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[N000 4.2.3.7.3 P22]

In mouse thyroid tissue sections, high background anti-calcitonin antibody staining
precludes the identification of c-cells (Figures 1 and 2). Since GLP-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 1
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Figure2 Mouse thyroid GLP-1R mRNA in-situ hybrigisation sense control witls C-cell

calcitonin JFL
[N000 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. *>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 Mouse thyroid co-localisation of calcitonin mRNA and eactivity

[N000 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 cells in monkey pancreas and an antisense calcitonin probe labeled ca101ton1n
immunoreactive cells in monkey thyroid tissue sections (not shown).
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Figure S Cynomolpus monkey thyroid GLP-IR mRNA co-localisation with Cecell eal

[N000 4.2.3.7.3 P20]

| in rat and human cell ines
Funcnonal GLP-1 receptors in rat thyr01d c-cell lines (MTC 6-23 and CA-77), a human
c-cell line (TT), and a rat pancreatic beta cell line (INS-1E) were characterized by saturation
radioligand binding of ['*’IJGLP-1 (7-37) to estimate the number of receptors/cell and radioligand
affinity. Non-specific binding was determined in the presence of unlabeled GLP-1.

Rat MTC 6-23 cells had 16,000 GLP-1 receptors/cell with an affinity of K4 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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Figurel GLP-1 receptor saturation plots for MTC 6-23 cell line.
[N00O 4.2.3.7.3 P10}

Rat CA-77 cells expressed 13,000 GLP-1 binding sites/cell with and affinity of K4 31

pM.
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Figure2 GLP- 1 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-1 binding

sites/cell with and affinity of K4 82 pM.
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Figure4 GLP-1 receptor saturation plots for the INS-1E cell line.
[NO0O 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 ['**IJGLP-1 (7-37) was not demonstrated in

human TT cells.
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Figure3 GLP-1 receptor saturation plots for the TT celt line

[NOO0O 4.2.3.7.3 P12]

DTS

Functional GLP-1 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-1
[GLP-1 (7-36)-Lys(6-FAM)] in the absence or presence of 2 uM exendin(9-39) was quantified
by flow cytometry to estimate the number of GLP-1 receptor sites and ligand affinity.
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Figured Number of surface-expressett GLP-1R on the rat C-cell lines rMTC 6-23 and CA-
77, and on the human Cocell fine TT.

Results are means of 3 independent experiments. The expression of GLP-1R on the rat C-cell lines

was significantly higher that GLP-IR expression on the human C-cell line (see Table 13

[N000 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-1 receptors / cell, respectively).
Compared to radioligand binding saturation studies, the number of GLP-1 receptor per cell
estimated by flow cytometry of fluorescent GLP-1 labeled cells was 4.6 fold lower for MTC 6-23
cells and 2 fold lower for CA-77 cells.

oid 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-1 receptors was not demonstrated and the protein size and SDS-PAGE pattern
were not consistent with published results for GLP-1 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 1gG secondary antibody, and a chemiluminescent substrate (ECL,
GE Healthcare).

Antibody 102B identified a 51 kDa protein in rat thyroid and rat c-cell lines and
immunoreactivity with the 51 kDa protein was reduced by preabsorbing it with the peptide
antigen (Figure 1).

A Lysis group 1 Lysis group 2
GLP-1R (51 kDa)
GLP-IR
(Peptide atsorplion of antibody)
GAPDH (38 kDa}
B.

GLP1R lavals {AU-BG/mm2}
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Figure 1 GLP-1R cannot be detected in a human C-cell line,

Two sets of C-cell Hine lysates; lysis group 1-and lysis group 2, with high and low passage numbers, respectively (see
table 2 for passage numbers}, were analysed by Western immunoblotting for GLP-R expression. Lysaté of rat thyroid
was included as 4 positive control. A, represemative result from thiree independent Western blot experiments (see
appendix B for whole filter image). Top panel, the GLP-1R band location is indicated by an arrow. Middie pavel,
absorption with 84 aM human GLP-1R peptide lead to reduction of the 51 kDa GLP-IR band, demonstrating the
specificity of the reaction. Bottom panel, a paratlel membrane was probed with anti-GAPDH amibody, to verify equal
proicin loading. B, Quumtittive anulysis of GLP-{R expression levels. Data from both Cecell line lysis groups for three
independent Westemn blontiag experimoenis dre shown i the bar disgram.

[N000 4.2.3.7.3 P14]

Reviewer note: Because of the heterogeneity of glycosylated receptors, immunoreactive GLP-1
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. '

36



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

kDa
. . ) 250 —
Experiment 2.Primary antibody: {60 w

rabbit 1028 anti-GLP-1R 05— s
& &® é{’: [l
LA b oL
& Sras S

50 e

Primary antibody

(rabbit 1028 anti-GLP-1R})
preadsocrbed with 84 nM im-
munogen peplide

[N000 4.2.3.7.3 P19]

Consistent with low to undetectable functional GLP-1 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 (18 — 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-1R mRNA expression levels between rat and human

C-cell lines

Relarive GLP-1R mRNA levels were determined by normalization 1o beta actin, and
expressed as 27 {arbitrary units, Table 3). The columus represent mean 2 values
from table 3; Bars, one standard deviation; *Both rat C-cell lines had significantly
higher refative GLP-1R mRNA content that the human TT C-cell line (p=<0.01, student’s

1=test).
[N000 4.2.3.7.3 P17)
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LP-1 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-1 (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-1 (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-1 (7 — 37), exenatide, and liraglutide dose-dependently
increased cAMP accumulation (ECses 120, 90, and 5,800 pM, respectively, Figure 3) with a
maximum response < 50% of the 100 uM forskolin control, a phorbol ester that dlrectly activates
adenylyl cyclase (Figure 4A).
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Figure3 GLP-1 receptor signalling and pharmacology in the rat thyreid C-cell line MTC 6-
23.

[N000 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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Figure4 Comparison of GLP-1 and forskolin induced cAMP activation in the rat thyroid
cell line, MTC 6-23.

[N000 4.2.3.7.3 P15]

38



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

GLP-1 (7-37), exenatide, and liraglutide had a similar rank order potency and ECsgs for calcitonin
secretion (Figure 5A, 80, 55, and 5,300 pM, respectively) and the maximal effect of liragiutide
was up to 67% of the maximum response to 10 uM forskolin.
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Figure$ Calcitonin release from the yat C-cell line MTC 6-23.

Data arc from cxperiment 14725-001 and 13737-080. In A, the scrum concentration was 196 and in B
15%,

[N0O0O 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-1, exenatide and liraglutide induced calcitonin

release.
[N000 4.2.3.7.3 P17]

Pentagastrin stimulates calcitonin release by activating thyroid CCK, 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.

[N000 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-1(7-37), but not
pentagastrin, stimulated calcitonin secretion from CA-77 cells.
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Figure 10 cAMP and calcitonin data from the rat thyroid C-cell line, CA-77.

The data are from experiments 13737-056 and 14725-002.
[N000 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 Calcitonin release from human C-cell line, TT.
[N000 4.2.3.7.3 P23]

The rank order potency and absolute potencies of GLP-1 receptor agonists GLP-1,

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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GLP-1 Exenatide Liraghutide
cAMP ECg, (pM) 9614 59227 1400500
RINZA18 n=§ =2 n=8
CAMP ECy, (pM) 120+70 9040 58002800
rMTC 6-23 1013 =6 =10
Caleitonin ECs (pM) 8060 55426 53002400
rMTC 6-23 =8 =3 n=6
95+3 7600:600
(10%HS, n=2) (10%HS, n=2)
68252 420043600
{5%HS, n=5) {5%HS, n=5)
88+73 8304270
{1%HS, n=5) (1%HS, n=5)
Tablel Potency for GLP-1, exenatide and liraglatide in rat pancreas and thyroid cell fines.

1 1oi i 1,

cAMP experiments were conducted using 0.1% serum in and

serum (horse serum, HS) when nothing else is indicated,

[NO0O 4.2.3.7.3 P24]

experiments 15%

i rats
The mltogemc poten‘ual 0 -37), and exenatide were
determined by [*H]thymidine incorporation mto 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-1 (7-37) was a mitogen in rat INS-1E cells, but only at low glucose
concentrations. Gastrin and EGF were previously characterized mitogens in human TT cells, but
TT cells used in this assay did not proliferate in response to either and these cells were devoid of
gastrin receptors in a functional binding assay.
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Figure 5 GLP-1 and GLP-1 analogue mediated profiferation of the theee C-cell fines,

[NO0O 4.2.3.7.3 P18§]
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Liraglutide doesn’t elicit calcitonin secretion from c-cells by activating CCK, (gastrin
receptor) or bombesin (gastrin releasing peptide receptor) receptors. Varying concentrations up to
1 uM GLP-1 (7-37), exenatide, or liraglutide did not displace specific '*I-CCK-8 or ['*ITyr4-
bombesin binding to cell membranes from rat AR42J cells, a pancreatic acinar cell line
endogenously expressing CCK, and bombesin receptors, respectively. Both CCK, and bombesin
receptors mediate cell proliferation through a phospholipase C dependent, Gq/G11-coupled

pathway.

Tabled - Result summiary
Test items Gastrin/CCKZ receptor | Bombesin/BB2 recepfor
ICs* 1CH*
[95% CH 195% C1j
{nd) {nM}
| Liraglutide > 1,000 > 1,060
Exendin-d > 1,000 B P
GLP-1 > 1,000 > 1060
. .54 -
Pentagastrin 10,14 = 2.0]
— L9 -
Gaswrin-17 ) [0.09— 39]
/e asi . 023
Tyr'-Bombesin [ 3:19~90.27]
& £ w13 Sl on - 5.4
D«(Phe’ Leu-NHEV " des-Met "yBombesing6-14) [24- 13

*ICse values-are calculated from the mdan of Log(1Cs) from 3 experiments, except for pentagastrin, which is

fropi 4 experiments, —
[N000 4.2.3.7.3 P9]
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Figure 1 Displacement by GLP-1, cxendin-4 and liraghtide of A) "®I-CCK-8 and B) 'P1-Tyr'-
bonibesin binding to gastrin and bombesin recepiors, respectively, from the rai pancreatic acinar cell line

AR42].
[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 sc 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/O,/N,O
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).

Blood samplhing Group mean Ca™ Group mean Ca " (pH 7:4)
time point as % of A %

{hours after dosing) fevels hefore dosing of fevels hefore dosing
Group 3 Group 2 Group | Group 2

0.25 %% 0% U % 1%

0.8 2% -4 % 3% -4 %

0 % 3% 0% <2 %

3 3% 2% 2% -1 %

[ 2% 0% 1% -1 Y%

[NO0O 4.2.3.7.3 P28]
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Figure 3 pH of blood
[NO00 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).

Blood sampling Group mean Ca™ Gronp mean Ca™"{pH 7.4)
timepoint {runol/L) as % of okl as %

{hours alter dosing) Tevels hefore dosing oflevels before dosing
Group 1 Group 2 Group i Group 2

0.25 27% 33 % 27% 32%

0.5 17% 14 % 16% 12%

{ 15% X% 12% 7%

K} O % 3% 2% -4 %

6 2% =2 % 2% 3%

[N00O 4.2.3.7.3 P26]
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Figure3 pH of blood
[N00O 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 of treatment 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.

Figure 2, Calcitonii Response to Vehick wnd Liraghutide (NNC 901370} mean 5 gioyce 1, Totact PTH Response tn Vehicde and Liraglutide (NNC 98-1170) (mean 45~

SEM) SEMD
40 1208
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2 %
- -
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LN S
Zw by % . clo il I A
4 H =~ &g
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3 S ai % 8
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& 2
« F3 4 ] 9 z 4 [
Time After Dosing (bl Tine After Dosing (e}

[N000 4.2.3.7.3 P90]

Table 2. Calcitonin 3nd PTH Levels in Vebicte and Livaglutide (NNC 90-1170) Table 2. Calcitonin and PTH Levels in Vehicles and Livaglutide (NNC 90-1170)-

Treated Animals Treated Animals (cont.y
Intwey fatact
Treotment { Time Parathyroid Treatment | Time Paraghyreld
Group  : Point } Dats : Colditwnin_ i Hormuse Group Point | Duts i Cakitonin @ Hormone |
s pofml: ik, hrs pgiml; pgml;
Vehoke [} fitean 1760 4472 | Ldrastusde ( mean 223 37208
D £330 48 ONNCH-11T0) D 15.62 26827 |
SEM 252 5663 SiAL 330 84.83
i 1] i N {13 i
Veldele 1 635 | mean 1646 o 15 Limghiide | 028 | mean 1864 42498
D 133 JI8583 NNC ¥D-3 1708 SD 6.93 2610
SEM 3% 156,78 SEM 212 6317
3 0 19 o ] 1%
Vebiele 0.5 Jean 1835 J99.16 | Limefudd 0.3 mean 2608 AR230
N LS E3241 INNCW-11303 33 1875 198.34
SEM 333 49,78 SEM 340 5640
23 1 4 14 14
Vehicke } ¥eaf 14,10 J03.86 Liraglutide 1 giean 2.3 A2.67
5D B85 198,95 INNC 90-1 130} pa1%4 1HO8 161,20
SEM 2.80 6293 SEM 131 REXLY
w ® W u [ 10
Velifele 3 aRAn 431 S02.52 Liragutide 2 A 1234 SOR66
sB 631 27238 INNC 99-11 71 5B 547 18542
SEM 2,06 86,13 SEM 140 5219
i i i n 3 30
Vehicle 6 BEean #4430 38369 Lireghiide [ s 3483 948.2%
D 6.33 193.67 INNC 96-1 {70} 3 837 275458
SEM 213 61.24 SEM 203 LEA
[ e i n it 1]

[N0O00 4.2.3.7.3 P91-92]
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 liragiutide treated group compared to controls starting 3 hours after calcium loading.

Figure 1 Caleitonin Values — A Data (mean + SEM) Figure 1 PTH Values ~ All Data (mcun +/- SEM)
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[N000 4.2.3.7.3 P88]

Table 3a Svmmarized Results ‘FTable 3b Sumimarized Resulis
Thne T
__Treament Point Data__[Calcitonini _PTH Treatment Paint Data Calcitog_igl PTH
hes peiml, | poiml hrs pemi | pemb
Vehicle i mean 2178 1 26480 Lisaghnide { mean 1241 29738
$p 15,00 86.01  WNNC 90-1170 sH 5.2 79.20
SEM 4.7 2120 - SEM 1,67 26,40
n EKd] 16 n 9 b33
Yehicle .25 mean R4844 1 97327 Liraghuide @35 mean { 1364251 42407
S 77432 | 123,63 [ANNC 90-1179) SD 748,341 3750
. SEM 2486 | 4371 SEM 236,88 1818
n 10 8 n 10 10
Vehicle 0.3 mean 623,13 | 189,14 Liraghuide 0.5 mean 583.31 1 18883
sD R07.59 | 168.46 HNNC 90-1170 SD 77390 1 17040
SEM | 35838 | 3327 SEM | 24473 | 5388
i i) 10 n 10 16
Vehicke 4 mean f 36042 | 7206 Liraglotide 1 mean 13499 § 146.5%
SD 360,00 | S4.70  JANNC90-1170 SD. 139.69 1 169.17
SEM 114.03 | 18,33 SEM 46.56 6399
I 10 9 n 9 7
Vehicle 3 mean 13,92 1 36602 Liragtutid 3 mean 1439 1 338w
SD 9.35 193.48  [INNC 90-11 70 SD 7.85. | 156,38
SEM 296 68,41 SEM 238 39.09
0 g 8 n 0 7
Vehigle 6 nwan 1535 22441 Lizaglutide o mean 13,92 1 33112
sD 9,83 7589 HINNC 90-1170 sSD 493 110.80
SEM | 30T 13300 ] SEM TTIST 3693
n i0 10. n 10 9

[N000 4.2.3.7.3 P86-87]

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 calcinm-load itself on calcitonin protein level in thyroid tissue from

rat.
Vehicly rets Liraglutide-treated rats.
Time point after
reaiment Without Calcium-loaded Withoui Calcinm-foaded
ealeium-toed (NN203182) Cadeivm-load (NN203182)
(NN203181) (NN203181)
1 hour 1.0 -1 10 25
3 hours 1.0 -1.6 1.0 17
6 hours 1o <22 1.6 4.7

“ The effect ni culcium-load tself in vebicke fts was expressed ss folilup- o dowaregufation of the evel of calcitonin pepiide in calefunrfonded
viltieke pats {from study NN263287) whon comtparad 1o valsicle s withsut ealeians-Dond {Srom stedy MN203287). 7 Likewise fire utfect sfaaleum.
Toad fiseldl in lraplutide-treated rats was oxy 4 as fold up- or i gulation on the fevel of caleitonin peptide in calctometiaded and Jivaphutid
wzgted vts {VV203282) when cosapeired to Heaglutide-treated rats withione esteimn-lond (NN20374871 * Positive value = “fold upresnlation”,

Negative volue = “fold downregniation™
[N000 4.2.3.7.3 P148]

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,
Fasted rars” Fasred, calcinm-loaded rais”
Time point after (NN203181) (NN203182)
weanient
Velricle Liraghstide-treated Fehicle Liraghutide-irecied
I hour 1.0 -14° 10 19
3 hours 1.0 15 Lo 17
6 hours 1.0 -2.7 1.0 38
Pool 1-3-6 howrs 1.0 ~1.3 Lo 23
“The elfect of imgdnid Was eX) das folid upe v divnregalntion of the protein Toved in rreated rogs whan vonspared o vehile fans.
* fositive value = "fuld upsegulation™; N value = “Hald lation™.

[N00O 4.2.3.7.3 P148]

Calcium loading significantly increased thyroid calcitonin mRNA levels in vehicle
treated rats 3 and 6 hours after dosing and in liraglutide treated rats at 1, 3, and 6 hours after
dosing (Table 5).
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TableS  The effect of calcium-ioad itself on calcitonin mRNA levels in thyroid tissue from

rat.
Fehicle rais” Liraglutide-treuted rats™
Time point after
reatment Without Calcinm-loaded Without calcinm- Caleim-louded
caleim-toad (NN203182) Joad (NN203183)
(NN203181) (NN203181)
1 hour 10 NN Lo 6.8%*
3 hours Lo 3.6 1.0 6.5%%
6 hours 1.0 3.3+ 1.0 12.9%*

* T effoet of cabetum-losd Tself in vebicle mis was expressed as fal np- or downregalation of the ARNA lesel ol cutcitonin in caiciomeoaded
veliele sats divam stady, VN203.287) when compared 1o vohivh rats without caletom-doad {from study MNJO3281).  Likewise, the effect of saleium-
Touk viself in Hrmglutide-tevated rats was exprossed as fold up- or downregnlation of calcitonin mENA fevel in caloinm-loaded and Linglutide-treated
wals (NN263282) whew sonspared o Hraghitide-treated sats without ealcivm-doad (NNIR3181). ¥ Positive volie = “fuld upregulation™ ;% Signilivant

by students 1-ist jrih 055 p0.60]
[N000 4.2.3.7.3 P147]

The effect of liraglutide on thyroid calcitonin mRNA depends on plasma calcium. In
fasted rats, liraglutide lowered thyroid calcitonin mRNA levels, but in calcium loaded rats,
liraglutide increased calcitonin mRNA levels more than calcium loading alone (Table 4).

Tabled  The effect of liraglutide on calcitonin mRNA expression levels in thyroid tissue
from rat,

Fasted rats™ Fasted,-calcium-faaded rats
Time point after (NN203188) (NN2U3 182}
treatnrent
Vehicle Liraghuide-treated Vehicle Liraghttide-treated
1 hour 10 »3.5° 1.6 18*
3 hours 1.0 -1.3 1.0 4
6 hours 1o -2.5 10 15
Pool -3-6 hours 10 ~2,2% 14 1.5
“The effect of Hraghstids traent wis 4 i fohd up- or downregulation of the mRNA level in treated rats when compared to vehicle mis.
? Positive vatoe - fokl vegulation’; Negative value « “Tald & wnlation”™. *Signiticant by stdents test 20,08,

[N000 4.2.3.7.3 P147]

analys v

The effect of a single subcutaneous dose of liraglutide on calcium homeostasis
parameters was determined in non-fasted male Sprague Dawley rats (50/dose) administered 0
(vehicle) or 0.75 mg/kg liraglutide (2 mL/kg). In this study, liraglutide had no effect on plasma
calcitonin, but iPTH increased 6 hours after dosing and decreased plasma calcium occurring 1 to
24 hours after dosing were attributed to liraglutide-induced diuresis.

Study parameters were mortality and clinical signs, body weight, plasma ionized calcium,
pH, phosphate, albumin, PTH, and calcitonin, and urinalysis (urine volume and total calcium,
phosphate, magnesium, sodium, potassium and chloride). There were no treatment-related
mortalities, clinical signs, or body weight changes.
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Plasma calcium in the liraglutide group (group 2) trended lower than the concurrent
control group (group 1) from 1 to 24 hours after dosing (Figure 1) and this decrease was
unaffected by adjusting the calcium concentration (Figure 3) for pH (Figure 2). Decreased plasma
calcium in the liraglutide treated group was attributed to increased urine excretion during the first
8 hours after dosing.
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-

Figure 1 Mean plasma Ca™ {mmol/L)
b

[N00O 4.2.3.7.3 P29]

& 82§ &3 1 k] & # A

Figure 3 Menn adjusted Ca™ (pH 7.4)
[N00O 4.2.3.7.3 P31]

S

Figure 2 Mean plasma pH
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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 aibnmin (/L)

[N000 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 § Mean plasma phosphate (mmol/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 Calditonin Response 1 Vehicle and Lirnglutide (NNC 99-11700) (moan /- SEM}
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[NO0O0 4.2.3.7.3 P66-7]

Liraglutide had a diuretic effect with significantly increased urine volume from 0 — 8
hours and 0 — 24 hours after dosing, increased total sodium and phosphorus at 0 — 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.

Table3  Urine analysis
Urine collected between 0-24 hours

Group |Sex Vol K K Na® Na* cr [%3
tml) umol/L) H{mmol) (nmolL} {{(mmol) {{mmoliL) (immod
Vehicle Mo 10.40 1 128730 318 370,36 2,12 87,00 312
O make i M | Sudev .07 166,53 0.53 136,23 6.32 181.24 0.37
3 19 14 Hi 1 14 1¢ )i
Litglutide Mean 2346 30184 2.8 290.96 2.56 23726 216
.73 make 2 M Sidev .38 7878 048 58.54 Q64 40,08 £1.38
n 10 9 9 9 9 9 9
p-lovel <0001 | <0001 7 <0.008 0071 <0001 <001 i <0001
Sigrimethod P#2%SATD B RTS 1 e BT TONSYST | Ave8T | ovwgT | weviga
Urine Group |$ex Vol Ca™ Ca™ Mg Mg™ PO~ PO,
collected tmib) {mmolL) {mmol} {{mmolL} [(mmol}  i(mmebL} i (mmoh)
between -
24 hins
Vehicte Mean .40 4.26 0.02 {2.04 147 105.85 0.01 -
O mypke i M Sty 287 1.3 .60 1.23 501 29.39 Q.11
n 1 1Y 10 6 16 18 Y
Ligaghuide Mean 2346 4.38 3.03 1788 .12 172.02 1,19
075 megke |2 M {Suder 735 6.85 401 1A% 04 48.41 9.4%
1 i 16 i 10 10 b 9
p-level <001 3607 (.853 <001 0,185 <0601 <0602
Signmothod ;| ##%8A 2487 NSAST  [#2%8T  INSST  joo=8T ST

} SA: Satierihwaite’s

) §T: Students Test

%) NS: Non Significant

[NO00O0 4.2.3.7.3 P38]
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.
Urine collected between 4-8 honrs

Group| Sex \ Ly X’ Na* Na® cr cr
{rl} | (mmolfLy] Gomold) j{immolA) | tmmel) {mmolL)] (mmely
Vehicle Mean 1.4 374.55 | 05093 2034 02818 2954 | 04020
O mg'kp 1 M |Stdev 0.6 3881 09,3523 650 0.1351 $0.5 69,1492
n 10 10 10 14 10 10 10
Liraglutide Mean 4.8 11253 | 0.5834 120.6 0.6202 6.7 4,3661
0.75 mgkg 2 M | Stdev 21 2643 0.1593 14.9 0.1084 9.7 0.1161
n ] 9 9 Y 9 9 9
p-level 00003 1 03083 1<0000) | <0000 { 00029 1 05610 | <0,0001
Signfimethod] $¥%/8A | NS/ST | ##%ST | +#%8T | #%8A | NSAST | ¥#%8A
Group| Sex Vol Cs™ [« g™ Mg POy PO
{ml) [ (omol/L)] (mmol} | {mmoel/L) | (mmof) | (mmel/L) | {mmoly
Vehicle Mam i4 0,65 00009 1.27 0.0018 2041 08317
0 mpdkg 1] M | Stdev 0.6 0,26 00006 4.78 00011 14.67 0.0279
n in 10 143 i 10 {1 10
Liraglutide Mean 4.8 2 00128 840 00402 | 4502 | 02265
073 make! 2 M | Sider 21 105 40062 023 00178 19.41 01040
n 10 1 5] 10 10 9 9
p-levet 00005 | 0,0002 | 00001 | <G:0001 1<0,0001 | <0.000] | 00004

Signifimethod] **#/8A | *+58A | #¥%8A | *¥48A | #eREA | *FHSA | FHSA

[N000 4.2.3.7.3 P40]
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Figure 1 NN203258, Urine volume and urinary calcium concentrafion (6-4-8-24 hours) in
male rats treated with a single dose of liraglutide {0.75 mg/kg) or vehicle (mean
and 95% C1).

Significam weatment-related increases obscrved for both paramiciers (p<0.01 3.

[NO0O 4.2.3.7.3 P5]

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 (~2 months old at start of dosing) treated for 6 weeks followed by a 2 week
recovery period. The main study group consisted of 65 rats/dose (45 days of treatment followed
by a 2 week recovery) and a satellite 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 1 mmol/kg calcium after their final dose. Satellite group rats were
administered 3 separate intraperitoneal injections of 50 mg/kg BrdU (10 mL/kg) at 48, 24, and 1
hour prior to scheduled necropsy. Antemortem observations were clinical signs, body weight,
food consumption, urinalysis (satellite group, week 4, samples collected 0 — 4,4 — 8, and 8 — 24
hours after dosing), blood calcium (including pH adjusted, satellite group, orbital blood taken 6
and 24 hours after dosing in weeks 1, 2, and 3), serum vitamin D (satellite group, sampled prior to
dosing in week 3), and blood samples from the main study group taken prior to dosing and 0.25,
0.5, 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 NN203317, Urine volome nnd uripary calcior concentration values (mesn and
95% C1) smeasured 04 bowes posi-dose in male rats trested with liraglutide (0,75
mgikg) or vehicte for 4 weeks,

Signifh faed isteronses. obwerved for both Pz,

[N0O0O 4.2.3.7.3 P7]

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).

3

Please note that some samples were diluted prior to calcitonin analysis 1o 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 multiplied by the dilution factor, the final result was above LOQ, when in fact the assay
result used 3o caleulate the final result was below LOQ, hence the LOQ flag anached the
final result.

The LOD/LOQ values for the rat PTH and Calcitonin assays are, as follows:
PTH: LOD: 11.89 pg/mi
LOQ: 24.00 pg/ml

Caleitonin:  LOD: ¢.14 pp/ml
LOQ: 2.87 pp/mi »

[N00O0 4.2.3.7.3 P129]
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In rats treated for 6 weeks, PTH levels trended lower in NNC 90-1170 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 calc1ton1n levels rapidly returned to near
baseline levels within 3 hours after dosing.
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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 1a and 1b). The magnitude
of any effect of liraglutide on calcitonin levels was small compared to calcium loading.
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In fasted rats in week S, NNC 90-1170 had no discernable effect on PTH levels for up to
24 hours after dosing, but plasma calcitonin levels trended higher (Figures 2a and 2b). PTH levels
in both liraglutide and control groups peaked 3 hours after dosing and returned to baseline within
8 hours. Calcitonin levels were increased 6 and 8 hours after dosing.
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Figure 2b: Effect of Livaglutide (NNC 90-1170) on Calcitoniy Under Fasting
Figure 2n:. Effect of Livaghitide (NNC 90-1170) on FIH Under Fasting Conditions TYRitions (mean +/- SEM)
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In fasted rats in week 8, after 6 weeks of treatment followed by a 2 weeks recovery
period, PTH levels trended higher and calcitonin levels trended lower in rats previously treated
with liraglutide (Figures 2a and 2b). PTH levels in both liraglutide and control groups peaked 3
hours after dosing and returned to baseline within 8 hours. Effects on PTH and calcitonin
occurring 6 hours after dosing may be due, at least in part, to feeding.

Figure da: FEH Alker FwoeWeek Recovery Perind from Liraglutide (NNC 90388 Fipuws dbs Tabeitenin ARir Towo-Week Bevovery Period Fram Lirslotide 850 90-
Trexinsent imean 48 SEM) 120k Trezidmant fosean +- SEM)

e R B AR
WA

g 1
§ “ - i) it Mabaned vt

e ff

Casitania el

? f:ﬂ' ﬁ"'!f;lﬁ‘{l ::l ¥ i Ts:!! ml::an‘m ]]:sl ®
[NO0O 4.2.3.7.3 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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b(4)

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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NNC 90-1170 did not affect relative calcitonin transcript levels in thyroid of rats treated
for 4 weeks (Figure 7).
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o buth s ot T R
Liraglutide increased the incidence 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 '*’I-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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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 > 0.075 mg/kg/day
liraglutide in aged male rats and at > 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.
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Liraglutide dose (mg/kg/day)| O | 0.075| 0.25| 0.75] O I 0.075} 0.25] 0.75
Unscheduled Deaths 1 5 3 4 3 2 5 4
Convulsions (related to dosing,
2 0 2
# of affected rats) ! ! 0 0 0
Wounds 41 4 6 8 7 4 9 37

Consistent with liraglutide’s GLP-1 receptor agonist activity, group mean terminal body
weight was significantly lower than controls at > 0.25 mg/kg/day in aged rats and at > 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.

—— el B gk

wtro yped GO¥Emgte

—F- ek WIS madkp
-sueess gy, R3S ke

== gt bRy

=@ pong, 6.8 5meke
~53- poutkd, 025 kg
oo poamg, .73 mke

300
8
= H0D-
=
?.
P
3
£
5 900+
£
£
4% 500+
400 ¢ 1 ) 9 T ¥
o 103 200 360 400 500
Pays of dosing

Figure 2 Terminad budy weight of aged sndd yonug rats dosed Bragdatide for varions "days

of dosing™

[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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If liraglutide had any physiologically relevant effect on plasma calcitonin, it occurred
within the first month of treatment, it was transient, and the magnitude was small. Group mean
plasma calcitonin significantly increased ~1.3 — 1.9 fold above concurrent controls at 0.75
mg/kg/day in aged rats on study 28 and prior to dosing on study day 119 (Table 2). In young rats,
plasma calcitonin significantly increased ~ 2 fold prior to and after dosing on day 28 at 0.75
mg/kg/day liraglutide, but calcitonin was significantly lower than controls in the 0.75 mg/kg/day
group prior to dosing on day 119 and after dosing on days 119 and 210. There were no significant
or consistent effects of liraglutide on plasma calcitonin at doses < 0.25 mg/kg/day at any time.
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Plasma calcitonin was not measured during the rat carcinogenicity study, but it was
determined in mechanistic studies in male rats. Calcitonin measured in plasma of young male
Sprague Dawley rats (2 months old at start of dosing) or aged male rats (8 months old at start of
dosing) taken 3 hours after the first dose (day 1) of 0, 0.075, 0.25, or 0.75 mg/kg/day liraglutide
and after dosing on day 302 showed increased plasma calcitonin was age dependent, but not
liraglutide dose-dependent (see Figure below). Calcitonin levels in young rats treated with
liraglutide for 302 days were similar to those in aged rats treated for 119 days, and these rats were
the same chronological age at the time of sampling (~ 360 days old). Calcitonin levels were 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.

62



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

Table®  Summary of thyvoid qualitative changes in voung male rads dosed livagintide for varions peringds

Days of dosing 2164 9 months) 301 {12 months) 333 (15 mahs) 483 (18 months}
{aje)
Giroup {mpked 1y 4 (075 |1 4 (G5 T LRI ] 3 10.3%
Ko of onimals exsmingd i L) [ 13 1] i bl 11
Na of mimnls with KADz £
Digfinse C-coll byperplasiaS  (Gmoip mean 250 |2 17 208 A6 & L {24006 {20380 (276 005 {238 £0.7 206118
Frcal Cheell hyperplasiaS
e I 2 1 4 6 3
Shigln { t 1 } 2 b3
Tostal 3 2 3 5 S 3 3
C-cell adenoni 1 E 1 3 2
2z K] 2 5 4 4 4
Foczl interstiting
inflamnweaey cel! Sfofileation
Froad Byparphasia in 7
paratliimig
Foral follicalnr el 1
laypeaphusia

A NAD, 10 abexannolities Jebected: & For GTUSe ool Tepeeplasin o.mean seor: was eadeuated For each aninnl a3 the snm of scores b
evthurtion afthe Individual seerions with C-cells presentieo of sections with Covelis preent, Frim these Sndividual means a gronp mean was
caleulased. For focal C-ooll hyperplnsin, the highest scons for vach nnimal was tabubsted. For sdenomn and ofber changes ibe incidleuce is
given, © statistically @ifferent from cantrpl pa 05,

[N0O0O 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 > 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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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.

b(4)

11 CD) rats)

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 statisticalty significant differences between male and female control (0 mg/kg/day, vehicle
only) and high dose groups (1 mg/kg/day NNC 90-1170) in thyroid c-cell mass or proliferation.
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Figore 3 Results for Rats, Males and Females Separate {Arithmetic Means &
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Mice

Liraglutide Effects on Thyroid C-cell Parameters In Vivo

atl

okl

g i LeseEt

NNC 90-1170 toxicokinetic parameters and calcitonin levels were 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-1, 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 H3;PO,). Toxicokinetic parameters are summarized in the table below. AUC is AUCq.iqs
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[N000 4.2.3.7.3.1 P12]
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[NO00 4.2.3.7.3.1 P65]

Both peak and total (AUC,.yr) 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 '*’I-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 > 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 > 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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Sl eitonin

Calcitonin

Table 5 Mesn calcitonin values
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The following summary of the analysis of NNC 90-1170 effects on plasma calcitonin was
provided by the sponsor.

Caicitonin analysis:

Three way and pair wise interactions between treatiment, time and sex were not significant. The
effect of sex was not significant, whereas the effect of treatment and time was significant. The ratio
of liraglutide treated groups o the Control group was 1.09 (10.66;1.79], P>0.50), 1.83({1.11;3.011,
P=0.02), 2.36 ({1.43; 3.88], P<0.001), 2.43 ({1.47; 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 levels than
the Control and the increase in calcitonin levels increased with dose. Comparisons between
neighbouring Groups 2, 3, 4 and 5 showed significant difference beiween groups 2 and 3, and non-
significant differences between groups 3 and 4, 4 and 5, i.e. the calcitonin level in the low dose
group was significantly lower than in the Intermediate I group and the levels in the three highest
dose groups were not significantly different,

{N000 4.2.3.7.3.1 P12-13]

2 pias als 315y -~
0 determine the time course of liraglutide induce increased calcitonin and thyroid c-cell
hyperplasia in CD-1 mice, males and females were treated with 0, 0.2, or 5 mg/kg/day liraglutide
(5 mL/kg) for 2 or 9 weeks. Reversibility of increased plasma calcitonin and thyroid c-cell

hyperplasia that occurred in mice treated for 9 weeks with 5 mg/kg/day liraglutide was evaluated

after 6 or 15 week recovery periods. This study includes the following study reports
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[NO0O0 4.2.3.7.3.1 P12-13]

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 ¢ was terminated after 9 weeks of treatment
followed by a 6 week recovery period (17 mice/sex/dose), and subgroup d was terminated after 9
weeks of treatment followed by a 15 week recovery period (17 mice/sex/dose).
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[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.

=

seid Ghend i) Kocelty, bocotised, grads 27
himabranchia) o, Sated, 1064

[N00O 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).

=

Fhabe b3 Awimsal 336, Socion 1, Tt Gilaad a9; Uil lovafived. grade 12

[N000 4.2.3.7.3.1 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).

Plate 82 Arirna} 940, Seotet & TharoldGlamd A Ccelis locafiad, prade 4.

[NO0O 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).

Piete 9 Aupod $55, Section 8, Trvid Gland < b Tt bypepleiis, minisat

[N000 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
#4772 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 levels at multiple time points after dosing on Day 14
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[N000 4.2.3.7.3.1 P111]

Calcitonin levels were determined prior to terminal sacrifice at the end of treatment on
days 14 and 63 and at the end of recovery on days 105 and 175 (Figure 2, Table 2). Calcitonin
was significantly elevated (p < 0.05, unpaired Student’s t-test) in 5 mg/kg females at the end of
14 and 63 week treatment periods, but calcitonin levels declined to control group levels during
recovery. In males, calcitonin was statistically significantly higher than the concurrent control
group at 5 mg/kg on day 63 only, but not at the end of 6 and 15 week recovery periods.
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Figure 2. Calcitonin Jevels at a single time point or Days 14, 63, 105 and 175
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[N000 4.2.3.7.3.1 P114]

The calcitonin assay was highly variable, so the biological significance of statistically

significantly elevated plasma calcitonin in 5 mg/kg/day males and females is unknown.
Table 2. Calcitonin levels at 3 single thne point ou Davs 14,63, 10§ and 175
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[N000 4.2.3.7.3.1 P115]

The sponsor’s analysis of liraglutide effects on calcitonin levels yielded somewhat
different results. The sponsor contends there were no significant differences between males and
females for liraglutide-induced changes in plasma calcitonin, so they combined data within each
dose group and each time point to increase the number of samples/time point, and used the
natural log of plasma calcitonin concentrations for statistical analysis. From this analysis, 5
mg/kg liraglutide significantly increased plasma calcitonin prior to dosing and at 0.5 and 3 hours
after while treatment with 0.2 mg/kg liraglutide significantly increased calcitonin 0.5 and 3 hours
after dosing, but not prior to dosing on day 14. Results are shown in Figure 1. 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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[N0O0O 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.
ek BHBak SrIowk
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Figure 2 NNI0431%, Plassia CT valugs (aatnral logarithm transformed, measn and 35% CI)
in CD-1 mice treated with liraglutide or vehicle for 9 weeks (9wk) followed by a 6
week (0+6whk) or 15 week (9+35wk) recovery period (30-34'group/time, sexes
combingd).
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[N000 4.2.3.7.3.1 P7]

After 2 weeks of treatment with 5 mg/kg/day liraglutide, quantitative assessment of
immunohistochemically stained thyroid cells in mice showed there were no treatment-related
differences in the density of follicular cells, c-cells, or the ratio of c-cells to follicular cells in
males or females. There was no treatment related qualitative difference between 5 mg/kg treated
or control group mice in the incidence or severity of localized c-cells or dilatation of the
ultimobranchial duct.
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Table §  Quantitative Evaluation, at the 2 Week Interine Kill, Group Resoles
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[N00O 4.2.3.7.3.1 P242]

After 9 weeks, the incidence of minimal to mild thyroid c-cell hyperplasia significantly
increased at 5 mg/kg/day liraglutide in females. A low incidence of c-cell hyperplasia occurred at
0.25 mg/kg in males and females and at 5 mg/kg in males.
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[NO00 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 >
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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Table s Sumemary of Histologicad Findings: 15 Week Recovery Kill
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[NO0O0 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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Males Females
Liraglutide Plasma Calcitonin Incidence of Plasma Calcitonin Incidence of
Dose Study Day Sa?mpl1e minimal / mild minimal / mild
(mghkg/day) Time Averagel sp | %of values focal C-cell A sp | %of values focal C-cell
g > 41 pgimL hyperplasia verage > 109 pg/mL hyperplasia
0 14 6137'51 03, 14.8 258 | 9.2% (7/76) 0% 396 69.3 10.1% (8/79) 0%
P 28.3 & 630 | 10% (1/10) 483 86.0 | 10%(1/10)
14 0.5 82.7 76.3 70% (7/10) 444 15.0 0%
02 3 53.0 48.8 70% (7/10) 0% 714 62.7 10% (1/10) 0%
i 63 P 1949 :13.05] 12.5% (2/16) 6.3% (1/16) 60.87 70.51 | 18.8% (3/16) | 6.3%(1/16)
105 (recovery) P 6.48_} 5.06 0% 0% (0/15) | 727 94 | 23.5% (4/17) | 0% (0M17)
175 (recovery) P 7.98 : 892 | 0%(0117) | 0% (017) | 61.91  78.1 | 31.3% (5/16) | 0% (0/17)
P 41.5 15.7 40% (4/10) 925 68.7 20% (2/10)
14 05 | 1196 882 | 90% (9/10) 179.2 1239 | 60% (6/10)
5 3 63.1 238 90% (9/10) 0% 776 78.6 10% (1/10) 0%
63 P 62.97 £31.09}68.8% (11/16)| 6.3% (1/16) | 189.32 131.31} 62.5% (10/16) | 37.5% (6/16)
105 (recovery) P 7.46 8.56 0% (0/17) 0% (0/17) 74.03 6982 25% (4/16) 31.3% (5/17)
175 (recovery) P 6.52 1 499 | 0%(0/14) | 0% (0/14) | 49.84 8874 | 13.3%(2/15) | 6.3% (1/16)

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.

Mice with minimal/ mild thyroid Ccell hyperplasia

Liraglutide Plasma
Dose Study Day Sex Mouse# | Calcitonin
{mgikg/day) (pg/mL)

0.2 83 M 194 j

F 275
355
431
432
63 438
439
444
5 445

=
448 |

. b(s)

451
105 {recovery) F 453
—
457
175 (recovery) F 476

*Value at or below the control group mean + 1 sd (41 pg/mL
calcitonin in 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 > 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 > 0.2 mg/kg. There was no substantial
difference in the assessment of reversibility.

Table 2 NNMH3I3E Tacidence Fornd Cecoll hyperplasia in mice dosed with Hraglutide for 9
weeks Brlloved by & & week (3H0wk) or 15 week (94+13wk) recovery prrid (30-
Sdfgronpitinee, sexes tombined),

Finee point M. af upimats with focal Cocedl hyperplusia ¢ tntal nember in
BFu

Dot g keidiy [ (%] A

Qvddks dosiop Bi32 3532 7ia2

9 +0 wK oty Bild 532 5733

9 LR ek ooy 232 [IEB2] | B2

The wesranit-elarsd ineocass 15 seen in focad D-eell lypentingin a9 I wiewks of dsing shoiws Fesisidilicy afier o

13 wonks ol weoveey.
[N0O0O 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-1 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.

Tabbe2  Fhe effect of lieaglutide on caleitonin mRNA exprossion levibs in thyeaid tissne
frons nbce.

2 AUT
e fioved hat's Mura I Stondand et of pwioe
sl S desietion trenieeny’
Yehicle 13 9307, Q303 1.0 R
.92 muplkelday 23 LoA20 v 8823 2N L e
TS0 mgrkplday 29 E0R 11,556 BT T
* The el of Heaglutids et ou.tis Seisls o mBXAS sicoding el vias expacssad i Fold aprepnliaion of
e DIENA fewgt i b hibetreaned. vuioe v ocamnd 19 bl ik,

[N00O 4.2.3.7.3.1 P202]
Although there was a trend of liraglutide to increased thyroid GLP-1 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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Table 3 The effecs of Nragiuside s GLP-1R mBXA expression devels in thyrobd tissue from

rlee,
i
D Toeved Nl Mo Srorctord ot of pevadin
sernpley deviaiion Feeniment”
Wehicle & nonl 0.001 1.0 itA.
3 radhahiay ) 663 Gonl T4 Bi1d
0 mpdkafdoy ot Lon2 0.001 1% D
*The offect of Bragheide wearoeom on ihe levelr ol RN As enzoding GLRWIR was sspressed 06 fold ypesgulonion of

e RN et by JieagtluthBeroarcil neivd wihien Cograrod (0 welith-HEd wite.

[N000 4.2.3.7.3.1 P203]

Reviewer note: The sponsor should determine if PCR efficiencies for target and reference genes
are similar or if the assay is valid. A validation experiment using cDNA sample concentrations
spanning 6 orders of magnitude (including 3 replicates of each standard curve point, running
singleplex reactions with target and endogenous control in separate wells and primer
concentrations of 900 pM and probe concentrations of 250 nM) is necessary to determine if the
A ACr calculation in valid (the slope of the log [cDNA or RNA] vs ACr plot should be 0 - < 0.1).
Given sex differences in calcitonin levels and differences in the incidence of thyroid c-cell
hyperplasia, the sponsor should not combine results from 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, 1, 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 Male Female
Doses, mikid ] .1 85 1.0 50 kil 9.1 0.5 L4 S0
Thysord gland No, Bxamiined | 10 [} I 10 10 10 [0} 16 10 10
Foeat Coeoll hyperplasia. nodiaters
Muyimal ¢ 0 [ # H 0 i 0 0 [ 13
Moderatc 4 0 o o 0 & i) ] 4] i
Tot incidence |~ 0 0 0 1 0 9 [ 0 [J 2
Follicular distension i { i) ) 0 ] 3 1 1 1

[IND 61,040 Pharm/Tox Review 3 10/25/04 P13]

In a 13 week repeat dose toxicity study of 0, 0.2, 1, or 5 mg/kg/day NNC 90-1170, the
incidence of minimal to mild focal thyroid c-cell hyperplasia increased with dose at > 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 1] Jabeled 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: CGNLSTCMLGTYTQDLNKFHTFPQTSIGVGAP
Human: CGNLSTCMLGTYTQDENKFHTFPQTAIGVGAP

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 assay for 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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Figure 1a Averape Calcitonin Values In Female Anbnals on Day 1
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[N000 4.2.3.7.3.1 P9]

Exenatide Effects on Thyroid C-cell Parameters In Vivo

SR

This study compared the effects of 3 days of treatment with 0.9% saline (injected every
12 hours, negative control), NNC-0113-0000-0000 (exenatide) (0.06 or 0.25 mg/kg injected
subcutaneously once a day or 0.03 or 0.125 mg/kg injected twice a day), or liraglutide (0.06 or
0.25 mg/kg injected once a day) on clinical signs, body weight, and plasma calcitonin in male
CD-1 mice (40/dose). Orbital plexus blood samples were taken from fasted mice prior to dosing
and 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).

ety
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Group Compound | Dose imterval Dose tevel | Total daily dose
imgdaidosey {mpApiday)

1 1.9 % Na(l 12 howrs L |1

2 NNCOH 3 24 hours 046 046
10000 12 s 0.03 0.06

3 24 howrs 0.23 .25

3 12 hotrs .125 2%

6 Linghstide | dbours 006 006

7 24 hours .23 0,23

[NO00 4.2.3.7.3.1 P20]

Reviewer note: The standard curve and controls use rat calcitonin (12 — 1,800 pg/mL rat
calcitonin for 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.

Compuund Grimp 1 Expected Achieved Deviation
concentrition |esncentration | {35 of expected
myiml wngrml Concentritiin}
NINC (41 13-0000-0000 2 Q042 Qa3 g
3 D06 AT 12
4 n.p3 80054 HL
3 0028 2027 HUS
Limglunde 5 #0412 a.0074% 62
7 045 .042% 86

* Actoeding 10 sexidand apeeating proveduns {SOP 334 HES) e reconmmsndil s for analeis is 10100 g, and
Thtes she andisds 35 dess nocinae swhen the ansment amitlysesd is below s range (3., less than 9,02 mgiald,

[N0O0O 4.2.3.7.3.1 P26]

Four mice (see Table 4 below) were sacrificed moribund due to severe bite wounds and
clinical signs of subdued behavior and piloerection. Two mice in group 2 were lost prior to
initiating treatment (either completely cannibalized or escaped from the cage). There were no
treatment-related clinical signs, but bite wounds on the hind part of the back or tail occurred in
19% of the mice, including 17.5% of mice in the saline control group.

Table 4  Number of prescheduled terminations

Tart Day Grong
2 3 7
A Payv ) L E
B Day 4 |
Py S t

[N000 4.2.3.7.3.1 P27]

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).
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Table S  Body welght gain

Granip Baonky wiedpht galn
11 gy of dosteg ~ 3° day of dosing)
] % of congrol

¥ -1 F7

2 =00 3
3 41,0 S
4 -1.56 033
5 ~1.5% 942,
] L33 i97
B 0,71 436

[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 > 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 Toxicokinetle parameters for liraglutide
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Day § G235 1 268000 3 TRONOBG | 50 00G

[N000 4.2.3.7.3.1 P32]
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{NO00 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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Exenatide Dose — Plasma Exenatide (pM)
Group mgkghnjecton  Interval mgkg/day Sample Day
2 006 2 oo 2 L
3 0.03 12 0.06 3 ee o
4 025 24 0.25 2 L 1
5 013 12 0.25 g fgggg g?g

Mouse plasma calcitonin was quantified with a rat calcitonin immunoradiometric assay
kit from Immutopics using a standard curve based on dilutions of rat calcitonin (ranging from 12
to 1800 pg/mL) and controls consisting of known concentrations of rat calcitonin (included in the
kit) and calcitonin in pooled rat plasma. Statistical significance was determined using the natural
log of calcitonin concentrations

In the saline control group (group 1), calcitonin levels ranged from 2.8 to 163.1 pg/mL.
Individual plasma calcitonin values in each dose group (transformed to the natural log of plasma
calcitonin concentrations) are shown in the graph below. There was significant overlap between
control and all exenatide or liraglutide treated groups.

Bl 205060
Inddddual vales

b(4)

[NO00 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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Pre-dose plasma calcitonin
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Figure 1 Presdose plasma calcionin

Geomeiric group mean post-dose plasma caleitonin {paiml)

[N000 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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Figure 2 Post-dose plasma calcifonin levels
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[N000 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 Appendix A at N000 4.2.3.7.3.1 P96, 101-102]

inistration of lisagly

The sponsor performed nonlinear mixed-effects modeling of liraglutide pharmacokinetics
and pharmacodynamics (liraglutide induced increased plasma calcitonin) in mice using data from
a single dose study and a 3 day repeat dose study (reports 205106 and 205050, respectively).
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Modeling exenatide pharmacokinetics and pharmacodynamics was performed in a separate study
(report 2005 001).
The pharmacokinetic model as described by the sponsor follows.

The final model was a one-compartment model with absorption lag-tame, linear absorption and
elimination and with randons effects on clearance and sbsorption rate constant:

Dose- F ok Yol VLT EEpee Y .
C(’)“M p VTV &\:»“»] Jorist,
Vo, =CLIF)

The concentration is 0 i€ < .

No effect of dose was statistical significant but for sex there was a statistically significant effect
(p=0.12%) on CL/F with males having about 13% reduced clearance compared to females.
However, the estimation procedure of NONMEM did not succesfilly complete the covariance step
thus the effect was not included in the final model.

The additive part of the error mode! came out with & vaniance cloge to 9, so the final error model
was given by 178,

Parmneter estimates are given in Table | where V/F and CL/F are given since CL, ¥, and F can not
be caleulated when only subcutancous data are available. These parameter esthmates are in line with
non-compartmental PK paramerers caloulated in (4) In NONMEM isee Appendix A4 ) the model
was parameterized in terms of log-parameters in order fo ensure pogitive pharmacokinetic
parameters and random effects also appear on the log-seale.

[NO00 4.2.3.7.3.1 P9]
Pharmacokinetic parameters determined from pharmacokinetic modeling of subcutaneously
administered liraglutide in mice are shown in Table 1 (below). The 95% confidence interval of
estimated plasma liraglutide concentrations on day 3 after once daily dosing with 0.225 mg/kg
dose (60 nmol/kg) liraglutide administered subcutaneously is shown in Figure 7.

Table 4 Parameter estimates for the one-compartment model with lag-time.

Pavameter Estimuie LV (%} Between subject Between subject
variation CV{%0) Correlation {lup-
scale}
CLF (Lkgit 0533 64 17
VAF (LK) 24 62 . 0.4
K. (lhy .33 16 16
frop (1) (.38 3 -
3] .98
o 027

[N00O 4.2.3.7.3.1 P10]
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[N0O00 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 of CT to control as response and
population predictions of tiraglutide concentration as stimulatory input to the build up of calcitonin
response. The E, .« depended on whether a single dose (§SD=1} 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:

4R .
o= Ko ($~R)

R
EC,+C
E.. ={(SD-F
T
CT,

7 oprtsed

o HA=SDY-E

}-exp(d- (T,

conter)

=1+ R

[NO00 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/CT eonior), Varied
between single (Emax1) and repeat dose (Emax 2) data with the difference attributed to
differences in standards used in the calcitonin assay. The ECs, was estimated at 11.8 — 44.3 nM
tiraglutide, which was in good agreement with the in vitro ECso 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/CTounira

Paramgter Estimate CV (%)
Bt 78 31
ECx(nM) 229 33
b (3062 66
Ko (171 029 79
Ema 19,5 37
Residual variance (%) 2.3 -

[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.
Syl Dose Mauipie Dose

CT Fald vie. Oainlrod

K HEOOT  JUDNY MG AGO0D  RGOD q WY JVOMRG IDNGOT A0 a0y

Uraglusde Concantraton {ph}

Fignre 5 Stmndlatest buitdoug of U1 To esponse (thick lined as function of lrghutics
conountration, assuming copstont CT conteat level=20 prind, Quier tiaes magk the 95%
1. 5D and MD profiles may 1ot be divestiy comparable becxse they ans based on
mcastirements using Sfferent assays.

[NO0O 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).

¥ bors-eakt Lokl

Figare $  Smmitnim of U3% UL iday 33 of sodeinain bo oonsssss corspol B=19 pglind) ratio i mise
I{ 4 A, ] e
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[N000 4.2.3.7.3.1 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).

89



Reviewer: Anthony L Parola, PhD NDA No. 22-341
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nmoelky exendin-4 goy Say, respectively.

[N000 4.2.3.7.3.1 P18]

Effects of Exenatide on Thyroid C-cell Parameters In Vivo

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 AUCq .. The elimination half life was < 1 hour in all
dose groups except in males administered 5 mg/kg exenatide, the half life was 6.97 hours,
primarily due to anomalously high exenatide levels in one male 24 house after dosing.
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[NOOO 4.2.3.7.3.1 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 & Mean ealeitondn values {pgiml)y»
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IN000 4.2.3.7.3.1 P23]

In the positive control group in which mice were intraperitoneally injected with calcium, plasma
calcitonin increased 15 minutes after dosing in males and females. Table 4 shows the range and
mean plasma calcitonin levels in group 5 with results from both sexes combined.

Tabled4 Average of calcitonin 15 minutes after dosing
Calcitonin (pg/imb) b
Group 5.9.mg Ca/ml) Group 1: (4)
15 min, after dosing Pre-dose
Range —
Mean 917.02 89.85

[NO0O 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.

Table I Calcitonin resuits for male mice

Commanis Assay Measured | Caloilonin
Group no Meleno!  Oeose L d paie
$mgCaiml 81 128 316 min 02 0S-Jan-18.01 : _
51 127 15 Haproysed 02 0S-Jan-1801 [ . b
Haomotysed ( 4)
51 128 15 | Samipls vol.seeens <200 pt | 92 05-Jan-18.01 - - )
&1 928 15 min « 02 05-Jan-15.01 - -
51 130 15 min 02 05-don-18,07 -
[Compiled from Table lat N0O0O 4.2.3.7.3.1 P68 - 71]
TableZz  Calcitonin results for female mice
Gomments Assay téaasured | Calcitening
- Group 00 Feeralano| Doss | o Dilution _ | pimi if iluted poimE
gag Caml 8 326 4 in « 04 0%-Jar-18.01 - - b
o1 327 5 min - 04 Chlon-14,01 . - (4)
3 328 19 min - 04 65-Jan-18.01 - -
] 328 19 nin = 04 05-dan-18.01 - *
5 352 15 min 04 05-Jan-18.01 »

[Compiled from Table 2at N000 4.2.3.7.3.1 P71- 74]

Continuous infusion of 0.25 mg/kg exenatide resulted in sustained elevated plasma
calcitonin, but bolus subcutaneous injection of the same dose, either once, twice, or three times
daily, did not. The effect of 0.25 mg/kg/day exenatide subcutaneously administered once a day
(group 2), twice a day (0.125 mg/kg/injection, group 3), or 3 times a day (0.083 mg/kg/injection,
group 4) for 2 days was compared to vehicle treated mice (injected 3 times a day, group 1). Mice
in groups 5 and 6 were continuously administered 0 (vehicle, group 5) or 0.25 mg/kg/day
exenatide (group 6) for 2 days using an AZLET osmotic minipump. The study objective was to
determine the effect of the frequency of exenatide administration on plasma calcitonin levels.
Other study parameters were clinical signs, body weight (daily), and exenatide toxicokinetics.
Mice were fasted 7 — 9.25 hours and anesthetized with isoflurane prior to retro-orbital sinus blood
sampling for plasma calcitonin and exenatide taken 1, 3, 6, 12, 18, and 24 hours after the first
dose on the second day of dosing. After sample collectlon, mice were euthanized by
exsanguination and cervical dislocation.
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Talded  Details of subtubanenns dosing
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[N000 4.2.3.7.3.1 P21]
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[N0O00 4.2.3.7.3.1 P22]

There were no unscheduled deaths. Exenatide formulations were within 16% of the
nominal concentrations in all dose groups. Analysis of exenatide solution recovered from
implanted osmotic minipumps after 48 hours showed stability of exenatide in the osmotic pumps
was compromised by phosphate ~— with a significant contamination of an unidentified 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.

bigy

[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. Below is shown the results from the GLP-1 radio-receplor assay.

[NO00 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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[NO0O 4.2.3.7.3.1 P28]
One hour after dosing, a low level of exenatide occurred in the control group that the sponsor
attributes to contamination of the dosing solution or blood/plasma samples, but a definitive cause
of control group contamination was not determined and it didn’t occur at any other time point in
group 1. In AZLET minipump control group, exenatide levels were above the 45 pg/mL lower
limit of detection 28 hours after dosing in one mouse, but this was considered an incidental
finding because it only occurred in one mouse and only 18 hours after dosing.

Table 12 Swmmary of plasma content of NNG 0113-0000-0000 | Gronp |FHis |SHes (8Hes [12Hrs |18Hes (24His
Crmlp 1 s 3 ks 6 3kex E2¥rs (18Hrs (24 Hrs No
No { ] 1] B £ ]
278 1] [ 3 ] 0 N " 0 " o b
{LUMENE | NN L AN, L AN - L 5 by 0 D # o 0
i i e B » o 0
s P N b o o L () 0 i L )]
178 4 3 ) [ a 4 g n # 58 ]
sean 20 o ¥ » 0 0 Mean D) & n o 12 1
St {77 I [ [ [} I} Srbdov [ 1] [ & 26 [}

[N0O0O 4.2.3.7.3.1 P58-59]

The control group average plasma calcitonin level was 41.2 +/- 31.1 pg/mL (n = 30, all
time points), so group mean values < 72.3 pg/mL (the average + 1 s.d for the control) were
considered within the control group range. In group 6 (continuous infusion of 0.25 mg/kg
exenatide), plasma calcitonin was statistically significantly higher than concurrent controls 3, 6,
12 and 18 hours after the first dose (first dose administered to control group (group 1) and groups
2,3, & 4) on study day 2. The graph below shows group mean plasma calcitonin levels. Plasma
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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 ---©-- Group 1
—  Group 2
A Group 3 i
= 160.0 & Group4
\E’ X Group5
= —&— Group 6
£ 1200
=4
8 .
©
O 500 B . _
E T L ~
8 ] A L \EJ
40014 'y 2 et A
___________________ A
k i % X T
X
0.0 T T T T \
0 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.
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[N000 4.2.3.7.3.1 P30]
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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 | mg/kg/day (0.33 mg/kg/injection) for 8 days followed by 3 mg/kg/day
for 12 weeks (13 week total treatment time). Study parameters were clinical signs, body weight,
food consumption, plasma calcitonin, anti-liraglutide antibody analysis, macroscopic pathology,
and thyroid histopathology including a quantitative analysis of c-cells.

There were no treatment-related mortalities. Weight loss and decreased food
consumption occurred at all exenatide doses on day 1. Decreased food consumption persisted to
day 2 for males and to day 5 for females treated with 1 or 5 mg/kg exenatide. Food conversion
efficiency trended higher in all exenatide dose groups in the 2 week study and in the 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 '%I exenatide
to a sample (sample not described in the methods section of Annex 5, antibody determination
SOP referenced, but not included in report), incubating it, then quantifying radioactivity in
protein precipitant using a gamma counter. The sensitivity of the 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 1 N, mean, and standard deviation of calcitonin values in two week groups

5¢X

F M
Mean Std  Nobs Mean Sid  Nobs
calc  calc cale  cale

group

[ 907 272 6 835 165 6

3 4830 2038 6 3685 1180 5

4 3324 17406 6 6778 3193 6

5 3657 2402 6 62.94 3191 6

[N00O 4.2.3.7.3.1 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 S N, mean, and standard deviation of calcitonin values for 13 week groups

group

2 6
Mean Std  Nobs Mcean Std Nobs
calc  cale cale  cale

S¢X
F 4590 35647 21 8641 9921 21
M 1319 530 20 5053 23.00 21

[N00O 4.2.3.7.3.1 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).

b(4)

SyA 01AUGES 11:23 FILENAMEN:WNoncinw20052005.04 ﬁggggm 13weeks 58
Figare 2 Individual In transformed calcitonin values for 13 week groups

[N000 4.2.3.7.3.1 P281]

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.
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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.

Tontetabdy 4
Group M HM 2F o
Dosage {mofha/day) L . 1.9:3.0 g 3.043.0
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Feropic Coeells 1 H 0 i
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Ny Cocelly peosent i 1 ] )}
[NO00O 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 / mm? 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.
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[NO0O 4.2.3.7.3.1 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 > 0.25 mg/kg.
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columns represent meaan 2% eatuwes within cach tregiment group ¢ Table 27, Compared
to the wehicle group, a dose-dependent Increase in the levels of calcitonin MRNA could
be observed after two weebs of Exendin-4-treatment. * The wpregulated calcitonia
mENA levels in Exendin-4 freated animls were stagistically significant, compared to
vehicle-tremed animals {p=0.0], stedent’s t-1es1).

{N000 4.2.3.7.3.1 P335]

Exenatide did not affect thyroid GLP-1 receptor mRNA levels (Table 3).

Fable3  TFhe efoct of Exeudin-4 on GLP-AR mBNA expression Jevels in thyraid fssoc from

e,
Ay
Doseleved 1 Nof Mesnr Sinadand Lffect of vt
sersyrlis deviation [
Yehicle 11 D.003 0,905 10 0.3,
.25 imgka'day 8 12,004 G.003 £3 0.697
5.0 nyckpidny B L AL I N 5 L
R0 mghgiday ¢ s D002 603 ny 1.X97

* T eifeel of Exendin-d troamhent e the leveli ol mBNAz cncading GLP-3R wis expeessed as fold speemalation of
ihe mENA Beel in Excadined-reing mke nien compared 1 vehiie-trengd udve,

[NO0O0 4.2.3.7.3.1 P336]

nice for 12.or ~
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 1 mL/kg
thereafter. Half of each treatment group was sacrificed in week 12 with surviving mice sacrificed
at the end of week 16. Study parameters were clinical signs, body weight, food consumption,
fasted blood samples (8 — 16 hours prior to collection) every 4 weeks from groups 1 — 3 and prior
to termination for quantifying exenatide exposure, plasma calcitonin, and anti-exenatide
antibodies, gross necropsy, and histopathology of thyroid with anti-calcitonin antibody staining to
identify c-cells. In-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.

Text-dable |~ Kentity of trearnzeot provps

Posnge Namber of Coge und pnimm
Group Troatment Route ELETA SPH TS B ELDGE noers +

Mad Femizle Ml Feinale

1 Cangrad Mini-pamip ] 6 38 a3 L5742

I N1 30 AREHE Mini-panip n2s af 38 3V 93-228

a# BN #1120000-0800 Mist-paisp 1.0 36 ki3 3-8 | 229364

B Conieat Sibcumneons @ Y 2 | 1w-i32 | 2as-es
ingectie

5 | NNCUNIIADBOcoy | PIEDUS el 24 4 | 133050 | 289313
injection

# Expressed in teoms of the active ingredivnt, A cowversion ieiorof 1,7 for Batch 93355953 ond 4,12 foe
Balch 2500234 wixs applicd 1o ceavirt bz amdant of test mabsial 2 recedeed 1o that i temss of the active ingredient
T NNC O (30000000 fexenatidey; -+ Animols singhe lowsed.

[NOO0O 4.2.3.7.3.1 P15]
Reviewer note: The following definition of c-cell hyperplasia was used in this study:

“C-cell hyperplasia is an increase in the number of C-cells to form an aggregate of less than five
average follicles in diameter with or without displacement of individual thyroid follicles. This
corresponds to Grade 3 in the 5-point scale mentioned above [N000 4.2.3.7.3.1 P336].”

Exenatide concentrations in dosing formulas were within limits (-15% to + 5% of
nominal concentration). After the subcutaneous injection dose volume was reduced to 1 mL/kg in
week 2, the exenatide concentration was below acceptable limits (-27.8% of nominal
concentration), but within acceptable limits by week 8 (-10.2%). To verify the stability of
exenatide in implanted minipumps, its concentration was measured after recovery of the dosing
formulation from minipumps removed prior to sacrifice. After 4 weeks, exenatide concentrations
within minipumps were within acceptable limits for the 1 mg/kg/day high dose (-.4 to -13.1%),
but not for the 0.25 mg/kg/day low dose (-31.8% to +6.2%).

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.

Fexi-table 4 - Bodywaight pain during the 16-week trantmsent peiod

Caatn pierind Sen CGronp W Aan” 50

Woek - 11 | Males 1 a3 749 2z
2 33 9 1.4

3 33 58 L6

4 24 S8 i

3 24 BR polied

Famales | 35 69 23

2 38 s 20

3 35 X 19

4 e 4.5 28

k] 4 57 1.5

Week 0- 13 | Males 1 it 9.4 2.4
3 17 ] 1.5

3 17 6.2 1.7

4 14 6.5 2.6

§ 12 0.1 4.3

Females I |k 8.0 34

2 17 6.5 3

3 15 &8 21

3 13 3.2 2.9

] 12 7.1 1.6

§ - Mumber of anmals; 2 - Meanof gain; 3 = Standard deviation

[NO00 4.2.3.7.3.1 P36]

Reviewer note: Group mean body weight of subcutaneously injected control group mice (group 4)
was statistically significantly lower (unpaired t-test, p < 0.05) than minipump implanted control
group mice (group 1) in both males and females in both study periods (0 — 11 weeks or 0 — 15
weeks). This lower body weight in control group 4 accounts for 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 *’I-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 validated for exenatide, but
a similar validated assay is used for anti-liraglutide antibody screening (SOP 878-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 Male Female
Week
(mg/kg/day) Mean D Mean SD

0 4 BLQ BLQ
8 BLQ BLQ

0.25 4 4,245 2,362 2,313 1,098

) 8 2,615 1,207 4,939 1,994

1 4 11,692 7,802 9,778 4,143

8 16,539 3,401 15,194 3314

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
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1257 1423
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3248 2474
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[N000 4.2.3.7.3.1 P36]

Mean and standard deviation (std) of calcitonin measarements

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.

Calcitonin (pg/mL)

200

80

40

Males Fermales
200
°
00 mgkg INF 0 0 mgig INF
£30.25 mg/kg INF 160 14 0025 mgkg NF{—————
©1 mgikg INF I © 1 mghkg INF
o 2 0 mgkg SC £ o o #0mghkgSC |
< % 0.25 mglkg SC £ £ 0.25 mghkg SC
]
2
£ w0
5
(3]
40 =
o o
F3
i} g o g g
o 3 0 . . . ; -
s 10 12 14 ©® 18 0 2 4 6 8 0 12 1 6 18
Study Week Study Week

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 Females
Organ Finding Week Incidence Infusion | Infusion
01025:1.00 0:025:1.00}
12 # 0 1 3 0i 2 5 |
R % 0i:37i"8 0i6 314
Gall bladder distension - -
16 # 0! 0 1 0: 3 5 |
% 0i 03 0i:8 I14
12 # 11 6 9 0: 5 i 11
. % 6:1.33°150 1028458
c-cél hyperplasia -
16 # 11 7 5 0 6 {10
. % 61.39:i28 0§.33% 563
Thyroid
12 # 51 2 5 4: 3 5
dilated - : -
ulimobranchial % 29/ 12 £ 29 24:.18 ¢ 91
ducts 16 # 5: 5 4 2: 5 3
%. 29i 29 :-24 12::29 19

2005 0 lelin cendin 0

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 final PR madiel waw i st vomgpastment model (Eigene 4 it ramdoen effects on K amd CLF,
g dose effont on Ky, CLE gl QUF. Disly 8, U148, QF, Vo, and WoF can be cdeulmed fions
3.6 dam plone.

Figure 4 Fipal twe oompanusmg npodde] Gor exesxdin-4 concentzation. Here culy he Siaction § of
st dosr s bebiy bsorbd,

[N00O 4.2.3.7.3.1 P13]
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Dose-dependency of the PK parameters were modeled using the following equations:

U g dose? %
CLIE = CL, -exp| 29258 oy
8, +dove’

9, - dose’ }
[P s

Ka =K, exp] = w -
g p[ 8, +dose’

Q1 F =0, -exp(8, - dose)
[NO0O 4.2.3.7.3.1 P14]

Pharmacokinetic parameters estimates from the model are shown in Table 1 (below).
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[N000 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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[N0O0O0 4.2.3.7.3.1 P18]

Table 2 shows parameter estimates for the plasma calcitonin response to exenatide.

Table2  Parameter estimates for the CT model.

Parameter Estimate CV (%)
Epant 7.0 6
ECy (nM) 0.030 40
B; ~0.088 i3
E a2 16.9 i3
o : 1.03 -
[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.

s Susee Buticle Dose

CT Fodd ue. Gonerd
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Figure 10 Estimated mgo of €T o response in paice as fmeston of Bxd coneenieatien fora

constant CT conirol of 19 pe/ml. Exd pinsma concenteation is i pM heze. The onter
Jines mark the Hmits of the 93% CL

[N000 4.2.3.7.3.1 P21]

Exenatide has an estimated ECyg of 270 pM (repeat dosing) for increasing plasma calcitonin.
Based on the plasma ECy, and exenatide pharmacokinetic modeling, the amount of time
exenatide levels were above the ECq 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 ECq for 100% of the time during treatment, but subcutaneous injections
once or 3 times daily do not, even at higher total daily doses.

Table 4 Simulation of % of time above ECuo from various dose scenarios single day,

Dose Schedule Estimate
pse ,t .ﬂ ’f © Time above ECy Lower 95% C1 Tpper 85% C1
) o
(%o}
0.25 15.3 1LY 222
250 16,7 473
5 64.2 39 91.0
3x0.083 s 292 §4.8
3%0.33 3435 40.1 886
3xi.67 979 358 100
0.25 — infusion 100 106 100
[N000 4.2.3.7.3.1 P25]
Cynomolgus Monkeys

Sy
2

]

s
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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In thyroid tissue sections, calcitonin immunoreactive c-cells occurred in clusters or as
solitary cells surrounding the epithelial lining (Figure 3). C-cells were only identifiable in HE
stained tissue sections when they were arranged in clusters (Figure not shown).

Figure 3 C-cedls
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[P18]

Most c-cells occurred in clusters of up to 10 cells (Table 2) primarily in the middle third
of the thyroid lobe (Figure 5).

Table2  C-cell Appenrance

Creell Appesrance Femnles Males
Lcfi Lobe Rigiu Lobe Leftiobe Rizht Lebe
‘Namber of anitmals examined 5 5 4 4
»20 Cogells i | or more scctions | $ 3 3 3
Cocoll cluster (more thiny 10 eellsy 1 i} o H
C-uelt cluster (6-10 celisy K b 2 2
el cluster (225 colisy 3 & 4 4
No Cueeli cluster [ ¢ [} [
[P20]
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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.

Figurc2 Results for Cynomulgus Monkeys, Males and Fanales Separate
{Arithmetic Means £ Standard Deviation)

PUNA Labelling Index,
Males and Females Separate

0.5009 -

04000

0.3000

0.2000

0.1000

0.0000
amales
Standand Desiation i S e e
& Females 0.3195 0.2455
 Standard Desiation 03148 i 0.0658

Note: This chart shows asthteric anans wod §s for Musmative wly, Adjusted mean viduss fove boen
nsed for statistival asafysis,

[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 of NNC 90-1170 could have interfered with anti-
NNC 90 1170 screening and did interfere with the assay for neutralizing antibodies.

Cynomolgus monkeys (5/sex/dose) were treated with 0, 0.25, or 5 mg/kg liraglutide (1 -
1.5 mL/kg) injected subcutaneously once a day. The study consisted of 3 single dose phases using
nonfasted, fasted, calcium-loaded fasted (0.33 mmol/kg Ca*? IM) monkeys, and a 4™ 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, PO,, Mg, Na, CI), 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:

Tableil  Studies included:

Novo NN23262 AN284033 AN2u40Y8 Dacid 804, | Docid.409,
Nerdisk SuA, 2009 SqA.2026
Stody
wunber
Phase Inlife phase  {Hormone Hormone Statistical Stasistical
analysis analysis analvsis analysis b
Test Novo Nordisk |Nove Nordisk ( 4 )
facility e o A A5
GLP-stats | GLP |aLe jaLp Non-GLP Non-GLP

[NO0O0 4.2.3.7.3 P3]

Single Dose Phase

During 3 single dose phases (calcium loaded, fasted, and non-fasted), liraglutide had no
effect on clinical signs, body weight, or plasma calcium concentrations, except calcium loading
increased plasma calcium (corrected) at 0.25 and 1 hour after loading. Liraglutide had no effect
on pH corrected calcium concentrations or PTH levels.

Single subcutaneous doses of 0.25 or 5 mg/kg liraglutide had no effect on plasma
calcitonin in fasted monkeys up to 24 hours after dosing (Figure 1).
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Tuable6  Blood Gas Analysis; Phase 1: Group Mean Values: Females
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[NO0O0O 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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Figure 2 Plasma CT {(natural logarithm transformed) values {mean and 95% CI} in fasted
4 (3
cynomolgus monkeys (5 male + 5 fomales / group) treated with liraglutide (5.0 and
0.25 mgfke) or vehicle as @ single dose and challenged with Ca™.

[study 203262 P6]
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[study 203262 P634]
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Talble 16 Blood Gas Analysis: Phase 3: Group Mean ¥alues: Females
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[N00O 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 > 0.25 mg/kg liraglutide in both males and females.
Body weight, food consumption, ECG parameters, and organ weights were unaffected by
treatment. Urinalysis changes were limited to the 5 mg/kg/day groups in week 11 with high
urinary volume occurring in males and low urinary volume occurring in females 0 — 4 hours after
dosing, but without any changes in the concentration of electrolytes, including calcium and
magnesium. There were no treatment-related effects on plasma calcium, iPTH, or calcitonin
during the repeat dose phase. Calcium loading on day 56 (im injection of 0.33 mmol/kg calcium)
transiently increased plasma calcium, but calcium returned to predose levels within 3 hours after
dosing. Peak plasma calcitonin levels elicited by calcium loading were similar in single and

repeat dose phases suggesting repeat dosing with NNC 90-1170 had no effect on thyroid c-cell
proliferation.
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Figure 3 Plasma CT (natural logarithm transformed) values {mean and 95% CI) in
cynomelgus monkeys {5 males and 5 female /gronp) treated with liraglutide (5.9 or
0.25 mg/kg) or vehicle.

[N00O study 203262 P7]

Week 4 (fasting) iPTH and Calcitonin
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[NOOO study 203262 P640]

Week 8 (fasting), Calcium, iPTH, and Calcitonin after Calcium Loading

10.8 IPTH & Catedtonin Riasalis - Repeated Dose Phase Week
(Csteiigi Loaded)

[NO0O study 203262 P646]
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Table 38 Bload Gas Analysis: Week 57: Repeat Dose Phase: Grovp Mean YValues: Females
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[N00O study 203262 P152 - 3]

Week 61 (fasted) iPTH and Ca101ton1n

1025 IPTH Results - Repeated Dose Phiase Week 61 1626 Caleitonin R - Repeated Dose Phase Week 61
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[N00O study 203262 P677 - 678]

Week 85 (fasted) Calcium and Calcitonin
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Table 51 Blood Gas Analysis: Week 85: Repent Dose Phase: Group Menan Yaloes: Males
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Table 32 Blood Gas Analysis: Week 85: Repeat Doyve Phase: Group Mean Values: Females

Timepoint aftse Dosing

Sreins”
!&3&3%3;} Presfosi 30 mifi % (R0
; Cavd it pH s Caee PH Liger CCipae o Cegon wCass pH
Mharbing 3 3 & 3 5 3 5 b 5 5 5
1 Hoan .18 1.12 1.24 .13 .14 7.33 1.16 112 7.35 1,16 1.4 7.38
k)] .07 G0 0.08 0.06 6.0¥ 007 ¢.08 .06 U8 o.ud 0,03 0.08
Kbz & 5 8 5 & £ 5 5 i
2 {0.25% Hean 1.8 1.1% 7.36 L8 3% .39 1.12 1.13 733 3.2 1.12 74D
) sh 0.08 0.6 0.04 .08 2.0 0.04 0.08 0.05 ¢.03 0. £.08 407
Nizebser 5 EY & 5 5 3 & & 5
3 (5 Heat 1.18 137 T8 1.13 $.13 7.38 1.1} 1.13 7.43 1.1 118 .41
0 .04 £.03 0.08 .57 4.03 605 D63 .04 0.04 07 4] .02

bata whtained. from fasted snimpls

Ca measurest caloiup: £Ca™ corrected csicium

[N00O 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]]
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There were no treatment-related histopathology findings in thyroid tissue sections stained
with hematoxylin-eosin (Table 1) or stained for calcitonin immunoreactivity (Table 2).
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[Study 203262 P607]

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 > 0.25 mg/kg/day.
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[Study 203262 P574-576]

Anti-NNC 90-1170 antibodies were detected using a RIA based on precipitation of
radioactivity from monkey plasma after incubation with ['*I]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 of NNC 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.
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2.6.7- TOXICOLOGY TABULATED SUMMARY

[provided by the sponsor]

2.67.16 Other Toxicity Studies

Test Article: Liraglutide
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o xitre studics
Mechanistic Studics o
evainate rodent thyroid C-
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background), Spragie- Studics)
Dawley rats, Crnomolgus
monkeys (Moeeca
SascienTarisy and human
subjects, )
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Method af Puration Doses Gender and No. per | Notewnrthy Fisdings Study Numbier
Tissue/Species? Strain Administration  {of Dosing {mydhgiday) Group ENN refNo)
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Method of Duration Doses” Gendler and No. per | Noteworthy Findings Study Numbser
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Livaglutide (NNC 90-1170): | Subcmanecus 2orPweeks [D.02md 5 § males and 86 Both two and nine weeks of weatment with { Report
A U week exploratory stady Gorid femates Tiraghutid fred in a dose~-deperid v of
with reversibility i mice « weeks inerease iy plastia cilchonin, Io line with  |NN204268,
Combived evaluation of the resovery s, there was a dose-dependent fncrease  PNN2G43ES,
i Hfe phase, caleitonin i the transeriptionsd activity of CT NN2G4228 and
detepmiingtion, molecular (ERNAY afier two weeks of weatment. At INN2GHI3
amalysisand C-celt this time-point no treament-related Creell {¢4,2373
pathology of the thyroid chanyes were observed by enhanced Mechanistic
ofand istopathological technignes. The plasma | Swdics)

CT inerease was reversible upon cessation

of treaimient as 6 and 15 weeks of recovery

resutied in CT levels reverting to normal.

Reversibility was also observed Jor the C-

cell pathology dats, Thug, treatment-related

minimal 1o mild C-cell hyperplasin was

observed afier ¢ weeks of reatment with

evidence of reversibitity shows afier 1§

weeks of recosery.

Method of Daration Doses Gender and No.per | Neteworthy Fiodings Study Number

Fissue/Species? Steain Administration  jof Dosing  [{imphg/day)  [Growp (NN ref No)
Liraghutide (NNCR-117a) | Subcutancons 13 weeks 002, 10,50 | Samples colleicd from | Plasma catcironin levels were higher imall | NN20428%
£3 Week tosicity swdy in satelificanimals: 28 Jimglutide treated groups, when compared 132373
mice with subcutancous males and 28 fomales. {io the vehicle group, tn both formale and Mechanistic
administration. Calcitonin minfe mice, after one day of dosing as welt  {Sudiesy
determinations as alter 13 weeks of dosing
Rat Studies
‘Limplatide {NNC 9011707 | Sabcutanoois Sitgle dose |81 0.75mgkg | 30males A wansiont increase i plasing caleironin | Repont
Effects on calcium witg observed after 2 singie dose of susmmary of
homenstasis after a single Hragiutide (0.75 mgke) 10 fasted rats. In JNN203281,
subcutancous administration paralich. fow plasma calciam and incrensed [NN203296 and
10 inafe rats in o fasted PTH were observed. NN
condition - Combined 1t3s considered Bkely-that an initial (32373
evaluation of the in hife phase stimulatory ¢ifect of Hraglutide on CT Mechanistic
and hornwone analysis seeretion was followed by loss of caleium | Stdies)

in the urine which caused the
Bypocalcaemia and thereby 4
compensatory increase in PTH 10 mobilive
caleium, The decreased plasna calchun
possibly ater ¢ ted any stimuistory
effeet of Hraglutide on the calcitonin
secretion. The ebserved reduction in
thyroid ¢calcitonin contents wis compatidle
witl secretion of stored proteip ond a
paraliel decroase in mRNA fevels was
nterpreted s ihe resolt of increased

lation 1¢ comy for the § §
calcitonin seerdtion.
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Method of Duration Doses Gender and No.per | Noteworthy Findings Study Number
TissueiSpecies/ Steain Administration  {of Dosing {mg/kg/day) Group {NNX ref No.)
Liraglutide (NNC 90-1176); | Subcutineous Singledose  {0.0.75mgke 130 males A marked incresse in diuresis was Repost
‘The effects on cafeimn prominent finding after a single dose of summary of
homeostasis afier u single Hraglutide (0,75 mgky) o mis. The NN203258 and
subcutaneous administration diuresis was paraticled by incrensed plasma j NN20329$
1o male rats in x non-fasted albumin and decreased phosphate, Jow 42373
condition - Combined plasma caleinm and increased PTH Mechanistic
evalugiion of the i life phase whereas o consistent pattern in the CT Studies)
and hormone salysis fevels was observed.
{tis considered likely that the diuretic
effect was the main mechanism behind the
observed changes in the examined calcium
Homeostasis related parmmeters, An initial
foss of calcitm in the wrine caused
hypocateaenyia and thereby a
compensaory incraase in PTH 1o mobilice
colcium. The decreased plasnm caleium
possibly masked any stimulatory effect of
firiglutide - a5 seen in other studics - on
the calcitanin seeretion,
Liragloptide (NNC 90-1170) [ Subautancous Singledose |, 8.75mgkg 136 males A single acute subcwtancons injection with { Report
Study on acute eifeers oy firaglinide to fasted caleium tremed rats did §sunupary of
atciam homeostasis related votaffecs PTH and CT levels significantly. | NN203282 and
hormonds after single dose A sapid fall io PTH and rise in calciionin - | NN20332%
subcutimzous adninisiation during the firsi 15 miggtes afier vehicle of 142,372
in fasted and ealclion treaied firglutide adminisiration and plasma Mechanistic
rats- Combined cvuluation of calcium lovels adjusicd for pH weredower | Stidies)
the-in life phase and honmone in liraglatide treated animals, However, tie
annlysis observed 2.4% decrease in calcium was
fudged 1o be of questionable biological
significance
Method of Duvation Duses Gander and No. per | Noteworthy Findings Studdy Number
Tissue/Spevies/ Strain Administration | of Bosing (mg/kyfday) Group {NN ref No)
Liraglutide (NNC 90-1170% | Subcutancous 6 weeks D.0.75mgikg | 64 males mainstudy  [An bicrease in plasma calcitonin Report
Effects on calciom 15 mates satelhite concentrations otcurred consistently in smmary of

homdostasis related
parameters and tiycoid
volume fractions after pprio
six waeks datly subcutancous
administriation followed by a
two week reversibility period
in e rats - Combined
evalaation of the in fife
phase, hormone analysis,
vitasnin D analysis, Ccell
pahelogy.of the thyroid
gland and molecular analysis

bath fed and fasted rals after 4-5 weeks of
repeated dosing with lraghuide, In line
svith this, shiere was & rend towards
increased transcrprional activity of
culcitonin, The incrense in plastos
cleitontin was reversibie after a two week
weatment-free period with recovery evels
being decreased.

Anwderae increase in winary valume was
seen after repeated dosing with limglutide
in fed s and a corresponding but stpra-
proponional increase in the ansoum of
calcium excreted in the urine was seen.
Calcium homeostasis disturbances were
Fanther seen us decreases in plasia PTH,
cilcium and Vitwnin D during dee frst
weeks of wreatment.

No'signs of C-celt prolifermion or
fyperplusia were observed afier 4 weeks of
dosing.

Tr conctusion, a significant and sustained
increase in plasma calcifonin was observed
at a time point where no signs of Cueelf
hyperplasia or prolifetation were present.
Therefore, caleitonin release was an carly
event deteciing C-cell stimulation by
Tiraghutide in the absence of hyperplasia or
prolifesation in rms.

203317,
(14031,
204097,
204620 and
NN2IBIR
42375
Mechanistic
Studies)
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Method of Duration Doses Gender and No.per | Nogeworthy Findings Study Number
TissuefSpecies! Strain Admigistemtion |of Dosing  [{mwkgiday) [ Group (NN ref Noj
Lirgghutide (NNC 90-117¢):  {Subcutancous Agedrals:  [D.0.73 45 malesidose An increase In plasm calcitonin was seen §Report
Long torm esploratory study  |adiministration 4, 17,30 and feveliage after 4 weeks of dosing in voung and aged | Suminary of
in young and aged rats - 43 weeks: rats. This confirmed phastm calcitonin as a Joclow
Combined evalution of the Young rats: bionrrker of eurly C-coll stimulation n the | SN294163,
in fife phase, cadeitonin 30, 43, 56, it NN20STD o
determination and C-tl 69 weeks NN2O431D
patholagy of the tiyroid The tneidence of focal C-cell hyperplasia (4'2'3’7'.3 .
ghind N N Mechanistic
and adenoma was creased in both young Stadics)
and aged rats wheit compared 1o conro, In |
both-aged and young rais, dosing with
firaghuid i 1the p fram
Byporplasia to neoplasia also seen
spontancously in control rats. A positive
correlation between plasma calcitouin and
severity of diffuse and focal Cerell
hyperplasia wis observed. This confirmed
plastnit cideitonin as 2 biomarker of carly
Ccell profiferutive fesions in e xat.
No rais developed aniibodics afier 52
weeks of treatiaeny with lhaghutide.
Method of Puration Doses Guender and No. per | Noteworthy Findiops Study Number
Tissue/Species! Strain Administration Jof Posing  {{mgkpidayy  {Group (NN ref No)
Cyntmolgas movkey
studies
Liraplutide (NNC 96-1170): | Subeutancous 26 weeks 1.0 15 msles and 13 T of O i koys Tor 12 | NN2U4021
Preserved thyroid specimens  fadministrati femates wionths and rins for 26 weeks with 42373
frany Sprague-Dawley rats fixaghtide was not associatéd with any Mechanistic
(CHECOSS IGS By s differences b thyroid Cecell mass or Stuclies}
from NN study-ref’ Np, proliferation meastred 1§ the ratio between
200239 C-cells and follicudor celis ned PONA
and fabetling index, respectively,
Preserved thyroid specimens | Subcutancons $2 weeks (Y 4 males and 4 females
fom Cynomolgos monkeys drninistrati
{Macaca fascividarisy from
NN study ref Na, 200241
Liraglutide (NNC 90-1170): | Subenlaicous 27 weeks #4.025.50 3 fensale + 5 male Daily administration of NNC99-1170 %0 {Repornt
Investigative Subcutancons  Jadministration cynomolgus motkeys at dose lowels up to.§ Esunmary of
Toxicity Susdy in mgkgiday for 87 weeks was well solerated | NN203262,
Cynomolgus Monkeys ~ and not associated witl any toxicologically | NN204033 and
Combined analysis of the in sigud feant changes. $pecilically, no NN2MODS
Hife phase including C-cell weaument-related dilforences in thyrotd C- [(4.2.3.7.3
pathology of the thyroid celfs seere fonnd by extended Mectnnigtic
glond and hennone analysis histopatholugicat evaluation including Stadies)
amunohistochemistry, It accordanes, no
quiditatively diseernable patierns of chanpe
i PTH levels and caleitonin levels were
abserved during 83 wieks of frestment,
Xlethingd nf Dueritficut Dnsey Gonder and Mo, per | Ruteworthy Findlings Study Number
TivoneSproies’ Strain Aabmindséeativn | of Busing {mzkpifay) Gruep AN ref Mo
Charicberisgion of the i FLER XS 5 uites and 5 Imnpanistisiochemically i for NNDiRS12E
distribrngon of Troclls in fonsales prescone of ealcivanin of Havroid tisynz
thyrids from cynairolpus wpeines yonenios 2 higher scasitivizy for
ki idemificstive of Oweells compared 10 HE § Sindios)
shainnd sociicns. Craells wors fypiuutly
pravens i fhe eoididle thind sxgion of she
thyredd ghand, s terekore sommended
16 use this regios of the glad for saeplivg
ard srnieg Ror presence of culcioanin s
aehivs o hiph gosdioy wkeosoopis
eoninaion of Ccelis i he eyicmegus
eskey thymid ghnd
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Methad of Duratton Doses Gender and No. per | Noteworthy Findings Staily Nombier

TissnefSpecies/ Strain Adusimistration  [of Dosing | (mg/keiday) Group (SN ref No
Studics with Exendin-3
fexenatide (NNC 0113-0000-
4000Yy
Mouse studics
Excndin-4 ide (NNC | Sulx Single dose | Exendin-4: 35 males and 33 A treatment related increase in plasma NN2OS402
041 13-0000-0006) 2 6, 0,25 1 and 3 [ fenules {vehicke) calcitonin wns seen-folfowing u single 42,373
Sudy on Acue Ellects on 30 -males amk30 sitbcatancous dose exendin-4 in CD-1 Mochimistic
Catcitonin and. Toxicokinetics feamales fireated sice. This ebservation is compatible with | Studics)
afior Singte Dose groups) the 1 GLP-13 modiated mechanis
Subearancous Adminisiration behind the sintilar observations for
in fasted Mice iraglutide.

“The toxicokinetic profile of exendin-4 in

smice llowing a single subcutingous dose

was determined. A dosc proponional

exposure was observed in the dose muge

0,25-5.0 me/ky. The termingd plasm half-

fife dficr subonancous adminisiration was

fonnd 1o be approsimately 0.3 hour.

) Method of Buration Dines Gender and No.per | Nateworthy Findings Study Number
Fissue/Species’ Strain Administration |of Dosing  [img/kg/day) [ Group (NN ref No)
Exendin-4 ide (NNC - [ Subcutang 1 day Exendin-3: 303 females With a single dosc.af 0,23 mgike, the RN205074
1 13-0000-6000): injection or Por023 conpound was clearcd fromplasma after  HALITA
vive sudy with infsion via mgikgiday as: 12 1. When dlivided as bolus injections Mechanistic
adiniisiration oE NNC 8113+ [niicre-osmotic siiwe daly 23 three thnes daily (D083 wmgikg), the plasima | Srudies)
HDD-0000 by suboytancous | PUPS mpikp/dosing) fovels were close to LOD of 3 pMat 6
administration 45 bofus wwice daily and & i after injection, When a daify dose
injections fonce, twice or {11125 - of .23 mg'keiday was administered as a
three tinics daily) or mgky/dosing) contintons infusios, W high sweady state
continuous ififusion in female e times daily plasm level wis obscrved over the 24 h.
mice {0,083 Themea CT levels wore clevaned inafl

mgkgidosingy groups trested with exendin-t, However.

or continousty trigher and more sustained CT tevels were

i micro- seen afier continuous infusion dan afler

CSDHE prIvps injection once. twice or Hrce times daily.

{0,235 migke24

Tours)
Exendind 4 ide (NNC | Sut 3 days Vehicle, 36 nuales Pre-dose and post-dose (1, 3, 6and 12 NN205D50
) 13-0000-0060): Exendin-4: hour) calcitonin values in treated animals - 1442373
Study on Calcitonin and .06, 003, 0.25, were statistically significantly higher when | Mechanistic
Toxicokinetics after 3«dnys of 128 compared to contrals. Studies)
Subcutancous Administration Litaglatide: Lirglutide induced significantly higher

" "

in Tastedd Make Mice

D06, 0.25

1

post calcitonin values than exeadin4
ddministered once daily or as 1wo separae
doses.

High doses of exendin=4 induced
significantly higher calcitonin plasan
favels. 12 hours after dosing than tow dose.
No significant effect of dose regimen
exendined on post-dose values was found.
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Muthed of Durative  [Dosts Gender and No. per | Noteworthy Findings Study Numiser
Tissui/Species’ Strain Adndnisiration |of Dosing  [{mpékg/dey) [ Group (NN ref Nonj
Exendist-3 fexensiide (NNC | Su 2weeks Exendin-4: 6 mates and & Femules | A dose-reluted increase in plasoa Report
01 13-0008-0000); $,025, 1.6or calcitonin voncentrations was scen. At3.0 | summary of
Preliminary nvestigative S.0mg mgke/day or more in feynales this was NN2BS02S wxd
Study by Subcutancous associated with an adaptive Increase of’ NN265247
Administiation (three times a thyroid C-eell numbers whes evaluated @233
day) to CD-§ Mice for 2 o quantitatively, There were 110 qualitative |} Mcchanistic
13 Weeks ~ Combined microseopic fndings in the thyroid glands | Studies)
evahmtion of the i life phase after.two or 13 weeks of treament.
inchding hermone anatysis Two weeks of treatment stgnificantly
i Croet] pathology of the intreased calcitonin miRNA jovels in the
thyroid gland dnd moleaular thyroid slands of mice in o dose-dependent
analysks Fashion: B contrust, no significant effect on
iz GLP-IR mRNA fevels was observed.
Exendin-g / ide (NNC {Sub 2or 16 Exendin-4; Group 1-2-3 Exendin-4 admini dby ¢ NN205248
TH 130006000 injection or weeks Minipumps 26 ymades and females | infusion vigosmotic minispumps orbya J{4.2.3.7.3
Investigalory toxicity study | infusion vig 1,028 and) stnple daily injection for 12.0r 16 weeks Mechanistic
by osmotic mini- wicro-dsmotic Group 4-5 cansed o sipnilfeant lucrease in plasing Swudics)
ponip/subcatimenis pumps Single daily 23 nafos and Tomales | Calsitonin il ireated groups compared t
administration to CO-1 mice 0,025 their respective-cantral group, Levels of
for 12 or 16 wacks h plasma caleitonin were higher in anfvisls
freaied by contd i vip
ngind-pumps than by a daily subsutimeous
injection of the: same total daily dosc (0.23
rugdke/day), Stistically significanly
inereased incidence of C-eell hypéiplasia
after 12 snd 16 weeks exposure wis seen
it gooups adminisiered exeodin4 by
i fision via i wini-
praups bt not i anivals dosed e sae
total daily dose by i single-daily injeciion
for 12°or 16 weeks.
Method of Duration Dosis Gender and No. per | Noteworthy Findings Study Nomber
Tissue/Species/ Strain Admiistration  |of Dosing {mp/kgiday) Grioup (NN ref No)
Additionsl studies
Modctting of Exendin-4 na n.a. na. na. A model was estabtished to deseribe the PAL20GS5.001
Concentration and Effect on leitonin {CT) response o din-4in  {(42.373
Plasina Calcitonin in Mice terms of riatio to CT in vehicke control Mechunistic
from studies groups. The mode] predicis that Sudiesy
NN203402, NN205050, and {near) maximal CT response is obiaincd
NN20O5074, when the-exendin-4 copeentration is
constantly above n threshold which is
achiieved by a continuons infasion of 6.28
mgkedday.
On thie buasis of the available da g simitr
- jealcitonin release was seen affer 0,25
mgkegiday of exendined and liraglntide
when dosing was done by costiunous
infusion with cxendin-4 and once daily
with Braghotide,
Modclting of na. nak t.3. HEN A model was established in order o use PAL200S.003
Pharmacokinetk's-and Effect PK predictions 1o explain calcitonin 4.2373
ot Plasma Calcitonia afier 12 in terms of calcitonin ratio o Muchanistic
Onee Daily Dose control after alministration of Uraghutide to i Studiesy
Adninisieaion of liraglodde mice; Due 1o prolonged level of drug
From sudies NN20S106 wnd i ion, Himzlinide maitidnga
NIN235030 Touger calcitonin response thn exendined
after orice daily dose sdministration of fhe
same Jose; With comtinuous infasion of
exendii-3 the stimdation of calcionin
fevels becomes sinsilar to Wit of Jiragiwtide
after once daily dosing using the same total
dutly dose.
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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-1 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. Immunohistochemical 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 REarranged during Transfection (RET) proto-
oncogene. RET is a plasma membrane receptor tyrosine kinase that regulates the growth of cells
derived from the neural crest, and point mutations causing constitutive receptor tyrosine kinase
activity lead to MTC. Somatic RET mutations also occur in up to 50% of sporadic cases,
therefore activating mutations in RET are the most common molecular pathology causing
spontaneous and familial MTC in humans. While some RET mutations are only associated with
familial MTC, others also cause pheochromocytomas, ganglioneuromas, and other endocrine
tumors associated with multiple endocrine neoplasia type 2 (MEN2). Although other tumors
occur during the clinical course of MEN2, 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
al, Laboratory Investigation (1979) 40: 140 — 154) and mice (Van Zweiten et al, Am J Pathol,
(1983) 110: 219 — 229) and there are species differences in the development of proliferative c-cell
lesions. In rats, plasma calcitonin and the incidence of diffuse c-cell hyperplasia, focal c-cell
hyperplasia, and c-cell adenomas increase with age. Although age-related diffuse and focal C-cell
hyperplasia and adenomas are common in rats (incidence > 1%), c-cell carcinomas are rare in
most common laboratory rat strains (incidence < 1%). In both familial MTC in humans and
strain-dependent age-related c-cell tumors in rats, a prolonged period of diffuse and nodular c-cell
hyperplasia and elevated serum calcitonin precedes the development of c-cell tumors. In mice,
hypercalcitoninemia, c-cell hyperplasia, adenomas, and carcinomas are rare (incidence < 1%) and
c-cell hyperplasia usually doesn’t precede tumors. Because the course of MTC in rats and humans
is similar, rats were considered a model for human MTC. However, 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/R1j 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-Ret“**®), 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-Ret“**® 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 § 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 SIL
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 of bimnay fhyroid tumors and. genetically engivneered mouse models of thyreid cancer Tuble 2. Extewded
with sipsilir penetic’ motitions,

[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 of Action
The sponsor’s postulated mode of action is:

Circulating liraglutide binds to and activates GLP-1 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.

B LN —

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-1 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-1 receptor-mediated calcitonin release, the sponsor asserts
liraglutide-induced C-cell tumor findings in rodents are not relevant to human safety assessment.

Hypothetical Coupling of GLP-1 Receptor to Calcium-Induced Calcitonin Secretion

The GLP-1 receptor is coupled to adenyly! cyclase via the stimulatory heterotrimeric G-
protein, Gs. Agonist binding to the receptor activates Gs by inducing exchange of GTP for GDP
in the Gso. subunit. The Gso-GTP complex activates adenylyl cyclase increasing intracellular
concentrations of cAMP. Increased intracellular cAMP activate protein kinase A (PKA) and
cAMP-regulated exchange factor Il cAMP-GEFII). Activated PKA and cAMP-GEFII increase
hormone secretion by increasing intracellular calcium (activating L-type calcium channels and
ryanodine receptor dependent and IP3 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-1 receptors are
linked to MAPK signaling, a pathway regulating mitosis, differentiation, and cell survival /
apoptosis in beta cells.
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Figure3 Signolfing cascade for GLP-1in the bets-cell {from Perry.and Gmig@gj}

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 3, adrenergic receptor), or
glucagon (mediated by glucagon or GLP-1 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-1(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
¢AMP 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-
] 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). ‘
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In rats orally administered NPS R-568, a type 1I CaSR agonist, plasma calcitonin
transiently increased within 10 — 90 minutes after dosing, but calcitonin levels return to baseline
due to a counter-regulatory decrease in plasma calcium (Figure 4) (Fox J et al, JPET (1999)
290:480—486). Clamping blood calcium levels by iv infusion of calcium gluconate to maintain
normocalcemia in NPS R-568 treated rats results in sustained hypercalcitoninemia (Figure 6).
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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 **Ca*?, but it dose-dependently decreased unlabeled plasma
calcium indicating the drop in calcium was due to diminished bone resorption, an expected
physiologic effect of increased calcitonin.
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Cinacalcet transiently and dose-dependently increases calcitonin secretion at 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 of NDA 21-318) or by increased circulating calcitonin directly inhibiting c-
cell growth. (Kakudo, K., et al. Acta Pathol Jpn. 1989 Sep;39(9):545-50)..
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GROUP TOTALS
Males Females
HISTOLOGICAL FINDINGS GROUP Cant | Grp3 | Grod4 | GopS | Comt | Grp3 | Gipd | Grp3
DOSE k1] ) 15 35 0 5 29 50135

metkg | meky | matkg | malky | makg |oogikg | mgkg § matkg
fday fday Jeay iday Jday iday Hday {gay

THYROQID GLAND (e18) § (59) | 80 1 (58 | (148 | (56) | {57 | (58}
Mo abnermality detected 78 42 a7 47 26 38 37 43
C-CEEL CARCINOMA {04] 1 1 o 0 ] 9 1 4
C-CELL ADENOMM {B] 25 3 2% k load 10 5 2 3
Focsl C-cell hyperplasia

nyinimal a ] 2 1 4 1 1 k]
mild 8 0 1 1 4 3 5 1
modorate 5 1 4 Q 5 4 1 1
matked q 1 1 ] 1 1 9 2

i3 2 g8 2 14 9 T 2

Total Incidence

Significantly diferest from the Contrel: * P<0.05, ** £=0.01, *** P<0.001

{B] Banign fumour

{M] Malignant tumiour

Figures in brackets represert the number of animals fram which this tissue was examined microscepically
The absenocs of 8 numeral indicates that the lesion specified was not identified

Confrol Groups {1 and 2} are: combined

[Excerpted from NDA 21-318]

Xenobiotic Effects on Thyroid C-cell Tumors in Rats

There is no established mechanism of thyroid C-cell tumor induction for 7 marketed
drugs in 7 different 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 ; adrenergic receptor antagonist), increases C-cell
carcinomas without increasing adenomas. Naratriptan, a 5-HT /15 receptor agonist, was the only
drug that increased C-cell adenomas in both sexes of rats. Exenatide, a GLP-1receptor 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 Drugs and GLP-1 Receptor Agonists

Mice Rats
Dru Drug Class :
9 g M Lo E M | E
Approved Drugs
. ‘ : : noma
alendronate bisphosphonate = o R ade 2 -
; : i (NOAEL 0.26X, LOAEL 1X)
. . i L o R adenoma & carcinoma
arformoterol 2receptor agonist = s - 4
: : (NOAEL 55X, LOAEL 130X)
. : i carcinoma (NOAEL 150X,
atenolol 1 receptor antagonist L : = 3 -
LOAEL 250X)
. . : adenoma
colesevelam bile acid sequestrant e = - 3
{NOAEL 20X, LOAEL 40Xy
naratriptan 5-HT, 18 receptor agonist | : RS : o adenoma® (NOAEL 29X, LOAEL 180X)’
s o adenoma, combined
palonosetron 5-HT, receptor antagonist . P = - adenoma & carcinoma
] (NOAEL 82X, LOAEL 182X)'
GLP-1 Receptor Agonists
exenatide® GLP-1 receptor agonist EE | o - adenoma®™ (NOAEL < 5%)'
exenatide LAR T SR adenoma, combined
(extended release |GLP-1 receptor agonist : S ENTC : adenoma (0.3 mgkg)® |@denoma & carcinoma (>
Jformulation) R 03 mgkg)*
N BT adenoma, carcinoma .
[ "adenoma; combined | (voAEL 2.2, LoAEL 78" adenoma, combined
" " . adenoma (NOAEL § - ] B D
liraglutide GLP-1 receptor agonist S e s adenoma & carcinoma| combined adenoma & | adenoma & carcinoma
T ) (NOAEL 0.6X, LOAEL 3.3)' | carcinoma (NOAEL 0.5X, (NOAEL < 0:5%)"
: : LOAEL 22)]
Approved Drug Cited By Sponsor
. . 5 : adenomas, combined
teriparatide PTH receptor agonist NT® P D -
adenoma & carcinoma

"Human exposure multiple calculated using plasma AUC comparison.
2Human exposure mutliple calculated using body surface area based dose comparison.
3Human exposure multiple calculated using weight based dose comparison.

“Body weight based subcutaneous dose administered every other week. Exposure muttiples weren't calculated because exenatide plasma
exposure during the rat carcinogenicity study or the human MRHD were not known.

A/-\.ocom’lng to the drug label, incidences in female rats were 8% and 5% in the 2 control groups and 14%, 11%, and 23% in the low-, medium-, and
high-dose groups, but increased tumor incidences in exenatide-treated 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 other a nitrite-supplemented diet (naratriptan can be
nitrosated in vitro to form a mutagenic product that has been detected in the stomachs of rats fed a high nitrite diet)." Exposure multiples are
based on results from the nitrite-diet supplemented study in which c-cell tumors occurred at lower exposures.

°NT = not tested

O Thyroid C-cell tumors are not listed as a drug-related finding in the approved drug !abel, but in male rats (n = 60/dose), there was a statistically
significant dose-related trend for adenomas (incidence of 0, 2, 1,3 at 0, 5, 30 , 75 mg/kg/day teriparatide) and combined adenomas and
carcinomas (incidence of 1,2, 1,4 at 0, 5, 30, 75 mg/kg/day teriparatide). Human exposure multiples for rat doses of 5, 30, and 75 mg/kg/day
teriparatide calculated using plasma AUC comparison were 3, 20, and 60 times the human systemic exposure, respectively, for a 20 mcg/day
dose. The incidence of C-cell adenomas or combined adenomas and carcinomas were not significantly different from controls for any dose group,
therefore a NOAEL or LOAEL were not identified.

EExenatide is the only marketed GLP-1 receptor agonist.

Norepinephrine, serotonin, and bisphosphonates affect bone metabolism. Secretory
vesicles in MTC 6-23 cells, a rat thyroid c-cell line, costore serotonin and calcitonin (Tamir H et
al, 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-HTp, 5-HT ,4, and 5-
HT;g. Osteoblast-specific gene-inactivation studies show the 5-HT;p receptor mediates serotonin-
induced decreased osteoblast proliferation (Yadav VK et al, Cell. 2008 Nov 28;135(5):825-37).
Non-specific inactivation of Htr2b gene in mice suggest a role for the 5-HT,p 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-HTp, 5-HTz, or 5-HT; receptors
in calcitonin secretion or c-cell proliferation isn’t as well defined.

The nonselective By, 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. 3, adrenergic agonists increase serum calcium by
directly activating osteoblast 3, receptors that results in Rank ligand activation of osteoclasts. B
receptor agonists may elicit calcitonin secretion either by directly activating c-cell B2 receptor or
indirectly by elevating serum calcium. In either case, arformoterol induced c-cell tumors are not a
pharmacologic class effect because they didn’t occur in 2 year carcinogenicity studies of
salmeterol and formoterol, 2 other long acting [, receptor selective agonists. The ; 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-
1P secreting C-cells (Logan, A. et al, J Endocrinol. (1994) 141(1):45-57) and in a 2 year rat
carcinogen assay, it increased the incidence 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 "'I, 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 D; 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 of the Mode of Action

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 pharmacologic 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 inal3
week repeat dose toxicity study at doses up to 250 mecg/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.
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Other Potential Modes of Action

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 ["H]thymidine incorporation assays using rat or
human C-cell lines suggest liraglutide is not a C-cell mitogen. Liraglutide did not cross react with
receptors linked to C-cell growth responses including human bombesin receptors, CCK2
receptors, or neuromedin receptors. Direct or indirect activation of RET has not been ruled out as
a potential mode of action. Activation of RET kinase increases plasma calcitonin from wild type
mice or mice implanted with human TT cell xenografts and based on the time course of RET
kinase inhibitor activity, RET kinase induced increased plasma calcitonin is independent of it’s
effects as a C-cell mitogen. Liraglutide caused focal, but not diffuse, 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, 1, or 3 mg/kg/day. Liraglutide dose-
dependently decreased body weight gain in male and female rats at > 0.075 mg/kg/day, but not in
mice at any dose (see Figure below). GLP-1 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) 2:1254-1258) 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
(EDsp 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 Effects 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 AUC,.4 423, 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 > 0.25 mg/kg/day and in females at
> 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 Ccell Hyperplasia (HPL),
Adenomas (AD), Carcinomas (CAR) and Total Neoplasms (AD + CAR)
in Male SD Rats
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Plasma calcitonin was not measured during the rat carcinogenicity study, but it was

determined in mechanistic studies in male rats. Calcitonin measured in plasma of young male
Sprague Dawley rats (2 months old at start of dosing) or aged male rats (8 months old at start of
dosing) taken 3 hours after the first dose (day 1) of 0, 0.075, 0.25, or 0.75 mg/kg/day liraglutide
on day 302 showed increased plasma calcitonin was age dependent, but not

and after dosing

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.

Plasma Calcitonin {(pg/mL)

In single dose studies of subcutaneously injected liraglutide in normal and calcium loaded
liraglutide had little effect on calcitonin levels (data not shown, but included in

young male rats,

Effect of Liraglutide on Plasma Calcitonin in Young and Aged Male SD Rats
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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 (> 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 > 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 mg/kg) Liraglutide
100

— = HPL(0) /EI\
g0 L —B— HPL (HD) _ g o
—a- AD(0)
- —a— AD (HD)
€ 60— _ , . AD+CAR(0)
- PO O
(2] -
g - & - AD + CAR (HD) / /-\ » \g
g .
P T
B 40 L
= . e
e
/
20 B y~—
=
Q //..‘
0+— @B —B— {2 o ; . . T T
0 3 6 9 12 15 18 21 24 27

Rat Age (Months)
*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 Young Male Rats*
Treated with 0 or 0.756 mg/kg Liraglutide
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*Young male rats were 2 months old when treatment started.

In aged rats, 0.75 mg/kg/day liraglutide increased the incidence of focal c-cell hyperplasia after 1
month of treatment, but only increased the incidence of adenomas after 7 months (15 month old
rats, see Figure below). The incidence of focal c-cell hyperplasia in aged rats decreased after 10
months of treatment (18 months old), and the decrease may be due to an increased incidence of

adenomas, at least in part.

Focal Ccell Hyperplasia (HPL) and Adenomas (AD) in Aged Male Rats*
Treated with 0 or 0.75 mg/kg 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 mg/kg 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 > 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 Post-dose) in Young Male Rats® Treated
with 0, 0.075, 0.25, or 0.75 mg/kg 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 > 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 mg/kg Liraglutide
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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#
Treated with 0, 0.075, 0.25, or 0.75 mg/kg Liraglutide
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*When treatment started, young rats were 2 months old and aged rats were 8 month old.

Mice

In a 2 year carcinogenicity study of 0.03, 0.2, 1, or 3 mg/kg/day liraglutide in mice
yielding exposures of AUC,.4 185, 1,501, 8,153, or 36,830 nM.hr, respectively, liraglutide dose-
dependently increased the incidence of focal C-cell hyperplasia (HPL) at > 0.2 mg/kg/day in
males and females, adenomas (AD) at > 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-Induced 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 > 4 weeks
in females and after > 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 17 weeks
earlier in decedents from both sexes.

C-cell Hyperplasia (HPL), Adenomas (AD), or Combined Adenomas and Carcinomas

(AD + CAR) in CD-1 Mice Treated with High Dose (HD, > 3 mg/kg) Liraglutide
80

—@— HPL (HD Male)
70

&5 - -0 - AD (HD Males)
/ — = HPL (HD Females)
60 /

~ - — AD (HD Females)

0 —a- AD+ CAR (HD Females)

40

Incidence (%)

30

10

0 15 30 45 60 75 90 105 120
Liraglutide Treatment Duration (Weeks)

@ and & 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 > 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/dose/time point)
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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 > 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
pharmacokinetic 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 h(4)
11/12/08) showed an extended release formulation of exenatide subcutaneously injected in rats
once every other week increased the incidence of adenomas (males and females) and combined
adenomas and carcinomas (females). Sustained release exenatide from subcutaneously implanted
osmotic pumps in mice cause focal thyroid C-cell hyperplasia within 9 weeks of treatment.
Liraglutide and sustained release formulations of exenatide are unique in causing proliferative c-
cell hyperplasia in rats and mice. Persistent stimulation of thyroid c-cell calcitonin secretion
leading to c-cell hyperplasia with progression to tumors has been proposed as a mode of action
for treatment induced C-cell adenomas in rats for other drugs, but the mode of action was not
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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.

Presence of C-celf GLP-1
receptor”

Equivecal {GLP-1{7-37Jamide
avteradiographic binding in
thyroid in 100% of rats, but celt
type oot identifiad}

Equivecat {GLP-1{7-37}amide
autoradiographic binding in
thyroid of 80% of mice. but cell
type not identified)

Equivoca

Equivacal {GLP-3{7-37jamide
zutoradiographic hinding in

thyroid of 5.5% of kumans, 28%
of thyroid medollary thyreid
tumors}

GLP-1 receptor activation
linked to increased
intracellular cAMP

Equivocal {+ in ccell lines, but
effects in c-cells unknown}

ND

ND

Equivocal {- in c-cell lines, but
effects in c-celis unknown}

GLP-1 receptor activation

In vitro: + in c-cell lines

In vitro: ~ {C-cell fines}

Increased calcitonin synthesis

- ¢ T |In vivo fplasma): Equivocal, In viteo: MD in viva: - {single or In vivo: + {calcitonin dose-
linked to increased calcilonin  |increased calcitonin was age- . repeat dosing up 10 20 |genendantly increased in Stud
refease dependent ; y In vive: + pe y y
dep , not liraglutide-dose months} weeks 26/28 at 0.6, 1.2, o 1.8
P mg/day liragiutide}
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MD

dependent}

In_vivo: Equivocal In vive: Equivocal in vitre: - {C-cell fines)
Diffuss: -
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C-cell hyperplasia liraglutide treatmsnt-duration Focal: +

C-cell neoplasia
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)
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-~ {increased incidence of
papillary thyroid carcinomay

“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-1 receptor antibody was not demonstrated. In situ hybrizidation studies localizing GLP-1 receptor mRNA in thyriod tissue
sections were equivocal because receptar mRMNA 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-1 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-1 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-1 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.

(93]
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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-1 receptors detected by autoradiographic ligand
binding, but GLP-1 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).

|93

In addition to thyroid c-cell tumors, fibrosarcomas on the dorsal surface were treatment
related at 3 mg/kg in male mice. GLP-1 receptors. GLP-1 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 al, 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 liragiutide 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-1
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 to adenomas,
and the progression of adenomas to carcinomas, but without accelerating the onset of focal c-cell
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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:

PN

The reviewer proposes replacing the sponsor’s statement with the following:

“The relevance of liraglutide-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/T 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: Arg**Lys**-(N-g-(y-Glu (N-a-hexadecanoyl1)))-GLP-1[7-37]

MOLECULAR FORMULA/WEIGHT: C;7;Hj65N430s;: 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 1% 20
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Figure 3-1  The Chemical Structure of Liraglutide.

[NOOO IB P17]
SPONSOR: Novo Nordisk Inc., 100 College Road West, Princeton, NJ 08540

THERAPEUTIC CATEGORY: Injectable hypoglycemic lowefing 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 (Arg*Lys**-(N-g-(y-
Glu (N-o-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 Arg**-GLP-1 (recombinantly expressed
in yeast) with glutamate-spaced hexadecanoic acid at Lys®.

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 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:

b(g)

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 ¢- b(4)
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 (#/sex/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 > 0.1 mg/kg/day in a 13 week range finding study), but high dose selection in fernales 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 s.c 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 of < 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
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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 AUCy;,s 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 AUCq4 816 nM.h.)

Human exposure multiples were calculated based on AUC,.,, 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 80-1170
AUC,,, (nM.hr)
Human: Ex
NNC 90-1179 Sample Average ; p0fum
Dose Time M F M+ F) Mulitiples
(mg/kg/day)
Day 1 299 347 323 0.4
0.075 Week 52 332 511 422 0.5
Week 104 361 485 423 0:5
Day 1 1,270 1,290 1,280 1:6
0.25 Week 52 | 1,400 2,200 1,800 2.2
Week 104] 1,480 2,090 1.785 2.2
Day 1 4,950 4,830 4,890 6.0
0.75 Week 52 | 4,680 7,110 5,895 7.2
Week 104] 5,580 6,870 6,225 7.6

'Cakulated based on MRHD 1.8 mg NNC-90-1170 subcutaneously injected once
a day yielding Cmax 36 nM and AUC,,, 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 > 0.25 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 > 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

Result

Historical

issue Neoplasm , Parameter
Incidence
incidence (%) 12.0 16.3 [ 420} 460 10.0 26.5 | 327 | 56.0
c-cell adenoma > 1%
p-value 0.000 10.431{0.002{0.000%.0.000: | 0.0212{0.005/0.000
incidence (%) 2.0 82} 60 {140 0.0 0.0 441 6.0
c-cell carcinoma < 1%
Positive Thyroid p-value 0.020:.10.187|0.330}0:027] 0.028 - 0.240|0.125

c-cell adenoma + incidence (%) 14.0 | 224}420 |50 100 26.5 | 36.7 | 58.0

carcinoma Not reported

p-value 0.000-10.227}0.00010.0 0.000 |0.021%0.00110.000

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.

®Although control group comparison p-value is above 0.01, the upper limit p-value for a false positive resuit for a common tumors, the
finding was considered positive because trend analysis p-value was < 0.001, the p-value 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 90-1170 was a non-genotoxic carcinogen in male and female rats with treatment-
related neoplasms occurring in thyroid e-cells at > 0.25 mg/kg/day in males (human
exposure multiple (HEM) > 2.2) and at > 0.075 mg/kg/day in females (HEM > 0.5). Rat
thyroid c-cell neoplasms were considered a progression of focal hyperplasia.

Increased incidence or severity of focal thyroid c-cell hyperplasia occurred at > 0.075
mg/kg/day in males and females (HEM > 0.5). v
NNC 90-1170 dose-dependently increased the incidence of thyroid c-cell adenomas at >
0.25 mg/kg/day in males (HEM > 2.2) and at > 0.075 mg/kg/day in females (HEM > 0.5),
c-cell carcinomas at 0.75 mg/kg/day in males, and combined c-cell adenomas or
carcinomas at > 0.25 mg/kg/day.

The incidence of e-cell carcinomas, a rare tumor in rats, was above the historical control
range at > 0.075 mg/kg/day NNC 90-1170 in males (HEM > 0.5) and at > 0.25
mg/kg/day in females (HEM > 2.2).

Study deficiencies were:

o 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.

o Because the MRHD was increased from 0.6 mg/day NNC 90-1170 to 1.8 mg/day
(AUCo.24 814 nM.hr) during development, the AUC ratio for the highest dose of
0.75 mg/kg/day in the rat carcinogenicity study (AUCy.4 6,225 nM.hr) was 7.6
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Adequacy of the carcinogenicity study and appropriateness of the test model:

Sprague Dawley rats are pharmacologically responsive to subcutaneously administered
NNC 90-1170 with reduced body weight gain and lower body weight compared to controls in all
NNC 90-1170 treated groups and decreased food consumption, mainly in the high dose groups,
observed throughout the 2 year study. Protein binding of NNC 90-1170 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 *H-[Pal]-liraglutide in humans, but metabolism of
*H-[Pal}-liraglutide was similar in vivo and in vitro in rats and humans. In vitro metabolism of
peptide-labeled *H-[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 90-1170 in Sprague Dawley rats, treatment-
related tumors in thyroid were c-cell adenomas at > 0.25 mg/kg/day in males and at > 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 > 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 > 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 > 0.25 mg/kg.

Study no.: 200240 (sponsor), 455371 ——
Submission, Module, and page #: N000 4.2.3.4.1.1, pages 1 - 1631 b 4
Conducting laboratory and location: —- ( )

Date of study initiation: 23 April 2001

Study ending date: 11 August 2005

GLP compliance: Yes (OECD compliance claimed)

QA report: yes(X) no()

Drug, lot #, and % purity: NNC 90-1170 lots shown in the table below. Purity of 97.7- 98.4 %
reported for lots 317010, 317011, 317012, LLDP006,LLDP008, MLDPO013 (certificate of
analysis in Appendix B, page 278).

Batch Numbers

Batch Number Co{r:r(:g.nr:]riat;on M323§§ (g{] re Expiry Date
317010 5 14 Jun 2000 14 Dec 2001
317011 5 20 Jun 2000 20 Jun 2002
317012 5 22 Jun 2000 22 Mar 2002

LLDPOC6 2 27 Sept 2001 29 Mar 2003
LLDP008 5 04 Oct 2001 04 Apri 2003
MLDPO13 5 06 Jun 2002 06 Dec 2003

[NO0O 4.2.3.4.1.1 P17]
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Test Item Composition

Constituents: Amount (per mi)
NNC 80-1170 5mg
Phenol S mg

[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 > 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 (Crl:CD®(SD) ICR BR)

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

Animal Numbers

-1 -1
Group Treatment (mg.kg ™ .day ') Wiaies Fammios
1 Conirol 2] 1-50 201-250
2 Low Dase 0.075 51-100 251-300
3 Intermediate Dose 0.25 101-150 301-350
4 High Dose 0.75 151-200 351-400

[N000 4.2.3.4.1.1 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: Amount (per mi)
Disodium monohydrogenphosphate, Dihydrate 0.71 mg
Monosodium dihydrogenphosphate, Dihydrate 0.62 mg
Mannitol 36.9 mg
Phenol 5mg
Water for injection Add 1 mi
pH7.4 pH was adjusted with NaOH

[NO00 4.2.3.4.1.1 P16]

Frequency of dosing: once a day

Satellite groups used for toxicokinetics or special groups: None.

Tail vein blood from 2/sex/dose main study group rats was collected | prior to dosmg 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 stability/homogeneity: Drug dosing solution samples were taken immediately after
preparation in weeks 1, 4, 8, 12, 24, 39, 52, 65, 78, 91, and 104 were taken. To assess
stability, additional samples were taken on the last day of weekly preparation in weeks
100 and 104. Drug concentrations were measured by size-exclusion HPLC.

Dual controls employed: None.

Interim sacrifices: None.

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

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

Histopathology: Peer review: yes ( X), no () - internal peer review at ~— 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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[NOOO 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.

Males Fomales
Number Number
Growp Hnberin Number Killed | Namber Faund 1 Sunving up to Group Numbot in Number Kileg | Number Found | Surviving up to
Grovp Prematurely Dead Scheduig Group Prematurely Dead Scredulee

Necropsy Negropsy |

£ 1 [: FX} 50 1 d 8

50 ¥ 3 24 50 24 1 35

) 7 4 15 50 7 2 21

% 5 5 55 3 50 ) 3 75

Figure 4  Kaplan Mcier Survival Graphs: Females
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Clinica] 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 > 0.25 mg/kg/day and staining of the fur (near the injection site) at all doses in males
and females.
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Group/Sex/Dose Level (mg kg .day '}
Clinical Sign M 26 3M 4M 1F 2F 3F 4F
0 00751 025 | 0.75 0 00751 025 1 £.75
Hunched Posture
Incidence® 12 12 18 20 23 18 32 26
Observations® 168 75 180 148 195 108 419 352
Staining on fur
Incidence® 28 38 41 35 39 43 44 47
Observations® 549 | 1015 | 1328 | 1275 | 1231 | 2565 | 2917 | 3120
Pilosraction
incidence® 15 17 18 19 24 28 36 39
Osservations® 156 104 177 165 162 173 | 517 | 617

a = oul of 50 per sax
b = number of cccasions observed

[N00O 4.2.3.4.1.1 P37]

Body weights:

By the end of the 104 treatment period, there were substantial differences in group mean
body weight between control and NNC 90-1170 treated groups (Figures 5 & 6, and summary
table below). Group mean body weight gain dose-dependently decreased compared to controls at
> 0.075 mg/kg/day in males and females.

Figure § Group Muan Body Weinhy - Makes

Figore 2 Group Mean Boddy Weight - Females

N

______

e am By Wt )
£ 08 % 2 8 8 208 08 %3

ok
s - »

[NOOO 4.2.3.4.1.1 P274-275]

Parameter

N, week 0
g (group-mean), week 0 189.71189.51190.41209.7§143.2]| 143.0] 141.4| 143.4
Body weight N, week 104 23 ] 24 | 29 26 28 25 21 29

: I
g (group mean), week 104 1800.6]745.51699.41643.7]494.5| 448.9] 380.1|376.2

% difference from control,
week 104

g, (week 104.-week 0) 610.9]556.0|509.01434.04351.31 305.94238.7[232.8

Body weight gain :
(week 0to week 104) % of pretest body weight | 322.0] 293.4]267.3|207.0] 245.3} 213.9] 168.8{162.3
: % difference. from-control 0.0:] 9.0 }-16.7| -20.04--0.0-{ -12:94-32.1] -33.7

00| 69 |-126]|-19.6] 0.0 | -9.2 |-23.1[-23.9

Food consumption:

Compared to the vehicle control group, NNC 90-1170 dose-dependently decreased group
mean food consumption during the first week at all doses in males and at > 0.25 mg/kg/day in
females (see summary table below). Food consumption decreased in NNC 90-1170 treated groups
in the first week in males and females. In males, food consumption decreased at > 0.25
mg/kg/day from week 5 to the end of the study. After the first week, group mean food
consumption in NNC 90-117 treated females was similar to controls. From week 13 onward, food
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consumption decreased with increased treatment duration at > 0.25 mg/kg/day NNC 90-1170 in
males and at 0.75 mg/kg/day in females.

Group/Sex/Dose Level (mg kg™ .day™)
Week M 2M 3M aM 1F 2F 3F 4F
0 0075 0.25 | 0.75 C 0075 | 025 | 0.75
1 - 94% | 76% | 83% - 103% | 89% | 78%
13 - 99% | 96% | 93% - 102% | 103% | 104%
28 - 97% | 94% | 90% - 100% | 98% | 98%
50 - 95% | 89% | 89% - 100% | 98% | 93%
78 - 97% | 91% | 88% - 106% | 93% | 97%
104 - 96% | 83% | 84% - 97% | 100% | 92%

Percentage of Control Group Mean

[N000 4.2.3.4.1.1 P39]

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 10°/L)

Study Week . .
52 .17 7.14 1 696 {742 0.044 3.93| 4.24 | 441 {482 0.044
78 5.52| 6.02 { 556 :16.08 0.010 3.32| 3.66 :-3.76 3.66 0.010
103 4.57110.10°; 4.74 1 5.04 >0.05 §3.19] 3.36 { 340 :3.84 >0.05

Group mean values statistically significantly different from contol are underlined.

2Male 59 had elevated WBC consisting of WBC 161.3, lymphocyte 129.6, basophils 10.3, and large unstained celis
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 > 0.075 mg/kg/day.
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Sex Males Females
0075]0.25]0.75

NNC 90-1170 Dose (

Parameter
Body weight g 797 | 744 | 695|642 | 4871 441 | 373 | 374
mg 37.1| 446 |47.1|1 602|309} 33.6 | 30.9|42.7
mg % of bw 47| 60 | 68| 94]63] 76 | 83114
Thyroid Relative weight;
fold change from 10 | 1301520110 1.2:1:1.3/118
control

Gross pathology:

A low incidence of masses in the abdominal cavity was higher than controls at 0.75
mg/kg/day in males.

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

Enlarged thyroid gland at > 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.

GROUR TOTALS
Males Females
NECROPSY FINDINGS GROUP Gpt | Gp2 | Crp3 | Grpd | Grpt | Grp2 | Gipd | Grpd
DOSE o 04751 025 0.75 4] 0075 | 025 | 075
mgikg | mgfkg. | mglkg | mglkg | malkg | malkg | mgikg | mglkg
iday | May | Jday | fday | Mday | fday | Jday | Jday

GENERAL COMMENTS

Number of animals necropsied 50 50 50 50 50 50 50 | 350
ABDOMINAL CAVITY

Mass(es) 1 1 3
SKIN AND SUBCUTIS

Halr loss 4 7 5 3 16 17 25 18

Swollen 1 i 2

Bruising 1

Staining 21 30 34 34 23 32 38 43
THYROID GLAND

Mass{es), onefboth 1 1 1

Dark, both 1

Pale focus, rightieft . 1 1

Pale, fight 1

Dark focus, rightleft 2 1

Enlarged, onelboth 5 7 1 2

The absence of a numeral indicstes that the lesion specified was not identified

[N00O 4.2.3.4.1.1 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 > 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 < 0.01). While the incidence of focal C-
cell hyperplasia correlates with an increased incidence of C-cell tumors, the incidence
and severity of diffuse C-cell hyperplasia does not. Proliferative C-cell lesions correlated
with increased relative weight and macroscopic enlargement of the thyroid. Because focal
c-cell hyperplasia is considered a preneoplastic tumor, incidences of diffuse and focal c-
cell hyperplasia are shown in a table of neoplastic findings in the thyroid (see
“Neoplastic” subsection below).

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

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

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

The incidence of focal / multifocal alveolar macrophage accumulation was
considered higher than controls at 0.75 mg/kg/day, but the increase never reached
statistical significance. Therefore, in the absence of corroborating findings, it was not
considered relevant to NNC 90-1170 toxicity.
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GROUP TOTALS —
MALES FEMALES
HISTOLOGICAL FINDINGS GRCUP Grpt | Gp2 | Grp3 | G [ Gpt | Grp2 | Grp3 | Grpd
DOSE ¢] 0075 | 025 | 075 o] 0075 | 025 0.75
mgtkg | makg. | maikg | mgtkg. | mglkg | mgkg | mgkg | mgikg
day | iday iday ‘day day iday iday iday |
LUNG {50y {49} {50) {50} {50} 49 {50) {50}
Alveclar macrophage accumulation, foralimultifocal 15 4 15 20 12 15 16 21
THYROID GLAND {50} {49} {50) {50) {50) {49 {49) [
FOLLICULAR CELL ADENOMA {8} 1} 2 1 2 14 2] 2 [+]
FOLLICULAR CELL CARCINOMA (M} 0 1 1 ¢} ] 0 0
Focal C-cell hyperplasia,
minimal 3 0 2 3 8 1 2 4
mild [ 7 8 g 7 7 14 11
moderate 2 3 8 3 1 S 6 4
marked 0 4 4 8 ] 1 5 5
- Total incidence 11 14 20 24* 14 14 27 24
Diffuse C-cell hyperplasia, 0 1 ¢ 4 ¢ k4] 0 o
mirimal 1 0 o g 2 o 2 [
mild 2 2 ] 3 3 2 2 2
moderate ] 2 1 2 ¢ 4 4 0
marked [y i 1 2 1 2 0 1
Total Incidence 3 8 3 7 [] 8 3 3
C-CELL ADENOMA [B]. - 8 21 | 2 5 13" 16 | 28~
C-CELL CARCINOMA {M}, 1 4 3 7 Q it 2 3
ADRENAL GLAND 49} {50) {49) {50y (50) {50) {50) {50}
Focal cortical cell hyperirophy. with degeneration. 3 3 14 8 22 18. 14 15
Focal cortical celf hyperirophy, 11 10 10 N 4 4 9 ]
KIDNEY 49 (50) {50} (50) {50} (50) {503 {50}
Diffuse transitional cell hyperplasia,
minimat 1 1 1 Q g 2 0 0
mild " 3 12 k1 9 ] 11 ]
moderate o 1 8" 5 3 3 4 3
marked g 1 ] 0 0 0 2 ]
Total Incidence 12 g 18 1 12 2 17 9
Mineralisation 1 14 g RS 25 26 24 18
LIVER {50} {50} 50} (50} {50y {50y (50) {50)
Basophitic cell focus, homogenous
mitd 1 o 1 1 0 2 3 5
moderate L} ¢ o a8 2 0 1 4]
marked ¢ 2 i 1 4 2 3 5
severe o a o a g 1 0 4}
Totat Incidence 1 8 4 7 10 8 12 18

Significantly different from the Contrel: * P<0.08, ** P<0.01, ** P<0.001
Figures in brackels reprasent the number of animals from which this tissus was examined microscopieally
The absence of a numeral indicates that te lasion specified was not identified

[N00O 4.2.3.4.1.1 compiled from P174 - 228]

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

carcinoma). The sponsor’s statistical analysis of tumor incidence is Appendix 1 and
historical control data from rats in 2 year carcinogenicity studies at- {1994 —
2001) is Appendix 2. Statistical analysis of tumor incidence from Dr. Min in CDER’s
Office of Biostatistics is included in a summary table below (refer to Dr. Min’s Statistical
Review of study results for this NDA). Tabulated summaries of tumor types with p-
values < 0.05 for either dose-response relationship or pair-wise comparisons determine
from statistical analysis of male or female groups are shown below. In several instances,
statistical analysis performed by the sponsor differs from ours, but any differences were
not material to determining which neoplasms were considered treatment-related.
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Tumor Types with P-Values ? 0.05 for Dose Res ponse Relationship or Pairwise Comparis ons

Cont Low  Med  High P_value P Value P_Value P_Value
Sex organ Name Tumor Name N=42 N=45 N=43 N=43 Dos Resp C vs. L Cvs. M Cvs. H
SIS S FSffSfIF TS fFfffffFSffFSSf IS FFSF S FFSSFIIS TS S FA A A SASf TSI SASAAFSSSISISSIIS SAESTSSSFFSfSfESSFSfSFSS
Male Thyroid Gland  C-CELL ADENOMA [B] 6 8 21 23 0.000 0.431 0.002 0.000
C-CELL CARCINOMA (M) 1 1 3 7 0.020 0.187 0.330 0.027

C-CELL TUMOR 7 11 21 28 0.000 0.227 0.003 0.000

Cont Low  Med  High P_value P Value P_Value P_Value

Sex Organ Name Tumor Name N=47 N=47 N=48 N=49 Dos Resp Cvs. L Cvs. M Cvs. H
SRS S S F A S sf S i fF S fFfSfffffFIfNSfFFFff IS SN FFIS TSI ST A FSFSSSFISFSS SIS SFSSFSSESTASSAfSSSSfFISS
Female Pituitary Gland CARCINOMA, ANTERIOR 1 0 1 5 0.009 0.472 0.740 0.106
Thyroid Gland  C-CELL TUMOR 5 13 18 29 0.000 0.021 0.001 0.000

C-CELL ADENOMA [B] 5 23 16 28 0.000 0.021 0.005 ¢.000

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

Note: C-cell tumor=C-celladenoma + C-cell carcinoma.

The incidence and/or severity of focal thyroid c-cell hyperplasia, a preneoplastic
lesion, was higher than control group levels at > 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 > 0.25 mg/kg/day in
males and at > 0.075 mg/kg/day in females. The historical control mean incidence of ¢-
cell adenomas in Sprague Dawley rats at the ¥ (1994 — 2001, see Appendix 2) was D( 4
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 > 0.25 mg/kg/day
liraglutide in males and at > 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 > 0.075 mg/kg/day in males (historical
control range 0 —2.1%) and at > 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| Males Females
NNC 90-1170 Dose {(mg/kg/day) 0 0.075 0.25 0.75 0 0.075 0.25 0.75
Fate (Survivor or Decendent)] S i D s D S D S D S:D S D s D S D
. 2B :27| 24 25| 29 21 26 24 28 :22| 25 24 21 28 29 21
Organ Finding N
Severity 50 49 50 50 50 49 49 50
minimal 0 1 1 0 0 0 0 0 2:0 0 [ 0 0 0 0
mild 1 1 2 0 1 1 2 3 0 2 0 0 2 1 1
Diffuse C-cell moderate 2 1 1 1 1 0 3 1 1 0
hyperplasia marked 1 1 1 1 1 1 1 1
1 2 5 2 3 0 3 4 5 1 ] 2 1 2 2 1
iotal afftected
3(6.0%) | 7 (14.3%) | 3 (6.0%) 7(14.0%) |6 (12.0%)| 8 (16.3%) 3 (6.1%) 3(6.0%)
minimal 2 1 0 0 1 1 3 0 3:3 0 1 1 1 2 2
mild 3 3 3 4 4 4 8 1 6 1 3 4 7 7 6 5
Thyroig Focal C-cell moderate 1i1)[3io0l 5 i1 2 12 [ 4 i1 2 4 3 1
hyperplasia
(preneoplastic) marked 2 2 3 1 4 4* 1 3 2 3 2
6 5 8 6 13 7 1= 7 10 : 4 7 7 13 14 14 10
total afftected
11(22%) | 14 (28.6%)] 20 (40.0%) | 24'(48.0%)" | 14 (28%)| 14 (28.6%) | 27 (55.1%)* '| 24 (48.0%)
51115 :3}f 11 10| 12 i11=[ 4i1] 10} 3 9* 7 |Agriog
C-celt adenoma : : : : H : . <
6 (12.0%) | 8 (16.3%) | 21.(42.0%)*" | 23 (46.0%)**| 5 (10.0%)| 13 (26.5%)* | *16 (32.7%)* 1| 28(56.0%)*"**
. oit1] 2i2) 2 i1 4 i 3 0:o0 0oi o 1 1 3 i 0
C-celi carcinoma : : : : : ¢ :
1(2.0%) | 4(8.2%) 3 (6.0%) 7:(14.0%)" 0 0 2 (4.1%) 3(8.0%)
C-cell adenoma or carcinoma 7 (14.0%) | 11 (22.4%)|21:(42:0%)"*7} 28 (56.0%)*| 5(10%) | 13 (26.5%)* |. 18 (36.7%)*™* {. 29(58.0%)"*

Statisticaly significantly different from contro! by Peto 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 Males Females
NNC 90-1170 Dose { mg/kg/day)| 0 0.075 0.25 0.75 0 0075 0.25 0.75
Fate (Survivor or Decendent)] S 5} S D S D EY D S D s D S D S D
- 23:27 | 24 : 25 28 20 26 24 128 22| 25 24 21 28 29 21
Organ Finding
Severity 50 49 48 50 50 49 49 50
. 1M:16| 12 10| 12 § 14 | 11 i 14 |16 18} 10 i 17 1 24 18 i 10*
adenoma, anterior lob o < oo 1o, = o o P o Ao,
Piuitary 27 (54.0%) 22 (44.9%)| 26 (54.1%) | 25(50.0%) |34 (68.0%) 27 (55.1%) | 35 (71.4%) 28 (56.0%)
carcinoma, anterior oioloi1]| oo 0 i1 0o 1 0ofo 110 2} 3
lobe 0 1(2.0%) 0 1(2.0%) | 1(2.0%) 0 1(2.0%) 5 (10.0%)
Statisticaly signfficantly different from control by Peto analysis: *p < 0.05, ™p < 0.01
Sponsor’s statistic analysis (PETO) of tumor findings
Organ Tumour Type PVALUEY | PVALUE™ | PVALUE™ | P-VALUE™
C-call Carcinoma IM) Males 0.013 0.058 0.17 0.009
Females 0.027 1.00 0.27 0.12
Thyroid Males <0.001 0.28 <0.001 <0001
Glang | CreeliAdenomalB] e o1 5016 061 5,001
C-cell Tumour Males <0.001 0.13 <0.001 <0.001
Females <0001 0.016 <0.001 <0001
Pituitary g::::[r;:}n;i :ar:‘t;nor Males .30 0.48 1.00 0.47
Gland Invasive Females 0.008 1.00 0.69 0.089
(") Linear trend
%} Group 2 vs Group 1
(3) Group 3 vs Group 1
{"} Group 4 vs Group 1

[NOOO 4.2.3.4.1.1 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 1 and weeks 52 and 104. Plasma
NNC 90-1170 was analyzed using an ELISA assay with a 450 pM lower limit of quantification.
The ELISA assay may not differentiate between intact and delipidated NNC 90-1170. Predose
and control group plasma levels (week 104) of NNC 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) AUC, 5 (nM.hr) Tmax (hr)
NNC 90-1179 o 1ple : Range
Dose . P M F {Average| M F Average 9
Time (M+F)
(mg/kg/day)

Day 1 33 31 32 299 347 323 3.1-6.1
0.075 Week 52§ 24 41 33 332 511 422 4.8-6.4
Week 104 26 36 31 361 485 423 5.3=7.1
Day 1 116 : 109 112 1,270 : 1,290 : 1,280 37-42
0.25 Week 52 | 104 : 154 129 1,400 i 2,200 : 1,800 810
Week 104] 137 { 164 151 1,480: 2090:.1,785 | 7.1=11.7
Day 1 361 i 338 350 4,950 : 4,830 {4,890 4-48
0.75 Week 52 | 287 i 453 370 4,680 : 7,110 i 5,895 6.9-9.6
Week 104] 394 : 401 398 5,580 { 6,870 ¢ 6,225 7.0-98

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

shown in the graphs below.
Figure 5 Mean (arithmetic) plasms concentration-time profiles following 104 weeks dosing

of ivaglutide in fomale rats.
p 1049
Rosw lavel {mg/kg?
500000 o 0.075

’;g‘ $00000 - 025
2300000 - 078
2
% 200000
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[NOOO 4.2.3.4.1.1 P1600]
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Fignre 6  Mean (arithmetic) plasma concentration—time profiles following 104 weeks dosing
of liraglutide in male rats.
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[N00O 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 AUC;.,4
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 AUC,,, increased linearly with
dose. Estimated human exposure multiples based on AUC.54 816 nM.hr at the MRHD of 1.8
mg/day liraglutide and week 104 rat AUCy.,4 (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 > 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 > 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 >
0.25 mg/kg/day in females, and subsided with continued treatment at lower doses. Despite the
relatively large decrease in body weight gain and lower body weight compared to controls at
higher doses, survival wasn’t affected.

There were no treatment-related effects on water consumption, hematology parameters,
or ophthalmoscopy parameters.

Macroscopic pathology findings were a low incidence of masses in the abdominal cavity
at 0.75 mg/kg/day NNC 90-1170 in males and enlarged thyroid at > 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 > 0.075 mg/kg/day and focal c-cell
hyperplasia / adenomas / carcinomas at > 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 > 0.075
mg/kg/day in males and at > 0.25 mg/kg/day in females.

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

APPEARS THIS WAY
Ol QRIGINAL
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Appendix/attachments

Appendix 1: List of Tumor Incidences Compiled from ‘Peto analysis of tumor incidence: Males’
and ‘Peto analysis of tumor incidence: Females’ (Tables 22 & 23 in the sponsor’s report)

Males, Peto analysis of tumor incidence

8 9.075 $.28 5.7%
sgika/Esy  saikgiday  sgikeiday o mgrRgigsy
€8=K03 a0 (50} (NEO)
OrgahsF Sndang
HASHOPOIET IS SYSTEM HEX 50 %0 58 sC
LYUPHOMA FOLLICIRAR CEREBE CELL {4 HOBR ° t i ¢
H ” s ] >
£ 3 ] 9 °
PoVALUE ¥ 6.77 0.5 400 .00
HAENGPOIETIC SYSTEM NEY 50 50 Ed 56
LEBKAERIA LANGE SRANULAR CELL [ ¥8BS 1 o o 13
H [ a g &
# 1 6 $ 12
PoVALPE ¥ 1.00 1.60 100 1.0¢
HAEMDPOIETIC SvaYen HEX 50 So S0 S0
LEUKABRIA SRAMBICYTIC {8} HOBS 1 o & 4
3 ¢ s i e
£ 1 ] o &
FRLLE  # 1,80 150 €40 08
RASMOTOIETIC SYSTER REX 50 37 56 50
HISTIRCYTIC SARICUA 4 RuBY 2 3 k] o
I3 1 2 2 o
¥ 1 a 1 o
FoALUE R 0.47 0.8 .91 1.06
HAEUOFQIETIR BYETEW REX 40 3 58 50
LYUPHOMA LYIFROCYTIC [38) XOBS 0 * 2 E]
1 o * 1 &
¥ 19 14 1 El
PUALUE X o34 8.57 .3 R3]
LYMPH NODE (MESENTERICH NEX, 50 50 42 50
BARMANRIOA (8] HOBS 8 13 1 H
t ] * 1 1
£ ] 9 8 g
p.vaLyE & .37 9.5 %59 567
LYHPHR NODE (MESENTERIC) HEX 56 0 43 50
RAEMANGIOZARCOUS [} #0B3 1 % 1 o
H 1 3 1 o
¥ [ 0 [ o
POVALLE ¥ 6.7 ©.72 &.78 1.0
TS REX 45 A6 7
THYROUS [} NBs o 3 <
H o b a
¥ o o b
PoOsUE % o.78 0.32 0%
THOAWS REX A5 £ 47
THYSONA (83 KOBS [ 9 S
X ] 2 2 H
7 [} ] o o
PWALUE  # ©.20 100 108 .54
HEART HEX S0 £ L 50
UESOTHELICHA [W] perseardisl 508S ] o 1 [
i a b 1 o
£ 0 ] 2 [
PoYALUE  # D52 100 £.46 100
HEART HEX S0 0 a3 50
HALMANGIOSARCOUS {1§ 808s 1 9 s 8
T 1 ] & ]
¥ o ] a ]
BVAUE K .00 1.6 1.02 1.00
THRYROTD HLAND HEX 50 4y 56 58
POLLICHLAR CELL SARCIRUMA [ unslagerak 8OBS 14 1 € &
: ] ¥ 1 ¢
£ L] 8 8 ¢
PVALDE & 6.52 9.44 .45 .00
THYRGID SLANG HEX 56 29 56 56
FRAICULAR CELL ADENOMA [B} vnilsteral fei:Ld o 2 1 2
H [ 2 t 2
2 [ o e &
FvALUE ¥ .37 Q.28 9,47 6.2%
THYROIO GLAND : HEX 50 49 5 50
FOULITULAR CELL TOUR HUBS o 3 2 2
i " 3 ? b
H 4 0 < <
PLVALUE ¥ 0.39 0.3 £.28 .25
REX = Weglee of axinals exmindd, HGBS = Numbor 0f animels with finding
% = fipaler of asimals with fnuidestal fiating (deTined &u tncidpntal or pravadly incluestal}
13 = Hunber of azimals with fatal fanding {defined as fatal or probadly fataly
# = EXaet PEraRlation gest
F-OAUE * pavalues vader the Sonteol group ard Srend Wat, under goted (rOURs ATt RUArsist CoapErIssnd (ons-sided!
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] 0.075 0.25 0.75
mpikgiday  mgikgiday  mgfkaiday  mgiRgiday
(W50 {§=50} (%50 =503
rgan; Finding
THYROID GLAND KEX 50 49 50 50
C-CELL CARCINOHMA [N} KOBS 1 4 3 7
1 1 1 K 7
F <] 0 o [
P-YALUE 8.013 ¢.058 0.17 0.008
THYROID GLAND NEX 50 4% 3¢ 50
C-CELL ADENGMA {8} KROBS ) 1 21 23
I 6 B 21 23
F L) ] [ a
PYALUE <{.001 0,28 <.001 “¢.001
THYROLD GLARD REX B 49 50 59
C-CELL TUMOUR KOBS 7 1% 21 28
i 7 1t 21 28
F ] ] [ [}
P-VALUE <G.001 613 3,001 <0.001
PARATHRYROID GLAND HEX 46 45 46 45
ADENOMA 1B] unilateral HOBS t 2 2 1
1 1 2 2 1
F " 0 [ ]
P-VALUE 7 0.58 ¢.54 0.57 9.81
ADRERAL GLAND HEX 49 50 49 50
CORTICAL ADENCHA {8] unilateral HOBS o 1 0 ¢
1 Q 1 0 9
F 0 o o o
P-VALUE & Q.71 0,48 1.00 1.00
ADRERAL GLAND HEX 49 50 49 50
PHAEOCRROMOCYTGHA (B} HOBS 8 8 6 &
I 3 5 & &
£ Q ] 4 [
E-VALUE 0.86 .50 6.55 .57
PITUTTARY GLAND NEX 50 48 48 50
CARGINCMA ANTERIOR LOBE {H] locally invasive HNOBS 0 1 [} 1
1 1] a [ ]
F [+ 1 o 1
P-VALUE & 0.30 0.48 1.00 0.47
FITUITARY GLAND HEX &0 48 48 30
ADENORS, ANTERIOR LOBE {81 HOBS z¥ R 26 25
L ) 14 16 19 13
£ 18 8 7 12
P-VALUE 0.4 0.85 0.73 2.64
PANCREAS {ENDQCRINE) . NEX 50 50 49 50
ISLET CELL ADEROMA {B} NOBS 8 1 2 2
1 6 1 2 2
£ o bl [ k]
P VALUE 0.82 0.98 G.94 5.9%
TESTIS HEX ¢ 50 49 50
ADEHOCARCINGHA [M] metastasising HO8s 1 o 1] o
1 [ 8 [} o
F 1 8 [} o
PVALUE 4 1.00 1.60 $.60 1.00
TESTIS NEX 50 L] 49 50
MESOTHELIOMA M) KORS 4] 2 & &
i ] 2 [ 0
F e o o [
POALUE B &.88 0.23 1.00 1.00
TESTIS KEX 50 50 49 50
IWTERSTITIAL CELL ADENOMA {B] NOBS 5 3 2 <3
3 5 3 2 3
F -] 0 [+} [
PVALVE 0.39 0.78 8.92 .58
FESTIS NEX 50 50 49 59
HAEMANGIOSARCOMA (M} unilateral KOBS 1 ] [ [}
4 1 o [ g
¥ o i [ 8
PAYALUE  # 1.00 1.00 1.06 $.00
SEMINAL VESICLE NEX 50 50 49 50
ADENOMA 1B} KHOBS 0 1 0 o
1 [ 1 o o
¥ [} g 0 ]
P-YALUE  # .77 0.51 1.60 1.00

NEX
I

sumber of animals examined, ROBS = Number of apimals with finding
Husber of animais with incidental finding (defined as incidental or probably incigental)

F = fupber of animals with fatal Tiading {defined as fatal or probably fatalj
[ = Fxact permvtation test
P.VALUE = p-values under the control group are trand test, under dosed groups are palrwise comparisons {one-sidsd)
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2 6.¢75 .25 .75
ngikgiday  mgikgiday  mgikgszday  mgrkgiday
(H=503 (H=50) {N=50Y (N=50)
organfFinding
KIDNEY NEX. 43 50 50 50
TUBULAR CELL CARCINOMA {M} unilateral noss ¢ o 1 E
1 b ¢ [} )
F ] g8 1 o
P-VALUE # 0.54 1.00 ¢.85 1.00
KIONEY NEX 49 30 30 50
TUBULAR CELL ADENOMA [B] anilateral nNOBS g o [} 3
1 4] ¢ [ %
F ] e} [} Q
P.VALUE # 0.25 1.00 1.00 0.53
KIDNEY KEX 49 50 50 5¢
LIPOKA {B] unilateral ROBS t [} 0 ¢
i A [} 4] o
F ] o] Q [
P-VALUE & 1.00 1.00 1.00 3.08
KIDREY KEX 49 50 $0 B¢
LIPOSAACOMA {81] unilateral KOBS 2 0 0 4
1 2 3] 2] ¢
F [+ ] ] ¢
PoYALUE & 1.00 1.00 1.00 1.00
STOHACH KEX 49 50 29 5¢
SOUAMOUS-CELL CARCINCHA [M} HOBS ] 0 1 o
i G 0 1 4]
F 4 ] bl 9
P-VALUE  # 6.53 1.00 0.8% 1.00
JEJUNUM KEX 45 47 47 50
LEIDMYOSARCOMA {W) lotally invasive WNOBS 1 0 Q g
1 ] 0 Q o
F 1 0 9 o
P-VMUE @ 1.00 1.G0 1.60 1.06
LIVER HEX 50 50 50 50
HEPATOCELEULAR CARCINOMA (U] HNOBS ] 0 9 1
1 o 0 0 1
F o ] 0 o
P.VALUE & 0.25 1.00 1.00 8.53
LIVER REX 50 50 50 5C
HEPATOCELLULAR ADEROMA {8) KOBS 1 0 o ¢
1 1 o Y] H
F o o] k4] [+
P-VALUE ¥ 0.45 1.00 1.00 g.78
SALIVARY GLAND (SUBMAXTLLARY} KEX 5¢ 50 49 50
QABCINOMA {M] ductular ROBS o] 1 9 4]
I e 4] Q g
F o] 1 o 4]
P-VALUE # D.75 9.51 1.00 1.00
PARCREAS {EXCCRINE) REX 50 50 49 5¢
ACINAR CELL ADENONA {B] KCBS H 1 0 4]
I 1 1 0 o
F © [} ] o
P-VALUE & 0.95 0.77 1.00 1.00
BRALH KEX 50 50 49 5¢
GLIOHA [N] NOBS s 1 0 ¢
1 o 1 0 o
F 1 0 b <]
P-VALUE & 0.77 0.51 1.00 1.00
SKIN AND SUBCUTIS NEX 50 50 49 50
FIBROSARCONA M) ROBY 4 1 2 ]
P-VALUE # .88 0.88 .71 $.00
BKIN AND SUBCUTIS REX 50 50 49 50
BALIGNANT SCHHANNOMA {M} HOBS & 0 1 K
P-VALUE # .18 1.00 0.49 .50
SKIK AND SUBCUTIS KEX 50 350 a9 50
DERMAL FIBRQMA (8] KOBS 4 11 3 10
P+VALUE 0.44 0.36 €.87 $.49
SKIN AMD SUBCUTIS NEX 50 50 4% 50
HEURAL CREST TUMOUR {3 ROBS 1] 1 ) b
P-VALUE # 0.32 0.51 1.60 G¢.49
HEX = Bunber of animals examined, NOBS = Number of animals with finding
I = Muaber of animuly with incidental finding (dsfined as iasitertal of probably incildental)
£ = fmber of animals with fatal finding (defined as fatal or probapbly fatal)
# = Exact parmutation test
P-¥ALUE = p.values ander the control group are trend test, under dosed groups are pairwise comparisons {one-sided)



HEX

I

F

#
P-¥ALUE

LTI

Humber of animals examined, HOBS = Number of anfmals with Tinding
Humber of animals with incidental tinding (defived xs incidental or probably incidental)
Number of animaly with Yatal finding (detine¢ 45 fatal or prubiubly fatal)
£xact permutation test

p-valges under the control group are trend test, under dosed groups are pairwise comparisons {ons-sided}

[NOOO 4.2.3.4.1.1 compiled from P230-251]
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2] 0.075 0.28 0.78%
mgrkgiday  mgikgsday  mgskgrday  mgikgiday
(H=50} {N=50S (N=50) {N=503

OrganiFiaging
SKIN AND SUBCUTYS HEX &0 50 49 59
BASAL CELL CARCINOMA [} NOBS 0 1 1 [
P.-VALUE & 0.82 e.51 0.52 1.00
SRIN aNR SUBCUTIS HEX £0 59 49 59
BABAL CELL ADENOMA (B3 HOBS ) 2 0 2
P-VALUE # 0.20 6.25 1.00 0.27
SKIN AND SUBCUTIS HEX 50 50 49 50
SOUAMOUS-CELL PAPTLLONA (8] NOBS 1 1 3 o
P-VAWE # 0.80 0.78 0.35 1.00
SKIN ANB SUBCUTIS HEX 50 50 49 50
SOUAMOUS -CELL CARGINOMA {H) HOBS [} 1 o o
FOVALUE  # 0.75 0.50 1.00 1.06
SKIN AND SUBCUTIS MEX 50 50 Ei) 56
SEBAGEQUS CELL ADENOMA [B] NOBS 1 o 1 1
P-YALUE ¥ .38 1,00 0.74 0.75
SKIN AND SUBCUTIS NEX 50 50 49 50
SARCOMA (NOT OTHERWISE SPECIFIED} (M) NoBS o s ¢ [
PYALVE ¥ .74 C.4% 1.00 .00
SKIN AND SUBCUTIS HEX 50 50 29 50
FIBROMA {B] KOBS 6 5 ) 2
P-VALUE .88 6.63 6.80 0.93
SKIN anh SUBCUTIS NEX 50 50 49 58
LIPRMA [B] KOBS 2 k-] 5 ¢
P-VALUE ¥ 9.92 .49 0.24 §.00
SKIN ANG SUBCUTIS NEX 50 50 49 50
HMYXDSAHCOMA [M] HOBS [ o 1 2
POVALUE & 0.55 1.60 0.56 1.09
SKIN AND SUBCUTIS REX 50 58 49 50
KERATOACANTHONA {81 HOBS 3 8 s 2
PoVALUE 0.84 6.18 0.26 0.58
SKIN AND SUBCUTIS HEX £0 59 49 50
HAEMANGIQSARCOMA (1] NOBS Q 1 1] o
povaLuE  # .75 0.5 1.00 1.08
HAMMARY GLAND HEX 43 48 47 a8
FIBROADENOMA (8] Noss 1 8 0 o
P-vALUE & 0.%7 6,34 1.00 1.00
HAMMARY GLAND HEX 43 48 %7 48
CARCINGHMA M} HOBS [ 1 0 o
P-VALUE 4 0.77 6,84 1.00 1.00
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Females
e 3.075 0.28 8.28
mgikgsday  mgikgsday  mgrkgiday  mgikysday
{N=E0} {N=8D) {N=803 (M50}
DroansCinding
HACHOPOIETIL SYSTER KEX 30 50 50 50
LEUKAEHIA GRANULOTYTIC (M} HOBS g el Q 1
1 3 o [} ¢
F bl o Q k)
PoVALUE  # &.28 1.08 $.60 .49
HABLOPOIETIC SYSTEY HEX 50 "sa k4] 56
HISTIOGYTIC BARCCHA {83) HOES o o ] H
H k+] 2 o 4
£ ¢ o o 3
P-VALUE & 0.26 1.00 .80 .49
HAEMOPOIEYIC SYSTEN HEX 50 50 50 56
LYMPHOMA LYRFHOCYTIC () HOBS 1 b 1 1
I 1 9 [ 4
F & t 1 3
P-VALUE # Q.5 a.74 3.7¢ 8.74
RAEMOPQIETIC SYSTEM HEX 56 50 50 50
LYMPHOMA 13 NGBS 1 g ] [}
t 1 0 ] 4]
F 4] Q e ]
PAVALUE  # 1.9 ¥.488 1.806 1.06
LYNPH HORE (NESTNTERICS NEX 42 50 4% 42
HAEMANGIONA {B] HOBS 1 g & 9.
H 't a L] il
£ ¢ A ] 9
PAVALUE ¢ 1.08 1.0 1.00 .00
THYROID GLAND REX 89 45 49 50
FOLLICULAR GELL ADERUNMA B} unilateral negs ¥ ¢ 14 ®
T 1 e} 2 4
£ Q ¢ il [}
PYALUE  # €.70 1.00 .84 1.00.
THYROID GLAND NEX 50 48 49 50
FOLLICULAR CELL TGUDUR NGBS, 1 ¢ 2 0
1 1 < 2 [+
¥ 9] & bl o
P-VALUE 2 .70 1.00 &,3% 3,00
THYROID SLAND. HEX &0 49 42 56
C-CELL CARCINORA IR} HOBS L] ] 2 &
I o o 2 3
F ] 4 o [
P-VALUE @ #,0%7 1.00 8.27 9.12
THYROID GLAND HEX 59 42 49 56
C.CELL ADENOMA {8} HOBS 5 13 16 28
4 5 13 16 28
F o 14 [} <
PAVALUE “D.081 0.016 8,081 40,901
THYROID GLAND UEX &0 agp <9 G
S-CELL TUROUR HOBS § 13 18 29
1 5 13 18 29,
£ 8 o o [
PYALUE “{5.004 6,018 “@f5. 061 “3.00%
PARATRYRGID GLAND HEX L3 a8 §0 48
ADEROMA (B) umilateral HOBS- 1 3 1 2
£ 1 -] 1 2
¥ ¢ D ° [}
PAYALUE & 09.18 3.00 9.489 8.43
ADRENAL GLAND HEX 50 50 50 86
SUBCAPSULAR CELL TUMDUR {8) ubilazeral NGBS L] 1 0 4
T 9 1 o 14
F Q g i [
P-YALUE & .68 Q.42 .60 1.0¢
ADRENAL GLAND HEX 50 50 50 50
CCRTICAL ASERCMA B} unilateral ROBS 3 1 ) 2
t 3 1 9 2
F o Q 8 [+
PUALUE ¥ ¢.81 .92 1.60 G.47
ADRENHAL GLAND HEX 50 50 5¢ 50
PRAEUCHAOMOCYTOMA (B8] HOBS i3 1 4 1
1 2 1 4 1
F 9 n 4 2
P-¥ALUE ¥ g.82 3.47 G188 G.51
KEX = Husber of anisals examined, HOBS * Numder of animalis with finding
1 = Rusber of animals with incidspyal fisding {detimed as invidentsl or probadly incidartal}
3 = Rusber of saimals wilh fatal tincing (deTined a3 fatal o probadiy fataly
# = Exact permutation test
PVALUE = p-valees under the control group are trend test, under gosed groups are palrwise comparisons {pne-sided)
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[} 0.075 0.25
mgrkgsday  mg/kgiday  mglkgiday
{N=50} {H4=50 450
QrgansFinding
PITUITARY GLAND HEX 50 49 43 56
CARCINOMA ANTERTOR LOBE [M] losally invasive NGBS 1 o 1 s
I [ e 1 3
F 1 0 [ 2
POVALUE  # 2.508 1.00 0.68 0.088
FITUITARY GLAND NEX 56 a8 43 50
ADENOMA ANTEAIOR LOBE {8} NOBS 33 27 35 28
4 22 15 21 22
F 12 12 14 &
PLYALUE .85 9.76 0.20 0.89
PITUITARY GLAND NEX 50 4 45 56
ADENOMA INTERMEDIATE £0BE (8] HOBS [} o t 3
1 ° [} 1 ]
3 [ 0 8 ©
P.VALUE  # 8.19 1.00 0.43 0.51
PARCREAS {ENDOCRINE) NEX 5G 50 55 4¢
ISLET CELL ACEMOMA (B} HOBS [ [ ¢ 9
I [ [ & 1
F 4 [ o &
pivarug  # .98 $.00 1,09 051
DYARY HEX 50 50 5¢ 50
GAAMULOSA/ THECAL CELL TUMOUR B} HOBS [ 1 o o
1 o 1 o ¢
F & [} ] °
P-VALUE ¥ D.73 0.47 1o 1.00
QVARY NEX 50 50 58 56
FEB30MA 18] unilsteral NGBS ¢ 1 ] ]
4 [} 1 o 1
F [ [ g e
P-VALUE  # .38 0.47 1.00 6.51
UTEAUS HER 56 50 50 56
SEHOMAL POLYP (B} NOBS 5 5 7 16
1 8 5 7 16
3 © [} 8 [
P-YALUE 9,958 0:46 8.18 2.260
UTERUS NEX 86 50 so 56
ADENOCARTINOMA M) HOBS 1 [ a 5
I 3 [ [ ¢
4 [ ] & ¢
FOYALUE  # 1.60 1,00 1.06 1.0¢
UTERUS NEX 56 50 50 50
STROMAL SARCONA (M} NOBS 3 1 2 e
1 ] 1 2 ]
F 2 [ [ ©
p.vALUE ¥ .94 8:85 2.86 3.66
UTESYS NEX s6 50 56 56
FIBAOMA (B} NGES 1 [ 3 8
1 1 [} 4] [
3 o [:} ) &
P-VALUE  # 1.00 1.4¢ 1.6 1.08
UTERUS NEX 50 50 50 56
ADENOMA {83 NOBS ] ¢ ° bl
I [+ [ & 1
3 3 [} 8 [
P-VALUE & 6.18 1.00 1.60 6.3%
TORGUE HEX 80 4y 50 50
SGUANOUS-TELL TARCINOMA (M} NBS 1 [ 4 o
H [ 3 o 2
F 1 ¢ 9 ¢
P.YALUE  # 1,00 190 +.96 1,08
BUSDENUR HEX E%] 50 a8 48
LEIDINAOSARTENS (3] HOBS a 4 1 [
kS a [+ 1 o
F 3 [ ¢
P-VALUE  # 0.4¢ 1.00 9.43 1.06
BUGDERUNK HEK 49 80 40 ag
LETONYORA [B] 8BS o H [ [
I 2 1 Q ©
F 2 [} o [
PYALUE  # 0.72 9.47 $.00 1.00

MNEX

Number of animals exantned, HOBS = Number of animals with finding
Nusber of animals with incidental finding {defined as iacidental or prodably incidental}

F = Number of animals with fatal finding {defined as fatal or probably fatal)
# = Exast permutation fest
P-VALUE = g-values under the contral group ars trend test, under dozed groups are pairwise compariszons {one-sided}
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¢ 0,075 2.28 0.8
myikgsday  mgikgsday  mgikgiday  mgikgiday
f [ {NeBD} HisE0)
Cryan; Fining
LIVER HEX pld 59 50 30
HEPATOCELLULAR ADENOMA {B] HOBS 1 1 1 1
H 1 t 1 1
i [ Q 0o a
BoVALUE W 9.52 .78 $.79 0.72
LY¥ER HEX B0 3% 30 G
CHOLANBTONA §B] NOBS [ o 1 @
4 o o 1 o
£ [ ¢ 4 ]
P-YALEE # ©.39 1.560 ©.43 1.00
BRATR HEX &G 50 80 &0
GRANULAS CELL TUMDUR (8} Hoes ¢ H o 1
14 % ) ¢ 3
F k] ¢ Q Q@
P-VALUE ¥ 518 .00 .00 .35
BRAIN NEK 55 5% 0 50
CLIGUOERDROGL TOMA 1) HOBS i1 e [} o
3 Ed i o 2
F 1 @ ¢ Q
P-¥ALUE & 1.06 1.0% .00 1,00
SPINAL GORD NEX 58 50 s 50
HEKINGEAL SARCOMA {M] lc¢cally fweasive HOBS k) 1 ]
H K & ¢ Q
F B & 1 ]
FaVALUE F Q5% 1,09 8.%¢ 1.%0
SKIK AND IUBCUTIS HEX 56 8¢ 50 50
FIBRUSARCOUA- {08} NGBS E & o 0
P-YALUE # %81 .23 .00 1.08
SKIN AND SUBCUTIS KEX 5 50 50 s0
BERIAL FIBROMA §8) hie ] bl 1 1 ]
PAvALUE # 8,63 .48 8.38 1,40
SKIN 4D SUBCUTIS HEX 50 20 £l 8¢
BASAL CELL ADEROMA [BY HOB3 1 1 [ 0
BAYALGE W 0.%3 9.72 1050 1,00
SYIN AND SUREUTIS HEX . 50 B0 50 &0
SOUAMDUS-CELL PAPILLOMA {B) HOBZ [ 1 o o
PVALGE @ .74 9.48 1.96 105
SKIN AND BUBBCUTIS ygX 50 30 50 50
SOUARDUS:LELL CARCINOMA {H} HOBZ 1 1 ¢ ¢
AL # [ 9] G.48 1.00 1.00
SKIN AHD SUBLUTIS HEX 58 B4 50 8
SARCOMA ({NOT OTRERWISE. SPECIFIED} [M} HOB3Z ¢ o 1 ¢
BoYALEE H 0.6 1.60 [o3-14] 1.96
SKIN AND BURCUTIS HEX 58 35 & 50
FIBRONA (8] HOBS 4 1 1 ]
POALUE  # ¢.86 .68 .96 .97
SKIN AND SUBCUTIS HEX 50 E E1g 50
LIPGMA {0} 20BS ] ] o 1
RYSLUE 4 G.53 a.7e 1.00 9.74
SKIN AND SURCUTIG NEX & 5% &0 %0
BYXOHA 83 HOBS & 3 o 1
P-YALUE ¥ 8.27 100 1,00 8.81
SKIN AND SUBCUTIS HEX 8% 5 30 30
KERATDACANTHCNA B} ugas 2 1 0 t
P-¥ALUE & ¥.30 0.47 %.00 0.47
HABARYE SLAND HEX 50 56 50 50
FIBROCARCINONA {8} HOBS 9 o 1 ]
B.YALYE # 0.39% ¥.60 .39 1.08
HABINRY GLAKD HEX 30 30 50 50
FIBROAZENIUA (8} HOBS 28 25 26 20
P-YALUT .33 Q.85 Q.32 6.92
HABISRY GLAND HEX 50 50 50 B0
CARCENQUA (Y HOBR 19 13 & 5
FoYALBE 0,88 .16 0.62 [
UAMIARY SLAND HEX &6 0 20 50
ADEROME [B] HOBS 4 s 5 5
PoYALUE 6,48 0.3y 0.33 0.57
HEX = Rumher of animals examined, HOBS = Nunber of animals with tinding
I = Bamber of animals with incideatal tinginy (defined as fncidental & produbly ingidestal)

Number of animals with tatal tunding {defined as fatal or probably fatsl)
Exact permutation test
P.YALUE = p-values under the control group are trend test, under dosed groups are pairyise comparisons (eme-sidegd)

[NO0O 4.2.3.4.1.1 compiled from P252-273]
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Appendix 2: Historical control group data of tumor incidence in control groups of Sprague h
Dawley rats from 2 year carcinogenicity studies at the - (4)
from 2002 to 2004.

TABLE 2
INCIDENCES OF NEOPLASTIC AND FOCAL HYPERPLASTIC
LESIONS IN UNTREATED Cri: CD SPRAGUE-DAWLEY RATS IN 104 WEEK STUDIES
ADRENAL GLAND (MEDULLA)

; — s

StudyNo.  Numbar . signant = Henian Neoplasia Malignant

S Examin Hyi i . S . ' . HNeophasia
5 8p h 1ph 5 6 phasochromogytoma 0

008 59 9 10 pr 1 phaeoch 80 4 1 phaeochromocytonra 0

059 48 g 7 phacochiomocytoma O 50 3 1 phesochromocytorsa 0

441 50 8 8 phaeoch ¥ 5 ph 50 3 3 phasochromocytoma 0

499 49 13 4 phaeoch ytoma 1 ph 49 5 2 phazochromocytoma O

530 80 11 4p 1 phaeoch 48 5 1 phavochromocytoma O

588 50 § 6 phasochromoeploma O 50 1 0 0

939 83 12 7 ‘ yloma 3 ph doma 78 13 1 phavochromorytoma 0

970 75 2 12 phaeochromocyloma O 77 0 3 phaesch b 1 ph

089 50 14 8 phaeochromocytoma O 50 3 2 phaeochramocytoma 0

911 50 8 7 phaeachromoeytoma O 50 3 T phaeochromocytoma 0

332 100 56 17 p fk 1ph 100 15 2 phaeschromocytoma 0

348 100 24 18 p 1 100 [ 3 phaeschromocytoma O

678 126 23 7 phaeschsomocytoma 120 33 2y 5y 1p

277 100 0 1 h 1 phaeoch y 100 1] 0 0

430 120 13 14 phaec Y 4p yioma 117 15 6 phaeoch ¥ 2 phy motytoma

687 65 21 9 phacochromocytoma 2 85 15 1 phasochromocytoma 0

TOTAL 1218 225 144 21 1213 102 35 4

RATE 18.5% 118 % 1.7% 8.4% 2.9% 0.3%

RANGE 0-50% 1-16.9% 0-10% 0-23.1% 0-12.8% 0-1.7%

ADRENAL GLAND {SUBCAPSULAR CELL)

623 49 0 0 0 48 0 h) 0
009 59 0 0 0 60 0 0 0
059 48 0 0 0 50 ) 0 0
441 50 0 0 0 50 0 0 0
499 49 0 9 0 49 ] 0 ]
530 50 0 0 0 50 0 0 0
588 50 0 0 0 50 0 0 0
939 83 0 0 0 78 0 0 0
970 75 e 0 0 77 0 0 0
089 50 0 0 ) 50 0 0 0
911 50 0 0 0 50 0 0 0
332 100 0 0 0 100 ) 0 0
348 100 ¢ 0 0 100 0 0 0
578 120 1 0 0 120 0 0 ]
277 100 1 0 0 100 1 ] 0
430 120 3 0 0 117 3 0 0
587 65 0 0 0 65 0 0 0
TOTAL 1218 5 0 0 1214 4 0 0
RATE 0.4% 0.0% 0.0% 0.3% 0.0% 0.0%
RANGE 0-2.5% 0.0% 0.0% 0-2.6% 0.0% 0.0%
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TOTAL
RATE

RANGE

ADRENAL GLAND {CORTEX)
' Benign M
perplasia  Neoplasia. Neoplasia
1 2 adenoma 48
6 0 o] 80
1 0 o] 50
" 1 adenoma 0 50
14 0 2 carcinoma 49
8 0 1] 50
6 D 0 50
18 1 adenoma 0 78
4 0 0 77
21 1 adenoma 1 carcinoma 50
8 0 1 carcinoma 50
30 3 adenoma 1 carcinoma 100
16 1 adenoma 0 100
26 2 adenoma 2 carcinoma 120
48 2 adenoma 1 carcinoma 100
37 1 adenoma 0 117
18 2 adenoma O 65
271 16 8 1214
22.2% 1.3% 0.7%
2-48% 0-4.1% 0-4.1%

. Benl

perplasia  Neoplasi
1 0
3 0 1 carcinoma
1 1 adenoma 0
3 2 adenoma 0
12 0 0
5 2 adenoma 0
6 1 adenoma 0
20 3 adenoma 0
3 1 adenoma 1
28 1 adenoma 0
10 1 adenoma 0
62 0 0
8 2 adenoma- 1 carcinoma
7 2 adenoma 1 carcinoma
14 0 0
17 2 adenoma 1 carcinoma
21 0 2 carcinoma
224 18 7
18.2% 1.5% 0.6%
2-82% 0-4% 0-3.1%

623
008
058
441
499
530
588
939
970
089
911
332
348
678

277
430
687
TOTAL
RATE
RANGE

60
50
50
49
50
49
82
74
50
50
100
100
120

100
120
85
1219

Qoo COO0OOCCO OO0 O0OO

o -
©
#

0.0%

1 glioma
1 granular cell tumour
0

1 granular cell fumour
1 granular cell tumour
2 granular cell turnour
0

1 granulat cell tumour
1 granular cell tumour
1 meningioma

1 meningioma

0

2 granular celt tumour
1 granular celi tumour
1 granular cell tumour
14

11%

0-2.3%

BRAIN

3 80
2] 50
2 glioma 50
1 astrocytorna 50
1 reticulosis 50
2 glioma 50
2 astrocytoma 78
1 astrocytoma 77
[} 50
[ 50
3] 100
2 astrocytoma 100
4 astrocytoma 120
1 sarcoma

¢ 100
g 118
0 65
18 1218
1.5%

0-4.2%

COoOLDOO COTODOOO0O0OCOO0 O]

1 glioma
[
1 meningioma

OO0

1 granular cell tumour
1 ependymoma
0

1 granular ¢alj tumour
0

0
5
0.45%
0-2%

2 reticulosis

1 granular celf tumour
]

[4]

0

1 astrocytoma

cCoOooC

0

1 astrocytoma
2 astrocytoma
7

0.8%

0-4%
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DUODENUM

0 0 0 0

0 0 4] 0

0 0 [¢] 0

0 0 ¢} 0

0 0 [ 0

0 0 0 0

0 0 4] 0

0 0 o 0

0 0 o 0

0 4] 4] 0

0 0 ¢ 0

0 4} 0 1 leiomyosarcoma
0 4] [ leiomyoma 0

0 0 ¢} 1 leiomyosarcoma
0 0 ¢} 0

0 [4] 1 ¢

0 0 4] 0

0 0 1 2

0 0.0% 0.1% 0.1% 0.2%

RANGE 0.0% 0.0% 0-0.8% 0-1% 0-1.1%

0 0 [¢] 49 0 0 0

[} 1] 4] 60 0 ] 0

0 [ [¢] 50 0 0 0

0 0 [ 50 ¢ 0 ¢]

0 0 4] 50 0 0 0

0 [+ ¢] 50 e} 1] 0

0 0 1 mesothefioma 50 0 0 0

0 o] 1 mesothelioma 78 I 0 0

8 0 [¢] 77 0 o] 4]

0 0 [¢] 50 0 o] 4]

o 0 [¢] 50 4] 0 4]

0 0 1 mesothelioma 100 0 0 [

o] 0 1 mesothelioma 100 0 0 0

0 2 schwannoma 0 118 0 1 schwannoma C

0 [+ [¢] 160 0 g [

1 o 4] 120 2 0 4]

s 0 ¢ 65 e} 0 ]
TOTAL 1224 1 2 4 1217 2 1 0
RATE 0.1% 0.2% 0.3% 0.2% 0.1% 0.0%
RANGE 0-0.8% 0-1.7% 0-2% 0-1.7% 0-0.8% 0.0%
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JEJUNUM

Female

E’ Henign  Malignant ﬁug’ﬁber .

. Focal  Benign
_ Hyperplasia Neoplasia Neoplasia  Examined Hyperplasia Neoplasia
623 43 1] ¢ 0 45 0 0
009 57 [¢] 0 0 59 0 0 1 leiomyosarcoma
058 45 [¢] 0 0 44 0 0 ]
441 43 c 0 0 46 0 0 0
499 0 o] 0 4 0 0 0 C
530 45 ¢ 0 o 48 0 0 Q
588 48 [ 0 0 50 0 0 0
939 81 0 0 0 77 0 0 0
970 76 i} 0 0 76 0 0 0
089 50 0 0 0 50 0 0 0
911 49 0 0 0 47 o 0 0
332 85 0 [¢] 0 94 0 0 0
348 100 0 ¢ 0 100 0 0 0
678 113 0 0 0 12 0 0 0
277 99 0 0 0 88 0 0 0
430 108 o] 0 0 12 0 0 1 sarcoma
687 58 0 0 0 64 0 0 0
TOTAL 1097 [¢] 0 o 1122 ¢] 0 2
RATE 0.0% 0.0% 0.0% 0.0% 0.0% 0.2%
RANGE 0.0% 0.0% 0.0% 0.0% 0.0% 0-1.7%
KiDNEY

Mumber

Study No. alignant Neoplasia

. . Examined . . “Exa : L .
623 50 4] 4 adenoma 0 50 0 0 1 mesenchymal tumour
009 60 0 0 0 60 [ 0 1 liposarcoma
059 49 ¢ 1 adenoma 0 50 0 0 4]

441 50 ¢} 0 0 50 0 0 0
499 50 0 0 0 50 o] 0 4]
530 50 0 0 0 50 0 1 lipoma 1 liposarcoma
588 50 0 1 polyp 0 50 0 0 0
339 99 3 0 0 100 2 1 adenoma 1 liposarcoma
970 100 0 [ 4 carcinoma 100 0 0 1 carcinoma
089 50 0 0 0 50 0 0 0
911 50 0 [v] 0 50 Y 0 0
332 99 0 0 0 160 o 1 adenoma 0
1 papilioma

348 100 0 4] 0 100 0 0 0
678 120 4] 4] 0 120 g 0 0
277 100 2 1 adenoma 1 carcinoma 100 0 o 0
430 120 2 0 3 carcinoma 120 0 ] 1 carcinoma

1 liposarcoma
687 65 4] 0 0 65 [} 0 1 fiposarcoma
TOTAL 1262 7 4 5 1265 2 4
RATE 0.6% 0.3% 0.4% 0.2% 0.3% 0.6%
RANGE 0-3% 0-2% 0-2.5% 0-2% 0-2% 0-2%
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LIVER (HEPATOCELLULAR)
{unmber  Eesinaphilic ‘&mpho- Benign . Malignant
xamined [ Cloar coll oel pf‘hiii; « Neoplasia - Neoplasia
B i 2 e . 5 : Lo g g

0 2 adenoma O 6 [ 0
008 80 25 21 0 B adenoma 2 carcinoma 80 23 3t ¢ - 3adenoma O
059 50 19 13 0 1 adenoma 1 carcinoma $0 12 33 [¢] 3 adenoma ¢
441 49 13 7 0 2 adenoma 2 carcinoma 50 9 16 ] ¢ g
499 50 30 1 D 5adenoma 2 carcinoma 50 24 35 0 4 [
530 50 11 13 0 2 adenoma 4 carcinoma 50 7 27 [¢] [ o
588 50 15 17 0 1 adenoma 4 carcinoma 50 10 27 &) o 0
939 84 36 17 0 0 1 carcinoma 78 30 38 0 0 1 carcinoma
370 78 23 14 o 2 adenoma 0 7 16 25 0 1 adenoma ©
089 50 27 12 o 2 adenoma 0 50 12 22 ¢} 1 adenoma  lusknawn origin
911 50 31 2 L] b)) 1 carcinoma 50 9 13 [¢] 1] o
332 100 52 40 G 3 adenoma 4 carcinoma 100 26 75 ¢ [ 0
348 100 72 11 kel 4 adenoma 1 carcinoma 100 20 50 Q 0 g
678 120 60 24 9 2 adenoma 2 carcinoma 120 28 84 7 1 adenoma O
277 100 11 7 ] 1adenoms 0 100 7 11 0 o ]
430 148 74 38 ¢ 1 adenoma 5 carcinoma 118 52 77 3 ) 2 carcinoma
687 85 45 22 L] 0 1 carcinoma 65 17 53 0 [¢] 0
TOTAL 1123 816 280 E] 34 30 1218 312 637 10 9 4
RATE 54.9% 24.8% 08% 3.0% 2.7% 25,6% 52.2% 08% 0.7% 0.3%
RANGE 11.72% 4-40% 0-7.5% 0-10% 0-8% 7-48% 11-81.5% 0-58% 0-6% 0-2%

Lymphoreticular / Haemopoietic System

0 0 1 50 1 0 3
009 60 2 0 2 80 2 9 0
059 50 3 0 1 50 1 0 2
441 50 1 0 3] 50 2 0 ¢
499 50 0 2 3 50 1 0 2
530 50 0 0 1 50 ¢} 0 2
588 50 4 0 2 50 0 9 2
939 82 5 4 3 77 4] 0 3
970 78 4 0 1 77 1 0 1
089 50 0 3 2 50 4] 4] 3
911 50 1 1 4 50 1 0 3
332 160 0 1 ¢ 98 4 0 2
348 100 4] 2 3 100 3 2 0
678 120 3 1 4 120 2 [ 3
277 100 0 ] [0 100 ¢ 0 0
430 119 1 1 Q 119 3 0 2
687 65 0 3 [\ 65 ¢ [ 4
TOTAL 1222 24 24 27 1217 17 2 32
RATE 2.0% 2.0% 2.2% 1.4% 0.2% 2.8%
RANGE 0-8% 0-8% 0-8% 0-4% 0-2% 0-6.2%
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MAMMARY GLAND

' Ntimber

] Rednlasia Examinad
g k]
’ 2 adenoms
008 4 1 ¢ 0 60 0 22 fibroadenoma 10 carcinoma
058 48 1] 2 tivroadenoma f carcinoma 50 2 34 fibroadenoma 10 carcinoma
1 adenoma
441 48 ] 3 fibroadenoma 0 50 & 27 fibroadenoma 4 carcinoma
499 46 0 4 fibroadenoma 0 50 4 28 Bbroadenoma § carcinoma
530 44 g 1 fibroadenoma 0 50 1 29 fibroadenoma 3 carcinoma
1 adenoma 1 adenoma
588 48 4] 1] 0 50 o] 36 fibroadenoma & carcinoma
1 adenoma
939 74 g 1 fibroadenoma © 78 11 44 fibroadenoma 12 adenocarcinoma
970 % 8 1 adenoma 1 carcinoma 2 4 4¢ adenoma 3 carcinoma
083 50 4 1 tibroadenoma 0 50 [ 26 fiproadenoma 10 carcinoma
2 adenoma
911 46 g 2 fioroadenoma O 50 4 24 fibroadenoina 8 cawcinoma
332 96 4 1 fibroadenoma 0 100 37 42 fibroadenoma 17 carcinoma
10 adenoma
1 fibroma
1 lipoma '
348 81 1] 1 fibroadenoma  t carcinoma 100 4 44 fibroadenoma 23 carcinoma
2 adenoma
1 cystadenoma
678 120 g 1 fibroadenoma 0 120 " 54 fivroadenoma 12 carcinema
7 adenoma 1 carcinosarcoma
2 cystadenoma
277 98 18 2 fibroadenoma 0 100 59 41 fibroadenoma 5 carcinoma
5 adenoma
430 107 1 2 fibroad +ad i 120 34 70 fibrcadenoma 24 adenocarcinoma
3 Foroma
687 53 0 2 fibroadenoma O 65 15 37 fibroad 12 ad
2 adenoma 1 carcinosarcoma
1 kbroma
TOTAL 1133 30 25 4 12290 260 671 173
RATE 2.6% 22% 0.4% 21.3% 55% 14.2%
RANGE 0-16.3% 0-8.7% 02% 0-59% 36.7-74% 3.823%

e H: L

623 50 1 0 0 50 0 [
009 60 0 0 0 60 0 0 0
059 50 4 Q 0 50 0 ¢} ¢
441 50 3 1 sertoli cell tumour 0 50 0 0 ]
499 50 31 1 sertoliform adenoma 0 50 0 0 ¢]
530 50 3 0 0 50 0 4] 4]
588 50 [ 2 granuiosa cell tumour 0 50 [¢] 0 ¢}
939 78 42 0 0 78 4] 0 ¢
970 77 10 0 1 garcinoma 77 0 0 (¢}
089 50 1 ] 0 50 0 0 ¢
911 50 3 1 granuiosa cell tumour 0 50 0 0 [¢}
332 100 13 1 polyp 0 100 15 0 [¢]

1 granutosa cell tumour

348 100 4 0 1 sarcoma 100 4 1 thecal celt tumour 0
678 120 11 0 0 120 0 0 0
277 100 46 3 granulosa cell tumour 0 100 0 0 0
430 114 1 1 sertoli celt tumour 9 114 8 +] 0
687 65 0 1 adenoma 0 85 0 1 thecal celf tumour 0
TOTAL 1214 175 12 2 1214 25 2 [¢]
RATE 14.4% 1.0% 02% 2.1% 0.2% 0.0%
RANGE 0-62% 0-4% 0-1.3% 0-15% 0-1% 0.0%
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ENDOCRINE PANCREAS

e
Focat Benign
perplasia  Neeplasi

1 adenoma

2 7 adenoma 0 49 0
009 539 0 12 adenoma 1 carcinoma 59 1 adenoma O
059 50 1 6 adenoma O 50 1 adenoma 0
441 48 2 8 adenoma 3 carcinoma 50 1 adenoma 0
493 49 4 7 adenoma 1 carcinoma 50 0 0
530 49 0 2 adenoma 1 carcinoma 49 3adenoma 0
588 50 0 2adenoma 1 carcinoma 50 1 adenoma O
939 81 ] 2 adenoma 3 carcinoma 76 o] 4]
970 76 0 S5adenoma 0O 77 1 adenoma 0
089 50 26 3adenoma 0 50 4] 0
911 49 2 2adenoma 0 48 ¢ 0
332 98 2 8 adenoma 0 a9 1 adenoma 0
348 100 9 Sadenoma 0 39 [¢] 0
678 120 4 3adenoma 1 carcinoma 120 3 adenoma 0
277 Qa9 ¢} 6 adenoma 0 100 1 adenoma 0
430 116 8 2 adenoma 2 carcinoma 119 3 adenoma 0
887 62 7 2adenoma 1 carcinoma 62 4 adenoma 0
TOTAL 1208 73 80 14 1207 23 21 0
RATE 6.1% 6.6% 1.2% 1.9% 1.7% 0.0%
RANGE 0-52% 1.7203% 0-6.3% 0-20% 0-8.5% 0.0%

EXOCRINE PANCREAS

. Examined Hyperplasia Neop Hy .
4 3 adenoma 0 0 0 1 carcinoma

009 59 0 0 0 59 0 1 adenoma 0
059 50 0 3 adenoma 0 50 0 0 0
441 48 1 0 0 50 0 0 0
499 49 0 0 0 50 2 1 adenoma 0
530 49 0 0 0 49 o} 0 D
588 50 0 0 0 50 0 0 0
939 81 4 0 0 76 0 0 0
370 76 2 0 0 77 0 0 0
089 50 0 0 3} 50 0 (4} 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 Q 100 0 0 0
578 120 0 0 0 120 0 0 0
277 99 0 0 0 100 0 0 0
430 116 0 1 adenoma 0 117 o 0 1 carcinoma
687 62 1 0 0 65 o 0 0
TOTAL 1206 20 8 0 1210 3 3 2
RATE 1.7% 0.7% 0.0% 0.2% 0.2% 0.2%
RANGE 0-8% 0-6% 0.0% 0-4% 0-2.1% 0-2%
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PARATHYROID GLAND

em Sl

Focal  Benign
perplasia  Neoplasia

1 0 8 0 1 adenoma 0
009 56 0 1 adenoma G 55 0 0 0
059 48 1 1 adenoma 0 42 0 1 adenoma 0
441 48 1 1 adenoma 0 48 0 0 0
499 44 4 0 ¢} 42 1 0 0
530 47 4 2 adenorna 0 44 1 0 Q
588 45 0 2 adenoma 0 49 0 0 0
939 68 5 1 adenoma G 74 [ 1 adenoma 0
870 72 6 0 0 68 2 0 0
089 49 ¢} )] [¢] 40 0 0 0
911 46 0 1 adenoma G 45 o] 0 4]
332 97 10 4 adenoma O 93 7 0 0
348 84 2 0 0O 89 4 0 1]
678 112 8 2 adenoma G 98 3 0 0
277 92 ¢ 0 ¢} 90 0 0 0
430 114 18 8 adenoma 0 117 5 3adenoma 0
587 59 8 1 adenoma 0 58 4 0 0
TOTAL 1123 65 22 0 1098 33 8 4]
RATE 5.8% 2.0% G.0% 3.0% 0.5% 0.0%
RANGE 0-15.8% 0-7% 0.0% 0-7.5% 0-2.6% 0.0%

PrruiTARY GLAND (ANTERIOR}

Ma!ignanﬁ

. Neopiasia -

4 0 35 adenoma 7 carcinoma
0069 60 0 30 adenoma 1 carcinoma 60 0 44 adenoma 6 carcinoma
059 50 5 33 adenoma 0 50 4 38 adenoma 1 carcinoma
441 50 3 28 adenoma 0O 49 1 34 adenoma 1 carcinoma
499 48 12 31 adenoma O 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 10 56 adenoma 3 carcinoma
870 76 8 35 adenoma 0 75 2 61 adenoma 0
089 50 8 21 adenoma 0 49 10 36 adenoma 3 carcinoma
911 49 12 18 adenoma 0 49 8 34 adenoma 2 carcinoma
332 100 27 43 adenoma 0 99 26 60 adenoma 3 carcinoma
348 98 10 29 adenoma 0 97 10 62 adenoma 6 carcinoma
678 120 23 44 adenoma 1 carcinoma 117 19 61 adenoma 2 carcinoma
277 99 18 36 adenoma 0 g8 12 35 adenoma 0
430 118 28 29 adenoma 0 120 20 70 adenoma 5 adenocarcinoma
687 64 20 12 adenoma 1 carcinoma 64 14 39 adenoma 1 carcinoma
TOTAL 1216 205 495 7 1251 146 754 52
RATE 16.9% 40.7% 0.6% 11.7% 60.3% 4.2%
RANGE 0-31.3% 18.8-66%  0-4% 0-26.7% 26.5-81.3% 0-14.3%
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APPEARS THIS WAY
ON ORIGINAL

SUBMANDIBULAR (SALIVARY GLAND)

1 0 1 0 ]
009 59 0 0 0 60 [y 4] 0
059 50 0 0 0 49 0 0 0
441 48 0 0 0 48 ¢ 0 0
499 49 1 0 0 50 o 0 ¢
530 49 0 0 0 49 o] 0 [¢]
588 50 0 0 0 50 o] 1] c
939 73 0 1 adenoma 0 78 o 0 [¢]
970 74 0 0 o 76 [+ g ]
089 49 0 0 (¢} 50 s} 0 [}
911 50 0 0 0 48 o] 0 (]
332 86 0 0 0 a7 [ 0 0
348 98 0 0 0 100 3} 0 [¢]
678 118 0 o] 0 118 o] 0 ]
277 100 0 0 0 100 ¢ 4] o]
430 118 0 0 ¢} 117 0 0 0
687 85 0 0 0 85 o] 0 4]
TOTAL 1195 2 2 0 1203 1 o] 0
RATE 0.2% 0.2% 0.0% 0.1% 0.0% 0.0%
RANGE 0-2% 0-2% 0.0% 0-2% 0.0% 0.0%
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SEMINAL VESICLE

xamined Hypey

823 2 4] 4 o]
009 60 0 ] 0
059 49 ¢ 4] 0
441 50 1 ¢} 0
499 5 4] o] 0
530 2 [+ 0 o]
588 49 [} 0 Q
339 82 4] 0 0
970 76 o o 0
089 50 [¢] §] 0
911 49 g 1 adenoma 0
332 100 0 0 0
348 100 4] o 4]
578 120 ¢] 0 0
277 160 g 4] 0
430 115 2 o 0
687 65 1 1] o]
TOTAL 1074 4 1 0
0.1% 0.0%
0.0%

. Mg
Bign Naoply

st MsBanant Neoplasia

comifying
1 papiioma
3 basal calf adenoma
559 0 [ s ifying op G 50 o ] [
1 paniliorna
441 50 2 2 inh i i 1 hasslcod 50 ? 2ink Hying ogx 1 basal call i
1 bosal celi adenoms 1 hiboenosarcoma
498 34 1 3 keratoacaniboma 1 squameus cel carcnoms 49 43 < Q
3 basut col adendina
2 papilloma
530 0 5 20 & Sieli 1+ basal coft i 50 ¢ i 1 squamous cell carsinoma
1 papilioma
588 30 4 3i Hying spahely 15q ot carc 50 3 1 pagilioma G
1 papillorma
3 sebaceous adenoma
039 a3 ] 2 papillems ] 78 @ 1 papilionra b
2 keratoacanthoma
244 s & 190 basal celi adeonna [} T ¢ 1 basal et adenoma 1 carcinioma
4 papfioma
it 50 1 2 keralpacanthoma. 1 squamoars cek carcinoma §0 4 ¢ [
811 50 o ¢ 1 squampus cetl carcinoma 50 o ¢ Q
332 wo 2 5 kesatoacanthoms e 00 3 2 keratoacanthoma + tasal cell carcmoma
2 sebaveous adanoma
2 pagilloms
1 basal ce adenonia
348 100 2 3 keratoscanthoma 1 squamous cek carcinoma 100 2 1 keratoacantboma 0
2 pagilloma 1 basal coft carcinoma:
1
678 120 ] 6 keratoacanthoma 1 basat cell carzinoma 120 o 1 keatsacanthoma ¢
1 Bosal coff ndenoma
1 sebaceous adensma
227 108 0 3 keratoacanthoma L] 103 o 2 kesatoacanthoma g
430 120 o 8 keratoacsnthoma & basal cell carcinoma 120 0 1 ketafoacanthomy % bassl cell carcinoma
2 papitoma 1 suanous ool carcinons
1 sebaceoys aderams 1 sdhacaous caminoms
87 85 3 7 keratoacanthoma < 65 2 9 1 $qismous celi carcinams
1 tasal celf adenoma
1 sebaceoss adenams
1 papiama
TOTAL 1222 21 10% 18 1219 1% 13 &8
RATE 7% 8.3% 1.5% 1% 1.1% Q1%
RANGE 0-10% 0-18.7% 0-6.7% 08% 9-4% ¢-2%
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SKIN/SUBCUTIS (MESODERM)

Mgiignnﬁi '

i plagi ig Heoplasia
623 50 [ 8 fibroma 1 fibrosarcoma 50 [ 1 fibromea 1 sarcoms
2 germal fibroma
1 ipoma
C0g 80 0 3 fibroma 3 fibrosarcoma 60 0 2 fibroma 0
1 fipoma 1 fibrous histiocytonia
056 50 4 10 fibroma # fibrosascoma 50 0 1 fibroma 9
1 fipoma .
341 50 4] 14 fibroma 2 fibrosarcoma 50 0 1 fibroma 1 fibrosarcoma
2 lipoms 1 sarcoma
499 49 ] 7 fibrema 1 fibrosarcoma 49 0 1 fibroma 0
1 sarcoma
530 50 4 10 fibroma S fibrasarcoma 50 0 3 fibroma 1 sarcoma
4 lipoma
588 50 4] 7 fibroma 2 fibrosarcoma 50 0 D 3 fivrosarcoma
939 83 0 12 fibroms 0 78 0 4 fibroma 1 fibrosarcoma
2 lipoma
970 75 o 9 fibroma 2 sarcoma ¥ 0 3 fibroma 2 sarcoma
689 50 4] 9 fibroma 1 sarcorna 50 0 2 fibroma 0
2 lipoma 1 lipoma
011 50 [ 11 fibroma 3 fibrosarcoma 50 [ 1 fibroma 0
1 fibrous ixstiocyloma 2 sarcoma
1 lipoma
332 100 ¢ g fibroma 4 fibrosarcoma 100 0 1 fibroma 1 jiposarcoma
7 dermat fibroma 1 lipoma
3 lipoma 1 fibrolipoma
1 fibrolipoma
348 100 g g firoma 4 sarcoma 108 0 7 fipoma 3 {ibrosarcoma
3 lipoma 2 fibrosascoma 4 fibroma
678 120 [ 3 fioroma § fibrosazcoma 120 ¢ 7 fibroma 3 fibrosarcona
8 lipoma 1 dermal fibroma 2 sarcoma
$ dermat fibroma
277 100 o 2 fibroma 1 fibrosarcoma 100 0 5 fibroma ¥ sarcoma
4 dermal fibroma 4 sarcomsa 1 fipora
430 120 g 13 fibroms 4 fibrosarcoma 120 0 5 fiproma 2 fibrosarcoma
5 lipoma 3 liposarcoma 2 fipoma
3 dermal fibroma 2 fibrous histiocyloma
1 fbrolipoma 2 sarcoma
587 85 0 $ fibroma 3 fibrosarcoma 85 0 3 fibroma 0
4 dermal ibroma
1 myxoma
1 fipoma
TOTAL 1222 4] 218 58 1219 o 58 3
RATE 0.0% 17.8% 4.7% 00% 4.3% 17%
RANGE 6.0% 6.7-32% 0-10% 6.0% 0.-11% 0-8%
SPiNAL CORD

623 50 0 0 o] 50 0 0 0

009 60 0 0 0 60 0 ] 0

059 50 0 0 o 50 0 0 0

441 50 0 0 0 50 0 0 0

489 50 0 o] o 50 0 0 0

530 0 o] 0 0 4] ¢ 0 0

588 49 0 0 [y 50 ¢ 0 0 -
939 82 0 0 ¢ 78 0 0 0

370 75 C 0 8; 77 0 ] 0

089 50 0 0 1 astrocytoma 80 0 0 0

911 50 0 0 o] 50 0 0 0

332 100 ] 0 0 100 0 0 1 astrocytoma
348 100 o 0 o] 100 0 0 0

678 120 0 0 1 astrocytoma 119 0 0 0

277 100 0 0 o] 100 0 0 0

430 120 0 0 ¢ 119 0 0 0

687 85 o 0 0 65 0 0 0

TOTAL 1171 4] 0 2 1168 0 0 1

RATE 0.0% 0.0% 0.2% 0.0% 0.0% 0.1%

RANGE 0.0% 0.0% 0-2% 0.0% 0.0% 0-1%
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STOMACH (NON-GLANDULAR}

. _ , Y N
1 [ 0 48 0 0 0
009 60 3 0 0 60 4 0 0
059 49 0 4 0 50 2 0 v}
441 49 9 ] 0 50 ) 0 o
499 49 3 ¢ 0 50 2 0 Y
530 50 6 ] 0 50 8 0 0
588 48 ) 4] 1 squamous celf carcinoma 50 [ 1 squamous celi papiloma
939 82 1 4] 0 77 Q 0 o]
970 74 3] 0 0 77 0 4] 0
089 50 0 ¢4 0 50 0 0 [
911 50 Q c 0 50 ] 0 o}
332 99 1 ] 0 98 0 1] 0
348 100 1 4] 0 98 b 0 [
678 117 1 s} 0 9 2 ] g
277 100 [} 1 squamous cell papitoma 0 100 o} 0 ¢
430 115 ¢ ¢ 0 119 1 0 0
687 63 0 o] 1 squarmous celf carcinoma 65 0 0 ¢
TOTAL 1205 31 1 2 1213 32 1 0
RATE 26% 0.1% 0.2% 2.6% 0.1% 0.0%
RANGE 0-18.4% 0-1% 0-2.1% 0-16% 0-2% 0.0%
TesTis ] EPIDIDYMUS

3 adenoma

623 50 0 0 50 4] 0 ¢}
008 60 1 3 adenoma 0 60 [¢] 0 0
059 50 2 4 adenoma 0 50 ¢ 0 ¢}
441 50 2 § adenoma 0 50 0 ¢ ¢
499 50 2 3 adenoma 0 50 0 e} ¢}
530 50 4 4 adenoma 0 50 o] o 0
588 49 2 3 adenoma 0 49 ] ¢} ¢
938 84 13 10 adenoma 0 84 ¢] [¢ ¢}
970 75 0 4 adenoma 0 75 ¢] ¢ ¢}
1 mesothelioma
089 50 6 5 adenoma 0 50 [¢] 0 [¢]
911 50 3 2 adenoma 0 50 0 0 0
332 100 12 5 adenoma 0 100 0 0 0
1 sertolj cell tumour
348 100 2 2 adenoma 0 100 [ 0 ¢
678 120 1 2 adenoma ¢ 120 0 0 ¢}
277 100 8 6 adenoma 1 carcinoma 100 0 0 0
430 118 8 6 adenoma 0 118 0 0 0
687 85 5 3 adenoma 0 65 0 0 ¢}
TOTAL 1222 69 72 1 1222 0 0 0
RATE 5.6% 5.9% 0.1% 0.0% 0.0% 0.0%
RANGE 0-15.5% 1.7-11.9% 0-1% 0.0% 0.0% 0.0%
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THYMUS

| Neoplasia N

1 thymoma 0 3 [¢]
009 56 4 0 0 59 14 0 0
059 49 0 0 0 50 5 0 ]
441 44 1 ¢] 0 50 ] 0 0
499 48 o] ] 0 50 0 1 hibemnoma 1 carcinoma
530 48 0 0 0 46 0 0 4]
588 47 0 ¢ 0 49 8 0 0
939 77 0 2 thymoma 1 thymoma 74 0 0 0
870 70 ¢} +] 1 carcinoma 74 0 2thymoma 1 carcinoma
089 45 8 ¢] 0 49 i 1thymoma 1 thymoma
911 49 2 2 thymoma O 48 10 1thymoma O
332 97 ¢ v 0 98 1 0 0
348 74 3 o 0 89 19 0 ¢]
678 117 0 ] 0 116 0 0 2 thymoma
277 94 10 1 thymoma 0 95 35 2thymoma O
430 107 [¢] 1] 2thymoma 114 0 0 0
687 60 4 0 0 60 38 0 2 thymoma
TOTAL 1130 34 6 4 1169 148 7 7
RATE 3.0% 0.5% 0.4% 12.7% 0.6% 0.6%
RANGE 0-17.8% 0-4.1% 0-1.9% 3-63.3% 0-2.7% 3.3%

THYROID GLAND (FOLLICULAR CELL)

623 50

0 )] 0 0 4] 0
009 60 0 1 adenoma 0 60 0 ¢] 0
059 47 0 0 0 43 1 1 adenoma 0
441 49 2 5 adenoma 0 50 0 1 adenoma 0
499 49 0 2 adenoma 0 50 0 ¢] 0
530 50 0 1 adenoma 0 49 0 2 adenoma 0
588 49 0 3 adenoma 0 50 0 0 0
839 75 3 1 adenoma 1 carcinoma 77 0 2 adenoma 0
970 75 0 0 0 76 5 2 adenoma 0
089 50 1 4] 0 49 0 1 adenoma 0
911 50 0 1 adenoma 0 5¢ 1 0 0
332 94 4 1 adenoma 1 carcinoma 97 1 0 0
348 97 0 4] 0 99 2 1 adenoma 0
678 117 1 1 adenoma 1 carcinoma 114 0 0 1 carcinoma
277 100 2 0 0 100 1 3 adenoma 0
430 118 3 1 adenoma 0 118 1 1 adenoma 2 carcinoma
687 61 2 0 0 85 0 0 0
TOTAL 1191 18 17 3 1202 12 14 3
RATE 1.5% 1.4% 0.3% 1.0% 1.2% 0.2%
RANGE 0-4.3% 0-10.2% 0-1.3% 0-6.6% 0-4.1% 0-1.7%
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THYROID GLAND {C-CELL}

623

3 9 adenoma 8 adenoma

009 60 5] 9 adenoma 1 carcinoma 60 1 6 adenoma 1 carcinoma
059 47 5 5 adenoma 1 carcinoma 48 9 3adenoma O

441 49 5] 7 adenoma O 50 4 5 adenoma 2 carcinoma
499 49 7 8 adenoma 1 carcinoma 50 6 S5adenoma 0O

530 50 2 2 adenoma 1 carcinoma 49 1 3 adenoma 1 carcihoma
588 49 1 3 adenoma 1 carcinoma 50 3 3 adenoma 1 carcinoma
939 75 9 4 adenoma 1 carcinoma 77 14 6 adenoma 2 carcinoma
970 78 0 3adenoma O 76 [¢] 1 adenoma ©

089 50 2 Sadenoma 0 49 4 6 adenoma 1 carcinoma
911 50 1 3adenoma O 50 4 4 adenoma O

332 94 6 12 adenoma 0 97 11 1% adenoma O

348 97 4 10 adenoma 1 carcinoma 98 3 4 adenoma 0

678 117 11 13 adenoma 9 114 8 7 adenoma 0

277 100 10 11 adenoma 0 100 9 9 adenoma O

430 118 13 25 adenoma 1 carcinoma 118 14 10 adenoma 1 carcinoma
687 61 9 10 adenoma 0 65 18 7 adenoma O

TOTAL 1191 g5 129 8 1202 119 98 9

RATE 7.8% 10.8% 0.7% 9.9% 8.2% 0.7%
RANGE : 0-14.3% 4-21.1% 0-2.1% 0-20% 1.3-16% 0-4%

TONGUE

_j Malignant  Numbe ocal | Malignant
¢ Neoplasia Examined | ' coplasia  Neoplasia

0 0 0 4] 0 0 0 0
009 60 0 0 ¢] 60 0 0 0
059 50 0 0 c 49 0 0 0
441 49 0 0 o] 50 0 0 ]
499 0 0 0 0 0 4 0 0
530 49 0 0 o] 49 0 0 0
588 49 0 0 o 50 ] 0 0
939 75 0 0 0 77 C 0 0
970 74 0 0 0 76 0 0 0
08¢ 50 0 0 0 56 0 0 0
911 50 0 0 [ 50 0 0 0
332 98 0 0 o] 98 0 0 0
348 97 0 0 0 100 0 0 Q
678 119 0 0 0 115 0 0 0
277 106 0 0 ¢ 160 0 0 0
430 118 0 0 ¢ 118 0 0 0
687 65 0 0 0 65 ¢] 0 0
TOTAL 1103 0 0 0 1107 0 0 0
RATE 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
RANGE 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
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UTERUSICERVIX
o S Smoothmuscle.
. Number: . Foesl Remgn&_.
623 49 [1) 3 poly] 0 0 0 0 0 0 4]
1 adenoma
009 60 2 2 polyp 0 60 0 Y 0 60 o] 0 1]
059 50 4 4 polyp it 50 0 0 0 50 o] 1 stromal tumour 1 Sarcoma
441 50 o] 2 polyp 0 50 0 0 0 50 0 0 [
1499 50 0 3 polyp 0 50 [¢] 0 [1] 50 0 0 0
530 50 3] 1 polyp v} 50 0 0 0 50 0 0 4]
588 50 o] 3 polyp 0 50 o] 0 0 50 1 0 0
1 papilfoma
939 78 4] [¢] ‘tadenocarcinoma 78 0 0 0 78 0 4 polyp 44
970 77 0 0 [¢] 77 0 3 teiomyoma 0 77 0 0 o]
089 50 0 1 polyp 0 50 0 0 0 50 0 [ 0
911 50 1] 0 0 50 0 0 0 50 0 2 polyp o]
332 100 0 [ [ 100 0 1 teiomyoma O 100 0 8 polyp o]
348 100 0 7 polyp ¢} 100 [¢] 1 1giorayorna O 100 0 0 0
678 120 2 1adenoma 1carcinoma 120 0 0 120 0 7 polyp 3 sarcoma
277 100 0 0 ¢ 100 [ 0 0 100 0 7 polyp
430 118 5 0 1adenocarcinoma 118 0 0 0 119 ] 8 polyp 1 schwannoma
1 fibroma
687 65 17 0 0 65 0 0 0 85 0 4 polyp 0
1 fibroma
TOTAL 1218 30 29 3 1218 0 5 0 1218 1 43 5
RATE 2.5% 2.4% 0.2% 0.0% 0.4% 0.0% 0.1% 3.5% 0.4%
RANGE 0-26.2% 0-8.2% 0-1.3% 0.0% 0-3.9%  0.0% 0-2% 0-7.6% 0-2.5%
VASCULAR SYSTEM

aligﬁantﬁe@p!a‘sia Number Eocal
S . Examined Hyperp
50

5 0 1haemangioma @€ 0 4] [
009 €0 0 43 1 haemangiosarcoma 60 g 3 [
059 50 0 2haemangioma 0O 50 g 4] [
441 50 0 0 2 haemangiosarcoma 50 4] [ 4]
499 50 0 2 haemangioma 3 haemangiosarcoma 50 3} ¢ [
530 50 0 0 1 haemangiosarcoma 50 4] 3 haemangioma ¢
588 50 0 O 0 50 Y] 1] 0
939 93 it 0 4 haemangiosarcoma 100 [¢] [ [
970 76 Lt 1 haemangioma O 77 [¢] ¢ g
089 50 0 [ o] 50 0 ] 0
911 50 0 4] 1 haemangiosarcoma 50 2} [ 0
332 100 0 1 haemangioma 1 haemangiosarcoma 100 o] ¢ o]

1 lymphangioma
{mesenteric node)
348 100 0 1 haemangioma © 100 0 [} 1 haemangiosarcoma
678 120 0 1 haemangioma © 118 4] [} 0
277 100 L] 1 haemangioma 2 haemangiosarcoma 100 0 1] 0
430 120 ¢ 2haemangioma 4 haemangiosarcoma 120 4] o] [}
1 lymphangiosarcoma
{mesenteric node)

587 65 0 1 haemangioma 1 haemangiosarcoma 65 0 o] 0
TOTAL 1240 0 14 21 1240 [y 3 1
RATE 0.0% 1.1% 1.7% 0.0% 0.2% 0.1%
RANGE 0.0% 0-4% 0-6% 0.0% 0-6% 0-1%
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NDA 22-341 ECAC minutes

Executive CAC
Date of Meeting: September 9, 2008

Committee:  David Jacobson-Kram, Ph.D., OND IO, Chair
Abigail Jacobs, Ph.D., OND IO, Member
Paul Brown, Ph.D., OND IO, 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-1 analog derivatized with a fatty acid to enhance plasma protein
binding and/or self-aggregation resulting in increased metabolic stablhty and prolonged activity.
Liraglutide is indicated as a once daily subcutaneous injection to 1mprove 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,
50/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 MRHD 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 > 0.075 mg/kg in
males and at > 0.25 mg/kg in females, c-cell adenomas at > 0.25 mg/kg in males and at > 0.075
mg/kg in females, c-cell carcinomas at 0.75 mg/kg in males, and combined c-cell adenomas /
carcinomas at > 0.25 mg/kg in males and at > 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

. .. Sexp Males . Females
o . Liraglutide Dose (mg/kgiday)] .~ 0 - T N -
Organi/Tissue N . Historical P " Trend }0.075 0._25 0.75] Trend [0.075{0.25| 0.75
eoplasm Incidence arameter §analysis 0 -] analysis :
incidence @) | 6/50 | 8/49 [21/50|23/50] 550 | 13749] 16/49] 28150
C-cell adenoma >1%
p-value 0000 |0.431(0.002{0.000] 0.000 |0.021(0.005|0.000
incidence (#) | 150 | 449 | 350 ) s0 ) 50 | orao | 249 | 350
Thyroid C-cell carcinoma <1%
p-value 0020 |0.187(0.330{0.027] 0.028 | - lo0240{0.125
C-cell adenoma incidence (#) | 7/50 |11/49|21/50| 28150 /50 | 13/49] 1849|2050
, >1%
or carcinoma pvalue 0000 |0227[0.000{0.000] 0.000 |0.021|0.001|0.000

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 ====— water for injection containing sodiumb(4)
phosphate, propylene glycol (14 mg/mL), phenol (5.5 mg/mL), pH ~ 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 > 0.2 mg/kg in males and females. Although group mean plasma calcitonin levels were
higher than concurrent controls at > 0.2 mg/kg in both sexes, plasma calcitonin increased > 2 fold
from week 26 to week 104 at > 1 mg/kg in males and at 3 mg/kg in females. Inflammatory cell
infiltrate in thyroid dose-dependently increased at > 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 > 1 mg/kg in males and
females, combined C-cell adenomas / carcinomas at > 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
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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-Induced Tumor Findings in Male Mice

. o Sex Males
. Liraglutide Dose (mg/kg/day)| - 0 1 -
Organ/Tissue Historical Trend | 0.03| 0.2 1 3.
Neoplasm A Parameter . e B
Incidence analysis
. incidence 0/79 0/66 | 0/65 | 9/67 | 15/79
Thyroid C-cell adenoma < 1%
p-value 0.000 - - 10.000]0.000
Dorsal skin & i incidence 0179 2/67 | 1/67 | 2167 | 779
subcutis fibrosarcoma > 1%
p-value 0.003 10.198]0.448}0.169| 0.008
Liraglutide-Induced Tumor Findings in Female Mice
e S Females
©o .. Liraglutide Dose (mglkglday)| - o | | |
Organ/Tissue " Historical _ | Trend |003| 02 1 3
Neoplasm . Parameter X : N
Incidence analysis .
incidence 0/75 0/66 | 0/67 | 4/66 | 15/76
C-cel adenoma < 1%
p-value 0.000 - - 10.051]0.000
. . incidence 0/75 0/66 | 0/67 | 0/66 | 2/76
Thyroid C-cell carcinoma < 1%
p-value 0.083 - - - 10297
C-cell adenoma < 19 incidence 0/75 0/66 | 0/67 | 4/66 | 17/76
. 0
or carcinoma p-value 0.000 - - ]0.051]0.000

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 > 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 > 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 > 1 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: Arg**Lys®-(N-g-(y-Glu (N-o-hexadecanoy!)))-GLP-1[7-37]

MOLECULAR FORMULA/WEIGHT: C;7;Hy4sN4305;: 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 37

»
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CHy o]
Palmitic acid

Lygs

Figure 3-1  The Chemical Structure of Liraglutide.

[NO0O IB 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 (Arg*Lys?-(N-e-(y-
Glu (N-o-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 Arg**-GLP-1 (recombinantly expressed
in yeast) with glutamate-spaced hexadecanoic acid at Lys®.

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 meg/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: 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 é
ROUTE: Subcutaneous injection (dorsal surface, rump and between scapula). /g/
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 s.c 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, 1, 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.
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At the MRHD of 1.8 mcg/day liraghutide, Cmax was 36 nM and AUC.;,r was 648 nM.h.
In the proposed drug label, the same daily dose yielded a steady state concentration (AUC 1/24)
of 34 nM (calculated AUCy, 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 AUC,.,, 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 Stud Plasma NNC 90-1170 AUC, ;4 (nM.hr)
Dose W: el)(’ M F M+F Human Exposure Multi ples1
(mg/kg/day) ' Uncorrected - Corrected?®
26 133 122 127 0.16 0.05
0.03 52 80 102 91 0.1 0.04
104 203 168 185 0.23 0.08
26 1,636 1,685 1,661 20 0.7
0.2 52 1,011 434 723 0.9 0.3
104 1,587 1,415 1,501 1.8 0.6
26 10,490 7,973 9,232 11 38
1 52 11,660 17,050 14,355 18 59
104 10,090 6,215 8,153 10 3.3
26 26,290 24 480 25385 31 10
3 52 31,420 26,190 28805 35 12
104 36,380 37,280 36,830 45 15

'Calculated based on MRHD 1.8 mg NNC 90-1170 subcutaneously injected once a day yielding
Cmax 36 nM and AUCg 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, ~0.9% 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 *H-[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 AUC,.,4 showed liraglutide constituted
89 — 100% of radiolabeled drug related material in plasma with P1 and P2 accounting for < 9%
and < 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 [*H]palmitic acid labeled
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liraglutide.
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Figure 10 In vivo metabolite profiles from mt mouse, monkey and human following
subcutaneous administration with H—[Pal}hragiuudc
[NO00 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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Amino acids in the peptide part of liraglutide Retaticn « iz viter
HPLC retenticon BYSUET
NAME B 1 53 A5 37 5% I3 732 27 29 3 A% 38 ¥ bmefiAY
RBC30-1170(737) HAKRGTFTSDYSSYLEGRQALKEFIAWLYRGR G 1004
NNCQ0-1178({7-27} HAEGTFTSDVSSYLEGQARKSE . .95 Hep®
NBC MD-1170 {937} EGTFTSOVSSYLEGQARKEFIAWLYRGR G 105106 oPp-3Y
BNC §0-3190 {20-27} LEGGABKE 1.03 NEP, Hep
NHC 90-§£74 122437} LEGQAAKEFIAWLYRGR G  LOBLOY  KEP, Hep
HNC 601 $70 (R375 YLEGQAARKE 154 HEP
RNE G011 {1937} YLEGQAARKEFIAWLYRER G LOS-1.O7  NEP Hep
HAC 901178 §29-27% AAKE 1.0 HEP
RHC 90-1174 {1628} VSSYLEGRASKETF 105 Hep
HNC 90-1178 (2128 EGQAAKEF 3,080 Hep
NHC G0-3379 25271 AKE U NEP
NHC 90-1470 {26271 KE 11t NEF
RNC 80-1370 {28-28} LEGQAAKEF 113 NEF, Hep
NNC 90.1170 {2526} AK 143 NEP
NG 01176 {2428} AAKEF L4116 NEP, Bep®
FHE $O3E70 £25-265 AKEF 17 NEP, ten
KNC $0-3178 (3031} LEGQAAKEF 1AW 118 Hep
WO SU-1TID (25203 KeF 1.1% Hip
RAC 071478 £33-32) LEGQAAKEF 1 AWL 1.78 Hep
Hep = sat and human bepatacytes; NEP = nentsad endopeptidase; DPPAIV - idase IV,

DPhis pak.wis hardby dttu\ahk {NN2H7147 and was not aseribed as s met ﬂ)oh!e in mm)m study ivestigating vross

spreies metabolits profiling in hepatecytes as B was also observed i the contrel incutations withost hepatecytes
(NN205145). ¥ Not identified in zat hepoteeytes. As many of the metabolites were present in very linv amounts, these

minor diffirenceswvere fikely doe a difterence by concentration of the individual metabolites. and therefore sone winor

ones eseiped isofation and ideiification. than doe 1o a difftrence in the metabolisns in the twe species,

[NO0O 2.6.4 PK Written Summary P34]

In vitro comparative metabolism studies of lipid-labeled *H-[pal]-liraglutide and peptide
labeled *H-[tyr]-liraglutide in CD-1 mouse or human hepatocytes show 11p1d and peptide labeled
liraglutide yield dlfferent metabolite profiles, but with no qualitative species dlfferences in the
metabolite profile for *H-[tyr]-liraglutide and a similar metabolite profile for *H-[pal]-liraglutide.
These data suggest in vivo metabolite profiling with lipid-labeled *H-[pal]-liraglutide may yield
different results than in vivo metabolite profiling with peptide-labeled *H-liraglutide. Because
only lipid-labeled *H-[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 *H-[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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Study system:

CD-1 mouse hepatocytes
(n=2)

Human hepatocytes
{pool of 10 donors, 2 lot 5)

Time 15 nmin, 2, 4 and 24 hours 15min, 2, 4 and 24 hours
Concentration 16 nM and 1 pM 10nM and 1 pM
Compounds *F{pal}- H{tyr}- *H-fpal)- H-[1yr}-

firaglutide tiraglutide ¥ tiraglutide liraghuide ®
Parent (Rty 1.0} v v v v
Metabolite -Rty 0.081) n.d. v nd. v
Metabolite ~Riy 0.09* n.d. N nd. v
Metabolite —Rig 0.21* nd. v ., v
Metabolite ~Rty 0.34* n.d. v n.d. v
Metabolite ~Rty 1.04 v nd. v nd.
Metabolite -Rfy 1.66 v md. v n.d.
Metabolite ~Riy 1.9 v nd. v n.d.
Metabolite ~Rép 1.1 Ve nd, nd. .
Metabolite Rt 1.16 v n:d. v nd.
Metabolite -Rty 1.26 v nd. v n.d.
Rip= reliive it 1 prent composind in the craphic systenm,

o dotested
detesred

FHiragide s does Yavmd jo be mnlipposive Iertlod iy botl tyrasioe and histiline

’llh“tiﬂl)al Tuformailon:

Al ncubations were copduiiad i the preserse of P himvan seran b 06 gt i‘uﬁ resovery of radiowtivity. A [nr}-m t Y Ok
was the magor mdi prak

g, GLPE was

tlived fster than §

ik in ol thie Tewbed apicies, THLLE

Inagz tiske, Ry 0,54 {151 3.9 s} wiis tre fivest abinclint cnotabelite for sl e tested species, This peak was ot appacent after incubmions with GLP-¢73%,

Lo

[Compiled from NO0O 2.6.5 PK Tabulated Summary P93-94]

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 > 1 mg/kg/day in males and females, combined c-cell

adenomas and carcinomas at > 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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Anthony L Parola, PhD : NDA 22-341

MOUSE CARCINOGENICITY STUDY REVIEW

NNC 90-1170 Tumor Findings in Male Mice

Males
Result Organ/Ti - “F -
esu rgan/Tissue
9 Neoplasm Hls_toncal Parameter Trenc!
Incidence analysis
incidence (%) 0 0 0 134 ] 19.0
Thyroid c-cell adenoma <1%
. p-value 0.000 - - ]0.000}0.000
Positive
Dorsal skin & incidence (%) 0 30} 15| 30| 88
. fibrosarcoma >1%
subcutis p-value 0.003 '{> 0.05}> 0.05|> 0.05{.0.008
i incidence (% 0 151 15 0 5.1
qu:wocal Injection site fibrosarcoma <1% %)
(+ dose response, p-value 0.019-"|>0.08}>0.05 - |>0.05
lacking statistically —— ~
significant increase in  Dorsal skin & thabdomyosarcoma <1% incidence (%) 0 0 30| 1.5 | 541
at least the HD group) subcutis p-value 0.018 - |» 0.05|> 0.05[> 0.05
Equivocal incidence %) | 1.3 | 3.0 | 148] o | 89
incidence (% . X . :
t df)s.e respp n.sg, Vascular (all hemangioma or o
statistically significant sites) hemangiosarcoma >1%
increase in at least 1 p-value 0.194 |>0.05}0.001|> 0.05|0.036
dose group)

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

NNC 90-1170 Tumor Findings in Female Mice

Result Organ/Tissue Historical
Neoplasm A Parameter
Incidence
incidence (%) 0 0 0 6.0 | 19.7
c-cell adenoma <1%
p-value 0.000 - - 10.05110.000
. . incidence (%) 0 0 0 0 26
|Positive Thyroid c-cell carcinoma < 1%
p-value 0.063 - - - |>0.05
c-cell adenoma or < 1% incidence (%) 0 0 0 6.0 | 224
carcinoma ° p-value 0.000 T 0,051 | 0,000

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 confrol group.

Key study findings:

» 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).

o The NOAEL for neoplastic findings was 0.2 mg/kg/day NNC 90-1170 (uncorrected SM
1.8) based on increased incidence of thyroid c-cell adenomas in males and females and
combined c-cell adenomas / carcinomas at > 1 mg/kg/day NNC 90-1170. Focal thyroid c-
cell hyperplasia, a preneoplastic finding, occurred at > 0.2 mg/kg/day.
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o NNC 90-1170 dose-dependently increased the incidence of focal thyroid c-cell
hyperplasia, a preneoplastic lesion, at > 0.2 mg/kg/day in males and females, dose-
dependently increased the incidence of thyroid c-cell adenomas at > 1 mg/kg/day in
males and females (uncorrected human exposure multiple (WHEM) 10), and increased the
incidence of combined c-cell adenomas / carcinomas at > 1 mg/kg/day in females
(uHEM 10).

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

e 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 (WHEM 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.

e 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 > 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
> 0.2 mg/kg/day in males and females), liver (pigmented Kupffer cells (attributed to
hemosiderin accumulation) at > 0.03 mg/kg/day in males and at > 0.2 mg/kg/day in
females, centrilobular hypertrophy, diffuse centrilobular hepatocyte vacuolation at > 0.03
mg/kg/day in males), spleen (hemosiderin accumulation at > 0.03 mg/kg/day in females),
femoro-tibial joint (degenerative disease at > 0.03 mg/kg/day in males and at 0.03, 1,
and 3 mg/kg/day in females), seminal vesicles (lymphocytic infiltration at > 0.03
mg/kg/day and inflammation at 0.03 and 3 mg/kg/day in males), and thymus (tubular
cystic hyperplasia at > 0.03 mg/kg/day in males and at > 0.2 mg/kg/day in females).

* Study deficiencies were:

o Due to low survival of contro! group females in the main study group,
termination of the 78 week interim sacrifice group was cancelled and treatment
was continued for 104 weeks. Tumor analysis was performed after combining
results from both main study and week 78/104 groups.

o 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.

o Mice used for assessment of anti-liraglutide antibodies in week ]04 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.

o Ophthalmoscopic examinations were not performed.

o Validation of the commercial rat plasma immunoradiometric assay to measure
mouse plasma calcitonin was not submitted in the NDA, although the report
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references 2 assay validation reports (reports 205089 and restandardization report
205189).

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

Adequacy of the carcinogenicity study and appropriateness of the test model:

Mice are pharmacologically responsive to subcutaneously administered NNC 90-1170
(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 *H-[Pal]-liraglutide in humans, but metabolism of *H-[Pal]-liraglutide is similar in vivo
and in vitro in mice and humans. In vitro metabolism of peptide-labeled *H-[tyr]-liraglutide is
similar in mice and humans, but in vivo metabolism was not characterized in either species.

Evaluation of tumor findings:

Treatment-related neoplastic lesions occurred in thyroid (c-cell adenomas at > 1
mg/kg/day in males and females, c-cell adenomas / carcinomas at > 1 mg/kg/day in females) and
dorsal skin and subcutis (fibrosarcomas at 3 mg/kg/day in males).

CAC concurrence:

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

« The Committee concurred that thyroid C-cell adenomas, C-cell adenomas or carcinomas
(combined), and dorsal skin and subcutis fibrosarcomas were drug related. Liraglutide
significantly increased the incidence of thyroid c-cell adenomas at > 1 mg/kg in males and
females, C-cell adenomas and carcinomas (combined) at > 1 mg/kg in females, and dorsal skin
and subcutis fibrosarcomas at 3 mg/kg in males.

Study no.: 204229 (sponsor), 457274 (CRO) b(4)
Submission, Module, and page #: N000 4.2.3.4.1.1, pages 1 - 3096

Conducting laboratory and location: —

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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Test hem BatchNo.  Units Armival Date Expiry Date
POSOBIO2 Y34 UT October 2004 12 August 2003
PQS036S 19 16-June-05 H-Masch-07
PQINIGT 546 21 July 2005 14 Mareh 2006

NNCY0-t170 .

6.25 or 6.0 mg ml liraglutide PQSO36S  Stu 18 January 2086 11 Neptember 2006
PQ5SO3GS 250 06 Suly 2006 Tt September 2007
RQ50574 300 06 September 2006 28 Mareh 2007

Typical Certiticates of Anatysis for a batch of test item and vehicle used are presented in
Appendix B and Appendix C

{N000 4.2.3.4.1.1 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-1"™(ICR)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 Treatmemt  (mgkgday) { Treatment extended to
104 Weeks)
Males Fenales Males Females
I Control 0 1-50 251-300 501-529 610-638
2 fow 0.03 51-100 301-350 530-546 639-655
3 Intermediate | 0.2 101-130 351-400 547-363 656-672
4 Intenmediate § 1L.u 151-200 401-130 564-580 673-689
5 High 3.0 201-250 151-500 381-60Y 6Y0-71%
Extra animals were numbered sequentially from 719 onwards.
[N000 4.2.3.4.1.1 P18]

Route. formulation, volume: subcutaneous injection (dorsal surface, rump and between
scapula), 6.0 — 6.25 mg/mL NNC 90-117 solution diluted in vehicle (1.4 mg/mL
monosodium phosphate dehydrate, 14 mg/mL propylene glycol, 5.5 mg/mL phenol), 5.0
mL/kg

Frequency of dosing: once a day

Satellite groups used for toxicokinetics or special groups:

78 week interim sacrifice group was planned, but treatment continued for 104 weeks due
to decreased survival in main study control females.

Satellite group for loxicokinelics and plasma calcitoniz consisting of 17/sex/dose in each
group terminated on weeks 26, 52, and 104.
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Animal Numbers

. Treatment —
Group Week 26 Week 52 Week 104
(mg/kg/day)
Males Females Males Females Muales Females
i Control 0 1001-1017 1086-1102  1171-1187  1256-1272  1341-1357  1426-1442
2 Low 0.03 1018-1034 1103-1119 11881204 1273-1289  1358-1374  1443-1459
3 Intermediate | 0.2 1035-1051 1120-1136  1205-1221  1290-1306  1375-1391  1460-1476
4 Intermediate 1 1.0 1052.1068 1137-1153  1222-1238  1307-1323  1392-1408  1477-1493
5 High 3.0 1069-1085 1154-1170  1239-1255  1324-1340  1409-1425  1194-1510

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.

[N000 4.2.3.4.1.1 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 stability/homogeneity: 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 4341018 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 F ebruary 2005 and 6 females in group
4 were underdosed on 28 April 2005. Both dosing errors were corrected by giving an
additional dose volume to give the correct dose. '

The following TK group mice were dosed twice during toxicokinetic sampling in study
week 52:

Group Sex Aninal Na.
1M
1F
2F

3N 1208

M 1223
4 13
SF 1328

[N00O 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 a pumber of deaths and clinical signs, the following animal replacements were made during

e first two weeks of the study.
Dae Animal o be Grp Replacenient Reason for
tProvantis Day) Replaced Sex Animal Replacement
08 e
(m' * 369 SF 72 Large Swelling
08 Do 04
- ns 3M wun Lesion
(U]
13 Dec 4
e 209 M 22 Found Deald
th
19 Dox 09
o 154 M 24 Found Dead
o
20 Dec 04
* 125 M 723 Found Dead
(12
20 e 14
o i 138 M 20 Found Dead
20 MDec 03 <18 M 719 lnm_\\m_.md Stow
a2 Respiration
20 Decnd
Dee 7 ¥ 723 Lesion
12y
20 Decud
Do i1 S¥ 26 Found Dead
(an
Day 0 - Fintday of dosing
[a]
[NO0O0 4.2.3.4.1.1 P19]

The following summary table lists toxicokinetic and antibody satellite group mice
replaced during the first week of dosing.

The tollowing animal replacements were also made during Week 1 of the staggered satetlite and
antibody study.

Dare Animal o be Grp Replacenment Reason for Replacement
S AR Y
(Provaniis Day)y Reploced Sex Animul SN Ter Rephasens
2 Jan 0$
12 Jan 1133 3F 1538 Fomd Dead
{h)
12 Jan 0§ 4 IF 1537 .\'up‘m\capulur ~welling prioy 1o
w dosing

PDay & Firstday of dosng

These replacements did not alfect the integrity or onteome of the study.

[N00O 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 consumptiori: Water consumption was monitored by visual inspection, but it wasn’t
quantified.

12 of 59



Anthony I Parola, PhD : NDA 22-341

Anti-NNC 90-1170 antibody: Up to 1 mL orbital sinus blood samples from isoflurane
anesthetized antibody study group mice (10/sex/dose prior to initiating treatment, 5/sex/dose
during treatment) was taken to determine if anti-NNC 90-1170 antibodies occurred after
treatment. Mice were bled 3 days after their last dose in week 26 and 6 days after their last dose
in weeks 52 and 78. Samples for antibody analysis were taken from week 104 satellite group
mice bled 10 days after their last dose in week 97. Samples for antibody analysis from week 78
satellite group mice reassigned for termination in week 104 were bled 10 days after the last dose.
After bleeding mice were sacrificed and necropsied. The assay is a radioimmunoassay
precipitating immunoglobulin bound I -liraglutide after overnight incubation of I —liraglutide
with mouse plasma.

In the absence of NNC 90-1170, the sensitivity of the anti-NNC 90-1170 antibody
radioimmunoassay was 25 — 50 ng/mL. The assay sensitivity decreased to > 1 mcg/mL antibody
at > 10 nM NNC 90-1170 in plasma. To dectease interference of plasma NNC 90-1170 in treated
mice, plasma samples were taken after dosing in week 26, 3 days after dosing in study week 52,
and 6 days after the last dose in week 78. Since plasma levels > 10 nM NNC 90-1170 occurred in
3/10 mice in the 3 mg/kg/day group in week 78, the washout period was increased to 10 days
after dosing in week 104. Residual plasma NNC 90-1170 in mice from the 3 mg/kg/day group
might have interfered with the assay in weeks 26, 52, and 78.

Plasma calcitonin: Measured in weeks 26, 52, and 104 using a commercial immunoradiometric
assay for rat calcitonin (report Appendix NN) with a 2 pg/ml lower detection limit (LOD).
Although the sponsor claims the commercial immunoradiometric assay for rat calcitonin assay
(bead immobilized anti-calcitonin monoclonal antibody and '*I-labeled goat anti-calcitonin
polyclonal antibody) was valid for measuring plasma mouse calcitonin, assay validation was not
submitted in the NDA...

Hematology: Immediately prior to termination in week 104, orbital sinus blood for hematology
was obtained from isoflurane anesthetized mice from week 104 main study group mice and week
78/104 group mice. Hematology parameters are shown in the table below. Blood smears were
obtained, but due to the absence of hematology findings, they weren’t examined.

Haematology Parometers
Hacemoglobin

Red Blood Cell Count

Red Blood Cell Distribution Width
Haematoerit

White Blood Cel! Count

Mean Cell Volume

Mean Cell Haemoglobin

AMean Cell Haemoglobin Concentration

Reticuloeytes

Phaelet Count

Differential White Blood Cel} Connt;
Neuwoplils

Lymphocytes

Monoevies

Fostnophils

Basophils
Lasge Vinelassified 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 CO, and
exsanquinated. All mice sacrificed on study were necropsied, except for antibody group mice
sacrificed prior to initiating treatment. Mice found dead or sacrificed moribund were necropsied
at the discretion of the pathologist, with the intent of determining a cause of death.
Toxicokinetics: At least 0.8 mL orbital sinus blood was obtained from isoflurane anesthetized
TK satellite group mice prior to dosing and 1,2,4, 8, and 12 hours after 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 potnts (dose groups 1 — 5). In week
78, samples were obtained from week 104 satellite group mice reassigned to week 78 using 4
mice/sex/dose/time point for dose groups 1 and 5 or 2 mice/sex/dose/time point for dose groups
2,3, and 4. Sampling for week 78 group mice is shown in the table below.

Week 78 Gl Iwk 104 animals)

Males Females
T Timepoim " . -
‘_ll |;nqmml Group 1 Growp 2 Group 3 Group 4 Group § (hl; pox Group ) Group 2 Group 3 Group 4 Growp 3
D

Prodose iy 4 2 2 2 3 Prodos (0} 4 2 2 2 4

t 3 2 2 2 4 i 4 2 2 2 4

2 B} 2 2 2 4 2 4 2 2 2 4

4 4 2 2 2 3 + 4 -2 2 2 4

o 4 2 2 2 3 3 4 2 2 2 4

i 4 2 2 2 3 12 3 2 2 2 4
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Histopathology: Peer review: yes (X), no () -internal peer review at
external peer review by the sponsor.

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

b(4)

Orguns/Tissues for Preservation and Evaluation

Tinties collected Examinad Commienis

Adranlx 2 X -

Avrite Arch 5 -

Hood Smear - From unimals kitled prematurely

Brom X Fuorebrain. widhrom and cerebeltom,

Dine Sitctsy < .

Exurhital Lacrimat Glands x -

Eyex2 X Bath eyes fixed in Davidson's thiid. 1he
et eve processed und exumined
hastulomeally,

Femoral Bone tincluling wifle X -

Jointy

Gavtpo-miesinad Trach: Opened 2t accropay and mucosa
sxaminal. Peyers patches sampled from
stmal] intestine

Stomach X
Drdenom X
Hewm <
Jejunum X
Colvn X
Caccum X
Recrun X

Hurderion Gland x 2 X Both Jixed. One only processed and
vamutned histologically,

flean x -

hinplantsy - For identitication purpases.

Rudiey - Creter x 2 X .

Liver - Gall Bladder X -

lung X
examimed including muinsten bronehi

Masrow Smcar (Femur) - Siieas air-dried and fixed in methanol,

Mesenteric Lymph Node « -

Nanal Covity . Franwetse sedtion enamuned of elinical
~igns dictate.

Qesophagus X -

Optic Nervex 2 X Fixadin Davibon's Buid, e el optic
verve examined.

Ovaryx 2 X -

Pancpeas X -

Parotic Nalivory Gland X -

Pinnstary X -

Prosate X -

Rib x

Svaatic Nemve A -

Seminad Visicles X -

Skin + Mammasy Gland X -

Spinal Cord x Cervival. midthoracie and Jumbar

Spleen x -

Stemwn x Including bone marrow,

Sublinrual Sativary Glad x 2 x Only one provesed

Submandibular Lamph Nisde X -

Subnuasillany ( Mandibular) A Onbyone prisesed.

Salivary Gland x 2

Testis ~ Epndidyin x 2 X -

Ihizh Muosele x -

Thymus X -

Thytoid - Parathyrend x 2 x Farathyroid exumined if preseat wa slide

Tungue Y -

Traches > -

Uininary Rladier x  Comractad bladders distended with
fixanve: cpuheliat suzfdee m animals
which undernent histologzeal evaluation
exanined aiter lixation.

Literys with Cervin snd Oviduct N -

Vagi X -

[N000 4.2.3.4.1.1 P28-29]
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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: Intercurrent Mortality Comparison
Male Mice in Combined Main and Week 78/104 Satellite Studies

P-Value P-Vilue

Test Cox Kruskal-
Wallis

Dose Response  0.2903 0.5184
Homogencity 0.5051 0.5900

‘Table 9B: Intercurrent Mortality Comparison
Female Mice in Combined Main and Week 78/104 Satellite Studies

P-Value P-Vilue

Test Cox Kruskalk
Wallis

Dosc Response  0.1639 0.1404
Homogencity 0.3284 03512

The sponsor’s statistical analysis showed survival in main study group males was
unaffected by treatment. Compared to the control group, mortality in females was decreased in
1.0 and 3.0 mg/kg/day groups.

Main Study at Week 104

Group 1 2 3 3 3

Dose Level (mg/kg/day) 0 0.03 0.2 1.0 3.0

Survivors/ M 25/50 29/50 28/50 31750 19/50

No. in Group F 14/50 11/50 19/50 19/50 19/50
[N000 4.2.3.4.1.1 P32]

Analysis of Survival Times — Main Study

Comparison Test Statistic P-Value

Males

Control Group vs. 0.03 meke'day 0.531 047

Control Group vs. 0.2 myg: A 0.908 0.34
Control Group vs. 10 mg.kz:day 2.692 0.10
Control Group vs, 3.0 mg kg'day 0.002 097
Females

Control Group vs. 0.03 mgKedday 1.107 0.29
Control Group vs. 0.2 mgkgsday 0.878 033
Control Group vs. 1.0 mg-kg/day - 3.985 0.046
Control Group vs. 3.0 me‘kesdav 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
concurrent controls, mortality increased in group 2 males and females (0.03 mg/kg/day).

"Week 78" Toxicokinetic Study at Week 104

Group 1 2 3 4 5
Dose Level (img/'kg-day) 0 0.03 0.2 1.0 3.0
Decedents / M 15/29 1217 8/17 1017 1529
No. in Group F 1929 14717 13/17 12/17 20129
[N00O 4.2.3.4.1.1 P33]

Analysis of Survival Times - Wk 78 satellites

Comparison Test Statistic P-Value

Males

Control Group vs, 0.03 make. day 4.108 0.043
Control Group vs, 9.2 0.230 0.65
Control Group s, 1.0 2272 0.13
Contrel Group vs. 3.0 mg 0.19] 0.66
Females

Comrol Group vs. .03 m; 4117 0042
Control Group vs, 0.2 1.784 o8
Control Group vs, 1D 0.163 0.68
Control Group v~. 3.0 me. 0.70] 0.40

[NO00 4.2.3.4.1.1 P33]

Kaplan Meier survival curves for both main study and 78 week satellite group males (Figures 1
and 3) and females (Figures 2 and 4) are shown below. Considering survival up to 104 weeks in
combined main study and week 78 satellite groups, the number of unscheduled deaths increased
in females at 0 mg/kg/day (56/79), 0.03 mg/kg/day (51/79) and 3.0 mg/kg/day (56/79) groups.
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Fisore ] Kaplan Meler Survival Carve: Main Study: Males Figure 3 Kaplan Meier Survival Curve: Wk 78 Satcllite Study: Males
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Figure 2 Kaplan Meicr Survival Curve: Main Study: Fennles Figure 4 Kaplan Meier Survival Corve: Wk 78 Satellite Study: Females
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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
Males Females
HISTOLOGICAL FINDINGS GROUP Grp1 | Gp2 | Gip3 | Gpd | Gp5 | Grp1 | Gp2 | Gp3 | Gpd | Gips
COSE 1] 0.03 0.2 1.0 3.0 0 0.03 0.2 1.0 3.0

mglkg | mg/kg | mgkg | mgikg | maikg | mgikg | mgfkg | mgtkg | mgikg | mgikg
Iday Jday /day iday /day /day /day Iday Iday Iday

TISSUES NOT INCLUDED WITHIN BODY SYSTEMS

CAUSE OF DEATH @wo | 33 (30} (29) 47) (56) (53) {44) {43) {51)
FIBROSARCOMA [M). dorsal 1] 3 1 1 g 2 1 0 0 2
C-CELL CARCINOMA {M] 0 ¢ [¢] a 0 0 [ 0 0 1
Dermatitis 4 4 a | s 2 | 4 e | 3] 1] 2
Inflammation, acute. (genito-urinary 1 0 4] 0 3 0 0 0 0 0
system)

Cystitis 2 7 2 1 5 0 0 4] 0
Arterilis/periarteritls 0 0 0 0 ] 1 1 1 0 4
Cause of death undetermined 10 5 8 5 4 2 10° 7 3 g*

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

[N000 4.2.3.4.1.1 P477-481]

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

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

By the end of the 104 treatment period, there were no significant differences in group
mean body weight between control and NNC 90-1170 treated groups (Figures 5 & 6, and
summary table below).

Vigore §  tiroap Mean Hoda neizht: Main Ntody: Mules
Fizorcd  Grosp Mean Bodsweizhi: Valn Niudys Females

. P ..o;-! - . -
2" gpd drEifEaiziest.. gat ¥l I0TC s,
sadrl - . iea g, P 5 i A
§ I - ope M-I
Liel H S I Te.
§o 3" e* ez - .
i xe " x"’ nasm s
- * - .
1 t 3 W
- » 2z
:u:: g S .
% .
H s
N x
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o o - ™ L o o - 2 » £ ~ m o

[N000 4.2.3.4.1.1 P558-9]
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) Sex| Male Female
NNC 90-1170 (mglkg/day)} o { o031 02| 1 | 3| o Joo3| 02| 1] 3
Parameter
N, week 0 50 ] 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50 | 50
g, week 0 335|339 343 | 33.4| 331 | 27.6 | 29.0 | 283 | 286 27.8
N, week 104 25 | 20| 28 | 31| 19F 140 11| 19 | 19| 19
Bodyweight g week 104 4371425 4381 441 | 437 | 37.4 § 37.3 | 40.2 | 389 391

% difference from control,
week 104

g, (week 104 - week 0} 10.2] 86 | 95| 10.7] 1061 9.8 83 { 114 11031113
% of pretest body weight | 30.4 | 25.41 27.7| 32.0 | 32.0] 355 | 28.6 | 39.6 | 36.0 | 40.6
% difference from control | 0.0 |-15.7] 69| 49 ] 39} 00 |-153| 118 | 51 ] 153

00}-27]02]|09}j00f]Jo00])]-03) 75]40]| 45

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 of the study.

Week | Group Muan Bodyweights t2) Males

Group Dav Day 1 Dav 2 Dav 3 Dav 4 Day 5 Dav é Day 7
Control 33.5 X9 4.0 344 330 348 35.1 35.1
Low 339 343 4 5.5 35.2 34.9 34.7 343
Intermediate § 345 340 i 49 35.2 349 RE R 355
Intermediaie 2 333 324 323 331 332 334 333 34.1
High 331 32.0 319 323 327 2.5 328 329
Week ) Group Mean Bodwwveights (2) Females
Group Dav i) Day | Day 2 Dav 3 Davd Dav S Dav 6 Dav 7
Contral 27.6 27.7 28.0 27.8 27.6 272 27.3 273
Low 279 28.7 294 28.5 28.6 28.5 28.9 289
Intermediate § 284 28.2 28.3 28.3 2.3 29.0 29.1 29.0
Intermedinte 2 29.0 280 281 284 29.2 2.1 29.2 294
Hich 27.5 26.2 264 26.7 272 27, 27.3 274

[N000 4.2.3.4.1.1 P34]
Food consumption:
NNC 90-1170 treatment decreased food consumption during the first week, but food
consumption returned to control group levels as the study progressed.

Food Consumption in Males (g/mouse/day, main study weeks -1 to 12)

Group pretrial

(Dose Level (neek) Treatment Period (weeks).

=p/ky/day)

-1 1 2 3 3 5 6 7 8 9 10 n 12

1 Number SO 50 50 50 50 50 50 S0 50 50 48 48 48
stean 5.9 6.1 6.0 6.2 6.2 6.1 6.2 6.2 6.1 6.1 6.1 6.1 6.1
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 50 50 50 S0 49 48 47 47 17 47 47 7 47
Hean 6.0 5.8 6.3 6.3 6.4 6.2 6.5 6.3 6.4 6.3 6.4 6.3 6.2
SE 0.1 0.1 0.1 0.1 0.1 0.1 c.1 9.1 0.1 0.1 0.1 0.1 0.1
Prob. as ac [ ce b ac

3 (0.2} Number 50 50 S0 50 50 50 50 50 50 50 S0 £ 50
stean 6.1 5.3 6.0 6.3 6.2 6.1 6.3 6.2 6.3 6.3 6.1 6.3 6.6
SE 0.1 0.1 o.L 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Prob. cs cc cc [ cc

1 (1.0 Number 49 50 50 50 50 50 tose 19 +9 49 19 49 49
vean 5.9 4.9 6.2 5.0 6.3 6.4 6.4 6.5 6.9 6.3 6.6 6.5 6.6
SE 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 .1 0.1 0.1 0.1 -1
Prob. <s ac <c <c ac « <<

5 (3.0) Number 50 S0 50 S0 50 +9 49 49 48 48 48 48 48
sean 6.0 4.5 5.7 5.7 6.0 6.0 6.3 6.1 6.1 5.9 6.1 6.0 6.1
SE 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 6.1
prob. <s ac be <c 3 . ec cc

[NO00 4.2.3.4.1.1 P120, 122]

Food Consumption in Males (g/mouse/day, main study weeks -1 to 12)
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Group pretrial .

(Dose Level (week) Treatment Period (weeks)

rg/kg/day) .

-1 1 2 3 4 $ & 7 8 9 10 n 12

1 (o) Number 17 17 17 17 17 17 17 17 17 17 17 7 17
vean 5.0 4.9 51 5.2 5.3 5.2 5.4 5.4 §.3 S.S 5.5 5.7 5.5
14 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 i7 17 17 17 17 17 F 17 17 17 17 17
viean 3.9 3.8 5.9 5.3 5.2 5.1 3.3 3.3 5.3 5.7 5.8 5.7 3.8
SE 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 6.1 0.1 0.1
prab. ac ce =2 b ac

3 (0.2 Number 16 17 17 17 17 X7 L7 17 17 17 17 7 17
vean 4.9 3.3 5.3 5.4 5.4 5.3 5.5 5.3 5.5 5.5 5.8 5.6 5.7
SE 0.1 0.1 6.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Prob. cs ce cc <c cc

4 1.0 Numbar 17 17 17 17 17 17 7 17 17 i7 17 7 7
Sean 5.0 3.1 5.0 5.4 5.3 5.3 3.5 5.3 5.3 5.5 5.6 5.6 5.7
SE 0.1 9.1 0.1 ¢.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.3 0.1
prob. cs ac cc cc ac 23 cc

5 (3.0) Number 17 17 17 17 17 17 17 7 17 17 . 17 7 17
Mean 5.0 3.7 4.8 5.2 3.9 5.2 5.3 5.1 3.3 5.5 5.5 5.4 5.5
SE 0.1 0.1 6.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 a.t 0.1
frob. (<] ac bec ce <e < <<

[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 MCYV were significantly increased at >
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 Het. 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

B ) } ~Sexj ) ) Male Female o

NNC 90-1170 Dose (mglkg/day)} o | o03{ 02 i 1 3 o Joo03iozi 1 3
N 21 28 24 29 18 13 9 18 17 17

Parameter Absolute % Difference from Control Absolute % Difference from

Value Value : Control

FéBC (X1072/L) 9.05 73 { 84 i-11.7%-13.7 8.10 -6.2:-75:-35% -4.1
Hb (g/dL) 13.0 -7.69: -3.85: -6.15 i-10.77} -~ 11.8 -1.7:-08: 25 2.5
Hct (%) 41 -5.9 i 5.1 -6.3 { -10.5 37 -14i-11§i 19 2.2
{MCH (pg) . 14.4 -0.7 i 49 6.9 3.5 14.6 55 : 75 : 6.8 6.8
Imcy (i) 45.4 15 : 37 i 66 i 3.7 458 159:79:55: 72
|Retic (%) 3.4 0.0 £ 147 § 11.8 { 26.5 5.5 18 : 3.6 i-256.5! 3.6

Underlined values are statistically different from controls.

Anti-NNC 90-1170 antibodies:
Anti-NNC 90-1179 antibodies were not detected in plasma of any treated mice.

Plasma calcitonin;

" Group mean calcitonin levels were significantly higher than controls at > 0.2 mg/kg/day
NNC 90-1170 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 > 0.2
mg/kg/day in weeks 26 and 52 and at > 0.03 mg/kg/day in week 104.
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Plasma Calcitonin

Males Females
NNCD90-1170 Week 26 | Week 52 | Week 104 | Week 26 | Week 52 [Week 104
(mg/l?g;S/Zay) pg/mLi Nipg/mbLi N| pg/mL : N|pg/mLi N|pg/mLi N|pg/mLiN
0 17.9 i16] 8.58 i15] 9.67 i12] 76 i16] 63.3 i15} 13.3 i3
0.03 226 i17] 25.05:14] 2092 i 4| 334 i16| 52.3 i16] 39.1 i4
0.2 65.1 17| 66.43:17} 102.16: 8 | 125.6 : 16] 107.4113 614 i2
1 129.2:15| 70.3 13| 228.5 {11} 152.9:17} 129.5:12| 98.6 i 2
3 119 $15}211.4{15| 453.9 | 5]133.7:16) 191.4:14] 383.5:7

Values statistically significantly different from control are underlined.

Plasma calcitonin increased > 2 fold between weeks 26 and 105 at 3 mg/kg/day in males
and females, but not at lower doses (summary table above, graphs below). Compared to week 26,
week 104 plasma calcitonin levels were the same of lower in control group males and at 0.03
mg/kg/day in males and at < | mg/kg/day in females. Plasma calcitonin increased with treatment
duration at 3 mg/kg/day in males and females.

1000 1000 —0— 0 Females
r.‘x.-o‘os
_________ X —5—02
:.E* e X T '_-’.,.—o E —o-t LT X
£ I - . —x-.3 I
I = = H -
2. e} 2y == a_ L. — XK
58 e E -
53 £ e, -
T [Maeeecoseodomnenaa Y
Iz be - - - - o 2R TN )% gg e — \g
o ~ 3 —_——
g 0 e — ] ‘__.-X-\u\-< ........... x
3 8 2 =~
o —_0— 0 = &G =003 a ~ -
—5—02 -0 -1 T~a
— -3 o
1 g 10
25 45 65 85 105 25 45 65 85 108
Study Weok Study Weok

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.

22 of 59



Anthony L Parola, PhD ) NDA 22-341

Onginal diagnosis Consensus diagnosis Animal No.

Hepatocellutar carcinoma Hepatocellular adenoma 96, 103, 114, 126, 172, 182,
215, 221, 427, 504, 613

Haemangiosarcoma Haemangioma 202, 225, 294, 310, 343, 364,
372, 381, 405, 435, 441, 653,
697, 714

Bronchiolo-alveolar carcinoma | Bronchiolo-alveclar adenoma 76, 233, 502, 544, 616

Endometrial adenocarcinoma Adenomyosis {uterus) 276, 294, 395, 644, 645, 691

(uterus)

Lymphomalteukasmia Hypermplasia/inflammation 170, 2356, 352, 405, 525, 704

A consensus by the Peer raview Pathologist and the Study Pathologist was also reached on
diagnoses relating to the evaluation of the Thyroid Gland:

Animal | Reviewing Pathologist's apinion Study Pathologist’s Conssnsus

No, . opinlon

75 Follicular cell adenoma, Follicular celi adenoma Folficular cell
undifferentiated, with solid pattern adenoma with

unusual features

158 C-cell adenoma Follicular cell adenoma C-celt adenoma

183 C-cell adenoma + C-cell 2 Cell hyperplasia (on C-cell adenoma + C-
hyperplasia 1* section) cell hyperplasia

452 C-cell adenoma (autolysed section) | Follicular cell adenoma C-cell adenoma

371 C-cell hyperplasia ~ C-cell hyperplasia

213 C-cell hyperplasia - C-cell hyperplasia

665 C-cell hyperplasia - C-cell hyperplasia

[NO00 4.2.3.4.1.1 P1405]

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

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

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

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

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

NNC 90-1170 groups in males and at > 0.2 mg/kg/day in females.
: Sex Males
NNC 90-1170 Dose (mg/kglday) 0 0.03 0.2 1 3
Fate (SurvivororDecendent)) s i D | s i D s D s D |sip
o 30 40 34i33) 37 i 30| 3 2 |32i47
Organ Finding . N
Severity 79 67 67 67 79
Thviog  Inflammatory cell ool 1ios2| 4 fozs| 5 |1 |52
Y infiltrate 0 1(1.5%) | 4(6.2%)" 6(9.0%) | 7(8.8%)
minimal 10|40 1 2 4 1 4aio
mild 1 i1) 1 o2 2 0 4 o Joii
pigmented Kupffer cells moderate 1 1 1
Total affected 2 i1]15% 2 4 2 9" 1151
ota e
3(3.8%) | 7(104%) | 6(9.0%) | 10(14.9%) | 6(7.6%)
Liver centrilboutar o - o " o
hypertrophy 4(5.1%) [12(17.9%)} 11(16.4% 9(13.4%) [13(16.5%)
diffuse centrilobular 1 11 2 5 3 i1 3 3 1 3
hepatocyte vacuolation 2(25%) | 7(104%) | 4(6.0%) 6(9.0%) | 4(5.1%)
] oma 1tio]l2io0] 9 o0 3 io0ofaio
microgranul * N 4 N * ©
9 1(1.3%) | 2(3.0%) | 9(134%)* | 3(45%) | 4(5.1%)
mohoid hyperplasi 1 i3fj9*: 2| g~ ;0| 8 {0}|4aiz2
m 1 erplasia N * : = .
yme yperp 4 (51%) |11.(16.4%Y| 9(13.4%) | 8 (11.9%) ] 6(7.6%)
minimal 0 f0]1i1 0 0 1 oloio
Spleen mild 1
hemosiderin moderate
Total affected 0 0 ! ! 0 0 ! ! 0 0
e
() 2 (3.0%) 0 2 (3.0%) 0
Femoro-tbial joint degenerative joint 1538} 15 | 24* 1732 26* i1328| 25% [15/27| 11} 24
disease 30 (38.0%) [41.(62,1%)*] 39.(59.1%)" | 40 (61.5%)** |35 (44.3%
] ) 1 5| 2: 6 |336: 2 |287: 3 (6:5
Semi _ inflammation 6(76%) | 8(11.9%) | 5(7.6%) 5(76%) |11(13.9%)
eminal vesicle - H T T veyre T
lymphocytic infiltration 6 13 113: 0 11636 1 j20m37; 0 f 10 ¢ 4
ymp ) 9 (11.4%) |13 (19.4%)| 17.25.8%) | 20 (30.3%)* |14 (17.7%
tubular cystic 3733i0/33|5/27% 2130 | 6/32 | 1/27 | 4/29 : 4*24|3/3113/35
Thymus
hyperplasia 3(4.5%) | 7(12.2%) | 7(12.3%) 8(15.1%) | 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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Sex Females
NNC 90-1170 Dose (mg/kg/day) 0 0.03 0.2 1 3
Fate (Survivor or Decendent)} S D |Si D s [»] S D S D
. h 23 56 [14: 53 | 23 : 44 | 24 ; 43 28 51
Organ Finding N
Severity 79 67 67 67 79
Thyroid inflammatory cell 322 ios3f2igvse| 2 2 | 1 P2k 4 favas
oi ! : H : i H
VT infiltrate 3(4.0%) |7(10.6%)| 4(6.0%) 3(4.5%) 8(10.5%)
minimal 3 2 4% 4 6 6 5 9 g
mild 6 2 {18 2 4 3 3 8 7
pigmented Kupifer cells  moderate 2 3 2
9 4 |5: 6 J10: 9 16 : 11* 17 & 18™
Total affected
13 (16.5%) N1 (16.4%] 19 (28.4%) |27 (40.3%)"] 35 (44.3%)*"
Liver centrilboutar
hypertrophy ! ! 2 ! !
diffuse centrilobular Y 4 0 3 0 3 1 2 0 2
hepatocyte vacuolation 4(5.1%) 3(4.5%)| 3(4.5%) 3 (4.5%) 2 (2.5%)
] 8 i1 |aio]2io0]2i o 6 i 3
microgranuloma N v : : :
9(11.4%) | 4(6.0%)] 2(3.0%) 2 (3.0%) 9 (11.4%)
. A 3 i355[4: 2 | 4 4| ai a4 5 i 5
lymphoid hyperplasia : : : : !
6(7.7%) | 6(9.0%)] 8(11.9%) | 8(11.9%) | 10(12.7%)
minimal 3 o |7*: 58" 5 1] 4 Vil 7 3
Spleen _ mild 3 1 2 1 2 4 8 4
hemosiderin moderate 1 2
6 255178 7 6 2 4 i1~ f 13 g*
Total affected
8(10.3%) |14 (20.9%} 8(11.9%) | 15(22.4%) } 22 {27.8%)**
e fo 5 Poss|2i1252|a22] T4z | 1 f1em2] 4 T 12
Femoro-tibial joint dfageneratnve oint i H H R H
disease 14 (17.9%) |14 (21.2%] 10 (15.6%)| 17 (25.8%) | 16 (20.3%)
Thymus tubular cystic 0 i25210: 0 2 §1/39|2/23; 0/38 3 ;245
ym hyperplasia 2(2.7%) 0 3 (4.8%) 2 (3.3%) 5 (6.8%)
Neoplastic:

Treatment-related neoplasms occurred in thyroid (c-cell adenomas in males and c-cell
adenomas and carcinomas in females at > 1 mg/kg/day) and dorsal skin and subcutis
(fibrosarcomas at 3 mg/kg/day in males). In males, equivocal findings occurred in dorsal skin and
subcutis (dose-related increased rhabdomyosarcomas), injection site (dose-related increased
fibrosarcomas), adrenal (subcapsular cell tumor at 0.03 mg/kg only), and vasculature (combined
hemangiomas and hemangiosarcomas from all sites at uterus at 0.2 mg/kg only). A complete list
of tumor findings compiled from the sponsor’s Tables 22 (Peto analysis of tumor incidence:
Males) and 23 (Peto analysis of tumor incidence: Females) is Appendix 1. Historical control
group data of tumor incidence in control groups of CD-1 mice from 2 year carcinogenicity studies b ( 4
atthe == in years 2002 — 2004 are included as )
Appendix 2. The background incidence of skin tumors for subcutaneously dosed mice in 2 year
carcinogenicity studies is Appendix 3.
Tabulated summaries of tumor types with p-values < 0.05 for either dose-response
relationship or pair-wise comparisons determine from statistical analysis of combined main study
and week 78/104 male or female groups are shown below. In several instances, statistical analysis
performed by the sponsor differs from ours.
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Tumor Types with P-Values < 0.05 for Dose Response Relationship or Pairwise Comparisons
Combined Main and Week 78/104 Satellite Studies in Male Mice

emg @.03pg 0.2Pg l.2mg 3.0mg ?_Value
Cont Low Med Mighi Wigh P_Value P_Value P Value € vs. P_value
Organ Hame Tumor Rame N=57 REES Had5 R=39 Ma62 Dos Resp Cwvs. L Cuvs. M ¥ Cvs. H
l!fffffffffifffffffff.ffffﬂffffff!ﬂffffffiffffffffffﬂfffffffffff!r'!ffﬁfffﬂfHff!ffffffffffffHf!.ffffﬁlfffffffffffffflffffff
ADRENAL GLAND SUSCARSULAR CELL TUMOUR 3 11 5 Bl 5 B.853 0.013 ©.368 0.a21 0.526
ALL_SITES HAEMANGIOSARCOMAPHAEHANGE 1 2 b} 2 7 9.194 8.412 0.en 0.207 0.03%
INJECTICH/TREAT FIBROSARCOMA (M} ] 1 1 e 3 2.019 0.4432 8.342 . 9.863
THIECTION SITE FIBROMA+FIBRCSARCOMA b 1 1 9 4 2.048 0.686 0.686 09.402 9.187
LYMPH }ODE (MES HAENMANGIOMA (B] ] 9 2 -] 3 0.647 - 28.192 - 0.129
SKIM AND SUBCUT FIBROSARCOMA [M] ] 2 b3 2 7 9.003 9.198 0.448 9.169 9.908
RHABDDHYOSARCOMA (M) ] ° 2 1 3 .018 . 0.198 9.407 9.066
THYROID C-CELL_ADENOMA+CARCINOMY D [ 2 9 13 9.000 . . N ©.200
THYROLID GLAND C-CELL ADENOMA [B] 9 0 2 9 15 9.220 . . 0.830 0.e00

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-related trend is considered significant.

Since injection site fibroma only occurred in control group males, the combined
incidence of injections site fibroma and fibrosarcoma aren’t relevant to treatment-related affects.

Lymph node hemangioma was included as a statistically significant tumor (trend analysis
p < 0.05) in the final draft of the statistics review. There were no instances indicated in the
historical control data for lymphoreticular/hematopoietic tumors, but the historical control group
rate for vascular hemangiomas is 1.8% and therefore, a common tumor. The dose-related trend p
> 0.005 is not significant. :

Skin and subcutis fibrosarcomas are common because the historical control group
incidence is > 1% (3.4%) and rhabdomyosarcomas are rare because their background incidence is
0%.

Thyroid adenomas are rare tumors in mice because the historical control group incidence
is < 1% (0%). Dose related increased thyroid c-cell adenoma is significant, but in the absence of
c-cell carcinomas, the significant dose-related increased combined c-cell adenomas + carcinomas
is irrelevant. '
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Tumor Types with P-Values < 0.05 for Dose Response Relationship or Pairwise Comparisons
Combined Main and Week 78/104 Satellite Studies in Female Mice

@ mg 9.03mg 2.2 mg 1.8mg 3.0 g P_Value

Cont Low Med Midhi High P_Value P_Value P_Value Cwvs. P Value

Organ lame Tumor Hame He57 LA u=57 Had7 Hs59 Dos Resp Cws. L Cuwvs, M MH Cwvs. H
ffffffffﬂﬂffff.‘fffﬂfffﬁffffffff}fffffffffffff.ffffffh‘ff.ffiﬂ!ffffﬁfflffffflf!f{ffffff}ffffﬁfff!fffifﬁffflffffffffffff!fff

HARDERIAN GLAND MOENOMA (8] 1 -] 1 2 H 0.014 0.415 3.753 8.459 6.145

PITUITARY GLAND ADENOMA, ANTERIOR LOBE (6 © [} 2 e 5 8.e0s . 3.240 - 2.2332

SKIN ALD SUSCUT SARCOMA (NOT OTHERWISE SP 1 Qe 1 [:] s 9.918 0.309 0.747 0.468 o.15e

THYROID GLAKD C-CELL_ADENOMA+CARCIHOMA @ 9 3 17 9.e09 . . 8.051 e.e29

C-CELL ADEHOMA {8] e ] 2 4 15 ©.e99 . . 2.051 e.02¢

UTERUS LEICHMYOMA+LEIONYOSARCOMA 5 7 14 8 1e 9.578 9.187 9.817 9.221 9.216

Harderian gland adenoma is a common tumor because the average background incidence
is 1.7% in females. Since the p-value for trend analysis was > 0.005 (actual p-value 0.014), the
dose-related trend of increased tumor incidence was not significant.

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

Sarcoma of the skin and subcutis is a common tumor because the background incidence
is 1.8% in females. Since the p-value 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.

Zhyrotd Tumors

Thyroid c-cell focal hyperplasia, adenomas, or carcinomas are rare histology findings in
mice. Treatment-related C-cell neoplasms in males and females were considered a progression of
focal c-cell hyperplasia. Although physiologic diffuse and/or focal c-cell hyperplasia and/or
hypertrophy can be considered a normal physiologic response, when c-cell neoplasms occur in

the same study, focal hyperplasia is considered a preneoplastic lesion. Its notable that diffuse c-
cell hyperplasia didn’t occur in this study. .

' NNC 90-1170 dose-dependently increased the incidence of focal thyroid c-cell
hyperplasia at > 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| Males
NNC 901170 Dose (mg/kg/day)] 0 0.03 0.2 1 3
Fate (SurvivororDecendenti{ S D | S D[ sip| s i b | s : D
. 30840 34 i33)37i30| 38 § 290 | 32 i 47
Organ Finding
Severity 79 67 67 67 79
minimal oiofjoioloio]| 3 2 | e i oT#
mitd 1 1 0 3 4
Focal C-cell moderate 3 i 2 | 5#2: 3
hyperplasia
(preneoplastic) marked 1 1
ot afftected 0: 0 0 i0/32) 1 ;08| I## i 4# | Ao#H# | 15¥#
Jthyroid 0 0 1(1.5%) |11 (16.4% W30 (38.0% ¥
cio)Joiofloiol7 i 2 {10} 5
C-cell adenoma : : : : :
0 0 0 9(13.4%)** 1 15 (19.0%)**
- . oioJoioJoio] of o 0 i 0
C-cell carcinoma } - ; : :
0 0 0 0 0
C-cell tumor 0 0 0 9(13.4%)"* | 15 (19.0%)**

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 (##4).

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 (**%),

Sex ) Females
NNC 90-1170 Dose (mg/kg/day)] © 0.03 0.2 1 3
Fate (SurvivororDecendent)} S i D |S: D S 3] S D S D
_— 23 : 56 [14: 53| 23 i 44 24 43 28 51
Organ Finding :
Severity 79 67 67 67 79
minimal 0 0|0o: 0 3 3 0 1 3 THiE
mild 1 4 3 2 Tt
E°w|p?'cle" moderate 0 1 0 2
yperplasia
(preneaplastic) marked _ 1 1
0 0]0: 0 3 A# 5 5/42# | 6 i16/48##
total afftected - —
fthyroid 0 0 7 (10.4%)4 10 (15. 2% YHHH 22 (28.9% it
: oiofloio|l oio] 1 ismzf| g+ iems
C-cell adenoma i : N : :
o] 0 0 4 (6.0%)" 15 (19.7%)™
. 0:o0]oi o io] o 0 0 i 248
C-cell carcinoma : : ; : :
0 ] 0 0 2 (2.6%)
C-cell tumor 0 0 0 4 (6.0%)* 17 (22.4%)*

According to the sponsor’s statistical analysis of thyroid c-cell hyperplasia, statistically

significant differences from control by Fisher

or p <0.001 (###).

analysis are denoted at p < 0.05 (#), p < 0.01 (##),

According to the sponsor’s statistical analysis of thyroid ¢-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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the incidence of both hyperplasia and c-cell tumors were dose related in both males and
females.

hyperplasia occurs at lower doses than tumors.

the incidence of hyperplasia is greater than the incidence of tumors in all dose groups.
in 3 mg/kg/day group mice with c-cell adenomas (the only group analyzed),
hyperplasia occurred in 9/16 males (56%) and 5/15 females (33%).

in decedents, a finding of c-cell hyperplasia preceded c-cell tumors by 17 weeks in both
males (weeks 61 and 78) and females (weeks 47 and 64).

Thyroid C-cell Findings in 3 mglkg/day NNC $0-1170 Troated Mico

Thyroid c-colj Finding
Focal Hyperplasia
Sex  Mouse #| “";:;: d ’g‘:::..,‘:‘ Adenoma | Carcinoma
H min - mild { modarate { marked
203 105 T X
204 105 T X
208 102 SM X
213 105 T X
217 101 FD H X
218 87 SM X
220 81 SM X X
221 105 X X
222 105 X X
223 105 X
224 105 X
226 105 X
227 70 SM X
230 I8 SM X X
232 86 SM X
233 105 I X
236 104 SM X
240 76 SM X
Males —>i2 105 X
250 105 X
583 106 X
584 33| swm X,
585 106 X
586 106 I X X
588 82 X
590 106 X
533 100 SM X X
594 100 SM X X
595 103 FD X
597 106, I X X
599 106, 1 X X
§00 &1 SM
602 94 FO
603 73 SM X
604 10¢ T X
807 105 T X
452 100 FO X
455 105 T X
457 69 SM. X,
458 105 T X
459 105 X,
457 101 FD X
A73 a9 S| X
A76 83 SM X
478 81 SM X
481 I X X
485 104 ED X
487 86 £D X
489 47 £D X
490 57 SM X
494 87 FD X
486, 96 £0 X
Females __ 497 ] 87 SM, X
500 75 SM, X
892 g8 SM. X
695 106 I X X
697 108 I X X
698 98 SM X
693 59 SM X
702 S7 SM X X
‘708 69 SM X
708 108 T X
— 190
—I26 1 106 I X
i3 1 108 L X
RN AT G A =] X
15 106 T X
16 104 SM X
NEZ TR RTINS A3
18 64 SM X

*Modes of death ware termination {at end of study, T), sacrificed moribund (SM), or found dead (FD).
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S and Subcukis

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 lejomyosarcoma) occurred in all groups, except 1 mg/kg/day
females (see Table 3 below) with 12 of 49 occurring around the microchip implant. In males, the
incidence of sarcoma on the dorsal surface was dose-related at > 0.03 mg/kg/day (Peto analysis, p
< 0.001) and significantly increased compared to controls at 3 mg/kg/day.

Table 3: Incidence of Sarcoma on the Dorsal Surface in Main and Extension animals (Peto statistical

analysis)
Animals/Dose
Males Females
Group Number 1 2 3 4 5 1 2 3 4 5
Dosc of NNC90-1170 0 003 02 10 30 0 003 02 10 30
(mg/kg/day) .
. Number cxamined 79 67 67 67 79 79 67 66 65 78
Sarcoma, dorsal surface 2 3 5 3 16¥%* 6 4 2 0 8

* Statistically different from the Control: p<0.03: *** Satistically different from the Control: p<0.001

[N000 4.2.3.4.1.1 P39]

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

In males, the incidence of fibrosarcoma was significantly higher than control at 3
mg/kg/day. Fibrosarcomas on the dorsal surface (combined dorsal and injection site) were
identified as a cause of death in 9/47 (19.1%) high dose group male decedents. Dose-related
increased incidences of injection site fibrosarcoma and dorsal skin and subcutis
rhabdomyosarcoma were equivocal because although dose-related trend analysis was statistically
significant, dose group pair-wise comparison-with controls was not..

Se. Males

NNC 90-1170 Dose (mg/kg/day) 0 0.03 0.2 1 3
Fate (SurvivororDecendeng] sSi D | s ip|sin] s D s D
398 40| 34 £33]37¢30 3 2 32 47
Organ Finding NI 8 0
Severity 79 67 67 67 79
o:o] oiz2foin1 1 1 1 1 i ¢
fibrosarcoma h : : ' i
0 2(3.0%) | 11.5%)| 2(3.0%) 7(8.8%)"
) 0i 1 oioloio o i 0 0o i 1
sarcoma (unspecified) : : : : :
1(1.2%) 0 0 0 1(1.2%)
) ! oioflofofoiz2a] o f 1 0o i 4
Skin & subcutis  rhabdomyosarcoma s : o : o o
(dorsal) . 0 0 2(3.0% 1 (1.5%) 4(5.1%)
) 0iofjoiofo0in o i of o i 1
leiomyosarcoma N : : : }
] 0 1(1.5%) 0 1(1.2%)
Zﬁgsa’”ma (injection o | 10.5%) | 1(15%) 0 4(5.0%)
sarcoma (treated skin) v 2(2.5%)] 3(4.5%) | 5(7.5%) 3 (4.5%) 16 (20.2%)™*

According to the sponsor’s statistical analysis, statistically significant differences from control by
Peto analysis are denoted at p < 0.05 (*), p <0.01 (**), or p <0.001 (***).
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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| Females
NNC 90-1170 Dose (mg/kg/day) 0 0.03 0.2 1 3
Fate (Survivor or Decendent)l SiD| S: D S D S D S D
23:56| 14 i 53 | 23 44 24 i 43| 28 ¢ 51
Organ Finding NI
Severity 79 67 67 67 79
01l 0% 1 0 i 1 0:0 111
fibrosarcoma : : : : ;
. 1{1.2%) 1(1.5%) 1(1.5%) 0 2 (2.3%)
. oi1joiol oci1foiofjo;is
sarcoma (unspecified) ¢ : : £ t
1(1.2%) 0 1(1.5%) 0 5(6.3%)
) ) oi2loit]loi1]loiofoio
Skin & subcutis  rhabdomyosarcoma . . . : i
(dorsal) 2(24%| 1(1.5%) | 1(1.5%) 0 0
. ciolo:ofoioloio]oio
leiomyosarcoma : : : : :
0 0 o} 0 0
fibrosarcoma (injection 1(1.3% 0 0 0 2 (2.6%)
site) ' 6%
sarcoma (treated skin) |6 (7.6%) 4(6.0%) 2 (3.0%) 0 8(10.3%)

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 (¥#%*),

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

Incidence of Neoplasms Identified Around the Implant (12 Rats Affected)
Sex

I . . o . . Males . . . Females . .

NNC 98-1170 Dose (ma/kg/day) g 0.03 0.2 1 3 0 0.03 0.2 1 3
Finding N 79 687 67 67 79 79 67 6_7 67 79

fitvosarcoma ¢ 0 0 2 1 1 0 1 0 1

Skin & subcutis  sarcoma (unspecified) 1] 0 1 1 0 1) 1
(dorsal)  rhabdomvosarcoma 0 (i 0 1 [ 0 1]
lelomyosarcoma, 0 1 [¢ 0 0 [0 1 [1] 0

total sarcomas 1 2 2 1 2 [ 2

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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Sex| Males Females
NNC 90-1170 Dose (mg/kg/day) 0 0.03 02 1 3 0 0.03 02 1 3
Fate (SurvivororDecendent)) S: D SiD| SipDfsiofsip]sinofsinls:ip S:D]Ss:D
39:40134:33|37:30f38;i 20 Ria7|3is6|1Mia|23i4a]24:43)28: 5

Organ Finding N

79 67 67 67 79 79 67 67 67 79
oiojoi2foi1]oioftisfJoiofoit1|loiojoioftio
fibrosarcoma : : : : : : ¢ : : :
i 0 2(3.0%) | 1(1.5%) 0 . | 6(76%) [} 1(1.5%) 0 0 1 (1.3%)
mal fed) 0i1Joiojoiojoiojloiojo:o ojofjoi1|loiojo;a
sarcol unspecify ° . . . - M e N ; .
i 1(1.3%) 0 0 0 0 0 0 1(1.5%) 0 4(5.1%)
Skin & subcutis rhabdomycsa ciofloiofoiz2foit]loiafJoizloio oi1]loiofjoio
in s reoma H : H i H i H H ; H
(dorsal) v 0 0 2(3.0%) | 1(1.5%) | 4(5.1%) § 2(2.5%) 0 1(1.5%) 0 0
. oiofoiofo: oioflo:1foiofJoiofoiofoiofoio
leiomyosarcoma M : i ¢ : ! : s i :
0 0 0 0 1 (1.2%) [} 0 0 0 0
fibro
o e;?'o?s'};:] 0 1(1.5%) | 1(1.5%) 0 4(5.1%) | 1(1.3%) 0 0 0o |26
Totat sarcomas 1(1.3%) | 3(4.5%) | 4(60%) | 1(1.5%) [15(190%) 3(3.8%) | 1(1.5%) | 2(3.0%) 0 7 (8.9%)

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 of hemangioma was
significantly higher than controls at 0.03, 0.2, and 1 mg/kg/day, but not at 3 mg/kg/day. The
incidence exceeded the historical control group maximum of 2% in all dose groups. The
incidence of leiomyoma exceeded the concurrent control and historical control range (2.0 - 6.0%)
at 0.03, 0.2, and 3 mg/kg/day. The incidence of leiomyosarcomas exceeded the concurrent control
and historical control range (0 — 2.5%) at 0.03, 0.2, and 1 mg/kg/day. The incidence of combined
leiomyomas / leiomyosarcomas exceeded the concurrent controls group at > 0.03, 0.2, and 1
mg/kg/day NNC 90-1170, but the increased incidence was not dose-dependent. According to
statistical analysis from the Biostatistics reviewer (Dr. Min), dose-related trend or pair-wise
compatison criteria were not met for any uterine tumor.

Sex Females
NNC 90-1170 Dose {mg/kgiday) 0 - 0.03 0.2 1 3
Fate (SurvivororDecendent)} S iD| s D S s} S D S D
23 i56) 14531} 23 4 } 24 ¢ 43 | 28§ 51

Organ Findin N

o inding 79 67 67 67 79
hemangioma "] 2(3.0%Y | 3(4.5%) 3(45%)" 3(3.8%)
) 3 f2i59 1 i 4] 5 iem3| 1% 3| 7 iaso
leiomyoma : ! ' ¢ :

Uterus 5(6.4%) | 5(75%) | 11 (16.7%)| 4 (6.0%) |10(12.8%)
leiomyosarcoma 0 2 (3.0%) 3(4.5%) 4 (6.0%) 0

Total leiomyomas / leiomyosarcomas | 5 (6.4%) 7(10.4%) | 14(21.2%) | 8(11.9%) | 10 (12.8%)

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

Other Neoplastic Findings

The tables below show the tumor incidence at each dose of NNC 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 of hemangiomas / hemangiosarcomas was significantly
increased (p = 0.001) at 0.2 mg/kg/day NNC 90-1170, 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| Males
NNC 90-1170 Dose (mg/kg/day)] 0 0.03 0.2 1 3
Fate (Survivor or Decendent)] S D S D S D SiD|S:D
30140 | 34 133| 37 { 30 |38i20| 32 a7
79 67 67 67 79
470 fom3 1] 3: 2 |3 U238 2
4(51%) [11.0152% 5(7.5%) | 4(6.3%) | 5(6.5%)

Organ / Tissue Finding N

Adrend subcapsular tumor

Vascular hemangioma/ o, o, 10.(14.9%y o,
(all sites) hemangiosarcoma 1(13%) | 2(3.0%) 0 7(8.9%)

si2] 3 iofo~i 438 0 {2
Testes interstitial cell adenoma : : 0 R 0 /38= 5 i

1 (13.9%)} 3 (4.5%) 0 46.0%) | 7(89%)

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

In females, the incidence of pituitary adenoma (6.4%) at 3 mg/kg/day exceeded the
control group historical maximum of 5.9%, but because it’s a common tumor, the dose-related
increase was not considered statistically significant (p = 0.006, p > 0. 005) and pair-wise
comparison with the control group was not statistically significant (p=0.042, p > 0. 01). Harderlan
gland adenoma increased with dose (Peto analysis, p < 0.05) the incidence of 6.3% at 3
mg/kg/day exceeded the control group historical control maximum of 4.0%. Because Harderian
gland adenoma was considered a common tumor, the dose-related increased was not significant
(p=0.014, p > 0.005).

Sex Females
NNC 90-1170 Dose {mg/kg/day), 0 0.03 0.2 1 3
Fate (Suwvivor or Decendent)] S D] 8t D s D S D s D
Organ Finding N 23 56| 14 : 53 23 44 24 43 28 i 51
Severity 79 67 67 67 79
4 tesior lob 0 {o|l 0o:foj2/22i 0 [ 0o o [a27] 1
adenoma, anterior lobe 0 0 2(3.0%) 0 5 (6.4%)"
Pituitary T T — T
adenoma, ntermedite 6 {0y 0:01 0 ;0 1 1 1:0
lobe 0 0 0 2 (3.0%) 1(1.3%)
] 1t ioloiof| o fwas] 1 1] 3i 2
Harderaingland adenoma : : : :
1 (13%) 0 . 1{1.5%) 2 (3.0%) 5 (6.3%)

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 (***),
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Summary and Conclusions .

A 104 week carcinogen bioassay of 0, 0.03, 0.2, 1, or 3 mg/kg/day NNC 90-1170 injected
subcutaneously once a day in CD-1 mice included a main study group (50/sex/.dose), a 78-week
interim sacrifice group (29/sex/control and high dose, 17/sex/low and intermediate doses), and
satellite toxicokinetic / plasma calcitonin groups (51/sex/dose, 17/sex/sample week). Although
mortality was unaffected by treatment, due to reduced survival in control group females, the 78
week intermittent sacrifice was canceled with dosing continued to week 104. The sponsor’s tumor
analysis combined results from both main study and week 78/104 groups. Toxicokinetic
parameters were determined in weeks 26, 52, and 104 using an ELISA detecting the peptide
moiety of NNC 90-1170. In general, Cmax and AUC,.4 increased linearly with dose. Estimated
human exposure multiples based on AUCo.»4 816 nM.hr at the MRHD of 1.8 mg/day NNC 90-
11760 and week 104 mouse AUCy., (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 90-1170 (exposures not corrected for
higher plasma protein binding in mice).

At 0.03 mg/kg/day, NNC 90-1170 decreased group mean body weight gain 15— 16 %
compared to controls, but the dectease 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 > 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 > 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 > 0.2
mg/kg/day in males and females. Between weeks 26 and 104, plasma calcitonin levels increased
> 2 fold at 3 mg/kg/day in females. Increased calcitonin is likely related to increased incidence of
thyroid focal c-cell hyperplasia and c-cell tumors in the high dose group.

Anti-NNC 90-1170 antibodies were not detected in mice treated with up to 3 mg/kg/day
NNC 90-1170 for 26, 52, 78, or 104 weeks. Although the potential interference from plasma
NNC 90-1170 and the absence of a sustained pharmacodynamic effect preclude a definitive
assessment of an antibody response to NNC 90-1170, the impact on the acceptability of the study
is minimal because treatment-related tumors occurred. However, carcinogenic effects due to
exaggerated pharmacology may not be fully assessed.

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

Treatment-related non-neoplastic histopathology findings occurred in thyroid, liver,
spleen, femoro-tibial joint, and seminal vesicles. In the thyroid, inflammatory cell infiltrate
occurred at 0.03 mg/kg/day NNC 90-1170 and focal c-cell hyperplasia, considered a precursor to
thyroid c-cell tumors, occurred at > 1 mg/kg/day in males and at > 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 > 0.03 mg/kg/day in
males. Liver pigmented Kupffer cells occurred at > 1 mg/kg/day in females. Hemosiderin
accumulation in spleen occurred at > 0.03 mg/kg/day in females. The incidence of degenerative
disease in the femoro-tibial joint was above control group levels at > 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 > 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
> 0.2 mg/kg/day in females.

" NNC 90-1170 treatment-related neoplastic findings occurred in thyroid c-cells (males
and females) and dorsal skin and subeutis (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 > 1 mg/kg/day in males and females, and increased the incidence of combined
c-cell adenemas / carcinomas at > 1 mg/kg/day in females. Greater than 2 fold increased plasma
calcitonin occurring between weeks 26 and 104 at 3 mg/kg/day in males and females was
coincident with an increased incidence of thyroid c-cell focal hyperplasia and tumors.

A positive finding of fibrosarcomas of the dorsal skin and subcutis occurred at 3
mg/kg/day NNC 90-1170 in males. There were equivocal finding of dose-related dorsal skin and
subcutis rhabdomyosarcoma and injection site fibrosarcoma in males. Incidences of dorsal
skin and subcutis rhabdomyosarcomas and injection site fibrosarcoma in 3 mg/kg/day group
males exceeded the historical control range for both tumors, but the increased incidence for either
finding never reached statistical significance. The sponsor’s analysis of tumor incidence data
grouping total dorsal surface sarcomas was statistically significant for trend {p <0.001) and
pair-wise analysis compared to controls at 3 mg/kg/day NNC 90-1170 in males (p <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 of Tumor Incidences Compiled from ‘Peto analysis of tumor incidence: Males’
and ‘Peto analysis of tumor incidence: Females® (Tables 22 & 23 in the sponsor’s report)

Males, Peto analysis of tumor incidence

Group (Dose tevel in mg/kg/day)

| () 2 (0.03) 3 ¢0.2) 4 (1.0) S (3.0)
(8=79) (n=67) (n=67) (N=67) {8=79)
organ/Finding

LUNG NEX 79 67 67 67 79
BRONCHIOLO-ALVEOLAR CARCINOVA (] KOBS 8 3 12 H 7

I v 3 9 3 S

F 3 [ 3 3 2

P-VALUE 0.60 0.90 0,12 0.51 ©.59
LUNG NEX 79 67 67 67 79.
BRONCHIOLO-ALVEOLAR AOENOMA [8} NOBS 18 19 16 7 10

I 18 19 16 7 10

F o ¢ Q Q 0

P-VALUE 0.99 9.18 0.51 0.97 0.94

HAEVOPOIETIC SYSTEM NEX 79 67 67 67 79
Lyvpuoma (4] not othermise specified NOBS ] 1 [ ] 0

I 0 ] [} [} [}

F 0 1 0 0 o

p-vaLye & 0.79 0.7 1.00 1.00 1.00

MAEMOPOIETIC SYSTEM NEX 79 67 67 6? 79
LYMPHOMA [M] Tynphoblastic NOBS 1 3 0 1 2
1 [} [ [} 0 0

£ - 1 0 1 2

P-VALUE  # 0.39 0.25 1.060 0.71 0.5%

HAEVDPOIETIC SYSTEM NEX i9 67 67 67 79
LYMPHOMA LYMPHOCYTIC [4) NOBS 1 1 [+] 1 0

1 0 1 ] ] o

F 1 (4 Q

P-VALUE @ 0.75 0.71 1.00 0.73 1.00

HAEVYOPOTETIC SYSTEM NEX 79 67 67 67 79
LYMPHOMA FOLLIGULAR CENTRE CELL (%] NoB3 7 1 2 B 5

I 4 o 2 1 6

F 3 1 0 3 2

PVALUE 0.032 0.97 0.94 0.79 0.33

HMAEMOPOIETIC SYSTE™ NEX 79 67 &7 67 )
LEUKAEMIA GRANULOCYTIC [w]) NOBS 2 1 o 0 0

1 Qo 1 4 ] ['d

F 2 [ 0 [] (4

P-VALUE  # 0.99 0.79 1.00 1.00 1.00

HAEVMOPOIETIC SYSTEM NEX 79 67 67 67 79
HISTIOCYTIC SARCOVA [v] xo8s 0 [ 3 [ 0

1 [ ] 1 14 9

£ 0 0 0 (4 o

P-VALUE 2 0.59 L.00 0.49 1.00 1.00

HAEMOPOIETIC SYSTEM NEX 79 67 87 &7 79
LEUKAEMIA (] X085 0 0 [\] 0 1

I [ 0 ] o [}

F Q0 0 [ 0 1

P-VALUE * 0.23 1.00 1.00 1.00 0.52

LYMPH NODE (VESENTERIC) NEX 77 65 66 63 78
HAEMANGIOMA 8] NO3S 1'3 Q 2. ] 3

b 0 0 b4 o 3

F [} 0 0 (3 1]

P-VALUE » 0.049 1.00 9.25 1.00 0.13

SPLEEN NEX 79 67 67 67 79
HAEMANGIOSARCOMA {»] 50BS )] [ 1 Q 1

1 [ [} [ 0 1

F ] 0 L 0 ]

P-VALUE # 0.19 1.00 0.51 1.00 0.35

THYROID GLAND NEX 79 66 65 67 79
FOLLICULAR CELL CARCINOMA (] NOBS 0 0 [ [ 1

b 0 0 1] 0 [

F . 0 0 0 0 1

P-VALUE & 0.22 1,00 1,00 1.00 0.50

THYROID GLAND NEX 79 66 39 67 79
C-CELL ADENOMA IB] xo8s 0 9 0 9 15

I o 90 0 9 15

F 0 0 0 0 a

P-VALUE <«0.001 1.00 1.00 <0,001 <0.001

THYROTD GLAND NEX 79 66 65 67 79
C-CELL TUMGUR NOBS 0 0 [} 9 15

1 0 Q ] 9 15

F 0 o 0 0 9

P-VALUE <0.00L 1.00 1.00 <0.001 <0.001

THYROID GLAND NEX 79 66 65 67 79
FOLLICULAR CELL ADENOMA [B] NOBS 1 1 0 2 1

I 1 1 14 2 1

F 0 Q 0 [+ 23

P-VALUE  # 0.38 0.67 1.00 0.49 0.73

.

ADRENAL GLAND NEX 79 66 67 63 7
SUBCAPSULAR CELL TUMOUR (8] Noas 3 1l $ k3 H

1 3 11 b3 4 5

F 0 [4 0 0 ]

P-VALUE 0.75 0.010 0.34 0.45 0.26

[M] denotes a malignant tumour, (8] denotes a benign turour L
NEX = Number of animals examined, NOBS = Nurber of animals with finding

sumber of animals with incidental finding (defined as_incidenta) or probably incidental)

Number of animals with fatal finding (defined as fatal or probably faral)

Exact percutation test .

p-values urder the control group are trend test, under dosed groups are pairwise comparisons (one-sided)

1
£

]

.
P-VALUE
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Group (Dose tevel in mg/hg/day)

1 (0 2 (0.03) 3 (0.2) 4 (1.0} s 3.0
(N=79) (n=67) {N=67) (N=67) (N=79)
organ/Finding
ADRENAL GLAND NEX 79 66 67 63 77
PHAEOCHROVOCYTOMA [8] NOBS 1 ] 1 0 1
1 . [ [1] 1 0 L
F 2 0 0 0 0
P-VALUE & 0.38 1.00 0.73 1.00 0.72
PITUITARY GLAND NEX 76 66 66 66 77
ADENOVA ANTERIOR LOBE (8] NOSS 2 0 1 1 0
1 1 o 1 1 1]
F 0 0 o 0 0
P-VALLE ¥ 0.67 1.00 0.73 0.75 1.00
PANCREAS (ENDOCRINE) NEX 79 67 66 67 78
ISLET CELL ADENoMA [8] NOBS 1 0 1 ] 4
I 1 [} i 0 Q
F 0 0 [} 1§ Q
P-VALUE  # 0.84 1.00 0.7% 1.00 1.00
TESTIS NEX 79 67 67 66 79
HAEMANGIOSARCOMA (M) NOBS. 0 0 [ 0 1
1 0 [ 1] 113 1
F 0 0 0 0 0
P-vALUE # 0.18 1.00 1.00 1.00 0.45
TESTIS NEX 79 67 67 66 79
RETE TESTIS ADENOWA [B) NOBS 1 1 0 2 0
1 1 1 [ 2 0
F o 9 Q 0 0
P-vaLuE & 0.66 0.72 1.00 0.8 1.00
TESTIS NEX 79 67 67 66 79
INTERSTITIAL CZLL ADENOMA [8] NOBS 11 3 1] 4 7
z 11 3 [ 4 7
F Q 0 1] 4 [
P-VALUE 0.22 0.97 1.00 0.96 0.78
TESTIS NEX 79 67 67 66 79
HAEVANGIOVA (8] NO8S 0 0 3 0 9
I ] ] 3 0 1]
F 0 0 0 Q 0
P-VALUE @ 0.7% 1.00 0.081 1.00 1.00
TESTIS NEX 79 67 &7 66 79
SEX CORD/STROMAL TuvMaur (8} NO8S 0 i Q Q 0
I [ 1 [} [} [}
5 (4 0 [} 0 (4
. P-vaLue ¥ 0.78 0.37 L.00 1.00 1.00
EPIDIOYMIS NEX 79 67 67 66 79
HISTIOCYTIC SARCOMA [M] NOBS 1 13 0 1] 1
I 1 ] [} 4 1
F 0 0 9 o [
P-VALUE # 0.33 1.00 1.00 1.00 D.70
EPIDIDYMIS NEX 79 67 67 66 79
INTERSTITIAL CELL ADENOMA [B] NOBS 0 0 1 1
I 0 0 [+] 1 1
F [ 0 0 0
P-VALUE ¥ 0.11 1.00 1.00 0.49 0.435
SEMINAL VESICLE NEX 79 67 66 66 78
LEIOMYOSARCOYA [M]) NOBS ] 1 0 ¢
I [} 4] 1] ] [
F 0 1 Q 0
P-VALUE # 0.79 0.47 1.00 1.00 1.00
SEMINAL VESICLE NEX 7 67 66 66 78
GRANDLAR CELL TUMOUR (M) NOBS 1 [} [} [} [
1 1 ¢ [ 0 0
F 0 [ [/ Q 0
P-VALUE ¥ 1.00 1.00 1.00 1.00 1.00
KIDNEY NEX 79 67 67 67 79
TUBULAR CELL CARCINOVA [M} NOBS 0 [ 2 0 0
1 [ /] 2 1] 0
F ¢ 9 0 0 0
P-VALVE ¥ 0.67 1.00 0.23 1.00 1.00
KIDNEY NEX 79 67 67 67 79
TUBULAR CELL ADEnoMA [B) NOBS 3 0 2 2 1]
1 3 0 2 2 [
F 0 [ 0 0 0
P-VALUE ¥ 0.89 1.00 0.80 0.79 1.00
STOMACH NEX 79 66 67 67 79
apexova {8} N08S [ 0 1] e
1 [ 13 0 [1] 1
£ 4 o 0 14 [}
P-VALUE  # 0.18 1.00 1.00 1.00 0.458
OUODENUM NEX 75 64 64 66 75
05TEOSARCOMA {M] NOBS 0 1 [} [} 0
1 9 0 0 0 ¢
F 0 1 0 0 0
P-VALVE ¢ 0.78 0.34 1.00 1.00 1.00
{4] denotes a malignant tumour, {8] denotes a bemign tumour
NEX = Munber of animals examined, NOBS = Number of animals with finding
4 = sutber of animals with incidental finding (defined as_incidental or probably incidental)
F = \utber of animals with fatal finding (defined as fatal or probably fatal)
L = Exact permhutation Test
P-VALUE = p-values under the control group are trend test, under dosed groups are pairwise cemparisons (one-sided)
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Group (Dose Level in mg/kg/day)

1 2 (0.03) 3(0.2) < (1.0) 5 (3.0
8=79) (N=67) (n=67) (8=67) (N=79)

organ/Finding
DUODENUM NEX 75 64 X [ 75
ApEnOMA (8] NOBS 0 o 1 0 Q
I 0 0 13 o [}
F (] 0 0 0 0
P-VALUE & 0.6 1.00 0.41 1.00 1.00
JEIUNUM . NEX 75 61 63 65 73
OSTEOSARCOVA (M] ~OBS 1 0 0 0 1]
. 1 [ 0 [+d 0 4
F 1 [} Q (4 0
P-VALUE % 1.00 1.00 1.00 1.00 1.00
JEJUNUM NEX 75 61 63 65 73
ADENGWA {8} §O0BS 0 0 [ 1 0
I 0 0 Q 1 [}
F 0 [ 0 0 0
P-VALUE  # 0.39 1.00 1.00 0.39 1.60
CAECUM NEX 76 65 66 67 77
LYMPHOMA PLASMACYTIC (M] N08s 0 0 1 0 [
I 0 0 i 0 [+]
£ (1] [ [} 9 Q9
P-VALUE ¢ 0.59 1.00 0.49 1.00 1.00
CAECUM NEX 76 85 66 67 77
ADENOCARCINOMA {v] NOBS. 0 1 0 1 [
2 4 3 0 [} 0
F a ] 0 1 Q
P-VALUE ¥ 0,56 0.37 1.00 0.47 1.00
CoLON NEX 78 64 67 &7 77
ADENOCARCINOMA [M] NOBS 0 0 [ 1 [
I 0 ] 0 1 ]
F 0 0 0 (4 ¢
P-VALUE 4 0.32 1.00 1.00 0.29 1.00
LIVER NEX 79 67 67 67 79
HEPATOCELLULAR CARCINOMA (M} NOBS 4 2 1 2 3
1 3 2 1 0 3
1 Q [ 2 (4
P-VALUE .51 0.79 0.92 0.77 0.78
LIVER . NEX 79 67 67 67 79
HAEMANGIOSARCOMA {M] NOBS 1 1 2 [ )]
I 0 0 ] Q ]
F 1 by 2 Q0 0
P-VALUE # 0.92 0.72 0.37 1.00 1.00
LIVER NEX 7 67 67 67 79
HEPATOCELLULAR ADENOVA [8) NOBS 12 6 5 . 4 11
z 12 6 5 4 11
F 0 0 0 0 Q
P-VALUE 0.28 0.59 0.95 0.97 0.59
LIVER NEX | 9 67 67 87 79
ITO CELL TUMOUR [8] ~08S 0 1 1 9 [
1 4] 1 X 0 1]
F [ [ 0 3 0
P-VALUE 2 0.74 0.47 0.35 L.00 1.00
LIVER NEX 79 67 87 67 79
HAENANGIOMA [B} . NOBS 0 1 [} 0 1
I 1] 3 [ 0 1
F [ [ 0 0 0
P-VALUE # 0.25 0.47 1.00 1.00 0.35
GALL BLADDER . NEX . 72 59 58 65 68
ADENOMA [B] NOBS 1] 1 1] ] [
I 0 1 1] [ o
7 0 0 0 0 0
P-VALUE  # 0.78 0.47 1.00 1.00 1.00
PANCREAS (EXOCRINE) REX 79 67 67 67 79
MESOTHELIONA [M] NOBS 0 4] [ 1 9
I [ 0 o o Q
F 0 0 0 1 4
P-VALUE & 0.41 1.00 1.00 .45 1.00
EYE . NEX i7 85 65 67 77
. AMELANOTIC MELANOMA [} NoBs 0 0 0 1 [
I 0 0 [1] 1 0
F 0 0 0 o [
P-VALLE & 0.39 1.00 1.00 0.39 1.00
HARDERIAN GLAND NEX 78 65 67 67 78
ADENOCARCINOMA [M] NOBS 0 0 3 [ 0
I 0 0 3 0 1]
F 0 0 1] 0 0
P-VALUE ¥ 0.51 1.00 0.12 1.00 1.00
HARDERIAN GLAND NEX 78 65 67 67 78
Apexova {8} NOBS 4 3 1 1 2
1 3 2 1 1 2
F 0 1 0 0 0
PVALUE 0.69 0.58 0.91 0.91 0.77
SPINAL CORD NEX 77 67 67 67 78
MENINGEAL SARcoMa (M} NOBS ¢ ¢ i 0 ]
1 a 8 [} 1] 0
F ] 4 1 o 0
P-VALUE % 0.61 1.00 0.49 1.00 1.00
" SPINAL CORD NEX 77 67 67 67 78
ASTROCYTOMA [8] No8s Q 1 0 0 0
I ] 1 0 0 o
F 0 1] 0 4 0
P~VALUE & .79 0.37 L.00 1.00 1.00

[v] denotes a ma]ignan: tumour, (8] denotes a benign tumour

NEX = Number of animals examined, NOBS = Number of animals with finding

unber of animals with incidentral finding (defined as incidenta) or probably incidental)

Nuwber of animals with fatal finding (defined as fatal or probably fatat)

# Exact permutation Test

P-VALUE = p-values under the contral group are trend test, under dosed groups are pairmise ccmparisons (one-sided)

I
F

38 of 59



Anthony 1, Parola. PhD

NDA 22-341

Group (0ose Level in mg/kg/day)

1 (0 2 0.03) 3 ¢0.2) 4 (1.0 s .o
. (N=79) (n=67) (8=67) (N=67) (N=79)
Organ/Finding
STERNUM NEX 79 67 67 67 79
MAST CELL TUMOUR {8] NOBS ] ] 0 1 0
I 0 0 1] 1 1}
P Q 0 (] [ [}
P-VALUE  # 0.39 1.00 1.00 0.39 1.00
FEMUR MEX 78 66 66 65 79
CHONDROMA (B8] NOBS [ 1 0 [} 0
I [ 1 0 [ 0
F [\ 1] (4 4 0
P-VALUE ¥ .81 0.3 1.00 1.00 1.00
SKIN AND SUBCUTIS NEX 79 67 67 67 78
MALIGNANT SCHWANNOMA [M] NOBS 0 [} 1 0 4
P-VALVE 2 0.61 1.00 0.38 1.00 1.00
SKIN AND SUBCUTIS NEX 79 67 67 67 79
FIBROSARCOMA [M] N0BS 0 2 1 2 7
P-VALUE <0.001 0.054 0.15 0.070 0.003
SKIN AND SUBCUTIS NEX 79 67 67 67 79
NEUROFIBROSARCOMA (M) NOBS 1} [ [+] 0 1
P-VALUE & 0.23 1.00 1.00 1.00 0.52
. SKIN AND SUBCUTIS NEX 79 67 67 67 79
RHABDOMYOSARCOVA [M] NOBS 0 0 2 1 ]
P-VALUE & 0.013 1.00 0.24 0.49 0.061
SKIN AND SUBCUTIS NEX 7% 67 67 67 79
LETOMYOSARCOMA [%] NOBS 0 (4 1 ]
P-VALUE ¥ 0.22 1.00 0.48 1.00 0.4
SKIN AND SUBCUTIS NEX 7 67 67 67 79
HAEMANGIOSARCOMA (M] NOBS 0 0 1 0 1
P-VALUE E] 0.22 1.00 9.51 1.00 0.51
SKIN AND SUBCUTIS NEX 79 67 67 67 79
SARCOMA (NOT OTHERWISE SPECIFIED) [M] NOBS 1 [ 4 0 1
P-VALUE & 0.37 1.00 1.00 1.00 0.75
SKIN AND SUBCUTIS NEX 79 67 67 67 79
SQUAYOUS~CELL CARCINOMA [u] N08S 0 1 O Q 0
P-VALUE ¥ 0.79 0.47 1.00 1.00 1.00
SKIN AND SUBCUTIS NEX 79 67 67 67 79
SQUAYOUS-CELL PAPILLOMA [B] ROBS 0 0 1 o Q
P-VALUE b 0.60 1.00 0.45 1.00 1.00
SKIN AND SUBCUTIS NEX 79 67 67 67 79
KERATOACANTHOMA (€] NOSS Q Q 1 (4 Q
P-VALUE ¥ 0.6% 1.00 0.48 1.00 1.00
INJECTION/TREATMENT SITE NEX 79 67 67 67 79
FIBROSARCOMA (v] Noss 1 1 [ 3
P-vALUE ¥ 0. 013 0.46 0.49 1.00 0.064
INJECTION/TREATMENT SITE NEX /9 67 67 67 H
RHABDOMYOSARCOMA [M) NOSS [ ) 4
P-VALUE # 0.38 .00 1.00 1.00 0.7
INJECTION/TREATMENT SI1TE NEX 79 67 67 67 79
SARCOMA (NOT OTMERWISE SPECIFIED) [M] NOBS 1 0 1 14 0
P-VALUE 4 0.6+ 1.00 0.74 1.00 1.00
INJECTION/TREATMENT SITE NEX 79 67 67 67 79
SQUAMOUS-CELL PAPILLOMA (8] NOBS [ 0 0 0 1
P-VALUE = 0.22 1.00 1.00 L.00 0.50
INJECTION/TREATMENT -SITE NEX 79 67 67 67 78
FIBRoMA (8] NOBS 1 (] [ 0 [}
P-VALUE # 1.00 1.00 1.00 1.00 1.00
SKIN (TREATED) NEX 79 67 &7 67 79
SARCOMA {]) dorsal surface NOBS 2 3 s 3 16
P-VALUE <0.001 0.25 0.10 0.30 <0.001

[;] denotes a malignant tumour, {83 denotes a benign tumour

= Number of animals examined, NOB$ =

x = Numbes of anima}s with incideatal Findin
F = Number of animals with fatval findigg (de
L = Exact permutation testc

P=VALUE =

Hurber of animals with finding

g (defined as vnc)dennﬂ or probably incidencal)
fined as fata) or probably fatal)

[NO00 4.2.3.4.1.1 complied from Table 22 P 482 — 514]
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Lemales, Felo analysis of tumor tncidence
Group {Dose Level in mg/kg/day)
1(0) - 2 (0.03) 3 (0.2 4 (1.0) 5 (3.0)
(N=79) (N=67) (N=67) (N=67) (N=79)
organ/Finding
LUNG NEX 79 67 67 67 79
BRONCHIOLO-ALVEOLAR CARCINOMA [M] NOBS 3 1 6 2 H
1 3 1 3 L 4
£ 0 Q0 3 1 1
P-VALUE 0.32 0.73 0.13 0.59 0.26
LUNG NEX 79 67 67 67 79
BRONCHIOLO-ALVEOLAR ADEKNOMA [B]) NOBS u 3 11 5 4
I 11 § 11 S 4
F [ 0 0 0 [}
PEVALUE 0.99 0.62 0.45 0.93 0.98
LUNG NEX 79 67 67 67 79
MESOTHELIOUWA {M] NO3S [ 1 0 0 0
1 [ 0 0 0 0
F Q 1 0 o 0
p-vALvE ¥ 0.79 0.36 1.00 1.00 1.00
HAEMOPQIETIC SYSTEM NEX 79 67 67 67 79
LYMPHOMA [M] not otherwise specified NOBS 1 1 [} [d 1
I o [ Qo 0 [
F L 1 0 0 1
P-VALUE  # 0.52 0.70 1.00 1.00 0.78
MAEFOPOIETIC SYSTEM NEX 79 67 67 67 79
LymproMA [M] leukaemic NOBS 1 Q Q 0 0
I [} 0 0 0 0
F 3 Q ] o 0
P=VALUE 1.00 1.00 1.00 1.00 1.00
HAEMOPOLIETIC SYSTEM NEX 79 67 67 67 79
wympHoMA [v] lymphoblastic NOBS S 3 5 4 3
1 1 0 ] 1 1
F 4 4 5 3 2
O~VALUE 0.8S 8.52 0.33 0.59 0.78
HAEVOPOIETIC SYSTEM NEX 79 67 67 &7 79
LYMPHOMA LYMPHOCYTIC [M] NOBS Q Q 0 1 1
3 Q9 0 0 1 ]
F 0 0 0 o 1
P-VALUE 0.16 1.00 k.00 0.51 .54
MAEMOPOIETIC SYSTEM NEX 79 67 67 67 79
LYMPHOMA PLASMACYTIC [M] NOBS [} 0 1 2 0
1 [ 0 1 1 a
F 0 0 2] 1 a
P-VALUE 0.60 1.00 0.50 0.21 1.00
HAEHMOPOIETIC SYSTEM NEX 79 67 67 67 79
LYMPHOMA FOLLICULAR CENTRE CELL [v] NOSS 13 & 14 7 11
I 4 3 § 2 5
F 9 S 6 3 6
P-VALUE 0.84 Q.66 0.31 0.91 0.77
HAEMOPOLETIC SYSTEM NEX 79 67 67 67 79
LEUKAEMIA GRANULOCYTIC [u] NOBS ] 0 1 1 o
. I Q 0 o o 0
F 0 o 1 1 0
P-VALUE .51 1.00 0.4% 0.48 1.00
HAEVOPDIETIC SYSTEM NEX 79 67 67 67 79
HISTIOCYTIC SARCOMA [v) NoBS S [ 4 $ 1
I 1 1 [} 0 [
F + 5 4 + 1
P-VALUE 0.98 0.21 0.53 0.60 .96
LYMPH NODE (MESENTERIC) NEX 75 65 63 63 74
OSTEOSARCOMA [M] NOSS [} 1] [ 1 o
i Q Q 13 1 [
F ] (1} 0 (] 0
PevaLUE 0.37 1.00 1.00 0.55 1.00
LYMPH NODE (MESENTERIC) NEX 75 65 63 63 73
HAEMANGIOMA [B] NOBS 2 B3 1 0 0
1 2 1 1 [ 0
F 9 ] 0 Q 0
P-VALVE 0.97 0.81 0.85 1.00 1.00
SPLEEN NEX 78 67 67 67 79
STROMAL SARcOMA [»] NOBS [ [1] 1 [ ‘0
1 9 [ 1 0 0
3 0 (i 0 4] [
P-VALUE # 0.57 1.00 0.33 1.00 1.00
SPLEEN NEX 78 67 67 67 7
HAEMANGIOSARCOVA [M] NOBS 1] 0 1 [ 1
z 1] Q 1 o 0
F Q 0 0 0 1
P=VALUE Q.25 1.00 0.50 1.00 0.54
SPLEEN NEX 78 67 67 67 79
HAEvANGIONA (8] NOBS o 0 1 4 0
1 0 [} 1 o 0
F [} [} ] 4 4
P=VALUE 0.55 1.00 0.55 1.00 1.00
HEART NEX 79 67 67 67 79
MESOTHELIOMA [M] NOBS [ 1] [% 1 0
I . [ 0 0 1 0
F 0 0 [} o 9
P-VALUE Q.46 1.00 1.00 0.51 1.00

{%] denotes a ma'li?’nant tumour, [8] denotes a benign turour
NEX animals examined, NO8S = Number of animals with finding
unber of snimals with incidental finding (defined as incidenral or probably incidental)
Number of animals with fatal finding (defined as fatal or probably fatal)

= Nunber of

F
E£xact permutation Test

"o

s
P=VALUE

40 of 59

p-values under the control group are trend test, under dosed groups are pairwise comparisons (one-sided)



Anthony L Parola, PhD :

NDA 22-341

Group (Dose tevel in mg/kg/day)

1(0) 2 (0.03) 3 (0.2) 4+ Q.0 5 (3.0)
(N=79) (N=67) (N=67) (N=67) (N=79)
organ/Finding

THYROLO GLAKD NEX 75 66 67 66 76
FOLLICULAR CELL CARCINOMA [m] NOBS [} [1] [} [ []
b3 1] 0 [} [ o

F [ ] 14 Q (]

P-VALUE & 1.00 1.00 1.00 1.00 1.00

THYROID GLAND NEX 75 66 67 66 76
C-CELL CARCINOMA [M] NOBS 1] 0 ] Q 2
1 0 0 [ [} 1

E . [} 90 0 Q 1

P-VALUE & 0.043 1.00 1.00 1.00 0. 3

THYROIO GLAND NEX . 75 66 67 66 76
<-CELL ADENOMA (B] NOBS [ [} ] 4 15

I 0 ] 9 4 15

£ 0 0 0 4 (4]

P-VALUE <0.001 1.00 1.00 0.028 <0.001

THYROIO GLAND NEX 75 66 67 66 76
€-CELL TUMOUR NOBS [} [ 1] 4 17
1 0 Q 0 + 16

F 0 0 (4 0 1

P-VALUE <0.001 1.00 1.00 0.02 <0.001
ADRENAL GLAKD NEX 79 67 67 66 78
SUBCAPSULAR CELL TuMDUR [8) NOBS 0 Q 9 1 '3
1 0 0 0 1 ]
F 9 0 0 0
P-VALUE & 0.36 1.00 1.00 0.40 1.00

ADRENAL GLAND NEX 79 67 67 66 78
CORTICAL CARCINOMA [M] NOBS 0 [ 1 [ 0
4 [} o 1 [} 1]

F 0 4] [

P-VALUE ¥ 0.67 1.00 0.50 1.00 1.00

ADRENAL GLAND NEX 79 67 67 66 78
PHAEOCHROMOCYTOMA {M] ~08S 1 0 1 0 [
I 1 0 1 0 Q

F 0 [+ 0 o 0

P-VALUE ¥ .59 1.00 0.76 1.00 1.00

ADRENAL GLAND NEX 79 67 67 66 78
CORTICAL ADENOMA (B} NOBS 0 0 1 0 0
I 1] 0 1 ] [+3

F 0 0 0 [ Q

P-VALVE # 0.49 1.00 0.38 1.00 1.00
ADRENAL GLAND NEX 79 67 67 66 78
PHAEOCHROMOCYTOMA {B] NOBS 3 0 [} 1 ]
1 3 0 0 1 [}
F 0 o 14 Q 4
P-VALUE 7 0.94 1.00 1.00 0.96 1.00
PITUITARY GLAND NEX 77 67 66 65 78
ADENOMA ANTERIOR LOBE [8) NOBS [} [} 2 0 S
I 0 [ 2 0 S
F 1] 0 0 0 0
P-VALUE 7 0.006 1.00 0.23 1.00 08.037
PITUITARY GLAND NEX 77 67 66 65 78
ADENOA INTERMEOIATE LOBE [B] NOBS [ [ 0 2 1
I 0 [} ] 2 1
F Q 0 0 0 (]
P-VALUE & 0.16 1.00 1.00 0.21 0.5%
OVARY NEX 77 67 65 67 7%
SARCOMA (NOY OTMERWISE SPECIFIED) [M] NOBS [ [} [} L ]
I 4 [+ 0 1 o
F Q 0 0 0 0
P-vatue @ 0.46 1.00 1.90 0.51 1.00
QVARY NEX 77 67 65 67 76
TUBULOSTROMAL ADENOMA [B) NOBS 1l 0 1 1 3
I 1 [} 1 1 3
F 0 Q 0 Y 0
P-VALUE & 0.078 1.00 0.76 0.77 0.38

CVARY NEX 77 67 65 67 76
LeToMyoMa {8] Noes ] [} 1 0 1]
b4 ] 1] 1 o [

F 0 0 0 0 0

P-VALUE  # 0.67 1.00 0.50 00 1.00

OVARY NEX 7 67 65 67 76
SERTOLI CELL TUMOUR [B] NOBS 0 [} [} 1 1
1 0 Q 0 1 1

F [} 0 3 0 9

P-VALVE # 0.16 1.00 1.00 Q.51 0.54

OVARY NEX 77 67 65 87 76
HAEMANGTIOMA [8) NO8S 0 b4 [] 0 0
1 0 1 9 14 [}

5 0 1 0 4 0

P-VALUE ¥ 0.89 0.28 1.00 i1.00 1.00

[v] derm'(es a nm'hgnant tunour, (B} denotes a benign tumour
Number of animals examined, NOBS = Number of animals with findin

1 Number of animals with incidental finding {defined as incidental or probably incidental)
F Number of animals with fatal finding (defined as fatal or probably fatal)
[ £xact permutation test

P-VALUE = p-values wnder the control group are trend test, under dosed groups are pairnise comparisens (one-sided)
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Group (Dose Level in mg/kg/day)

1 (0 2 (0.03) 3 (0.2) 4 (.0 5 (3.0)
(8=79) {N=67) (N=67) (N=67) (8=79)
organ/Finding .

OVARY NEX 77 67 65 67 76
SEX CORD/STROMAL TUMOUR (B NOBS 1 0 1 [1] [}
1 1 0 1 4 Q
F 0 0 0 14 0
P-VALUE ¢ 0.89 1.00 0.76 1.00 1.00
OVARY NEX 7 87 65 67 %
GRANULOSA CELL TUMOUR (8] NOBS 0 0 1 [ 0
I [ [ 1 ] 0
F ] 4 (4] (4 Q0
P-VALVE & 0.56 1.00 0.57 1.00 1.00
OVARY NEX 77 67 65 67 76
pEczouoMa [a] NOBS ] 1 Q 0 [
I [\] 1 [ ] ]
F 0 0 0 0 0
P-VALUE & 0.86 0.68 1.00 1,00 1.00
OVARY NEX i 67 65 &7 76
LuTEoMA {B] NOBS 1 2 2 1 2
I 1 1 2 1 2
F 0 0 0 0 9
P-VALUE & 0.41 0.62 0.50 0.77 0.56
OVARY NEX 77 67 65 67 76
CYSTADENOMA [B] NOBS 1 1 1 0 1
. I 1 1 1 4 1
E o [ 0 o Q
P-VALUE & 0.59 0.70 0.67 1.00 0.76
UTERUS NEX 78 67 68 67 78
ENDOMETRIAL CARCINCMA [4] NOBS 1} [ 1 3 [\
I [ 0 1 3 [\
F ] 0 0 [ 0
PeVALUE & 0.66 1.00 Q.50 0.12 1.00
UTERUS NEX 78 67 66 67 78
ENDOMETRIAL STROMAL SARCOMA [M] NOBS 1 0 [} 2 3
T 1 [} [} 1 [
13 0 [ (] 1 o]
P-VALUE & 0.62 1.00 1.00 Q.36 1.00
YTERUS NEX 78 67 66 67 78
LEIOMYOSARCOMA [} K0BS 0 2 3 3 [
4 0 1 3 3 (]
F 0 1 a 0 [
P-VALVUE & .58 0.21 0.12 0.058 1.00
UTERUS. HEX 78 67 66 67 75
* HAEMANGIOSARCOMA (%] NOBS 2 1 2 1 1
T 1 0 1 1 1
E 1 1 Q Q
PaVALUE = 0.75 0.78 0.61 0.87 0.90
UTERUS NEX 78 67 66 67 78
HISTIOCYTIC SARCOMA [M] NOBS 0 2 1 3
1 [ 2 1 3 3
£ [} 0 0 Q
P-VALUE @ ¢.11 0.21 0.46 0.46 0.14
UTERUS NEX 78 67 66 67 78
MALIGNANT SCHWANNOMA {] NOBS Q 3 [+] 1
b4 [\ 0 0 0 1
F Q9 0 "4 0 [
P-VALVE & 0.23 1.00 1.00 1.00 0.48
UTERUS NEX 78 67 86 67 78
ENDOMETRIAL ADENOWA [8] NOBS 0 [+d [ [ 1
bs [ 0 [ Q 1
F (1] 0 0 [
P-VALVE ¢ Q.25 1.00 1.00 1.00 0.55
UTERUS NEX 76 67 . 66 67 75
STROWAL POLYP [B] N0BS 9 3 2 s
1 9 2 6 2 3
F 0 1 0 g
PevALUE 0.81 0.91 0.70 0.97 0.89
UTERUS NEX 78 67 66 67 78
LEIOMYOMA (8] NOBS 5 s )33 4 10
I 5 5 11 4 10

F 0 [ ]
P~VALUE 0.27 0.37 0.027 0.63 0.13
UTERUS X 78 67 66 67 78
GRANULAR CELL TUMOUR [B] §0BS 0 1 [% 0 1
1 0 1 [} 1] 1

F ] 0 [
P-VALVE = 0.31 0.38 1.00 1.00 0.38
. UTERUS NEX 78 67 66 67 78
scHxanNowa [8] NoBS 1] ] 3 ] b
4 Q 0 1 [} 1
H (] 0 1] [\ [}
P-VALUE # 0.20 1.00 0.46 1.00 Q.35
UTERUS NEX 78 67 66 67 78
HAENANGIOMA [8] NOBS 0 2 3 3 3
1 [} 2 3 2 3
F [ 0 [ 1 9
P-VALUE 0.31 0.033 0.024 0.042 0.057
UTERUS NEX 78 67 66 67 78

DECIDUONS (8] NOBS 1 1 2 [
I 1 1 2 0 0
F 0 (4 0 0 0
P-VALUE ¢ 0.94 0.62 0.48 1.00 1.00

[»] denotes a mﬂi?nan; tumour, [B] denotes a benign tunour
NEX = N animals examined, NOBS

umber o

Exact permutation test

= Nurber of animals with findin
mber of animals with incidental finding (defined as incidental or probably incidental)
Number of animals with fatal finding (defined as fatal or probably fata

P=VALUE = p-values under the contral group are trend test, under dosed groups are pairuise ccmparisons {one-sided)
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—  Group (Dose Level in mg/kg/day)

1 (0 2 (0.03) 3 0.0 4 (1.0} 5 3.0

. =79 (N=67) (N=67) (N=67) (N=79)
organ/Finding

VAGINA NEX 77 67 63 66 78

STROVAL SARCOMA {M] NOBS 0 1 [} [} [

- 1 0 [ [ [ [

F (] 1 0 0

P-VALUE & 0.50 0.48 1.00 1.00 1.00

URINARY BLADDER : NEX 77 63 64 64 73

MESENCHYMAL TUMOUR [B] NOBS 0 [+ o 0 1

1 0 0 0 0 1

F 1] 04 0 0 [

P-VALUE ¥ 0.25 1.00 1.00 1.00 0.55

STOMACH NEX 77 67 66 66 78

SQUAMOUS-CELL PAPILLOMA [8] HOBS 1 0 [4 1 1

1 1 0 0 1 1

£ o 0 Q

P-VALUE ¥ 0.36 1.00 1.00 0.73 0.80

DOUODENUM NEX 72 63 63 63 73

HAEMANGIOMA [8] NOBS [} 1 0 4 0

b3 0 3 0 o 0

F (] 0 [ o 0

P-VALUE # 0.88 0.71 1.00 1.00 1.00

DUODENUM NEX 72 63 63 63 73

ApENOMA [8) NOBS 0 1] [ 1 [}

I [ 0 ] 9 1"

F 0 [ 1 0

P-VALLE & [ ] 1.00 1.00 0.51 1.00

CAECUM NEX 79 63 64 62 73

LEIOMVOSARCOMA [1]) NOBS ] 0 Q 1 0

1 [ [ [ 1] 0

F (4 4 1 0

P-VALUE ¥ 9.43 1.00 1.00 0.48 1.00

CAECUM NEX 79 64 64 62 73

LEIOMYOMA {B] NOBS a 2 0 0 1]

I [} 2 [ o [}

F Q 1} 0 (4 [

P-VALUE # 0.87 0.16 .00 1.00 1.00

CAECUM NEX 79 63 63 62 73

PLASMACYTOMA [8] NOSS 4] 1 0 0 0

I Q 1 0 0 0

£ 0 o o 9 Q

P-VALVE & 0.79 0.38 1.00 1.00 1.00

CcoLON NEX 79 66 65 63 76

ADENOCARCINOMA [M] NOBS 1 0 0 1 0

I 1 [ Q 0 9

F (] 0 4 1 (/]

P-VALUE & 0.70 1.00 1.09 0.75 1.00

COLON NEX 79 66 65 63 76

ADENOMA {B] NOBS 1 4 Q [ [

1 1 [+] 0 [ 1]

F o [ 0 o 0

PeVALUE ¥ 1.00 1.00 1.00 1.00 i.00

LIVER NEX 79 67 67 67 79

HEPATOCELLULAR CARCINOMA [M] NOBS 0 1 1 1 1

X /] 1 1 1 1

F 0 o o 0 [

P-VALUE  # 0.32 0.66 0.50 0.55 0.38

LIVER REX 79 67 67 &7 79

HEPATOCELLULAR ADENOMA [8] Noas 2 0 ] 3 0

1 2 0 0 3 0

¥ 0 0 0 [+ 0

P-VALUE # 0.80 1.00 1.00 0.52 1.00

LIVER NEX 79 67 67 67 79

HAEMANGIOMA [8] NOBS i3 1 2 1] [

b 0 1 2 [ o

F [ [ 9 0 0

. P.VALUE ¢ 0.85 0.38 0.27 1.00 1.00

PANCREAS (EXOCRINE) NEX 79 67 &6 66 76

HAEMANGIOMA [8] NOBS 1 0 0 ] 1]

1 1 0 0 0 0

F 0 0 0 0 d

P-VALUE # 1.00 1.00 1.00 1.00 1.00

HARDERIAN GLAND NEX 79 34 66 67 79

ADENOMA [8) NOBS 1 0 1 2 5

I 1 4 1 2 5

F [ '3 0 4] 0

P-VALVE = 0.012 1.00 0.74 0.48 0.14

BRAIN NEX " 67 67 67 79

MALIGNANT ASTROCYTCMA (M} NOBS 1 0 [} ) 1]

! I 1 Q 1] 4] 0

F 0 Q 0 0 0

P-VALUE  # 1.00 1.00 1.00 1.00 1.00

BRAIN NEX 79 67 67 67 79

MENINGIOMA [B] NOBS 0 [} 1 Q 4

I 0 )] [} [} [

F Q 0 1 0 (4

P-VALUE 2 0.61 1.00 0.46 1.00 1.00

BRAIN NEX 79 67 67 67 79

LIroMA [a] NOBS [ [} 0 1 3

I 0 ] Q 1 Q

F [ 0 (4 (4 0

P-VALUE  # 0.45 1.00 1.00 Q.51 1.00

SPINAL CORD NEX 79 66 67 66 78

MENINGEAL SARCOMA (M) NOBS [\ [+ [ 2 0

: 1 9 0 0 2 0

F [+ Ui o Q 0

P-VALUE & .38 1.00 1.00 .26 1.00

[M] denotes a malignant tumour, [B] denotes a benign tumour . .
NEX Number of animals examined, NOBS = Number of animals with finding

I = Number of animals with incideatal finding (defined as_incidental or probably incidental)

F = Number of animals with facal finding (defined as fatal or probably fatal)

£ = £Xact permutation test

P-VALUE = p-values under the control group are trend test, under dosed groups are pairwise comparisons (one-sided)
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Group (Dose tevel in mg/kg/day)

1 2 (0.03) 4 (1.0) 5 (3.0)

o (8=79) (v=67) (N=67) (N=79)
organ/Finding

SKELETAL MUSCLE NEX 79 67 67 66 79

RHABDOMYOSARCOMA [v] KOBS 1 ] a 0 [

T [ 0 [} 2] [

F 1 0 0 (14 0

P-VALUE 1.00 1.00 1.00 1.00 1.00

SKELETAL MUSCLE NEX 79 67 67 66 79

LIPOSARCOMA (M) NOBS 0 ] 0 [\ 1

I 0 0 Q ] [}

F 0 0 9 Q 1

P-VALUE 0.25 1.00 1.00 1.00 .33

FEMUR NEX 78 66 64 66 79

osteoma [8] NOBS a 0 i [} 0

1 Q 0 1 0 0

¥ Q 8 (] 0 ]

P-VALUE 0.50 1.00 . 1.00 1.00

SKIN AND SUBCUTIS NEX 79 67 67 79

MALIGNANT FIBROUS HISTIOCVTOMA [M] NoBS 1 0 0 0

P-VALUE 1.00 1.00 1.00 1.00

SKIN AND SUBCUTIS NEX 79 67 67 79

FIBROSARCOMA [M] NOBS 1 1 0 2

P-VALUE 0.3% 0.68 1.00 0.53

SKIN AND SUBCUTIS NEX 79 67 &7 79

RHABDOMYOSARCOMA {M] NOBS 2 1 0 0

P-VALUE 0.97 0.83 1.00 1.00

SKIN AND SUBCUTIS NEX 79 67 67 79

LIPOSARCOMA [M] NOBS ] 2 Q 0

P-VALUE .88 0.21 1.00 1.00

SKIN AND SUBCUTIS NEX 79 67 67 79

SARCOMA (NOT OTHERWISE SPECIFIED) [w] NOBS 1 0 Q0 5

P-VALUE ©.007 1.00 1.00 0.13

SKIN AND SUSCUTIS NEX 79 67 67 79

BASAL CELL CARCINOMA [M]) NOBS 2 1Y 0 1

P~VALUE 0.57 1.00 1.00 0.59

SKIN AND SUBCUTIS NEX 79 67 67 73

SQUAMOUS~CELL CARCINOMA [M] NOBS 1 14 0

P-VALUE 1.00 1.00 L.00 1.00

SKIN AND SUBCUTIS NEX 79 67 67 9

SQUAMOUS-CELL PAPILLOMA {8) NOSS Q 0 1 0

P-VALUE 0.43 1.00 0.50 1.00

MANMMARY GLAND NEX 76 64 66 76

ADENDCARCINOMA M) NOBS 1 2 2 3

P-VALUE 0.46 0.23 0.27 0.19

MAMUARY GLAND NEX 76 64 66 76

ADENDACANTHOMA [m] NOBS (] 1 1 1

P-VALUE 0.28 0.41 0.49 0.54

MAVVARY GLAND NEX 76 64 66 76

FISBROADENOMA (B8] NOBS 1 0 0 0

P-VALUE 1.00 1.00 1.00 1.00

MANMARY GLAND NEX 7% 64 66 76

ADENOMA [8] NOBS 0 0 o 1

P-VALULE 0.24 i.00 1.00 0.53

INIECTION/TREATMENT SITE NEX 78 67 65 73

FIBROSARCOMA [M] NOBS 1 0 ] 2

- P-VALUE 0.14 1.00 1.00 0.5%

INJECTION/TREATMENT SITE NEX 78 67 65 78

SARCOMA (NOY OTHERWISE SPECIFIED) [M] NOBS 1 1 Q0 Q

P-VALUE 0.95 0.69 1.00 1.00

INJECTION/TREATMENT SITE NEX 78 67 65 78

KERATOACANTHOMA [8] NOBS Q0 [} 1 0

P-VALUE 0.43 1.00 0.49 1.00

SKIN (TREATED) NEX 79 67 65 78

SARCOMA [V} dorsal surface NOBS 6 3 ] 8

P-VALUE 0.1% 0.561 0.99 0.37

[#] denotes a malignant tumour, [8] denotes a benign Tumour

NEX = Number of animals examined, KOBS .

umber of animals with incidental finding (defined as incidental or probabty incidental)
Number of animals with fatal finding (defined as fata) or probably fatal)

n
(!

= Exact permptation test

& =
P-VALUE = p-values under the control group are trend test, under dosed groups are pairwise cemparisons (one-sided)

[NOOO 4.2.3.4.1.1 complied from Table 23P515 - 583]

Rumber of animals with finding
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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 from
2002 to 2004. o
ENDOCRINE SYSTEM
ADRENAL {SUBCAPSULAR)
’ Study . Male . Female
N Number Focal Benign Malignant . Number Focal Benign Neoplasia ~ Malignant
Examined  Hyperplasia _Neoplasia Neoplasia Examined Hyperplasia _ - Neoplasia:- -
274 50 25 1 adenoma 0. 50 46 0 o
658 119 42 5 adenoma 0 19 8 2 adenoma 0
832 47 21 5 adenoma 0 49 40 1 adenoma 0
874 94 38 9 adenoma 0 96 72 7 adenoma 0
937 120 58 17 adenoma 1 carcinoma 17 108 4 adenoma 2 carcinoma
988 109 38 13 adenoma ) 108 97 4 adenoma ]
TOTAL 538 222 50 1 539 449 18 2
RATE 41.2 9.3 0.2 833 3.3 04
RANGE 35-50% 2.0-14.2% 0.0-0.8% 73.9-92.0 0.0-7.3 0.0-1.7
ADRENAL (MEDULLA)

Focal

Female

Benign Neoplasia Matignant
N

4 1 Phacochromocytoma 50 0 2 0
658 119 6 [J] 0 119 3 1Ph 1Ph
832 47 - 1 0 4 49 0 o 0
874 94 2 [1] 0 96 2 1Ph 1
937 120 0 0 o} 17 ] 0 1]
o088 108 1 0 0 108 1] 1 Phasochromocyloma 0
TOTAL 539 14 1 0 539 6 5 2
RATE 26% 0.2% 0.0% 11% 0.9% 0.4%
RANGE 0-8% 0-2% 0% 0-2.5% 0-4% 0-1%
TABLE 1 (CONTINUED)
CARDIOVASCULAR SYSTEM
AORTA
: Male Female
- Study No.  Number Focal Benign Malignant Number Focal Benign ‘Malignant’
Examined Hyperplasia Neoplasia. Neoplasia Examined Hyperplasia Neoplasia ‘Neoplasia
274 50 0 [} 0 49 0 0
658 120 0 0 ] 119 0 (] ]
832 49 0 0 0 49 o 0 0
874 99 o 0 0 a9 0 [t 0
937 120 ° 0 0 120 0 0 0
988 109 0 0 0 105 o 0 0
TOTAL 547 0 0 0 541 0 ] 0
RATE 0.0 0.0 0.0 0.0 0.0 0.0
RANGE 0.0 0.0 0.0 0.0 0.0 0.0
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NERVOUS SYSTEM AND ORGANS OF SPECIAL SENSE

BRAIN

" Male " Female

" Study ~ Number  Focal Benign Malignant Neoplasia Number Focal Benign. Malignant
' No. Examined Hyperpla = Neoplasia ' Examined Hyperplasia Neoplasia Neoplasia
sia - i

1 malignant

4 s0 0 0 0 so 0 0 astrocaoma
658 120 0 1 meningioma 1] 119 1] 0 0
832 50 [ 0 [ 50 0 0 0
874 100 0 [ [ 100 [ 0 0

1 choroid

937 19 0 0 120 0 plexus 1 malignant
o] pil astrocy
988 110 o o 1 oligodendrogtioma 109 0 0 [
TOTAL 549 0 1 1 548 ] 1 2
RATE 0.0 02 0.2 0.0 0.2 0.4

RANGE 0.0 0.0-0.8 0.0-0.8 0.0 0.0-0.8 0.0-2.0

TABLE 1 (ALIMENTARY SYSTEM CONTINUED)
CAECUM

Female

Male

: Study No. Number Focal Benign_ Malignar)t Number Focal Benign  Malignant
: Examined Hyperplas Neoplasia Neoplasia Examined Hyperplasia Neoplasia Neoplasia
ia

274 49 0 0 0 50 ] 0 0

658 119 0 ° adenoca1rcinoma 116 0 ° 0

832 44 o 0 0 46 0 ] [’}

874 96 0 0 0 99 0 0 0

937 108 0 ] 0 111 0 ] 0

988 107 ] 0 0 107 0 0 0
TOTAL 523 0 0 1 529 0 0 0
RATE 0.0 0.0 0.2 0.0 0.0 0.0
RANGE 0.0 0.0 0.0-0.8 0.0 0.0 0.0

A CMale - .77 "Female. g
- Study No. Number  Focal  Benign @ Malignant Number Focal Benign Malignant
: lasia Neoplasia. Neoplasia Examined Hyperplasia Neoplasia Neoplasi
274 50 i 0 0 50 0 0 1
658 120 1 0 0 116 ] 0 0
832 44 ] 0 0 47 ] 0 0
874 96 [ 0 0 99 0 0 0
937 | 114 ] 0 0 117 1 0 0
988 107 ] 0 0 109 0 0 0
TOTAL 531 1 0 0 538 1 0 1
RATE 02 . 0.0 0.0 0.2 0.0 0.2
RANGE 0.0-0.8 0.0 0.0 0.0-0.9 0.0 0.0-2.0
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Duopenum

. : Male ) : Female
Study No.  Number Focal Benign  Malignant Number Focal - Benign  Malignant
- Examined Hy; lasia Neoplasia Examined plasia_Neoplasia Neoplasia

274 48 0 0 0 47 0 0 0

1

658 19 2 adenocarcinoma 11 1 a 0

832 44 0 ] 0 a3 0 0 0

874 97 0 0 0 o7 0 0 0

937 107 o 0 0 109 [V 1 adenoma 0

988 108 ] 0 0 106 0 0 ]
TOTAL 523 2 0 1 518 1 1 0
RATE 04 0.0 0.2 0.2 0.2 0.0
RANGE 0.0-1.7 0.0 0.0-0.8 0.0-0.9 0.0-0.9 0.0

EriDIDYMIS

Male

Number  Foeal Benign
perplasia  Neoplasia

0 0 1 histiocytic sarcoma
1 interstial .
658 120 4] adenoma 1 haemangiosarcoma
832 50 0 0 0
1 interstitia}
874 100 0 adenoma 0
937 120 0 0 0
988 110 0 o] 0
TOTAL 550 [} 2 2
RATE 0.0 04 04
RANGE ' 0.0 0.0-1.0 0.0-2.0

EYE

Female
Number Facal Benign  Malignant Neoplasia Number Focal Benign  Malignant

Examined Hyperplasia Neoplasia Examined Hyperplasia Neoplasia Neoplasia
274 49 0 0 4 49 0 0 0
658 120 0 )] 0 115 0 0 0
832 46 0 0 0 41 0 0. 0
874 98 0 0 V] 97 0 0 0
937 112 0 0 ] 108 0 [+] 1]
288 108 0 o 2 adenocarcinoma 105 o 0 0
TOTAL 533 0 0 2 515 0 0 0
RATE 0.0 0.0 0.4 0.0 0.0 0.0
RANGE 0.0 0.0 0.0-1.9 0.0 0.0 0.0

TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

OESOPHAGUS

Male
Focal Benlgn  Malignant Number

Female

. Study No. Number Focal Benign Malignant:

Examined erplasia Neoplasia: Neoplasia Examined erplasia_Neoplasia  Neoplasia

274 48 o 0 [} 50 0 0 0

658 120 1 0 0 118 [ 0 0

832 50 0 0 49 0 0 0

874 99 [} 0 [ 100 [} 0 0

2
937 120 o adenomatous L] 120 0 0 0
s polyp
OUS-

988 109 0 oe?lqpu;rﬁloma 100 0 0
TOTAL 546 11 3 3} 546 0 [+ 0
RATE 20 05 0.0 0.0 0.0 0.0
RANGE 0.09.2 0.0-1.7 0.0 0.0 0.0 0.0
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GALL BLADDER

Study Male Female

No. Number Focal Benign Neoplasia Malignant  Number Focal Benign - Malignant

Examined Hyperplasia : Neoplasia Examined Hyperplasia Neoplasia Neoplasia

274 48 0 o] a 47 1 0 0
349 97 [ 0 0 100 0 0 0
658 110 0 0 0 107 0 i 0
832 42 0 ] 0 38 1] 0 0
874 96 0 2 adenoma - papillary 0 97 1] 0 0
937 108 9 3 adenoma ¢} 102 5 0 0
988 103 0 0 0 102 0 0 0

TOTAL 604 9 5 0 593 6 o] [}

RATE 1.5 08 0.0 1.0 0.0 0.0

RANGE 0.0-8.3 0.0-2.8 0.0 0.0-4.9 0.0 0.0

HARDERIAN GLAND

Female
Number Focal Benign Malignant Number Foeal Benign Malignant
Examined Hype i Neoplasia fasia Examined Hyperplasia Neoplasia Neoplasia
274 49 o 2 adenoma Q 274 50 2 adenoma 1
658 120 0 $ adenoma 1 adenocarcinoma 658 120 Jadenoma 1 adenocarcinoma
832 49 o 4 adenoma 0 832 50 0 2
874 14 0 0 L] 874 26 0 1
937 120 1 11 adenoma Q 937 120 5 adenoma 3
088 109 ¢ 0 4] 988 110 0 o
TOTAL 461 1 22 1 476 10 8 adenoma 2
RATE 0.2 4.8 0.2 21 17 04
RANGE 0.0-0.8 0.0-9.2 0.0-0.8 0.0-4.2 0.04.0 0.0-1.7

Malignant Number Focal Benign . Malignant
e lasia Neoplasia Examined Hyperplasia Neoplasia’ Neoplasia
274 S0 0 0 0 50 0 0 0
658 120 0 0 0 120 1 0 [
832 50 0 Q 0 50 0 0 0
874 100 0. 0 0 a9 0 0 0
937 120 0 4} 0 120 o 0 0
1
988 10 0 0 0 110 0 0 haemangiosarcoma
TOTAL 550 0 0 0 549 1 0 1
RATE 0.0 0.0 0.0 0.2 0.0 0.2
RANGE . 0.0 0.0 0.0 0.0 0.0 0.0-0.9

. : . Female : . } )
:Study No,.  Number Focal Benign Malignant Number  Focal  Benign Malignant
) Examined Hyperplasia Neoplasia Neoplasi i lasia Neoplasia Neoplasia
274 48 o 0 0 48 0 [ 0
658 117 0 0 0 112 ] 0 0
832 46 ] 0 0 44 0 0 0
874 97 ] 0 0 98 o] 0 [
937 o112 0 0 0 107 0 o 0
088 106 0 0 0 105 0 0 0
TOTAL 526 0 0 0 514 0 0 0
RATE 0.0 0.0 0.0 0.0 0.0 0.0
RANGE 0.0 0.0 0.0 0.0 0.0 0.0
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INJECTION/TREATMENT SITE

Study Mate Female

No Number Focal Benign Mélignant Number Focal Benign Neoplasia Malignaht
* Examined H plasia Neoplasia Neoplasia Examined Hyperplasia Neoplasia

274 50 ° 1 haemangio- 1 rhabdomyo-

pericytoma sarcoma 48 6 0 ¢ .
832 49 0 0 ) 47 ) ) 1} haemangio-
fe ] [} 1 1 96 0 0 1
0.0 1.0 1.0 0.0 0.0 1.0
RANGE NOT APPLICABLE
JEJUNUM
’, : _ Male R : Female -
“Study No.. Number Focat - Benign Malignant Number . Focal Benign Malignant
L Examined. Hyperplasia Neoplasia Neoplasia Examined Hyperpiasia Neoplasia Neoplasia
274 49 0 ] o 47 1 0 [
658 115 . [ 0 1] 115 0 [+] [+]
832 43 ¢} 0 0 42 0 [+] [+
874 97 0 0 0 95 0 0 0
937 111 ] 0 0 109 0 0 Q
988 109 4] 4} 0 105 0 [+] 1]
TOTAL - 524 0 0 0 513 1 0 1]
RATE 0.0 0.0 0.0 0.2 0.0 0.0
RANGE 0.0 0.0 0.0 0.0-2.1 0.0 0.0
URINARY SYSTEM
KIDNEY
A ) Male Female
Study No. Numper Focal . Benign_ ] Malignal}t Nquer Focal . Benigq Malignar_ﬂ
Examined Hyperplasia -Neoplasia  Neoplasia Examine Hyperplasia Neoplasia Neoplasia
. d .
274 50 [\] 2 adenoma o] 50 0 0 0
658 120 0 2 adenoma 0 120 0 0
832 49 1 0 1 49 0 0 0
1 carcinoma
874 998 0 1 adenoma 1 haemangio- 100 1 o] 0
sarcoma
937 120 0 0 1 120 0 0 1 carcinoma
988 110 0 2 adenoma 1 110 0 0 (4]
TOTAL 548 1 7 5 549 1 b] 1
RATE 02 13 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
LWER (HEPATOCYTE)
: Male . Female
- Study Number Eosinophilic Basophilic Benign Malignant  Number Eoslinophilic. Basophilic Benign Malignant:
Number Examined /clearcell foci Neoplasia Neoplasia Examined / clg:; i(:ell foci Neoplasia Neoplasia
274 50 2 0 7 adenoma 3 carcinoma 50 1] 0 1 adencma ]
349 110 3 3 5adenoma 2 carcinoma 110 1 0 0 0
658 120 6 1 18 adanoma 3 carcinoma 120 2 1 5 adenoma 1 carcinoma
832 48 8 6 10 adonoma 2 carcinoma 47 2 2 1 adenoma 0
874 100 2 2 4 adenoma 1 carcinoma 100 1] [¢] 0 0
937 120 4 8 12 adenoma 2 carcinoma 120 3 4 3 adenoma 0
988 110 1 1 15 adenoma 7 carcinoma 109 0 0 0 0
TOTAL 658 26 21 71 20 656 8 7 10 1
RATE 40 32 10.8 30 1.2 1.1 1.5 0.2
RANGE 0.9-16.7 0.0-12.5 4.0-20.8 1.0-6.0 0.0 0.0 0.0 0.0
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TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

LWVER (BILIARY)
Male- Female
Focal Benign Malignant Neoplasia: Number Focal Benign Malignant
erplasia Neoplasi i i
274 50 [} 0 0 50 [} 0 0
349 110 0 0 0 110 0 0 [\
658 120 0 ] 0 120 [ 0 i
832 48 0 0 0 47 0 0 0
874 100 ¢ 0 0 100 i 0 0
937 120 0 ] [} 120 0 0 0
988 110 0 ] [ 108 0 0 0
TOTAL 658 0 1} 0 656 ] 0 0
RATE 0.0 0.0 0.0 0.0 0.0 0.0
RANGE 0.0 0.0 0.0 0.0 0.0 0.0
RESPIRATORY SYSTEM

LUNG

Male : : . . Female.
Number Focal Benign: - Malignant Benign Malignant
Examined ia Neoplasia  Neoplasia i ia Neoplasia. Neoplasia -
274 50 2 10 adenoma 3 carcinoma 50 1 3 adenoma 2 carcinoma
658 120 5 24 adenoma 11 carcinoma 119 1 8 adenoma 13 carcinoma
832 50 3 18 adenoma 5 carcinoma 49 2 4 adenoma 4 carcinoma
874 100 5 9 adenoma 12 carcinoma 100 5 14 adenoma 6 carcinoma
937 119 8 29 adenoma 9 carcinoma 120 3 15 adenoma 2 carcinoma
988 110 6 19 adenoma 13 carcinoma 110 4 6 adenoma 7 carcinoma
TOTAL 549 27 110 53 548 16 50 - 34
RATE 49 20.0 9.7 28 9.1 6.2
RANGE 4.0-6.0 9.0-38.0 _6.0-12.0 0.8-5.0 5.5-14.0 1.7-10.9

LYMPHORETICULAR / HAEMOPOIETIC SYSTEM

LYMPHORETICULAR / HAEMOPOIETIC

) : Male ) Female
- Study No. Number Lymphoma.Leukaemia. Histiocytic Number Lymphoma Leukaemia Histiocytic
- sarcoma Examined : sarcoma:

274 50 8 1 0 50 1 o 4

658 120 & 2 3 120 2 0 8

832 49 5 0 0 50 23 2 0

874 99 13 0 1 100 4 0 8

937 120 20 3 1 119 - 27 3 12

988 110 20 0 3 110 20 0 4
TOTAL 548 70 6 8 549 135 5 36
RATE ) 128 1.1 15 246 0.9 6.6
RANGE 5.0-18.2 0.0-2.5 0.0-2.7 16.7-46.0 0.0-4.0 0.0-10.1
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MamMMmARY GLAND

Study Male* .
No. Number Benlgn Malignant Number Focal Malignant Neoplasia
*__Examined Hyperplasia Neoplasia Neoplasia Examined H yperplasia
274 48 1] 0 1 adenocarcinoma
1 adenocacanthoma
658 116 0 o 4 adenocarcinoma
832 50 0 1 fibroadenoma 1]
1 adenosquamous carcinoma
874 % 0 o 2 carcinoma
937 110 . 1 r',b;:ac:?;::;“ 1 mixed malignant tumour
988 107 [} 1] 6 adenocarcinoma
TOTAL 528 1 3 16
RATE 0.2 0.6 3.0
RANGE 0.0-0.9 0.0-2.0 0.04.3

* Not a protocol organ

OPTIC NERVE

Male : Female
Number Focal Benign Malignant Number Focal Benign Malignant
erplasia Neoplasia Neoplasia
0
0 ] 0 0 0
0 0 0 0 0
874 86 0 0 0 79 0 ] 0
937 116 0 0 0 116 0 ] 0
988 104 4] 5 adenoma 0 104 0 1 adenoma 0
TOTAL 499 0 5 0 474 0 1 [1}
RATE 0.0 1.0 0.0 0.0 0.2 0.0
RANGE 0.0 0.0-4.8 0.0 0.0 0.0-1.0 0.0
FEMALE GENITAL SYSTEM

OVARY

Gonatdal stroma-

Benign Neoplasia

. Malignant Neoplasia® Number

Focal

Examined: Hype

_Epithelium .
Benign Necplasia  Malignant'
N

lasia lasia

1 tubulostromal adenoma
1 lutaoma 0 50 0 ] 9
1 sex cord/stromal tumour
= 2 cell "
858 119 ] turmour 2g cell tumour 19 | o 1 cystadenoma o
4 tubulostromal adenoma
1 granulosa cell tumour
832 49 0 1 luteoma o 43 0 g o
1 tubulostromal adenoma
1luteoma
874 99 ] 1 sertoli cell umour 0 99 ] ] 0
1 teratoma
2 granulosa cell tumour
2 tubutostromal adenoma
937 120 Q 3 luteoma [ 120 0o 8 cystadenoma 0
4 granulosa cell tumour
988 110 0 3 luteoma a 110 0 L] 0
TOTAL 547 0 29 2 547 0 14 )
RATE 0.0 53 04 0.0 26 0.0
{RANGE 0.0 2715 0.0-1.7 0.0 0.0-7.5 0.0
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PANCREAS (ENDOCRINE)
Male ’ N Female
Focal . Benign Neoplasia Malignant Number . Benign Neoplasia Malignant
i Neoplasia Examined

658 119 1] 0 0 118 [} 0 1 carcinoma

832 47 0 1 adenoma 0 49 0 1 adenoma ]

874 98 0 0 0 100 0 0 0

37 19 0 2 adenoma 0 118 o} 1 adenoma o]

988 110 ] 2 adenoma 0 109 0 0 0
TOTAL 543 0 5 0 544 0 2 1
RATE 0.0 0.9 0.0 0.0 0.4 0.2
RANGE 0.0 0.0-2.1 0.0 0.0 0020 0.00.8

‘Study | e . : Fema!e» . o R

No. Number _Focal Benign Neoplasia Malignant Number . . Facal Benign Neoplasia Malignant

Examined Hyperplasia Neoplasi il - Hyj i N i
0 0 4

658 119 0 0 0 118 0 0 [}

832 47 0 [ 0 48 [ 0 [}

874 98 0 [\ 0 100 [} 0 0

937 120 1 0 [} 120 1 0 0

988 110 0 0 [V 109 0 0 0
TOTAL 544 1 1] 0 545 1 0 0
RATE 0.2 0.0 0.0 0.2 0.0 0.0
RANGE 0.0-0.8 0.0 0.0 0.0-0.8 0.0 0.0

TABLE 1 (ENDOCRINE SYSTEM CONTINUED)

PARATHYROID
; : : Male * " . . v Female o :
- Study No. Number Focal Benign . Malignant ~ Number Focal Benign = Malignant
. Examined Hyperplasia - Neoplasia - i i perplasia Neoplasia - Neoplasi
274 37 0 0 ) 274 34 1 0
658 01 0 o 0 658 84 0 0
832 42 1 [¢] 0 832 39 0 o}
874 80 ] 0 ] 874 79 2 0
937 108 0 +] Q 937 107 0 0
988 101 0 0 0 988 103 o] 0
TOTAL 459 1 0 0 446 3 0 0
RATE 0.2 0.0 0.0 0.7 0.0 0.0
RANGE 0.0-2.4 0.0 0.0 0.0-2.9 0.0 © 0.0
PITUITARY {INTERMEDIATE)
: : Male . ! . Female .
StudyNo. Number Focal ° Benign- Malignant Number Focal - Benign-.
- Examined Hyperplasia Neoplasia Neoplasia- Examined Hyperplasia Neop
274 47 0 0 0 48 o [ 1]
658 117 0 0 o] 118 0 1B \]
832 46 1 0 1} 49 4] 0 0
874 97 1 0. 0 97 3 0 c
937 118 0 0 0 119 0 (] s
988 110 0 0 0 109 1 0 [
TOTAL 535 2 0 0 540 4 0 0
RATE 0.4 0.0 0.0 0.7 . 0.0 0.0
RANGE 0.0-2.2 0.0 0.0 0.0-3.1 0.0 0.0
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PITUITARY (ANTERIOR)
" Study Male ) ) Female
Number. Number Hyperplasia Benign Malignant Number Hyperplasia Benign Malignant
Examined Neoplasia Neoplasia Examined Neop
274 47 o] 1 adenoma 0 48 1 ] o}
658 117 1 0 0 118 2 6 adenoma 0
832 46 3 1] 0 49 6 1 adenoma 0
874 97 3 1 adenoma 0 97 0 1 adenoma 0
937 118 2 1 adenoma 0 119 8 7 adenoma 0
988 110 Q 0 0 109 5 3 adenoma 0
TOTAL 535 -9 3 [} 540 22 18 0
RATE 1.7 0.6 0.0 4.1 3.3 0.6
RANGE 0.0-6.5 0.0-2.1 0. 0.0-12.2 0.0-5.9 0.0

Where the site of the tumour was not recorded it is assumed that it was in the anterior pituitary

PROSTATE
Male
| Study No. Number Focal Benign Malignant Neoplasia
i plasia Neoplasia

274 49 2 ) 0

658 114 0 [ 0

832 45 0 0 0

874 98 1 0 0

937 120 0 [\ 5}

988 105 ] 1 adenoma 1 haemangiosarcoma
TOTAL 531 3 1 1
RATE 0.6 0.2 0.2

. |RANGE 0.0-4.1 0.0-1.0 0.0-1.0
Rectum
" Female )
Study No.  Number Focal Benign Malignant Number Focal Benigh Malignant
| plasia Neoplasi lasia Examined erplasia Neoplasi
[+ 0

658 119 1 0 o] 117 o) ¢} 0

832 45 0 0 0 47 0 0 0

874 98 0 0 0 08 0 0 [}

937 117 0 0 0 116 0 0 ]

988 107 0 0 ¢ 106 0 o} 0
TOTAL 536 1 ] 0 534 o] 0 0
RATE 0.2 0.0 0.0 0.0 0.0 0.0
RANGE 0.0-0.8 0.0 0.0 0.0 0.0 0.0

TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

SALIVARY GLAND

Mate: . Female

Study No.  Number Focal Benign Malignant Number Focal - Benlgn Malignant
ined Hyperplasia Neoplasia Neoplasia Examined Hyperplasia Neoplasia Neoplasia

274 50 o Q 0 50 0 0 [
658 120 0 0 0 119 0 o} 0
832 49 0 0 ] 48 0 o 0
874 100 0 0 ] 98 0 o 0
937 19 o 0 ] 118 ] 0 0
988 109 ] 0 [+] 109 0 0 0
TOTAL 547 [} 0 [ 542 0 0 a
RATE 0.0 0.0 0.0 0.0 0.0 0.0
RANGE 0.0 0.0 0.0 0.0 0.0 0.0
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SciATIC NERVE

Male Female

- StudyNo. Number = Focal _ Benign Malignant Number  Focal Benign~ Malignant
i i lasia Neoplasia Neoplasia- Examined Hyperplasia Neoplasia Neoplasia

274 .50 s 0 3} 48 0 0 [}
658 119 0 0 0 116 4] [3} 0
832 50 0 0 o] 49 0 3} 0
874 99 0 0 0 96 [ 0 0
937 120 0 0 0 119 [ 0 0
988 108 0 o 0 109 0 0 0
TOTAL 546 Q 0 0 837 0 0 0
RATE 0.0 0.0 0.0 0.0 0.0 0.0
RANGE 0.0 0.0 0.0 0.0 0.0 0.0

274 S0 0 0 1 granular cell tumour
1 adenocarcinoma
858 120 4] tadenoma {coagulating gland)
1 adenoma
832 a7 o 1 granular cell tumour 0
874 100 0 1] 0
937 118 1 0 0
988 110 3} 1] 1]
TOTAL 545 1 3 2
RATE 02 0.6 04
RANGE 0.0-0.8 0.0-4.3 0.0-2.0
SKELETAL MUSCLE

Female

Number Foi:a] "' Benign Malignant Number - Focal n  Malignant Neoplasia
Examined Hyperplasia Neoplasia Neoplasia Examined  Hyp lasia

274 50 0 0 o 50 0 0 1 rhabpomyosarcoma
1 liposarcoma

658 120 0 o] ¢} 120 0 Q

832 50 0 0 0 50 0 0 0

874 100 o} 0 0 100 0 0 Q

937 120 0 s} 0 120 0 0 4]

988 110 s} s} 0 110 0 0 1 haemangiosarcoma
TOTAL 550 0 0 0 550 0 0 3
RATE 0.0 0.0 0.0 0.0 0.0 9.5
RANGE 00 0.0 0.0 0.0 0.0 0.0-4.0

INTEGUMENTARY SYSTEM
SKIN/ SuBcuTIS {EPITHELIUM)

Male Femals

Number Benign Neoplasia Benign Malignant Neoplasla
lasia - X Ni i e : .-

1 sebaceous cell carcinoma
274 50 0 1 sebacoous coll adenoma 0 50 "] 0 Y basal cell carcinoma
1 squamous ceb
658 120 4 12350t cof adonoma 0 119 0 papiiloma ]
1 dasal cell
832 S0 0 2 sebacoous call aderoma 0 50 0 adenoma ]
1 keraloacanihoma
874 100 0 1 basal coll adonoma o 100 0 ¥ sqamous cell 1basat celt carenoma
pagilloma .
937 120 0 0 a 120 0 1 squamous cell carcnoma
1 tnichaepithelroma
a88 110 o [} ] 108 ] 1] 2 basal cell carcinoma
TOTAL 550 1] 5 a 547 0 < 7
RATE 0.0 09 0.0 0.0 07 13
RANGE 0.0 0.04.0 0.0 0.0 0.0-4.0 0.04.0

54 of 59




Anthony L Parola, PhD ) NDA 22-341

SKIN/ SuBcutis (MESODERM)
Male ’ Female . : ’
Focal Benign Neoplasia Malignant Neoplasfa Number Focal Benign Malignant Neoplasia
{asla Examined Hyperplasia Neoplasia
. 1 sarcoma
274 50 o 0 1 myxosarcoma 50 o 0 1 malignant fibrous histiocytoma
2 rhabdomyosarcoma
1 fibrosascoma
o 4 fibrosarcoma
658 120 [ o 119 0 1] 1 osteosarcoma
1sarcoma 4 sarcoma
832 50 a 1 dermol fibroma o 50 0 [} 1 liposarcema
5 fibrosarcoma
2 haemangiosarcoma
874 100 0 0 5 fibrosarcoma 100 Q Qo 1 malignant semvannoma
1 matlignant fibrous bistiocytoma
3 sarcoma
937 120 0 [+] 8 fibrosarcoma 120 0 1 fibroma 1 fibrosarcoma
1 ostoosarcoma
3 rhabdomyosarcoma
' 2 sarcoma
988 110 [  mast colf lumour 1 fibresarcoma 108 0 3] 1 malignant schwannoma
1 fibrosarcoma
TOTAL 550 1] 2 22 547 0 1 32
RATE 0.0 0.4 4.0 0.0 0.2 59
RANGE 0.0 0.0-2.0 0.0-75 0.0 0.0-0.8 20-30
SPINAI, CORD

Female

Number Focal Benign Malignant Number' Focal Benign Malignant Neoplasia
Examined Hyperplasia Neoplasia Neoplasia Examined erplasia Neoplasi

274 48 o Q 0 50 0 0 [+

658 120 0 1} 4] 120 [t} 0 0

832 50 2] 0 [} 48 Q 0 ]

874 100 o 0 0 100 [¢] 0 [

937 120 5] 0 0 120 a [} 0

1

988 110 o ganglioneuroma 0 110 0 0 0 )
TOTAL 548 0 1 0 548 0 0 0
RATE 0.0 0.2 0.0 0.0 0.0 0.0
RANGE 0.0 0.0-0.9 0.0 0.0 0.0 0.0

SPLEEN

. Male

- Study No.  Number Focal Benign Malignant © Number Focal Benign Malignant

‘ Examined i lasia Neoplasia Examined H Iasia Neoplasia Neoplasi
658 120 0 0 2 119 0 0 1
832 47 0 1] 1 47 0 0 0
874 98 0 0 3 100 Y o 1
937 120 0 1 0 119 o 1 0
988 110 o o 1 110 o 0 0

TOTAL 545 0 1 8 545 0 1 2

RATE 0.0 0.2 1.5 0.0 0.2 0.4

RANGE 0.0 0.0-0.8 0.0-3.1 0.0 0.0-0.8 0.0-1.0

TABLE 1 (MUSCULOSKELETAL SYSTEM CONTINUED)

STERNUM
Male : Female
Study No. Number Focal Benign Malignant Number Focal Benign Malignant
Examined Hyperplasia Neoplasia Neoplasia Examined Hyperplasia Neoplasia Neoplasia
274 sa [ [} 0 50 0 0 0
658 120 0 0 0 120 0 0 0
832 49 0 [} 0 49 ] 0 0
874 100 "] 0 0 99 1] 0 1 haemangiosarcoma
a37 120 1] 1 osteoma o] . 120 1] 0 0
988 10 1 0 0 110 1 0 0
TOTAL 548 1 1 o 548 1 0 1
RATE 02 0.2 0.0 0.2 0.0 0.2
RANGE 0.0-0.9 0.0-0.8 0.0 0.0-0.9 0.0 0.0-1.0
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TABLE 1 (ALIMENTARY SYSTEM CONTINUED)

STOMACH

Male

: Female
Benign Malignant Number Focal Benign Neoplasia  Malignant -
fasia Neoplasia Examined Hype i i

i
1 squamous celt
274 50 0 0 ] 50 0 papillora .0
658 120 0 0 0 120 0 M) 0
832 46 0 0 0 48 0 4] 0
2 adenoma
874 100 4 (glandzlz:' stomach) o 100 2 0 0
1 squamous
97 114 0 0 cell carcinama 118 0 g 0
988 108 1] 1 adenoma 4] 109 0 [} 0
TOTAL . 538 4 3 1 545 2 1 0
RATE 0.7 0.6 0.2 04 0.2 0.0
RANGE 0.04.0 0.0-2.0 0.0-0.9 0,0-2.0 0.0-2.0 0.0
MALE GENITAL SYSTEM
TesTiS
Interstitial cell : ]
Focal Benign Malignant
Hype Neoplasia Neoplasia -
274 50 0 9 adenoma 0
658 120 2 13 adenoma 0
832 50 0 2 adenoma 0
874 100 1 0 1 carcinoma
2 adenoma :
937 119 4] 1 haemangioma 1 carcinoma
4 adenoma
988 110 1 2 haemangioma 0
TOTAL 549 4 33 2
RATE 0.7 6.0 0.4
RANGE 0.0-1.7 0.0-18.0 0.0-1.0

THYROID (FOLLICULAR CELL)

: : Male ) Female : :
Study No.  Number Focal ~ Benign ' Malignant Number Focal Benign ~ Malignant.

] Examined Hyperplasia- Neoplasia Neoplasia - Examined Hyperplasia Neop :

274 50 o 0 0 47 0 0 0

658 120 o 1 adenoma 0 118 a 1 adenoma 1 carcinoma

832 46 ] 0 0 49 1 0 o

874 98 V] 0 0 100 8 1 adenoma 0

937 118 1 0 1 carcinoma 118 2 4] v}

988 108 0 0 0 109 0 ) 0 0
TOTAL 542 1 1 1 541 11 2 1
RATE 0.2 0.2 0.2 2.0 0.4 0.2
RANGE 0.0-0.8 0.0-0.8 0.0-0.8 0.0-8.0 0.0-1.0 0.0-0.8

THYROID {C-CELL)
- ) " Male T :
.Study No.  Number Focal Benign Malignant Number Focal Benign Malighant
g Examined Hyperplasia Neoplasia Neoplasi yperplasia Neoplasia Neoplasia
50 0 [i

658 120 0 ] 0 118 0 0 0

832 46 o] 1] 0 48 1] 0 0

874 99 0 ] 0 100 ] 0 0

937 119 0 0 0 118 1 ] 0

988 108 0 0 [ 109 ] 0 0
TOTAL 542 0 0 0 541 1 [4 0
RATE ’ 0.0 0.0 0.0 0.2 0.0 0.0
RANGE 0.0 0.0 . 0.0 0.9 0.0 0.0
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THYMUS

Male Female

' Study No.  Number Focal Benign Mallgnant Number Focal Benign Malignant
. i i erplasia Neoplasia Neoplasia

274 44 1 0 o 47 10 0 0
658 109 0 0 o 13 0 1 0
832 36 0 0 0 49 0 0 o
874 86 0 0 0 93 0 0 0
937 97 0 1 0 105 0 0 1
988 98 0 [} 0 109 [ 2 0

TOTAL 470 1 1 c 516 10 3 1

RATE . 0.2 0.2 0.0 19 0.6 0.2

RANGE 0.0-2.3 0.0-1.0 0.0 0.0-21.3 0.0-1.8 0.0-1.0

TABLE1

INCIDENCES OF NEOPLASTIC AND FOCAL HYPERPLASTIC
LESIONS IN UNTREATED Crl: CD 1 MICE IN 104 WEEK STUDIES
2002-2004 at (b))

Study 274 and 832 s.c. dosing. Other studies p.o. dosing.
All animals are micro chipped for identification

ALIMENTARY SYSTEM
TONGUE
Study Male : - Fermate :

. Number Focal . Matignant Number Benlgn Malignant
: p asia Neoplasia Examined perplasia_ Neo piask;
274 S0 ) ) 0 50 0 o 0

1 squamous
558 120 o col papiioma 0 19 [ o 0
832 50 o 0 [} 49 o [ [
1 squamous celt
a74 100 0 ° CarCnOma 100 [} [ [
1 squamous
937 120 0 cet papllioma 0 119 [ [ [}
088 109 ) 0 1 squamous ceil 10 0 0
carcinoma .
TOTAL 549 0 2 2 547 [ 0 ¢
RATE 00 04 04 0o 0.0 X}
RANGE 0.0 0.00.8 0.0-1.0 0.0 00 0.0
TRACHEA

Female-
Number Focal Benign Malignant Number Focal Benign Mahgnant
i perplasia Neoplasia Neoplasia Examined plasia Neoplasi
274 49 0 1] 0 50 0 0 0
658 120 0 o 0 120 0 0 0
832 47 0 0 0 48 0 0 0
874 100 ] 0 ] 100 0 0 0
937 120 ] 0 0 120 0 0 0
988 109 ] 0 0 108 ] 0 0
TOTAL 545 4] 0 0 546 0 0 0
RATE 0.0 0.0 0.0 0.0 0.0 0.0
RANGE 0.0 0.0 0.0 0.0 0.0 0.0
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URINARY BLADDER

Male

Female o
Benign Malignant
Neoplasia

Bénign Malignant Number = Focal

lasia  Neoplasia Examined H

Focal

274 49 Q 0 0 48 0 0 [
658 117 0 0 0 116 0 [} 0
832 46 0 0 1] a7 | 0 0
874 99 0 0 a a9 [ 0 Y
937 119 o 0 0 116 ] 0 0
988 108 ] ] o] 105 [ 0 0

TOTAL 539 0 [4] 0 531 0 [ 0

RATE 0.0 0.0 0.0 0.0 0.0 0.0

RANGE 0.0 0.0 0.0 0.0 0.0 0.0

UTerus

. X Smooth muscle Stroma
Total Hyperplasia. Benlgn Malignant | Total Hyperplesia  Benign Malignant -~ Total Hyperplasia Benign Malignant .
Neoplasta Neoplasia Neoplasia Neoplasta - N aopias Neoplasia
73 50 0 0 2caicinoma 50 0 3leiomyoma [ 50 0 4 stomaipoiyp
2 malignant
958 120 Q 1adenoma 0 120 2] S lelomyorna 1 lelomyosarcoma 120 0 12 stromal polyp schwannoma
1 stromal sarcoma
832 48 [ 0 0 19 ) 1 teiomyoma [} 49 [ 2stomalpolyp
4 stromal polyp
i X 1 deciduoma 2 stromal sarcoma
874 100 [} 3 adenoma [1] 100 o] 2leiomyoma 1leiomyosarcoma 100 b} 1 granularcell 1 haemangiosarcoma
tumour
3 haemangiosarcoma
11 polyp . 1 stramal pclyp 4
937 120 0 0 120 0 7leomyoma 3 leiomyosarcoma 120 0 A 1 malignant
1adenoma 1haemangioma  (p,/annoma
3 slromal sarcoma
988 110 [ 1] 2 adenocarcinoma 110 a 3leiomyoma 2 leiomyosarcoma 110 [} 9152""73" p:Zp 1 sarcoma (NOS)
o 1 haemangiosarcoma)
TOTAL 3549 [} 16 4 549 1] 21 7 549 1 38 13
RATE 0.0 2.8 07 0.0 38 13 0.2 69 a3
RANGE 00 0.0-10.0 0.04.0 00 2060 0.025 0.0 1.7 20

VAGINA

Epithelium

StudyNo. Number ° Focal =~ Benign Neoplasia Malignant
. Examined Hyperplasia Neoplasia

273 49 0 0 [+}
658 117 0 1 stromal polyp ¢
50 [3} 0
94 0 [} 0
1 .
118 0 squar;!:);: ;32 r;:‘zpllloma o
107 0 [¢] 1]
535 0 3 o
0.0 06 0.0
0.0 0.0 0.0

: . Male. : Female
Number. Focal Haemangioma Haemangio Number Focal  Haemangioma Haemangio
sarcoma sarcoma.
274 50 3 0 0 50 10 0 4
34g° 110 0 0 5 110 0 0 0
658 120 14 2 7 110 17 0 4
832 50 6 2 6 120 2 2 2
874 100 0 0 5 50 0 1 5
937 120 0 3 2 100 0 6 6
TOTAL 560 25 12 26 120 8 0 3
RATE 3.8 1.8 3.8 0.0% 1.8% 3.6%
RANGE 0.0-12.0 0.0-4.5 0.0-12.0 0% 0-8% 0-13.3%

* Liver only study
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Appendix 3: Background incidence of skin tumors for subcutaneously dosed rats and mice in 2
year carcinogenicity studies.

SUBCUTANEOUS ROUTE
INTEGUMENTARY SYSTEM

SKIN OR INJECTION SITE

Male

Number Focat Benign Neoplasia . Mallgnant Neoplasia Number
Examined Hyperplasia ‘- Examined

Femate
Benfign Neoplasia

Haligrant Neoplasia

1 basal cell adenoma 2 keratoacanthoma 1 basal cell carcinoma
2 sebaceous-cell adonoma
2 squamous-coli papilioma
5 koratoacanthoma
9 fibroma 4 fibrosarcoma 100 ] 1 fibroma 1 liposarcoma
7 derma) fibroma 1 fibrolipoma
1 fibrolipoma 1 lipoma
3lipoma
0 1 karatoacanihoma o 90 0 0 0
0 1 dermal fibroma 1 osteosarcoma 30 0 0 0
1 hpoma 1 haemangiosarcoma
0 1 basal cell adenoma 0 50 L] 1 keratoacanthoma [}
1 keratoacanthoma
0 1 fitroma 1 fibrosarcoma 50 a 0 0
1 sarcoma NOS
1 myxosarcoma
0 0 0 50 0 0 b}
0 ] [} 50 [ 0 0
Q 2 sebaceous cell adenoma 0 50 [ 1 basal cell adenoma []
1 karatoacanthoma
[ 1 dormal fibroma )] 50 0 0 1 liposarcoma
832 43 o ] 0 47 [+] 0 -]
mouse
inj epi
832 49 0 [ 0 47 1] 0 1 haemangiosarcoma
mouse
inj mes

332: 1996 Sprague Dawley rat; 811: 2002 Han Wistar; 832 2002 CD-1 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)

identical to the formulation used in the
toxicology studies (including the impurity
profiles), has the sponsor clearly defined the
differences and submitted reviewable supportive
data (ie., adequate repeat studies using the
marketed product and/or adequate justification
for why such repetition would not be
necessary)?

ITEM YES NO |COMMENT

1) Does this section of the NDA appear to be X

organized (according to 21 CFR 314 and current

guidelines for format and content) in a manner

that would allow a substantive review to be

completed?

2) Is this section of the NDA indexed and X

paginated in a manner to enable a timely and

substantive review?

3) Is this section of the NDA sufficiently X

legible so that a substantive review can be done?)

Has the data been presented in an appropriate

manner (consider tables, graphs, complete study

reports, inclusion of individual animal data,

appropriate data analysis, etc.)?

4) Are all necessary and appropriate studies forf] X The Division notified the sponsor that species

this agent, including special studies/data differences in identified liraglutide metabolites

requested by the Division during pre-submission are unlikely to account for differences in

communications/discussions completed and toxicity. Although summary results suggest

submitted in this NDA? metabolism of liraglutide was characterized in

Please itemize the critical studies included and nonclinical species and humans, the method of

indicate any significant studies that were identifying metabolites by reverse phase HPLC

omitted from the NDA. of *H-palmitic acid labeled drug related material

(genotox, reprotox, adequate duration using radiometric detection would not detect

of chronic tox, carcinogenicity) delipidated liraglutide metabolites. The
adequacy of metabolite characterization depends
on the biologic activity and elimination half life
of delipidated major human metabolites.

5) Were the studies adequately designed (ie., X

appropriate number of animals, adequate

monitoring consistent with the proposed clinical

use, state-of-the art protocols, etc.)?

6) If the formulation to be marketed is not X The 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 . =~ e prior to
dosing.
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NDA 45 Day Filing Meeting Checklist
Pharmacology/Toxicology

NDA #: 22-341
Sponsor: Novo Nordisk
Date: June 26, 2008

DRUG: Victoza (liraglutide for injection)

perspective, is this NDA fileable? If not, please
state in item # 10 below why it is not.

ITEM YES NO [COMMENT

7) Does the route of administration used in X

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 X The sponsor proposes to label the product

submitted? Are the appropriate sections for the Pregnancy category C, but this may be revised

product included and generally in accordance according to a proposed rule on pregnancy

with 21 CFR 201.57? Is information available to labeling for NDAs currently open for public

express human dose multiples in either mg/m2 comment (see

or comparative serum/plasma AUC levels? http://www.fda.gov/OHRMS/DOCKETS/981t/E
8-11806.pdf)

0) From a pharmacology/toxicology X

10) Reasons for refusal to file:
None.

Reviewing Pharmacologist/Supervisory Pharmacologist: Anthony Parola / Karen Davis-

Bruno
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