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REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA.
(Ongmal Summary)

Drug: ENTOCORT ™ Capsules (budesonide modified-release capsules; 3 mg). : ]

- The chemical name of budesonide is 16¢, 170-butylidenedioxypregna-1, 4-diene-1 1B, 21-diol-3,20- -+

dione.

&

CHzOH
= CH.CH.,CH;
—~
.
H

Cy5H3O4 : M.W. = 430.5

Category: Glucocorticosteroid.

Proposed Marketing Indication: For the treatment of mild to moderate active Crohn’s Disease involving
the ileum and /or ascending colon.

Dose: The dose of budesonide CIR capsules is 9 mg once a day.
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PRECLINICAL STUDIES AND THE TESTING LABORITIES:

Type of Study

Study #

Lot #

Lab -~

Page # of

Review

Pharmacology

5

Absorption, Distribution, Metabolism

and Excretion (ADME)
Rats (oral, intratracheal)

Mice (oral, 1.V)
Monkeys (oral, plain and CIR capsules)

14

Acute Toxicity Study:
Rat.

Oral
S.C

Mouse
Oral
S.C.

850-RD 0052
850-RD 0052

850-11 D 30
850-11 D 30

GO1,LW18,LW24
GO1,LW18.LW23

MI121/C 1249
28

AB Astra, Sweden

AB Astra, Sweden

AB Astra, Sweden
AB Astra, Sweden

25

25 v

Subacute/Subchronic/Chronic Toxicity
Study:

Rat;

One-Month Oral Toxicity Study
3-Month Drinking Water Toxicity Study
3-Month S.C. Toxicity study

26-Week S.C. Toxicity Study

Dog:
I-Month Oral Toxicity Study

Rabbit: )
1-Month S.C. Toxicity Study

Monkey
1-Month Toxicity Study with CIR
Capsules
26-Week Toxicity Study with CIR
Capsules

Reproductive Toxicity
Fertility and Reproductive Performance
Segment I
Rat (S.C)

| Teratogenicity (Segment 11)

Rat (S.C.)

Rabbit (S.C)

Perinatal/Postnatal (Segment IiI)

Rat (S.C)

75111
610-146
850 T 1817
850-01 T1233

75103

850-01 T 1190

T2507

T2760

850-01 T 833

850-01 T 720
850-01 T 721
850-01 T 834

MP 1

64/79 (791214)
Mikr 23
F17-19,LW156-
158, MP4

MP 1

F1,F2

DRCI

1525-1 DSE 1
P525-1 DRE 2

LW74-76

F9, F10, F15
F9, F10, F15
LW74-74

AB Astra. Sweden
AB Astra, Sweden
AB Astra, Sweden

AB Astra, Sweden

AB Astra, Sweden

26
26
26
27

27

27

.28

29

32

32
33
33
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Carcinogenicity Studles

Mouse

91-Week (dnnking water) 610-163 64/79 (791214) | -- 33 -

Rat

104-Week (drinking water) 610-162 64/79 (791214) | -- 36

104-Week (drinking water; male rat) 610-180 44 - 39

Mutagenicity

Ames Test 850-801T1198| 64/79, 28 - 48

Rat Hepatocyte DNA Rf})alr Assay 850-01 T 1688| 28 - 48

Mouse Lymphoma (TK™) Assay 850-01 T 1627] 28 - 48

Human Lymphocyte Chromosome

Aberration Assay 850-01 T 1626 28 - 48

Mouse Bone Marrow Micronucleus Test | 850-01 T 1208 -- - 48

Sex-Linked Recessive Lethality Test 850-01 T 1654] 28 - 48

Mutagenicity of 21-dehydrobudesonide '

Ames Test : SR99289-01 202/99 Astra Zeneca 51

In Vitro Human Lymphocyte .

Chromosomal Aberration Assay SR99319-01 202/99 Astra Zeneca 53

In vivo Mouse Micronucleus Test SR99292-01 202/99 Astra Zeneca 56

Rat liver UDS Assay ' SR00131-01 | 202/99 Astra Zeneca 57
B, )

The following studies were submitted as part of NDA 20-233 for Rhinocort Nasal Inhaler (HFD-
570): Pharmacology, ADME studies in mice, rabbits and dogs, oral and s.c. acute toxicity studies in mice
and rats, subacute/subchronic/chronic toxicity studies: one month oral, 3-month s.c., and 6-month s.c.
toxicity studies in rats; 1-month s.c. toxicity study in rabbits; 1-month oral toxicity study in dogs; 3-
month oral (drinking water) dose-ranging studies in mice and rats; oral drinking water carcinogenicity
studies in rats (104-week) and mice (91-week), repeat drinking water carcinogenicity study in male rats
(104-week); Segment I s.c. fertility and general reproductive performance study in rats, Segment II s.c.
teratology study in rats, Segment II s.c. teratology study in rabbits, Segment III s.c. prenatal and postnatal
study in rats, genotoxicity studies: Ames test, L5178Y/TK mouse lymphoma gene mutation assay, in vitro
chromosomal aberration assay in human lymphocytes, in vivo mouse micronucleus test and sex-linked
recessive lethality test in Drosophila melanogaster. The studies were reviewed by Dr. Conrad Chen .
(HFD-570), and the pharmacology review of NDA 20-233 is incorporated.

The following studies were submitted as part of - for Budesonide CIR capsules:
pharmacology, ADME studies in rats, pharmacokinetic studies in male cynomolgus monkeys and dogs, in
vitro pharmacokinetics, a single dose inhalation toxicity study of budesonide and terbutaline mixture in
mice, rats and dogs, a 6-week s.c. general toxicity study of budesonide and terbutaline mixture in rats, a 6-
week oral inhalation general toxicity study of budesonide and terbutaline mixture in dogs, a 4-week oral
toxicity study in monkeys, a 26-week oral toxicity study in monkeys; mutagenicity of 21-
dehydrobudesonide using Ames test, in vitro chromosomal aberration assay using human peripheral blood
lymphocytes, in vivo mouse micronucleus test by the 1.v. route and in vivo rat liver unscheduled DNA
synthesis assay. The studies were reviewed earlier and the pharmacology reviews of ———————
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- incorporated. The single dose inhalation toxicity study of budesonide and terbutaline mixture in mice, rats
and dogs, the 6-week s.c. general toxicity study of budesonide and terbutaline mixture in rats, and the 6-
week oral inhalation general toxicity study of budesonide and terbutaline mixture in dogs are not relevant
to the present NDA and were not incorporated in the review.

The following new studies were submitted as part of the present NDA, and are reviewed:
published pharmacology studies on budesonide, covalent binding of budesonide in liver and brain from
male rats, irreversible binding of budesonide and other steroids to liver and brain from rats, in vitro
formation and degradation of 21-aldehydes of budesonide and cortisol in liver preparations from human,
rat and mouse, in vitro metabolism of budesonide epimers in the male and female rat liver and brain, and
exploratory mutagenicity studies of 21-aldehyde of budesonide, related glucocorticoids and other keto
aldehydes. :

APPEARS THIS WAY
ON ORIGINAL

PHARMACOLOGY:



wass BEST POSSIBLE COPY

1. Glucocorticosteroid (GCS) propersties
A. Affinlty for glucocorticnid receptos

The affinity for the glucocorticoid receptor in rat skeletal muscle of budesonide was

compared with other reference glucocorticolds. Budumldqnl&a,l?reoeultype

of glucocorticoid, had twice the affinity of other acetal compounds (Le.

tdamcinolone acetonide and prodoasinolone acetonide.) Budesonide had

Wysmmmumammmme,
y. Two main metabolites of budesonide, 68-OH-budesonide and 16a-

OH-prednisolone, on the other hand, showed 2 very low affinity for the

glucorticald receptor.

mmmdwmammamm,m-

dipropionste (BDP), companble o that {bechmubam-nn-m:;ﬂmmﬂ)
and 3 times that of beclomethasone. °

The.relatwe affinity of budesonide and prednisolone for glucocorticoid receptor was also

determined using cytosol from rat hepatocytes. The relative affinity of budesonide for this receptor was
found to be 17 times more than that of prednisolone (0.06 0.01, unit not mentioned). . ’

o

B. Local sat-inflammatory activity and systemic effect of Jocally spplied GCS.
GCS were incorporated into implanted cotton peliets and the protiferation of these
cotton pellets into granuloma was measured in rodeats. The effects of GCS to
mVoluwuwmymmmmwminﬂwuunmmieeﬁm As
shown in the following table, budesanide demonstrated an improved ratio between
local anti-inflammatory potency at application site and potency to involute the .

thymus as compared to other GCS.
&cs ~ Uslative potercine
TRBtTen Ty Tecal]”
of grarudem ] ot
. ori v velution systemic
(elocat) . {veystemic)
Budescontde 1 . ] 1
Telemcinotone 0.4 1.2 o.
acotonide : !
s
Sudesonide | 1 t
w0r 0.9 1 0.1

Anti- mﬂammatog Activity: Budesonide caused a dose-dependent inhibition of T-cell
proliferation and significantly decreased the expression of interleukin -2 (IL-2) receptors.
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Therefore, budesonide may exert some anti-inflammatory effect by down regulating IL-2 receptor
and allergen-specific immiune response. In vitro studies have demonstrated that budesonide
down-regulated allergen-induced T-cell activation and the release of cytokine factors for

eosinophil by inhibiting the release of IL-3 and IL-5. The following table shows the EC-50 (GCS
effective conc.) to inhibit the proliferative response of T-lymphocytes to mitogen:

Substance No. of Tests

EC-50 (nM) Relative Potency
_ Compared to Budesonide
Budesonide 4 2.45 1
D5519 4 0.139 20
S1316 4 0.046 55
Fluticasone Propionate - 4 0.044 57
Tipredane 4 3.85 0.7
Tixocortol Pivalate 3 >>10 Not detectable

Budesonide caused inhibition of lipopolysaccharide (LPS)-induced tumor necrosis factor (TNF)-

" arelease from rat alveolar macrophages. The ED-50 (50% reduction in TNF-a release) of

different glucocorticoids are shown below:

Substance ED-50 (nM)
" Prednisolone 5.0
Hydrocortisone 50
Dexamethasone 0.90,
D5477 .0.22
Budesonide 0.16
D5519 0.12
S1316 0.10

APPEARS THIS WAY

ON ORIGINAL
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~ C. Other systemic GCS activities.
Budesonide, like other GCS, bu(heabnuytomu:ﬂnsmbodyzrmhorbody

length and in adrenal or spleen weights, tomdmtbewlutzbhodedlmt,md
to lower the plasma cortisol.

D. Effects on lung anaphylaxis,
Swdies in guinea-pigs, sheep and rats demoastrated that one of & few doses of

. budesonide (by intraperitoneal injection, intratrachea) instillation or inhalation)
inhibited I?Enmediabd broachial anaphylaxis (measured as increase of pulmonary

E. Effects on mediator release.
Pretreatment with budeosnide has beea demonstrated to reduce the

wmwmamwmmmmmum:m It
npmpoaedﬂmdweﬂ'wuecnuibutewd:eann-mzphyhcacmdmn-

inflammatory efﬁacy of budesonide.
[;~~7 — Budesenide ~ Geck of
process . trestment othaulue- ‘
othradse indused 1% veduction)
weed rolasse
Gulnee-plg S mg/ky Hfstmmine €653
lung {.¢. L70, ¢50)
{n vitro 20 hrs before L, 53 lw o)
gk-nedioted) chatlernge PAF-acether 1003 m
uinse-pig SO mg/ky Rs-A €603
g . - MIC-E) mq
in vitre 20 hre before
~ (let-wadisted) chaltenge -U -
Msman lung 107 i/t Nistamine C45) °
tisoue over night -
In viere D
ve
Cormtctond <
CleE-mad{etesf) ——
#an besoghile 10°-10° latamine (22-68) (v o)
C(ent| Ug2) ml/L over night et
Numen alveolsr 10¢ molsl s, €100) m
secrophages over aight tout chemotactic
(opsenteed activity €100) ()
oy ' O
Ramen sosino-  10° mot/t EosInophit -
EM“ teed * overnight utlu;lc o
opeon protein (83) -<
saphodax)
Thusocytes 107 molst Lymphoblast

(mitogen) ~ over night tramformetion (50)
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F. Vascular permesbility
Budesonide as well as other GCS inhibits the vascular permeability at the
endothelial level caused by histamine, bradykinin, LTB,, and other stimulus (e.g:
{schemis-induced vascular lealage in hamster cheek pouch.) This inhibition of
vascular permesbility probably contributes to the anti-inflammatory efficacy of
budesonide in animal models. .

G. Stody with skin.
Buduomdeolnmu(omsﬂmmaedtheedemapmvobdbyamm
hypersensitivity reaction (with 1% picry! chloride.) The same cintment reduced the
UVB-induced rise of epidermal DNA-synthesis by 40%. This anti-proliferative
action leads to retarded wound healing in normal skin.

Effect of Oral Budesonide and Prednisolone on Allergen Challenge-Induced Plasma Exudatlori
in the Rat Ileum In Vivo: '

Method: Male Sprague-Dawley rats were sensitized to produce IgE by intraperitoneal injection
of ovalbumin mixed with AI(OH);. Three to five weeks after sensitization, rats were treated with
either budesonide (0.1 mg/kg) or prednisolone (1, 3.3, and 10 mg/kg) or saline by oral gavage.
Radiolabeled (‘*’I) human serum albumin was used as a plasma tracer. Blood samples were
collected from the carotid artery at 10, 60, 120, and 180 minutes after the administration of the
radioactive tracer. A 10-cm segment of ileum was catheterized for ileal lavage. The lavage fluid
and the plasma samples were analyzed for radioactivity in a gamma counter. Thymi were also

dissected after experiment for examination as a marker of the systemic effect of the
corticosteroids.

Result: Budesonide significantly reduced the allergen-induced plasma exudation at 0.1 mg/kg
dose level whereas prednisolone was effective at 10 mg/kg dose. Budesonide produced less
systemic effect compared to prednisolone, as budesonide did not reduce the thymus weight at 0.1

mg/kg dose. Oral (gavage) budesonide was found to be 30 times more potent than prednisolone
in reducing ileal inflammation.

Effect of Budesonide (BUD) and Beclomethasone Dlgroplonate (BDP) on Stress Induced Plasma
Cortisol in Guinea-Pigs:

Method: Animals were pretreated intrathecally with 0.5, 1.6, and 5 mg/kg of BDP and 1.6, 5,
and 16 mg/kg of BUD. Thirty minutes before blood collection, animals were stressed by
exposure to ether for 2 minutes. Thirty minutes after stress induction, blood was collected by
heart puncture. Plasma cortisol level was estimated by radioimmuno assay kit (RIA-kit).
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Result; A dose-related inhibition of plasma cortisol level was observed after administration of
BDP and BUD. However, BUD was found to be less effective in reducing the cortisol level
compared to BDP. BUD was 0.1 times as potent as BDP. The following figure (from vol. 1.
Page 90 of sponsor’s submission dated February 28, 1996) demonstrates the relative potencies of
BDP and BUD: : ‘ '

Fig..1
100 - © Budesonide
O B8DP
75
8
b=
S so A :
S '
ae | 4
>
25
o ] ¥ 1 L]

05 1.6 5 16
log dose (mg/kg) -

Effects of Oral and Intrarectal D5519 in Oxazolone-Induced Colitis: Comparison with
Budesonide:

Method: Rats were sensitized by dermal exposure to oxazolone to induce colitis. The animals
were treated from the day after the challenge for four consecutive days with D5519 (orally: 30,
300 nmol/kg; Rectally: 10, 30, 100, and 300 nmol/kg) and budesonide (orally: 30, 100,

300 nmol/kg; Rectally: 30, 100, 300 nmol/kg) either orally or intrarectally. After sacrifice, colon
was isolated for measurement and myeloperoxidase (MPO) activity. Systemic effects were also
determined by weighing thymus.

. Result: Budesonide and D5519 suppressed oxazolone-induced colon inflammation as evidenced
by histopathologic measurements (decreased edema). The potency of the test compounds varied
depending on the route of administration. Results of this study showed that when administered
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orally, D5519 was found to be 2.5 times more potent than budesonide for treatment as well as
systemic effects. However, intrarectally, D5519 was found to be equipotent as budesonide in
reducing colon edema (wet weight) but the D5519 showed a higher potency in inhibiting MPO
activity than budesonide. The systemic effect of D5519 was found to be 3 times more than that
of budesonide when administered rectally.

Effects of Plain and Controlled-Ileal-Release Budesonide Formulations in Experimental Ileitis (Boyd
AJ. et al, Scand J Gastroenterol 1995; 30: 974-81).

The effects of plain and controlled-ileal-release (CIR) budesonide on trinitrobenzene sulfonic
acid (TNBS)-induced intestinal inflammation in hamsters were examined after oral administration of the
drug. The doses used were 200 and 800 pg/kg/day (plain budesonide), or 200 pg/kg/day (CIR budesonide).
The pre-treatment groups received the drug or placebo 2 days before the induction of inflammation and the
post-treatment groups received the drug from Day 7 after the induction of inflammation. The animals were
killed after 2 weeks and inflammation was assessed by histologic examination of the intestine and by
measuring mastocytosis and myeloperoxidase activity.

Two weeks after TNBS treatment, ileal segments showed clear histologic evidence of ]
inflammation and increased levels of tissue myeloperoxidase activity (control segments, 0.300+0.001 '
units/g; TNBS-treated segments, 9 units/g). Treatment with 200 pg/kg/day of plain budesonide hadno *
effect on the intestinal inflammation as assessed by histological examination; the 800 pg/kg/day dose
caused a decrease in the histologic appearance of inflammation in both pre- and post- treatment groups. This
dose also caused a significant decrease in the mast cell numbers (43% and 27% decreases in pre- and post-
treatment groups respectively) as compared with controls. Treatment with the CIR formulation also caused
an improvement of the histologic appearance of inflammation, decreased the number of mast cells (31.7%
and 36% in pre- and post- treatment groups respectively). Treatment with both formulations of budesonide -
(800 pg/kg/day plain and 200 pg/kg/day CIR) caused decreases in the myeloperoxidase activities of the
inflammed intestines. Treatment with 800 pg/kg/day of plain budesonide caused 87.7% and 62.2%
decreases in the myeloperoxidase levels in the pre- and post treated animals respectively; the 200 Hg/kg/day
dose of the CIR formulation caused 77.8% and 67.8% decreases of the enzyme activity respectively. Thus,
oral CIR budesonide was effective in reducmg trinitrobenzene sulfonic acid induced inflammation in
experimental animals.

Oxazolone—mduced Colltls in Rats: Effects of Budesonide, Cyclosporin A and S-Aminosalicylic ACId
(Ekstrom GM, Scand J. Gastroenterol 1998; 33: 174-179)

The effects of budesonide and other anti- -inflammatory agents were examined in oxazolone-
induced colitis in rats. Dark Agouti rats were skin-sensitized with oxazolone and further challenged with
intra-rectal oxazolone. The animals were treated with the drugs twice: the day before and the day after the
challenge. The following drugs were used: budesonide (430 pg/kg intra-rectally), 5-ASA (21.5 mg/kg
intrarectally), cyclosporin-A (15 mg/kg 6rally) and prednisolone (20 prol/kg i.p.).

In the sensitized rats challenged with intra-rectal oxazolone, there were marked inﬂz_unmation of
the distal colon (inflammation score, 2.3+0.4 vs. 0.6+0.3 in unchallenged rats) that was associated with
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increased colon weights (51%) and myeloperoxidase (700%) activity. Treatment with budesonide,
cyclosponn or prednisolone caused significant reductions of the colonic weights and myeloperoxidase
activities, while 5-ASA had no effect. Budesonide treatment caused about 21% and 47% reductions of the .
colonic weight and myeloperoxidase activities respectively.

Plasma Exudation, Hyperemia, and Epithelial Permeability in Rats with Oxazolone-Induced Colitis:
Modulatory Effects of Budesonide (Ekstrom GM and Anderson SE, Scand J Gastroenterol 2000; 35:
190-197). :

The effects of budesonide on the inflammatory changes in oxazolone-induced colitis in the rat
colon were examined after topical administration of the drug. Colitis was induced by intra-rectal apphcanon
of oxazolone after previous sensitization. The doses of budesonide used were 25.8 and 129 pg/kg.

- In oxazolone challenged animals, there were mucosal inflammation of the colon with increased
plasma exudation, hyperemia and epithelial permeability. Treatment with 25.8 pg/kg budesonide did not
cause any attenuation of the absorptive permeability in the colon while the 129 pg/kg dose caused
attenuation of the permeability changes. Budesonide (129 pg/kg) caused significant reductions of the
plasma exvasation and abolition of the hyperemia in the oxazolone-challenged animals. Thus, in oxazolone-
induced colitis in rats, budesonide reduced the inflammation by decreasing permeability, plasma exvasathn,
and increased blood flow.

Topical Anticolitic Efficacy and Selectivity of the Glucocorticoid Budesonide in a New Model of R
Acetic Acid-Induced Acute Colitis in The Rat (Fabia R et al, Aliment Pharmacol Ther 1994; 8: 433-
a41).

The effects of budesomde on acetic acid-induced colitis in sprague-Dawley rats were examined
after local instillatin (10°® or 10® M) or s.c. administration (0.5, 0.75 or 1.0 mg/kg) of the drug. The
treatment started on the day after acetic acid instillation and continued on Days 2 and 3. The effect of the
drug on the plasma exudation into the colonic lumen was measured using '*I-labeled albumin as a tracer.
The animals were sacrificed on the fourth day after colitis induction and the colonic segments were
examined microscopically and the tissue myeloperoxidase activity was determined.

Acetic acid induced colitis caused significant increases in total morphological scores, tissue
myeloperoxidase activity (u/g) and plasma exudation (ul/min/g) into the colonic lumen of the rats as
compared with the controls, and treatment with local budesonide caused significant reduction of all the three
parameters (total morphological scores- control 1.5+0.2, acetic acid 14.8+0.8, budesonide 3.5+0.4;
myeloperoxidase activity- control 83.8+5.5, acetic acid 258.6+23.4, budesonide 109.1+8.3; plasma
exudation- control 0.28+0.05, acetic acid 1.680.18, budesonide 0.5630.08). Subcutaneous budesonide also

caused significant improvements of the morphologic scores and the plasma exudahon values in acetic acid-
induced colitis in rats.
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Effects of Syétemic and Topical Steroids on Expression and Function of NF-kB and Growth in
Intestinal Epithelial Cells (Goke MN et al, Gastroenterology 1999; 116: G3838).

The effects of budesonide and prednisolone on expression and DNA binding activity of (nuclear
factor-kappaB) NF-kB and proliferation and apoptosis were analyzed in intestinal cells (IEC-6). The
concentrations of the steroids used were 10'° to 10* M. DNA binding activity of NF-xB was determined by

electrophoretic mobility shift assays and the expressions of NF-xB and IxB_; were assessed by Westem
blotting. : .

Stimulation of IEC-6 cells with budesonide and prednisolone caused a dose- and time- related
inhibition of the DNA binding activity of the NF-xB. The steroids caused a slight increase in the cell
proliferation at low doses while at high doses there was significant inhibition of cell proliferation. High
concentrations of budesonide induced apoptosis in IEC-6 cells, but prednisolone had no effect.

‘Thus, budesonide may exert its anti-inflammatory effects by modulation of the transcription factor NF-xB.

Effects of Local Budesonide Treatment on The Cell Mediated Immune Response in Acute and
Relapsing Colitis in Rats (Palmen MJ et al, Dig Dis Sci 1998: 43: 2518-2525). -

The effects of budesonide and dexamethasone on acute experimental colitis and on T cells.in #
thymus and spleen were examined in rats. The effect of budesonide was also examined on relapsing colitis
in rats. Colitis was induced by intra-colonic administration of 2,4,6-trinitrobenzene sulfonic acid (TNBS; *
30 mg/animal in ethanol). Relapse was induced 5 weeks after the initial induction of colitis by an intra- *
peritoneal booster dose of TNBS (30 mg/animal in 0.5 ml saline). The glucocorticosteroids (150 pg) were:
administered intra-rectally on days 1, 4 and 6 after induction of acute colitis or relapse.

All TNBS-treated animals developed both clinical and histopathological symptoms of colitis,

such as diarrhea and transmural inflammation with or without ulceration. Treatment with budesonide in .
acute and relapsing colitis resulted in a reduction of microscopic damage (damage score was reduced from
4.2 t0 0.3 and 0.46 on days 13 and 16 respectively) and decreased the numbers of macrophages and
neutrophils in the colon. Dexamethasone was less effective than budesonide. Dexamethasone, but not

-budesonide reduced the number of T cells in the thymus. Budesonide treatment in relapsing colitis resulted
in a mean damage score in the colon (from 0.81 to 0.21). The study suggests that budesonide is more
effective in the treatment of acute experimental colitis in rats and budesonide did not cause general
suppression of T cells.

lmmunogharmacologx. of Budesonide Induced Inhibition of Pro-Inflammatory Cytokige Secretion by
IBD Mononuclear Phagocytes (Schreiber S. et al., Gastroenterology 1996; 110: 1011).

The immunopharmacology of budesonide induced deactivation of peripheral _
monocytes/intestinal macrophages were examined in biopsy specimens of human intestinal luminal propria
in vitro. The inhibition kinetics of the pro-inflammatory cytokines (IL-1p, IL-6, 11-8) and IL-1ra release in
culture were assessed by Northern Blot.

Budesonide inhibited the release of proinflammatory cytokines by intestinal lumina propria
mononuclear cells (LMPNC) and peripheral monocytes in a dose-dependent manner; no differences were
observed between IBD patients and normal subjects. Budesonide was approximately 10 times more potent
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in inhibiting the pro- mflammatory cytokines than dexamethasone. Treatment of the intestinal LMPNC or
monocytes with 5x10° M budesonide caused complete inhibition of the pro-inflammatory cytokine release
for up to 60 hours. The authors concluded that because of its prolonged inhibition of the pro-inflammatory
cytokmes once daily dosing of budesonide may be sufficient for the treatment of IBD.

.Od\erplnrmaeohgxmleﬁm
Budesonide in doses up to 125 pg/kg i.v. in cats did not affect the arterial blood

pressure, the heart rate or the BCG. Acute Lv. injection of 87.6 ug/kg of
budesonide to cats did not affect the pulmonary resistance or compliance.
Budesonide did not reduce sodium secretion and urinary volume in sodivm-and
water-loaded and adrenalectomised rats.  Budesonide has a low mincraleorticoid

APPEARS THIS WAY
ON ORIGINAL
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ABSORP.TION,. DISTRIBUTION, METABOLISM AND EXCRETION (ADME) STUDIES:

In the onal studies, the approximate bioavailability was 35% in mouse, 32% in mat,
and 18% in dog ethanol/saline solution of budesonide. In an inhalstions study in
Tt exposure to 5 and 500 pg/kg *H-budesonide produced betweea 37-81% of
deposit of radiocactivity in the upper respiratory and gastrointestinal tract at 30 min.
post-dose. 0uly07-20$wtewvuedﬁomthelmg In experiments using
isolated perfused rat lungs, 45% of budesonide adminsitered via the sirways was
absorbed within 30 min. The remaining fraction was bound to some luag tissue
mpumundmla:edaluwlyhm:he 2 system.

After the percutaneous adminsitration of B-budesonide, 85%, 44%, and( 1% of
mmhddmcmmmmmmwdmn5mh. 6 hours, and 96
hours post-dose, respectively. Considerable amounds of radioactivity (3-13%)

- were present in the skin of the treated area 96 hours after the start of the
epplication. L

After rectal adminsitraiton of R-budesonide 1o anesthetized rats, the drug was
rapidly absorbed as judged from the concentration of radioactivity in plasma.

B. Distribution.
The intravenous studies in animals showed that budesonide was extensively
distributed into tissues. Uptake in endocrine organs such as the adrenal cortex and
repruductive glands was noted. By msing *F-budesonide, radioactivity was found in
the fetuses and placenta of pregnant snimals. Low radioactivity was noted in the
brain and spinal cord. The most brain radicactivity was attributable to unchanged

budesonide, Pamnmnnmofudiowuﬁtybamﬁ:ebloodcdhandthephma
were from 0.3 to 1.2.

Ph.smpmbmdmginmemmddogmfmdtobubout%%.

C. Metabolism.
Budesonide is biotransformed in liver to become l6a-hydroxypradmsolonc, 6 8-

APPEARS THIS WAY
ON ORIGINAL
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hydroxybudesonide, 23-hydroxybudesonide, and Metabolite IIT (A-ring reduced
compound.) No metabolism was observed in the brain, skin and Jung tissue. No
significant difference was observed in in vivo and in vitro metabolism of
budesonide. In the mouse liver, epimer 22 R budesonide was biotransformed 5-6
times as fast and in human liver, about twice as fast as epimer 22§ budesonide. No
such pronounced differences in the metabolic rate between the epimers were found
in the rat liver. After incubation of the 22R epimer with human liver homogenate
for 120 min., Jess than 2% of 3H-budesonide remained intact. Pretreatment of rats
mthbudmdeforﬁwethdxdmtnﬁedthcn&ofbudmﬂdebm&anfmmbon
by the liver homogenate,

The biological activity of budesonide and its metabolites was compared in the rat
ear edema test. The relative potencies were: budesonide, 1; 68- -
hydroxybudesonide, 0.007; and 16 o-hydroxypredaisolone, 0.0005. The relative
glucocorticoid receptor affinities were: budesonide, 1; 68-hydroxxbudesonide,
0.008; and 16ahydroxyprednisolone, 0.004. 23-Hydroxybudesonide was not
gvailable for pharmacological testing. - Bwevu.ﬂxenwpwtafﬁmtyof%
hydroxybudesonide was 0.02. The receptor affinity of a*-budesonide, 2 minor
meabolite, was 0.2. In summary, it appeared that the biotransformation of
budesonide would produce about a 100-fold drop in glneocorﬁcoid sctivity.

D. Bxcretion. ST

Exueummfwuwuﬂwmqmmbofdmﬂmnwof‘ﬂ-budmudehthcm
and dog afier various routes of adminsitreiton. This finding indicated an excesive
biliary excretion of budesonide. In the rabbit, about equal amounts of radicactivity
were eliminated in urine and feces. Analysis of urine and bile samples revealed
only traces of unchanged budesonide and dmeonstrated an extensive

_ biotransformation of budesonide. In man, budesonide is excreted in urine and feces
in the form of its inactive metabolites. It gocs through an extensive first pass
bepatic degradation. Afier oral administration in man, peak plasma level is
achieved in 1-2 hours. mphmumf-nfcofbudmﬂdemguﬁomz

to 3 hours afizr intravenous adminsitration. -

APPEARS THIS WAY

ON ORIGINAL
ghamgcokmaué Btudy in Male Cynomolqus Monkeys

(Study # 850-T0-0132)

Methods: Eight male Cynomolgus monkeys were given a single i.v.
doese of budesonide solution (0.025 mg/kg), oral dose of
budesonide plain (1 or 10 mg/kg) or oral dose of budesonide CIR
(1 or 10 mg/kg). Between each adminiatration there was a ~—-day
washout period. Blood samples were collected from femoral vein
at 5 (i.v.), 45 min, 1.5, 3, 5.5, 8 and 10 hours after druc

" administration for measurxng plasma levels of the drug. Tte
budesonide concentration in plasma was determined by liquic

. chromatography and mass spectrometry method.

Regults: Oral absorption of budesonide from micronized pls:in
capsules was limited (oral biocavailability = 1.7-2.3%), T
reached within 1.5-3.0 hr and the t, was 2.44-3.37 hr.

ot

The oral

..1

15
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absorption of budesonide from micronized controlled ileal release
(CIR) capsules was also limited (oral biocavailability s 0.9-
1.4%), T, reached within 3 hr and t, was 2.91-3.49 hr. Although
oral biocavailability was low, irrespective of the formulation AUC
values increased linearly with dose. The extremely low oral

bioavailability (about.1-2%) could be due to extensive first pass .

elimination and/or incomplete absorption.

rharascokinatic Paramsters (n fale Workeys®
1.¥, orat (1 ) orel ¢10 )
€0.935 wa/ke) Plain cir ‘Platn clw
ct_(ml/min/kg) 42.9_(33.9)
| Wy (hr) 0.97 (1.4D) 3.92 (4.28) 3.77 (7.0%) £.52 (5.47) t 6.53 (7.7}
v, (L/k9) 2.9 €2.99) .- - - -
ty (hr) Q.89 (0.99) 2.48 (2.40) 2.91 (3.3 2.3 (2.39).1 3,46 (3.49)
t_’_ ¢hr) see 1.5 (W5 3.0 (3.0) 3.0 (3.9 3.0 3.0
Ay (mco/l x he) 10.62 (12.40) 7.4 (8.37) 414 (4.64) 90.4 (90.2) | 56.1 (55.2)
maT (hr) 2.95 (2.81) 4.80 (5.58) 3.55 (4.00 | S.56 ¢s.70)
¢ (X) --= 2.0 (1.7) 1.1 (0.9) 2.3 (1.8) 1.4 .M
LU = plosme clesrance g

MRT = meen realdence time

AT = msen sbsorpcion time

V, = steady atate volume of distribution

F = syatemic bicavalliability

plain « wicronized trdesonide "In capsutes

CIR = budesonide controlled {lesl relesse capsules

* o pooling equml volumes of plassm, coltected 8t the same time from 4 anisals (# 147, 149, 131 & 153)
€ ) = results cbteined from the pooled plasm of snimels (# 153, 157, 159 & 181)

APPEARS THIS WAY
ON ORIGINAL
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o | H)-Budesonide: Absorption, Metabolism and Excretion in the Rat Following Oral and
Intrathecal Admxmstratlon

Methods: ADME of [*H]-budesonide was examined in male rats following a single oral (50 pg/
kg) or intrathecal (100 pg/kg) administration of [*H]-budesonide. Plasma concentrations of the
parent compound were determined by high performance liquid chromatography (HPLC) method..
The distribution of [*H]-budesonide was investigated after intrathecal administration.

Absorption: The pharmacokinetic parameters of budesonide are shown in the following table:

Mean (of 3 animals) Plasma Radioactivity Pharmacokinetic Parameters in Male Rats

Route Oral Intrathecal

Dose Administered 13.32 ug 33.85pug

Ty, (hr) 10.99 (3.857) 2.518 (0.91)

Cmax (ng equiv/ml) 4.079 (1.526) 7.367 (41.4)

T max (hr) 2.5(0.500) 1.028 (0.083)
[ AUC (. (ng equiv.hr/ml) 18.79 (1.282) 16.81 (13.5)

Values in parentheses represent the plasma pharmacokinetic parameters of the parent compound.
p
L}

‘Distribution: Tissue distribution of [*H]-budesonide was examined following a single intrathedal
dose (100 pg/kg) of [’H]-budesonide in male rats. The following figure shows the concentration
of radloactmty in different organs of male rats following a single intrathecal administration of
100 pg/kg of [’H]-budesonide:

—o— Plasma
¥ —a—Lung
% « -Trachea
3 —— Stomach
3 . —ua~ Thyroid
- ' | —e—Hypophysis
:"; | —+—Uver
g ——Kidney
-4 ~—— Small Intestine
Adrenals

0 ----.
FEPE o
0-

Time (hours)

~ As shown in the above figure, maximum radioactivity was found in the trachea and stomach.
Whole body autoradiographic study was also conducted to examine the distribution of
radioactivity in rats after a single intrathecal dose of 0.56 pmol/kg of [’H]-budesonide. Very
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high radioactivity was found in thyroid, choroid plexus, bile, lung, liver, nasal and gastric
mucosa, salivary and lacrimal glands, pancreas, pituitary, pineal body, adrenal cortex and part of
stomach contents at 10 min after drug administration. Almost all the radioactivity was
.eliminated at 96 hr.

Metabolite Profile: The following table shows the concentration of major metabohtes in the
plasma following a single intrathecal administration of 50 and 100 jg/kg [*H)-budesonide to
male rats. However, the reason for selecting the intrathecal route for these distribution studies
was not explained.

Metabolite Percent Radioactivity

Dose (ug/kg) . 50 100

Time 15 min 1 hr 4 hr 5 min 1hr 4 hr

16 a-hydroxyprednisolone 1.89 4.63 0.51 2.78 3.26 1.92
6 B-hydroxybudesonide 0.65 1.08 0.10 4.01 1.31 1.13
Budesonide 0.26 0.46 0.06 37.09 2.95 1.70-

The followmg table shows the concentrations of major metabolites in the urine followmg a single
intrathecal administration of 50 and 100 pg/kg [*H]-budesonide to male rats:

.. !

Metabolite : Percent Radioactivity '
| Dose (pp/kg) 50 ' 100 >

Time (hour) 12 12 '

16 a-hydroxyprednisolone 18.74 18.20

6 B-hydroxybudesonide 0.72 ) . 0.66

Excretion Profile: The following graphs (from volume 4, page 201 of sponsor’s submissioﬁ)
show the mean excretion of radioactivity following single intrathecal admmlstratlon of 50 and
100 pg/kg of [’H]-budesonide:

Mean camulative excretion of radicactivity following a single oral administration of
m-»mn.nmauwdsopmmwum(mmmw(ms

animals)
.'T -
- - - -
' ©-
| ]
i.' x)
H
= L »
« & ‘: T : T T T .
. » - » L - - -
T ®
e N Cwee T

BEST POSSIBLE COPY
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In summary, rate of absorption of [*H]-budesonide after oral administration was found to be
moderate as Cmax of the parent compound was achieved at 0.5 h post-dose. Peak plasma
radioactivity (4.079 ng eq/ml) was attained at 2.5 hr post-treatment and the radioactivity slowly
declined over time. After intrathecal administration, Cmax (7.36 ng eq/ml) was attained at 1.028
hr post-dose and thereafter, radioactivity declined rapidly (T » = 2.518 hr) over time. The
highest amount of radioactivity was localized in the trachea (site of administration) and stomach.
Moderate concentrations of radioactivity were found in'liver, lungs, kidney and small intestine.
Metabolism studies revealed two metabolites (16a-hydroxyprednisolone and 6B-hydroxy-
budesonide) of budesonide. There was no evidence of formation or elimination of glucoronide -.
or sulphate conjugates. Fecal elimination was the major route of excretion (67.8%).

‘Covalent Binding of Budesonide in Liver and Brain from Male Rats (Report no. 350-RD-0145)

To investigate whether budesonide is metabolized to reactive products in the liver and brain, the co-valent
binding of budesonide to rat tissue protein was examined. Co-valent binding to proteins was used as a
measure of formation of reactive products. Male rat liver and brain tissue homogenates (10 mg
protein/ml) were incubated with 3H (1, 2)-budesonide (1 pM) in Tris buffer at pH 7.4. The ‘incubations# 1
were run at 0°C and 37°C and aliquots were withdrawn at 0, 10, 30 and 60 minutes. After precipitation and
washing, the radioactivity in the samples was determined by liquid scintillation counting. .

Incubation of rat liver and brain homogenates with radiolabeled budesonide for 10, 30 and 60
minutes did not cause any time-dependent increase in the binding of the radioactivity to the tissue
proteins. There were very low bindings of the radiolabel to rat liver and brain proteins during the 60
mmutes incubation period. The binding to the liver proteins was higher at 37°C as compared with that at
0°C, while the reverse was the case for brain proteins. Thus, there is a possibility that budesonide is
converted to reactive products that can bind to tissue proteins. The relative binding of budesonide to rat
liver and brain proteins at 0 °C and 37°C is shown in the sponsor’s Table below.

.-TABLE 1. Covalent binding ot hudesonidé to protein of 1liver
and brain from male rat.

__---—__...._-.............,.-.._---.........-.--_—_-_....;...

pmol /mg protein pet 60°*

o°c arec
liver 0.009 & 0.006 0.186 * 0.148

brain . 0.138 4+ 0.082 0.064 + 0.057

e et S AT A W e S e s+ 9 s e G T EENEEEE e G W S & 4 P 0 4 ® S e v - —— ———

Values repreaeni means + SBE from 3 experiments.
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. Irreversible Binding of Budesonide and Other Steroids to Liver and_ Bram from Male and Female
Rats In Vitro (Report no. 850-RD-0160)

To determine the extent of reactive products formed from the metabolism of budesonide, the
irreversible binding of budesonide to tissue macromolecules of the rat liver and brain S9 fractions were
examined. 'I'he R and S epimers of both ring-labeled (1, 2-’H budesonide) and acetal chain-labeled (22,
23, 24, 25-°H- budesonide) budesomde were used in the study. Ih addmon the bmdm§ of several other
steroids, such as *H-corticosterone, *H-triamcinolone acetonide, '*C-testosterone and *H- -prednisolone to
the rat liver and brain S9 fractions were also examined. S9 fractions of the male and female rat liver and
brain were prepared after centnfugatlon of the tissue homogenates at 9000 g for 20 minutes and incubated
with the radio-labeled compounds at 37°C in the presence or absence of 2 mM NADPH. The bound and .
unbound radioactivities were separated by filtration through cellulose filters

_ * Incubation of the 22R-epimer of budesonide (tntlated at the acetal chain) with different
concentrations of rat liver S9 fractions (37°C, 60 min) showed the maximum total binding at 7 mg/ml of
protein, and approximately 2% of the substrate was irreversibly bound to the macromolecules. Addition of

NADPH to the incubates, increased binding by about 4-fold. The 22R epimer was bound more than the
22S epimer; however, no difference was obsérved between ring-labeled and acetal chain-labeled
budesonide. The other steroids examined also showed irreversible binding, and no apparent differences
were observed between them. The extent of binding of different budesonide e epimers and other ster01d§ IG
rat liver and brain S9 fractions are shown in the Table below.

Relative binding of different steroids to S9 fractions from male and female rat liver and brain

Liver Male | Female
L. 22R-acetal chain-labeled 1.0 i.1

22S-acetal chain-labeled 0.6 . 0.2
22R-ring-labeled 0.9 0.8
22-S-ring-labeled 0.7 0.2
Triancinolone acetonide 1.6 ND - °
Corticosterone 0.3 0.3
Testosterone - 0.8 N.D
Prednisolone 0.6 N.D

Brain 22R-acetal chain-labeled 0.6 0.6
22S-acetal chain-labeled 0.3 0.3
22R-ring-labeled 0.7 0.6
22-S-ring-labeled 04 . 0.5
Corticosterone 0.2 0.3

N.D., Not done -

In Vitro Formation and Degradation of Zl;Aldehxdes of Budesonide and Cortisol in Liver
Preparations from Human, Rat and Mouse (Study no. GHM-2000-00145)

The sponsor submitted an interim report on the in vitro formation and degradatxon of 21-
aldehydes of budesonide and cortisol in liver preparahons from human, rat and mouse. [ H]-labeled
" budesonide, cortisol, semiacetal of the 21-aldehyde of budesonide and its congener were incubated with
human, male rat and male mouse liver cytosol and mytochondria and the samples were analyzed by liquid
chromatography (LC)-radiometry or LC-MS.
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There was no 21-aldehydes formation during incubation of [*H}-budesonide or [(*H]-cortisol with
human, rat and mouse cytosol preparations in the presence of NAD or NADP; incubation with human and
. mouse mitochondria in the presence of NADPH resulted in the formation of the aldehydes of budesonide.
There was no detectable 21-aldhyde of cortisol during the incubation. Incubation with rat mitochondria
was also associated with the formation 21 aldehyde of budesonide. There were 3% (at 5 umol/L
budesonide) to 5% (at 2 umol/L budesonide) conversions of budesonide to the 21-aldehyde by human
mitochontria in 5 minutes. In mouse and rat mitochondria, 1% and 0.2% of the compound was converted
to the 21-aldehyde (at 5 pmol/L). When NAD or NADP were used as co-factors, there were no 21-
aldehyde formation. The 21-aldehyde of budesonide was also formed in human microsomes, in
concentrations higher than that in mitochondria. At 5 pmol/L budesonide concentration, 19% of the -

compound was converted to 21-aldehyde in S minutes. The formation of 21-aldehyde of budesonide was
also observed in mouse and rat mitochondria.

Incubation of the 21-aldehydes of budesonide and cortisol with human or mouse cytosol with
NADPH as co-factor, resulted in a rapid reduction of the aldehyde to the parent compound. Incubation of
the 21-aldehyde of budesonide with human mitochondria also caused metabolism of the aldehyde;
however, the product was a complex mixture (a small part was budesonide and the carboxylic acid). The
half-lives of the 21-aldehyde of budesonide ranged from 5-7 minutes in human mitochondria (with 3
NADPH). The sponsor stated that the formation of the carboxylic acid from the aldehyde was a minor*
pathway, but no data was provided. The apparent Ky and V., parameters of metabolism of 21-aldehydes
of budesonide and cortisol in human, mouse and rat liver cytosol is shown in the Table below.

o,

Kwn and V., parameters of metabolism of 21-aldehydes of budesonide and cortisol in human, mouse and rat liver.
cytosol

Species . . Metabolism of 21-aldehyde of budesonide Formation of budesonide
K (umol/L) Ve, (mmol/mg Ky (tmol/L) V ue: (mmol/mg
protein x min protein x min
Human 11 1 ) 15 1
Mouse 7 - 0.6 17 -0.8
Rat 9 0.8 ) 7 0.7
Metabolism of 21-aldehyde of Cortisol Formation of Cortisol
Ky (mollL) V s (Mmol/mg Ku (moV/L) Voor (mMmolmg
protein x min protein x min
Human 10 2 27 2 '
Mouse 15 3 79 7
Rat 18 6 456 114

The sponsor investigated the formation and degradation of 21-aldehydes of budesonide and cortisol in
human, mouse and rat liver after incubation of the [*H]-labeled steroids with liver mitochondria and
cytosol with NADPH. There was formation of 21-aldehydes of budesonide during incubation of
budesonide with the mitochondria from human, rat and mouse. The concentration of the 21-aldehyde was
the highest in the human liver mitochondria, followed by mouse and rat. Budesonide was also converted
to the aldehyde by human microsomes; the rate of conversion by microsomes was higher than that by
mitochondria. The 21-aldehyde was converted back to budesonide during incubation with human liver

" cytosol or mitochondria. - -
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In Vitro Metabollsm of the *H-Budesonide Epimers in the Male and Female Rat Liver and Brain

(Report no. 850-RD-0138)

To evaluate the sex di fferences in the rat in the biotransformation of budesonide epimers, the
degradation of epimers 22R and 228 of *H- budesomde by the male and female rat liver and brain 9000 g
supernatant fraction were examined in vitro. 3H (1,2)-budesonide (specific activity 89.4 mCi/mg) was
diluted with unlabeled compound to a specific activity of 200 pCi/mol. The two epimers were obtained by
high performance liquid chromatography (HPLC) separatxon The 9000 g supernatant supemnatant fractions
were obtained by centrifugation of the homogenates at 4°C. The supernatant fractions of the liver and brain

‘were incubated with the budesonide epimers at 37°C and aliquots were taken at different time points.
- Relative concentrations of the parent compound and the metabolites in the incubates were determmed by
. HPLC analyses.

More than 91% of the radioactivity was recoverable in the extraction process. The six
metabolites of 22R epimers were designated as MR1, MR2, MR3, MR4, MRS and MR6 and the five
metabolites of 22S epimers were designated as MS1, MS2, MS3, MS4 and MS5. Three of the metabolites
were identified as 160-hydroxyprednisolone (MR1), epimers of 6f-hydroxybudesonide (MR4, MS2). Five
metabolites (MS2 ~ MSS, MRS and MR6) lost their UV absorptivity at 254 nm. The degradation of the
epimers of *H-budesonide was 6-8 times faster in male than female rat liver fraction. The degradation offthe
budesonide epimers followed a first order kinetics as shown in the sponsor-provided Figure below.

-
*

Relative concentration

\
b
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_ The half-lives (minutes) of degradation of 22R and 228 epimers of budesonide by the mal.e and
female rat liver supernatant fractions are shown in the Table below.

Half-lives (minutes) of epimer 22R and epimer 228 of *H-budesonide after incubation with male and female rat liver 9000
g supernatant fraction.

Males | Females
22R *H-budesonide 26 206
22S *H-budesonide 29 169

When each epimer was incubated with a mixture of brain and liver supernatant fractions, the
degradation rates and the metabolic patterns could not be distinguished when compared with incubation
with only liver. To determine the sex differences in the metabolism of budesonide epimers, the metabolism
of 22R and 22S *H-budesonide eplmers by the male and female rat liver 9000 g supernatant fractions were
examined, The metabolism of both epimers was 6-8 times faster in by the male rat liver fractions as
compared with the females. The degradation of the budesonide epimers by rat liver followed a first order
kinetics.

1. Formation of Fatty Acid Conjugates of Budesonide by Human Lurig and Liver Microsomes,
and Hydrolysm of the Conjugates by Lipase In Vitro:

N .p'

‘Method: Human lung and liver microsomes were incubated with [* H] -budesonide for 60 min,
either in the presence or absence of co-enzyme A (CoA, 1 mM) and adenosine triphosphate
(ATP, 5 mM). The samples were withdrawn at 5, 10, 15, 30, and 60 min intervals for lxquld
chromatography-mass spectroscopy (LC-MS) analysis of fatty ac.d conjugates. Porcine
pancreatic lipase was used for hydrolysis of fatty acid conjugates of budesonide.

Results: Human lung and liver microsomes formed fatty acid conjugates with budesonide. This
conjugation was dependent on the presence of CoA and ATP. Major metabolites identified
following incubation of budesonide with lung and liver microsomes include budesonide oleate,
palmitate, linoleate, palmitoleate and arachidonate. However, no quantitative measurements of
these conjugates were done. '

2. Budesonide is Metabolized by Cvtochrome P450 3A (CYP3A) Enzymes in Human Liver:

In this study, two major metabolites (16a-hydroxyprednisolone and 6B hydroxybudesonide) of
budesonide were identified by incubating budesonide (10 uM) with human liver microsomes in
the presence of compounds (ketoconazole IC-50 = 0.1 uM, troleandromycin = 1 pM,
erythromycin, cyclosporin, etc) known to interact with different isoforms of cytochrome P450.
CYP3A was found to be the specific isoform involved in the metabolism of budesonide as there
was a strong correlation between metabolite formation and testosterone 6B-hydroxylation (r: 0.98
and 0.95), a marker for CYP3A. Budesonide metabolism was not inhibited either by CYP2C
inhibitor (sulfaphenazole, mephenytoin and tolbutamide) or by antibodies against CYP1A

.~ subfamily. However, budesonide metabolism was inhibited by antibodies against CYP3A.

3. Protein Binding of Budesonide in Plasma from Human, Rat, Mouse, Dog, and Rabbit:
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The purpose of this study was to determine the unbound fraction of budesonide in human, rat,
dog, rabbit and mouse plasma samples. The unbound fraction of [*H]-budesonide was
determined in the above samples by incubating [*H]-budesonide with plasma samples (5 ml) at 1,
10 and 100 nmol/L concentrations followed by ultrafiltration. The results were found to be
independent of budesonide concentration in plasma. The range of average unbound fraction was
found to be 12.8-14.5%, 7.7-8.4%, 10.4-11.2%, 12.5- lS 3% and 14.0-14.2% in human rat, dog,
rabbit and mouse, respectively.

4. Distribution /n Vitro of Budesonide in Whole Blood from Different Species:

The blood cell/plasma concentration ratios (Cyy/C,) of budesomde were examined in whole
blood from human, dog, rat, mouse, and rabbit by incubating {*H}-budesonide (0.1, 1.0 and

10 nmol/L) with blood samples (10 ml) at 37°C for 30 minutes. The results were found tobe
independent of budesonide concentration. Cy,/Cp concentration was found to be 0.75, 0.54, 0.41
in rabbit, human and dog, respectively. The ratio between whole blood and plasma (Cy/C,) was
determined as 0.81, 0.71, 0.78, 0.90 and 0.85 in human, dog,; rat, rabbit and mouse, respectively.

of
udesomde is Metabolized by Cytochrome P450 3A (CYP3A) Enzymes in Human Liver (Jonsson Grét '
al, Drug Metab Disp 1995; 23(1): 137-42). ..

To identify the isoform of cytochrome P450 involved in the metabolism of budesonide, budesonide was
~ incubated with microsomes from ten different human liver samples where the different CYP activities had
been rank ordered: A strong correlation between the formation of the two budesonide metabolites, 16a-
hydroxy prednisolone and 6B-hydroxybudesonide and testosterone 6B-hydroxylation (a marker of CYP3A)
was observed (R=0.98 and 0.95). When budesonide was incubated with the human liver microsomes in the
presence of compounds that interact with different isoforms of CYP, ketokonazole was found to be the
strongest inhibitor of budesonide metabolism (ICsp~ 0.1 pM), followed by troleandomycin (ICso~ | pM),
erythromycin and cyclosporin, all substanced known to be metabolized by CYP3A. Substances known to
be metabolized by CYP2C (sulfaphenazole, mephenytoin and tolbutamide and CYP2D6 (Quinidine) did not
specifically inhibit the metabolism of budesonide. The formation of the budesonide metabolites was also
inhibited by CYP3A antibody but not by CYP1A antlbody or control immunoglobulin G, thus confirming
that budesonide is metabolized by CYP3A subfamily of enzymes. .

APPEARS THIS WAY
ON ORIGINAL
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TOXICOLOGY: BEST POSSI B LE COPY
Acute Toxicity Studies: : '
Toxky after single adminlstration of budesenide 1 miss and rets _ .
tpecies Streln aber of onimals Roante of Teat m. g after § weeks
' _ and sex aduinle- * s.e.n. Wg/kg
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Repeat Q'o'se Toxicity Studies:

.Rat
(2) Ooe-month oral study. _ .

. SD nts, six/sex/group, dose: 0, 0.05, 0.5, and S0 mg/kg/day, (also
mmdndmmwem,sww&n,bymmfmonemm.
Increased mortality was seea in the high dose group. Atrophy of the adrensl
mmnmmm,mw.mwwum

found in the treated groups. A dose related decrease of lymphocytes was also

(®) Three-moath drinking water study, _

e CD-rats, 10/sex/group, dose: 0, 10, 50, 200, and 700 ug/kg daily
for 13 weeks. The purpose of this study is to establish dose levels for a
carcinogenicity study. No death occured during the study. A significant
decrease in terminal body weight, growth rate, total food concumption with

changes in argan weights was observed at 200 and 700 ug/kg/day groups. A e
reduction in body-weight gain slightly less than 10% was noted at a dose level .
of 50 ug/kg/day. Hunched appearance, thinness, salivation, rough haircoat,

+ alopecia, and stomach lesions were cbserved mainly in the high dose groups.

- (€) Three-moath subcutancous study with young rats. : .
SD rats, 15/sex/group, dose: 0, 0.2, 2.0, and 20 pg/kg/day by S.C. route (also
triamcinolone acetonide group, 20 pgfkg/day. Young rats, st an age of 67
days, were used in the study. No clinical signs of adverse effects were seen in
low and mid dose groups. Two males and two females in the high dose
budesonide group and ane male and two females in the triamcinolone acetonide
group died, respectively, after 10-16 days of drug administration. Alopecia,
decreased body weight gain and decreasad food consumption were cbserved in
the high dose groups. In the high dosc groups, typical glucocortiooid effects
including decreased cellularity of bone marrow, increase in extramedullary
hemopoiesis in the spicen, and lipid depletion of the adrenal cortex were seen.
‘Atrophy of lympboid organ and thymus, GI hemorrhage, etc. were also found.
These findings were more prominent in the triamcinolone scetonide group. It
appeared that the depressive effects of budesonide on the lympboid system in
young rats were more accentuated than in the adult rats.
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(d)'l\vmty—ux-weekmbmhmnsmd
. Wistar rats, 15/sex/group, dose: 0, §, 20, and 80 ug/kg/day by subcutancous

injection.
A dose related decrease in body-weight gain was seen in males from all three

dose groups; a similar decrease was seen in females in mid- and high dose
groups. Typical corticosteroid effects (reduction in lymphocytes, atrophy of
lympbold organs, and lower adrenal weights, eu:.)maeenmowyinthemd-

an high dose groups.
Treatment mmspywayws.c.mmmymminm

stody.

(€) Twenty-six-week subcutaneous study.

Wistar rats, 10/sex/group, dose: 0, 0.01, 0.1, and 5 ug/kg/day by subcutaneous

injection.

In this study, ﬁ:c:bsolutemdbody—wei;ht—uhﬁve_admd\vdgm,of Spekg -
male group was Jower than that of the control group. There were no other
treatment related changes observed. It was concluded that the 5 pg/kg/day dose
level was relatively noo-toxic. MOlW&ydoaelevd.Wdoﬁﬂed

to show any effect in this 26-week subcutaneous study.

' Dog
(a)Ono-mouthoulwdy
- Beagle dogs, 1/sex/group, 7-8mcn!haoldnmenm,doae.o 0.01, 0.1, and

1.0 mg/kg, also 1 mg/kg BDP (beclomethasoas diproplocate.) mbodywdght
of the dogs averaged from 9.5 to 12 kg at the start of the study. The test and
reference compound (BDP) were suspended In & solution of 0.75 g Metocel and
0.04 g Tween 80 in 100 ml water to make gp concentrations of 0.2 mg/mi, 2
mg/mi, and 20 mg/ml. Atrophy of the adrenal gland and lympboid system
occured with both corticosterolds at 1 mg/kg. Increased glycogen storage in the
liver was also observed, These effects were also observed in the mid-dose

- udesonide group but were relatively minor in the low-dose budesonide group.
mmwmmmwmmmwm

the study.

. Rabbit
mmmm
New Zealand Whise Rabbits, 3/sex/group, dose: 0, 25, ummmu
subcutaneous injection dailly for ons month, muwmw
in & solution containiag Tween 80 snd Metooed, The body weight of rabbits at
" the beginning of the study averaged 3.5 10 S kg. The brulsiog or swelling
around the sl of injection were similar in both control end test snimals, In
mont kigh dose group animals and some low doee group animals, the following
changes were noted: (1) a propartiqa of calls fa adrenal oo fasiculats showed
& reduction in size related 10 & loss of Cytoplasm, (7) regreasion fo the hym,
and (3) minimal Ryperplasia of endometrium body in females

/
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4 -Week

ral Toxici

Stu
(Study # 850-T0-0129)

28

in Monkeys

In the 4-week preliminary oral (CIR capsule controlled ileal

release capsule) toxicity study in monkeys doses of 100,

1000 mcg/kg/day were used.
parameters (clinical signs, body weight,
hematology and blood chemistry tests, organ weight and

histopathology) were measured.
effect. dose.

of the drug after

330 =

In this study various toxicological

food consumption,

The highest tested dose was nz

In this study, plasma levels of the drug were also
monitored at 45 min, 1.5, 3.0, 5.5, 8 and 24 hours after drug

administration on days 1 and 28 of the study.
increased with increasing dosages and there were no accumulation

The AUC values

repeat administration and there were no sex

differences.
Parmmaters Lou Dose - Wid Dose _high Dose *{
' MJJ bay 28 Day 1 Day 28 ml"njlf
’ [
AUC (mcg/t X hr) 0.344 0.297 1.244 1.480 3.7 3.453 +
Towa (hr) 3 3 3 3 3 3
Limit of detection = 0. acg/L
APPEARS THIS WAY

ON ORIGINAL
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(8tudy # 850-TO-0133)
Testing Laboratoxies:
t St : September 22, 1992

Study Completed: December 17, 1993 (report date)

ts: A Statement of Compliance with GLP regqulations
wasAincluded.

: 18-39 Months old male and female Cynomolgus monkeys'
(2.1-3.0 kg).

Dxu: ate : 1525-1-DSE 11 and P525-1-DRE 2

Methods: In thise study dose selection was based on 4-week
preliminary oral toxicity study in which doses of 0.1, 0.33 and
1 mg/kg/day were used. In this preliminary study the highest
tested dogse was the no effect dose. In the preseant study,

sponsor has selected 0, 0.5, 2 and 5 mg/kg/day dose levels.";Thg*;

high dose level was limited due to the number of capsules needed
to be administered daily. Groups of monkeys (4/sex) wexe given
orally (CIR capsules) budesonide at daily doses of 0, 0.5, 2.0
and 5.0 mg/kg/day for 26 weeks. All animals were observed daily
for clinical signs and mortality. Body weights were recorded .
weekly and food intakes daily. Ophthalmoscopic examinations were
performed on all animals at pre-test, during weeks 13 and 26 of
the study. Blood samples were collected from femoral vein at
pre-test, and just before drug administration during weeks 6, 13
and 26 of the study for hematology and serum chemistry :zests.
Overnight urine samples were also collected at the above
mentioned time period for urinalysis.  Additionally, blood
samples for measuring plasma drug levels were collecteé from all

PPEARS THIS WAY
OR ORIGINAL
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animals at 3 hoyr after drug administration on day 1, weeks 4, 13
and 26 of the study. At the end of study period all surviving
monkeys were sacrificed and subjected to cowmplete necropsy and
histopathological examinations.

Besulty:
1. oObgerved ERffects: None

2. Moxtality: One male monkey from control group died due to an
accident in dosing. : :

3. Bod gh RO QR on/Wate OREUTD m: At the end
of treatment period body weight gains were reduced by 52% and 44%
in mid and high dose treated monkeys respectively when compared
to the control values. In femalea, body weight gains were
reduced by 59%, 45% and 99% (no gain in body wt.) in low, mid and
high dose treated groups respectively. Treatment had no
significant effect on food intakes.

4. 1

e rxow: No treatment related
effects were seen. : :

5. Blood Chemigtry/Urinalysis: Serum cortisol levels were. - . ::
decreased by 24% and 38% in mid and high dose treated monkeys

(both sexes) respectively when compared to the control values. v,
In high dose group serum glucose levels were increased by 18% '

compared to control values. No treatment related effects were o
seen on urinalysis. :

6. Vit Biane/PRySsics Bxapigation
treatment related effects were seen.

7. Oxgan Meights: Lung weights were increased by 13-14% in

. treated animals (both sexes), and liver weights wexe increased oy
13% in high dose group when compared to the control values.
Additionally, in high dose group (both sexes), thymus and adreral

weights were reduced by 19% and 31% respectively when compared =o
their respective control values.

8. Grosg Patholoqy: No treatment related effects were geen.
9. Histopathology: Reduced cellularity of the thymus was seern
in 2 out of 4 high dose treated male monkeys. Additionally,
reduced cortical width of the adrenals was seen in 1/4 low dose
treated females, 2/4 each mid dose treated male and female
monkeys and 2/4 males and 3/4 females treated with high dose.

30
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10. Rlamma Levelp (roport # 650-RD-034l): Plasma levels of
budesonide jincreased with increasing dosage and there were no

accumulation of the drug after repeat administration.

_ — P
Pleswa Levale at 3 hr Post Doss (meg/L) ,
Duration ——l__lcn (u/7) 4] 9.5 !glggld:i I 2 mg/kg/day l S mg/kg/day
Day 1 ) 0.426 1.295 1.788 A;i
' P 0.387 ' 1.713 2.946
Week 4 N 0.310 1.153 3.082
P 0.435 . 1.619 2.200
Week 13 M 0.422 1.421 4.950 1
’ 0.204 1.830 2.359 l
Week 26 M 0.495 1.804 I £.085 _ﬂ
¢gﬁ P 0.418 . 1.9%50 3.3210 :r

‘s

In 26-week oral (CIR capsules) toxicity study in monkeys, doses
of 0, 0.5, 2.0 and 5.0 mg/kg/day were used. In males, body
weight gains were reduced by 52% and 44% at mid and high dose
respectively, while in females body weight gains were reduced by
S9%, 45% and 99% (po gain in body weighta) at low, mid and high
dose levels respectively. Decreaged body weight can not be used
for assessing safety because it is related to the effects of
glucocorticoid. Additionally, typical glucocorticoid toxicities
{decreaged serum cortisol, increased serum glucose levels,
decreased thymus and adrenal weights) were algo seen in gome of
the high dosge treated monkeys. However, all these effects are
typlcal corticostéroid affects, and no additional adverse efiacLs

were gseen in this study. The highest tested dosc (5.0 mg/kg’/3ay)
can be considered a well tolerated dose. .

EARS THIS WAY
APPQM ORIGINAL
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ion Studies.

A. Segment 1 study in rats. ' .

. Rats of the Spraguc-Dawley strain, male: treated for 9 weeks premating and though
mating, female: treated for 2 weeks premating and continued up ¢o 21 days post
partum, dose: 0, 5, 20, and 80 pg/ky/day subcutaneously. Males and females from
the same dose level group were muaied in the study.

No cbvious effects were cbserved in the control and the low dose groups in terms
of maternal and fetal findings. In the mid-dose group, the food consumption and
body weight gain was decreased during the gestation. Besides, both prenatal
viability and the viability of the young at birth and during lactation was

y reduced. .
In the high dose group, these findings were more pronounced.

"B. Segment I study in nats. B
Rats of the Sprague-Dawley strain, 20 pregnants/group, dose: 0, 20, 100, and 500
pg/kg/day (also triamcinolone acetonide group at 500 ug/kg/day) from days 6to 15 -
of pregnancy by subcutancous administraiton. Although the animals from the low
dose group did not show any major adverse effects (except decrease in food -
‘consumption and body weight gain,) the animals in the mid-dose group showed
some increases in fetal loss and fetal abnormalities. -
In the high dose group, the general condition of snimals was poor (piloerection,
'dminw,deausdﬁoodmnwﬁmmdbodywdzhtnin.) Fetal
abponmalities were significantly increased in this group. The mayin findings were
umbilical eventration and reduced cssification of skull bones in combination with
some sternebral or vertebral defects. Of the animals in the triamcinolone acetonide

group, 14 out of 18 died before gestation day 21 and none of the surviving rats had
any living fetuses. '

APPEARS THIS WAY
ON ORIGINAL
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D. Segment II study in rabbits. _
. New Zealand white nbbit, 14-15 preguants/group, dose: 0, 5, 25, and 125

. pg/ig/day (mﬂmww;ﬂlx]&y)ﬁomay:&b 18 of gestation
by subcutaneous administration. In the Jow- and mid-dose groups food
coansumption and body weight gains was decreased. Viscera! abnormalities were
observed in one Jow-doac group fetus and two mid-dose group fetuses. The
frequency of skeletal anomalies was increased in the mid-dose group. The most -
anomalies were skull and vertcbral defects. The type of defects was characterized
" as signs of delayed development. In the high-dose group and flucinolon acetonide
group, all does aborted at the end of gestation. The litter size and fetal loss was
similar in the control, low-, and mid-dose groups. :

E. Segment Il study inmats. ' :
Spragus-Dawley rats, 20 pregnants/group, dose: 0, S, 20, and 80 ug/kg/day from
myudmmcywdayzlpoapmbme
Slight prolongation of gestation period was seen in the high-dose group. No drug
cffect oa parturition, nursing and lactation was observed. Body weight gains were
doawedinlhemid—andhigh—doaemdam Litter size gt birth was decreased
in the high-dose group. The viable young at days 7 and 21 post partum were
significantly decreased. The meari pup weights were smaller in the high-dose . - .. 1)
group. No adverse effects were observed in the low-dose group in this study.

CARCINOGENICITY STUDIES:

1 91-week drinking water stody in mice.
CD-1 mice, S0/sex/group, dose: 0, 10, 50, and 200 pg/kg/day for 91 weeks,
(the control group had 100/sex/group), conducted by _ '
from Peb. 26, 1981 10 Dec. 2, 1982. Cumulative survival data revealed
that there was a dose-dependent decrease in survival in the males. Cumulative
female survival data sevealed no significant trend or group differences. The
sponsor reportad a marked drop in survival for all male and female groups at
spproximately woeks 47 and 48 which coincides with the outbreak of viml
-infection in the study colony. The sponsor stated that in order to determine if
increased mortality during the jnfection masked a treatment-related effect on
survival, cumulative survival data were also analyzed excluding all female mice
which died during weeks 47 and 48. . The spoasor reported that no significant
trend or difference between the gorups. The sponsor’s analysls of survival date
and other data will be reviewed by a FDA stafisticlan later. The deaths of mice
during weeks 46 and 47 were jdentified as by infection to Sendai virus through
determination of serum antibody titers. The incldence of alopecia
was slightly increased in the high-dose males and females after the first 26
weels of study. Mean food consumption and mean body weights of treated
groups were comparable to the control group. Mean water consumption for
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treated groups were significantly differeat than the corresponding control group
nmuﬂinmhdum;ﬁemdy,b\nwumdotrdmwomm

can be established, Mean weekly compound consumption was vasiable during
the study. However, sverages over the course of the study were within 3% of
mr«mmmﬂmpmmwsakmhﬁm

. [ 10 |
Srewps: 2 3 ) 2 3 N

Average

M?:‘”wm: .54 4.9 1.8 % 49.63 1”.9

Percent Pen{red

Canpound

Cormapt {an: .4 78 N4 N4 ”3 100.9

No significant differences were noted in organ weights between treated and
control groups for either sex. No changes in gross pathology which were
attributable to the drog treatment were obscrved. The lung changes (principally
dark red lungs), noted for many of the female mice found dead between weeks
ﬂdi&mm&hﬂu&m&dﬂwﬁrﬂx&eﬁmmﬂn«m
treatment.  No histopathologic evidence of carcinogenicity of budesonids in

mice was reported, The incidence of various neoplasia was generally similar in -

ummmwmﬁ;wmwawm

TbeFDAmmmnsmlymofﬁcmdahﬁowedthatMWna

statistically significant (as 0.05 level) linear trend in lung
alveolar/broachiolar carcinoma - multiple (p=0.0103, incidence:

0,2,1,3) in male mice. There were marginally significant positive

linear trends in multiple organs malignant lymphoma, histocytic .

(p=0.0523, inddencc:ZOlﬁ)ndﬂomadnqmmcenardmm

(p=0.0667, incidence: 0,0,0,2) in female mice. .

FDA statistician also evaluated the validity of study by survival rates and MTD.

It was found that the texminal survival rates were S5%, 56%, 40%, and 30%

for males and 46%, S0%, 56%, and 42% for females.

Tt scems that there were not sufficient male and female mice living long encugh

to get an adequate exposure to the drug and to be at risk of forming late-

developing tumors. There was a statistically significant linear trend in

the intercurrent mortality rate tr male wmice, but not in female mice.

Mmﬁemwywwm,mwdmwdmb
- MTD for male and female mice.

Tumar Incidence Rstes
. Nete Mn. tuvllmlwnf'd\hhr Carcinome - mlt!plc

Voeks Centrel Low Nedium  Righ

T 8 T

S 9% ©°© 12
51-80 ] 16 0 ¥ o0 1 8 177

1 | ] Y )
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+ 104-week drinking water study (#610-162) in Spaague-Dawley
rats. CD rats, 36 days-old, 100/acx/coatrol, S0/scx/treated, dose: 0, 10,

25, and S0 ug/kg/day in drinking water for 104 weeks. .
This study was conducted by ... . ) " from March 1981
to March 1983. The report was ariginally submitted under IND .and
IND but was not received by HFD 140 or HFD-160. The same
was submitted undet IND and was reviewed on April 20, 1988. The
above mentioned pharmacology review should be referred.
The test matcrial was dissolved in ethanol and dosing solutions were prepared in
npmudnu&mofdwmckm. The water consumption and hence
the compound consumption was measured weekly. However, the plasma drug
levdsmnotdetanﬁnedindlemdy;. _
Based od the reduction in body weight gain during the 104 weeks, the high dose
level, 50 ug/kg/day, probably has attained the MTD based upon the

'+ carcinogenicity study guideline Gi.e. up to 10% reduction in body weight gain.)

BEST POSSIBLE COPY -

36
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Sumvalwascompuablemdlmups. Gross pathology results indicated a
slight increase in incidence of subcutaneous masses and alopecia in treated '
groups. No statistically significant differences or treatment-related trends were
noted for organ weight data for either sex. Microscopic examimtions revealed
that there were statistically significant increases in astrocytomas (high-dase
males), primary hepatocellular neoplasms (mid- and high-dose males), and
fibrodenomas and combined primary neoplasms of the mammasy gland (high-

both sexes in the mid- and high-dose groups, and in the low-dose males. The
incidences of brain gliomas (astrocytomas) were reported as 1, 0, 1, 6 (1%,
0%, 2%, 12%) in malesand 0, 0, O, OhMin&ecdpmqumt.
Boweva mmmudhrqonhaﬂqumt(aﬁa

’ a serial sectioning) as 2, 0, 3, 8 2%, 0%, 6%, lGS)mmaluand

. 1,0,0,0(1%, 0%, 0%, 0%) in females. Indwoﬂpmlmthe
inadawaofaﬂncymndoligodendmzlimmcombhedbythe
sponsor. 'memdmomvermoph.nmmdmmyneopmmsmaho

shown in the following table. ¢
. | 4
s
Samnry of lwportant llctmﬂol tc Cbeervations : v
Cosbines Schedsled led Desths v
Sax Vale Female T
Greup: L3 TR 29 -3 b S T 2= 3. [y ¥4
Bumber: 100 30 S0 30 100 350 ] S0
Soleen (SP) Mmber that can b eamined: ~ W XV &0 B 18 O N 3%
Plgmant ) 1 T 9. 9 ) I 3 1
1) 20 21 - v 20 12 é 7 13
2) 34 3 % % 14 1" 1) 3
3) ] ] 7 2 33 = 18 4
4) ? 2 ] 3 n 9 S 3
5 3 2 ° 0 6 3 e 1
ny o8 49 49 30 100 48 4 S0
Brain an) ' ¥umber exsained: 100 49 30 30 wWw B T 5N
*N- Astrocytems 1 0 1 -5 0 e - 0 0
*N- Ollgodendroglione [} [ [} | (] o 0 ()
(ll) Waber exealned: 00 &9 50 30 W00 X3 n )
~forun(i)/arenls) of coll alterstion 40 18 17 % % 8 1 S
Prisery tecel luler asms )
Y 'q.-ﬂc m:'?‘ 2 o 2 3 6 Vv o A
s estic nodule, multiple 0 1 1 2 1 1 2 0
*R-fepatecelivier carcinome 2 2 é 2 1 ) 2 2
“H-Repatecelluler carcinoms, multiple 1 ] ° 1 Q ) (] °
Animals with ore or wore
Prissry Nepetscelluter Neoplesss 3 3 9 8 s 2 4 é
Beamary Sland (W) faber axsmined: ' 10 36 % s
Prisscy Neamsry necplsems .
- ~B<F{brosdenaoma(s) i 21 2 13 a
“R-Carcinome 113 & L4 ¢
-8 -Cystadences . B (] 0 3
*DeAdences ’ 0 3 1 0
Antmals with one or wore
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® for statistical evaluation, the maber sxanined for mmmmary GOCS s token te be the tetal tumber of
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| nmmgmmammmmwmm

reported in the following table.
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AmbmAMsmlm,MwW(nOOSbﬂ)ﬁdeh
brain astrocytoma (ociginal standard section: p=0.0024; serial step section: p=0,0007) and
primary hepatocellular neoplasms - animals with ooe ‘or more (p=0.004) in mile rats. there
mmﬁmnt(uowmd)m&whwum&hwmqmmﬁm
(p=0.0309), primary mammary cystadenoma (p=0.0076) and primary

mammary
-neoplasms ammlsmﬂloneormom (p-00126)infam1ems Inmsd-mdh:gh—dosc
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mm.lmhww,MMMWIM
during a certxin period in the study. In the high-dose male group, a slight increase in

. alkuline

levels was seen from week 13 o week 104. Nodffamhetweenme

groups were noted in the opthalmological findings.

mxmmmmhmmmwwm- '

compounds. (#610-180)

Spague-Sawiey male rats (C: CDER), 100/group, dose: 0, 0, SO '
M).mm)mu(mmmw :
10 ut weck 10 snd 10 § a1 week 22) p3/kg/day for 104 weeks in drinking water
(prepared with ethanol solutioe and tsp water.) Satellits groups (20

males/group) were used for clinical pathology studies. Theltndymoondwed
from Aug. 6, 1985 to Aug. 14, 1987 by The
study completion date was listed as April 8, 1988. The summary Teport of this -
study was sobmitted under IND oa Feb. 24, 1988 and was reviewed by
FDAmAptﬂﬂ,lm IND mm&e.qouoxﬁbaf.m

m:«mmmummmmm Suwiv:l;:
inthehﬂmudem:pmﬁgﬂﬁannymw

Unsehodied Desths” .
Wedks 1-104
Creup: 1 z ! . & s 3 b4 b 4

_ Dese Level Gsa/ku/day): 0.0 . 400 s e.0 S0 &0 3

. Sentrol mn‘iu_' L mq S18)  gemgrel IR ml o0
fourd Deed » » -] % 1 'y ¢ .
Noribund secretices 2 7] u 15 114 4 3 ? 3
Accidental desth ] 1 ) 1 1
Total mmber of deathe 1] 38 14 50 “ s - r U 13

8 » Budesenide
P = Predisclone
Tae Triamcinotens bnmld-

Group mean body weights and body weight changes of all groups receiving
stcroids were significanty decreased compared ¢o ¢wo coatral groups. Total
wwlwwwmmmmmemummdm
u\dmhedndmofmthmmndintbemuumm
Thebwbgid nplﬁameofﬁehﬂuﬁn&ngmmm
_mmmwummummmmamgwam
statistical significance in the groups receiving prodnisolone and triamcinolone
acetonide. Absoluts brain weights were :imnaﬂnan groups, but relative brain
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wumwmmmmm&mmm

and triameinolone acetonide.) 'llm:i;mﬁantmnﬁ

. peceiving prednisolone
relative brain weights reflects the significant decrease in terminal body weights.

Food consumption for groops receiving sterolds tended to be lower than coatroly
‘Water consumption was genenlly comparable among treated and control groups
Nomd&uﬂmmmmwymwhumbm!m
Originally, only the brain was examined histopathologically. ‘The samples were
prepared by . and then forwarded to the sponsor for micrascopic
examination (by Dr. <) The hematoxylin and eosin stained alides of
mﬁnmmmmumummmmm
of brain tissue was recommended by FDA and later conducted by Dr. :
see report under (k).)

Dr.  teported that the glioms incidences and the other findings in the brain

were gimilar between control and treated groups.

TABLE 7. SUMMARY TAKLE OF NECROGCOPIC FINDINGS IN THE BRAINS - MAN STUOY

(- T 1 2 3 4 _ § - oL

FODINGS Centret  Contrel Mulsscnide Predntéelons  Triemcinelone
Acaton{de

So. Examined % 100 100 100 100
Clioms 1 1 2 2 )
Grarutar Call Tumor () 0 1 1 Xy

- Holigrent Lysphons ] [ 3 ° o_ ]

- Pitultary Asenams Remnents 1 & ] 1 o

focal Qitosis 1 1 1 ° 2
Dhor. Plax. Byperplesis ° [ e 0 K
Focel Nemorrhage 1 2 1 1 2
Sacterisl Nicresbscesses 0 ° | ° 1

TABLE 2. BUMMARY TARE OF MICROSCOPIC RNDINGS IN THE BRAINS - SATELLITE STUDY

o T s 1 4
FIDINGE . Centrol Cantretl  Ousissanide Prednleelene
¥, Exsmined . o 2 n 0w
Glioms 0 1 1 °
Walignent Lysphoms i Py ° '
yeletc Loukemle ° P 0 1
Pltultary Carcinom 1 0 0 °
Pltuitery Adwnose femnants ] ] ] 0
1 ° e 0

ypophysesl Stalk Cyet
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BEST POSSIBLE COPY

Fecal Gllssls ) L
fecal Nemorrhage °

mwmmammnmmmmby
_ . in Apdl 1989, As sdown in the following table, the

[

'

_ cosinophilic focl and basophilic fod were slightly

higher and/or slightly increased in the treated groups. The portal inflammation
and bile duct proliferation was redoced in the treated groops, This was
mymw:wmmmnﬁw«
immunoiuppressive action.

Table 1.
Nele Rst Livers
Sudssanide and Reference Companda (Study WA 618-180)
trup 1 2 3 4 B
 Saber exanined 100 100 10 100 " 400
teceltuter :
" 3 w oo s
3¢ or higher 1 3 ¢ 3
ween grede 2.2 27 *© 222 2.2
tocelluler - :
ml_ 3 ] (3 [ 3 ’.
3¢ or higher 3 2 ] t 3
an N ’o‘ - 3‘ u 23 F X3
Tetsl tumers. 7 4 w” n” : 3
Fect ensinaphitic 22 K] " w T w
slteretion .
3¢ or higher R 3 3 3 s
@gan grode 1.2 1.6 1.8 1.8 . 1.8
Fosf Soscphitle . B 2 2 {1 3
slterstion ’ ‘ '
30 or Mher 2 . . ? 10 .
een grode X 1.6 20 e 23
le Azt ) . ' . : '
proliferstion (14 14 " s S |
Portel Inflwmstion 60 E R 1) 1

ene-sided Fishers sxact tests, grap 3-5 v. cosbined 1 and 2.
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Kay te Indiviant Aniasl Disgrmses
Qredet

1 s slight
2 » siight te moderete
3 « asderete

4 » mederate te severe
| 1

sovere
WL = within normst (lofcs

) 104-Week drinking water study in Fischer-344 nats.

CDF male rats (Fischer 344,) 28 days old, wmmso@m.)o
acetonide) pg/ky/day. Bowever, the

400 (predaisoloce,) and 15 (trismcinalone
dosing adjustments were made according to the following table.

" Oveg

Now dosege
doss change tovel Lrp/i/dey)
Sudesoni de 11 weeks - B
Predisoncle T wesks 00
i T4 wosks 400
99 woeks L]
Trisscinslene scetenide 10 deys 75
n uub 4

ight lsssss excesding targated 3
muunom“mu b Kyioeeti

The study was conducted by

officiols bacone of mean '

shoagt metall wlntlnuud
hyov-'m H

, ﬁomSept.zs 1985
to Oct. 7, 1987. - ,
mmmmmmmnm mPeb?A 1938
and was reviewed by FDA oe April 22, 1988, 'nammnon;niﬁant
difference in the mortality rate when the budesonide group and triamcinolone
acetonide group wese compared to the contral groop. The predaisclone group
bad a higher martality rate than the coatro] group in the study.

All three of the steroid treated groups had significantly higher organ weight to
body weight ntio for the brain and adrenal glands. In the budesonide group,
‘the ratio for liver was oaly marginally higher than the control; the ratio for
spleen was comparable to the coatrol. The changes of organ weight to body

weight ratio in steroid trested groups were partially cansed by the decrease in
_ body weight of the treated groups. The

examination of the

mm.mmwmummmums It was concluded

that seroids did not lead o increased incidences of gliomas in Fischer nas.

ecivacy Rrain Yumors”

1409 3181580d 1538
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' However, the report stated that these tissues were not examined mi
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Grep2 COrocp3 Grop d

Wmtn

Bensrrhage-stamch/intasting

inlarged Sptoers

1%

1%

Stamach tumere/nedules
intestinal tusors/modules
Testiaular tumora/grewths
Kidwy tumera/nadules
Liver tumars/nodtes

Enterped Pltuitarys

17

3

Sboutansous tumors/nedulea/cyat

Entarged jver

Sledder tusers/vadytes
Lung tumers/rodut es

Ascites tumors

Ofaghrogn t_nlnuu(u

Nesentery tumor/nodule
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Enlarged st ivary glend ° ° . L |

In this stidy, the water consumption and drug plasma levels were not
Getermined. '

" In November of 1988, tho GLP sudit of this study was conducted by &
pharmacologist from the Division of Sclentific Investigation and a FDA fleld
investigator (sce a memo dated Feb. 27, 1989 by Dr. Frances O, Kelsey,
Director of HFD-340.) 1t was'sdvised that this stody not be used in the safety
asseasment of budcsonide becanse of sevenal serious regulatary deficits. The
threo most significant were: 1) faihure to provide Quality Assurance monitoring;

" 2) failure to accurately assess the amognt of drug sdministered; and 3) the
omission of data from or the failure to properdy record data in the log books.

) Addendum to carcinogenicity siady £610-180 (aes ().) '
mmumwﬁuu,nmmmma’m
qmumwmﬁm examinstion was

-

'sepmbu 1992. Fivo micron sections were aken through the eatire block and

every teath section was sisinod with Bematoxylin and Bosia for exsmisstion.
: mwwduymo-mmwmumwm
of the braln (a. the frooial corkex aud bese! ganglis, b. the periota] cortex and
ma;umum) mwylﬁml&.‘vﬁd
showed budesonide-treatwment-relsted ghiomas was based besed upon the
siep sectioning, s similer sectioning was recommended for stndy #610-180 In
order 0 obtain & meaningful comparison of study £#610-162 and study #610-180,
In the original report of atndy #610-180, no corticostervids-iaduced gHomas
were found for budesonids, predaivolone, or triamcinolons acetonide.
The following table compares o mxicroscopic findings of braias from the
control male group snd the budesonide male group through standard three (3)
ssctioning and multiple siep sectionling. Although some numerical changes in
tistopathological findings were cbeerved afier the multiple siep sectioning as
compared 10 the standard thres (3) secitoning, it was concinded that no
budasonide-related brain neoplasms were discovered In stody #610-180.

44
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" Mutagenicity studies.
A. Ames test
Um&edoumedlublomo;;gwpum ﬁ:ensnltsﬁom
Ames Salmonella/microsome test were negative.

B. Mouse fymphoma test.
Budesonide was not mutagenic at the thymidine kinase locus in 1.5178Y mouso
Jymphoma cells under the conditions tested.

c.bmmummwpmwnm Budesonide did not
induce DNA repair (at the highest nontoxic coacentration of 5 x 10 mg/ml) in the
rat hepatocyte primary culture DNA-repair assay.

D. Chromosome aberration test. '
Budaomdewevﬂmtedmudmgiuabmtytoh\dummﬁlchmmsom
aberrations in human lymphocyte culture with and without metabolic activation (S9-

fraction of rat liver extract.} The results were negative under the experiment
‘conditions used. '

E. Mouse micronucleus test,
Budesonide was evaluated fammytomdumiumnddhpdychmnnnc
form mouse bone marrow. Ul\dﬂﬂ\eeondi&mofmhmy.nodme
related response was observed.

P. Sex-linked recessive lethal test in Drosophila melanogster. ’
mummmmmuhmhmxmme which

represents about 20% of the entire genome of the fly. No mutagenic potential of
budesonide was found in this test,

Exploratory Mutagenicity Studies of 21-Aldehyde of Budesonide, Related Glucocorticoids and
Other Keto Aldehydes

The 21-aldehyde of budesonide (21-dehydrobudesonide) is formed from budesonide in the
presence of water, It is also formed after incubation of budesonide with human and animal liver
microsomes in vitro. As certain aldehydes have been found to possess genotoxic and carcinogenic
properties, the sponsor examined the mutagenic potential of 21-dehydrobudesonide in Ames tests. The
mutagenic potential of 21-dehydrocortisol was examined by the mouse lymphoma TK assay. The sponsor
did not submit the full reports of the studies, and only summarized reports were submitted.
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~ Ames Tests:

Methods: The Ames tests were performed using either the plate incorporation or the pre-incubation
method with tester strains TA100, TA102 and TA104. Pre-incubation was for 60 minutes at 37°C. In

some tests the enzymes glyoxalase I and II and 21-dehydroxysteroid dehydrogenase were included. The

aldehydes were pre-incubated with enzyme and co-factors for 60 minutes before addition to the bacteria.

To find whether aldehydes are formed in aqueous solution to induce mutagenic effects, budésonide and
prednisolone were dissolved in a mixture of DMSO and water and incubated for 4 days before adding to

the bacteria.

‘Results: The amounts of 21-aldehyde of budesonide formed at the end of the iricubation period were

1.4%, 1.0% and 0.5% in low, mid and high dose solutions that corresponded to 2.4, 4.3 and 3.2 pg/plate

respectively. Budesonide, incubated for 4 days in an aqueous solution at concentrations up to 636

- ng/plate, did not cause a significant increase in the number of revertant colonies. The 21-aldehyde of -
" budesonide caused an increase in the number of revertant colonies in TA100 and TA 104 both in the
absence and presence of metabolic activation. The 21-aldehydes of prednisolone was mutagenic in all
three strains while the aldehyde of triamcinolone acetonide was not mutagenic. The effect of the 21-

49

aldehyde of budesonide on the number of revertant colonies in TA100 and TA104 tester strains is shown

in the Table below.

Table: Ames test of Zl-dehydrdbudesonide without and with metabolic nctivat_ion

Metabolic Activation | 21-dehydrobudesonide Salmonella Strain
(ug/plate) '

-S9 TA100 TA104
Solvent control 133111 51318
20.6 13645 554+11
103 169421 76244
206 199417 909+11
309 266120 J4 11441
412 291£19 128249
1030 388430 1529140
2060 218421 1199147
3090 - 260144 0 '
Positive Control 393126 1369425

+S9 Solvent Control 114120 48216
20.6 13516 476x16
103 15247 647£10
206 173120 82745
309 23948 1139427
412 27011 1257434
1030 1891422 1821+16
2060 30942 1854165
3090 0 0 .
Positive Control 30817 1404134

-
?

In the preincubation method, the sponsor examined the mutagenic potential of 21-aldehydes of
budesonide and triamcinolone acetonide in TA 104 strain. The 21-aldehyde of budesonide was mutagenic
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under the test conditions while the 21-aldehyde of triamcinolone acetonide was not mutagenic under
similar conditions. There were degradations of both aldehydes during the 60-minute pre-incubation
period; the aldehyde of budesonide was more degraded (49, 59, 64 and 88% unchanged drug in incubates
. containing 43.1, 215, 431 and 2150 pg/plate respectively) than 21-dehydrotriamcinolone acetonide (52,
75,92 and 100% unchanged drug at 43.2, 216, 432 and 2160 pg/plate respectively). The number of

revertant colonies in the absence of metabolic activation in the premcubatlon method is shown in the
Table below.

Table: Ames test of 21-dehydrobudesonide in Salmonella strain TA104 in the absence of metabolic activation.

Metabolic Activation 21-Dehydrobudesonide | TA-104: Number of
. (pg/plate) revertant colonies

-S9 Solvent Control 442423
4.32 ) 473452
43.2 634422
108 596128
216 6431150
324 670171
432 797445
864 95616
2160 ~400 . _ .
Positive Control 797+76 . . - RPN 1 :

The mutagenic potential of the S- and R-epimer of 21-dehydrobudesonide in the three
Salmonella tester strains TA100, TA102 and TA104 were examined. Similar to the diastereomer, the S-
epimer of 21-dehydrobudesonide was mutagenic in TA100 and TA 104 strains, and the lowest effective
dose and the observed highest number of revertant colonies were similar. The R-epimer was negative in
all strains tested

Table: Ames test of the S-epimer of 21-dehydrobudesonide without metabolic activation

Metabolic Activation | 21-dehydrobudesonide Salmonella Strain
(ng/platé)

-S9 TA100 TA104
Solvent control 101427 399432
104" 12616 452116
104 . 18244 852427
208 282116 1111157
312 ' 354118 130743

1 417 470427 1641135

1040 699+53 2080+136
2080 596+49 ~1200
3120 ) 87617 ~1200
Positive Control 276113 929+11

In another experiment, the sponsor examined the potential rhutagenic activity of the 21-
aldehydes of prednisolone, budesonide and hydrocortisone after incubation for 60 minutes with glyoxylase
I and II (plus co-factor) using strain TA104. The enzymes are involved in the metabolism of small
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molecular weight keto aldehydes. The 21 -dehydrobudesonide and 21-dehydrocortisol showed positive
. mutagenic response in the Ames test after incubation with the enzymes. Thus, the mutagenic acuvxty of
. the 21-aldehydes was not affected by pre-incubation with the enzymes.

In summary, theAmes tests were conducted with 21-aldehydes of budesonide and related
glucocorticoids (prednisolone and triamcinolone acetonide). The 21-aldehydes of budesonide (positive in
TA100 and TA104) and prednisolone (positive in TA100, TA102 and TA104) were mutagenic both in the
absence and presence of metabolic activation, while the 21-aldehyde of triamcinolone was not.
Budesonide, incubated for 4 days in an aqueous solution, was not mutagenic in the Ames tests. In the pre-
incubation method, the 21-aldehyde of budesonide was positive in TA104; there was significant
degradation of budesonide during the 60 minutes pre-incubation period. The S-epimer of 21-
dehydrobudesonide was positive in the Ames tests, while the R-epimer was negative.

-Mutagenicig Evaluation of 21-Dehydrobudesonide using the Ames Test (SR9"92,89_-_9_1)

Testing Laboratory: AstraGeneca R&D . )
Sodertalje, Sweden. S :

Date Started: September 30, 1999

Date Completed: October 22, 1999

GLP Compliance: A statement of compliance was included.

Drug Batch: The 21-dehydrobudesomde (21-DHB) does not exist in the solid form and
therefore, ethanolhemiacetal was synthesized. AR-D113515XX is the ethanolhemiacetal of 21-
dehydrobudesonide and generates.21 -dehydrobudesonide in the presence of water. Batch No.
202/99.

Methods: — . ———
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Results: The 21-DHB was toxic to all the strains both in the presence and absence of metabolic
activation at 150 pg/plate and above in the presence and absence of metabolic activation. The .
negative and additional control (methylene chloride) was negative while the positive controls
showed marked increases in the number of revertant colonies. Like 21-dehydrocortisol, 21-
DHB was also found to increase the number of revertant colonies in strain TA100 both in the
presence and absence of metabolic activation. This increase was reproducible and concentration-
dependent. Approximately two-fold increases were also seen in strain TA98 in.both the tests |
the presence and absence of metabolic activation. It is to be mentioned here that 21-DHC al'sctrl
showed positive response in TA98. The following table shows the results of mean number df »
revertant colonies per plate in Test 1 and Test 2: .

Strain S9 Soilvent Positive Meth. . 21-DHB (ug/plate)
Coatrol Control Chloride 45.1 150 451 1500 4510
Test 1 2 1 2 1 2 1 2 1 2 | 2 1 2 1- 2
TAIS3S |- 112 9 317 314 14 8 i1 11 11 12 T 7 0 -11 0 0
+ 10 7 253 304 17 14 9 13 14 12 10 8 8 2 0 0
TAL00 105 98 391 353 96 83 126 130 165 159 194 | 191 342 337 545 | 484

+|

118 117 1042 | 972 108 103 134 128 161 154 172 178 361 332 473 | 472

TAI02

405 460 1039 { 1157 | 418 | 402§ 501 463 483 | 530 330 | 354 3250 320 j0O 0

+|¢

416 | 488 3218 | 3073 f 494 | 451 474 505 | 498 | 554 ] 408 | 435 ] 483 |} 433 |} 56 0

- 23 22 120 125 24 26 27 27 4 29 36 36 46 4 0 57

+

43 44 1524 | 1690 | 36 34 39 35 44 54 48 41 69 67 61 62

TAIS37 § - 9 9 1070 | 1869 | 6 7 b} 6 8 6 S 7 1 13 '] 0
+

9 16 76 85 8 14 11 13 12 14 9 {7 2 4 0 0

The 21-DHB possessed mutagenic potential in the Salmonella mutagenicity test under the
conditions of the experiment described above.
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SUMMARY AND EVALUATION:

Budesonide is a glucocorticoid, structurally similar to 16a-hydroxyprednisolone. It is a mixture
of two epimers 22R and 228 in a 1:1 ratio. It has negligible mineralocorticoid activity. Budesonide had 17
times more affinity for glucocorticoid receptors of rat hepatocyte cytosolic fraction as compared with that

-of prednisolone. It caused an inhibition of T-cell proliferation and a decrease in the expression of .

interleukin-2 (IL-2) receptors. Budesonide also caused an inhibition of lipopolysaccharide-induced TNF-
o release from rat alveolar macrophages and it was more potent than prednisolone, hydrocortisone or
dexamethasone . It was found to cause a reduction of the allergen challenge-induced plasma exudation in
rat ileum in vitro (ECso, 2.45 nM) and was effective in reducing the lipopolysaccharide-induced TNF
release from rat alveolar macrophages (EDsp, 0.16 nM for budesonide as compared with 5.0 nM for
prednisolone). Budesonide was 30 times more potent than prednisolone in reducing the ileal inflammation
in vivo. Thus, budesonide may exert its anti-inflammatory effect by down regulating IL-2 receptors and
allergen specific immune responses. Budesonide caused a dose-dependent decrease in the stress-induced
plasma cortisol levels in guinea pigs and it was 1/10™ as potent as beclomethasone dipropionate. The
antiinflammatory effect of budesonide was examined in oxazolone-induced colitis in rats. Oral and
intrarectal budesonide caused a suppression of the oxazolone-induced colonic inflammation in rats and
decreased the myeloperoxidase activity of the colonic tissue. Budesonide CIR formulation caused
reductions in colonic inflammation and decreased the number of mast cells in trinitrobenzene sulfonic acid
induced colitis in hamsters. Intra-rectal administration of budesonide was efféctive in reducing the
inflammatory scores and epithelial permeability in oxazolone-or acetic acid- induced colitis in rats.
Budesonide was found to cause an inhibition of the DNA binding activity of NF-xB and cell proliferation
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in an intestinal epithelial cell line and pro-inflammatory cytokines secretion by IBD mononuclear
phagocytes.

The biological activities of budesonide and its two major metabolites. were assessed in the rat ear
edema test. The ratios of potencies for budesonide, 6B-hydroxybudesonide and 16a-hydroxyprednisolone
were 1: 0.007: 0.0005. The relative affinities of budesonide, 6B3-hydroxybudesonide and 16a-
hydroxyprednisolone for the glucocorticoid receptors were 1, 0.008 and 0.004 }espectively. ’

In vivo pharmacokinetic studies were conducted in mice, rats, dogs and monkeys. In mice, rats
and dogs, the drug was absorbed rapidly after oral administration of an ethanol/saline solution (T in
mice 5-10 min, in rats 10-20 min and in dogs 1 hr). The oral absolute bioavailabilities of the drug were
35%, 32.4% and 9-19% in mice, rats and dogs respectively. Following oral administration in rats,
maximum plasma concentration of the parent compound was reached rapidly (Tmax, 0.50 hour);
absorption following intrathecal administration was faster (Tmax, 0.083 hour). Peak plasma radioactivity
. (4.079 ng.eq/ml) was attained 2.5 hours after dosing and slowly declined over time. In monkeys, oral
bioavailability of budesonide from both plain and CIR capsules were limited. From the plain capsules, the
bioavailability was 1.7 — 2.3% with T 0f 1.5 - 3.0 hours and T, of 2.44 — 3.37 hours in monkeys. From
the CIR capsules, the bioavailability was 0.9 — 1.4% with a Trax of 3.0 hours and T}, of 2.91 — 3.49 hpurs
The extremely low oral bioavailability of budesonide after oral dosing in monkeys could be related to 1ts
extensive first pass metabolism and/or low absorption. In dogs, absorption of inhaled budesonide powdér
was rapid, Tpax Was reached at 6 minutes after dosing. Following a single intrathecal dose, radioactivity
" was detected in the following tissues: thyroid, choroid plexus, gall bladder, lung, liver, trachea, nasal and
gastric mucosa, salivary and lacrimal glands, pancreas, pituitary, pineal body, adrenal cortex, stomach and
stomach contents. The maximum radioactivity was detected in the trachea and the stomach. The two major
metabolites detected after intrathecal administration were 16a-hydroxyprednisolone and 6f3-
hydroxybudesonide. In the human liver, budesonide was specifically metabolized by the Cytochrome
P4503A (CYP3A) enzyme isoform. In rats, the major part of the radioactivity was eliminated by the fecal
route (67.8%) followed by the urinary route (~17%). In dogs, after i.v. or oral administration, 55-60% of
the administered dose was excreted in feces and 12-20% was excreted in the urine. In rabbits, about 40%
of the i.v. dose was excreted in the feces and about 46% of the administered dose were excreted in the
urine.

The metabolism of the 228 and 22R epimers by the S9 fractions of rat liver and brain was
examined in vitro. For each epimer, 5-6 metabolites were identified; three of the metabolites were
identified as 16a-hydroxyprednisolone and R- and S- epimers of 6B-hydroxybudesonide. The degradation
of budesonide by the rat S9 fractions was 6-8 times faster in the male rats as compared with the females.

In vitro, budesonide was found to form fatty acid conjugates with human lung and liver
microsomes. Plasma protein binding of budesonide was very low; 12.8-14.55, 7.7-8.4%, 10.4-11.2%,
12.5-15.3% and 14.0-14.2% of drug was protein bound in human, rat, dog, rabbit and mouse respectively.

The formation and degradation of 21-aldeyhydes of budesonide and cortisol by human, mouse
and rat liver were assessed after incubation of the tritium-labeled steroids with the mitochondrial and
cytosolic fractions of the liver. There was 21-aldehyde formation when budesonide was incubated with
human, rat and mouse liver mitochondria. The concentration of the 21-aldehyde was the highest in the
human liver mitochondria followed by mouse and rat. The 21-aldehyde was also formed in human
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- microsomes, in concentrations higher than mitochondria. Incubation of the 21-aldehydes of budesonide
and cortisol with human liver cytosol or mitochondria resuited in a rapid conversion to the parent
compound; a small part of it was oxidized to the carboxylic acid.

To investigate whether budesonide is metabolized to reactive products in the rat liver and brain,
-the co-valent binding of the compound to rat tissue proteins was examined. Budesonide was bound to
liver tissue proteins suggesting that budesonide may be converted to reactive metabolites that bind co-
valently to liver tissues. In another study, the extent of reactive metabolites formed was assessed by
measuring the binding of budesonide to tissue macromolecules of the rat liver and brain S9 fractions. In .
the liver, the 22R epimer was bound more than the 228 epimer; the binding of 22S epimer was higher in
males as compared with females. No such differences in the binding were observed in brain fractions.

The acute toxicity studies of budesonide were conducted in mice, rats and dogs. When given to
mice by s.c and oral routes, the MLDs for male mice were 25 mg/kg and 400 mg/kg by s.c. and oral routes
respectively and the MLD for the female mice was 200 mg/kg by the oral route. In male mice the MLDs
for budesonide (S1320), its S-epimer (S1321) and its R-epimer (S1322) were 50, 140 and 64 mg/kg
respectively by the s.c. route. The three compounds produced similar clinical signs such as decreased
motor activity, piloerection and generalized edema. In rats, the MLDs were 7 mg/kg and 20 mg/kg in
males and females respectively when administered by the s.c. route. The clinical signs observed in.rats; !
were not reported. .

' L

In the 1-month oral gavage toxicity study in Sprague-Dawley rats, budesonide doses of 0, 0.05,
0.5, 5.0 and 50 mg/kg/day were used. Mortalities were observed at 5 mg/kg and higher doses, and were
related to the toxicological effects of the drug such as gastric ulcerations, atrophy of the thymus, spleen,
lymph nodes and adrenal glands. The body weight gains were decreased in both males and females
receiving the drug. There were dose-related decreases in WBC in both sexes (up to 61% in males and
64% in females). Histopathology showed atrophy of adrenal glands and lymphoid organs and gastric
ulcerations in most treated animals. There was increased fat deposition in the liver at 5 mg/kg and higher
doses. The ‘no effect dose’ was not established in this 1-month oral toxicity study, however, the toxic
effects observed are the typical glucocorticoid effects.

In the 3-month s.c. toxicity study in young (6-7 days old) SD rats, 0, 0.2, 2 and 20 pg/kg doses
of budesonide were used. At.2 pg/kg, there were 7% decreases in weight gains; at 20 pg/kg, thére were
18% and 16% decreases in weight gains in the males and females respectively. There were deaths in the
high dose groups (2/15M and 2/15F) and were related to the toxic effects of the drug (gastric ulcerations,
atrophy of the thymus, spleen, lymph nodes and adrenal glands). WBC counts were decreased by 22-27%
in the high dose males and females. Histopathological examinations were done only in the control and the
high dose groups and revealed hypoplasia of the mesenteric lymph nodes, thymus atrophy and slight
changes in the growth plates of long tubular bones (distal femnur, proximal tibia) with cartilage retention
and sclerosis of the primary spongiosa, extramedullary hematopoiesis in the spleen, slight bone marrow
hypoplasia, and lipid depletion of zona fasciculata of the adrenal in somie of the high dose animals. The 2
pg/kg/day dose can be considered as the well tolerated dose in this study. '

Two 26-week toxicity studies were conducted in rats. In the first 26-week s.c toxicity study in
Wistar rats, doses of 0, 5, 20 and 80 pg/kg/day were used. The body weight gains in the males were
reduced by 8%, 23% and 40% at low, mid and high doses respecnvely, in the females, the body weight
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gains were reduced by 16% and 34% at mid and high doses respectively. There were significant

reductions of the WBC (30 to 39%) and lymphocyte (41 to 47%) counts in both sexes receiving the high
dose. Histopathological examinations revealed atrophy of lymphoid organs in most of the mid- and high-

. dose rats. In addition, there were acinar hyperplasia and secretion in mammary gland in mid and high dose -
animals of both sexes. There were moderate panacinar hepatocytic fine vacuolation in most of the high
dose females and dilatation of the uterus (0/15, 1/15, 3/15 and 5/15 in control, low, mid and high doses
respectively) at all doses. The 5 pg/kg/day dose was the well tolerated dose in this study as it produced
only 14% reduction of the relative adrenal weights and moderate panacinar hcpatocytlc fine vacuolation
and uterine dilatation (each in 1 of 15 ammals)

In the second 26-week s.c. toxicity study in Wistar rats, 0, 0.01, 0.1 and 5.0 pg/kg/day doses of
budesonide were used. The high dose produced 14-17% reduction in relative adrenal weight in the males.
The ‘no effect dose’ was 0.1 pg/kg/day in this 26-week study.

In the one-month s.c. toxicity study in New Zealand White rabbits, 0, 25 and 100 pg/kg/day
doses of budesonide were used. There were decreased body weight gains in females (23% and 42% at 25
and 100 pg/kg/day respectively). Histopathological changes included atrophy of the adrenal glands (4/6 at
low and 6/6 at high dose), regression of the thymus (3/6 at low and 6/6 at high dose) and minimal
endometrial hyperplasia in females (1/3 at low and 3/3 at high dose). The ‘nq effect dose’ was not. 5‘;
established in this study. '

In the one-month oral gavage toxicity study in dogs (1/sex/group), budesonide doses of 0.01, 0.1
and 1.0 mg/kg/day were used. The high dose males and females had significantly higher serum alkaline
phosphatase (males- 622% and females- 70%) and serum alanine aminotransferase (males-172% and
females- 60%) Jevels. Plasma cortisol levels were significantly lower in the mid- and high- dose animals.
Histopathological changes included atrophy of the adrenal glands and lymphoid organs and increased
glycogen contents of the liver in the mid- and high- dose animals. The target organs of toxicity were the
liver, adrenal glands and the lymphoid organs. The 0.01 mg/kg/day-dose was the ‘no effect dose’ in this -
study and the 1.0 mg/kg/day can be considered as a well tolerated dose.

: In the 4-week preliminary oral toxicity study with controlled ileal release budesonide capsules
(CIR) in monkeys, doses of 100, 330 and 1000 pug/kg/day were used. No treatment-related changes were
observed in any groups. The plasma drug levels increased with increasing doses and there was no
accumulation of the drug with repeated dosing. No sex differences in the plasma drug concentrations were
observed. No target organs of toxicity were identified and the ‘no effect dose’ was 1000 pg/kg/day.

In the 26-week toxicity study with budesonide CIR capsules in monkeys, oral doses of 0, 0.5, 2.0
and 5.0 mg/kg/day were used. The body weight gains were reduced by 52% and 44% in the males at mid
and high doses respectively; in females, the body weight gains were reduced by 59%, 45% and 99% at
low, mid and high doses respectively. Typical glucocorticoid toxicities such as decreased serum cortisol
(up to 38%), increased serum glucose (18%), decreased thymus and adrenal weights were observed in the
high dose animals. In addition, reduced cellularity of the thymus was observed in the high dose males (2
_ of 4). The highest tested dose (5.0 mg/kg/day) can be considered as a well-tolerated dose in this study, as
the adverse effects were the typical glucocorticoid effects.
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_In the s.c. Segment I fertility and general reproductive performance study in rats, budesonide
doses of 0, 5, 20 and 80 pg/kg/day were used. At the low dose, there were no abnormal effects on the
fertility and mating performance of the animals. However, at 20 pg/kg/day and higher doses, budesonide
was materno- and feto-toxic (decreased body weight gains in the dams and decreased prenatal viability
and viability of the young at birth and during lactation). .

In the s.c. Segment II teratology study in rats, budesonide doses of 0, 20, 100 and 500 pg/kg/day
were used. Budesonide was materno-toxic (decreased body weight gains, decreased food intake,
piloerection and drowsiness), fetotoxic (increased resorptions, decreased pup viability, decreased litter
size and decreased pup weights) and teratogenic (umbilical eventration [control: 0%, low: 0%, mid: 1.5%,
high: 19.7% on the basis of fetuses], cleft palate [control: 0%, low: 0%, mid: 1.2% and high: 6.3% on'the
basis of fetuses) and reduced ossification of the skull bones in combination with multiple skeletal defects).

In the s.c. Segment II teratology study in rabbits, budesonide doses of 0, 5, 25 and 125 pg/kg/day
were used. Budesonide was materno-toxic (decreased body weight gains, decreased food consumptions,
diarrhea, vaginal bleeding and abortion [two does in the mid dose group and all does in the high dose
group had abortion], fetotoxic (fetal weights at the low- and mid- dose groups were 16% and 27% lower
than controls respectively) and teratogenic (1/117 fetus from the mid dose group had brachygnathia
superior in combination with fusion of the frontal and nasal bones). The frequency of skeletal "~ §p
abnormalities were increased markedly in the high dose group (control: 14.3%, low: 18.3% and high: .
52.7%). ' .

In the s.c. Segment ITI pre- and post- natal developmental study in rats, budesonide doses of 0, 5,
20 and 80 pg/kg/day were used. From treatment Day 15 to 21, the body weight gains were decreased by
10%, 35% and 59% at low, mid and high doses respectively. There were significant decreases in litter
size, pup weights and pup viabilities at Days 7 and 21 in the high dose group. The mid dose group had
similar effects but of lower magnitude. Physical development of the pups was also affected in the high
dose group. '

In the 91-week oral (via drinking water) carcinogenicity study in CD1 mice, budesonide doses

- of 0, 10, 50 and 200 pg/kg/day were used. The doses were selected on the basis of a 3-month drinking
water dose range-finding study in which doses of'0, 0.01, 0.05, 0.2 and 0.7 mg/kg/day were used. The
highest dose tested (200 pg/kg/day) was close to MTD. The body weight gains of the males were reduced
by 9%, 16% and 38% at 0.05, 0.2 and 0.7 mg/kg/day doses respectively and the body weight gains of the
females were reduced by 23% and 33% at 0.2 and 0.7 mg/kg/day respectively. So, the sponsor selected

0.2 mg/kg/day as the highest dose in this 91-week carcinogenicity study. Budesonide was not carcinogenic

to mice in this 91-week carcinogenicity study.

The sponsor has conducted 3 separate carcinogenicity studies with budesonide in rats.
In the first 104-week oral (drinking water) carcinogenicity study in SD rats, 0, 10, 25 and 50 pg/kg/day
doses were used. The doses were selected on the basis of a 3-month oral dose range-finding studyin
which doses of 0, 0.01, 0.05, 0.2 and 0.7 mg/kg/day were used. The body weight gains were reduced by
14%, 28% and 54% in males at 0.05, 0.2 and 0.7 mg/kg/day and by 10%, 22%, 50% and 82% in females
at0.01, 0.05, 0.2 and 0.7 mg/kg /day doses respectively. So, the sponsor selected 10, 25 and 50 pg/kg/day
doses for the carcinogenicity study. The highest tested dose was close to MTD. There were significant
increase in the incidences of gliomas in the male rats receiving budesonide (control: 2%, low dose: 0%,
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mid dose: 6%, high dose: 14%; p=0.0007). In addition, primiary hepatocellular neoplasms were also

increased in the treated males (control: 4%, low dose: 6.1%, mid dose: 18% and high dose: 16%,
p=0.004).

To confirm the above findings, the sponsor conducted a second carcinogenicity study using only
the high dose (50 pg/kg /day) in the male Sprague-Dawley rats. In addition, two reference corticosteroids
(prednisolone, 400 pg/kg/day, and triamcinolone acetonide, 15/10/5 ug/kg/day) were included in the study
and only the brain and the liver were examined histologically. In this repeat study, there were no
significant increases in the incidences of glioma; thus the findings of the first study was not reproducible.
However, the combined incidences of hepatocellular adenomas and carcinomas were significantly
mcreased in all treated groups. "

In the third 104-week oral (drinking water) carcinogenicity study with budesonide in male
Fischer-344 rats, the vehicle, budesonide (50 pg/kg/day), prednisolone (400 p.g/kg/day) or triamcinolone.

acetonide (15 pg/kg/day) were used. This study had numerous GLP problems and was decided not to be
‘used for safety assessment.

" The findings of the rat carcinogenicity studies were submitted to the CAC for advice and

recommendations. The CAC recommendations were included in the labeling of budesonide (Rhmocod}
nasal inhaler which are as follows:

There was no evidence of a carcinogernic effect when budesonide was administend orally
for 91 weeks 1o mice al doses up to 200 ug/kg/day (600 up/m¥day).

in a 104-week carcnogamdty study in Sprague-Dawley rats a statistically signrﬁcant
mcteasslnlhomddm ﬁoammobsamedmmmr%

(300 pg/miiday) orally; as ware seen in male rats recelving of10 and

25 'day (60 and 150 m’lday) or in female rats at any dose. Two additional
m ‘ suﬂéshavebeenpedo rmed with oral budesoride at doses of
50 yglkg/day (300 yglm'lday) in male Sprague-Dawiey and Fischer rats. These siudies
not demonstrate an increased glioma incidence in budesonide treated animals as -
comparod with concusrent controls or relsnnco glucocorticosteroid treated groups
(prednisolone and triamcinolone acetonide).
Compared with concurrent control male Sprague-Oawley rats there was a statistically
significan! increase in the incidence of hepatoceiiular tumars. This finding was confirmed
in ail three steroid groups (budesorﬂde. prednisolone, triamcinolone acstonide) in the
second study in male Sprague-Dawley rats.

»

The genotoxic potential of budesonide was tested in six different tests that include the Ames
tests, L 5178Y/TK mouse lymphoma chromosomal aberration assay, in vitro UDS assay, in vitro human
lymphocytes chromosomal assay, mouse micronucleus test and sex-linked recessive lethal test in
Drosophila melanogaster. Budesonide had no mutagenic potential in any of the above mentioned tests.

The genotoxic potential of 21-dehydrobudesonide (21-DHB) was examined in the Ames tests, in
vitro human peripheral blood lymphocytes chromosomal aberration assay, and in vivo mouse
micronucleus assay by the i.v. route. 21-DHB was found to be positive in the Ames tests (in strains
TA100-and TA98 both in the presence and absence of metabolic activation). In the human peripheral
blood lymphocytes chromosomal aberration assay, the first test was positive in the absence of metabolic
activation; however, the two repeated tests were negative. The in vivo mouse bone marrow micronucleus
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assay was negative at i.v doses up to 47 pg/kg. The 21-aldehyde of cortisol (21-dehydrocortisol) was also
positive in the Ames tests on 3 tester strains (TA100, TA102 and TA98).

The sponsor submitted NDA 21-324 for budesonide controlled ileal release (Budesonide CIR)
capsules (Entocort Capsules) for the treatment of mild to moderate Crohn’s disease affecting the ileum
and/or the ascending colon. Budesonide is available in the US (Rhinocort Nasal Inhaler and Pulmicort
~ Turbuhaler) for the treatment of allergic rhinitis and for the maintenance therapy of asthma. Oral
bioavailability of budesonide from the CIR capsules is very limited; only 0.9% to 1.4% of the
administered dose is bioavalable in monkeys. Most of the adverse effects observed in preclinicat
toxicology studies (such as gastric ulcerations, atrophy of the thymus, spleen, lymph nodes and adrenal
glands, decreased WBC levels and decreased plasma cortisol levels) are related to the glucocorticoid
activity of the compound. Although, budesonide had typical glucocorticoid side effects in experimental -
animals, the effects were milder as compared with other glucorticoids. In rats, budesonide was compared )
with prednisolone and dexamethasone for their effects on the thymus; the two glucocorticoids caused
_ reductions of the thymus weights or the number of T-cells in the thymus, while budesonide had no effect
on the thymus. Budesonide was less effective (0.1 times) than beclomethasone in suppressing the stress-
induced increase in the plasma cortisol levels in guinea pigs. The sponsor has adequately characterized
budesonide and conducted sufficient preclinical oral and subcutaneous toxicity studies in diﬁ'erent‘spe.z'tes.

RECOMMENDATION: - | .

From a preclinical standpoint, the NDA application is approvable.

Sushanta_ Chakder, Ph. D. : Date
Comments:
. o Tasti B, Choudary, B.V.Sc,, Ph.D. Date
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