1adenocaminoma 119 0 O 0 119 0 8 polyp 1 schwannoma1 fibroma
17 O 0 65 0 0 0 65 O 4 polyp 01 fibroma
30 29 3 1218 O 5 D 1218 1 43 5
2.5% 2.4% 0.2% 0.0% 0.4% 0.0% 0.1% 3.5% 0.4%
026.2% 08.2% 0-1.3% 0.0% 9.33% 0.0% 04% 0-7.6% 02.5%

VASCULAR SYSTEM

alignam Neoplasm Nilmber Foes ~ Benign 

  
  

 
was . - » :» . - Examined Hypérpiésié' Neoptakia I .

50 0 1 haemangioma O 50 0 0 0
009 60 (3 0 1haemangiosarooma 60 0 0 0
059 $0 0 2 haemangioma 0 50 0 0 0
441 50 0 0 Zhaemangiosarcoma 50 0 0 0
499 50 0 2 haemangioma 3 haemangiosarcoma 50 O 0 0
$30 50 0 O 1 haemangiosarooma 50 O Shaemangiorna 0
588 50 0 0 0 50 0 0 0
939 99 0 0 4haemangiosarcoma 100 0 0 0
970 76 0 1 haemangioma 0 77 O 0 0
089 50 O 0 0 50 0 O O
911 50 O 0 1haemangiosarcoma 50 0 0 0
332 100 G 1 haemangioma 1 haemangiosarcoma 100 0 0 0

1 lymphangioma
(mesemeric node)

348 100 0 1 haemangioma 0 100 0 0 1 haemangiosarcoma
678 120 0 1 haemangioma 0 118 0 O 0
277 100 0 1 haemangloma 2 haemangiosarcoma 100 0 0 0
430 120 0 Zhaemangioma 4 haemangiosarcoma 120 0 0 0

1 Iymphangiosarcoma
(mesenlen‘c node)

687 65 G 1 haemangioma 1 haemangiosarcoma 65 0 O 0
TOTAL 1240 0 14 21 1240 0 3 1
RATE (10% 1.1% 1.7% 0.0% 0.2% 0.1%
RANGE 00% (L407, 043% 0.0% 0.6% 64%
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Executive CAC

Date of Meeting: September 9, 2008

Committee: David Jacobson-Kram, Ph.D., 0ND IO, Chair

Abigail Jacobs, Ph.D., 0ND 10, Member

Paul Brown, Ph.D., 0ND 10, Member

Lynnda Reid, Ph.D., DRUP, Alternate Member

Karen Davis~Bruno, Ph.D., DMEP, Supervisor

Anthony Parola, Ph.D., DMEP, Presenting Reviewer

Author of Draft: Anthony Parola

The following information reflects a brief summary of the Committee discussion and its
recommendations.

NDA #: NDA 22-341

Drug Name: Victoza®, Liraglutide, NN2211, NNC 90-1170

Sponsor: Novo Nordisk Inc., Princeton, NJ

Background:

Liraglutide is a human GLP-l analog derivatized with a fatty acid to enhance plasma protein

bindingand/or self-aggregation resulting in increased metabolic stability and prolonged activity.

Liraglutide is indicated as a once daily subcutaneous injection to improve glycemic control in
patients with type 2 diabetes mellitus.

Rat carcinogenicity study:

In a 2-year carcinogenicity study in Sprague Dawley rats (SD Crl:CD(SD)BR,

SO/sex/dose), doses of 0 (vehicle), 0.075, 0.25, or 0.75 mg/kg/day liraglutide (in solution in

buffered water for injection containing sodium phosphate, mannitol (36.9 mg/mL), phenol (5
mg/mL), pH 7.4) were injected subcutaneously once a day for 104 weeks.

The carcinogenicity protocol was reviewed by the ECAC prior to starting the study. The

ECAC recommended a high dose of 0.25 mg/kg in males based on a MTD of < 0.1 mg/kg in a 13
week dose range finding study in rats (> 10% decreased body weight gain compared to controls).

Since a dose-limiting toxicity wasn’t identified in females in the 13 week study, the committee

conditionally agreed to a high dose of 0.75 mg/kg in females based on an estimated plasma

human exposure multiple > 25 using AUC ratio at the MRHD, provided pending comparative

plasma protein binding and metabolism studies supported it. Circulating delipidated metabolites

of liraglutide were not adequately characterized in rats or humans. The human exposure multiple

at the 0.75 mg/kg high dose in rats was <10 based on a MRI-ID of 1.8 mg/day liraglutide.

In the 104 week study, decreased body weight gain, lower body weight compared to

controls, and reduced food consumption were consistent with liraglutide’s pharmacodynamic
effects.

Liraglutide increased the incidence of focal thyroid c-cell hyperplasia at 3 0.075 mg/kg in
males and at 3 0.25 mg/kg in females, c-cell adenomas at Z 0.25 mg/kg in males and at 2 0.075
mg/kg in females, c-cell carcinomas at 0.75 mg/kg in males, and combined c-cell adenomas/

carcinomas at Z 0.25 mg/kg in males and at 2 0.075 mg/kg in females. The incidences of thyroid

C—cell adenomas and adenomas or carcinomas (combined) were statistically significant by trend

tests and in pair-wise comparisons with the mid and high dose groups.
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Liraglutide-induced Tumor Findings in Rats

  
o’ .

Trend 0.075 0.25 0.75
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incidence (#)
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incidence (#)

p-value

C-cell adenoma
or carcinoma

Mouse carcinogenicity study:

In a 2-year carcinogenicity study in CD—1 mice (Crl:CD-1(ICR)BR), doses of 0, 0.03,

0.2, 1, and 3 mg/kg/day liraglutide (in solution in 4—"— water for injection containing sodiumb(4)
phosphate, propylene glycol (14 mg/mL), phenol (5.5 mg/mL), pH '/,l were subcutaneously
injected once a day for 104 weeks.

The carcinogenicity study protocol was reviewed by the ECAC prior to starting the study.
The ECAC agreed with the sponsor’s selection of a 1.5 mg/kg liraglutide high dose based on
plasma human exposure multiple > 25 comparing AUC at the MRHD, provided pending
comparative protein binding and metabolism studies supported it. The sponsor selected a high
dose of 3 mg/kg/day and a high intermediate dose of 1 mg/kg/day in the final study. In vitro
plasma protein binding studies showed liraglutide binding was slightly, but significantly higher in
mice (99.5 — 99.7% bound) than in humans (98.7 — 99.2%). Circulating delipidated liraglutide
and its metabolites were not adequately characterized in mice or humans. Based on a MRHD of

1.8 mg/kg liraglutide, the human exposure multiple at the 3 mg/kg high dose in mice in study
week 104 was 45, but it was only 15 after correcting for higher plasma protein binding in mice.

Liraglutide had no effect on survival, but decreased survival in main study control group
females in study week 70 prompted the sponsor to request ECAC concurrence to merge the main
study group with a satellite group planned for interim sacrifice in week 78. At that time, the
ECAC did not concur, but the sponsor canceled the week 78 interim sacrifice and continued

dosing the group to week 104. Since the sponsor stated the satellite week 78/104 group was
treated for 104 weeks, was housed in the same room as the main study group, had identical study
observations and records, and complete postmortem examinations, the sponsor merged the data
from both groups and reported the combined results. Since treatment, antemortem observations,
and postmortem observations in main study and week 78/104 groups were the same, the ECAC
accepted results from the merged groups.

In the 104 week study, pharmacodynamic effects of liraglutide on body weight or body
weight gain were not observed and there were no sustained effects on food consumption. Anti-

' liraglutide antibodies were not detected in liraglutide treated mice.

The incidence and severity of focal thyroid c—cell hyperplasia increased with liraglutide
dose at 3 0.2 mg/kg in males and females. Although group mean plasma calcitonin levels were
higher than concurrent controls at 3 0.2 mg/kg in both sexes, plasma calcitonin increased > 2 fold
from week 26 to week 104 at 2 1 mg/kg in males and at 3 mg/kg in females. Inflammatory cell
infiltrate in thyroid dose-dependently increased at 3 0.03 mg/kg in males and at 0.03 and 3 mg/kg
in females.

Liraglutide increased the incidence of thyroid C-cell adenomas at 3 1 mg/kg in males and
females, combined C—cell adenomas / carcinomas at 2 1 mg/kg in females, and dorsal skin and
subcutis fibrosarcomas at 3 mg/kg in males. The incidences of thyroid C-cell adenomas and
adenomas or carcinomas (combined) were statistically significant by trend tests and in pair-wise



NDA 22-341 ECAC minutes

comparisons with the mid and high dose groups. Fibrosarcoma in the dorsal skin and subcutis

increased compared to controls at 3 mg/kg (p = 0.008 pair—wise comparison) and the increase was

dose-related (trend analysis p=0.003).

Liraglutide-lnduced Tumor Findings in Male Mice

. . . . . Sex
Liraglutide DOse (mglkg/day) ' '

Organ/Tissue Historical
Neoplasm . ParameterIncidence
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Dorsal skin & . incidence
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Executive CAC Recommendations and Conclusions:

Rat:

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

° 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 and carcinomas in males and females at Z 0.25 mg/kg.

Mouse:

- 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 _>_ 1 mg/kg in males and
females, C-cell adenomas and carcinomas (combined) at 2 l mg/kg in females, and dorsal skin

and subcutis fibrosarcomas at 3 mg/kg in males.

David Jacobson—Kram, Ph.D. Chair, Executive CAC
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CARCINOGENICITY ASSESSMENT COMMITTEE (CAC/CAC-EC) REPORT
AND

FDA—CDER RODENT CARCINOGENICITY DATABASE FACTSHEET (Mouse)

P/T REVIEWER: Anthony L Parola, PhD

REVIEW DATE: 7/30/08 (draft), revised 8/31/08, revised 9/7/08 (include CDER statistical

analysis), revised 9/ 14/08 (included corrections and ECAC recommendations)

NDA: NDA 22-341 (IND 61,040)

DRUG CODE#: NNC 90-1170, NN2211
CAS#: 204656-20—2

DIVISION: Division of Metabolic and Endocrine Products

DRUG NAME(s): Victoza® (liraglutide for subcutaneous injection)

CHEMICAL NAME: Arg34Ly526-(N-2-(y-Glu (N-a-hexadecanoyl)))—GLP-1[7-37]
MOLECULAR FORMULA/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).7 10 20 0 3O 37

HzN GOGGGGOGGOQGOOGGGQGN 60000906669 COOH

H/ his”0 NH

thvspaeer 3/
Ho NH

AmC“: OPatmilic acid

 

Figure 3—] The Chemical Structure of Liraglutide.

[N000 1B P17]

SPONSOR: Novo Nordisk Inc., 100 College Road West, Princeton, NJ 08540

THERAPEUTIC CATEGORY: Hypoglycemic lowering fasting and post—prandial blood

glucose concentrations in patients with type 2 diabetes mellitus by stimulating glucose-dependent

insulin secretion, preserving pancreatic beta cell mass, and delaying gastric emptying.

PHARMACOLOGICAL/CHEMICAL CLASSIFICATION: Liraglutide (Arg34Ly526-(N-s-(y-
Glu (N—u-hexadecanoyl)))-GLP—1[7-37]), a GLP—1 receptor agonist, is a fatty acid-derivatized

peptide analog of human GLP-1(7-37) made by acylating Arg34-GLP-1 (recombinantly expressed
in yeast) with glutamate—spaced hexadecanoic acid at Lys26.

MUTAGENIC/GENOTOXIC (y/n/equivocal/na; assay):

No. Liraglutide was negative in a battery of genetic toxicity assays consisting of an Ames test

with or without rat liver S9 metabolic activation using liraglutide concentrations up to 5000

mcg/mL, a chromosomal aberration assay using human peripheral blood lymphocytes in the

presence or absence of rat liver S9 metabolic activation using liraglutide concentrations up to

5000 mog/mL, or an in vivo 28 day repeat subcutaneous dose erythrocyte (peripheral blood and

bone marrow) micronucleus assay in rats using doses up to 1 mg/kg/day liraglutide.
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LABORATORY:«W 

CARCINOGENICITY STUDY REPORT DATE: December 21, 2007

STUDY DURATION: 104 weeks

STUDY STARTING DATE: 12/8/04; final necropsies beginning the week of 12/6/06
STUDY ENDING DATE: 12/21/07

MOUSE STRAIN: Crl:CD-1(ICR)BR from =‘

ROUTE: Subcutaneous injection (dorsal surface, rump and between scapula).
DOSING COMMENTS: Liraglutide or vehicle was subcutaneously injected once a day for 104
weeks. Liraglutide solution (6.0 — 6.25 mg/mL NNC 90—117) was diluted in vehicle (1.4 mg/mL
monosodium phosphate dehydrate, 14 mg/mL propylene glycol, 5.5 mg/mL phenol) or vehicle
alone were administered in a dose volume of 5.0 mL/kg.

 

NUMBER OF MICE (#/sex/dose):

Week 104 Week 78

(main study) (continued to week 104) Total
- Control-1' (vehicle group 1): 50 29 79
- Low Dose (group 2): 50 17 67
- Middle Dose 1 (group 3): 50 17 67
- Middle Dose 2 (group 4): 50 17 67
-High Dose (group 5): 50 29 79

MOUSE DOSE LEVELS (mg/kg/day liraglutide):

- Low Dose (group 2): 0.03

- Middle Dose 1 (group 3): 0.2

- Middle Dose 2 (group 4): 1.0

—High Dose (group 5): 3.0

BASIS FOR DOSES SELECTED

The ECAC conditionally agreed with the sponsor’s high dose selection of 1.5 mg/kg/day
liraglutide based on AUC > 25 at the MRHD (1.8 mg liraglutide daily) provided pending
comparative in vitro plasma protein binding studies did not demonstrate significantly higher
binding in mice than in humans and provided no unique metabolites occur in humans. The
sponsor selected a high dose of 3 mg/kg/day and a high intermediate dose of 1 mg/kg/day for the
study. In vitro, liraglutide is highly plasma protein bound, but higher binding in plasma from mice
compared to humans indicates for the same drug concentration in plasma, free ligand would be 3
fold higher in humans than in mice. Based on AUC comparison and correcting for species
differences in plasma protein binding, exposure at the highest dose of 3 mg/kg/day was
inadequate (AUC < 25). The in vivo metabolite profile of delipidated liraglutide was inadequately
characterized in mice and humans.

PRIOR FDA DOSE CONCURENCE

The CAC conditionally agreed with the sponsor’s proposed doses of 0, 0.1, 0.5, or 1.5
mg/kg/day liraglutide by so injection for the 2 year mouse bioassay provided comparative protein
binding and comparative metabolism support a 25X clinical AUC ratio for dose selection (see
ECAC meeting minutes). The sponsor used doses of 0, 0.03, 0.2, l, and 3 mg/kg/day liraglutide.
Metabolism of liraglutide was inadequately characterized because exposure to metabolites of
delipidated liraglutide in humans and mice was not characterized in vivo.

2of59

0(4)

tea



At the MRHD of 1.8 mcg/day liraglutide, Cmax was 36 nM and AUC0_inf was 648 nM.h.

In the proposed drug label, the same daily dose yielded a steady state concentration (AUC *5/24)

of 34 nM (calculated AUC0_24 816 nM.h.)

In vitro plasma protein binding of liraglutide was determined by stepwise equilibrium

dialysis. Liraglutide was 99.7% plasma protein bound in mice (~0.3% free at 10 nM) and 99.1%

bound in humans (~0.9% free at 10 nM) and the difference was statistically significant.

Therefore, actual mouse exposures should be decreased 3 fold prior to calculating human

exposure multiples to correct for differences in plasma protein binding.

Uncorrected and corrected (accounting for species differences in plasma protein binding)

human exposure multiples were calculated based on AUC0_24 at the MRHD of 1.8 mg liraglutide

injected once a day. At the highest dose of 3 mg/kg/day in mice, the human exposure multiple
was > 25 using uncorrected plasma exposures and < 25 after correcting for species differences in

protein binding.

NNC 90—1170 Plasma NNC 90-1170 AUC0_24 (nM.hr)

Dose Human Exposure Multiples1
(mg/kglday) ' Uncorrected Corrected2

5.9

3.3 
1Calculated based on MRHD 1.8 mg NNC 90—1170 subcutaneously injected once a day yielding
Cmax 36 nM and AUCO.24 816 nM.h (based on AUC °/24 34 nM at steady state).

2Corrected human exposure multiple accounts for 3-fold lower free NNC 90-1170 in mice due to
higher in vitro plasma protein binding in mice( 99.7% plasma protein bound in mice, ~0.3%

free) compared to humans (99.1% bound, ~O.9% free) at 10 nM NNC 90-1170.

Metabolism of liraglutide was inadequately characterized. Radiolabeled metabolites were

identified in plasma from healthy men (47 — 60 years old) administered a single subcutaneous

dose (abdominal injection) of 0.75 mg 3H-[pal]—liraglutide (tritiated on palmitic acid, the lipid
substituent). Three radiolabeled peaks were identified by HPLC: liraglutide and hydrophobic

metabolites P1 and P2 (Figure 9, below). Comparison of AUC2_24 showed liraglutide constituted

89 — 100% of radiolabeled drug related material in plasma with P1 and P2 accounting for 5 9%

and 5 5%, respectively. Because P1 and P2 each accounted for < 10% of exposure to total drug
related material, there were no major human plasma metabolites of [3H]palmitic acid labeled
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Figure 10 In vivo metabolite profiles from rat, mouse, monkey and human foiiowing
subcutaneous administration with 3H—[Pal]~liragiutide

[N000 2.6.4 PK Written Summary P35]

The relative retention time was 1.06 for P1 (corresponding to an n-terminal truncated

lipid-linked peptide sequence of YLEGQAAKEFIAWLVRGRG) and 1.15 for P2 (corresponding
to an amino-terminal truncated lipid-linked peptide sequence of AAKEF)
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[NOOO 2.6.4 PK Written Summary P34]

In vitro comparative metabolism studies of lipid-labeled 3H-[pal]—liraglutide and peptide
labeled 3H-[tyr]-liraglutide in CD—l mouse or human hepatocytes show lipid and peptide labeled
liraglutide yield different metabolite profiles, but with no qualitative species differences in the

metabolite profile for 3H-[tyr]—liraglutide and a similar metabolite profile for 3H—[pal]—liraglutide.
These data suggest in vivo metabolite profiling with lipid—labeled 3H—[pal]—liraglutide may yield
different results than in vivo metabolite profiling with peptide-labeled 3H-liraglutide. Because
only lipid-labeled 3H-[pal]—liraglutide was used to characterize metabolites in vivo in humans and
mice, the in vivo metabolite profile of delipidated metabolites was not evaluated. Given the

relative retention times of 3I-l—[tyr]—liraglutide are much shorter than the parent compound, it’s
likely most of the peptide-radiolabeled drug is delipidated. The in vivo half life of delipidated
metabolites is likely to be short, but this was not demonstrated.
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MOUSE CARCINOGENICITY

Liraglutide was positive in a 2 year carcinogenicity study in male and female mice.

MOUSE TUMOR FINDINGS

In a 2 year carcinogenicity study of 0.03, 0.2, 1, or 3 mg/kg/day liraglutide, liraglutide increased

the incidence of thyroid c-cell adenomas at 3 1 mg/kg/day in males and females, combined c-cell

adenomas and carcinomas at 3 1 mg/kg/day in females, and dorsal skin and subcutis

fibrosarcomas at 3 mg/kg/day in males.

MOUSE STUDY COMMENTS

The study is acceptable based on tumor findings in males and females.
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MOUSE CARCINOGENICITY STUDY REVIEW

 
NNC 90-1 170 Tumor Findings in Male Mice

.' see ”WW
Organ/Tissue Historical

Neoplasm . ParameterIneldence 

incidence (%)c—cell adeno ma
p-value

Dorsal skin & incidence (%). fibrosarcomasubc utis
p—value

. . . incidence (%)

(+ dose response Injection Site fibrosarcoma
tacking statistically

Significant increase in Dorsal Skin & rhabdomyosarooma inCIdence {/0}
at least the HD group) SUDCUfiS p—value

p—value

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

dose group)

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

p-value

 
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 HistoricalNeo lasm . Parameter
p InCIdence
  

incidence (%)c-cell adenoma
p-value

incidence (%)c-cell carcinoma
p-value

c-cell adenoma or incidence (%)
carcmoma p—value

 
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 90-1 170 (uncorrected SM

1.8) based on increased incidence of thyroid c-cell adenomas in males and females and

combined c-cel] adenomas / carcinomas at Z 1 mg/kg/day NNC 90—1 170. Focal thyroid c-

0611 hyperplasia, a preneoplastic finding, occurred at 3 0.2 mg/kg/day.
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0 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 90-1170 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.

o 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. _

o The NOAEL for non-neoplastic findings was < 0.03 mg/kg/day. Non-neoplastic findings

occurred in thyroid (inflammatory cell infiltrate at 3 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 3 0.03

mg/kg/day in males), spleen (hemosiderin accumulation at 3 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 3 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 Study deficiencies were:

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 afier 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 antibodies1n 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.

Validation of the commercial rat plasma immunoradiometric assay to measure

mouse plasma calcitonin was not submitted in the NDA, although the report

00
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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 ofNNC 90-1170 was not sustained over
the entire study period.

Adgluag of the carcinogenicity_stugy and appropriateness of the test model:
Mice are pharmacologically responsive to subcutaneously administered NNC 90-1 170

(transiently decreased body weight and food consumption in CD-1 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—[lf’al]—lirag1utide 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 31—1—[tyr]-1iraglutide 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 Z 1
mg/kg/day in males and females, c-cell adenomas / carcinomas at 3 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.

0 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 Z 1 mg/kg in males and
females, C—cell adenomas and carcinomas (combined) at 2 1 mg/kg in females, and dorsal skin
and subcutis fibrosarcomas at 3 mg/kg in males.

Study no.: 204229 (sponsor), 457274 (CRO) [3(4)
Submission, Module, and page #: N000 4.2.3.411, pages 1 — 3096
Conducting laboratory and location:M
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).
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1’050365 1‘) 16-Jmte-05 1 1-\1.treh-07

P950367 546 ll .1ul_\'2()l)5 1-1 March 2006
NNC 90-117!) ’
6.25 or 6.0 mg'ml liraglutide P050365 500 lls‘ January 2006 1 I September 211116

l’QSUIt-S 230 ()6 July 2006 1 1 September 2007

[(050574 31111 ()6 September 201)!) 25 March 2007 

Typical Certificates 01‘ Analysis for a batch ot‘test item and vehicle used are presented in
Appendix 1! and Appendix C

[N000 4.2.3.4.] .1 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.): AUC ratio > 25 in males and females.

Species/strain: CD-1 mice (Crl:CD—.1TM(1CR)BR)
Number/sex/group (main study): 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 78
Group '1'reaunent (ntglkgiday) (Treatment extended to

104 Weeks)
Males Females Males Female:

1 Control 1) 1-50 251-300 501-529 610-638
2 Low 0.03 51-100 301-350 530-546 639-655
3 Intermediate 1 0.2 101-150 351-400 547-563 656-672
4 Intennediate II 1.1) 151-200 401-450 564-580 673-659

5 High 3.0 201-250 451-500 581-609 690-713
lixtra animals were numbered sequentially from 719 onwards.

[N000 4.2.3.411 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

Frequency of dosing: once a day
Satellite groups used for toxicokinetics or special groups:

76’ tweaking/1772 Jdcrficegngp was planned, but treatment continued for 104 weeks due
to decreased survival in main study control females.

Sate/Megmzw/fir lor/caiz'lzelzb: afidp/asma 54/617013}: consisting of 17/sex/dose in each
group terminated on weeks 26, 52, and 104.
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mm

Group

LWIJ"
5

Animal Numbers

 Treatment M, Week 26 Week 52 Week 104(nigzkg/day)
Males Females Males Females Males Females

Control 0 1001-1017 1086-1102 1171-1187 1256-1272 1341-1357 1426-1442

Low 0.03 1018-1034 1103-1119 1188-1204 1273-1289 1358-1374 14-13-1459
Intermediate 1 0.2 1035-1051 1120-1 136 1205—1221 1290-15106 1375-1391 1460-1476

Intermediate 11 1.0 1052-1068 1137-1153 1222-1238 1307-1323 1392-1408 1477-1493

High 3.0 1069-1085 1154-1170 l239-1255 1324-1340 1409-1425 1494-1510 

A further 10 males (Numbers 1511-1520) and 10 females (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 dietary restriction studies: None.

Drug stabilig/homogeneigg: Two different SOPs were used to determine stability of
NNC 90-1170 solution for subcutaneous injection. Drug concentrations in 0, 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

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 studyweek 52:
kin-up Sex Animal Na.
1.“
1F
21"
3M
4.“
4r
5r

[N000 4.2.3.4.1.1 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
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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 to :- nmnlrer ol'denths and clinical signs. the lirlhuving animal replacements were made during.

 

 

 

 

the first two weeks of the study.

Dale .-\nimul to he ('irp Replacement Rum" tin
tl'r-Ivurttis Day) Replaced Sex Animal Replneement
US I): ' IN .

m) ‘ 309 5r 72s Large Swelling11$ 1) ‘04
L‘ us SM 721 Lesinn[0)

t.‘ 1) ~04
‘ L‘ 20‘; SM 7:: I‘uurtilihmtl“H

”1) ~04
“ m 4.x: :24 rumn mudmi

zone-v04
‘ :25 3M 72.: Fumtd Dead(12)

201k - 04

“1) "‘ 135 SM 720 l-‘nundlleud
-0 I)“ M 5-15 5}! 71‘) hunters-end bin“(1:) Respiration
:0 "IN

I)“ 397 3r 7:5 Lesinll(12)
In )"le

r “ 71 I 5? 7:5 l’nund mutt(1:)
tnyn ' hm day or dining 4

[N000 4.2.3.411 P19]

The following summary table lists toxicokinetic and antibody satellite group mice

replaced during the first week of dosing.
The following animal replacements were also made during Week 1 white staggered satellite and
antibody study.

Dare Animaltobe (in) Replacement R 1 t'\ R ‘11 m nt
‘- ,\ 3 u " ‘

ll'nnunlislhy) Replaced Sex Animal L I" u q u' l21‘ 05
‘ ‘“‘ n33 st: 153:: l’mmdllendt")

l'.’ Ianufi ll-ll "F l5}? Sn 1 ‘1ptll:rr~\\'cllitl~_.' prior to 10)
Day 9 MN day of timing

'l'hes'e replacements did not affect the integrity or outcome 01' the study.

[N000 4.2.3.4.1.1 P19]

Observation times

Mortality: 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.
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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 afier

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 1251 —liraglutide after overnight incubation of 125l —liraglutide
with mouse plasma.

In the absence ofNNC 90-] 170, 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 _>_ 10 nM NNC 90—1 170 in plasma. To decrease interference ofplasma 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 12SI-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 ofhematology findings, they weren’t examined.llucnmniogy Pammctcrs
Haemoglobin
Red Blnml Cull Count
Red Blood Cell Distribution Width
llamnalncril
While Blond Cull Count
Mann Ccil Volume

 
Rciicnlncylcs
Plnlulcl Count
Differential \\" lute Blund Cull Cumn:

Nellll'ophih
Lymplmcflcr‘
Monocyus
liminophik
Busnpliils
Large 1 inclussificd Cells

[N000 4.2.3.4.1.1 P23]

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 ofthe pathologist, with the intent of determining a cause of death.
Toxicokinetics: At least 0.8 mL orbital sinus blood was obtained from isoflurane anesthetized

TK satellite group mice prior to dosing and l, 2, 4, 8, and 12 hours afier dosing. During week 26,
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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 I 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.

Week 7.“ leltK‘DlL'Il “l: “)4 unimnk   

\hl \ Females
 

 

 

 

{llgucpmnl (imup l (imnp 2 Group 3 (imup 4 ( imup 5 (Lumpmn Gmllp l (imup 2 ( lump 3 Group 4 Group 5Pmlmc (0| 4 1 2 2 4 Pmlusc (0) 4 2 2 2 4

—_‘——‘————l4 1 3 3 4 I 4 2 2 2 4
2 4 2 2 2 4 Z 4 2 2 3 4

4 4 z 2 2 4 4 4 ~ 2 z 2 4

n 4 1 2 2 4 (- 4 2 2 2 J

I: 4 2 2 2 4 l2 4 2 1 2 J
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Histopathologx: Peer review:

external peer review by the sponsor.
Unless otherwise noted, tissues for microsco

buffered formalin.

Organs/Tissues for Preservation and Evaluatinn 

 

 
 
 
 

 
 

“\fllcs colleen-J Examined L'nnnnenh
Admin! .\' 2 x -
Avme Areh s —

llluml Smear - I’luru unimah killed prennnurely
Brain \ F-Irehnin. milllnam :md cerebellum.Dow Sire-N w: -
liwrhilul Merinul Glam!» x -

llye x 2 \ ll-nh e w fixed in [luridwn's fluid. 1 helell eyq med and exurmncd
hhlulngleelly.

Femurul Done (including \lillL' x —join!) Gmmummnnul Traci: Opened Ll! neemr‘y and mums:
examined, l’cyeu pun-he. umpled l'nnn\null imeuinr

 
  
 
 
  
 
 

Slnmneh x
[hunk-nun: x

lleum x
)lelnhlll x

L'nlnn x
Cnecurn x
Reemm x

llurderiun l iland .\ 2 V llnlir Med. Une nnl)‘ processed andemnnrmlliiqvlng' Hy.
llean x -

llnpléflllla) — l'or idemilieaiiun purposes.Kidne} lfreler x 2 x -
Liwr - Gall Bladder x -
Lung x lnlllnedaller uel hin ll Iuhe‘ 

examined inelndm_ m \Icmbmneln 
 Mann“ Smear (l’elnur) - Smut air-dried and fixed in mellemul. 

Moemerie Lyn-pi. smil- u
Saul L‘arily - l‘ranuene seeliun emnnned il'elinienl43m dieule. 
 

 
 
 

nemplugm x -

()pue Nerve x 2 \‘ l-ixed in 1).“ nlmn'» lluid, llle lel'l upnenerve examined
(huy x Z \ -
l’ancreax x -
l'nrmial Salinity liland x -
  
 

 
    

 
 

 

\
Prostate x -

Rib V Including emlvcbundmljxmennn.Sualie ~\‘en'e _ \ -
' nirul \‘nicle‘ x -

n - Mammary (“.IIIJ ‘( -

Spinal Cord x Cmieul. midlhuraeie .md lmnlmI1“: "15‘
Spleen x -
Slemmn x Including hone mamm.
Suhlmgml Saln :1 ry (Bland x 2 x Only one prneexsed
thinandilmhr Lymph Node \ -

\ ( ’nly une pr-mxxed.
  

 
 

 
 

Teslk - l:leld_\'lvll\ .\ 2 x -

l‘h) mu» \ -

Thyroid - l'eralh)1ulnl x 2 x l'aralhymid examined n'yresem nn slideTungne \ -
Traeheu \ -
Urinary Bladder \ Cumraeled bledden dislendcd Willi 

cu: m .‘Illll'flflL
rcLll ewlnalien

 [Exam-c: epnhelml ~u
“lush undennml hulul
examined .zner Iixuiiun

  

 
Uleru.» “ill; Cenix and Uviduei x V. ' n: x 
 

yes ( X ), no ( ) - internal peer review at
 

pic examination were fixed in 10% neutral

[N000 4.2.3.4.1.1 P2_8-29]
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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

Mortality:

Statistical analysis from the Dr. Min (Office of Biostatistics) showed there were
treatment related effects on mortality (Tables 9A and 9B, below).

Table 9A: Inter-current Mortality Comparison
Male Mice in Combined Main and Week 78/104 Satellite Studies

  

  
 

P-Value P-Value
'1‘at Cox Kruskn1~

Wallis
Dose Response 0.2903 0.5 1 84
Homogeneity 0.5051 0.5900

 

  

 

Table 9B: Intemurrent Mortality Comparison
Female Mice in Combined Main and Week 78/104 Satellite Studies

 
 

  
  

  
P-Valuc P—anuc

Test Cox Kruskal—
\X/nllis

Dose Response 0.1639 0.1404
Homogeneity 0.3284 0.3512

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 10-1

Group 1 2 3 4

 

   

 
 

- 5

Dose Level (mg/kg/clay) 0 0.03 0.2 l .0 3.0
Sun-'ivors/ M 25/50 291‘50 28.50 3 1 ISO 19/50

No. in Group 1: 14/50 1 1/50 19/50 19/50 19.50

[N000 4.2.3.4.1.1 P32]
Analysis ot‘Sun'rt’al Times — Main Study

Comparison Tm Statistic P-anucMales

Control Group vs. 0.03 make-kitty 0.531 047
Control Group \‘s. 0.2 mg. lay 0.901 0.34
Control Group \x. 1.0 mg i: by 2.692 0.10
Control Group \'5. 3.0 ntglkgtday 0.002 0.97

Fctnttlus

Control Group Vs. 0.03 l'll""}(""(1n_\' ”07 0.29
Control Group \s. 0.2 m; '5 0.373 0.35
Control Group \‘s. 1.0 mg day - 3.935 0.046
Control (irou ) \‘s. 3.0 m unlm' 4.714 0.030 
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[N000 4.2.3.4.1.1 P33]

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

"Week 78" 'l‘oxicokinelic Study at Week 104
 

 

 
 

 

 

 

 

Group 1 2 3 4 5
Dose Level (mg/kgiduy) 0 0.03 0.2 1.0 3.0

Decedems /' M 15/29 12/17 8/17 10/17 1529

NO- in Group F 19:29 14/17 13/17 12/17 20/29

[NOOO 4.2.3.4.1.1 P33]

Analysis of Survival Times — \Vk 78 satellites

('nmpnrimn Test Slnlihlic l’-\";Iluc
Mule)
Comm] Group \‘s. 0.03 1]!" 1t" lay 4.103 0.043
Cmum] Group "3. 0.2 < 0.210 0.65
Comm] Group \s. 1.0 .-' 2.272 0.13
Comm] Group \‘>. 3.0 mg kg day 0.19] 0.66

Females
Comm] Group \‘s. 0.03 m ' day 4.1 17 11.042
Control Group \‘>, 0.2 1.784 0.13
Cnmm] Group vs. 1.0 0.165 0.65
Comm] (imup \s. 5.0 mg 0.701 0.40 

[N000 4.2.3.4.] .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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l’inun‘ l Kuplan Md" Sun-irnl ('un'c: Main Studv: “a!“ Figure 3 Kuplzm )Icicr Sunimi (‘un-c: Wk 78 Sun-Him Study: Males
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[N000 4.2.3.4.1.1 P554, 556]

Figure l Kaplun Akicr Survival Curve: )luin Study: l—‘cnmics Figure J Kaplnn Meicr Sun'ivul Cun‘c: Wk 78 Smellllc Study: chulcs
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DIOOO 4.2.3.4.l.1 P555, 557]
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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%).

GROUP TOTALS

HISTOLOGICAL FINDINGS Gr]: 1 Grp 5 Grp 1 Grp 2 Grp 3 Grp 4 Gr]: 5t) . . 3.0 0 0.03 0.2 1.0 3.0
mg
IdaIkg mg/kg mglkg mg/kg mglkg mglkg mglkg mglkg mg/kg mglkgIda Ida Ida Id . Ida Ida

TISSUES NOT INCLUDED WlTHlN BODY SYSTEMS

CAUSE OF DEATH

FIBROSARCOMA [M]. dorsal
C-CELL CARCINOMA {Ml
Dermatitis

Inflammation. acute. (genitourinary
system)
Cystitis
Arteritis/periarteritis
Cause of death undetermined

 
Significantly different from the Control: ' P<0.05. " P<0.01. "' P<0.001
Figures in brackets represent the number of animals from which this tissue was examined microscopically
The absence of a numeral indicates that the lesion specified was not identified

[N000 4.2.3.4.1.1 P477481]

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).

lignn s (2....» Mn. m,...r=m: Main hlnd}: .‘Mn
{tuna amp Mm Rabinfiflu: “in. many. rrmaln

  

.mi!*
i ;'E:-..- i .:i!':_ :::::____c.-:..:

a I: a, 'n' :,.:- .
3 g: 5 '.5;,.l ..

3 z :t'
“t ~-.-- _

[N000 4.2.3.4.1.1 P558-9]
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_ Sex
NNC 90-1170 (mg/kglday)

Parameter

N. week 104
Body weight

% difference from control,
week 104

Body weight gain
(week 0 to week 104)

 
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 ofthe study.

Week 1 Group Main Bmlyu'cights lg) Males
   

 
 
   

 

(iron Dav (l Dav 1 Dan; 2 Dav 3 Dav 4 Dav 5 Dav 6 Dav 7
(. onu’oi 33.5 33.9 34.0 34.4 35 ll 34.5 35.] 35.1

Low 33.") 34.3 34.4 35.5 35 2 34.9 34.7 34.8
lmcnncdime I 34.5 34.0 34.1 34.9 35 2 34.9 34.8 35.5
lmcnncdizlxc 2 33.3 32.4 32.3 33.! S i 2 33.4 33.5 ‘4 I

High 33.1 32.0 31.9 32.3 32.7 32.5 32.8 32.9

\Vcck I Group Mean Budnvciuhts (-5) Permit;
(imup Dav 1) Day 1 Dav 2 Dav 3 Dav 4 Dav 5 DE Dav 7L‘unlml 27.6 27.7 28.0 27.5 27.6 27.2 27.} 27.3
Low 27.9 28.7 29.4 28.5 23.6 28.5 23.9 28.9

lnlcnncdinm l 23.4 28.2 23.5 23.3 28.3 29.0 2‘).l 29.0
lnmmlcdialc 2 29.0 28‘!) 28.] 2&4 29.2 29.1 29.2 29.4

Mich 27.5 26.2 26.4 26.7 27.2 27.1 27.3 27.4

[N000 4.2.3.4.1.1 P34]

Food consumption:
NNC 90-1 170 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) 

 

 

   

 

 

Group Pretrial
(nose Leve'l (week) _—_________________.____Treatm¢nt Period (weeks)mo/kq/day) -1 1 2 3 4 5 6 7 8 9 10 11 12

1 (0) Number SO 50 50 50 50 50 50 $0 50 $0 46 48 48Mean 5.9 6.1 6.0 6.2 6.2 6.1 6.2 6.2 6.1 6.1 6.). 6.1 6.).
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

2 (0.03) ‘Numbtr SO 50 50 50 '19 48 47 47 i7 47 +7 47 47”can 6.0 5.3 6.4 6.3 6.4 6.2 6.5 6.3 6.4 6,3 6.4 6.3 6.2SE 0.1 0.]. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Prob. as ac cc cc be a:

3 (0.2) Number 50 50 50 50 50 50 50 so 50 so 50 50 50Mean 6.1 5.3 6.0 6.4 6.2 6.1 6.5 6.2 6.3 6.3 6.1 6.3 6.6SE 0.1 0.1. 0.1. 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1Prob. cs cc cc cc cc

4 (1.0) Number 49 50 50 $0 50 $0 50 49 +9 49 49 49 49Mean 5.9 4.9 6.2 6.0 6.4 6.4 63 6.5 6.4 6.4 6.6 6.5 6.6
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1Prob. cs ac cc cc ac cc cc

5 (3.0) Number 50 50 50 50 50 49 4‘3 49 46 48 48 ~15 48Stun 6.0 4.5 5.7 5.7 6.0 5.0 6.3 6.1 5.1 5.9 6.1 6.0 6.1SE 0.1 0 I. 0.). D l 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1Prob. cs a: be cc cc _ cc cc

[N000 4.2.3.4.1.1 9120, 122]

Food Consumption in Males (g/mouse/day, main study weeks -1 to 12)
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Grnup Pretrial _(uose Leve'i (week) __.._——_Treatment Period (weeks)mg/ko/ddy)
-1 1 2 3 4 5 6 7 8 9 10 11 12

1 (0) Number 17 17 17 17 17 17 17 17 17 17 17 17 17
Mean 5.0 4.9 5.1 5.2 5.3 5.2 5.4 5.4 5.3 5.5 5.5 5.7 5.5
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1.

2 (0.03) Number 17 17 17 17 17 17 17 17 17 17 17 17 17Mean 4.9 4.8 5.0 5.5 5.2 5.1 5.4 5.3 5.3 5.7 5.8 5.7 5.8
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Drab. 3: e: c: b: a:

3 (0.2) Number 16 17 17 17 17 17 17 17 17 17 17 17 17
Mean 4.9 4.4 SJ 5.4 5.4 5.3 5.5 5.4 5.5 5.5 5.8 5.6 5.7SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Prob. cs c: cc C: c:

4 (1.0) Number 17 17 17 17 17 17 17 17 17 17 17 17 17
Venn 5.0 4.1 5.0 5.4 5.3 5.3 5.5 5.3 5.5 5.5 5.6 5.6 5.7
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Prob. (5 a: c: cc ac cc cc

5 (5.0) Number 17 17 17 1.7 17 17 17 17 17 17_ 17 17 17Mean 5.0 3.7 4.8 5.2 5.4 5.2 5.4 5.1. 5.3 5.5 5.5 5.4 5.5SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 O.) 0.1 0.1 0.1
prob. (a a: h: , (c c: cc cc 

[N000 4.2.3.4.1 .1 P125, 127]

Water consumption: Water consumption was considered unaffected by treatment.

Hematology:

RBCs were significantly decreased and MCH and MCV were significantly increased at 3
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

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

Absolute
Value

Parameter

-——m

m_—

Underlined values are statistically different from controls.

 
Anti-NNC 90-1 170 antibodies:

Anti-NNC 90-1 179 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 90-1 170 from week 26 to study termination and at _>_ 0.03 mg/kg/day from week 52 onward

in males. In females, group mean calcitonin levels exceeded concurrent controls at 2 0.2
mg/kg/day in weeks 26 and 52 and at 3 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/mL§ N pg/mLEN pg/mLEN pg/mLiN pg/ng N pg/mLéN 
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 003
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.

Males

e- e
5" E;

£3; 53
is 33
E 2
E é 

25 45 65 85 105
Study Week

 
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 0, 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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On‘inal dia - nosis Consensus dis 5 nosis l Animal No.
Hepatocellular carcinoma Hepatocellular adenoma 95, 103, 1 14, 126, 172. 182.

215. 221. 427. 504. 613
Haemangioma 202, 225, 291. 310. 343, 364,

372, 381, 405. 435, 441, 653,

Bronchlolo-alveolar carcinoma Bronchiolo-alveclar adenoma
697, 714
76. 233. 502. 544. 616

Endometnal adenocarcinoma Adenomyosis (uterus) 276, 294. 395. 641. 645. 691uterus
L mama/leukaemia H -e lasiallnflammation

A consensus by the Peer review Pathologist and the Study Pathologist was also reached on
diagnoses relating to the evaluation of the Thyroid Gland:

Animal Reviewing Pathologists opinion
No. . o-inlon
75 Follicular cell adenoma, Follicular cell adenoma

I undliterentiated. with solid pattern adenoma withl unusual features
C-celladenoma

163 C—cell adenoma + C-cell 2 C—cell hyperplasra (on C-cell adenoma + C-
h as clasia cellh -e -iasia

Ccell adenoma

371 Goellh -er-lasia __"l'lf-
213 lC-cellh a-erlasia —Ocell h 'ocerlasia
665 C-cellh ertasia _C-cellh er-tasia

 

 
 

 
 

 
 

 
   

 

 
 

 

 
 

 170, 235, 352, 405, 525, 704

  
 

 
 

Follicular cell

 

  

  

 

  
     

[N000 4.2.3.4.] .l P1405]

Non-neoplastic:
Non~neoplastic histopathology findings related to NNC 90-1170 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 3 0.03 mg/kyday NNC 90-1170 in males and at 0.3 and 3 mg/kg/day in females.
Thyroid c—cell hyperplasia occurred at 2 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 ofpigmented Kupffer cells was above control group levels at 3
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 2 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 90-1 170 doses in males, but the findings were not dose-related

and it didn’t occur in females. The incidence ofmicrogranuloma was significantly increased in
males at all NNC 90-1 170 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 ofhemosiderin was above the control group levels at 2 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 90-1 170 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 _>_ 0.03 mg/kg/day in males and at 0.03, l, 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.
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Tubular cystic hyperplasia in the thymus was elevated above control group levels in all
NNC 90-1 170 ,orous in males and at 2 0.2 m in females.

 
 

  

 
inflammatory cell

Thyrord infiltrate

 
 

 

 
 

pigmented Kupffer cells 
 
 

Total affected 2 1 5 2 4 9* 5i 1

_ 1 2 f 5 3 . 3 f 1 3

0 2 o g" o 3 4 o

:39“ 2 3'30 330 4:2

minim?" O... .1 ..
..........r;fi3"""'""""" .._. ..

' moderate . ......... . ..
1 1 1

mum“
(image 30 (380%) 1 2 1%“ 39 ' 4 1.5%“ 35 (44.3%

1 g 6

. 1

Liver centrilboular
hypertrophy  

 
 

 
 
 

diffuse centrilobular
hepatocyte vacuolalion
 
  
 
 

microgranuloma

 
 
 

 

lymphoid hyperplasia

 
 

 

 
 
 

 

  
  

hemosiden‘n   
 
 

 
 

 

Total affected

 inflammation

 

 

  Seminal vesicle

 
guy/37.:

 
 

    

0

6 7.6% 8 11.9% 5 75% 5 7.6% 11 13.9%,

9 11.4% 13 19.4% 17 25.8% 14 17.7%
lymphocytic infiltration  

  

  

    Th us tubularcystic 3/33 0133 5/27; 2/30 6/32 4129",'4*124 3131:3135
Yr" hyperplasia 3 4.5%) 7(12.2%) 7(12.3% 815.1% 6(9.1%)

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.
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Females

0 0.03 02 1

-m———

3

s D

23 356 14; 53 23;; 44 24; 43 28 51
 
 
 

 

 
 

 

 
Sex

NNC 90-1170 Dose (mglkglday)
Fate (Survivor or Decendent)
 
 

 
 

 Organ Finding

 
 

Thyroid inflammatorycell 3122 20153 2 E3/52 2 2 1 32/42 4 5474
infiltrate 3(4.o%) 7(1o.s%) 4(6.0%) 3(4.5%) 8(10.5%)

" ‘ 2 4‘ 4 6 ‘ s 9 ‘ 5 '

 

   
 

   

 ......... _ . 2' 3 . 2"...
934 55610§916§fl' 1,33."

----—
o 4 o 3 0; 3 1 2 2

8 1 o 2; o 3
. . . . )

4 5

. ) . )

. 3...“

 

 
 
 

pigmented Kupffer cells moderate   

 
 
 

Liver centrilboular
hypertrophy

 diffuse centrllobular
hepatocyte vacuolation
 
 

microgranuloma
  
  
 
 
  

 
 
 

 

7

4§ 23f o 6
9(114%) 4(60%) 2(30%) 2(3.o%) 9(114%

3 33/55 4; 2 4 4g 4 5
60.7%) 6(9.0%) 5(119% 801.9%) 10(127%

3 '1" 7

lymphoid hyperplasia

   

     
 . _ ' 1- M... . .......... . . 2....

6 §2/55 7; 7 6i 2 4313-1333

12

- )

hemosiderin moderate

Total affected

- -- 5 £9155 2 é12/52 3/22: 7/42 1 . 6"]42 4 .
Femoro-tibialjoint degenerativejomt ’ i i . ’_ '

disease 14(17.9%) 4(21.2% 10(15.6%) 17(25.8%) 16(20 3%
Th us tubularcystic o g2/52 2 g1/39 2/23g 0/33 3 2/45

yr" hpoerlasia 2 2.7% 3 4.8% 2 3.3% 5 68%

Neoplastic:

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

adenomas and carcinomas in females at Z 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 oftumor incidence:
Males) and 23 (Peto analysis oftumor 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 oftumor types with p-values < 0.05 for either dose-response

relationship or pair-wise comparisons determine from statistical analysis ofcombined 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.
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Tumor Types with P-Values S 0.05 for Dose Response Relationship 01' Pairwise Comparisons
Combined Main and Week 78/104 Satellite Studies in Male Mice

9 mg 9.93 mg 8.2 mg 1.9 mg 3.9 mg ?_Value
Cunt Lou Med Hldhi HiBh P_Va‘.ue P_Value [Value C vs. P_Value

Organ llama Tumor Name ”‘57 3:48 ":45 "-39 ”-62 Des Resp C vs. L C vs. N I-‘H C vs. H
lffifffffffiffffffifflfffflffflfffl!ffffffffffffffffffl”Hf”!ffHil‘ffflfffflfflfifffffff!if”fH”Hf!”fff/ffffffffffflfff{ff

ADREMAL GLND SUSCAFSULAR CELL TUHOUR 4 ll 5 A 5 8.351 0.013 0.368 0.421 0.526

ALL_SITE5 HflEHAHGIDSAfiCOMAOHAEHAHGI I 10 8. 194 0.412 0.831 0.467 8. 636

rmecrxcmmsn Frannsnxm'u [MI 0.4:: 9.4.:2

IHJECTIOH_SITE_ FIBROHA‘FIEROSARCOMJ

LYHFN "ODE (HES MAE-WIGIOHA [B]

SKI" N10 SUBCUT FIEROSARCOP‘A [H]
WWUSAfiCOH-i [H]

‘DWROXD C'CELL_ADEHOMA~C5RCIHDHA

YHYROID GLMID C—(ELL minom [3)

 
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 (0/380)). The dose~re1ated 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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Tumor Types with P-Values S 0.05 for Dose Response Relationship or Pairwise Comparisons
Combined Nlain and \Veek 78/104 Satellite Studies in Female Mice

0 mg 6.83 mg 0.2 mg 1.8 mg 3.8 mg P_Value
Cont Law Med Hidhi High P_Value P_Value {Value ( vs. P_Value

Organ Mame Tumor Name "-57 11-44 11-57 11-J7 11-59 Dos Resp C vs. L C vs. .V. -'-'.H C vs. H
ffffflffflflffffffffflff”riff”Hfliffffffffffffffffffffffffiflffffffifflfffff{fifffffffflfffffflfflfififfiffflffiffffffffflfif

PARDERIAH GLAM) #8810315 [B] 1 6 l 1 5 0.014 0.415 3.753 8.469 0.145

PITUITARY (SLAP-D ADENONA. AHYERIOR LOBE [S 0 2 e 5 9.266 . 6.248 . 8.852

SKIN NED SUECUT SARCW (110T OTHERWISE SP S 8.618 9.747 8.159

'rmrnoro sump C-(ELL_ADE1101~IA4CARCI!DHA 17 3.999 . . 0.929
c-(Eu. ADEHOMA [a] 15 8,859 . . 9.929

UTE HUS LEIGHYOHA‘LEIQ‘WOSARCO’M re 8 .575

 
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. I

Sarcoma ofthe skin and subcutis is a common tumor because the background incidence
is 1.8% in females. Since the p—value for trend 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.

flyrofa’721mm;

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 _>_ 0.2 mg/kg/day in males and females. Thyroid c-cell adenomas dose-dependently
increased compared to controls at _>_ 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)

Organ Finding

Fowl C-cell

hyperplasia
(preneoplastic) marked

total afftected m 1115012:3 111:; or 1511115. 15111.

moderate

 
C-cell adenoma

C-cell carcinoma

C-cell tumor 4—4)“

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 ofthyroid 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 (***).

 
9

Sex ‘
NNC 90-1170 Dose (mg/kglday) ’

Organ

Fowl C-cell

hyperplasia
(preneoplastic)

--111115.:2%1###
' 1 '3/42 36148"C—cell adenoma

4160% 1* 1501197:1*”C-cell carcinoma
20(2. 6%)

416may 171224°19)“

According to the sponsor’s statistical analysis of thyroid c-cell hyperplasia, statistically
significant differences from control by Fisher analysis are denoted at p < 005 (#), p < O.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:
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l. theincidence of both hyperplasia and c-cell tumors were dose related in both males and
females.

2. hyperplasia occurs at lower doses than tumors.

3. the incidence of hyperplasia1s 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 occurredIn 9/16 males (56%) and 5/15 females (33%).
5. in decedents, a finding of c-c—ell hyperplasia preceded c-cell tumors by 17 weeks in both

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

Thyroid emu Findings111 3mglkglday NNC 90.11711 Trnnled Mlco
Thyroid 906" Flnding

FocalH lashd f VP"?

Mouse # V323: w: :3 E E Adanoma Carclnom-“ mln mildg madame: maflmd203 '
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97     

'Modes of deal): were lamination (at end of study. T), sacrificed moribund (SM), or laund dead (FD).
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Sh}; a/zdSz/écz/tzlr

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 3 below) with 12 of49 occurring around the microchip implant. In males, the
incidence of sarcoma on the dorsal surface was dose-related at 3 0.03 mg/kg/day (Peto analysis, p

< 0.001) and significantly increased compared to controls at 3 mg/kg/day.

Table 3: Incidence ofSareoma on the Dorsal Surface in Main and Extension animals (Pete statistical
 

 

 

 

 

 

analysis)
Animals/Dose

Males Females

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

Dose °l NNC 904170 0 0.03 0.2 1.0 3.0 0 0.03 0.2 1.0 3.0
(Iitgikg/day) .

_ Number examined 79 67 67 67 79 79 67 66 65 78

Sarcoma. dorsal surface 2 3 5 3 16*“ 6 4 2 0 8 

'3 Statistically dill‘crent from the Control: p<0.05: "W Statistically ditTcrent from the Control: p<0.001

[N000 42.3.4.1.1 1°39]

The following summary table for sarcomas in the skin and subcutis was compiled from

the “Summary ofHistological 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 ofdeath 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.

  

 
 

 
 

  

 
 

1 5*

20(3im2) 1(5%) 7184:3“21”

1(15%)0i11(12%)
.-1 (1. 5%) 1(1 5%) 4 (5.0%)

2 (25%) 3 (4.5%) 75%) 3 (4.5%) 16 (20.2%)“*

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 (***).

NNC 90-1 170 Dose (mg/kglday) 0 0.03 0.2

oooorovooroeceooeoo o s go ——

79

 
 fibrosarcoma

 
  

sarcoma (unspecified)

Skin & subcutis rhabdomyosarcoma
(dorsal)
 

 

 
 

 

leiomyosarcoma

fi brosarcoma (injection

 sarcoma (treated skin)
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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).

Sex

fibrosarcoma

-I

sarcoma (unspecified) 50(6E3%)

Skin & subcutis rhabdomyosarcoma m(dorsal)

leiomyosarcoma

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

sarcoma (treated skin) 6 (7.6% 8 (103%)

According to the sponsor’s statistical analysis, statistically significantdifferences 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 Na

NNC 90-1110 DoseFindi -

Skin 8. subcutis
(dorsal) 

The incidence of dorsal skin and subcutis neoplasms, corrected for tumors occurring at the
microchip identification implant site not attributable to NNC 90-1170 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.
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Sat Males
NNC 90-1170 Dose (mglkglday) o 0.03 0.2 1 3

Faietsmivororbecendent)-m_- S
39540 34g33 37g

  8 8 B is
"f,

8 8')  
 Organ Finding N   

  fibrosarcoma
 
 

 
 

sarcoma (unspecified)

 
Skin & wbcutis rhabdomyosarcoma

(dorsal)
 

 
leiomyosarcoma
 
 
  
 

fibrosarcoma
in‘aztion site

Total sarcomas
  

Uterus

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 significant increase in leiomyomas at 0.2 mg/kg/day (p <
0.05), it did not meet the significance criteria for a common tumor (p < 0.01). Uterine
hemangiomas occurred in all NNC 90-1170 groups and the incidence ofhemangioma 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 ofcombined
leiomyomas / leiomyosarcomas exceeded the concurrent controls group at 2 0.03, 0.2, and 1
mg/kg/day NNC 90-1 170, 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

gNNc 90-1170 Dose (mg/kglday)

n—__-
1 4 ' 3 7 33/50leiomyomaUterus

0

8 (11 .9%) 10 (12.8%)

 
Statistically significantly different from control by Pete 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
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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 ofhemangiomas / hemangiosarcomas was significantly
increased (p= 0.001) at O.2 mg/kg/day NNC 90— l 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.

Sex

NNC 90-1170 Dose (mgIkgIday)

 
67 7‘9

4 10/33; 3 2 3 31/25 3/303 2Adrend subcapsular tumor = =
4(51%) 11 15 .2° 5(7.5%) 4(6-3%) 5(6.5%)

(all sites) hemangiosarcoma 2(30/‘91-
9 g 2 3 o o** o 4 o 2

Testes interstitialcelladenoma " = I38: 5
11 (13.9%) 3 (4.5%) 0 4 (6.0%) 7(89%)

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 < 0001 (***).

  Vascular hemangiom a /
1 (13%) 7(8.9%)

  

In females, the incidence ofpituitary adenoma (6.4%) at 3 mg/kg/day exceeded the
control group historical maximum of5.9%, 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=0042, p > 0.01). Harderian
gland adenoma increased with dose (Pete analysis, p < 0.05) the incidenCe of 6.3% at 3
mg/kg/day exceeded the control group historical control maximum of4.0%. Because Harderian

gland adenoma was considered a common tumor, the dose-related increased was not significant
(p=0.014, p > 0.005).

Females

0'
s--mmm

--
2/22§ 4/27?

2.(3 0%) 5(6.4°/g(1:*adenoma, htermedlate
lobe

. . :u21(30%)13(13%)
. .f1/43Harderam gland adenoma

11(1.3%0) 0(.11:5%) 2(3.0%) 53(63‘7112)
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 (***).

 
 

Sex

NM 0 90-1170 Dose (mglkglday)

Fate (Su Ivivor or Decenden t)  

 
 

 
 
 

 
  
 
 

Organ Find lng

 
 

 

adenom a, anterior lobe
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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 (50/5ex/.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 (5 1/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 of NNC 90-1 170. 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, 1, and 3 mg/kg/day NNC 90-1 170 (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 Z 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 2 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 2 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 90-1 170 for 26, 52, 78, or 104 weeks. Although the potential interference from plasma
NNC 90-1170 and the absence of a sustained pharmacodynamic effect preclude a definitive

assessment of an antibody response to NNC 90-1170, the impact on the acceptabilityrof 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 ofmasses 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 ofother mice. '

Treatrnent—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 90-1 170 and focal c-cell hyperplasia, considered a precursor to
thyroid c-cell tumors, occurred at _>_ 1 mg/kg/day in males and at 2 0.2 mg/kg/day in females. In
liver, pigmented Kupffer cells (attributed to hemosiderin accumulation), centrilobular
hypertrophy, and diffuse centrilobular hepatocyte vacuolation occurred at 3 0.03 mg/kg/day in
males. Liver pigmented Kupffer cells occurred at 3 1 mg/kg/day in females. Hemosiderin
accumulation in spleen occurred at _>_ 0.03 mg/kg/day in females. The incidence of degenerative
diseasein 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
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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 _>_ 0.03 mg/kg/day in males and at
2 0.2 mg/kg/day in females.

’ NNC 90-1 170 treatment—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 Z 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 ofthe 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 ofdorsal

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 oftumOr 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 90-1 170 in males (p < 0.001).

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/attachments

Appendix 1: List ofTumor Incidences Compiled from ‘Peto analysis of tumor incidence: Males’
and ‘Peto analysis of tumor incidence: Females’ (Tables 22 & 23 m the sponsor’s report)

Males, Peta analysis oftumor incidence Group (Dose Level in mo/kg/day)

 

l. (0) 2 (0.03) 3 (0.2) 4 (1.0) S (3.0)
(11:79) (34:67) (N=67) (N=67) (3:79)

organ/Finding
LUNG MEX 79 67 G7 67 79

BRONCNIOLO-ALVEOL-lfi (Niamey-1 [w] was 8 3 12 7 7I 7 3 9 4 SF 1 O 3 3 2P-VALUE 0.60 0.90 0.12 0.51 0.59
LUNG MEX 79 67 67 67 79 .

BRONCHXOLo-ALonLAR wine»: [a] was 13 19 16 7 10I 18 19 16 7 10F 0 0 0 0 0
P-VALUE 0.99 0.18 0.5]. 0.97 0.94

NAEVDPOIE‘HC svs‘rsu NEX 79 67 67 67 79
LYMPHOMA [u] no: othenfise specified sons 0 J. D D oI 0 D 0 0 0F 0 1 0 0 0

P-VALVF. i 0.79 0.47 1.00 1.00 1.00
uaammxsnc SVSTEV. NEX 79 67 67 67 79

LVMPHO‘IA [M] 'Iynphob'lastic sass J. 3 0 1 2x . 0 0 0 0 0F - 1 3 0 1 '27-vALuE l 0.39 0.25 1.00 0.71 0.51
Hasvonoxznc SYSTEM NEX 79 67 67 67 79

menm LVMPKOCYT'IC [‘4] sons 1 1 0 J. 0x 0 1 0 0 0
F 1 0 O 1 0
P-VALUE I 0.75 0.71 1.00 0.7 1.00

uazyovoxz'rrc SYSTEM sex 79 67 67 67 79
LYKPHouA FOLLICULAR cENtnE (Eu. Est] sons 7 1 2 3 sl 4 0 Z 1 5F 3 1 0 3 2

P-VALUE 0.032 0.97 0.9-! 0.79 0.34
Haas-mPoxETlc “51:2 xsx 79 67 E7 67 79

LEUKAEP-XA GRANULOCVTIC [M] was 2 1 O 0 01 0 l O 0 0F 2 0 0 0 0P-VALUE '1 0.99 0.79 1.00 1.00 1.00
HAEMOPDXETIC svs‘rzw NE)! 79 67 67 67 79

usnocn'xc SARCO“A [W] was 0 o 1 0 o1 0 0 1 0 0r: 0 0 0 0 0
P-VALIIE 6 0.59 1.00 0.49 1.00 1.00

MAE‘50701ETIC svs‘reu sex 79 67 67 67 79
LEUXAFJIIA [M] sons 0 0 0 0 1I 0 0 0 0 0F 0 0 0 0 1

P-VALUE I 0.23 1.00 1.00 1.00 0.52
msvn was (“5szch) Nix 77 65 66 63 7s

HAEvANGIm-A [a] 3055 0 0 Zv 0 31 D 0 Z 0 5F 0 0 D 0 DP-VALUE I 0.049 1.00 0.25 1.00 0.1-!
snag» max 79 67 67 67 79

HAENMGXOSARCMA EM] sons 0 0 1 0 11 0 O 0 0 1F 0 0 1 0 O
P-VALUE 5 0.19 1.00 0.51 1.00 0.45

Tuvnoxu 5|.an Max 79 66 65 67 79
FOLLICULAR (ELL CARcmowx [M] sons 0 0 o o 11 0 0 0 0 O

r . o o o o 1P-VALUE I 0.22 1.00 1.00 1.00 0.50
Tmnom SLAM! sex 79 66 65 67 79

c-CELL ADENOVA {a} was 0 0 0 9 15I 0 0 0 9 15r o 0 o 0 oP-VALUE <0.001 1.00 1.00 <0.001 <0.001
mvnom Gus-u sex 79 66 Gs 67 79

C-CELL “ruwcul 94055 0 0 0 9 151 0 0 0 9 15F 0 0 0 0 0
v-vALuE <0.001 1.00 1.00 <0.001 <0.001

'nmzom GLAND xix 79 66 65 67 79
FOLLxcuLAK CELL ADENOMA [B] xoas 1 1 0 2 1X 1 1 0 Z 1F 0 0 0 0 0

P-VALUE t 0.35 0.67 1.00 0.49 0.79.
ADRENAL GLAND SEX 79 66 67 63 77

suaowsuun CELL TUMOUR [a] son: 4 1 5 4 S1 4 11 S 4 5F 0 0 0 0 0
P-VALUE 0.75 0.010 0.34 0.45 0.26____________——._——._——————_-—————————-

[M] denows a na'li nan; tumour. [a] denoees a benign (umonr
MEX — umber 0 animal: gunned. x035 a Hunt?" of anwalshunber of animals with men-Jenn] finding (defined as  =1 finding

.ncidenu'l or probably incidental)
_ Number of animals with fatal finding (defined as fatal or probably fatal)0 = Exac: permutation us: .

P—VALuE = p-valutm under the contro‘l group are trend test. under dosed groups are pai mise <omparisans (onrsided)
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A

 

1 (0) Z (0.03) 3 (0.2) 4 (1.0) 5 (3.0)
(N=79) 01:67) (N=67) (N=67) 01:79)Organ/Finding

ADRENAL GLAND sex 79 67 63
FHAEOCHROYOCYTDMA [a] nous 1 1 0I ‘ 0 1 0

F l 0 0
P-VALUE 0.35 0.73 1.00

mexnnv GLAND MEX 76 66 66
ADENOYA ANTERIOR L035 [3] NOBS 1 1 .lI 1 1 1

F 0 0 0
P-VALUE 67 0.73 0.75 .

VANCREAS (ENDOCRINE) NEX 66 67 7a

ISLE? CELL ADENDVA [a] N035 J. 3 g
I L
F D 0 0
P-VALUE 0 84 0.7-: 1.00 1.00

TESTIS MEX 67 67 66 79
MEMANGXOSARCOMA [M] N085 o o o 11 0 0 0 1

F 0 0 0 0
P-VALUE 6‘ 0.18 1.00 1.00 1.00 0.45

765715 MEX 67 67 66 79
RETE TEs‘rxs ADENosu [a] N085 1 0 2 DI 1 0 2 0

F 0 0 0 0
v—VALUE 0.72 1.00 0.48 1.00

155115 MEX 67 GT 66 79XN’TERSTITIAL EELL AnENovA [a] N035 3 o 4 7I 3 0 4 7
F 0 0 0 0
P-VALOE 0.97 1,00 0.96 0.78

TESTIS NEX 67 67 66 79
msymoro‘vu [a] N055 0 0 3 0 0I 0 0 3 0 0

F 0 0 0 0 0
P-VALUE 3 0.79 1.00 0.081 1.00 1.00

TESTIS HEX 79 67 67 66 79
SEX CORD/STROVAL TUMOUR [a] N055 D 1 0 0 0I 0 1 0 0 0F 0 0 0 0 0

P-VALUE 5 0.73 0.47 1.00 1.00 1.00
EP1010VMIS Mix 79 67 67 66 79

st‘uocv’rxc SARCoa-A [M] was 1 0 0 0 1z .1 O o 0 1F 0 0 0 0 O
P-VALUE 0.33 1.00 1.00 1.00 0.70

Ennmmxs NE): 79 67 67 66 79
xu‘rERs‘rszAI. CELL ADENm-IA [a] N035 0 O 0 1 11 0 0 0 1 1

F 0 0 0 0 0
P-VALUE 3 0.11 1.00 1.00 0.49 0.45

SEMIMAL VESICLE NEx 79 67 66 66 75
LEEOHVOSARCD‘IA [M] N035 0 1 0 0 0I 0 0 0 0 0

F D 1 0 0 0
P-VALUE 0.79 0.47 1.00 1.00 1.00

SEMINAL VESICLE NBC 79 67 66 66 73
GHA‘H’LAR CELL “mom: [N] M035 1. 0 0 0 0I 1 0 0 0 0

F 0 0 0 0 0
P-VALUE 1.00 1.00 1.00 1.00 1.00

KIDNEY NEx 79 57 67 67 79
TUBULAR CELL akczsom [M] N035 o 0 z o 0I 0 0 Z 0 0

F 0 0 0 0 0
v-VALUE 1.00 0.23 1.00 1.00

KIDNEY Mix 67 67 67 79
TUBULAR CELL ADENOMA [a] noes 0 2 2 D1 0 2 2 0

F 0 0 0 0
P-VALUE : 1.00 0.80 0.79 1.00

STOMACH HEX 66 67 67 79
Autumn [3) Moss 0 O 0 11 0 0 0 1F 0 0 0 0

P-VALUE 1.00 1.00 1.00 0.45
DUODENUM NH 6-! 64 66 75

OSYEOSAKCDNA in] MOSS .1 0 0 0I 0 0 0 0‘ 1 0 0 0
P-VALUE 0.4-! 1.00 1.00 1.00

[H] denotes .5 Mali nan: tumour.sax
 

VI

0nunuP-VALUE

nthony L Parola, PhD

[a] denozes a benign tumourhum-her 0 animals examined. N035 = Number of anima‘ls with Finding
'uzber of animals with incidenu'l Finding (defined as incidenta‘l or prubalfly incident“)humber oF animg'ls with fats} finding (defined as feta”! or probany fatal)5!!!! permutation zest

p-values under the control group are trend E951, under dosed groups are pai mise ccmpari sons (one-sided)
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 roup (Dose Level in ng/kg/day)

 

 

[M] denotes a malignant tumour. [5] denotes a benign tumour
Nix = Number 0 

 Exact permutation test
9-VAL1IE = p-values under the control group are trend test. under dosed groups are pairwise comparisons (one-sided)

animals examined. N055 = Number of animals rlith‘fllnding _ >umber of animals with incidental finding (defined as incidental or probably mndental)
Number of anina‘ls with fatal finding (defined as fatal or probably fan“)
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1 (0) Z (0.03) 3 (0.2) 4 (1.0) S (3.0)
(N=79) (N=67) (N=67) (N:67) (N=79)organ/Finding

DUODENUM MEX 75 64 6-! 66 75
ADENONA [a] N035 0 0 1 0 0I 0 O 1 0 0

F 0 0 0 0 0
P-VALUE II 0.61 1.00 0.41 1.00 1.00

)EJUNUN NEx 75 61 63 65 73
OSTEOSARCOVA [M] N035 1 o 0 0 o

. I 0 0 0 0 0F 1 0 0 0 0
P-VALUE 1: 1.00 1.00 1.00 1.00 1.00

)EJUNUM NEX 75 61 63 65 73
ADENGMA [a] N085 0 0 0 1 DI 0 0 0 1 0

F 0 0 0 0 O
P-VALUE t 0.39 1.00 1.00 0.49 1.00

EAECUM NEx 76 65 66 67 77
Lmvxou PLASNACVTI: [5|] Noas 0 0 1 0 oI 0 0 E 0 0

F 0 0 0 0 0
P-VALUE s 0.59 1.00 0.49 1.00 1.00

CAECUN NM 76 55 66 67 77
ADENocaacmo-«u [M] N055 0 1 0 l. 0z 0 1 0 0 0

F 0 0 0 .l 0
P-VALUE 3 0.56 0.37 1.00 0.47 1.00

COLON NEX 75 64 67 67 77
mssoaacxsona [M] Mass 0 0 0 1 0I 0 0 0 l 0

F 0 0 0 0 O?—VALUE 5 0.42 1.00 1.00 0.29 1.00
LIVER HEX 79 67 67 67 79

HEPATOCELLULAR cancmowz [n] N055 4 2 1 2 31 3 Z 1 D 3F 1 0 0 2 0
P-VALUE 0.51 0.79 0.92 0.77 0.78

LIVER . NEX 79 67 67 67 79
HAENANGIOEAMWA [M] N085 1 1 Z 0 0I 0 0 0 0 0

F l. 1 2 0 0
P-VALUE 3 0.92 0.72 0.47 1.00 1.00

vaER MEX 79 67 67 67 79
HEPATDCELLULAR ADENoyA [a] N035 12 6 5 , 4 11I 12 6 S 4 11

F 0 0 0 0 0
P-vALuE 0.26 0.89 0.95 0.97 0.59

LIVER NEx ‘ 79 67 67 67 79
x10 CELL rumour: [a] N055 0 1 1 0 0I 0 .L 1 0 0

F 0 0 0 O 0
P-VALUE 1! 0.74 0.47 0.35 1.00 1.00

LIVER Mix 79 67 67 67 79
HAENANGIOHA {a} . N085 0 1 o 0 1I 0 1 0 0 1F 0 0 D 0 0

P-VALUE i 0.25 0.47 1.00 1.00 0.45
GALL BLADDER NEX . 72 59 SS 65 68

ADENOMA [a] was 0 1 0 0 0I 0 1 0 0 0F 0 0 0 0 0
P-VALUE u 0.73 0.47 1.00 1.00 1.00

PANCREAS (Exocane) NEx 79 67 67 67 79
hlESOTNELIOPv‘A [M] N035 0 0 0 1 0I 0 0 0 0 0

F 0 O 0 1 0
P-VALUE H 0.41 1.00 1.00 0.45 1.00

EVE _ NE! 77 65 65 67 77
‘ AuELANo‘rxc \zELAnm-A [n] mas o 0 0 1 OI 0 D 0 1 0F 0 O 0 0 0

P-VALUE 9 0.39 1.00 1.00 0.49 1.00
HARDERIAN GLAND NEX 78 65 67 67 78

ADENocAchNovA [M] N055 0 0 3 0 01 0 0 3 0 0
F 0 0 0 0 0
p-VALuE : 0.51 1.00 0.12 1.00 1.00

MARDERIAN GLAND NEx 78 65 67 67 78
ADENOMA [a] NOBS 4 3 1 1 ZI 4 Z 1 1 2

F 0 l 0 0 O
F-VALUE 0.69 0.58 0.91 0.91 0.77

SPINAL CORD NE! 77 67 67 67 78
MENINGEAL sncom [m] N055 0 0 1 0 01 D 0 0 O 0

F O 0 1 0 0
P-VALUE z 0.61 1.00 0.49 1.00 1.00

' SPINAL com usx 77 67 67 67 7BASTROCYTOMA [3] N00; 0 1 0 0 0l 0 1 0 0 0
F 0 0 0 0 0
P~VALVE 3 0.79 0.47 1.00 1.00 1.00
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Organ/Pi ndi nu
STERNUM

MAST CELL TUMOUR [a]

stun
cuoxnxom [3]

Skin AND suscuus
VALIGNANT stun-Anna»; [M]

sxm mo suacu‘rxs
FIBROSARCOHA [M]

sun AND suacuns
NEUROFIBROSARCOMA [M]

. SKIN AM: suscuns
Rnaaoonvosancom [m]

SKIN AND SUBCUTIS
LEIOMYOSAKCOMA [re]

sxm AND suazuns
HAEVANGIOSARCMA [H]

sxm AND svacuus
saacom (NOT OTHERWISE SPECIFIED) [M]

sun .wn suacu'rxs
SQUAMOUS-CELL CARCINOMA [.0]

sum up suacu‘rzs
SQUAVOUS-CELL pApILLmIA [a]

sun axa suacu‘rzs
KERATOACARmoMA [a]

mummy/margin? 5n:maosancou Ly.)
INJECTon/TREATHENT sx're

RHASDO\IVOSARCD.V.A [M]

INJECTION/1REATMENT 511's
SARCONA (so‘r OTHERWISE SPECIFIED) [M]

INJECTION/TREATMENT 5n:
SQUA‘wUS-CELL PAPXLLO‘M [a]

INJEtTION/TREATHENT SITE
FIBROMA [a]

sun (warren)
saRconA [m] dorsa‘l surface

 Group (Dose Leve'l in mglkg/day) 

 

1 (0) 2 (0.05) 3 (0.2) 4 (1.0) S (3.0)
(N=79) (3:67) (3:67) (N=67) (N:79)

MEX 79 67 67 67 79
N055 0 O 0 1 0
1 0 0 0 1 0
F 0 0 0 0 0
P-VALUE fi‘ 0.39 1.00 1.00 0.49 1.00
:«Ex 78 66 66 65 79
M035 0 l 0 0 0
I O 1 0 0 0
F 0 D 0 0 0
P-VALUE 0 0.81 0.43 1.00 1.00 1.00
NEX 79 67 67 67 79
N035 o 0 1 0 0
P-VALUE 5 0.61 1.00 0,43 1.00 1.00
NE): 79 67 67 67 79
was 0 2 1 2 7P—VALuE <0.001 0.054 0.15 0.070 0.004
3157‘ 79 67 67 67 79N035 0 0 0 0 1
P—VALUE : 0.23 1.00 1.00 1.00 0.52
MEX 79 67 67 67 79Nous 0 0 Z 1 J
P—VALUE 5 0.013 1.00 0.24 0.49 0.061
MEX 79 67 67 67 79
N055 0 0 1 0 1P-VALUE 5 0.21 1.00 0.48 1.00 0.48
NEX 7 67 67 67 79
N035 0 0 1 0 1
P-VALUE 11 0.22 1.00 0.51 1.00 0.51
NEX 79 67 67 57 79
31085 1 0 0 0 1P-VALUE 3 0.37 1.00 1.00 1.00 0.75
MEX 79 67 67 67 79
Mass 0 1 0 0 0
p-vaws '1‘ 0.79 0.47 1.00 1.00 1.00
NEX 7 67 67 67 79
Moss 0 0 1 0 0
P-VALUE '6 0.60 1.00 0.45 1.00 1.00
NEx 79 67 67 67 79
was 0 0 1 0 0P-VALUE U 0.61 1.00 0.48 1.00 1.00
NE); 79 67 67 67 79moss o 1 1 0 4
F-VALVE A‘ 0.013 0.46 0:39 1.00 0.064
NEX 79 57 67 67 79
MOSS 1 0 0 0 1
P~VALuE v 0.38 1.00 1.00 1.00 0.75
MEX 79 67 67 ‘ 67 79
Moss 1 0 1 0 0
P-VALUE 4| 0.8-! 1.00 0.74 1.00 1.00
NEX 79 67 67 67 79
N055 0 0 o 0 1P-VALuE 3 0.22 1.00 1.00 1.00 0.50
Mix 79 67 67 67 79
mass 1 0 0 0 0
P-VALUE 3 1.00 1.00 1.00 1.00 1.00
usx 79 67 67 67 79
3055 3 S 3 16
P-VALUE <0.001 0. 25 0.10 0. 50 «0.001W

[2] denotes a ma‘li nan: tumour. [5] denotes a benign tumoursax = Number 9 animals exanflned. N035 =
x = Number of animals with incidental F
F = Number of anima‘ls wi:h Fata‘l find-int = Exact permutation test:p-szuE =

number 06 anima‘ls with Finding
indinq (defined as incidentai or probably incidental)a (defined as fata‘l or probalfly fatal)

[N000 4.2.3.4.l.1 complied from Table 22 P 482 — 514]
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Females Peta analysis‘ of[71mm made/ice croun (nose Leve'l in mg/kg/day)

 

1 (0)1 Z (0.03) 3 (0.2) 4 (1.0) S (3.0)
(N=79) (3:67) (74:67) (N=67) (N=79)organ/Finding

LUNG NEX 79 67 67 67 79
BRONCHXOLO-ALVEOLAR CARCXNOMA [M] NOBS 3 1 6 2 5I 3 1 3 1 4

F 0 0 3 1 1
P-VALUE 0.32 0.73 0.13 0.59 0.26

LUNG NEX 79 67 67 $7 79
BROMCHIOLo—ALVEOLAR ADENOMA [a] N055 11 6 11 S 4I 11 5 11 5 4

F 0 0 0 0 0
F—‘vALUE 0.99 0.62 0.45 0.93 0.95

LUNG NEX 79 67 67 67 79
usso‘msuou EM] N055 o 1 0 0 0I O 0 0 0 0

7 0 1 0 0 0P«VALUE I! 0.79 0.46 1.00 1.00 1.00
MAEMOPOIETIC SYSTEM NE); 79 67 67 67 79

LYNPHO‘IA [M] not otherwise specified Moss 1 1 0 0 1I 0 0 0 0 0
F 1 .l O 0 1
P-VALUE a 0.52 0.70 1.00 1.00 0.78

uAEPoPoIETIC SYSYEM MEX 79 67 67 67 79
Humor/u [M] 1eukaemi< N083 1 0 0 0 0I 0 0 0 0 0F 1 O 0 0 0

P-VALUE t 1.00 1.00 1.00 1.00 1.00
HAEHOPOIETI€ SVSYEN NE): 79 67 67 67 79

LVMPHoxu [u] lymphoblasti: NOES 5 4 5 4 31 1 0 0 1 1
F 4 4 5 3 2D-VALUE 0.85 0.52 0.33 0.59 0.78

nasvovoxeuc SYSTEM max 79 67 67 67 79
LYMF'HO‘IA LYMPNCCYTEC [M] N085 0 0 0 1 1I 0 0 0 1 0

= 0 0 O 0 1P-VALUE 3 0.16 1.00 1.00 0.51 0.5-3
NAEMOFOIETXC SYSTEM MEX 79 67 67 67 79

umuowx PLASNACVTXC [>1] N085 0 0 1 2 01 0 0 1 1 0
F 0 0 0 1 0
P-VALUE = 0.60 1.00 0.50 0.21 1.00

MAEHOPOIEHC SYSTEM NEX 79 67 67 67 79
LyMpHoyA FOLLXCULAR CENTRE CELL [M] N055 13 5 14 7 11I 4 3 5 2 5

F 9 5 6 5 6
P—VALUE 0.84 0.66 0.31 0.91 0.77

memvoxsn: svsrau sex 79 67 67 67 79
LEuKAEHIA onArauLocv‘rxc [\I] NOBS 0 0 1 1 0' I 0 0 0 0 0

F 0 0 1 1 O
P-VALUE ! 0.51 1.00 0.45 0.48 1.00

mvapozeuc SYSTEM max 79 67 67 67 79
H1$TIOCYTIC SARCOMA [\x] NOBS S 6 J -; 1I 1 1 D 0 0

F 4 5 4 4 1
v-VALUE 0.98 0.21 0.53 0.60 0.96

LVMFH woos (MESEWERIC) NEX 75 65 63 63 74
OSTEos-mcou in] N055 0 0 0 1 0I 0 0 0 1 0F 0 0 0 0 0

F-VALUE 6‘ 0.37 1.00 1.00 0.55 1.00
mm»: 900: (MESEm'ERxc) MEN 7; 65 63 63 74

Human.» [3] Moss 2 _1 1 o o1 Z 1 1 0 0
F 0 0 0 0 0
P-VALUE 3 0.97 0.81 0.35 1.00 1.00

SPLEEN max 78 67 67 67 79
snow“. sucom [3e] N085 0 0 1 0 '01 0 0 1 0 0

r 0 0 0 0 0
V—VALUE t 0.57 1.00 0.33 1.00 1.00

mean :49: 7s 67 67 67 79
HAE\!ANGIOSARCOVA [M] N035 0 o 1 0 1I 0 0 l 0 DF 0 0 0 0 1

V-VALUE 8 0.25 1.00 0.50 1.00 0.54
SFLEEN MEX 78 67 67 67 79

HAEVANSIOS'A [a] N085 0 o 1 0 01 0 0 1 0 0
F 0 0 0 0 0
P-VALUE =‘ 0.55 1.00 0.55 1.00 1.00

NEART "Ex 79 67 67 67 79
“55071::me in] .1035 0 0 0 1 0I 0 0 0 1 0

F 0 0 0 0 0
>-VALuE 8 0.45 1 00 1.00 0 51 1 00

[M] denates a ma‘li nan; rumour. [0] dznnxes a benign turnyr _ _sex = Number 0 anlma'ls egamned, N055 = Number of amna‘ls mch findingumber of anmuls mth incidenta‘l finding (defined as incidenta‘l or probany incidenra‘l) 
F = Number of animg‘ls with fatal finding (defined as fata‘l or probably fatal)
3 = Exec! permutation lest . . ‘P-VALUE = p-va‘lues under the control group are trend (25!. under dosed groups are 941 n-nse comparisons (one-sided)
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Group (nose Leve'l in mglkg/day)
1 (0) 2 (0.05) 3 (0.2) 4 (1.0) S (3.0)

(77:79) (N=67) 04:67) (71:67) 04:79)
organ/Finding
THYROID GLARD sex 76 66 , 67 66 76

FOLLICULAR CELL CARCINOMA [M] was 0 0 o 0 ol: 0 0 0 0 0
F 0 0 0 0 0
P-VALUE fl 1.00 1 00 1.00 1.00 1.00

THVROID GLAND HEX 75 66 67 66 76
(-(ELL CARCINOMA [M] NOBS 0 0 0 0 21 0 0 0 0 1

F 0 0 0 0 1
n-VALUE c 0.043 1.00 1.00 1.00 0.50

THVROID GLAND SEX 75 66 67 66 76
C-CELL ADENO-‘lA [a] M735 0 o 0 4 15I 0 0 0 d 15F 0 0 0 0 0

7-VALUE <0.001 1.00 1.00 0.028 (0.001
'nwxoto GLAND MEX 75 66 67 66 76

c-CELL Yuuoun Moss 0 0 0 4 17
x 0 0 «I 16F 0 0 0 0 1
P-VALUE <0.001 1.00 1.00 0.028 <0.001

ADRENAL GLAND sex 79 67 67 66 7s
soBCAPsuLAR CELL TUMDUR [a] noes 0 o 0 1 oI 0 0 0 1 0

F 0 0 0 0 0
P-VALUE a" 0.36 1.00 1.00 0.40 1.00

ADRENAL GLAND Mix 79 67 67 66 7s
CORTICAL CARCINOMA [M] N035 0 o 1 o 0I 0 0 1 0 0

F 0 0 0 0 0
P-VALUE 3 0.67 1.00 0.50 1.00 1.00

ADRENAL GLAND max 79 67 67 66 78
PHAEoCnRovvaTom [M] mass 1 0 1 0 01 1 0 1 O 0

F 0 0 0 0 0
P-VALUE 3 0.69 1.00 0.76 1.00 1.00

ADRENAL GLAND HEX 79 67 67 66 7S
CORYICAL ADENOMA [a] N085 o o 1 o 0I 0 0 1 0 0F 0 0 0 0 0

P-VALUE 7’ 0.49 1.00 0.38 1.00 1.00
ADRENAL GLAND NEX 79 67 67 66 78

puzocukavmmm [a] mans 4 o o 1 oI 4 0 D 1 0F 0 O 0 0 0
P-VALUE 3 0.94 1.00 1 00 0.96 1.00

PITUITARY GLAND NEX 77 67 66 65 7s
ADENORA ANTERIDR Loss [3] N035 0 o I o S1 0 0 Z 0 5

F 0 0 0 0 0
V-VALUE x 0.006 1.00 0.23 1.00 0.037

PITUITARY GLAND MEX 77 67 66 65 78
’59:va INTERMEDIATE LOBE [a] nous o 0 o 2 11 0 0 0 Z 1F 0 0 0 0 0

P-VALUE X‘ 0.16 1.00 1.00 0. 21 0. 54
OVARY MEX 77 67 65 67 76

SARCOVA (N07 OTHERWISE spzcxneu) [>1] N035 o 0 0 1. oI 0 0 0 1 0
F 0 0 0 0 0
P-VALUE 3 0.46 1.00 1.00 0.51 1.00

OVARV MEX 77 67 65 67 76
TusuLosnouAL ADENOMA [a] N055 1 0 1 1 3I 1 0 1 1 3F 0 0 0 0 0

P-VALUE = 0.07s 1.00 0.76 0.77 0.38
ovARV MEX 77 67 65 67 76

Lemwmu [a] nous 0 O 1 o oI 0 0 1 0 0
F o o o o 0
P-VALUE § 0.67 1.00 0.50 1.00 1.00

OVARY NEX 77 67 65 67 76
semou CELL TUMDUR [B] uoas O o o 1 11 0 0 0 1 1

F 0 0 0 0 0
D-VALUE ‘v‘ 0.16 1.00 1.00 0.51 0.5-:

OVARY NEX 77 67 65 67 76
nary-mama [a] moss 0 Z 0 0 oI 0 1 0 0 0

F 0 1 0 0 0n-VALUE 5 0.39 0.28 1.00 1.00 1.00 

[M] denntes a nm‘h' nan: tumour, (3] denotes a benign tumour _
MEX Number a? animals examined. NOBS = Number of anima'ls wirh finding\umber of animus with incidental finding (defined as incident” or probab1y incidental)

\‘umher of animg‘ls “in: fata‘l finding (defined as fata‘l or probably fata'l)Exact permuntmn rest
P-VALUE = p-va'lues under the contro‘l group are trend test. under dosed groups are pairwise compari sons (one-sided)
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Group (Dose Level in mg/kg/day)

 

 

1 (0) Z (0.03) 3 (0.2) 4 (1.0) S (3.0)
(Nz79) (N=67) 04:67) (11:67) (N=79)

organ/Finding '
OVARY Mix 77 67 GS 57 76

sex com/snowy. TUNOUR [B] seas 1 0 1 0 O1 J. 0 1 0 0
F O 0 0 0 0
P~VALUE : 0.89 1.00 0.76 1.00 1.00

OVARY MEX 77 67 65 67 76
GRANULOSA CELL mucus: [a] NOBS 0 0 1 0 o1 0 0 1 0 0

i! 0 0 0 0 0
V-VALUE = 0.56 1.00 0.57 1.00 1.00

OVARY MEX 77 67 65 67 76
DECIDUOMA [3] Moss 0 1 o 0 o1 0 1 0 0 D

F 0 0 0 0 0
P-VALUE n 0.86 0.68 1.00 1.00 1.00

OVARY MEX 77 67 65 67 76
LUYEOMA in] Mass 1 1 2 1 2I 1 1 2 1 2

F 0 0 0 0 0
P-VALUE H 0.4]. 0.62 0.50 0.77 0.56

OVARY MEX 77 67 65 67 76
(vsnozxoua [B] sons 1 1 1 0 1. I .l 1 1 0 1

r 0 0 0 0 0
P~VALUE .-: 0.59 0.70 0.67 1.00 0.76

uTERUS NE): 78 67 65 67 78
ENDOMETRIAL CARCINOMA [:4] sass 0 0 1 3 0I 0 0 1 3 0

F 0 0 0 0 0
9-vALuE '3 0.66 1.00 0.50 0.12 1.00

WERUS NEX 78 67 66 67 78
ENDOMETRIAL STROMAL 5.0?ch [M] 3055 1 0 0 2 0I 1 0 0 1 0

F 0 0 0 1 0
P-VALUE I: 0.62 1.00 1.00 0.46 1.00

UTERUS NEX 76 67 66 67 7S
LEIOMYOSARCOHA [M] «035 0 2 1 4 oI 0 1 3 4 0

F 0 1 0 0 0
P—VALUE I: 0.55 0.21 0.12 0.058 1.00

UYERUS HEX 78 67 66 67 75
- mgmcxosaacom [M] N055 2 1 z 1 1I 1 0 1 1 1r: 1 1 1 0 0

P-VALUE = 0.75 0.78 0.61 0.87 0.90
UTERUS NE): 78 67 66 67 76

nzsnocvuc saucy-1 [n] N055 0 2 1 1 3I 0 Z 1 1 3F 0 0 0 0 0
fl—VALUE a 0.11 0.21 0.46 0.46 0.14

UTERUS NEX 78 67 66 67 78
MALIGNANT SCHwAMNOMA [H] N085 0 o o 0 1I 0 0 0 0 1F 0 0 0 0 0

P-VALUE 1 0.23 1.00 1.00 1.00 0.48
UTERUS MEX 7s 67 66 67 78

ENDOSIETRIAL ADENOVA [5] Moss 0 0 o 0 1I O 0 0 0 1F 0 0 0 0 0
P-VALVE 5’ 0.25 1.00 1.00 1.00 0.55

UTERUS MEX 76 67 . 66 67 76
snoxw. Pour [a] N005 9 3 6 2 S1 9 2 6 2 SF 0 1 0 0 U

P-VALUE 0.81 0.91 0.70 0.97 0.59
UTERUS NEX 7B 67 66 67 78

Lexomou [a] noes 5 s 11 4 10
I 5 5 11 4 10F 0 0 0 0 0
P-VALUE 0.27 0.37 0.027 0.63 0.1-:

UTERUS x 78 67 66 67 78
GRANULAR CELL Tumun [a] NOBS 0 1 0 o 11 0 1 0 0 1F O 0 0 0 0

P-VALUE = 0.31 0.36 1.00 1.00 0.48
, UTERUS MEX 78 67 66 67 78

scuuANNcnu [a] nous 0 0 1 0 1I 0 0 1 0 J.
F 0 0 0 0 0P-VALUE x 0.20 1.00 0.46 1.00 0.45

menus max 78 67 66 67 78
Haas-.mcxom [8] - N085 0 2 3 3 3I 0 Z 3 2 3

F 0 0 0 1 0
P-VALUE 0.31 0.036 0.024 0.042 0.057

UTERUS NEX 75 67 66 67 78
nscxuuovx. [a] . M035 1 1 2 o 0I 1 1 z o 0F 0 0 0 0 O

P—VALUE t 0.9-1 0.62 0.45 1.00 1.00

[n] denotes a mu1ignan: tumour. [3] denotes a benign tumourNEX - Number 0 anima‘ls examined. sous = Number of aninals with finding:uher of anina'ls wkh infidel-(61 finding (defined as incidenta'l or probabiy incidents”
Number of animak with feta] finding (defined as fan! or probably fata1)Exact permutation res:

P-VALUE = p-va'lues under the control group are trend test, under dosed groups are pairwise ccmparisons (one-sided) 
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.—_____.Group (Dose Leve1 in nq/kg/day)
S (3.0)1 (0) Z (0.03) 3 (0.2) 4 (1.0)

. (N=79) (‘1:67) (N=G7) (N=67) (N=79)Organ/Finding

VAGINA NEX 77 67 63 56 78
snow“. SARCOMA [M] N035 0 1 0 0 0» l 0 0 0 0 0F 0 1 0 0 0

P~VALUE B 0.80 0.45 1.00 1.00 1.00
unmARv auoozn ‘ max 77 63 64 64 7-:

MESENCHVML TUVOUR [B] N053 0 O 0 0 1l 0 0 0 0 1F 0 0 0 0 0
P—VALUE D 0.25 1.00 1.00 1.00 0.55

STOMACH NE! 77 67 66 66 75
squ-wous-cELL DAPILLOWA [a] mess 1 o o 1 1I 1 0 0 l 1F a o o 0 - o

P-VALUE 8 0.36 1.00 1.00 0.74 0.80
DUODENUM NEX 72 6-1 63 63 73

HAE‘L‘RGIO‘“ [a] Moss 0 1 0 o 0X 0 1 0 0 0F 0 0 0 0 0
P—VALUE n 0.65 0.71 1.00 1.00 1.00

DUODENUH .vsx 72 6-: 63 63 73
ADENOMA [a] .1085 0 o 0 1 o1: 0 0 0 0 0F 0 0 0 1 0

P-VALUE 4! 0.44 1.00 1.00 0.51 1.00
ascun usx 79 64 64 62 73

LEIOMVOSARCDMA [3-1] nous 0 0 0 1 0I 0 0 0 0 0
F 0 0 0 1 0P<VALUE # 0.43 1.00 1.00 0.48 1.00

new“ NEX 79 64 6-) 62 73
LEvava [5] Moss 0 2 0 0 oI 0 Z 0 0 0

F 0 0 0 0 0
F-VALUE : 0.87 0.16 1.00 1.00 1.00

CAEcuM NEx 79 64 6-3 62 73
PLASMACYI'OMA [a] was 0 1 o o OI 0 1 0 0 0

F 0 0 0 0 0
P-VALUE :3 0.79 0.38 1.00 1.00 1.00

COLON MEX 79 66 65 63 75
manocmcmoua [M] noes 1 0 0 1 0I .l. 0 0 0 0F ‘ 0 0 0 1 0

P-VALUE a 0.70 1.00 1.00 0.75 1.00
(OLON «ex 79 66 65 63 76

ADENOMA [3] Moss 1 0 0 0 0t 1 0 0 0 O
F 0 0 0 0 0P-VALUE v 1.00 1.00 1.00 1.00 1.00

LIVER NEX 79 67 67 67 79
HEPATOCELLULAR cakcxxom [M] Moss 0 1 1 1 11 0 1 1 1 1F 0 0 0 0 0

P-VALUE E 0.32 0.66 0.50 0.55 0.45
LIVER NEx 79 67 67 67 79HEPATOCELLULAR wExovA [a] moss I o o 3 0I z D 0 3 0F 0 0 0 o 0

P-VALUE r 0.80 1.00 1.00 0.52 1.00
LIVER NE): 79 67 67 67 79RAE-\‘ANGIO'IIA [a] N035 0 1 2 0 0I 0 1 Z 0 0

F 0 0 0 0 0
. P-vALue 8 0.85 0.56 0.27 1.00 1.00

PANCREAS (EXOCRINE) NE): 79 67 66 66 7sHAENANGIOVA [6] Moss 1 0 0 0 01 1 0 0 0 0
F 0 0 0 0 0
F-VALUE 1! 1.00 1.00 1.00 1.00 1.00

NARDERIAN GLAND MEX 79 67 66 67 79
ADENOMA [8] woes 1 o 1 2 SI 1 0 1 2 5F 0 0 0 0 0

F-VALUE )1 0.012 1.00 0.74 0.48 0.14
BRAIN NEx 79 67 67 67 79

MALIGNANT 1151'“chan [SI] N035 1 0 0 0 0' I 1 0 0 0 0F 0 0 0 0 0
v-vALUE 3 1.00 1.00 1.00 1.00 1.00

alum NEX 79 67 67 67 79
MENINGXDMA [5] N035 0 0 1 0 0I 0 0 0 0 0

F 0 O 1 0 0P—VALUE R 0.61 1.00 ' 0.46 1.00 1.00

BRAIN MEX 79 67 67 67 79
1.1va [a] N035 0 0 o 1 0I 0 0 0 1 0

F 0 0 0 0 0
P-VALUE B 0.46 1.00 1.00 0.51 1.00

SPINAL cow NEX 79 66 67 66 78
MEMINGEAL SARCOMA [NJ was 0 o 0 2 0

' I 0 0 0 Z 0F 0 0 0 0
P-VALUE d 0.48 6 03" 0cl 3" oco 9 N n..- o

[M] denotes a ma'li nan: tunaur. [B] dennres a benign tumour
NEX = 'umber 0 animals examined. NOBS = Number of animus with finding
1 = L river of animals with incidental finding (defined as incident“ or probany infidenul)F = Number of animg'ls with fatal Finding (de ined as fate] or probab‘ly fata‘l): = xac: permutation lestP-VALuE =
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Group (Dose Level in mg/kg/day)

 

 

 

1 (0) 2 (0.03) 3 (0.2) 4 (1.0) S (3.0)
. . (N=79) (N=67) 04:67) 04:67) 04:79)organ/Fmdmg

SKELETAL \1USCLE sex 79 67 67 66 79
RNAEDDMVOSARCQVA [H] was 1 0 0 0 0I 0 0 0 0 0

F 1 0 0 o 0
P—VALUE I 1.00 1.00 1.00 1.00 1.00

SKELETAL “USCLE NEx 79 67 67 66 79
uposmcoua [u] N035 o o 0 0 1I 0 O 0 0 0

F 0 O 0 0 1
P-VALUE '1 0.25 1.00 1.00 1.00 0.53

FEHUR MEX 78 66 64 66 79
os‘rsmu [a] was a o 1 0 01 0 0 J. 0 0F 0 0 0 0 0

P-VALUE u 0.50 1.00 0.38 1.00 1.00
SKIN AND suacuus NEN 79 67 67 67 79

NALm-VANT FIBRDUS uzs‘rmcv‘rom [M] Noas 1 0 n 0 o
P—VALUE a 1.00 1.00 1.00 1.00 1.00

SKIN AND suacurxs MN 79 67 67 67 79
FIBRDSARCO‘IA [M] N055 1 1 1 0 ZP-VALUE v 0 31 0.68 0.70 1.00 .54

ssz AND suacuns NEx 79 67 67 67 79
RHABDOVWOSARCOMA in] was 2 1 1 0 oP-VALUE 3 0.97 0.85 0.53 1.00 . 0

SKIN AND suacuus NEX 79 67 67 67 79
LIPOSARCOFA [N] was 0 2 o 0 OF-VALUE a 0.85 0.21 1.00 1.00 1.00

SKIN AND suacu'rxs Mn 79 67 67 67 79
SAREOMA (NOT OTHERWISE 5PE<IFIED) [M] N005 1 n 1 0 SP-VALUE 5 0.007 1.00 0.70 1.00 0.1-:

SKIN AND suacuns NEx 79 67 67 67 79
BASAL CELL CARCINOMA [N] N035 Z 0 0 0 1P-VALUE 5 0.57 1.00 1.00 1.00 0.89

SKIN AND sustuus NE): 79 67 67 67 79
souAmus—CELL uxcmou [)1] 5-035 1 0 0 0 0v-VALUE 9 1.00 1.00 1.00 1.00 1.00

sxm AND suscurrs NEx 79 67 67 67 79
Soumous-CELL PAPILLDHA [a] Noss 0 0 0 1 O

P-VALUE : 0.44 1.00 1.00 0.50 1.00
32mm“ GLAND NEX ‘ 76 64 65 66 76

ADENDCARCINO‘IA [N] was 1 2 4 Z 3P-VALUE 0.46 0.23 0.070 0.27 0.19
.\'A\W.ARV GLAND NEx 76 64 65 66 76

ADENOACANTKOHA [M] N065 0 1 0 1 1P-VALUE B 0.28 0.41 1.00 0.49 0.54
NAVMARV GLAND NEx 76 64 65 66 76

FIBROADENOMA [a] N035 1 0 0 o 0P—VALVE 5 1.00 1.00 1.00 1.00 1.00
.\'A.V.\!ARV nLAND ND: 76 64 65 66 76

ADENOMA [a] NOBS 0 o o o 1P-VALUE : 0.24 1.00 1.00 1.00 0.53
INJECTION/TREATMENT SITE NEx 78 67 66 65 75

FIBROSARCDMA [H] noes .l 0 0 0 2’ P-VALUE It 0.14 1.00 1.00 1.00 0.5.:
INJEcrmN/TREATMENT SITE Max 73 67 66 65 78

5.“!ch (Nor OTHERWISE SPECIFIED) [r4] N035 1 1 0 0 0fi—waUE i 0.95 0.69 1.00 1.00 1.00
INJECTION/TREATMENT SITE HEX 78 67 66 65 7S

KERATOACANTNONA [a] 3:055 0 0 0 1 0P—VALUE a 0.43 1.00 1.00 0.49 1.00
SKIN (TREATED) max 79 67 66 65 78

saxcou [u] dorsa‘l surface Noas 6 4 2 0 3P-VALUE 0.15 0.51 0.87 0.99 0.57

[N] denotes a malignant tumour. [8] denotes a benign tumour ‘ _NEX = Number D animals exanined. N035 Number of aninfls with finding
1 _ umber of anima'ls wi:h incidenuT finding (defined as ineidenxal or probabiy incidenta'l)F = Number of anime]: with fats] finding (defined as fnxa1 or probabTy Fail)5 = Exd<l permutation test
p-VALUE = p-va'luus under the control group are Erend test. under dosed groups are pairwise :cmparisons (one-sided)

[N000 4.2.3.4.].1 complied from Table 23P515 - 583]
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Appendix 2: Historical control group data of tumor incidence in control groups of CD-1 mice
from 2 year carcinogenicity studies at the
2002 to 2004.

Study

42
21
38
58
38

222
41.2

35-50%

SK?" NumlaerExamined H

Numbiar Focal

 

from
 

 

ENDOCRINE SYSTEM

ADRENAL (SyBCAPSULAR)

Male ' , Female

Benign Malignant . Number Focal Benign Neoplasia» MalignantExamined H - - -lasia N— - - lasia Nemlasia Examined H - - -lasia - - ' Neo -lasia»'
1 adenoma (1. o
5 adenoma o 2 adenoma
5 adenoma 0 1 adenoma
9 adenama 0 7 adenoma
17 adenoma 1 carcinoma 4 adenoma 2 carcinoma
13 adenoma o 4 adenoma 0

50 1 18 2
9.3 0.2 3.3 0.4

2.0—14.2% 000.8% 0.0-1.7
ADRENAL (MEDULLA)

Male Female
Benign Neoplasia Malignant Number Focal Benign Neoplasia Malignant

Neolasia Examined H 1- Neo lasia
1 Pnaeomromocyloma 0

0 1 Phaoochromocyloma 1 Phaeachlomecyxcma
o o o
0 1 Phacochromocyloma l Phaeodiromocytorna
0 . 0
0 1 Fhaeochtomocyloma
1 5

0.2% 0.9%
0-2% . 04%

TABLE 1 (CONTINUED)

CARDIOVASCULAR SYSTEM
AORTA

- Study No. Number
Male Female

Focal Benign Malignant Number Focal Benign Malignant"
Examined Hyperplasia Neo lasia: Nee-lasia Examined Hy:- .lasia Neolasia Neolasia
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NERVOUS SYSTEM AND ORGANS OF SPECIAL SENSE

BRAIN

 
‘ ‘ ' Male , ' Female

Study Number Focal Benign Malignant Neoplasia Number Focal Benign. Malignant
3. No. Examined Hyperpla Neoplasia ' Examined Hyperplasia Neoplasia Neoplasla'' sna . - '

1mali nanl

274 50 0 0 O 50 O O asirocaoma
658 120 0 1 meningioma 0 119 0 0 O
832 so 0 o o 50 0 o o
374 100 o o o 100 o 0 o

i choroid
937 119 0 0 120 0 plexus 1 mafignanl

O papillcma astrocytoma
988 110 0 1 oligodendroglioma 109 0 0 0

TOTAL 549 0 1 1 548 0 1 2
RATE 0.0 0.2 ' 0.2 0.0 0.2 0.4
RANGE 0.0 0.0-0.8 0.0-0.3 0.0 0.0-0.8 0.0-2.0 

TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

CAECUM

Male - ‘ ' ‘ Female -. »

: Study No Number Focal Benign Malignant Number Focal Benign Malignant
. ' Examined Hyperplas Neoplasia Neoplasia Examined Hyperplasia Neoplasia Neoplasia

  
50

1 115adenocarcinoma

 

;‘ ' . _ . _ , . "Female. _.
:studyNo. Number Benign ’: Malignant Number Focal Benign MalignantExamined H ' lasia. NeOolasia Examined H -- lasia Neolasia

0.2 0.0
0.0-0.9 0.0
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DUODENUM

- - Male . ' Female

study No. Number Focal Benign Malignant Number Focal - Benign Malignant
- Examined H eriasia Neo-lasia Neo Examined ue -lasia Neo lasia Neolasia

1 adenoma
0
1

0.2 
  

 Male

Benign Malignant Neoplasia
Neoplasia

  

 
' Focal

- erplasia  
  
  

  
   

 
  
 

274 50 0 0 1 hisliocylic sarcoma1 interstial .

658 120 0 adenoma 1 haemangiosarcoma
832 50 o o o

1 interstitial

874 100 o adenoma 0
937 120 0 0 o
988 1 10 o o 0

TOTAL 550 0 2 2
0.0 0 4 0.4  

 
0.0-1.0
 

EYE

   Male Female .

No Number Focal Benign Malignant Neoplasia Number Focal Benign Malignant
' Examined H -- -lasia Neo lasia Examined H -- lasia Neo lasia Neo lasia

  
 

  
 

 
     

0 

  
  
  
 

2 adenocarcinoma 105
2 515

0.0 0.0 0.4 0.0 0.0 0.0
0.0 0.0 0.0-1.9 0.0 0.0 0.0  
 

TABLE 1 (ALIMENTARY SYSTEM CONTINUED)
OESOPHAGUS

- Male Female
.Study NO- Number Focal Benign Malignant Number Focal Benign Malignant;

Examined - Jasia Neo-lasia. Neo lasia Examined - lasia Neo-lasia Neolasia

2
adenomatous

NW?
1 squamous-
oell papilloma

3
0.5

0.0-1.7

 
47 of59



Anthony L Parola, PhD . ‘ NDA 22—341

GALL BLADDER

Male Female

Focal Benign Neoplasia Malignant Number Focal Benign-_ Malignant
Examined H p' -lasia ' Neo lasia Examined Herp- ' lasia Nee-lasia

0

2 adenoma - papillary
3 adenoma

0
5

08
0.0-2.8

QOQOOOOO 
HARDERlAN GLAND

Number Focal Malignant Number Focal ' Benign Malignant
Examined H -- -|asia Nee-lasia Examined H w -lasia Neolasla Neo lasia

2 adenoma 0 50 2 adenoma 1
5 adenoma 1 adenocarcinoma 120 3 adenoma 1 adenocarcinoma
4 adenoma 0 50 0

0 26 0
11 adenoma 120 5 adenoma

0 1 10 0
22 10 5 adenoma
4.8- 2.1 1.7

0.0-9.2 0.0-4.2 0.0-4.0

 
HEART

> Male ' Female ,
Study No. Number Focal Benign Malignant Number Focal Benign . Malignant

Examined Hy -rplasia Nemlasia Neoplasia Examined H pe clasia Neo lasia‘ Neolasiao
O
O
0
0
1

haemangiosarooma1
0.2

0.0-0.9

 
ILEUM

- Male ' . _ Female. = . V
Number Focal Benign Malignant Number F cal . Benign Malignant

Examined Hp lasia Neo lasia Neo- ' ' lasia Neo lasia Neolasia
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INJECTION/TREATMENT SITE

Male Female

Focal Benign Malignant Number Focal Benign Neoplasia Malignant-lasia Neoplasia Neo-lasia Examined H rplasia Neo lasia
lhaemangio- 1 rhabdomyo-
pericytoma sarcoma 01 haemangio—

0 0 D sarcoma1 1 0 1
1.0 . . 1.0

RANGE NOT APPLICABLE
JEJUNUM

  
VMale ' . ' ‘ Female _ -

Focal : Benign Malignant Number _ Focal Benign Malignant-erlasia Neo lasia Neo lasia Examined H -- olasia Neo lasia Neo lasia

 
 

 

URINARY SYSTEM

KIDNEY

‘ , Male Female

Study Nc Number Focal Benign _ Malignant Number Focal Benign Malignant' Examined Hyperplasia rNeoplasia Neoplasia Examine Hyperplasia Neoplasia Neoplasia. d .
274 50 o 2 adenoma 0 50 0 0 D
658 120 0 2 adenoma O 120 0 0 0
832 49 1 0 1 49 0 o o

1 carcinoma
874 99 0 1 adenoma 1 haemangio. 100 1 0 0sarcoma
937 120. 0 0 1 120 0 0 1 carcinoma
988 110 0 2 adenoma 1 110 0 0 0

TOTAL 548 1 7 5 549 1 0 1
RATE 0.2 1.3 0.9 0.2 0.0 0.2
RANGE 0.0-2.0 0.0—4.0 0.0~2.0 0.0-1.0 0.0 0.0-0.8

LIVER (HEPATOOYTE)

- Male - Female

- Study Number Eoslnophilic Easophilic Benign Malignant Number Eoslnophilic Basophilic Benign Malignant
Number Examined [clear cell loci Neoplasia Neoplasia Examined I clear cell loci Neoplasia Neoplaslaloci loci

7 adenoma 3 carcinoma
5 adenoma 2 carcinoma
15 adanoma 3 carcinoma
10 adonoma 2 carcinoma
4 adonoma 1 carcinoma
12 adanorna 2 carcinoma

1 15 adonomn 7 carcinoma
26 21 71 20
4.0 3.2 10.8 30

09-16.? 0.0425 40-208 1.0-6.0

l adenoma 0
0 D

5 adenoma 1 carcinoma
1 adenoma O

0 0
3 adenoma 0

0 0
10 1

NDhON—A-OO
fi ... 1.5 02

0.0 0.0

 
Po
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TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

 
LIVER (BILIARY)

Male- Female

Focal Benign Malignant Neoplasia Number Focal Benign Malignant
- ~lasia Nee-lasia Examined‘H lasia Neolasia Neo

0 o
o o
o o
o o
o o
o o
o o
o o

0.0
0.0

RESPIRATORY SYSTEM

LUNG

Male - ‘ Female.
Focal Benign » Malignant Number Focal Benign Malignant
. erplasia Neoplasia Neo lasia Examined H - erplasia Neo lasia Neo lasia v

10 adenoma 3 carcinoma 3 adenoma 2 carcinoma
24 adenoma 11 carcinoma 8 adenoma 13 carcinoma
19 adenoma 5 carcinoma 4 adenoma 4 mrcinoma
9 adenoma 12 carcinoma 14 adenoma 6 carcinoma

29 adenoma 9 carcinoma 15 adenoma 2 carcinoma
1 10 19 adenoma 13 carcinoma 6 adenoma 7 carcinoma
549 110 53 50 ' 34

20.0 9.7 . 9.1 6.2
9.0%83 , 65.0-12.0 5.5-1 4.0 1.7-10.9

LYMPHORETICULAR I HAEMOPOIETIC SYSTEM

 
LYMPHORETICULAR] HAEMOPOIETIC

Male ’ Female'

-Study No. Number LymphomaLeukaemia;Hisfiocytic Number Lymphoma Leukaemia Histlocytic
'Exarnined - sarcoma Examined sarcoma-11

20
23
34

27 12
20 * 4
135 36
24.6 0.9 6.6

16.7-46.0 0.0-4,0 0.0-10.1
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MAMMARY GLAND

  

   

   Male“ Female

No Number Focal Benign Malignant Number Focal Benign Malignant Neoplasia
' Examined H p lasia Neo Iasia Nee lasia Examined H p- -lasia Neo-lasia   

     

     
  
  
  

  
  
  
 

49 D o 1 adenocarcinoma
1 adenoacanlhoma

658 1 16 o o 4 adenocarcinoma
832 50 0 1 fibroadenoma 0

1 adenosquamuus carcinoma
B74 96 0 0 anlcinoma1 fibroadonoma -
937 110 , 1 ladcnoma 1 mixed malignant tumour
985 107 o o 6 adenocarcinoma

TOTAL 528 1 3 16
RATE 0.2 0.6 3.0  
 

0.0-4.3
 

" Not a protocol organ

OPTIC NERVE

  

  

 
 

Female

Focal. Benign Malignant.
- ~lasia Neo lasia Neo lasiaBenign Malignant Numberlasia Neo - 

 
 

 
 

   

 
 

 
 

 
 

 
 

5 adenoma 1 adenoma
5 1

0.0 1.0 0.0 0.2 0.0
' 0.0-4.8 0.0 0.0-1.0 0.0

FEMALE GENITAL SYSTEM

OVARY

 
 

 
   

Gonadal stoma. - _Epithellum .
Benign Neoplasla . Malignant Neoplasla' Number Focal Benign Neoplasia MalignantExamined Hr -lasla Neo-laslafi

50 0 0 0

 
  

 
 
     

 
1 memoslmmal adenoma

274 50 0 1 luleema 01 sex cordlslromal tumour
658 ”9 a 2 granulosallhecal celltumour

4 lubulosuomal adenoma
1 granulosa cell tumour

832 49 0 1 lulenma 0 49 0 0 01 lubuloslmmal adenuma
1 luleoma

874 99 0 1 senoli cell tumour o 99 O 0 01 teralema
2 granulosa cell tumour2 lubuloslmmal adenoma

 
 

   2 granulosa cell tumour 119 ‘ 0 1 cystadenoma 0
  

  
  
  
  
    
   

937 120 0 3 lulenma O 120 0 9 cysladenorna 04 granulosa cell tumour
988 1 10 0 3 luleoma 0 1 10 0 4 0

TOTAL 547 0 29 2 547 0 14 0  
   
 
RATE 0.0 5.3 0.4 0.0 2.6 0,0

0.0 2.7-7.5 0.0-1.7 0.0 0.0-7.5 0.0
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PANCREAS (ENDOCRINE)

Male Female '

Number Focal .Benign Neoplasia Malignant Number . Focal Benign Neoplasia MalignantExamined H ' Neo lasia Examined ' Neo lasia

0 1 carcinoma
1 adenoma 1 adenoma

O o
2 adenoma
2 adenoma

5
0.9

0.0-2.1

1 adenoma 
. Study Male - . Female »

No Number .Foml Benign Neoplasia Malignant Number Fowl Benign Neaplasia Malignant' Examined H J-e lasia ' ' Neo lasia

 

0.2 0.0 . .
0.0-0.8 0.0 0.0 0.0-0 8

TABLE 1 (ENDOCRINE SYSTEM CONTINUED)

 

PARATHYROID

     
 

3 Male " '- . . Female .
: Study No. Number Focal Benign Malignant Number Focal Benign _'

Examined H1---Iasia- Neo-lasia- Neo lasia Examined H -e lasia Neo-
274 37

91

Malignantlasiav Neo - lasia
  
      
 

 
  

Male Female

'Study No. Number' Focal_ Benign- Malignant Number Focal - Bem'gn- I_Malignavnt
-' Examined H .- -lasia Neolasia Neola'sia Examined Hp olasia New-lasiaNeolasla.
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PITUITARY (ANTERIOR)

 
 

    

 

‘Study Male ' Female ~

Number. Number Hyperplasia Benign Malignant Number Hyperplasia Benign Malignant
Examined Neoplasia Neoplasia Examined Nee-lasia Neolasia

 
 
 

   
  

 
 
 
 
 
 
  
 

274 47 0 1 adenoma D 48 1 0 0
658 117 1 0 0 118 2 6 adenoma 0
832 46 3 O 0 49 6 1 adenoma 0
874 97 3 1 adenoma D 97 O 1 adenoma D
937 118 2 1 adenoma 0 119 8 7 adenoma 0
988 1 10 0 0 0 109 5 3 adenoma 0

TOTAL 535 - 9 3 O 540 22 18 0
1.7 0.6 0.0 4.1 3.3 0 0

0.0-6.5 0.0-2.1 0.0-12.2 (lo-5.9 O 0    

Where the site of the tumour was not recorded it is assumed that it was in the anterior pituitary
PROSTATE

Male '
Focal Benign Malignant Neoplasia

-lasia Neo lasia

0
1 ad oma 1 haemangiosarcoma

1
0.6 0.2 0.2

0.0-4.1 0.0-1.0 0.0-1.0

Rectum

 
Male Female _

Study NO. Number Focal Benign Malignant Number Focal Benign Malignant
' -lasia Neo- ‘ lasia Examined - ~lasia Neo-lasia Neo- '

 
TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

SALIVARY GLAND

Male » Female

StudyNO- Number Focal Banlgn Malignant Number Focal ' Benign MalignantExamined Herlasia Neo lasla Neo ' ' lasia Nwlasia
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SClATlC NERVE

Male Female

fStudy No. Number . Focal .. Benign Malignant Number _ Focal Benign‘ Malignant
' lasia Examined H -~ lasia Neo-lasia Neolasia

Male . _

Focal ‘ Benign Neoplasia Malignant Neoplasia
1 granular cell tumour

1 adenocarcinoma
(coagulaling gland)

0

1adenoma
1 adenoma

1 granular cell tumour0 0
O 0
O 0
3 2

0.6 0.4

 
SKELETAL MUSCLE

. Male - > __ Female . .
Focal ' Benlgn Malignant Number Focal Benign Malignant Neoplasia

Examined H1" Jala Neo lasia Neo lasia Examlned H -‘ -lasia Neo Iasia
1 rhabdomyosarcoma

1 liposarcoma

1 haemangiosarcoma 3
0.5

0.0-4.0

INTEGUMENTARY SYSTEM

SKIN] Suacu‘ns (EPITHEUUM)

Male

  Elstudy No; Number Fowl Benlgn Neoplasla Mallgnant Mallgmnt Neoplasla, - - . - - -lasia - '- ~ -
1 sebaceous cell carcinoma

274 50 O lsebaeoous coll adonnma 0 50 O 0 l basal cell carcinoma1 squamous cell
SSE 120 0 I basal eon adonoma O 119 O papilloma 01 basal cell
832 50 a 2 sebaceous coll gamma 0 50 0 adenorna 0

1 keraloacanlhoma

87-5 100 0 1 basal coll adenom: 0 Int! 0 ‘ sqaxnous Cell I basal cell calm:papilloma .
937 1 20 o a CI 120 0 0 1 squamous cell carcinoma

1 lrichoep’rmelvoma
938 110 O D U 103 O 0 2 basal cell “whom;TOTAL 550 0 5 l] 5-17 0 4 7

RATE 0.0 03 Q0 0.0 0.7 L3
RANGE 0.0 0.0-1.0 0.0 0.0 0041) 0.04.0 
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SKIN l SUBCUTIS (MESODERM)

Male
Benign Neoplasla Malignant Neoplasia Number Focal

Examined Hr-
, StudyNo_ Number Focal Benign~lasia Neo - iasia

1 myxosarcoma1 sarcoma
4 fibrosaicoma

1 sarcoma
50 l dennai finroma 0

100 O 5 fibrosavcoma

120 9 fibrosareoma ‘l ilbrama

110 : maslwll lumnur 1 flbrosarooma

550 2 22
0.4 4.0

0.020 CLO-7.5

SPINAI: CORD

Male

Benign
Neo - lasia Number-

iasia Examined
Focal Malignant

Examined H p - - iasia
Focal _

Nee

ganglioneuroma1
0.2

0.0419

Male

Focal Benign
per -lasia Neo

Number- Study No.: Examined Malignant Number Focal
iasia Neo iasia Examined H -e

1
2
1
3
O
1
8

0.2
0.0-0.8

1.5
0.0-3.1

TABLE 1 (MUSCULOSKELETAL SYSTEM CONTINUED)
STERNUM

Male
Focal
- er

Female

Study No. Benign Malignantiasia Neo lasia Neo
Number Number Focal

Examined H iasia Examined H --

1 osteoma
O
‘l

0.2
0.0-0.8
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Female

Benign Malignant Neoplasia
- -lasia Neoiasia

. iasia Neo 
Benign

- iasia Neo - iasia
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Malignant Neoplasla
1 sarcoma

1 malignant fibrnus hisu‘ocytoma
2 mabdomyosarwma1 fibrosarcoma

i oslcosamoma
J sarcoma

1 liposmcorn:
5 fibrnsavcoma

2 haemangiosarcomaI malignant seminnnema
1 malignant fibrous hisuocywma3 sarcoma

1 ilbmsarcoma
i osinosarcom:

3 rhahdomyosarcama2 sarcoma
'i malignanl self-vannoma1 fibrosavcoma

32
5.9

2.0-9.0

 

Female

Benign Malignant
iasia ‘NeolaSia

Malignant
Ne - -iasia

0.2
0.0-1.0
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TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

 
STOMACH

I: Study ‘ Male ' Female
:_ No Number Focal Benign Malignant Number Focal Benign Neoplasia Malignant'" Examined H p - -Iasia ' Nee-lasia Nee-lasia Examined H 1- - -lasia Nee-lasia

0 50 1 squamous cellpapilloma
0 120 0
o 48 o

2 adenoma
(glandular stomach) O 100 01 squamous

0 cell carcinoma 11a 01 adenoma CI 109 0
3 1 545 1

0.6 0.2 0.4 0.2
0.0-2.0 0.009 0.0-2.0 0.0-2.0

MALE GENITAL SYSTEM

Tesns

Interstitial cell .
Focal Benign Malignant

H pe -lasia Neoplasia Neoplasia- ,
9 adenoma
13 adenoma
2 adenoma

o 1 carcinoma
2 adenoma -

1 haemangioma 1 carcmoma
4 adenoma 02 haemangioma

4 33 2
0.7 6.0 0.4

0.0-1.7 0.0-18.0 0.0-1.0

THYROID (FOLLlCULAR CELL)

 
» - Male . Female ' ;

Study No. Number Focal ' ' Benign ' Malignant Number Focal Benign Malignant,
' Examined H -- clasiaV Neo lasia Nee-lasia Examined H -- lasia Neolasla Neo lasia

o o o 0
1 adenoma 1 adenoma 1 carcinoma

0 o o o
0 1 adenoma

0 .
1 2

0.2 0.2 0.2 0.4 0.2
0.0-0.8 0.0-0.8 0.0-0.8 0.0-1.0 0.00.8

THYROID (C-CELL)

0
1 carcinoma 0 O

0
1 

.- ' -_ Male ' ' . ' ' - Female

.‘smdy No. Number Focal Benign Malignant Number Focal Benign Malignant
5 Examined Hp- -lasia Neo lasia Nee-lasia Examined H p- -lasia Neo lasia Neo- '

50 '

  46
99
119
108
542
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THYMUS

Male Female

'ISfUdy NO- Number Focal Benign Malignant Number Focal Benign Malignant
' Examined H lasia Nec lasia' Neo lasia Examined H .- .lasia Neo lasia Neo-lasia

10
1.9 0.6

0.0-2.3 0.0-1.0 00-213 0.0-1.8

TABLE 1

 
iNClDENCES 0F NEOPLASTIC AND FOCAL HYPERPLASTIC

LESIONS IN UNTREATED cn: co 1 MICE m 104 WEEK STUDIES
2002-2004 at (b) <4)

Study 274 and 832 s.c. dosing. Other studies p.o. dosing.
All animals are micro chipped for identification

ALIMENTARY SYSTEM

TONGUE

Male - ‘ Female -
Number Focal . Benign Malignant Benign Malignant

Examined m-lasla Neo-sia Neolasia ‘ -- ' ~~ Nec-iasia0
1 squamnus

cell papillomaD

o l squamous cellcarcinoma
1 squamous Deel) papllioma

D 1 squamous cellcarelnoma
2 2

0.4 0.4
0.000 0.0-1.0

. StudyNo.

 
TRACHEA

Male Female -

Focal Benign Malignant Number. Focal Benign Malignant-erelasia Neo iasia Neo-lasia Examined -e lasia Neo-lasia Neo-lasia
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URINARY BLADDER

Male' . - ' - . Female' ' .
Focal Benign Malignant Number Focal Benign Malignant

Neo-Iasia Neo-lasia Examined H ' Neo lasia Neo-lasia

119
109
539 
 

. _ Smoom muscle
Tclal Hypcrplasla. Benign Malignant, Total Hyperplnla Benign Mallgnam Total HyperplaslaN: ~ -lasla Nab-lash Nee lasla Neo-lash ' ‘

0 Z carcinoma 50 3 leiomyoma O 50
2 malignant

658 120 0 1 adunema O 120 0 5 lelomyoma l lewmyosarcoma 120 0 12 slmmal polyp sehwannomal snomal sarcoma
. 2 snomal polyp

832 49 D 0 0 49 D 1 leiomyorna 0 49 (l 1 naemangloma l haemanglosarcoma4 slromal poyp. » 1 deciduoma 2 snomal sarcoma

874 I00 0 3 adenoma 0 100 0 2 lexomyoma I lenmyosalcoma 100 1 iglanularcell lhaemangiosarcomatumour
3 haemangiosarcomaH polyp . l slramal palyp .

937 l2!) 0 1adenuma o 120 0 Tle-omyoma slemmyosarcoma 120 o 1 haemangioma 511177.453:3 slromal sarcoma

983 110 O O Zadenocarc‘moma 110 0 J leiomyoma 2 Ieiomyosarcoma 110 0 9:20”: Pg? I :mcoma (NOS)0 1 haemangiosarcomaTOTAL 555 D 16 4 549 D 21 7 549 1 38 ‘8
RATE 0.0 2.9 0.7 0.0 3.8 1.3 0.2 6.9 3.3
RANGE 0.0 0.0-10.0 004.0 0.0 2.0-6.0 0.0-2.5 0.0 1.7 2,0

VAGINA

' Epithelium
Study No. Number ' Focal ' Benign Neoplasia Malignant
. Examined H ‘v -lasia Neo lasia

49 0
117 1 stromal polyp
50 0
94 o

1 squamous cell papilloma
1 leiomyoma

0
3

0.6
0.0

 
VASCULAR SYSTEM

- . Male - _ ' ' Female

Focal Haemangioma Haemangio Number Foc'al .Haemangioma Haemangio
sarcoma Examined Hp -lasia sarcoma-

3.6%
0—1 3.3%

 
* Liver only study
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Appendix 3: Background incidence ofskin tumors for subcutaneously dosed rats and mice in 2
year carcinogenicity studies.

SUBCUTANEOUS ROUTE

INTEGUMENTARY SYSTEM

SKIN 0R INJECTION SITE

Male V v Female
Benign Neoplasla , Mallgnanl Neoplasla Number Benign Neoplasla Mallgnant NeoplaslaExamined .

1 basal cell adencma 0 2 kevaloacanlhoma 1 basal cell caninoma2 sebaceous-cell adonomn
2 squamous—cull papilloma5 knmloamnmoma

9 (Ibmma a fibrossrmma 1 fibroma I liposarcoma
7 dermal fibroma 1 fibrolipom
I libralipoma 1 lipoma3 lipoma
1 kamleaeanlhomn _ 0

1 dermal fibmma 1 osteosamoma
1 hpoma l mamangiosarcoma
 

1 basal cell adenoma 1 kcramacanlhoma1 keraloaeanrhoma

1 flbwma 1 fibrosarcoma
l salcoma NOS
1 myxosarcoma

2 sebaceous cell adenoma 1 basal cell adenoma1 karnloacanlhoma

1 dermal fibroma l) I liposareorna

l haemangiosalwma

 
332: 1996 Sprague Dawley rat: 611: 2002 Han W-slav: 832 2002 CD1 mouse
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NDA 45 Day Filing Meeting Checklist

PHARMACOLOGY/TOXICOLOGY

NDA #: 22-341

Sponsor: Novo Nordisk

Date: June 26, 2008, revised July 7, 2008

DRUG: Victoza (liraglutide for injection)

  

ITEM

1) Does this section ofthe NDA appear to be

guidelines for format and content) in a manner
that would allow a substantive review to be

completed?

2) Is this section ofthe NDA indexed and

paginated in a manner to enable a timely and
substantive review?
 

 

 

 

3) Is this section ofthe NDA sufficiently

Has the data been presented in an appropriate

reports, inclusion ofindividual animal data,
appropriate data analysis, etc)?

this agent, including special studies/data

communications/discussions completed and
submitted in this NDA?

indicate any significant studies that were
omitted from the NDA.

(genotox, reprotox, adequate duration
of chronic tox, carcinogenicity)

 
5) Were the studies adequately designed (ie.,

appropriate number of animals, adequate

se, state-of—the art protocols, etc)?

 

 
he Division notified the sponsor that species

differences in identified liraglutide metabolites
are unlikely to account for differences in

oxicity. Although summary results suggest
netabolism ofliraglutide was characterized in
nonclinical species and humans, the method of
identifying metabolites by reverse phase HPLC

of3H—palmitic acid labeled drug related materia
using radiometric detection would not detect

delipidated liraglutide metabolites. The

adequacy ofmetabolite characterization depends
on the biologic activity and elimination halflife
ofdelipidated major human metabolites.

 

YES NO COMMENT

X

organized (according to 21 CFR 314 and current

X

X

legible so that a substantive review can be done?

manner (consider tables, graphs, complete study

.4) Are all necessary and appropriate studies for X

requested by the Division during pre-submission

Please itemize the critical studies included and

X

monitoring consistent with the proposed clinical

X6) Ifthe formulation to be marketed is not
identical to the formulation used in the

toxicology studies (including the impurity
profiles), has the sponsor clearly defined the

differences and submitted reviewable supportive
data (ie., adequate repeat studies using the

marketed product and/or adequate justification
for why such repetition would not be
ecessary)?
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he sponsor submitted a 28-day bridging
toxicity study in rats using the to-be-marketed

formulation of liraglutide, but the drug substance
used in the study was not manufactured using the
current process for the to-be-marketed product .

Drug product impurities were increased by
storing the product at: ‘<=—~——«———— prior to
dosing. 



NDA 45 Day Filing Meeting Checklist

Pharmacology/Toxicology
NDA #: 22—341

Sponsor: Novo Nordisk

Date: June 26, 2008

DRUG: Victoza (liraglutide for injection)

   

ITEM
 

7) Does the route of administration used in

animal studies appear to be the same as the
intended human exposure route? If not, has the
sponsor submitted supportive data and/or an

adequate scientific rationale to justify the
alternative route?

8) Has the proposed draft labeling been
submitted? Are the appropriate sections for the
product included and generally in accordance
with 21 CFR 201.57? ls information available to

express human dose multiples in either mg/m2
or comparative serum/plasma AUC levels?

9) From a_ pharmacology/toxicology
perspective, is this NDA fileable? lfnot, please
state in item # 10 below why it is not.

10) Reasons for refusal to file:
None. 

 
 

he sponsor proposes to label the product
Pregnancy category C, but this may be revised

according to a proposed rule on pregnancy
labeling for NDAS currently open for public
comment (see

http://www.fda.gov/OH RM S/DOCKETS/98fr/E 
Reviewing Pharmacologist/Supervisory Pharmacologist: Anthony Parola / Karen Davis-
Bruno
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