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Protocol SD-039-0718: This is a 12-week randomized, double-biind, double-dummy,

placebo-controlled trial to compare the safety and efficacy of Symbicort HFA pMDi versus:
its monoproducts, Budesonide HFA pMDI and Formoterol Turbuhaler, in asthmatic children
(6 to 11 years). Symbicort, a fixed combination product, containing budesonide and
formoterol, 40/4.5 ug per puff, respectively, will be administered as two inhalations twice
daily. Budesomde (40 pig/puff) or formoterol (4.5 pg/inhalation) will be administered as two
inhalations twice daily. Subjects will undergo a 2-week run-in period during which they will
be instructed to discontinue use of their current asthma therapy and use a single-blinded
medication (Budesonide HFA PMDI; 40 pg/puff). This will be followed by a 12-week
randomized double-blind treatment in one of four groups-as' shown in the diagram below.

Each group will consist of approximately 135 patients. The primary efficacy variable will be
morning peak expiratory flow.
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Protocol SD-039-719: This is a 6-month open-label safety study to evaluate and compare
the safety of Symbicort HFA pMDI with Pulmicort Turbuhaler in asthmatic children (6-11
years). Symbicort, a fixed combination product of budesonide and formoterol, 160/4.5 Mg,
respectively, will be administered as two inhalations twice daily. Pulmicort, 200
pg/inhalation, will be administered as 2 inhalations twice daily. After a 1-week baseline
period during which time subjects will continue to use their normally prescribed inhaled
corticosteroid, subjects will be randomized to one of two treatment groups as shown in'the
diagram below. The Symbicort and Pulmicort-groups will consist of 100 and 50 pahents

respecllvely The primary safety variable is reported adverse events.
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Non-U.S. Studies: The sponsor is conducting a 12-month safety and efficacy tiial (SD-039-
0715) to compare Symbicort HFA pMDI (budesomdelformoterol) 160/4.5 g, 2 actuations
BID with Symbicort Turbuhaler (budesonide/formoterol) 160/4.5 ug, 2 inhalations BID in
subjects >12 years of age. There will be 300 patients treated with Symbicort HFA pMDI
and 150 patients treated with Symbicort Turbuhaler.

Previous clinical experience:
Budesonide:

Pulmicort Turbuhaler (DPI) is an approved drug product (AstraZeneca). Budesonide
HFA pMDI is not an approved drug product. Pulmicort Turbuhaler is indicated for the
maintenance treatment of asthma as prophylactlc therapy in adult and pediatric patients six
years of age or older.
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The recommended starting dose and the highest recommended dose of Pulmicort
Turbuhaler, based on prior asthma therapy, are listed in the following table.

mevious ecommended ighest
erapy tarting Dose ecommended Dose
Adults: IBronchodilatoxs alone 200 to 400 meg twice daily] 400 mcg twice daily
{Inhaled Corticosteroids * 200 to 400 meg twice daily 800 mcg twice daily
IOral Corticosteroids 400 to 800 meg twice daily 800 meg twice daily
[Children: [Bronchodilators alone 200 meg twice daily] 400 meg twice daily
finhaled Corticosteroids * 200 meg twice daily] 400 meg twice daily
lOnl Corticosteroids The highest recommended dose in children
Jis 400 meg twice daily
In patients with mild to moderate asthma who are well controlled on inhaled corticosteroids, dosing]
ith PULMICORT TURBUHALER 200 mecg or 400 mcg once daily may be considered]
(CORT TURBUHALER can be achnhxisteredoncedailyeiﬁerindxemo;’_-mgorinﬂxeevening

Formoterol fumarate dihydrate:

AstraZeneca is developing formoterol fumarate dihydrate as a drug product under
———= . Foradil Aerolizer (formoterol fumarate dihydrate) Formoterol Turbuhaler is an
approved drug product (Novartis).

In Phase Ill clinical trials conducted by AstraZeneca with formoterol, the human
clinical dose is 9 pg twice a day (i.e., 18 ug/day), which is equivalent to 0.36 pg/kg/day.
Foradil Aerolizer (Novartis) is indicated for long-term, twice-daily (moming and evening)
administration in the maintenance treatment of asthma and in the prevention of
bronchospasm. For adults and children 5 years of age and older, the usual dosage is the
inhalation of the contents of one 12-mcg Foradil capsule every 12 hours using the
Aerolizer™ Inhaler. The total daily dose of Foradil should not exceed one capsule twice
daily (24 mcg total daily dose).

Disclaimer: Tabular and graphical information is from sponsor’s submission unless
stated otherwise.

Introduction and drug history:
The sponsor submitted a pre-IND meeting package dated February 28, 2001.
AstraZeneca LP proposed to develop Symbicort®, a combination product consisting of a
glucocorticoid (budesonide) and a long acting £, agonist (formoterol), for marketing in the
United States. in the meeting package, the sponsor stated that the proposed product would
be available in two dosage levels: 80 g budesonide/4.5 ug formoterol per actuation and
160 pg budesonide/4.5 g formoterol per actuatlon

T The inhalation device will be a pressurized metered dose inhaler
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(PMDI). The aerosol formulation contains excipients, povidone K25 (PVP K25) and
polyethylene glycol 1000, and 1,1,1,2,3,3,3-heptaflucropropane (HFA-227) as the
propellant. Symbicort® Turbuhaler® is not being developed for the United States, as it is
unable to meet current FDA requirements for dry powder inhaler (DPI) drug products.

The sponsor has extensive experience with the mono-products, budesonide and
formoterol, that comprise the Symbicort® drug product.

Budesonide is the active ingredient in 5 approved drug products from AstraZeneca
that are marketed in the United States. These drug products include Rhinocort (NDA 20-
233), Pulmicort Turbuhaler (NDA 20-441), Rhinocort Aqua Nasal Spray (NDA 20-746),
Pulmicort Respules (NDA 20-929), and Entocort Capsules (NDA 21-234). These drug
products are supported by an extensive array of preclinical studies with budesonide that
include carcinogenicity studies. For the Pulmicort Turbuhaler, the approved dose is 200 to
400 pg twice daily (i.e., 400 to 800 ug/day) for adults and children. For a 50-kg person (i.e.,
212 years of age), this dose is equivalent to 8 to 16 ug/kg/day. For a 20-kg child (i.e., 6-11
years of age), the dose is equivalent to 20-40 pg/kg/day.

Formoterol (Oxis turbuhaler; IND ~—— s an investigational drug in the United
States under development by AstraZeneca. An extensive array of preclinical studies has
been conducted under this IND, which include carcinogenicity studies. The human clinical
dose of formoterol in Phase ill clinical trials is 9 ug twice a day, which is equivalent to 0.36

Hg/kg/day.

In the pre-IND meeting package dated February 28, 2001, the sponsor submitted
one preclinical question with four parts. The question and Division’s responses that were
conveyed to the sponsor in a teleconference on May 3, 2001 are listed below.

Does the Agency concur that the presented pharmacology / toxicology / metabolism
studies are sufficient to support the described clinical program and registration of
Symbicort pMDI, specifically:

) Combination studies of 3-month duration are sufficient to support the
proposed clinical program.

The Division stated that completion of 3-month bridging studies with
the aerosol inhalation combination drug product in rats and dogs would
appear sufficient to support the proposed clinical program. Reports of the
completed bridging studies conducted with the dry powder formulation
should be submitted along with these studies using the aerosof formulation.

) Juvenile animal studies conducted with the mono-products are sufficient to
support pediatric trials (~ 6 years of age) with the combination product.

The Division stated that juvenile animal studies are generally required
to support clinical trials with inhalation drug products in pediatric patients « 2

x
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years of age. Thus, the 3-month bridging studies described above would
appear sufficient to support pediatric trials with children - 6 years of age.

) Genotoxicity and carcinogenicity studies conducted with the mono-products
are sufficient to support the combination product.

" The Division stated that the genotoxicity and carcinogenicity studies
conducted with the mono-products would be sufficient to support the
combination product. The excipient Povidone K25 appears to be acceptable
based upon its use in the drug product, Trental® tablets, which is
administered for chronic indications. The excipient polyethylene glycol 1000
appears to be acceptable based upon its use in food (21 CFR 172.820).

) Teratology study in rats conducted with the combination product is sufficient
to support women of childbearing potential in phase lil trials.

The Division stated that reproductive toxicology studies conducted
with individual drug products and the teratology study in rats conducted with
the aerosol inhalation combination drug product would appear sufficient to
support enrolling women of child bearing potential in the Phase 3 clinical
trials.

(Note: The sponsor stated that they would provide this report for a
teratology study with the Symbicort HFA pMDI formulation in rats prior to
initiating clinical trials in May 2002. It was not provided in the present
submission.)

On June 15, 2001, AstraZeneca submitted a second pre-IND meeting package
based upon the Division’s concemns that the sponsor's proposed plan presented a
pharmaceutics hurdle to show that the relative safety and efficacy of Symbicort HFA pMDI
were not confounded by formulation differences between the mono-products and the
combination product. The sponsor proposed to utilize a Pulmicort (budesonide) HFA pMDI
formulation in clinical studies, having the identical ingredients (except for the absence of
formoterol) and device components as Symbicort HFA pMDI, to simplify the interpretation
of the comparison of the budesonide component in Symbicort to Pulmicort. The sponsor
had one preclinical question in this package. The guestion and the Division’s response are
listed below.

At our May 3, 2001 teleconference, the Division stated that completion of 3-
month bridging studies in the Symbicort HFA pMDI formulation in rats and dogs and
the reproductive studies in rats (see attached Table 3 in the package) would appear
sufficient to support the proposed clinical program. Please note that references to
Pulmicort HFA pMDI in the toxicology tables 1 and 2 from the February 28, 2001
submission used different formulations. Does the Agency concur that the same
information (see attached Table 3, also provided in the February 28, 2001
submigsion) is adequate to support the use of Puimicort HFA pMDI formulation

X
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(identical formulation as Symbicort HFA pMDI without formoterol) in this revised
development program? '

Provided that the Symbicort HFA pMDI formulation used in the
bridging toxicology studies is identical to the clinical formulation, these
studies may also support the use of the Puimicort HFA pMDI formulation. In
addition, preclinical studies conducted with budesonide HFA pMDI may
assist in bridging the Pulmicort HFA pMDI, proposed for clinical use, and the
approved drug product, Pulmicort Turbuhaler. However, General
Correspondence dated June 15, 2001 appears to indicate that the
formulation(s) of the budesonide HFA pMDI used in a 3-month inhalation
toxicity study with rats (Report No. 96199-1), a 1-month inhalation toxicity
study with dogs (Report No. 97119-01), and a teratology study with rats
(Report No. T824) may possibly differ from one another as well as the
formulation of the Pulmicort HFA pMDI proposed for clinical use. in the IND
submission, provide the following: (1) a detailed description of the
formulations of the budesonide HFA pMDI used in preclinical studies and the
Pulmicort HFA pMDI proposed for clinical use; and (2) reports of preclinical
inhalation toxicity studies conducted with the budesonide HFA pMDI (i.e.,
report numbers 96199-1, 97119-01, and T824).

Excipients, Povidone K25, polyethylene glycol 1000, and HFA-227,
are not found in any approved inhalation drug products at present. During the
May 3, 2001 teleconference, AstraZeneca agreed to provide references for
inhalation toxicology studies conducted with these excipients. These
references should be provided in the IND submission. AstraZeneca should
ensure that excipients, Povidone K25, polyethylene glycol 1000, and HFA-
227, have been included in the 3-month bridging studies with the Symbicort
HFA pMDI formulation in rats and dogs as well as the rat teratology study.
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Studies reviewed within this submission:

STUDY

REPORT NUMBER

PHARMACOLOGY
PHARMACOKINETICS/TOXICOKINETICS

PK Parameters:

Humans

Comparison of plasma levels of budesonide and formoterol in healthy subjects
after Inhalation by HFA-propelled pMDI and turbuhaler.

S0-039-0626

Relative systemic bioavailability of Symbicort pMDI versus Oxis Turbuhaler plus
Pulmicort Turbuhaler, administered with and without activated charcocal in
healthy subjects. '

SD-039-0713

TOXICOLOGY:

Subchronic Toxicity:

3-month inhalation (budesonlde + formoterol pMDI combination) toxicity study in
rats.

SR-00342-02

3-month inhatation (budesonide + formoterol powder combination) toxicity study
| in rats.

SR-99022-01

—————"""" 6-month inhalation (HFA-227 MDI)/subcutaneous toxicity study
in rats.

96010-2

6//‘;‘«;::5@@ r

3-month inhalation (budesonide + formoterol pMDI Combination) toxicity study
in beagle dogs

SR-00047-01

3-month inhala'tion {budesonide + formoterol powder combination) toxicity study
| in beagle dogs.

SR-99023-01

- 6-month inhalation (HFA-227 MDI)Ysubcutaneous toxicity study
I in beagle dogs.

96012

M It

~———— T 12-month inhalation (HFA-227 MDIYsubcutaneous toxicty

| study in dogs.
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PHARMACOLOGY/TOXICOLOGY REVIEW

L PHARMACOLOGY:

Mechanism of action:

Effects of Formoterol and budesonide on GM-CSF and IL-8 Secretion in Human
Primary Bronchial Epithelial Cells (Report No. 843-RD-0419-01).

Methods: The effect of formoterol alone or in combination with budesonide on tumor
necrosis factora. (TNFa)-induced granulocyte macrophage colony stimutating factor (GM-
CSF) and interleukin-8 (IL-8) production by primary normal human bronchial epithelial cells
in vitro was examined. Cells were treated with 10 ng/mL human recombinant TNFo. with or
without racemic formoterol (10" to 10 M) and racemic budesonide (10° M) for 24 hr. In
separate experiments, the specificity of formoterol-mediated effects was studied by
blocking B.-receptors with the nonselective f-antagonist, propranolol, and by measuring
cellular cAMP levels. Further, the effect of a glucocorticoid receptor (GR) antagonist,
RUA486, on the activity of formoterol was assessed. GM-CSF and IL-8 were measured
using ELISA methods.

Results: Formoterol decreased TNFa-induced GM-CSF production to a maximum of
60% of the control value (i.e., TNFo alone), with a threshold level observed at 10" M.
Formoterol enhanced TNF a-induced IL-8 production to a maximum of 160% of the control
value, with a threshold level observed at 107 M. Treatment with formoterol for 1 hr
produced similar results on TNF a-induced GM-CSF and IL-8 production as observed with
24 hr, although, the threshold level was raised to 10° M. Budesonide (10° M) decreased
TNFa-induced GM-CSF and IL-8 production by 40 and 45% of confrol values, respectively.
The combination of formoterol and budesonide produced an additive effect on TNFa.-
induced GM-CSF production, decreasing levels to 75% of the control value. The
combination of formoterol and budesonide reduced TNFa-induced iL-8 production as
observed with budesonide alone. Treatment with the combination of formoterol and
budesonide for 1 hr produced a smaller inhibition of TNFa-induced GM-CSF production
(i.e., 45% of the control value), however, there was no effect on TNFo-induced IL-8
production (i.e., essentially identical to TNFa alone). RU486 had no inhibitory activity
toward the effects of formoterol (10° M); however, it abolished the effects of budesonide
(10® M). Formoterol induced a dose-dependent increase of CAMP production. Propranolol
at 10° to 107 M blocked CAMP production stimulated by formoterol (1067 M). Propranolol at
>10° M blocked effects of formoterol (10° M) on TNFa-induced GM-CSF and IL-8
production. A 100-fold excess of propranolol was needed to block effects on TNFa-
induced GM-CSF and IL-8 production as compared to cAMP production. The inhibitory
actions of propranolol on effects of formoterol suggest the involvement of p.-receptors.
Formoterol had a very low threshold concentration for reducing GM-CSF production by
bronchial epithelial cells.
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number 850-RD-0474-01)

Methods: interaction between the glucocorticoid, budesonide, and the f,-adrenoreceptor
agonist, formoterol, on airway smooth muscle, with specific reference to the development
of tolerance to B,-agonists, was assessed in male Dunkin Hartley guinea pigs. Animals
were exposed by the nose-only inhalation route to a powder aerosol containing formoterol,
budesonide, or the vehicle (micronized lactose only) as listed in the table below. The
aerosol, produced by a generator at a flow rate of 10 L/min, was directed into an inhalation
chamber. During exposure, animals were restrained in tubes with their snouts directed
against the chamber. Aerosol concentrations in the chamber during exposure were
measured by filter sampling. The amount of substance Each animal was exposed for 10
min twice daily, with 6 hr between exposures, for a total of 6 days. There were four groups
with each group consisting of 6 animals. On day 7, approximately 18 hr after the last
exposure, animals were sacrificed and the trachea and lungs were collected for functional
and radioligand binding studies. The trachea was cut into sections comprising two
cartilage rings with the epithelial layer intact and then cut open ventrally. Cartilage strips
were mounted into organ baths and treated with 0.1 or 1 ymol/L carbachol. After a stable
confraction was established, formoterol was added in a cumulative manner. After the final
addition of formoterol, maximum relaxation was established by addition of 10 pmole/L
isoprenaline followed by 1 mmol/L theophylline. Lungs were processed and the pellet
resulting from centrifugation at 46000 x g was resuspended. The membranes obtained
were used for radioligand binding assays with *H-labeled dlhydroalprenolol {H-DHA).
Specific binding was defined as the difference between total binding (i.e., "H-DHA in the
absence of 10 umole/l. (z)-propranolol) and nonspecific binding (i.e., 3H DHA in the
presence of 10 pmole/L. (+)-propranoliof).

Vehicle-control and Treatment Groups (target inhaled doses of budesonide and formoterol
were 4.5 mg/kg and 75 pa/kg, respectively).

[ Group Moming Exposure Afiemoon Exposure
1 Vehicle Vehicle

2 4.5 mg/kg Budesonide Vehicle

3 Vehicle 75 ug/kg Formoterol
4 4.5 mg/kg Budesonide | 75 ug/kg Formoterol
Resuits:

Based upon analysis of filter samples, inhaled doses of budesonide and formoterol
were 4.6 mg/kg and 73 pg/kg, respectively.

Formoterol caused a concentration-dependent and complete relaxation of tracheal
strip preparations from vehicle-control animals. The ECso was 0.3 nmol/L in the presence
of 0.1 umol/L. carbachol. With strip preparations from animals pretreated with formoterol in

2
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vivo for 6 days, there was a 6-fold shift to the right of the concenfration-effect curve for
formoterol with no change in the maximum response. Strip preparations from animals
pretreated with budesonide in vivo did not alter the ex vivo response to formoterol. Strip
preparations from animals pretreated with the combination of budesonide and formoterol
in_vivo displayed the same ex vivo response to formoterol as observed with strip
preparations obtained from animals pretreated with only formoterol in vivo. Similar resuits
were obtained with tracheal strip preparations incubated in the presence of 1 pmole/L
carbachol, although, the ECs, for formoterol was increased from 0.3 to 1.6 nmol/L.

Effects of treatment with budesonide and formoterol in vivo, alone or in combination, on the
relaxation capacity of formoterol ex vivo.

Carbachol, 0.1 pmole/L Carbachol, 1 pmole/L_

PECq Eeh PECy Ex
Control 9521003 100 8.80 + 0.06 98
Budesonide 953+0.03 100 8.800.07 98
Formoterol 874 %012 7) 8.27 £ 0.09 87
Budesonide  +| 8.80 £0.07 100 8452007 84
Formoterol

B-Adrenoreceptor density, expressed as Bna, in lung tissue from animals
pretreated with formoterol in vivo for 6 days, with or without budesonide, was reduced by
approximately 35% as compared to the vehicle-control or budesonide alone. There were
no significant changes in the dissociation constant (Kp) for any treatment group as
compared to the vehicle-control.

Effects of treatment with budesonide and formoterol in vivo, alone or in combination, on the
density of f-adrenoreceptors in lung membranes.

Group Kp, nmol/l, B, fmole/mg protein
Control 0.47 £0.02 1582 & 209
Budesonide 0.45 £ 0.02 1628 84

Formoterol 0.59 £ 0.04 1053 £ 29
Budesonide + Formoterol 0.46 £ 0.05 1040 2 111

Development of tolerance (i.e., down regulation of B,-adrenoreceptor function) was
evident following repeated treatment with the B,-agonist, formoterol. Tolerance was evident
from the rightward shift of the concentration-effect curve of formoterol for the relaxation
effect on airway smooth muscle and the reduction of the density of $-adrenoreceptors in
the lung. Treatment with budesonide, a glucocorticoid, in combination with formoterol did
not aiter the development of tolerance to formoterol.

Pharmacology summary: In vitro treatment of normal human bronchial epithelial
celis with a combination of formoterol and budesonide produced an additive effect on
inhibiting tumor necrosis factorc-induced granulocyte macrophage-colony stimulating
factor. Inhibitory actions of propranolo! on the effects of formoterol suggest the involvement
of B.-receptors. Formoterol had a very low threshold concentration (i.e., 10" M) for

3
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reducing tumor necrosis factoro.-induced GM-CSF production by bronchial epithelial cells.
Development of tolerance (i.e., down regulation of .-adrenoreceptor function) was evident
following repeated in_vivo inhalation treatment of guinea pigs with the P.-agonist,
formoterol. Tolerance was evident from the rightward shift of the concentration-effect curve
of formoterol for the relaxation effect on airway smooth muscle and the reduction of the
density of P-adrenoreceptors in the lung. Inhalation treatment with budesonide, a
glucocorticoid, in combination with formoterol did not alter the development of tolerance to
formoterol (i.e., tachyphyiaxis).

Pharmacology conclusions: In vilro treatment of normal human bronchial epithelial cells
with a combination of formoterol and budesonide produced an additive effect on inhibiting
tumor necrosis factora-induced granulocyte macrophage-colony stimulating factor.
Budesonide had no effect on development of tolerance (i.e., down regulation of Po-
adrenoreceptor function) following repeated in vivo inhalation treatment of guinea pigs with
the f,-agonist, formoterol.

. PHARMACOKINETIC S/TOXICOKINETICS:
PK parameters:

Comparison of Plasma Levels of Budesonigg and Formoterol in Healthy Subjects
after Inhalation by HFA-propelied pMDI and Turbuhaler (SD-039-0626).

Methods: Plasma concentrations of budesonide and formoterol were compared following
inhalation of a combination of budesonide and formoterol using Symbicort pMDI (Batch
number P5994) and Symbicort Turbuhaler (TBH; Batch number ZM16) in healthy human
subjects. The study design was an open, randomized, two-way crossover design with
fourteen non-smoking healthy Caucasian men or women, between 20 and 33 years of age
(7 males and 7 females). Treatments were administered as single doses with a washout
period of 3 to 7 days as follows: (1) Symbicort pMDI (budesonide/formoterol), 160/4.5 ug,
given as 4 actuations (all at one time) corresponding to a total dose of 640/18 pg; and (2)
Symbicort TBH (budesonide/formoterol), 160/4.5 ug, given as 4 actuations all at once
corresponding to a total dose of 640/18 ug. Blood samples for measurement of plasma
concentrations of budesonide and formoterol were collected at time points over a 12-hr
period after drug administration. Quantities of budesonide and formoterol were measured
with liquid chromatography-mass spectrometry methods. The limits of quantitation for
budesonide and formoterol in human plasma were 0.10 nmol/L. and § pmol/L, respectively.

Results: The sponsor reported that both Symbicort treatments were safe and well
tolerated. Both Symbicort treatments increased the maximal heart rate by 5-10 bpm as
compared to the reference period, aithough, there were no differences between the two
treatments. Maximal QTc was significantly prolonged by 10-20 msec at 0.5, 1,2, and 4 hr
after administration of the Symbicort TBH compared with the reference period or

4
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administration of the Symbicort HFA pMDI. Systemic exposure (i.e., AUC) to budesonide
and formoterol was higher with the TBH as compared to the pMDl AUC values for
budesonide and formoterol resulting from administration of the Symbicort HFA pMDI were
45 and 44%, respectively, of those resulting from administration of the turbuhaler. Plasma
AUC values for budesonide and formoterol with the pMDI were 4.83 nmothr/L and 145
pmothril, respectively. Plasma Cpax values for budesonide and formoterol with the pMDI
were 1.42 nmol/L. and 52.0 pmol/L, respectively. It should be noted that in the présent study,
Symbicort pMDI (budesonide/formoterol), 160/4.5 Mg, was given as 4 actuations all at one
time corresponding to a total dose: of 640/18 ug. While the total dose is the same as the
maximum proposed clinical dose for trials with the pMDI described in the present review,
the drug will be administered as two actuations BID,

SD-039-0626 - Phiarmscokinetic parameters for budesonide.

- Symbicort pMPL | Symbicort Turbubialer | pMDE vs: Turbuhaler*
Pafameter mean  95%CI ___|'mean  O3%CL | mean 95%CL 90% CI
AUE (hmol/L:h) 483 [ 383-607 | 1062 | 845-1335| 45 | 33-63 | 35-59
AUCg, (nmiolL:h) 451 | 355-574 | 1000 | 785-1272{ 45 2-63 | 34-60

Coi(NmolL) 142 | L10- 183 3B 265 -4:43 41 29-59 31-56
Tia (h) 320 | 281-36¢ | 347 | 279-360 | 101 | 84-121 87- 147
MRT (h) 4.07 374440 385 3.52-4.19 022 0.25-0.69 | -0:47-0.:60
Toic{min)® i8. 106l 13 §-60 3 -13-10 -10-9

'Ratios (%) for Tiz, AUCs, AUC and Ciw,s, differences fox MRT and o
*Treatment medion and range (Or Ty, Hodge-Lehimann estimate for treatihent: ‘comparison..

SD-039-0626 - Pharmacokinetic parameters for forinoferol.

, Symiblcon pMDE__| Symbicort Turbuhaler pMDI s Tiicbubaler' |
patatmieter mean  95%Cl | mean _ 95%Cl | mean _ 03%CL _ 90%CL
- 528

AUC (pmal/Lh) 145 | 90.232 | 320 44 23-86 25-76
AUCs, (pmoliLh 91 50-164 | 25¢ 36 15-82 18-71
Cruss. (pmaliL) 520 | 380-712 | 988 53 34-82. 37-76
T (h). 425 | 305-592 | 563 | 404-785 | 75 | 47-120 | Si-1i)
MRT (h) . 105 | &I5-795 | 801 | ®11-891 | 096 | -224-031 | 201-0.08
Toas (min)? 6 5410 | 5 5-10 1 0-2 0.2

“Ratios. (%Y for Tizs AUCsi AUC and C, differences for MET ind Tuus.
*Freatment median and range for T Hodge-Lehimans estimate for treament comparison:

ubpcts’(so-oss-ona)

Methods: Systemic bicavailability of budesonide and formoterol from the Symbicort pMDI
was compared with monoproducts, budesonide and formoterol, administered by
Turbuhaler (T! BH) at the same time. The study design was an. open-label randomized, four-
way crossover study in twenty-eight healthy subjects, 19-to 34 years of age. There were 4
single-dose: treatment periods, two with Symbicort pMDI and two with budesonide TBH +
formoterol TBH given at the same time. Each treatment was given with and wrthout
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activated charcoal. The activated charcoal was used to block gastrointestinal absorption of
drugs. There was a washout period of at least 4 days between treatments. The following
treatments + activated charcoal were administered: (1) Symbicort pMDI
(budesonide/formoterol, Batch number P6041), 160/4.5 ug (delivered dose), 12
inhalations corresponding to a total dose of 1920/54 ug; and (2) budesonide TBH, 200 pg
(metered dose yielding a delivered dose of 160 pg), 6 inhalations corresponding to a total
dose of 1200 pg (metered dose yielding a delivered dose of 960 ug) plus formoterol TBH,
4.5 pg (delivered dose), 6 inhalations corresponding to a total dose of 27 pg. Blood
samples to measure plasma concentrations of budesonide and formoterol were collected
at time points over a 12-hr period after the last dose. Quantities of budesonide and
formoterol were measured using liquid chromatography - mass spectrometry methods.

Results: Twenty-eight healthy subjects were randomized to treatment and 26 completed
the study. Plasma AUC and Cn,, values for budesonide and formoterol obtained with pMDI
or TBH are shown in the table below, although, the values have not been normalized for
differences in doses. Systemic bioavailability of budesonide and formoterol were greater
following administration by TBH as compared with pMDI (with or without charcoal). The
relative bioavailability of budesonide and formoterol following administration of the
Symbicort HFA pMDI were 72 and 82%, respectively, as compared to Pulmicort TBH +
Oxis TBH (without charcoal). Assuming complete charcoal block of gastrointestinal
absorption of drugs for the Symbicort pMDI or Pulmicort TBH + Oxis TBH treatments,
systemic absorption of drugs (i.e., budesonide + formoterol) through the lungs was 72 and
78%, respectively.
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PKITK summary: Plasma concentrations of budesonide and formoterol were compared
following inhalation of a combination of budesonide and formoterol using Symbicort pMDI
and Symbicort Turbuhaler (TBH) in healthy human subjects. Symbicort pMDI or Turbuhaler
(budesonide/formoterol), 160/4.5 pg, was given as 4 actuations all at one time
corresponding to a total dose of 640/18 pg. While the total dose is the same as the
maximum proposed clinical dose for trials with the pMD! described in the present review,
the drug will be administered as two actuations BID. Systemic exposure (i.e.,- AUC) to
budesonide and formoterol was higher with the TBH as compared to the pMDI. Plasma
AUC values for budesonide and formoterol with the pMDI were 4.83 nmothr/L. and 145
pmothrIL respectively.

PKITK conclusions: Symbicort pMDI (budesomdelfonnoterol), 160/4.5 ug, was given as
4 actuations all at one time corresponding to a total dose of 640/18 g to healthy human
volunteers. While the total dose is the same as the maximum proposed clinical dose for
trials with the pMDI described in the present review, the drug will be administered as two
actuations BID. Plasma AUC values for budesonide and formoterol with the pMDI were
4.83 nmothr/L and 145 pmothriL, respectively.
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IV. GENERAL TOXICOLOGY:
Rats

Study title: Symbicort (Budesonide + Formoterol): General toxicity Stu

Daily Administration via the Inhalation (pMDI) Route to Rats for 3 Months.
Key study findings:

+ In a 13-week nose-only inhalation toxicology study, Wistar rats were treated daily with a
Symbicort HFA pMDI formulation containing budesonide, formoterol, povidone K-25 (PVP
K-25), polyethylene giycol 1000 (PEG-1000), and HFA-227. Total doses of budesonide
and formoterol in the low, mid, and high dose groups were 2 + 0.11, 10 + 0.56, and 51 +
2.9 pg/kg/day, respectively. Using a deposition factor of 0.086 to 0.094, deposited doses
for budesonide and formoterol in the low, mid, and high dose groups were 0.2 + 0.010, 0.8
+ 0.048, and 4.8 + 0.27 ug/kg/day, respectively. Two additional groups were exposed daily
to either an excipient-only HFA pMDI aerosol formulation (vehicle control) or to air only (air
control).

+ The NOAEL was identified as the mid dose based on decreases in body weight gain
and thymus weights observed at the high dose. There were no target organs of toxicity.

+ Body weight gains for male and female rats in the high dose group were reduced to 67
and 56% of the air-control, respectively. Thymus weights were decreased for male and
female rats at the high dose, aithough, there were no comesponding histopathological
findings. Decreases of body weight gains and thymus weights could be attributed to the
effects of budesonide. There was no evidence of additive or synergistic toxic effects
between formoterol and budesonide.

- & There were no significant differences in findings between the air- and vehicle-control
groups. Thus, no toxicity can be attributed to PVP K-25, PEG-1000, and HFA-227 at
deposited doses of 0.03, 8.6, and 30300 pg/kg/day, respectively.

Study no: 00342

Volume #, and page #: Volume 5 (of 25), pages 5 to 360

Conducting laboratory and location: Safety Assessment
AstraZeneca R&D Sodertalje
S-151 85 Sodertalje, Sweden

Date of study initiation: September 1, 2000

GLP compliance: Yes

QA report: yes (X)no( )
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Drug, lot #, radiolabel, and % purity: Budesonide/Formoterol fumarate dihydrate, Batch
No. P5992
Formulation/vehicle: See table.

Formulation | was filtered air and was used as the control. Formulation Il was an excipients
only HFA pMDI formulation containing hydrofluoroalkane (HFA-227) propellant, povidone
(PVP K-26), and polyethylene glycol 1000 (PEG 1000). Formulation il was the active pMDI
formulation containing micronized budesonide and formoterol, HFA-227 propellant,
povidone K-25. and PEG 1000.

Formulation Used in group Material Percent, wiw
! 1 Air -

I 2 PVP K-25
PEG 1000
HFA-227

H 3,4,and5 Budesonide
Formoterol

PVP K-25

PEG 1000 |
HFA-227 l

Methods (unique aspects): A Symbicort pMD! formulation containing budesonide, -
formoterol, PVP K-25, PEG-1000, and HFA-227 was administered once daily by nose-
only inhalation to 3 groups of rats for 3 months. Two similarly sized groups were exposed
daily to either an excipient-only HFA pMDI aerosol formulation (vehicle) or to air only (air
confrol).

Dosing:

Species/strain: Wistar {

1) rats were obtained from ——

#/sex/group or time point (main study): 10 rats/sex/group

Satellite groups used for toxicokinetics or recovery: Satellite animals were included for
toxicokinetic measurements. Groups 6 and 10 consisted of 2 rats/sex/group. Groups 7 and
11 consisted of 18 rats/sex/group. Groups 8, 9, 12, and 13 consisted of 6 rats/sex/group.
Age: Rats were approximately 2 months old at the start of dosing.

Weight: Body weight ranges were 240-300 g for male rats and 160-210 g for female rats.
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Doses in administered units: pMDI canisters for the mid dose clinical formulation were

used in preclinical studies.

Group | Compound Inhaled target | Target Exposure | MMAD, Deposned % of
dose, concentration | Duration, | um (B/F) Inhaled
pg/kg/day min pmday Dose

1 Air Control 0 0 20 - -

2 Vehicle 0 0 20 - 0 -

6&10

3 Budesonide + | 2.0 + 0.11 015+0081 |8 ] 0.2 +]91

7 & 11 | Formoterol v 0.010

4 Budesonide + | 10.0 + 0.56 074+0041 |5 08 +) 886

8 & 12 | Formoterol 0.048

5 Budesonide + | 50.0 + 2.80 37+0.21 28 48+027 |94

9 & 13 | Formoterol

Summary of exposure generating conditions.

Group TAr Vehicle Low Dose | Mid Dose | High

Dose

Duration of exposure, 20 20 8 5 27

minutes

Generator air flow 30 30 30 30 30

| (L/min)

Total chamber air supply 50 50 50 50 50

(L/min)

Aerosol flow 0 25 3 7 26

{L/min) - —

Dilution air flow 20 25 47 43 24

(L/min) _

Extraction air fiow 49 49 49 49 49

| (L/min)

Number of pMD! canisters - 3 1 2 3

Puff frequency - 5 5 5 5

(/min)

Mass per actuated canister | 0 0 88/4.8 88/4.8 88/4.8

|_Budesonide/Formoterol (ug)

Nominal Output 0 0 440/24 880/48 132072

| Budesonide/Formoterol (ug/min)

Nominal Concentration 0 0 15/0.8 29116 44/2.4

Budesonide/Formoterol

Reduction of aerosol mass - 1:2 1:17 17 1:1.9

dilution

Mass flow to chamber - o 0.9/0.012 | 4.1/0.2 2313

Budesonide/Formoterol g/l

Actual Concentration - 0 0.48/0.026 | 3.6/0.2 3.5/0.19

Budesonide/Formoterol® ug/t

a. Vehicle generating condition was similar to that of the high dose.
b. Formoterol values are based on analytical data from budesonide assuming same
composition in the aerosol as in the compound mixture.
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Group mean daily doses
Group Body weight, | Exposure Actual aerosol | Inhaled Dose
g duration, min | concentration | pg/kg/day
Mgl Target Actual
2-Males | 3485 20.04 289.324 2830.668
(271.2-400.9) | (12.24-24.72) | (120.331-561.467) (1211.243-
5283.269)
2 - Females | 218.7 20.04 289.324 3177.151
(184.8-239.0) | (12.42-24.72) | (120.331-561.467) (1349.408-
6008.846)
3 - Males 358.7 833 0.47¢° 2.00° 1.894°
(267.1411.2) | (6.67-11.74) | (0.237-0.565) (1.873-2.002)
3 - Females | 215.5 8.33 0.476° 2.00° 2149
(182.0-237.6) | (6.67-11.74) | (0.237-0.565) , (2.116-2.241)
4-Males |3428 544 3.647° 10° 9.588
(266.2-392.1) | (4.63-11.37) | (1.773-4.036) {9.511-10.281)
4 - Females | 207.5 544 3.647° 10° 10.857°
(179.3-225.9) | (4.63-11.37) | (1.773-4.036) (10.660-11.763)
5 - Males 3321 211 3.508° 50° 47.158°
: (272.5-371.9) | (19.77-42.63) | (2.033-4.962) (41.726-47.926)
5 - Females | 194.2 27.1 3.508° 50° 53.883
{179.5-208.8) | (19.77-42.63) | (2.033-4.962) (48.211-54.872) |

a. Budesonide concentration measured by HPLC.
b. Dose of budesonide, pg/kg/day

Route, form, volume, and infusion rate: Nose-only inhalation

The exposure by the inhalation route was effected using nose-only ——
exposure chambers. A separate 10-level chamber with 160 animal ports was used for
each target concentration. Animals allocated to the same aerosol formulation were
exposed together (both sexes) in the same chamber. During exposure, the rats were
restrained in polycarbonate tubes with their snouts protruding into the chamber and their
tails sticking out into the ambient air. Each exposure chamber was operated in a separate
ventilated cabinet to avoid cross-contamination between groups.

The actual aerosol concentration was measured on-line during each exposure by
the use of a light-scatter monitor. Prior to animal exposures, separate tests were
performed to establish a relation between the actual aerosol mass and recordings from the
light-scatter device (i.e., substance correlation factor). Tests were performed with
Formulation ill and for each target aerosol concentration at the nominal target aerosol
generating conditions for Groups 3-5. For each test, a set of five filters, was mounted in the
animal breathing position and exposed for an appropriate time and at a filter sampling flow
rate of 0.25 mbL/min. The particulate mass of aerosol (i.e., budesonide) collected from the
formulation used in dose groups 3-5 was determined by HPLC. The vehicie group was
exposed at the same aerosol generating conditions as that used for the high dose group
Particle size distribution of the test aerosol was determined using a
cascade impactor, followed by measurement of the amount of test compound (i.e.,
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budesonide) on the impactor stages by HPLC. It was estimated that by mass of

the particles, were less than _—

Observations and times:

Clinical signs: Animals were checked twice daily for moribundity or death. All animals
were observed daily for clinical signs of toxicity.

Body weights: Body weights were measured weekly.

Food and Water consumption: Food consumption was recorded weekly. Water
consumption was assessed by daily inspection of water bottles.

Ophthalmoscopy: Ophthalmic examinations were conducted prior to the start of treatment
and at the end of study period.

EKG: Not performed.

Hematology: Blood for measurement of hematology parameters was assessed after
approximately 1 month of treatment and during the last week of dosing.

Clinical chemistry: Blood for measurement of blood chemistry parameters was assessed
after approximately 1 month of treatment and during the last week of dosing.

Urinalysis: Urinalysis was conducted after approximately 1 month of treatment and during
the last week of dosing. Animals were placed in special cages over a time period of 6 hr.
Gross pathology: At the end of the treatment period, animals were sacrificed and
submitted to necropsy examination.

Organs weighed: Absolute and relative organ weights were determined for the brain, lungs,
liver, heart, thymus, spleen, adrenal glands, testes, prostate, ovaries, and uterus.
Histopathology: Tissues were embedded in Histowax, sectioned at 4-6 um, and stained
with hematoxylin and eosin. Tissues were examined for all animals in the air-controi,
vehicle-control, and high dose groups. Tissues were examined for any animals found dead
or sacrificed in a moribund condition.

Toxicokinetics: Blood for measurement of plasma budesonide and formoterol levels was
collected on days 7 and 89 from satellite animals (Groups 6-13). Blood samples were
collected at predose and at 10, 30, 120, 240, and 360 min after completion of dosing.
Animals were sampled only once (i.e,, 1 animal/sex) at each sampling time except for
Groups 7 and 11, which consisted of 3 animals/sex/sampling time. Clinical observations
were conducted to ascertain that these animals were representative of those in the main
study. Satellite animals were killed without necropsy after completed blood sampling.
Plasma “concentrations of budesonide were measured using liquid chromatography
H = tandem mass spectrometry (LC — MS/MS).
Plasma concentrations of formoterol were measured using —___ tandem mass
spectrometry (LC ——MS/MS). The limit of quantification was 5.00 pmol/L for formoterol
and 0.025 nmol/L. for budesonide.

Resuits:

Mortality: None.
Clinical signs: There were no treatment-related clinical signs.
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Body weights: Body weight gains for male and female rats in the high dose group were
severely depressed. ‘

Body weights for males in the air-control group during weeks 1 and 14 were 272.57
and 421.49 g, respectively. Body weight gains for males in the vehicle-control, low dose,
mid dose, and high dose groups were 87.6, 89.6, 86.6, and 66.8% of the air-controi,
respectively. Body weights for females in the air-control group during weeks 1 and 14 were
180.93 and 233.86 g, respectively. Body weight gains for females in the vehicle-control,
low dose, mid dose, and high dose groups were 95.5, 101.3, 88.8, and 55.9% of the air-
control, respectively.

Food consumption: There were no treatment-related effects on food consumption. Water
consumption for female vehicle-control and treatment groups during weeks 1-2, 6-7, and
11-12 were slightly increased to 107.4-116.7, 106.5-118.5, and 106.25-121.4% of the air-
control (21.6-22.4 mL/animal/day), respectively.

Ophthalmoscopy: Ophthalmic examinations did not find any treatment-related effects.

Hematology: Alterations of white cell counts were evident for the male mid and high dose
groups.

Week 5: Neutrophil ratios for the male mid and high dose groups were eilevated to
165.8 and 155.3% of the air-control (0.114), respectively. Neutrophil ratios for the female
mid and high dose groups were both elevated to 122.4% of the air-control (0.138),
respectively. Platelet counts for female rats in mid and high dose groups were decreased
to 90.4 and 93.1% of the air-control (991.0 x 109/L), respectively.

Week 13: White blood cell counts for male rats in mid and high dose groups were
decreased to 88.6 and 82.7% of the air-control (7.99 x 109IL), respectively. Neutrophil
ratios for the male mid and high dose groups were elevated to 117.75 and 137.9% of the
air-control (0.168), respectively. The neutrophil ratio for female rats in the high dose group
was elevated to 133.7% of the air-control (0.184), respectively. Platelet counts for male rats
in mid and high dose groups were decreased to 92.2 and 90.3% of the air-control (1169.7
x 10%L), respectively. Platelet counts for the female mid and high dose groups were
decreased to 90.1 and 91.9% of the air-control (1014.4 x 10°/L), respectively.

Clinical chemistry: Slight elevations of urea levels were evident for male and female
treatment groups, although, a treatment relationship was unclear.

Week 5: Urea levels for male rats in the low, mid, and high dose groups were
elevated to 118.2-129% of the air-control (4.67 mmol/L). Urea levels for female rats in mid
and high dose groups were elevated to 112.5 and 115% of the air-control (6.01 mmol/L),
respectively. Creatinine levels for male rats in the vehicle-control and treatment groups
were elevated to 107-111% of the air-control (40.7 umol/L), respectively. Glucose levels for
female rats in mid and high dose groups were elevated to 111.6-112% of the air-control
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(5.77 mmollL). Potassium levels for female rats in the low, mid, and high dose groups
were increased to 108-111.8% of the air-control (3.39 mmoliL).

Week 13: Urea levels for male rats in mid and high dose groups were elevated to
115.6 and 125% of the air-control (5.83 mmollL), respectively. Urea levels for female rats in
mid and high dose groups were increased to 109 and 116% of the air-control (7.07
mmol/lL), respectively. Bilirubin levels for male rats in the high dose group were elevated to
122% of the air-control (11.8 umol/L), respectively.

Urinalysis: There were no treatment-related urinalysis findings.

Organ weights: Absolute and relative thymus weights were decreased for male and
female rats in the high dose group; however, there were no corresponding
histopathological findings. Absolute and relative liver weights were decreased for the male
mid and high dose groups, which may correlate with histopathological findings of
inflammatory foci.

Thymus: Absolute thymus weights for male vehicle-control, low dose, mid dose,
and high dose groups were decreased to 89, 94.6, 85.8, and 65.2% of the air-control
(0.34540 g), respectively. Relative thymus weights for the male vehicle-control, low dose,
mid dose, and high dose groups were decreased to 88.8, 94.9, 86.7, and 66.3% of the air-
control (16.58% Br.W.), respectively. Absolute thymus weights for the female vehicle-
control, low dose, mid dose, and high dose groups were decreased to 94.8, 89.7, 91.8,
and 69% of the air-control (0.28240 g), respectively. Relative thymus weights for the female
vehicle-control, low dose, mid dose, and high dose groups were decreased to 92.3, 88.1,
91.5, and 70.6% of the control (15.14% Br.W.), respectively.

Liver: Absolute liver weights for the male mid and high dose groups were
decreased to 89.7 and 85.1% of the air-control (13.09 g), respectively. Relative liver
weights for the male mid and high dose groups were decreased to 90.1 and 86.1% of the
air-control (630.3% Br.W.), respectively.

Gross pathology: There were no treatment-related gross pathological changes.
Histopathology: There were no treatment-related histopathological changes.

Histopathological findings for rats treated with a budesonide/formoterol HFA pMDI for 3

months.
Tissue Sex Air-Control | Vehicle- Low Dose | Mid Dose | High Dose
Contro
Liver
-inflammatory foci (Grade 1) M 0/10 010 - - 210
F 0110 1110 - - 1/10
Yoxicokinetics: Using a deposition factor of 0.086 to 0.094, deposited doses for

budesonide and formoterol in the low, mid, and high dose groups were 0.2 + 0.010, 0.8 +
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0.048, and 4.8 + 0.27 ug/kg/day, respectively. AUC and Cp.x values for budesonide and
formoterol on days 7 and 89 increased in an approximately proportional manner with dose.

Toxicokinetic parameters for budesonide on days 7 and 89 in rats that received

budesonide + formoterol by nose-only

nhalation exposure.

Day Low Dose Mid Dose High Dose
Cmax, oM _| AUC nMtr | Cmax, nM | AUC, nMhr_| Cmax, nM AUC, nMhr
Day7 | 0.271 0.313 142 201 4.96 6.87
| Day 89 0.31¢ 0.349 1.77 1.95 8.65 10.3

Toxicokinetic parameters for formoterol on days 7 and 89 in rats
+ formoterol by hose-only inhalation ex|

ure.

that received budesonide

Day  Low Dose Mid Dose High Dose

Cmax, pM__ | AUC, pMhr | Cmax, pM | AUC, pMhr | Cmax, pM__| AUC, pMhr
Day 7 797 16.8 37.1 4.7 161 252
Day 89 9.55 16.1 58.1 67.0 293 392

Summary of individual study findings:

In a 13-week nose-only inhalation toxicology study, Wistar rats were treated daily
with a Symbicort HFA pMDI formulation containing budesonide, formoterol, povidone K-25
(PVP K-25), polyethylene glycol 1000 (PEG-1000), and HFA-227. Total doses of
budesonide and formoterol in the low, mid, and high dose groups were 2 + 0.11, 10 + 0.56,
and 51 + 2.9 ug/kg/day, respectively. Using a deposition factor of 0.086 to 0.094,
deposited doses for budesonide and formoterol in the low, mid, and high dose groups
were 0.2 + 0.010, 0.8 + 0.048, and 4.8 + 0.27 pg/kg/day, respectively. Two additional
groups were exposed daily to either an excipient-only HFA pMDI aerosol formulation
(vehicle control) or to air only (air control). The NOAEL was identified as the mid dose.
Body weight gains for male and female rats in the high dose group were reduced to 67 and
56% of the air-control, respectively. Thymus weights were decreased for mate and female
rats at the high dose, although, there were no comesponding histopathological findings.
There were no target organs of toxicity (histopathological analysis of tissues was confined
to air control, vehicle control, and high dose groups).

‘Decreases of body weight gains and thymus weights could be attributed to the
effects of budesonide. There was no evidence of additive or synergistic toxic effects
between formoterol and budesonide.

There were no significant differences in findings between the air- and vehicle-control
groups. Thus, no toxicity can be attributed to excipients, PVP K-25 and PEG-1000, or the
propellant, HFA-227. Deposited doses of PVP K-25, PEG-1000, and HFA-227 in the
vehicle-control group were estimated to be 0.03, 8.6, and 30300 pg/kg/day, respectively.
The deposition factor for budesonide, formoterol, PVP K-25, and PEG-1000 was
estimated to approximately 8.6 to 9.4%. Given that HFA-227 is a gas, deposition was
assumed to be 100%. The aerosol concentrations of excipients were not measured. The
PVP K-25, PEG-1000, and HFA-227 doses were estimated from the measured dose of
budesonide using the ratio of the four materials in the pMDI formulation on the assumption
that the aerosol generation efficiency was similar. However, the aerosol generation
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efficiency of HFA-227 would have been 100% (gas). Concentrations of excipients in the
vehicle-control were identical to those in high dose formulation; however, exposure times
for the vehicle-control and high dose groups were 20 and 27 min, respectively, requiring
that excipient doses for the vehicle-control group be adjusted by a factor of 20/27.

Study tltle

Key study findings:

¢ In a 13-week nose-only inhalation toxicology study, Wistar rats were treated daily with a
Symbicort formulation containing budesonide and formoterol as a micronized dry powder
blend. Total target doses of budesonide and formoterol in the fow, mid, and high dose
groups were 2 + 0.12, 10 + 0.60, and 50 + 3.0 pg/kg/day, respectively. Using a deposition
factor of approximately 10%, actual deposited doses for budesonide and formoterol in the
low, mid, and high dose combination groups were 0.30 + 0.018, 1.3 + 0.073, and 4.8 +
0.25 ug/kg/day, respectively. Positive control groups were treated with target doses of 50
ug/kg/day budesonide alone or 3.0 pg/kg/day formoterol alone (actual deposited doses of
7.2 and 0.24 pg/kg/day, respectively). A control group received air onily.

+ The NOAEL was identified as the mid dose combination. Target organs of toxicity were
the thymus and spleen. Decreased body weight gains were observed for groups receiving
budesonide only and the high dose of budesonide + formoterol. Observed changes can be
primarily attributed to the effects of budesonide.

+ The incidence of lymphocytolysis in the thymus was increased for male and female rats
in the budesonide only group and male and female rats in the high dose budesonide +
formoterol group.

+ The incidence and magnitude of extramedullary hematopoiesis was decreased for male
rats in the budesonide only group and male rats in the high dose budesonide + formoterol
group.

+ Systemic exposures to budesonide and formoterol were generally greater with the dry
powder formulation as compared to the HFA pMDI formulation.

Study no: SR99022-01
Volume #, and page #: Volume 7 of 25, pages 5 to 383 -
Conducting laboratory and location: !

Date of study initiation: April 12, 1999
GLP compliance: Yes

QA report: yes (X)no ()

Drug, lot #, radiolabel, and % purity:
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Budesonide + Formoterol, Batch number 1111/98 — supplied as a micronized dry powder
consisting of — (w/w) budesonide and — (w/w) formoterol in lactose | ~— wiw).
Budesonide, Batch nhumber 1849/98 — supplied as a micronized dry powder mix consisting
of — (w/w) budesonide in lactose | ™ wiw).

Formoterol, Batch number ZB 202 - supplied as a micronized dry powder mix consisting
of — (wiw) formoterol in lactose . Wiw).

Formulation/vehicle: Conftrol animals were exposed to air only. Test articles were
supplied as micronized dry powders in lactose.

Methods (unique aspects). The toxicity of budesonide and formoterol, from a dry powder
formulation, was assessed after inhalation administration for 3 months.

Dosing:

Species/strain: Wistar rats —

#/sex/group or time point (main study): In the main toxicology study, there were 10
rats/sex/group.

Satellite groups used for toxicokinetics or recovery: There were 12 rats/sex/group for
Group 1 (air control) and 15 rats/sex/group for Groups 2, 3, 5, and 6. There were no
animals for toxicokinetic assessments of Group 4 (low dose of budesonide + formoterol).
Age: At the start of treatment, animals were approximately 10-12 weeks old.

Weight: Body weight ranges were 288-390 g for male rats and 191-270 g for female rats
at the start of treatment.

Doses in administered units: Inhaled doses were estimated as follows

Dose (ug/kg) =MV xT xCC
- BW
MV = respiratory volume/minute (liters)

T = duration of exposure (min)
CC = chamber concentration of active drug (ug/L.)

BW = body weight (kg)

Target doses (ug/kg/day)

Dose Group/Treatment Target Dose Level, ug'kg
Budesonide Formoterol Aerosol

1 = Air Control 0 0 0

2 - Budesonide 50 0 . 600

3 — Formoterol 0 3.0 150

4-B+F 2 0.12 20

5-B+F 10 0.60 1

6-B+F 50 3.0 500

Gravimetric concentrations of the test aerosols were measured in the animals’
breathing zone for Groups 2-6, throughout each exposure period. Gravimetric filter
samples were collected daily. During each exposure period, chamber air was sampled
continuously through pressed glass fiber filters placed in an open faced conical filter holder
in-line with a sampling system comprising a vacuum pump, flow meter, and gas meter.

18

159



Reviewer: Timothy W. Robison. Ph.D.. D.A.B.T. NDA No. 21-929

Budesonide and formoterol on gravimetric filters was determined by chemical analysis. An
aerosol monitor was also used to assess total concentrations of particulate matter present
in the test aerosol during each exposure.

The aerodynamic particle size distribution of the test aerosols was assessed from
each treatment group during weeks 1, 3, 6, 9, and 12 using a cascade impactor. Substrate
collection plates were weighed to determine the amount of test material in each particle
size range. Amounts of budesonide and formoterol were assessed by HPLC analysis.

Inhaled and deposited doses (ug/kg/day
Group Concentration, Time, Inhaled Dose, MMAD, Deposited Dose,
| pg/l min | ug/kg/day pm day
B F B F B F
1-Air 20 0 1] 0 0
1 2-B 7.05 0 20 73 - 472 -
3-F - 0.231 20 - 23 - 0.24
4-B+F | 0234 0.014 20 24 0.14 . 10.30 0.018
5-B+F [ 117 0.064 20 11 0.61 13 0.073
6-B+F|516 0.270 20 | 51 2.7 4.8 0.25
_Aerosol concentrations
Group Target Aerosol | Inhaled Aerosol | Target Aerosol Dose, | Aerosol Mass MMAD
Concentration, ug/t. | Concentration, ug/L | ug/kg/day (GSD), um
1= Air 0 0 0
2-8B 55 70.82 600 -
3-F 14 13.26 » 150 \ —
4-B+F [ 1.9 230 20 —
5-B+F |94 11412 100 ]
6-B+F |47 59.72 500 v

Route, form, volume, and infusion rate: Nose-only inhalation

Animals were dosed by nose-only inhalation for 20 min daily, for at least 91
consecutive days, using a modular stainless steel —— chamber system. Separate
exposure chambers were used for the control and test groups. For inhalation exposure, the
rats were restrained in clear, tapered, polycarbonate tubes. Animals’ snouts protruded
through the anterior end of the restraint tubes. Test atmospheres were generated using a
rotating brush generator device.

Observations and times:

Clinical signs: Animals were monitored for moribundity/mortality twice per day. Animais
were monitored for clinical signs of toxicity during exposure, 1-2 hr after exposure, and at
the end of each working day.

Body weights: Body weights were measured weekly.
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Food and Water consumption: Food consumption was measured weekly. Water
consumption was monitored qualitatively by visual inspection of water bottles throughout
the treatment period.

Ophthalmoscopy: Ophthalmic examinations were conducted prior the start of treatment
and during week 13.

EKG: Not performed.

Hematology: Blood for measurement of hematology parameters was collected on day 91
prior to exposure.

Clinical chemistry: Blood for measurement of clinical chemistry parameters was collected
on day 91 prior to exposure.

Urinalysis: Urine for analysis was collected ovemight on days 88/89 or 89/90 of treatment.
Gross pathology: After completion of the 91-day treatment period (days 92/93), all animals
were sacrificed and submitted to necropsy examination.

Organs weighed: Absolute organ weights were determined for the adrenal glands, brain,
heart, kidneys, liver, ovaries, parathyroids, pituitary gland, prostate gland, seminal vesicles, .
spleen, submaxillary salivary glands, testes plus epididymides, thymus, thyroid gland,
uterus, and lung.

Histopathology: Histopathological evaluation of all tissues was conducted for main study
animals in Groups 1 (air-control), 2 (budesonide only), 3 (formoterol only), and 6 (high
dose, budesonide + formoterol). Tissues were processed, sectioned at 4-6 um thick,
stained with hematoxylin and eosin, and submitted to microscopic examination.
Toxicokinetics: Blood samples for measurement of plasma drug levels were collected from
rats in Groups 2-6 on days 7/8 and during week 13 at predose and at 0.18, 0.5, 2, 4, and 6
hr after the completion of dosing. Blood was collected from rats in Group 1 (Air-control) on
days 7/8 and during week 13 at predose and 45 min after completion of dosing. The
plasma concentrations of budesonide were measured using liquid chromatography
' tandem mass spectrometry (LC — MS/MS).
The plasma concentrations of formoterol were measured using liquid chromatography
tandem mass spectrometry (LC. — MS/MS). Limits of quantitation for
budesonide and formoterol were 0.025 nmol/L and 5.0 pmol/L, respectively.

Resulits:

Mortality: None.
Clinical signs: There were no treatment-related clinical signs.

Body weights: Decreased body weight gains were observed for male and female rats in
Group 2 (budesonide only), Group 5 (mid dose of budesonide + formoterol), and Group 6
(high dose of budesonide + formoterol). Decreased body weight gains were also observed
for female rats in Group 4 (low dose of budesonide + formoterol). impaired body weight
gains appear to be attributable to the effects of budesonide.

Body weights for male rats in the air-control group at weeks 0 and 13 were 341 and
506 g, respectively. Body weight gains for male rats in Groups 2, 3, 4, 5, and 6 were 54.6,
106.8, 103.3, 85.8, and 46.9 of the air-control, respectively.

20

- 161



Reviewer: Timothy W, Robison, Ph.D.. D.A.B.T. NDA No. 21-929

Body weights for female rats in the air-control group at weeks 0 and 13 were 231
and 276 g, respectively. Body weight gains for female rats in Groups 2, 3, 4, 5, and 6 were
20.3, 131.1, 76.9, 65, and 27.1% of the air-control, respectively.

Food consumption: Food consumption from weeks 0 to 13 for male rats in Group 6
(High dose of budesonide + formoterol) was decreased to 90.1% of the air-control (30.59
g/animal/day), respectively.

Ophthaimoscopy: Ophthalmic examinations revealed no treatment-related findings.

Hematology: White blood cell (i.e., total, lymphocytes, and eosinophils) counts were
decreased for Group 2 (budesonide only), Group 5 (mid dose of budesonide + formoterol),
and Group 6 (high dose of budesonide + formoterol). These changes can appear to be
attributable to the effects of budesonide.

White blood cell counts for male rats i |n Groups 2, 5, and 6 were decreased to 82.4,
89.8, and 71.9% of the air-control (7.16 x 10°/L.), respectively. White blood cell counts for
female rats in Groups 2, 3, 4, 5, and 6 were decreased to 59.9, 81.3, 80.3, 70.9, and
57.6% of the air-control (5 09 x 10°1L), respectively. Lymphocyte counts for male rats in
Groups 2, 5, and 6 were decreased to 71.3, 93.8, and 61.6% of the air-control (5.02 x
10°/L), respectively. Lymphocyte counts for female rats in Groups 2, 5, and 6 were
decreased to 49.1, 724, and 50.3% of the air-control (3.30 x 109IL), respectively.
Neutrophil counts for female rats in Groups 2, 3, 4, 5, and 6 were decreased to 81.6, 65.3,
63.9, 67.3, and 70.7% of the air-control (1.47 x 10°/L), respectively. Eosinophil counts for
male rats in Groups 2, 5, and 6 were decreased to 66.7, 72.2, and 72.2% of the air-control
(0.18 x 10°/L), respectively. Eosinophil counts for female treatment groups were decreased
to 62.5-75% of the air-control (0.16 x 10°1L).

Clinical chemistry: Small alterations of a few clinical chemistry parameters (i.e., urea,
alkaline phosphatase activity, potassium, inorganic phosphate) were observed; however,
their toxicological significance appears minimal.

Potassium levels for male rats in Group 6 were increased to 107.8% of the air-
control (5.1 mmol/L). Potassium levels for female rats in Group 2 were decreased to 91.3%
of the air-control (4.6 mmol/L). Urea levels for male rats in Groups 2, 4, 5, and 6 were
increased to 110.7, 109.2, 110.7, and 120% of the air-control (6.5 mmol/L), respectively.
Alkaline phosphatase activities for male rats in Groups 2, 3, and 6 were slightly elevated to
121.3, 118.5, and 129.9% of the air-control (211 IU/L), respectively. Inorganic phosphate
levels for male rats in Groups 3, 4, 5, and 6 were increased to 111.4, 117.1, 117.1, and
115.5% of the air-control (1.93 mmol/L), respectively. inorganic phosphate levels for female
rats in Groups 3, 4, 5, and 6 were increased to 121.4, 121.4, 120.1, and 111% of the air-
control (1.54 mmol/L), respectively.

Urinalysis: There were no treatment-related alterations of urinalysis parameters.
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Organ weights: Decreased thymus weights were observed, which may be attributed to
the effects of budesonide. Organ weights were normalized to body weights of 464 and 262
g for male and female rats, respectively.

Thymus: Thymus weights for male rats in Groups 2 and 6 were decreased to 69.2
and 76% of the air-control (0.334), respectively. Thymus weights for female rats in Groups
2, 5, and 6 were decreased to 59.7, 73.1, and 58% of the air-control (0.238), respectively.

Lungs: Lung weights for male rats in Groups 3 and 6 were increased to 115.8 and
116.4% of the air-control (1.71), respectively.

Adrenal glands: Adrenal gland weights for female rats in Group 2 were decreased
to 89.9% of the air-control (0.0915).

Gross pathology: There were no treatment-related gross pathological findings.

gy: Treatment-related changes were observed in the thymus and spleen.

Thymus: The incidence and severity of lymphocytolysis was increased in Group 2
(budesonide only) and Group 6 (high dose of budesonide + formoterol) as compared to the
air-control. :

Spleen: The incidence and magnitude of extramedullary hematopoiesis was
decreased for male rats in Group 2 (budesonide only) and Group 6 (high dose of
budesonide + formoterol).

Other: A malignant astrocytoma in the brain was observed for 1 female rat in Group
2 (budesonide only). Focal transitional cell hyperplasia in the kidney was observed for 1
female rat in Group 6 (budesonide + formoterol). Focal ductal hyperplasia was observed in
the salivary gland for 1 male rat in Group 3 (formoterol only). Stomach ulcers were
observed for 2 male rats in Group 2 (budesonide only) and 1 female rat in Group 6 (high
dose of budesonide + formoterol).

Appears This Way
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Histopathological changes for rats in Group 1 (air only), Group 2 (budesonide only), Group
3 (formoterol only), and Group 6 (high dose of budesonide + formoterol) following 91 days

of consecutive treatment.
| Tissue Sex_| Group 1 Group 2 Group 3 Group 6
Thymus
-lymphocytolysis, minimal to mild M 0/10 6/10* 010 5/9*
F 0/10 5/10* 0/10 10/10*
Spleen
-extramedullary hematopoiesis, | M 8/10 410 6/10 2/110*
minimal to moderate F 8/10 8/10 9/10 7/10
Bronchial lymph node
-erythrophagocytosis M 0/9 0/8 0/9 or7
F 077 0/9 1/10 2/8
Kidneys
-basophilic tubules M 510 110 0/10" 110
F 0/10 0/10 1710 110
-mineral deposits, corticomeduliary M 0/10 0/10 010 0/10
minimal to mild F 210 110 3110 5110
-focal transitional cell hyperplasia M 0/10 010 0/10 0/10
F 0/10 0/10 0/10 110
Stomach
-uleer, mild to moderate M 0/10 210 0/10 0/10
F 0/10 0/10 0/10 1/10
Brain
-malignant astrocytoma M 0/10 0/10 0/10 0/10
F 0/10 1/10 0/10 0/10
Salivary gland :
-hyperplasia, ductal, focal, minimal M 0/10 0/10 110 0/10
F 0/10 0/10 0/10 0/10
Joxicokinetics: Toxicokinetic parameters were not determined for Group 4 (low dose of

budesonide + formoterol). There were significant variations in the estimated inhaled doses
for budesonide and formoterol between weeks 1 and 13 rendering it difficuit to compare
AUC and Cnax values between these two time points. However, AUC and C.x values for
groups within each time point can be compared. AUC and C.x values for budesonide
were generally higher in female rats, due to lower metabolism, as compared to male rats.
During weeks 1 and 13, AUC and Cnax values for budesonide and formoterol in Group 6
were less than proportional to values for Group 5 on the basis of differences in inhaled
doses.
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Toxicokinetic parameters for budesonide and formoterol in rats from Group 2 (budesonide
only), Group 3 (formoterol only), Group 5 (mid dose of budesonide + formoterol), and

Group 6 (high dose of budesonide + formoterol) during week 1.

Group Estimated Inhaled Dose AUCo o0y C,F,
Budesonide | Formoterol Budesonide Formoterol Budesonide | Formoterol
| po/kg/day pg/kg/day nmolehr/L pmolehr/L nmol/l. pmol/L

M E M F M F M F M

F
237 | 264 |0 0 119 |184 |- 11.0 1209

M E

—

0 C 0.92 | 1.02 777_| 673 527 | 657

40 |44 1021 1024 [43 |86 |19 |250 475 [673 | 142|194

OO‘W'N

17.7 1.9.7 080 j089 |75 16.1 [438 |533 | 8.6 146 | 266 | 368

Toxicokinetic parameters for budesonide and formoterol in rats from Group 2 (budesonide
only), Group 3 (formoterol onily), Group 5 (mid dose of budesonide + formoterol), and

Group 6 (high dose of budesonide + formoterol) during week 13.

Group | Estimated Inhaled Dose AUCq2q,

Cra
Budesonide Formoterol Budesonide Formoterol Budesonide Formoterol

| ug/kg/day | ug/kg/day nmolehr/L pmolehr/L, nmol/L pmol/L.
M E M F M F M F M F M F

707 |8o08 |0 0 374 143.0 492 1462

0 0 198 1229 1339 | 1366 1050 | 1190

194 [225 | 107 124 [144 [201 [772 [909 | 196 | 276 |734 | 817

olofwln

818 937 |445 |510 343 |40.8 | 1661 | 1611 | 51.9 | 354 | 1380 | 1090

Summary of individual study findings: In a 13-week nose-only inhalation toxicology
study, Wistar rats were treated daily with a Symbicort formulation containing budesonide
and formoterol as a micronized dry powder blend. Total target doses of budesonide and
formoterol in the low, mid, and high dose groups were 2 + 0.12, 10 + 0.60, and 50 + 3.0
Hg/kg/day, respectively. Using a deposition factor of approximately 10%, deposited doses
for budesonide and formoterol in the low, mid, and high dose combination groups were
0.30 + 0.018, 1.3 + 0.073, and 4.8 + 0.25 ug/kg/day, respectively. Positive control groups
were treated with total target doses of 50 pg/kg/day budesonide alone or 3.0 ug/kg/day
formoterol alone (actual deposited doses of 7.2 and 0.24 pg/kg/day, respectively). A
control group received air only. The NOAEL was identified as the mid dose combination.
Target organs of toxicity were the thymus and spleen. Decreased body weight gains were
observed for groups receiving budesonide only and the high dose of budesonide +
formoterol. Observed changes can be primarily attributed to the effects of budesonide. The
incidence of iymphocytolysis in the thymus was increased for male and female rats in the
budesonide only group and male and female rats in the high dose budesonide + formoterol
group. The incidence and magnitude of extramedullary hematopoiesis was decreased for
male rats in the budesonide only group and male rats in the high dose budesonide +
formoterol group. Systemic exposures to budesonide and formoterol were generally
greater with the dry powder formulation as compared to the HFA pMDI formulation.

Dogs
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Study title: Symbicort (Budesonide + Formoterol): 3-Month Inhalation (pMDI)
Toxicity Study in the Dog.

Key study findings:

+ In a 13-week inhalation toxicity study, beagle dogs were treated daily with a Symbicort
HFA pMDI formulation containing budesonide, formoterol, povidone K-25 (PVP K-25),
polyethylene glycol 1000 (PEG-1000), and HFA-227. Target doses of budesonide and
formoterol in the low, mid, and high dose groups were 2.0 + 0.11, 10 + 0.56, and 50.0 +
2.80 ug/kg/day, respectively. Using a deposition factor of approximately 25%, deposited
doses for budesonide and formoterol in the low, mid, and high dose groups were 0.52 +
0.032, 2.90 + 0.18, and 14.6 + 0.89 pg/kg/day, respectively.

'Y Thg NOAEL was identified as the low dose.

+ Sinus tachycardia (i.e., increased heart rate) was observed in mid and high dose groups
on day 1 and during week 2. No changes were evident during week 12.

+ Target organs of the toxicity were the adrenal cortex, thymus, and bronchial lymph nodes.
Observed histopathological changes appear to be primarily attributable to the effects of
budesonide.

o Cortical atrophy of the adrenal cortex was observed for male and female mid and high
dose groups.

+ The incidence and severity of thymic atrophy was increased for the male and female mid
and high dose groups.

+ The incidence and severity of lymphoid depletion in the bronchial lymph nodes was
increased for the male and female high dose groups.

¢ There were no significant differences in findings between the air- and vehicle-control
groups. Thus, no toxicity can be attributed to PVP K-25, PEG-1000, and HFA-227 at
deposited doses of 0.10, 31.5, and 42000 pg/kg/day, respectively.

Study no: 00047

Volume #, and page #: Volume 6 of 25, pages 5 to 336

Conducting laboratory and location: AstraZeneca R&D Chamwood
Safety Assessment
Bakewell Road
Loughborough
Leicestershire LE11 5RH
United Kingdom

Date of study initiation: May 15, 2000

GLP compliance: Yes
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QA report: yes (X)no ( )

Drug, lot #, radiolabel, and % purity: The test formulation, Symbicort pMDI (lot number
P5993), consisted of pMDIs containing micronized budesonide and formoterol fumarate
dihydrate, polyvinylpyrrolidone K-25 (PVP), polyethylene glycol 1000 (PEG 1000), and
heptafluoropropane (HFA-227) delivering a theoretical nominal 80 yg of budesonide and
4.5 g formoterol per actuation from a 50 pL valve. Formoterol fumarate dihydrate (batch
number SRS1995) with a purity of .—__ and budesonide (batch numbers SRS1999 and
SRS1998) with a purityof ——  were used in the preparation of Symbicort.

Used in Groups Material Percent, wiw
345 Budesonide
Formoterol
PVP K-25
PEG-1000
HFA-227 >

Formulation/vehicle: The vehicle-control formulation (Iot number P5992), consisted of
pMDiIs delivering PVP K-25, PEG-1000, and HFA-227 from a 50 plL valve.

Used in Groups Material Percent, wiw
2 PVP K-25
PEG 1000 —_—
HFA-227

Methods (unique aspects): A Symbicort formulation containing budesonide and
formoterol in a pMDI containing polyvinylpyrrolidone K-25 (PVP K-25), polyethylene glycol
1000 (PEG-1000), and heptafluoropropane (HFA-227) was administered daily, by
inhalation to 3 groups of 3 beagle dogs/sex/group for 3 months. Another two similarly sized
control groups were exposed daily to either an excipients-only HFA pMDI aerosol
formulation (vehicle-control) or to air-only (air-controi).

Dosing:

Species/strain: Beagle dogs ’ —

#/sex/group or time point (main study): 3 beagle dogs/sex/group

Satellite groups used for toxicokinetics or recovery: none

Age: Dogs were approximately 7-9 months old at the start of dosing.

Weight. Body weight ranges were 8.8-11.4 kg for male dogs and 6.9-10.1 kg for female
dogs at the start of dosing.

Doses in administered units: Animals were dosed daily for a minimum of 13 consecutive
weeks.

Symbicort Group 3 (Low) Group 4 (Mid) Group 5 (High)
B F B F B F
Total Dose 2.0 011 10 0.56 50 2.8
| ugkg/day .
Deposited Dose 052 0,032 2.90 018 14.6 0.89
| pglkg/day
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The concentration of the aerosol delivered to dogs was monitored continuously
using an A~———+ aerosol monitor. The mean aerosol concentration delivered to each
dog, each day, was determined from the -—— aerosol monitor readings. Substance
correction factors required to determine the concentrations of budesonide and formoterol
from readings were determined by comparison of the -—— readings with
HPLC analyses of concurrent aerosol fiter samples. Aerosol samples (5 min,
corresponding to 40 L of aerosol) were collected from each dose group (8 samples per
group, one device per formulation). Samples were collected onto filters held in open faced
filtter units, sealed onto the outlet of the dosing system (i.e., in place of the dog mask). All
filters were retained for determination of the amount of budesonide and formoterol using an
HPLC method.

The particle size distribution of the aerosol (budesonide and formoterol) leaving the
dosing device was determined with a cascade impactor. Quantities of budesonide and
formoterol deposited on each stage were determined using a HPLC method.

Total inhaled doses were calculated on the basis that all the material present in the
aerosol was inhaled, using the following formula:

Dose (ug/kg) = Minute Volume (L/min) x Concentration (ug/l) x Time (min)
Body weight (kg)

where minute volume was assumed to be 5 L/min and the concentration equaled the mean

————— reading x relevant substance correction factor. The deposited dose was
estimated to be approximately 25% of the total inhaled dose (i.e., deposition factor was
approximately 0.25) based upon a particle size (MMAD)of ——— .

The aerosol concentrations of excipients (PVP K-25, PEG-1000, and HFA-227)
were not measured; however, doses of excipients were estimated from the measured
dose of budesonide using the ratio of the 4 materials in the pMDI formulation on the
assumption that the aerosol generation efficiency was similar. The aerosol generation
efficiency of HFA-227 was assumed to be 100%, given that as a gas, deposition losses
were minimal. The excipient doses for the vehicle-control group (Group 2) were assumed
to have been the same as for the high dose group, since the vehicle-control formulation and
aerosol conditions matched those of the high dose in terms of excipients.
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Appendix 1:2 Overall mean doses (uglkg/day)
Duse Group Budesonide .- T Formoterol
Mile | Female | Mean. | Male | Fémale | Mean
Tow] | 186 | 206 | 196 T 0011 | 0123 | 01T
|__Intiated. n , 4 .
3 ‘Budy 0:90 £06 | 095 0052 | 0058 | 0.055
T Burdenn { v _
' Lung | 049 | 035% | 053 | D030 | 0.033 | 0032
Burden . - ;
Toral 947 [TX 10.3 0:57 067 | 062
Infialed ‘ ‘ _
4 | Body 1376 | 568 [ 520 | 038 | 033 | o3
) Burden . v
Lung 265 | 304 | 290 0.16 019 | 018
Birden .
Totat 498 | 543 | 321 297 KRN T
_Inhaled 1 - ,
5 Bodv 249 27 26.1 LAG 1.39 133
i Burden
 Lufg 130 153 146 085 092 | 089
_Burden

Appendix 1:3 Mean deposition estimates (%)

Group and Region Fororerol Budesonide.
3 Body 41.2 484
Lung 363 260
. Body 437 503
‘ Lung 38t 280
5 ‘Body LAY 50:0
Lung, 285 280

Route, form, volume, and infusion rate: Daily treatment consisted of a single oral
‘inhalation exposure of 5 min.

Test formulations were administered by inhalation, as an-aerosol generated from an

automated pMDI actuator and shaking device, which actuates a pMDI directly into a
spacer. Each dog was lightly restrained by a handier and a close-fitting face -mask and

aerosol delivery tube system was used to deliver the aerosol directly into the buccal cavity

of the dog.
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Observations and times:

Clinical signs: Animals were observed daily for clinical signs of toxicity, before, during, and
after dosing. Physical examinations were conducted weekly.

Body weights: Body weights were measured weekly.

Food consumption: Food consumption was recorded daily.

Ophthalmoscopy: Ophthalmic examinations were conducted prior to the start of treatment
‘and during week 12.

EKG: Electrocardiographic recordings were collected from all animals prior to the start of
treatment (week -2), on day 1, and during weeks 2 and 12. During the treatment period,
recordings were conducted at 1 hr after exposure. In addition, heart rate (i.e., pulse) was
recorded manually on day 1 and during weeks 2 and 12 at predose, immediately
postdose, and approximately 4 and 24 hr after dosing.

Hematology: Blood for measurement of hematology parameters was collected during
weeks -2, -1, 7, and 13. During the treatment period, blood was collected prior to dosing.
Clinical chemistry: Blood for measurement of clinical chemistry parameters was collected
during weeks -2, -1, 7, and 13. During the treatment period, blood was collected prior to
dosing.

Urinalysis: Urine samples for analyses were collected during weeks -2, 7, and 13. During
the treatment period, urine was collected prior to dosing.

Gross pathology: After a minimum of 13 consecutive weeks of treatment, animals were
sacrificed and submitted to necropsy examination.

Organs weighed. Organ weights were determined for the adrenal glands, brain, kidneys,
heart, liver, lungs ovaries, prostate, spleen, testes, thymus, thyroid gland, uterus and
pituitary gland.

Histopathology: Samples of all tissues retained at necropsy from all animals were
processed into paraffin blocks. Sections were cut at between approximately 4-5 pm,
stained with hematoxylin and eosin, and submitted to microscopic examination.
Toxicokinetics: Blood samples for measurement of plasma concentrations of budesonide
and formoterol were collected on days 7 and 87 at predose and at 10, 30, 120, 240, and
360 min after the start of dosing. The samples were pooled within each group/sex and time
point prior to analysis for budesonide and formoterol. The plasma conoentrahons of
budesonide were measured using liquid chromatography
tandem mass spectrometry (LC-— -MS/MS). The plasma concentrations of
formoterol were measured using liquid chromatography tandem mass
spectrometry (LC —  MS/MS).

Other: Basal and adrenocorticofropic hormone (ACTH)-stimulated cortisol levels were
measured in blood samples collected during weeks -1 and 13.

Resuits:

Mortality: None.
Clinical signs: There were no treatment-related clinical signs.
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Body weights: Body weight gains were lower for male treatment groups; however, there
were no effects on female treatment groups.

: Body weights for male controls during weeks 1 and 14 were 9.63 and 11.70 kg,
respectively, yielding a 21.5% increase of initial weight. Body weights during week 14 for
male dogs in the vehicle-control, low dose, mid dose, and high dose groups were
increased by 18.2, 14.3, 13.2, and 10.0% of body weights during week 1, respectively.
Body weights for female controls during weeks 1 and 14 were 8.23 and 9.50 kg,
respectively, yielding a 15.4% increase of initial weight. Body weights during week 14 for
female dogs in the vehicle-control, low dose, mid dose, and high dose groups were
increased by 21.2, 19, 15.9, and 15.8% of body weights during week 1, respectively.

Food consumption: There were no treatment-related effects on food consumption.
Ophthalmoscopy: Ophthalmic examinations found no treatment-related effects.

Electrocardiography: Sinus tachycardia (i.e., increased heart rate) was observed in mid
and high dose groups on day 1 and during week 2. No changes in heart rate were evident
during week 12.

Day_1: Sinus tachycardia (i.e., increased heart rate) was evident in the high dose
group immediately after dosing and in mid and high dose groups at 1 hr after dosing. QRS
intervals for male dogs in the vehicle-control and treatment groups were increased to
128.4-134% of the air-control (39.1 msec). QRS intervals for female dogs in mid and high
dose groups were increased to 110.8 and 115.8% of the air-control (42.4 msec),
respectively. The QTc interval for female dogs was increased to 105.5% of the air-control
(217 msec).

Week 2: Sinus tachycardia (i.e., increased heart rate) was evident in mid and high
groups at 1 and 4 hr after dosing. Heart rate was elevated for male and female dogs in the
mid dose group (Group 4) at 4 hr after dosing, although, no changes were evident
immediately and 1 hr after dosing. Heart rate was elevated for male and female dogs in the
high dose group (Group5) immediately and at 1 and 4 hr after dosing.

Week 12: Heart changes in treatment groups were comparable to the air-control.
The QRS interval for male dogs in mid and high dose group were increased to 115.4 and
123.3% of the control (48.1 msec), respectively. QRS intervals for female dogs in the
vehicle-control and treatment groups were increased to 108.7-116.9% of the air-control
(47.3 msec). QT intervals for male dogs in the vehicle-control and treatment groups were
increased to 103.7-108.1% of the air-control (185 msec). QTc intervals for male dogs in
mid and high dose treatment groups were increased to 103.6 and 105.4% of the air-controi

(222 msec), respectively.
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Heart rates on day 1 and during weeks 2 and 12 (Notable changes have been marked in
_bold).
Period Group Measurement Time :
Pre Post +1hr +dhr +24 br
Day 1 1-Males 76 75 109 74 92
(98.7%) (143.4%) (97.4%) (121%)
1-Females 84 93 112 98 92
(110.7%) (133.3%) (116.7%) (109.5%)
2-Males 86 96 83 74 105
(111.6%) (96.5%) (86%) (122%)
2-Females 115 117 131 97 113
(101.7%) (113.9%) (84.3%) (98.3%)
3-Males 89 86 a7 108 109
(96.6%) (108%) (121.3%) (122.5%)
3.Females | 91 101 120 o1 92
_ (111%) (131.9%) (100%) {101.1%)
4-Males 92 92 113 105 93
(100%) (122.8%) (114.1%) (101.1%)
4-Females 100 103 138 111 g5
{103%) (138%) (111%) (85%)
5-Males 93 117 137 106 106
{125.8%) (147.3%) (114%) (114%)
5.Females 86 127 174 112 102
(147.7%) (202.3%) {130.2%) (118.6%)
Week 2 1-Males 98 96 115 97 96
(98%) (117.3%) (99%) (98%)
1-Females | 90 -7 R 93 110
(104.4%) (123.3%) (103.3%) (122.2%)
2-Males 9N 94 g2 84 114
‘ (103.3%) (101%) (103.3%) (125.3%)
2-Females 108 @8 118 92 114
_ (92.5%) (111.3%) (86.8%) (107.5%)
3-Males 105 103 92 93 113
: (98.1%) (87.6%) (88.6%) (107.6%)
3-Females 105 107 105 114 102
_ (101.9%) (100%) (108.6%) (97.1%)
4-Males 75 87 o4 112 26
{116%) (125.3) (149.3%) (128%)
4-Females 88 o2 114 102 103
(104.5%) {129.5%) (115.9%) (117%)
5.Males 83 93 106 119 100
(112.0%) | (127.5%) (143.4%) (120.5%)
5.Females | 85 a7 130 131 84
(114%) {152.9%) | (154%) (98.8%)
Week 12 1-Males 86 ] 108 96 102
{115.1%) (123.3%) (111.6%) (118.6%)
1-Females 107 92 110 103 97
-] (88%) (102.8%) (96.3%) (90.7%)
2-Males 76 85 83 120 91
(111.8%) (109.2%) (157.9%) (119.7%)
2-Females 103 92 105 104 92
(89.3%) (101.9%) (101%) (89.3%)
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FMaes ) % 5 101 %
(1022%) | (1022%) | (108.6%) | (96.8%)
3Females | 100 88 o7 101 92
(88%) (97%) (101%) (92%)
TMales % ) 101 103 107
(95.7%) (107.4%) | (109.6%) | (113.8%)
4Femaies | 85 82 103 %6 )
(96.5%) (1212%) | (112.9%) | (105.9%)
5 Nidles % 102 106 100 100
(103%) (107.1%) | (101%) (101%)
SFemales | 9% 101 12 17 105
(1052%) 1 (116.7%) | (121.9%) | (109.4%)

Hematology: Decreased white cell counts were observed for male dogs in mid and high
dose groups during weeks 7 and 13. Increased red blood cell counts, hemoglobin levels,
and hematocrits were observed in female dogs in mid and high dose groups during weeks
7 and 13. These changes were relatively small and their toxicological significance is
unclear. Changes in red blood cell counts, hemoglobin levels, and hematocrit in female
dogs in mid and high dose groups might be indicative of dehydration.

Week 7: White blood cell counts for male dogs in mid and high dose groups were
decreased to 78.7 and 81.6% of the air-control (11.693 x 10°/L), respectively. Neutrophil
counts for male dogs in mid and high dose groups were decreased to 78.4 and 84% of the
air-control (6.863 x 10°/L), respectively. Lymphocyte counts for male dogs in mid and high
dose groups were decreased to 74.1 and 75% of the air-control (3.983 x 10°/L),
respectively. Red blood cell counts for female dogs in mid and high dose groups were
increased to 111.4 and 110.35% of the air-control (6.376 x 10'2/L), respectively.
Hemoglobin levels for female dogs in the high dose group were increased to 109.2% of the
air-control (14.80 g/dL). Hematocrits for female dogs in mid and high dose groups were
increased to 106.5 and 109.7% of the air-control (0.4380), respectively. Eosinophil counts
forsfemale dogs in the high dose group were decreased to 34.8% of the air-control (0.316 x
10°/L).

Week 13: White blood cell counts for male dogs in mid and high dose groups were
decreased 1o 69.4 and 72.3% of the air-control (12.440 x 10°/L), respectively. Neutrophil
counts for male dogs in mid and high dose groups were decreased to 65 and 71.3% of the
air-control (7.793 x 10°/L), respectively. Lymphocyte counts for male dogs in the high dose
groups were decreased to 65.7% of the air-control (3.806 x 10°/L). Monocyte counts for
male dogs in the high dose group were increased to 157.4% of the air-control (0.383 x
10°%/L). Red blood cell counts for female dogs in mid and high dose groups were increased
to 116.2 and 111.7% of the air-control (6.000 x 101211.), respectively. Hemoglobin levels for
female dogs in mid and high dose groups were increased to 110 and 110.2% of the air-
control (14.03 g/dL), respectively. Hematocrits for female dogs in mid and high dose
groups were both increased to 110.4% of the air-control (0.4150). Eosinophil counts for
fergale dogs in the high dose groups were decreased to 56.9% of the air-control (0.316 x
10°/L).
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Clinical chemistry: Potassium levels were elevated in male and female dogs in mid
and/or high dose groups. A number of other changes (i.e., ALT, AST, ALP, cholesterol,
triglyceride, creatinine, phosphate) were also observed for treatment groups, although,
their toxicological significance was unclear. Mean cortisol values during week 13, pre- and
post-stimulation with ACTH, for female dogs in the low dose group and for male and
female dogs in mid and high dose group were markedly lower as compared to the air-
control.

Week 7: Potassium levels for male dogs in the high dose group were increased to

112.3% of the air-control (4.130 mmol/L). Potassium levels for female dogs in mid and high

" dose groups were increased to 110 and 111% of the air-control (4.160 mmollL),
respectively. Alanine aminotransferase (ALT) activity for male dogs in the high dose group
was increased to 142.9% (52, 37, and 101 IU/L) of the air-control (44.3 1U/L). Alkaline
phosphatase (ALP) activity for female dogs in the high dose group was increased to
116.7% (103, 191, and 210 IU/L) of the air-confrol (144.0 1U/L). Cholesterol levels for male
dogs in vehicle-control and treatment groups were increased to 135.3-139.1% of the air-
control (2.266 mmol/L). Cholesterol levels for female freatment groups were increased to
114.7-138.7% of the air-control (2.296 mmol/L; vehicle-control was 2.476 mmol/L),

respectively

Week 13: Mean cortisol values during week 13, pre- and post-stimulation with
ACTH, for female dogs in the low dose group and for male and female dogs in mid and
high dose group were markedly lower as compared to the air-control (see table below).
There was some evidence of an effect of the vehicle-control on cortisol levels in female
dogs, although, this was not observed with male dogs. Potassium levels for male dogs in
the high dose group were increased to 108.9% of the air-control (4.196 mmol/L).

- Potassium levels for female dogs in mid and high dose groups were increased to 106.7
and 109.5% of the air-control (4.150 mmol/L). Phosphate levels for female vehicle-control
and treatment groups were increased to 124.3-144.9% of the air-control (1.343 mmol/L.).
ALT activity for male dogs in the high dose group was increased to 142.6% (91, 30, and
87 IUL) of the air-control (48.6 IU/L). Aspartate aminotransferase activities for male
treatment groups were increased to 129.4-153.6% of the air-control (36.0 IU/L). ALP
activity for female dogs in the high dose group was increased to 156% (98, 173, and 208
1U/L) of the air-control (102.3 1U/L). Cholesterol levels for male dogs in vehicle-control and
treatment groups were increased to 122.8-139.8% of the air-control (2.453 mmol/L).
Cholesterol levels for female dogs in mid and high dose groups were increased to 109.9
and 119.65% of the air-control (3.053 mmol/L), respectively. Triglyceride levels for male
treatment groups were elevated to 114.7-136.9% of the air-control (0.360 mmol/L).
Triglyceride levels for female dogs in the high dose group were increased to 129.6% of the
air-control (0.496 mmol/L). Creatinine levels for female dogs in the high dose group were
elevated to 115.9% of the air-control (79.0 umol/L).
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Cortisol levels (nmole/L) during week 13, pre- and post-stimulation with ACTH. Values in

_parentheses are percent of air-control. _l
Group Pre-stimulation Post-stimulation
Male Female Male_ Female
| Air-control 53.7 86.3 421.7 456.7
Vehicle-control 49 48.7 (56.4) 43 348.7 (76.35%)
| Low dose 61 33.3 (38.6%) 353 (83.7%) 276.3 (60.5%)
Mid dose 13.3 (24.7%) 34 (39.4%) 194.3 (46%) 251.7 (55.1%)
High dose 12 (22.3%) 10.3 (11.9%) 30.3 (7.2%) 73.7(16.1)

Urinalysis: There were no treatment-related changes in urinalysis parameters.

Organ weights: Decreased adrenal gland and thymus gland weights were observed for
mid and high dose groups.

Thymus: Thymus weights for male dogs in mid and high dose groups were
decreased to 35.1 and 26.8% of the air-control (14.6846% Br.W.), respectively. Thymus
weights for female dogs in mid and high dose groups were decreased to 86.5 and 64.3%
of the air-control (10.1487% Br.W.), respectively.

Adrenal gland: Adrenal gland weights for male dogs in mid and high dose groups
were decreased to 85.2 and 61.1% of the air-control (1.6344% Br.W.), respectively.
Adrenal gland weights for female dogs in mid and high dose groups were decreased to
67.5 and 56.6% of the air-control (1.8981% Br.W.), respectively.

Gross pathology: There were no treatment-related gross pathological findings.

Histopathology: Target organs of toxicity were the thymus, adrenal cortex, and bronchial
lymph nodes. An increased incidence and severity of thymic atrophy was observed for mid
and high dose groups. Cortical atrophy of the adrenal gland was evident for mid and high

dose groups. An increased incidence and severity of lymphoid depletion in the bronchial
lymph nodes was evident for the high dose group.
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Histopathological changes for dogs that were treated with a Symbicort HFA pMDI for 3
months.

Tissue Air-Confrol Vehicle- Low Dose Mid Dose High Dose
Control
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Toxicokinetics: Using a deposition factor of approximately 25%, deposited doses for
budesonide and formoterol in the low, mid, and high dose groups were 0.52 + 0.032, 2.90
+ 0.18, and 14.6 + 0.89 ug/kg/day, respectively. Gnax and AUC values for budesonide
were approximately proportional to dose. The AUC for formoterol with the low dose was
smaller than expected based upon values at mid and high doses. AUC values for
formoterol at mid and high doses were approximately proportional to dose. Cyax values for
formoterol were approximately proportional to dose.
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Toxicokinetic parameters for budesonide in dogs that were treated with a Symbicort HFA
pMDI for 3 months.

Day Low Dose Mid Dose High Dose

Cmax, pM | AUC pMhr | Cmax, pM | AUC, pMhr_ | Cmax, pM | AUC, pMhr
7 0.244 NC. 1.64 2.56 771 8.86
87 0.448 0.630 2.56 325 11.7 13.0

Toxicokinetic parame(ers for formoterol in dogs that were treated with a Symbicort HFA
pMDI for 3 months.

Day | Low Dose Mid Dose High Dose

Cmax pM__ | AUC, pMhr | Cmax, pM | AUC, pMhr | Cmax, pM | AUC, pMhr
7 9.22 NC. 69.9 205 254 1380
87 14.6 245 95.5 301 300 1110

Summary of individual study findings:

In a 13-week inhalation toxicity study, beagle dogs were treated daily with a
Symbicort pMDI formulation containing budesonide, formoterol, PVP K-25, PEG-1000,
and HFA-227. Target doses of budesonide and formoterol in the low, mid, and high dose
greups were 2.0 + 0.11, 10 + 0.56, and 50.0 + 2.80 pg/kg/day, respectively. Using a
deposition factor of approximately 25%, deposited doses for budesonide and formoterol in
the low, mid, and high dose groups were 0.52 + 0.032, 2.90 + 0.18, and 14.6 + 0.89

Hg/kg/day, respectively.
The NOAEL was identified as the low dose.

Sinus tachycardia (i.e., ncreased heart rate) was observed in mid and high dose
groups on day 1 and during week 2. No changes were evident during week 12. Target
organs of toxicity were the adrenal cortex, thymus, and bronchial lymph nodes. Observed
histopathological changes appear to be primarily attributable to the effects of budesonide.
Cortical atrophy of the adrenal cortex was observed for male and female mid and high
dose groups. The incidence and severity of thymic atrophy was increased for the male and
female mid and high dose groups. The incidence and severity of lymphoid depletion in the
bronchial lymph nodes was increased for the male and female high dose groups.

There were no significant differences in findings between the air- and vehicle-control
groups. Thus, no toxicity can be attributed to excipients, PVP K-25 and PEG-1000, or the
propellant, HFA-227. Deposited doses of PVP K-25, PEG-1000, and HFA-227 in the
vehicle-control were approximately 0.10, 31.5, and 42000 pg/kg/day, respectively. The
deposition factor for budesonide, formoterol, PVP K-25, and PEG-1000 was estimated to
approximately 25%. Given that HFA-227 is a gas, deposition was assumed to be 100%.
The aerosol concentrations of excipients were not measured. The PVP K-25, PEG-1000,
and HFA-227 doses were estimated from the measured dose of budesonide using the
ratio of the four materials in the pMDI formulation on the assumption that the aerosol
generation efficiency was similar. However, the aerosol generation efficiency of HFA-227
would have been 100% (gas). The excipient doses for the vehicle-control group (Group 2)
are assumed to have been the same as those for the high dose group.
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Study title: Symbicort (Budesonide + Formoterol): 3-Month Inhalation Stug! n
Dogs Using a Dry Powder Formulation,

Key study findings:

¢ In a 13-week inhalation toxicity study, beagle dogs were treated daily with a Symbicort
formulation containing budesonide and formoterol as a dry micronized powder blend with
lactose. Target doses of budesonide and formoterol for the low, mid, and high dose groups
were 2.0 + 0.11, 10.0 + 0.56, and 50 + 2.8 pg/kg/day, respectively. Using a deposition
factor of approximately 25%, deposited doses of budesonide and formoterol for low, mid,
and high dose group were 044 + 0.022, 2.19 + 0.11, and 10.9 + 0.57 pg/kg/day,
respectively. Comparator groups were treated with 50 pg/kg/day budesonide alone or 3.0
pg/kg/day formoterol alone (deposited doses of 10.3 and 0.56 pg/kg/day, respectively). A
control group received air only.

+ The NOAEL was identified as the low dose combination for male dogs.

. Body weight gain was reduced for the male and female dogs that received budesonide
only and mid and high doses of budesonide + formoterol.

¢ On day 1, elevated heart rates were evident for male and female dogs that received
formoterol only or the high dose of budesonide + formoterol. During week 2, elevated heart
rates were evident in male and female dogs that received formoterol only and iow, mid, and
high doses of budesonide + formoterol. No changes in heart rate were evident during week
12.

+ Target organs of toxicity were the thymus, adrenal gland, and spleen, and toxicities could
be primarily attributed to the effects of budesonide.

¢ Thymic atrophy was observed for the male and female dogs that received budesonide
only, female dogs that received the low dose of budesonide + formoterol, and male and
female dogs that received mid and high doses of budesonide + formoterol.

+ Atrophy of the zona fasciculata of the adrenal gland was observed for the male and
female dogs that received budesonide only, female dogs that received the low dose of
budesonide + formoterol, and male and female dogs that received mid and high doses of
budesonide and formoterol.

+ Vacuolation of the zona glomerulosa of the adrenal gland was observed for the male and
female dogs that received budesonide only and male dogs that received the high dose of
budesonide + formoterol.

¢ Lymphoid depietion in the spleen was observed for female dogs that received
budesonide and male dogs that received mid and high doses of budesonide + formoterol.
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Study no: 99023-01
Volume #, and page #: Volume 8 of 25, Pages 5 to 436
Conducting laboratory and location: Safety Assessment

AstraZeneca R&D
Bakewell Road
Loughborough
Leicestershire LE11 5RH
United Kingdom
Date of study initiation:
GLP compliance: Yes
QA report: yes (X) no ()
Drug, lot #, radiolabel, and % purity:
[ Formulation Batch | Used in Groups Material % wiw Test Batch Number
Number —
] 2 Budesonide ’ 1849/98
| Lactose __
m 3 Formoterol ZB 202
Lactose
v 4,5 and 6 Budesonide 1111/98
Formoterol
Lactose

Formulation/vehicle: Symbicort, budesonide, and formoterol were formulated as
micronized dry powder blends with lactose. The formulations were lightly packed by hand
into powder reservoirs each day, for use in aerosol generators. The control group was
exposed to air only.

Methods (unique aspects): A Symbicort formulation, containing budesonide and
formoterol as a dry micronized powder blend with lactose, was administered daily, by
inhalation, to 3 groups of 3 beagle dogs/sex/group for 3 months (Groups 4 to 6). Another
two groups were exposed daily to either budesonide (Group 2) or formoterol (Group 3), as
micronized dry powder blends with lactose, and served as reference-controls. A control
group was exposed daily to air only (Group 1).

Dosing:

Species/strain: Beagle dogs
#/sex/group or time point (main study): 3 beagle dogs/sex/group

Satellite groups used for toxicokinetics or recovery: None.

Age: Animals were 6-7 months of age at the start of dosing.

Weight: Body weight ranges at the start of dosing were 8.9-10.7 kg for male dogs and 8.7-
10.7 kg at the start of dosing.

Doses in administered units:

Dose (ug/kg) =

Minute volume =5 L/min (respiratory volume/minute in liters)
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Concentration=mean. — Reading x relevant substance correction factor (SCF)

Time = duration of exposure (min)

BW = body weight (kg)

Target doses (ug/kg/day)

Dose Group/Treatment Target Dose Level, ug/kg
Budesonide Formoterol

1 - Air Control 0 0

2 — Budesonide 50 0

3 — Formoterol 0 2.8

4-B+F 2.0 0.11

5-B+F 10.0 0.56

6-B+F 50 2.8

Aerosol concentrations delivered to dogs were monitored continuously using an

aerosol monitor. Concentrations of budesonide and formoterol were determined
from  — readings and substance correction factors.

Aerosol samples (5 min, corresponding to 40L of aerosol) were collected from each
dosing device (4-8 samples per device, one device per formulation). Samples were
collected onto filters that were held in open faced filter units sealed onto the outlet of the
dosing system (in place of the dog mask). All filters were retained for determination of
amounts of budesonide and formoterol using a HPLC method.

Particle size distribution of the aerosol (budesonide and formoterol) leaving each
dosing device was determined at least twice during the study period using a cascade
impactor. Quantities of budesonide and formoterol deposited on each stage were

determined using a HPLC method.
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inhaled and deposited doses (ua/kg/day) for male (M) and female (F) dogs.
Group Concentration, Time, Inhaled Dose, MMAD, | Deposited Dose,
| Lg/L min | ug/kgiday m pokg/day
8 F B F BIF B F
1 - Air 0 0 5 0 0 T 0 0
2-B 16.28- 0 5 M:4768 |0 M 102 |O
22.84 F:48.7 F: 104
3-F 0 105131 | 5 0 M: 2.56 0 M:0.54
F.273 F.0.57
4-B+F|071-1.12 | 0.037- 5 M: 2.01 M:0.104 M: 043 | M:0.021
0.058 F:205 |F:0.106 F:044 |F:0.022 |
5-B+F[3.84492 | 019025 | 5 M: 987 | M:0.51 M 221 | M 0.1
F:966 | F.0.50 F:216_ 1F.011
6-B+F | 18.08 098-1.23 | 5 M:500 | M:270 M:11.0 | M: 057
2272 F:49.2 F:266 | F:108 |F:0.56

Aerosol concentrations of lactose were not measured during the study; however,

doses were estimated from measured doses of budesonide and formoterol in conjunction

+ with ratios of materials in formulations. It was assumed that particle size distributions of
each component were similar and therefore, the aerosol generation efficiency was similar.

Inhaled and deposited doses of lactose (ug/kg/day). Deposition of budesonide and
formoterol were estimated to be 21.2-22.4% and 20.6-21.8%, respectively.

Group_ Inhaled Dose, ug/kg/day Deposited Dose, ug/kg/day
1 - Air 0 0

2~ 519 111

3-F 130 27

4-B+F 20 4

5-B+F 95 21

6-B+F 492 107

Route, form, volume, and infusion rate: Oral inhalation

Test formulations were administered by inhalation as an aerosol generated from a
=" powder aerosol generator. Each dog was restrained by a handler and a close-
fitting facemask and aerosol delivery tube system was used to deliver the aerosol directly
into the buccal cavity of the dog.

Observations and times:

Clinical signs: Animals were observed daily, before, during, and after dosing, for clinical
signs of toxicity. Detailed examinations were conducted once per week.

Body weights: Body weights were measured once per week.

Food consumption: Food consumption was measured daily. Weekly individual and group
mean food consumption were calculated and reported.

Ophthalmoscopy: Ophthalmic examinations were performed prior to dosing and during
week 13.
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EKG: Electrocardiograms (6-Lead) were recorded from each animal prior to dosing (week
-2), on day 1, and during weeks 2 and 12. Recordings were conducted 1 hr after dosing. In
addition, on day 1 and during weeks 2 and 12, heart rate (pulse) was recorded manually
pre-dose, immediately postdose, and at 4 and 24 hr after dosing.

Hematology: Blood for determination of hematology parameters was collected prior to the
start of dosing at weeks -2 and -1, and during the treatment period at weeks 7 and 13.
During the treatment period, all blood samples were coliected prior to dosing.

Clinical chemistry: Blood for determination of clinical chemistry parameters was collected
prior to the start of dosing at weeks -2 and -1, and during the treatment period at weeks 7
and 13. During the treatment period, alt blood samples were collected prior to dosing.
Urinalysis: Urine samples for analyses were collected prior to the start of dosing at week -
2 and during the treatment period at weeks 7 and 13.

Gross pathology: After a minimum of 13 consecutive weeks of treatment, all animals were
necropsied according to a predetermined sequence in which males preceded females.
Organs weighed: Absolute and relative organ weights were determined for the adrenal
glands, brain, kidneys, heart, liver, lungs, ovaries, prostate, spleen, testes, thymus, thyroid,
uterus, and pituitary.

Histopathology: Samples of all tissues from all animals retained at necropsy were
processed into paraffin blocks. Sections were cut at between approximately 4-5 um,
stained with hematoxyfin and eosin, and examined by light microscopy.

Toxicokinetics: Plasma concentrations of budesonide and/or formoterol were measured in
plasma samples collected from all animals in Groups 2-6 on days 7 and 87 at predose and
at 10, 30, 120, 240, and 360 min after dosing. The plasma concentratlons of budesonide
were measured using liquid chromatography
tandem mass spectrometry (LC — -MS/MS). The plasma concentrations of formoterol
were measured using liquid chromatography - 'tandem mass spectrometry (LC-
~— MS/MS). The limits of quantitation for budesonide and formoterol were 0.025 nmol/L
and 5.0 pmol/l., respectively.

Other. Basal and ACTH-stimulated cortisol levels were measured in blood samples
collected from all animals during weeks -1 and 13. Cortisol levels were quantified using an
immunoassay method with a defined lower limit of quantitation at 10 nmol/L.

Resuits:

Mortality: None.
Clinical signs: There were no treatment-related clinical signs.

Body weights: Body weight gains were suppressed for male and female dogs in Group 2
(budescnide only) and Group 6 (high dose of budesonide + formoterol). Body weight gains
were slightly suppressed for male and female dogs in Group 5 (mid dose of budesonide +
formoterol).

Body weights for male dogs in the air-control group during weeks 1 and 14 were
10266.7 and 12566.7 g, respectively, yielding a 22.4% increase of initial body weight.
Body weights at week 14 for male dogs in Groups 2, 3, 4, 5, and 6 were increased by 9.9,
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21.6, 22.4, 19.2, and 14.9% of body weights during week 1, respectively. Body weights of
female dogs in the air-control group during weeks 1 and 14 were 9066.7 and 10666.7 g,
respectively, yielding a 17.6% increase of initial body weight. Body weights at week 14 for
female dogs in Groups 2, 3, 4, 5, and 6 were increased by 7.5, 21.2, 20.2, 15.7, and
13.2% of body weights during week 1, respectively.

Food consumption: There were no treatment-related effects on food consumption.
Ophthaimoscopy: Ophthalmic examinations found no treatment-related effects.

Electrocardiography: On day 1, elevated heart rates (i.e., pulse) were evident in Groups.
3 (formoterol only) and 6 (high dose of budesonide + formoterol). During week 2, elevated
heart rates were evident in Groups 3 (formoterol only), Group 4 (low dose of budesonide +
formoterol), Group 5 (mid dose of budesonide + formoterol), and Group 6 (high dose of
budesonide + formoterol). The sponsor reported a mild to moderate sinus tachycardia in
Groups 3 (formoterol only) and 6 (high dose of budesonide + formoterol) on day 1 at 1 hr
after dosing. No changes in heart rate were evident during week 12. There were no
treatment-related changes in electrocardiographic parameters (i.e., PR interval, QRS
interval, QT interval, and QTc interval).

Day 1: Heart rates (bpm). Notable changes have been marked in bold.

Group Pre-Dose Post-Dose 1hr 4hr 24 hr

1 = Males 96 88 (91.7%) 105 (109.4%) 113 (117.7%) | 89 (92.7%)

1~ Females 101 100 (88%) 121 (119.8%) 112 (110.9%) | 93 (92.1%)

3 — Males 108 125 (115.7%) | 148 (137% 137 (126.9%) _ | 96 (88.9%)

3 - Females 91 144 (158.2%) | 164 (180.2%) | 111 (122%) 115 (126.4%)

6 — Males 95 118 (124.2%) | 168 (176.8%) 113 (118.9%) | 108 (113.7%)

6 - Females 99 111 (112%) 144 (145.4%) 132(133.3%) | 114 (115.2%)

Week 2: Heart rates (bpm). Notable changes have been marked in bold.

Group Pre-Dose Post-Dose 1hr 4 hr 24hr

1=~ Males 97 107 (110.3%) | 105 (108.2%) | 92 (94.8%) 105 (108.2%)

1-Females |99 84 (84.8%) 95 (96%) 1112 (113%) 105 (106.1%)

2~ Males 88 84 (95.5%) 106 (120.5%) | 127 (144.3%) | 104 (118.2%)
2 Females | 93 76 (81.7%) 105 (112.9%) _ | 131 (140.9%) _| 101 (108.6%)
3 - Males 80 117 (146.3%) [ 127 (158.8%) | 135 (168.8%) | 100 (125%)

3 ~ Females 99 96 (87%) 128 (129.3%) | 138 (137.4%) | 127 (128.3%)

4 - Males 4 120 (142.9%) | 123 (146.4%) | 109 (120.7%) | 111(132.1%)

4 ~ Females 88 104 (118.2%) | 104 (118.2%) 131 (148.9%) | 137 (155.7%)

5~ Males 88 99 (112.5%) 115 (130.7%) 125 (142%) 95 (108%)

5 - Fernales 85 93 (109.4%) 112 (131.8%) 125 (147%) 103 (121.2%)

6 - Males 100 117 (117%) 130 (130%) 125 (125%) 93 (93%)
[6-Females |06 105 (109.4%) | 121 (126%) 117 (121.9%) | 92 (85.8%)

Hematology: Decreased white blood cell, neutrophil, lymphocyte, and eosinophil counts
were observed for male treatment groups that may cormelate, in part, with effects of
budesonide (i.e., Groups 2, 4, 5, and 6). However, corresponding changes were not
observed for female treatment groups. Further, changes were generally small and high
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variability was present in counts for some cell types (i.e., eosinophils) that made treatment
relationships unclear.

Week 7:

- White blood cell counts for male dogs in Groups 2, 5, and 6 were decreased to
81.6, 80.4, and 83.2% of the air-control (14.336 x 1091L), respectively. Neutrophil counts for
male dogs in Groups 2, 5, and 6 were decreased to 86.8, 81.4, and 79% of the air-control
(7.776 x 10°1L), respectively. Lymphocyte counts for male dogs in Groups 2, 4, 5, and 6
were decreased to 78.2, 76.5, 82.1, and 81.6% of the air-control (5.193 x 10°/L),
respectively. Monocyte counts for male dogs in Group 2 were decreased to 65.4% of the
air-control (0.973 x 10°/L), respectively. Eosinophil counts for male dogs in Groups 2, 3, 4,
5, and 6 were decreased to 55.4, 76.2, 54.5, 42.6, and 42.6% of the air-control (0.336 x
109/L), respectively. '

White blood cell and neutrophil counts for female dogs in Group 3 were elevated to
136.5 and 146.4% of the air-control (12.143 x 10°/L and 7.010 x 10°L), respectively.
Monocyte counts for female dogs in Group 6 were increased to 154.5% of the air-control
(0.660 x 10°L). Eosinophil counts for female dogs in Groups 2, 4, 5, and 6 were
decreased t0 42.9, 66.6, 57.1, and 46.6% of the air-control (0.350 x 10°/L), respectively.

Week 13: White blood cell counts for male dogs in Groups 2 and 6 were decreased
to 84.7 and 88.7% of the air-control (12.466 x 10°/L), respectively. Lymphocyte counts for
male dogs in Groups 2, 4, 5, and 6 were decreased to 68.3, 80.1, 89.8, and 76.4% of the
air-control (4.966 x 10°/L), respectively. Monocyte counts for male dogs in Group 2 were
decreased to 76.1% of the air-control (0.796 x 10°/L), respectively. Eosinophil counts for
male dogs in Groups 2, 3, 4, 5, and 6 were decreased to 32.7, 76.9, 48.1, 44, and 18.3%
of the air-control (0.416 x 10°1L), respectively.

Monocyte counts for female dogs in Groups 3 and 6 were increased to 134.15 and
127.6% of the air-control (0.653 x 10°1L), respectively. Eosinophil counts for female dogs in
Groups 5 and 6 were decreased to 63.8 and 57.7% of the air-control (0.260 x 10°/L),
respectively; however, counts for female dogs in Group 3 were increased to 166.5% of the
air-control. Activated partial thromboplastin times for female dogs in Groups 2, 3, 4, 5, and
6 were increased to 117.2, 132.9, 113.8, 124, and 128.7% of the air-control (13.36 sec),

respectively.

Clinical chemistry: Flevations of triglyceride, cholesterol, total protein, and albumin levels
were evident primarily for Groups 2 and 6 during weeks 7 and 13. These changes may be
due to budesonide treatment.

Week 7:

Triglyceride levels for male dogs in Groups 2 and 6 were increased to 150 and
146.9% of the air-control (0.320 mmol/L), respectively. Total protein levels for male dogs in
Groups 2 and 6 were increased to 111.7 and 111% of the air-control (51.3 g/L),
respectively. Albumin levels for male dogs in Groups 2 and 6 were increased to 109.4 and

44

185



Reviewer: Timothy W. Robison, Ph.D.. D.A.B.T. NDA No. 21-929

Reviewer: Timothy W. Robison. PbD. IND No, 63.304

112.9% of the air-control (28.6 g/L), respectively. Alkaline phosphatase activities for male
dogs in Group 6 were increased to 114.3% of the air-control (95.0 IUL).

Cholesterol levels for female dogs in Groups 2, 5, and 6 were increased to 154.5,
148.2, and 173.3% of the air-control (2.670 mmol/L), respectively. Triglyceride levels for
female dogs in Groups 2, 5, and 6 were increased to 207.7, 157.5, and 200% of the air-
‘control (0.313 mmol/L), respectively. Total protein levels for female dogs in Groups 2 and 6
were increased to 115.9 and 113.9% of the air-control (50.3 g/L), respectively. Albumin
levels for female dogs in Groups 2 and 6 were increased to 104.6 and 106.5% of the air-
control (30.6 g/L), respectively. Alkaline phosphatase activities for female dogs in Groups
2, 5, and 6 were increased to 152.6, 141.8, and 114.1% of the air-control (78.0 IUL),

respectively.

Week 13:

Triglyceride levels for male dogs in Groups 2 and 6 were increased to 123.5 and
137.4% of the air-control (0.310 mmol/l.), respectively. Alkaline phosphatase activities for
male dogs in Group 6 were increased to 124.3% of the air-control (76.6 1U/L).

Cholesterol levels for female dogs in Groups 2, 5, and 6 were increased to 172.4,
161.8, and 199.6% of the air-control (2.513 mmol/L), respectively. Triglyceride levels for
female dogs in Groups 2, 3, 4, 5, and 6 were increased to 162.5, 176.1, 176.1, 200, and
215% of the air-controf (0.293 mmol/L), respectively. Phosphate levels for female dogs in
Group 6 were increased to 116% of the air-control (1.726 mmol/L). Total protein levels for
female dogs in Groups 2 and 6 were increased to 112.9 and 114.9% of the air-control
(51.0 g/L), respectively. Albumin levels for female dogs in Groups 2 and 6 were increased
to 104.4 and 108.5% of the air-control (31.6 g/L), respectively. Alkaline phosphatase
activities for female dogs in Groups 2, 5, and 6 were increased to 141.1, 157.8, and
144.2% of the air-control (78.0 IU/L), respectively.

Urinalysis: Urinary osmolality during week 13 was decreased for male and female dogs
in Group 2 (budesonide only) and Group 6 (high dose of budesonide + formoterol). The
toxicological significance of decreased urinary osmolality was unclear, given that these
changes were not statistically significant due to high variability within groups. No changes
in urinalysis parameters were evident during week 7.

During week 13, urinary osmolalities for male dogs in Groups 2 and 6 were
decreased to 47.8 and 36.6% of the air-control (1409.6 mosmol/kg), respectively. During
week 13, urinary osmolalities for female dogs in Groups 2 and 6 were decreased to 54.4
and 48.2% of the air-control (876.0 mosmol/kg), respectively.

Organ weights: Absolute and relative adrenal gland and thymus weights were decreased
for male and female dogs in Groups 2, 4, 5, and 6, and appeared to correlate with
histopathological findings. These changes appeared to be attributable to the effects of
budesonide. Changes were observed for a few other organs, although, there were no
correlations to histopathological findings.
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Thymus: Absolute thymus weights for male dogs in Groups 2, 3, 4, 5, and 6 were
decreased to 60.4, 84.7, 71.2, 62.3, and 53.1% of the air-control (11.013 g), respectively.
Relative thymus weights for male dogs in Groups 2, 3, 4, 5, and 6 were decreased to 70.4,
92.6, 76.7, 69.4, and 61.8% of the air-control (0.08710%), respectively. Absolute thymus
weights for female dogs in Groups 2, 3, 4, 5, and 6 were decreased to 49.2, 84.1, 63.2,
489, and 41.5% of the air-control (15.324 g), respectively. Relative thymus weights for
female dogs in Groups 2, 3, 4, 5, and 6 were decreased to §1.3, 78.1, 58.6, 44.5, and
40.7% of air-control (0.14359%), respectively. Changes in absolute and relative thymus
weights for dogs in Group 3 (formoterol only) appeared to have little or no biological
significance.

Adrenal gland: Absolute adrenal gland weights for male dogs in Groups 2, 3, 4, 5,
and 6 were decreased to 44, 76.2, 77.4, 62.3, and 39.8% of the air-control (1.466 g),
respectively. Relative adrenal gland weights for male dogs in Groups 2, 3, 4, 5, and 6
were decreased to 50.9, 81.6, 82, 69.1, and 45.6% of the air-control (0.01175%),
respectively. Absolute adrenal gland weights for female dogs in Groups 2, 4, 5, and 6 were
decreased to 46, 79.3, 74, and 50% of the air-control (1.261 g), respectively. Relative
adrenal gland weights for female dogs in Groups 2, 3, 4, 5, and 6 were decreased to 47.1,
93.8, 71.3, 67.2, and 47.6% of the air-control (0.01183%), respectively. Changes in
absolute and relative adrenal gland weights for dogs in Group 3 (formoterol only) appeared
to have little or no biological significance.

Spleen: Absolute spleen weights for female dogs in Groups 2, 3, 4, 5, and 6 were
increased to 156.7, 148.6, 150.6, 150.7, and 108.6% of the air-control (65.037 g),
respectively. Relative spleen weights for female dogs in Groups 2, 3, 4, 5, and 6 were
increased to 159.6, 138.2, 135.1, 137.3, and 105.1% of the air-control (0.61217%),
respectively. No substantial changes were evident for male treatment groups. The
magnitude of change observed for female dogs in Group 6 was minimal and suggests
these observed changes for the spleen may have littie or no relationship to treatment.

Thyroid gland: Absolute thyroid gland weights for male dogs in Groups 3, 4, 5,
and 6 were decreased to 83.8, 85, 84.8, and 78.2% of the air-control (0.427 g),
respectively.

Testes: Absolute testes weights for male dogs in Group 6 were decreased to
80.6% of the air-control (21.183 g).

Liver: Relative liver weights for male dogs in Groups 2, 5, and 6 were increased to
115.9, 119, and 121.2% of the air-control (3.11811%), respectively. Absolute and relative
liver weights for female dogs in Group 6 were increased to 139.9 and 133.7% of air-control
values (325.277 g and 3.05577%), respectively. Relative liver weights for female dogs in
Groups 2 and 3 were increased to 122 and 113.9% of the air-control (3.05577%),

respectively.

Lung: Absolute and relative lung weights for male dogs in Group 6 were decreased
to 76.3 and 87.8% of air-control values (100.750 g and 0.80626%), respectively.
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Pituitary: Relative pituitary gland weights for male dogs in Groups 2, 5, and 6 were
increased to 118.6, 113.6, and 110.2% of the air-control (0.00059%), respectively.

Gross pathology: There were no treatment-related gross pathological findings.
Histopathology: Target organs of toxicity were the thymus, adrenal glands, and spleen.

Thymic atrophy was observed for male and female dogs in Groups 2, 5, and 6 as
well as 1 female dog in Group 4. Atrophy of the zona fasciculata in the adrenal gland was
observed for male and female dogs in Groups 2, 5, and 6 as well as 2 female dogs in
Group 4. Vacuolation of the zona glomerulosa in the adrenal gland was observed for male
and female dogs in Group 2 as well as 1 male dog each in Groups 4 and 6. Lymphoid
depletion in the spleen was observed for 2 female dogs in Group 2 and 1 male dog each in
Groups 5 and 6. Thymic and adrenal cortical atrophy can be attributed to treatment with
budesonide and reflect either a direct action of the affected tissue or represent an indirect
action due to hormonal perturbation mediated through the hypothalmic-pituitary axis.

Histopathological findings were observed in the skin/subcutis, mammary gland,
heart, thyroid gland, and testes for dogs in Group 6 (high dose of budesonide and
formoterol), although, the incidence for each finding was 1 of 3 and a treatment relationship
was unclear.

Interstitial pneumonia (Groups 1, 2, 4, 5, and 6), alveolitis (Groups 2, 3, 4, 5, and 6),
and alveolar casts (Group 6) were observed in the lungs, although, these are common
background findings in beagle dogs.
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Histopathological changes for dogs.

Tissue Group 1 Group 2 Group 3 G 4 Group 5 Group 6
M IF IMJF [MJI|F IMJF [MIF |IMIFE |
Thymus .
-atrophy (total) 0 |o [2 [3 Jo Jo Jo |1 |3 12 J3 |3
Grade 1 1 |1
Grade 2 2 |1
Grade 4 1 11 1
Grade 5 1 12 3 13

Adrenal gland
-atrophy, zona fasciculata 0 0 3 3 0 1] 0 2 3 3 3 3

Grade 1 2 1 1
Grade 2 2 2
Grade 4 2 2 2 1
Grade 5 1 1 1 2
-vacuolation, zona glom. v} 0 3 1 0 0 1 0 0 0 1 0
Grade 2 1 1 1 1
Grade 3 2
Spleen
-lymphoid depletion 0 0 0 2 0 0 0 0 1 0 1 0
Grade 1 1 1 1
Grade 2 1
Skin/Subcutis
-basal cell tumor (B) 0 0 0 0 0 0 0 0 0 0 0 1
Mammary gland -
Jobular hyperpiasia, 0 0 0 0 0 0 0 0 0 0 1] 1
Grade 3
Lung
-alveolar casts, Grade 2 0 0 0 0 0 0 0 1] ) 0 1 0
-interstitial pneumonia 0 1 0 3 0 0 1 0 1 1 1 0
Grade 1 2 1 1 1
Grade 2 1 1 1
-alveolitis 0 0 0 1 2 1 1 1 1 0 1 0
Grade 1 1 1 1 1 1 1
Grade 2 1
Grade 3 1
-granuloma, Grade 2 0 0 0 0 0 1 0 0 0 0 0 0
Heart
-myocardial fibrosis, 0 0 0 0 0 0 0 0 0 0 1 0
| Grade 1
Thyroid gland ‘ | '
-C-cell hyperplasia/focal, | 0 0 0 0 0 0 0 0 0 0 1 4]
Grade 3
-cyst, Grade 3 0 0 0 0 0 0 0 Q 0 0 0 1
Testes
-spermat. giant cells, 0 - 0 - 0 - 0 - 0 - 1 0
Grade 1
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Toxicokinetics: For Groups 4, 5, and 6, AUC values for budesonide and formoterol on
days 7 and 87 increased with elevating dose, although, increases were generally less than
proportional to dose. For Groups 4, 5, and 6, Crax and AUC values for budesonide on day
87 were greater than values observed on day 7. For Groups 4, 5, and 6, C..x values for
formoterol on day 87 were greater than values observed on day 7. For Groups 4 and 5,
AUC values for formoterol on day 87 were greater than values observed on day 7;
however, for Group 6, AUC values were comparable on days 7 and 87. Higher C., and
AUC values for budesonide and formoterol on day 87 as compared to day 7 may be
related to obtainment of steady state drug levels. There were no sex-related differences in
toxicokinetic parameters.

Table3. Expmre psrametersfor Budesonide. The: values gwen are the- mean of
:hemaleandfemﬂevalues o .

, Aweek | 3months
GroupNo. | 2 4 | s 6 2 i 5 ¢
T Actual dose: ' 1 — T "
badesonide! | 507/ 2AY] | 96 R LS | 2sy | 93y | s
formoterch | g0 | or3 | 050 | 289 | 09 | o3 | s | 267

- AUGas | tooe | ods |21 | sar [asao | usr | oast | use

‘AUC/ose’ | 020 | 031 | o028 o | o0 | adE *"o.a‘ag 024
Cam(omoll) | 902 | 025 | 122 | 538 | 72 | 089 | taz | 103 |
PSR TR I MY T TR YOI PRTO YT
To.® |03 | 05 | 05 | 05 |08 | o5 | oosm | 0oss
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Summary of individual study findings: In a 13-week inhalation toxicity study, beagle
dogs were treated daily with a Symbicort formulation containing budesonide and
formoterol as a dry micronized powder blend with lactose. Target doses of budesonide
and formoterol for the low, mid, and high dose groups were 2.0 + 0.11, 10.0 + 0.56, and 50
+ 2.8 ug/kg/day, respectively. Using a deposition factor of approximately 25%, deposited

" doses of budesonide and formoterol for low, mid, and high dose group were 0.44 + 0.022,
2.19 +0.11, and 10.9 + 0.57 pg/kg/day, respectively. Comparator groups were treated with
50 ug/kg/day budesonide alone or 3.0 ug/kg/day formoterol alone (deposited doses of
10.3 and 0.56 pg/kg/day, respectively). A control group received air only. The NOAEL was
identified as the low dose combination for male dogs. Body weight gain was reduced for
the male and female dogs that received budesonide only and mid and high doses of
budesonide + formoterol. On day 1, elevated heart rates were evident for male and female
dogs that received formoterol only or the high dose of budesonide + formoterol. During
week 2, elevated heart rates were evident in male and female dogs that received
formoterol only and low, mid, and high doses of budesonide + formoterol. No changes in
heart rate were evident during week 12. Target organs of toxicity were the thymus, adrenal
gland, and spleen, and toxicities could be primarily attributed to the effects of budesonide.
Thymic atrophy was observed for the male and female dogs that received budesonide only,
female dogs that received the low dose of budesonide + formoterol, and male and female
dogs that received mid and high doses of budesonide + formoterol. Atrophy of the zona
fasciculata of the adrenal gland was observed for the male and female dogs that received
budesonide only, female dogs that received the low dose of budesonide + formoterol, and
male and female dogs that received mid and high doses of budesonide and formoterol.
Vacuolation of the zona glomerulosa of the adrenal gland was observed for the male and
female dogs that received budesonide only and male dogs that received the high dose of
budesonide + formoterol. Lymphoid depletion in the spleen was observed for female dogs
that received budesonide and male dogs that received mid and high doses of budesonide
+ formoterol.

Toxicology summary:

In a 13-week nose-only inhalation toxicology study, Wistar rats were treated daily
with a Symbicort HFA pMDI formulation containing budesonide, formoterol, PVP K-25,
PEG-1000, and HFA-227. Total doses of budesonide and formoterol in the low, mid, and
high dose groups were 2 + 0.11, 10 + 0.56, and 51 + 2.9 pg/kg/day, respectively. Using a
deposition factor of 0.086 to 0.094, deposited doses for budesonide and formoterol in the
low, mid, and high dose groups were 0.2 + 0.010, 0.8 + 0.048, and 4.8 + 0.27 pg/kg/day,
respectively. Two additional groups were exposed daily to either an excipient-only HFA
pMDI aerosol formulation (vehicle control) or to air only (air control). The NOAEL was
identified as the mid dose. Body weight gains for male and female rats in the high dose
group were reduced to 67 and 56% of the air-control, respectively. Thymus weights were
decreased for male and female rats at the high dose, aithough, there were no
comesponding histopathological findings. There were no farget organs of toxicity.
Decreases of body weight gains and thymus weights could be attributed to the effects of
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budesonide. There was no evidence of additive or synergistic toxic effects between
formoterol and budesonide. There were no significant differences in findings between the
air- and vehicle-control groups. Thus, no toxicity can be attributed to PVP K-25, PEG-1000,
and HFA-227 at deposited doses of 0.03, 8.6, and 30300 ug/kg/day, respectively.

In a 13-week nose-only inhalation toxicology study, Wistar rats were treated daily
with a Symbicort formulation containing budesonide and formoterol as a micronized dry
powder blend. Total target doses of budesonide and formoterot in the low, mid, and high
dose groups were 2 + 0.12, 10 + 0.60, and 50 + 3.0 ug/kg/day, respectively. Using a
deposition factor of approximately 10%, deposited doses for budesonide and formoterol in
the low, mid, and high dose combination groups were 0.30 + 0.018, 1.3 + 0.073, and 4.8 +
0.25 ug/kg/day, respectively. Positive control groups were treated with target doses of 50
Hg/kg/day budesonide alone or 3.0 pg/kg/day formoterol alone (actual deposited doses of
7.2 and 0.24 ug/kg/day, respectively). A control group received air only. The NOAEL was
identified as the mid dose combination. Target organs of toxicity were the thymus and
spleen. Observed changes can be primarily atiributed to the effects of budesonide. The
incidence of iymphocytolysis in the thymus was increased for male and female rats in the
budesonide only group and male and female rats in the high dose budesonide + formoterol
group. The incidence and magnitude of extramedullary hematopoiesis was decreased for
male rats in the budesonide only group and male rats in the high dose budesonide +
formoterol group. Systemic exposures to budesonide and formoterol were generally
greater with the dry powder formulation as compared to the HFA pMDI formulation.

In a 13-week inhalation toxicity study, beagle dogs were treated daily with a
Symbicort HFA pMDI formulation containing budesonide, formoterol, PVP K-25, PEG-
1000, and HFA-227. Target doses of budesonide and formoterol in the low, mid, and high
dose groups were 2.0 + 0.11, 10 + 0.56, and 50.0 + 2.80 pg/kg/day, respectively. Using a
deposition factor of approximately 25%, deposited doses for budesonide and formoterol in
the low, mid, and high dose groups were 0.52 + 0.032, 2.90 + 0.18, and 14.6 + 0.89
Bg/kg/day, respectively. The NOAEL was identified as the low dose. Sinus tachycardia
(i.e., increased heart rate) was observed in mid and high dose groups on day 1 and during
week 2. No changes in heart rate were evident during week 12. Target organs of toxicity
were the adrenal cortex, thymus, and brenchial iymph nodes. Observed histopathological
changes appear to be primarily attributable to the effects of budesonide. Cortical atrophy
of the adrenal cortex was observed for male and female mid and high dose groups. The
incidence and severity of thymic atrophy was increased for the male and female mid and
high dose groups. The incidence and severity of lymphoid depletion in the bronchial lymph
nodes was increased for the male and female high dose groups. There were no significant
differences in findings between the air- and vehicle-control groups. Thus, no toxicity can be
attributed to PVP K-25, PEG-1000, and HFA-227 at deposited doses of 0.10, 31.5, and

42000 pg/kg/day, respectively.

In a 13-week inhalation toxicity study, beagle dogs were treated daily with a
Symbicort formulation containing budesonide and formoterol as a dry micronized powder
blend with lactose. Target doses of budesonide and formoterol for the low, mid, and high
dose groups were 2.0 + 0.11, 10.0 + 0.56, and 50 + 2.8 ug/kg/day, respectively. Using a
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deposition factor of approximately 25%, deposited doses of budesonide and formoterol for
low, mid, and high dose group were 0.44 + 0.022, 2.19 + 0.11, and 10.9 + 0.57 pg/kg/day,
respectively. Comparator groups were treated with 50 pg/kg/day budesonide alone or 3.0
Hg/kg/day formoterol alone (deposited doses of 10.3 and 0.56 ug/kg/day, respectively). A
control group received air only. The NOAEL was identified as the low dose combination for
male dogs. Body weight gain was reduced for the male and female dogs that received
budesonide only and mid and high doses of budesonide + formoterol. On day 1, elevated
heart rates were evident for male and female dogs that received formoterol only or the high
dose of budesonide + formoterol. During week 2, elevated heart rates were evident in male
and female dogs that received formoterol only and low, mid, and high doses of budesonide
+ formoterol. No changes in heart rate were evident during week 12. Target organs of
toxicity were the thymus, adrenal gland, and spleen, and toxicities could be primarily
attributed to the effects of budesonide. Thymic atrophy was observed for the male and
female dogs that received budesonide only, female dogs that received the low dose of
budesonide + formoterol, and male and female dogs that received mid and high doses of
budesonide + formoterol. Atrophy of the zona fasciculata of the adrenal gland was
observed for the male and female dogs that received budesonide only, female dogs that
received the low dose of budesonide + formoterol, and male and female dogs that
received mid and high doses of budesonide and formoterol. Vacuolation of the zona
glomerulosa of the adrenal gland was observed for the male and female dogs that received
budesonide only and male dogs that received the high dose of budesonide + formoterol.
Lymphoid depletion in the spleen was observed for female dogs that received budesonide
and male dogs that received mid and high doses of budesonide + formoterol.

Toxicology conclusions: Toxicities observed in 3-month bridging studies with Symbicort
in rats and dogs appear to be primarily attributable to the pharmacological effects of
budesonide. In addition, tachycardia, attributable to formoterol, was observed in dogs.
There was no evidence in these studies of additive or synergistic effects between
budesonide and formoterol. Safety margins derived from comparing NOAELS of preclinical
studies with Symbicort to clinical doses were significantly less than 1 (see page 62 and
63), given thatrats and dogs are known to be more sensitive to the toxic effects of steroids
as compared to humans.
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Histopathology Inventory for IND # 63,394

Study 3-month  raf3-month  ra§3-month dog|3-month dog
study withystudy withistudy withistudy with)
Symbicort Symbicort Symbicort Symbicort
HFA pMDI Dry Powder |HFA pMDI Dry Powder
#00342 #99022-01 #00047-01 #99023-01
ISpecies Rat Rat Dog Dog
Kdrenals X* X* X* X*
orta X(+) X X X
X (not examined) | X (notexamined) X (not examined)
X : X X
x* 12 » x* x*
X (+) X 1X X
X X
X X X X
X X X X
X X*
X X X X
X X X X
X X
X X 1X
X (+) X
x* Xﬁ *Xi x*
X X X X
X X X X
X* [x* X*(+ ureters: X* (+ ureters)
X X
1X X X X
X X" X X*
» xt j' Xi
X X X
X X X 1X
X r
|3 X X
X
1X I X X
X X (nares, X {nares,
nasopharynx) nasopharynx)
X

53

194



NDA No. 21-929

Reviewer: Timothy W. Robison, Ph.D.. D.A.B.T.

Reviewer; Timothy W, Robison, Ph.D IND No, 63,304
lovaries X* X* X* X*
|[Pancreas X X X X
lParathyroid X X* X 1x
Peripheral nerve

Pharynx X X X
Pituitary X X* X* X*
Prostate xX* X* X* X*
Rectum X(+) X X X
Salivary gland X xX* X (parotid | X (parotid,

submandibular, &qsubmandibular, &
sublingual) sublingual)

Sciatic nerve X X X X
Seminal vesicles X X* v

Skeletal muscle X X (Thigh) X X

Skin X X X X

Spinal cord X(+) X X X
Spleen X* X* X* X*
Stemum X X X X
Stomach X X X X
Testes X* X* X* 1X*
[Thymus X* X* X* X*
Thyroid X X* X* X*
Tongue X X X
Trachea X X X (+ carina) X (+ carina)
{Urinary bladder X X X X
futerus X* X* X* X

X X X X

Preputial gland X(+)

Peyer's patches X

X(+)
Standard List

X, histopathology performed

*, organ weight obtained
(+) tissue collected but not examined

IX. DETAILED CONCLUSIONS AND RECOMMENDATIONS:

Conclusions:

Symbicort® is a combination inhalation drug product consisting of a glucocorticoid
(budesonide) and a long acting B> agonist (formoterol). The sponsor has proposed to

develop Symbicort for the treatment of asthma in patients :
available at—= dosage levels of .
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ug budesonide/4.5 ug formoterol per actuation, and 160 pg budesonide/4.5 g formoterol
per actuation. The inhalation device will be a pressurized metered dose inhaler (pMDI).
The aerosol formulation contains excipients, povidone K25 (PVP K25) and polyethylene
glycol 1000 (PEG-1000), and the propellant, 1,1,1,2,3,3,3-heptafluoropropane (HFA-227).

In the initial IND submission, the sponsor has proposed to conduct 4 clinical trials
(i.e., SD-039-0716, SD-039-0717, SD-039-0718, and SD-039-719) with Symbicort HFA
pMDI in the United States.

Protocol SD-039-0716 is a 12-week trial to compare the safety and efficacy of
Symbicort HFA pMDI with its monoproducts, Budesonide HFA pMDI and Formoterol
Turbuhaler, in children (6 years) and adults with mild to moderate asthma. Symbicort, a
fixed combination product containing budesonide and formoterol, 80/4.5 g per puff,
respectively, will be administered as two inhalations twice daily. Budesonide (80 pg/puff) or
formoterol (4.5 pg/inhalation) will be administered as two inhalations, twice daily. Each
group will consist of approximately 112 patients.

Protocol SD-039-0717 is a 12-week trial to compare the safety and efficacy of
Symbicort HFA pMDI with its monoproducts, Budesonide HFA pMDI and Formoterol
Turbuhaler, in adolescents (>12 years) and adults with moderate to severe asthma.
Symbicort, a fixed combination product containing budesonide and formoterol, 160/4.5 ug
per puff, respectively, will be administered as two inhalations twice daily. Budesonide (160
Kg/puff) or formoterol (4.5 pg/inhalation) will be administered as two inhalations twice daily.
Each group will consist of approximately 112 patients.

Protocol SD-039-0718 is a 12-week trial to compare the safety and efficacy of
Symbicort HFA pMDI versus its monoproducts, Budesonide HFA pMDI and Formoterol
Turbuhaler, in asthmatic children (6 to 11 years). Symbicort, a fixed combination product,
containing budesonide and formoterol, 40/4.5 ug, respectively, will be administered as two
inhalations twice daily. Budesonide (40 pg/puff) or formoterol (4.5 pg/inhalation) will be
administered as two inhalations twice daily.

Protocol SD-039-719 is a 6-month open-label safety study to evaluate and compare
the safety of Symbicort HFA pMDI with Pulmicort Turbuhaler in asthmatic children (6-11
years). Symbicort, a fixed combination product of budesonide and formoteroi, 160/4.5 ug,
respectively, will be administered as two inhalations twice daily. Pulmicort, 200
ugdfinhalation, will be administered as 2 inhalations twice daily. The Symbicort and
Pulmicort groups will consist of 100 and 50 patients, respectively.

In support of the proposed clinical trials, the sponsor has conducted extensive
preclinical pharmacology and toxicology studies with monoproducts. budesonide
(Pulmicort Turbuhaler, NDA 20-441) and formoterol (Oxis Turbuhaler, < that
include carcinogenicity studies. In the present submission, the sponsor has submitted
pharmacology studies, pharmacokinetic studies in healthy human volunteers, and
toxicology studies to assess the effects of the combination of budesonide and formoterol
as well as excipients, PVP K-25 and PEG-1000, and the propeliant, HFA-227. For the
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Symbicort pMDI HFA drug product, 3-month inhalation toxicology studies with rats and
dogs were provided. These studies included excipients, PVP K-25 and PEG-1000, and
the propellant, HFA-227. For comparison, 3-month inhalation toxicology studies with the
Symbicort dry powder in rats and dogs were provided. Three inhalation toxicology studies
with budesonide, a 3-month study in rats, a 1-month study in dogs, and a teratology study in
rats, were provided in the submission; however, these studies were not reviewed. In
support of the excipients, PVP K-25 and PEG-1000, and propellant HFA-227, the sponsor
provided several inhalation toxicology studies conducted © = =—w=x!

where similar excipients, povidone K-30 (PVP K-30) and polyethylene glycol 600
(PEG-600), and the same propellant, HFA-227, were used. These studies, -~ v
included a 6-month study in rats and 6- and 12-month studies in dogs.

— ————— T

The sponsor conducted two pharmacology studies that examined the interactions of
budesonide and formoterol. |n vitro treatment of normal human bronchial epithelial cells with
a combination of formoterol and budesonide produced an additive effect on inhibiting
tumor necrosis factoro-induced granulocyte macrophage-colony stimulating factor.
Inhibitory actions of propranolol on the effects of formoterol suggest the involvement of -
receptors. Formoterol had a very low threshold concentration (i.e., 107"° M) for reducing
tumor necrosis factora-induced GM-CSF production by bronchial epithelial celis.
Development of tolerance (i.e., down regulation of f},-adrenoreceptor function) was evident
following repeated jn_vivo inhalation treatment of guinea pigs with the P.-agonist,
formoterol. Tolerance was evident from the rightward shift of the concentration-effect curve
of formoterol for the relaxation effect on airway smooth muscle and the reduction of the
density of P-adrenoreceptors in the lung. Inhalation treatment with budesonide, a
glucocorticoid, in combination with formoterol did not alter the development of tolerance to
formoterol (i.e., tachyphytaxis).

In'a pharmacokinetic study with healthy human volunteers, plasma concentrations of
budesonide and formoterol were compared following inhalation of a combination of
budesonide and formoterol using Symbicort pMDI or Symbicort Turbuhaler (TBH).
Symbicort pMDI or Turbuhaler (budesonide/formoterol), 160/4.5 pg, was given as 4
actuations all at one time corresponding to a total dose of 640/18 ug. While the total dose
is the same as the maximum proposed clinical dose for trials with the pMDI described in
the present review, the drug will be administered as two actuations BID. Systemic
exposure (i.e., AUC) to budesonide and formoterol was higher with the TBH as compared
to the pMDI. Plasma AUC values for budesonide and formoterol delivered as 4 actuations
all at one time with the pMDI| were 4.83 nmothr/L and 145 pmothriL, respectively.

in a 13-week nose-only inhalation toxicology study, Wistar rats were treated daily
with a Symbicort HFA pMDI formulation containing budesonide, formoterol, PVP K-25,
PEG-1000, and HFA-227. Total doses of budesonide and formoterol in the low, mid, and
high dose groups were 2 + 0.11, 10 + 0.56, and 51 + 2.9 ug/kg/day, respectively. Using a
deposition factor of 0.086 to 0.094, deposited doses for budesonide and formoterol in the
low, mid, and high dose groups were 0.2 + 0.010, 0.8 + 0.048, and 4.8 + 0.27 pg/kg/day,
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respectively. Two additional groups were exposed daily to either an excipient-only HFA
pMDI aerosol formulation (vehicle control) or to air only (air control). The NOAEL was
identified as the mid dose. Body weight gains for male and female rats in the high dose
group were reduced to 67 and 56% of the air-control, respectively. Thymus weights were
decreased for male and female rats at the high dose, although, there were no
corresponding histopathological findings. There were no target organs of toxicity.
Decreases of body weight gains and thymus weights could be attributed to the effects of
budesonide. There was no evidence of additive or synergistic toxic effects between
formoterol and budesonide. There were no significant differences in findings between the
air- and vehicle-control groups. Thus, no toxicity can be attributed to PVP K-25, PEG-1000,
and HFA-227at deposited doses of 0.03, 8.6, and 30300 ug/kg/day, respectively.

In a 13-week nose-only inhalation toxicology study, Wistar rats were treated daily
with a Symbicort formulation containing budesonide and formoterol as a micronized dry
powder blend. Total target doses of budesonide and formoterol in the low, mid, and high
dose groups were 2 + 0.12, 10 + 0.60, and 50 + 3.0 pg/kg/day, respectively. Using a
deposition factor of approximately 10%, deposited doses for budesonide and formoterol in
the low, mid, and high dose combination groups were 0.30 + 0.018, 1.3 + 0.073, and 4.8 +
0.25 pg/kg/day, respectively. Positive control groups were treated with total target doses of
50 ug/kg/day budesonide alone or 3.0 pg/kg/day formoterol alone (actual deposited doses
of 7.2 and 0.24 pg/kg/day, respectively). A control group received air only. The NOAEL
was identified as the mid dose combination. Target organs of toxicity were the thymus and
spleen. Decreased body weight gains were observed for groups receiving budesonide
only and the high dose of budesonide + formoterol. Observed changes can be primarily
attributed to the effects of budesonide. The incidence of lymphocytolysis in the thymus was
increased for male and female rats in the budesonide only group and male and female rats
in the high dose budesonide + formoterol group. The incidence and magnitude of
extramedullary hematopoiesis was decreased for male rats in the budesonide only group
and male rats in the high dose budesonide + formoterol group. Systemic exposures to
budesonide and formoterol were generally greater with the dry powder formulation as
compared to the HFA pMDI formulation. ‘
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In a 13-week inhalation toxicity study, beagle dogs were treated daily with a
Symbicort HFA pMD! formulation containing budesonide, formoterol, PVP K-25, PEG-
1000, and HFA-227. Target doses of budesonide and formoterol in the low, mid, and high
dose groups were 2.0 + 0.11, 10 + 0.56, and 50.0 + 2.80 pg/kg/day, respectively. Using a
deposition factor of approximately 25%, deposited doses for budesonide and formoterol in
the low, mid, and high dose groups were 0.52 + 0.032, 2.90 + 0.18, and 14.6 + 0.89
ug/kg/day, respectively. The NOAEL was identified as the low dose. Sinus tachycardia
(i-e., increased heart rate) was observed in mid and high dose groups on day 1 and during
week 2. No changes in heart rate were evident during week 12. Target organs of toxicity
were the adrenal cortex, thymus, and bronchial lymph nodes. Observed histopathological
changes appear to be primarily attributable to the effects of budesonide. Cortical atrophy
of the adrenal cortex was observed for male and female mid and high dose groups. The
incidence and severity of thymic atrophy was increased for the male and female mid and
high dose groups. The incidence and severity of lymphoid depletion in the bronchial lymph
nodes was increased for the male and female high dose groups. There were no significant
differences in findings between the air- and vehicle-control groups. Thus, no toxicity can be
attributed to PVP K-25, PEG-1000, and HFA-227 at deposited doses of 0.10, 31.5, and
42000 pg/kg/day, respectively.

In a 13-week inhalation toxicity study, beagle dogs were treated daily with a
Symbicort formulation containing budesonide and formoterol as a dry micronized powder
blend with lactose. Target doses of budesonide and formoterol for the low, mid, and high
dose groups were 2.0 + 0.11, 10.0 + 0.56, and 50 + 2.8 yg/kg/day, respectively. Using a
deposition factor of approximately 25%, deposited doses of budesonide and formoterol for
low, mid, and high dose group were 0.44 + 0.022, 2.19 + 0.11, and 10.9 + 0.57 pg/kg/day,
respectively. Comparator groups were treated with 50 pg/kg/day budesonide alone or 3.0
ug/kg/day formoterol alone (deposited doses of 10.3 and 0.56 pg/kg/day, respectively). A
control group received air only. The NOAEL was identified as the low dose combination for
male dogs. Body weight gain was reduced for the male and female dogs that received
budesonide only and mid and high doses of budesonide + formoterol. On day 1, elevated
heart rates were evident for male and female dogs that received formoterol only or the high
dose of budesonide + formoterol. During week 2, elevated heart rates were evident in male
and female dogs that received formoterol only and low, mid, and high doses of budesonide
+ formoterol. No changes in heart rate were evident during week 12. Target organs of
toxicity were the thymus, adrenal gland, and spleen, and toxicities could be primarily
attributed to the effects of budesonide. Thymic atrophy was observed for the male and
female dogs that received budesonide only, female dogs that received the low dose of
budesonide + formoterol, and male and female dogs that received mid and high doses of
budesonide + formoterol. Atrophy of the zona fasciculata of the adrenal gland was
observed for the male and female dogs that received budesonide only, female dogs that
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received the low dose of budesonide + formoterol, and male and female dogs that
received mid and high doses of budesonide and formoterol. Vacuolation of the zona
glomerulosa of the adrenal gland was observed for the male and female dogs that received
budesonide only and male dogs that received the high dose of budesonide + formoterol.
Lymphoid depletion in the spleen was observed for female dogs that received budesonide
and male dogs that received mid and high doses of budesonide + formoterol.

The Symbicort HFA pMDI drug product contains excipients, PVP K-25 and PEG-
1000, and the propellant, HFA-227. There are no approved inhalation drug products that
contain PVP K-25, PEG-1000, or HFA-227. PVP K25 is an excipient in the oral drug
product, Trental® tablets, that is administered for chronic indications. PEG-1000 has been
classified as “generally recognized as safe” (GRAS) and is used in food (21 CFR
172.820). Polyethylene glycol 1000 is also an excipient in at least four drug products (i.e.,
metoclopramide, promethazine, betamethasone) marketed by generic drug manufacturers
for chronic indications. Extensive preclinical toxicology studies have been conducted with
HFA-227 by IPACT-II, for which the sponsor has rights of reference. These studies were
reviewed under DMF 10378 (See reviews dated August 12, 1996 (Document Room Date
of October 2, 1996) and January 28, 1997). These studies, in general, revealed no
toxicologically significant findings with HFA-227.

Levels of excipients, PVP K-25 and PEG-1000, in Symbicort were compared with
levels of excipients, polyvinylpyrrolidone K-30 (PVP K-30) and poiyethylene glycol 600
(PEG-600), : 3 Differences between
PVP K-25 and PVP K-30 as well as PEG-600 and PEG-1000 would be expected to have
no toxicological impact. The various pharmaceutical grades of PVPs are defined by the
average polymer length, given by molecular weight. PVP K-25 and PVP K-30 have
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molecular weights of 26000 and 42000 daitons, respectively. K-25 and K-30 both consist
of a broad range of polymer sizes with molecular weights from 1000 to 1000000 (1 million)
with K-25 containing slightly less of the high MW material than K-30. Therefore, the only
difference between PVP K-25 and PVP K-30 is a small shift in the average polymer length.
Polyethylene glycols are polymers of the general formula, HOCH2CH2),0OH, where n is
greater than 4. PEG 600 has an average n of 12.5-13.9 with a MW range of 570-630. PEG
1000 is estimated to have an average n of 20.8-23.2 with a MW range of 950-1050.
Studies were provided in the initial submission as follows: 6-month
inhalation study in rats, 6- and 12-month inhalation studies in dogs, and 24-month
inhalation carcinogenicity study in rats. All studies were conducted with the T——
HFA-227 metered dose inhaler (MDI) formulation, —— ol '
PVP K-30, PEG 600, and HFA-227. Based upon reviews of the 6-month study with rats
and the 6- and 12-month studies with dogs - <z

, no toxicity was
associated with the vehicle-control. The carcinogenicity study . .<smm===* | has not
been reviewed, although, the sponsor's summary reported no toxic effects in the two
vehicle-control groups. Clinical doses of PVP K-25, PEG-1000, and HFA-227 that will be
achieved in the current IND are compared to NOAELSs for PVP-30, PEG-600, and HFA-
227 in the next section to determine safety margins.

Inhaled and deposited (Dep.) doses (mg/kg/day) of excipients, PVP K-30 and PEG-600,
and propellant HFA-227 in inhalation toxicology studies with the vehicle-control ————
.high dose groups.

[ Compound 6-month rat study | 6-month dog study | 12-month __ dog | 24-month rat study
Dose Bep Dose ﬁep m Dep. Dose ﬁep
. | Dose L Dqsi NMDose : Dose
PVP-K30 0.0184 | 0.0018 | 0.0020 | 0.0004 [ 0.0019 |0.0003 |0.11 0.0056
PEG-600 22006 |0221 |03442 | 00516 | 02222 |00333 |13 0.6597
HFA-227 729 729 11357 | 11357 | 73.20 | 7320 | 4697 | 4897

General Toxicology Issues:

Toxicities observed in 3-month bridging studies with Symbicort HFA pMDI in rats
and dogs appear to be primarily attributable to the pharmacological effects of budesonide.
In addition, tachycardia, attributable to formoterol, was observed in dogs. There was no
evidence in these studies of additive or synergistic effects between budesonide and
formoterol. For the 3-month rat study with the Symbicort HFA pMDI formulation, the NOAEL
was identified as the mid dose. Deposited doses of budesonide and formoterol for mid
dose treatment group were 0.8 and 0.048 ug/kg/day, respectively. For the 3-month dog
study with the Symbicort HFA pMDI formulation, the NOAEL was identified as the low
dose. Deposited doses of budesonide and formoterol for low dose treatment group were
0.52 and 0.032 pg/kg/day, respectively. Safety margins derived from NOAELs of
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preclinical studies with Symbicort compared to clinical doses were significantly less than 1
(see tables below), given that rats and dogs are known to be significanly more sensitive to
the toxic effects of steroids as compared to humans. These findings are in concordance
with previous inhalation toxicology studies conducted with budesonide in rats and dogs that
were reviewed under NDA 20-441. Previous clinical experience with the monoproducts
(i.e., budesonide and formoterol) appears adequate to support clinical studies with the
combination of budesonide and formoterol (i.e., Symbicort), however, adequate safety
margins need to be established for PVP K-25, PEG-1000, and HFA-227. For the
Pulmicort Turbuhaler, the approved dose is 200 to 400 pg twice daily (i.e., 400 to 800
Hg/day) for adults and children. For a 50-kg adult, the approved dose is approximately 8 to
16 pg/kg/day. For a 20-kg child, the approved dose is approximately 20 to 40 pg/kg/day. In
Phase I trials with formoterol, the clinical dose is 9 g twice a day. This dose in adults and
children is approximately 0.36 and 0.9 pg/kg/day, respectively. The approved dose of
Foradil® Aerolizer (Novartis) is 12 ug twice a day.
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Rat to human and dog to human exposure ratios (based upon NOAELs from 3-month
inhalation toxicology studies using calculated deposited doses) for clinical doses of the
Symbicort HFA pMDI formulation in aduits with a body weightof 50kg.

Clinical Doses Rat to Human |Dog to Human

40/4.5 actuation |4 actuations/day |ug/kg/day exposure ratio |exposure ratio

Budesonide 43.2 172.8 3.456 0.231 0.150

Formoterol 4.9 19.6 0.392 0.122 0.082

80/4.5 jug/actuation |4 actuations/day [ug/kg/day Rat to Human |Dog to Human
ratio Ratio

Budesonide 86.3 345.2 6.904 0.116 0.075

Formoterol 4.9 19.6 0.392 0.122 0.082

160/4.5 |ug/actuation |4 actuationsi/day [ug/kgiday Rat to Human Bog to Human
ratio |Ratio

| Budesonide 171.9 687.6 13.752 0.058 0.038

Formoterol 4.9 19.6 0.392 0.122 0.082

Rat to human and dog to human exposure ratios (based upon NOAELs from 3-month
inhalation toxicology studies using calculated deposited doses) for clinical doses of the
‘Symbicort HFA pMDI formulation in children (6-11 years) with a body weight of 20 kg.

Clinical Doses Rat to Human |Dog to Human
40/4.5 pg/actuation |4 actuations/day |ug/kg/day exposure ratio jexposure ratio
Budesonide  [43.2 172.8 8.64 0.093 0.060
|Formoterol 4.9 19.6 0.98 0.049 0.033
160/4.5 Hg/actuation |4 actuations/day |pg/kg/day Rat to Human |Dog to Human
ratio Ratio
Budesonide 171.9 687.6 34.38 0.023 0.015
Formoterol 4.9 9.8 Jo.98 0.049 0.033

AUC and Cax values at NOAELs in 3-month inhalation toxicology studies with the
Symbicort HFA pMDI formulation in rats and dogs were compared to AUC and C o« values
obtained in healthy volunteers that received budesonide and formoterol using the
Symbicort pMDI. Symbicort pMDI (budesonide/formoterol), 160/4.5 pug, was given as 4
actuations all at one time corresponding to a total dose of 640/18 pg. While the total dose
is the same as the maximum proposed clinical dose for trials with the pMDI described in
the present review, the drug will be administered as two actuations BID. Similarly as
observed with deposited doses above, safety margins derived from AUC and Cpna values
at NOAELSs of preclinical studies compared to corresponding values at the highest clinical
dose were significantly less than 1. These findings are in concordance with previous
inhalation toxicology studies conducted with budesonide in rats and dogs that were
reviewed under NDA 20-441, and can be attributed to the sensitivity of animals to steroids.
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AUC Exposure Ratios

Symbicort Human® - AUC { Rat Dog
pMDI 4 x 1680/4.5 ug | NOAEL AUC Ratto Human | NOAEL AUC | Dog to Human
Budesonide 483 1.98 0.41 0.630 0.13
nmothr/L nmothr/L. nmolhr/L
Formoterol 145 55.9 0.39 245 017
pmothr/L nmothr/L pmolhr/L

a. Symbicort pMDI (budesonide/formoterol), 160/4.5 pg, was given as 4 actuations all at
one time corresponding to a total dose of 640/18 pg. While the total dose is the same as
the maximum proposed clinical dose for trials with the pMDI described in the present
review, the drug will be administered as two actuations BID.

Cpax Exposure Ratios
Symbicort Human®- G | Rat Dog '
pMDI 4x160/45ug | NOAEL Cp | Ratto Human | NOAEL G, | Dogto Human
Budesonide 1.42 1.59 1.12 0.448 0.32
nmol/L nmol/L nmol/L
Formoterol 52.0 476 092 14.6 0.28
pmol/L pmol/L pmol/L

a. Symbicort pMDI (budesonide/formoterol), 160/4.5 g, was given as 4 actuations all at
one time corresponding to a total dose of 640/18 pg. While the total dose is the same as
the maximum proposed clinical dose for trials with the pMDI described in the present
review, the drug wiil be administered as two actuations BID.

In 3-month bridging studies with the Symbicort HFA pMDI formulation in rats and
dogs, there were no toxic effects observed in the excipient-only vehicle-control (i.e., PVP
K-25, PEG-1000, and HFA-227) groups. However, comparison of excipient levels in
vehicle-controls to those in the clinical dose provided inadequate safety margins for
povidone K-25 and PEG-1000 as shown in the tables below. it should be noted that levels
of excipients and the propellant in-the three clinical dosage strengths of the Symbicort HFA
pMDI formulation are identical. Safety margins for patients >12 years of age with a body
weight of 50 kg ranged from only 0.7 to 1.9. Inadequate safety margins (i.e., <1) were
particularly evident for children, 6 to 11 years of age and a body weight of 20 kg.

Rat to human and dog to human exposure ratios for excipients in clinical doses of the
Symbicort HFA pMDI formulation in adults with a body weight of 50 kg (based upon
excipient levels in vehicle-controls of the 3-month inhalation toxicology studies).

Clinical Doses Rat to Human |Dog to Human
actuation 14 actuations/day ’Eﬂw exposure ratio Jexposure ratio

Povidone K25 10.7 2.8 0.056 0.714 1.786

PEG 1000 212.3 849.2 16.984 0.724 1.855

HFA 227 [70750 263000 5660 7.244 7301
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Rat to human and dog to human exposure ratio for excipients in clinical doses of the
Symbicort HFA pMDI formulation in children (6-11 years) with a body weight of 20 kg
(based upon excipient levels in vehicle-controls of the 3-month inhalation toxicology
studies).

Clinical Doses Rat to Human }Dog to Human
I}gglactuation 4 actuations/day [ug/kg/day exposure ratio |exposure ratio

Povidone K25_[0.7 2.8 0.14 0.286 0.714

PEG 1000 [212.3 8492 42.46 0.290 0742

HFA 227 70750 283000 14150 [2.898 2957

Adequate safety margins for excipients, povidone K-25 and PEG-1000, in the
clinical Symbicort HFA pMDI formulations were obtained through review of inhalation
toxicity studies conducted =~ — . —
-~ where similar excipients, povidone K-30 and PEG-600, were used. As noted
previously, there are no toxicologically significant differences between PVP K-25 and PVP
K-30 as well as PEG-600 and PEG-1000. Vehicle-control levels of PVP K-30 and PEG-
600 in the 6-month inhalation toxicity study with rats and 24-month inhalation
carcinogenicity study with rats provided sufficient safety margins for PVP K-25 and PEG-
1000 as shown in the table below. Both PVP K-25 and PEG-1000 are approved for oral
use, and inhalation-bridging studies with one species (i.e., rat) are sufficient to establish
safety by the inhalation route.

Rat to human and dog to human exposure ratios for excipients in clinical doses of the
Symbicort HFA pMD1 formulation in adults with a body weight of 50 kg (based upon levels
of excipients, povidone K-30 and PEG-600, in vehicle-controls of studies =

Clinical Doses 6-month 24-month 6-month 12-month
Excipients  [ug/actuation|4 actuations [ug/kg/day |Rat to HumanjRat to HumanjDog to Dog to

_ {day ratio ratio Human Ratio {Human Ratio
[Povidone K25 10.7 2.8 0.056 32.857 100.000 7.682 4.955
PEG 1000 _ [2123 849.2 16.984 13.012 38.842 3.040 1.961
IT-TFA 27 ___|70750 283000 |5660 128.819 829.859 20.066 12.949

Rat to human and dog to human exposure ratio for excipients in clinical doses of the
Symbicort HFA pMDI formulation in children (6-11 years) with a body weight of 20 kg

(based upon levels of excipients, povidone K-30 and PEG-600, in vehicle-controls of

studies

Clinical Doses 6month  [24-month  [6-month  |12-month
Excipients |Jg/actuation|4 actuations [ug/kg/day |Rat to Human(Rat to HumanjDog to Dog to

' ' iday ratio ratio Human Ratio [Human Ratio
Povidone K25 (0.7 28 0.14 13.143 40,000 3073 _ 1.962

PEG 1000 1212.3 849.2 42.48 5.205 15.537 1.216 [0.784

HFA 227 70750 {283000 14150 51528 331943 8.026 15.180

Recommendations: From a preclinical standpoint, the proposed clinical trials appear to
be reasonably safe and should be allowed to proceed.
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Labeling with basis for findings: None.

Reviewer signature:

Timothy W. Robison, Ph.D.

Supervisor signature: Concurrence -
Robin Huff, Ph.D.
cc: list:
ZeccolaA
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This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Timothy Robison
1/23/02 06:21:58 FPM
PHARMACOLOGIST

Robin Huff

1/24/02 08:49:04 AM
PHARMACOLOGIST

I concur.
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Appendix 3: Review of IND 63,394 Amendment #017 dated April 4, 2002
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PHARMACOLOGY/Ti OXICOLOGY COVER SHEET

IND number: 63,394
Review number: #02 _ o
Sequence number/date/type of submisslon: #017/January 16, 2002/Amendment

Information to sponsor: Yes () No (X)
Sponsor and/or agent: AstraZeneca LP
725 Chesterbrook Blvd.
Wayne, PA 19087-5677
Manufacturer for drug substance: Same

Reviewer name: Timothy W. Robison, Ph.D.
Division hame: Pulmonary and Allergy Drug Products
HFD #: 570

Review completion date: April 4, 2002

Drug:
Trade name: Symbicort
Generic name (list alphabetically): Combination drug product of Budesonide.
and Formoterol fumarate dihydrate
Code name:
Chémical name:
Budesonide, 160,17 a-butylidenedioxypregna-1,4-diene-11p, 21-diol-3;20-dione
Formoterol fumarate dihydrate, (R*,R*)-(z)-N-[2-hydroxy-5-[1-hydroxy-2-[[2-(4-
methoxyphenyl)-1-methylethyl]amlno]phenyl]forrnamlde (E)-2-butendioate (2:1),
dihydrate: (asterisks denote asymmetric carbon atomis)
CAS registry number:
Mole file number:
Molecular formula/molecular weight:
Budesonide, Cz5H340¢ / 430.5 g/mole
Formoterol fumarate dihydrate, C42H56N4014 / 840.9 g/mole
Structure:

Budesonide
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Formoterol fumarate dihydrate

i:io. ~ H;_ NH_ o~ OH
HO' COOH

Relevant INDs/NDAs/DMFs:

IND _—— (Formoterol fumarate dihydrate, AstraZeneca)
NDA 20,441 (Pulmicort Turbuhaler, AstraZeneca)

NDA 20-831 (Foradil®, Novartis)

DMF 10378 (1,1,1,2,3,3,3-heptaflucropropane (HFA:227), IPACT-Il)

Drug class: Budesonide, corticosteroid
Formoterol, B;-adrenergic agonist

Indication: Asthma
Clinical formulations:

TABLE 1
Composition of Symbicort pMDIs

Ingredient: ! Quiantity (per 56 ul) Fuanction Standard
| l 80/4.5 | 160/45 . — Lsolu ' 160/4.5
‘Budesonide: Active AstraZeneca.
_micropised
FFD ) . ) | Active AstraZenieca
micronised, ? ‘
‘conditioned
Povidone K25 ' Suspending | .
- agent | USP
PEG-1000 _Lubricant T INF
HPA72T e Propellant | AstraZeneca
(L1,1,23,3,3-
‘heéptafluoro-
Lpropane)® _ | S E—
P— D

S

To facilitate dispensing and dispersion of drug particles, Symbicort pMDI is comprised
of three components:
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1. A .—— aluminum canister which contains the propellant and drugs. The drugs are
suspended in the propellant.

2. A metering valve, which dispenses the drug and propeliant.

3. A — actuator with mouthpiece, which aids the dispersion of the drugs by
propeliant and allows the patient to conveniently take a dose.

Composition
Budésonide HFA. PMDIs are formuldted to deliver 120'actuations of either —
80 ug or 160 ug budesonide per actuation ex-actuator. The:compositions are given

in‘Table 39. These products havé not been tested to date therefore these are
prehmmary formulations based: upon the:Symbicort pMDI formulations:

Table39:  Composition of budesonide HFA pMDIs

Ingridient %- i , Quiritity (per 50.pl) Functioh | Standird’
~ I e — Ta T '

Bu desonide:
micconised

)| HEAZZP

Route of administration: Inhalation

Proposed clinical protocol:

Protocol SD-039-0716: This is a 12-week, randomized, double-blind, double-dummy,
‘placebo-controlled trial to compare the safety and efficacy of Symblcort HFA pMDI with
its monoproducts, Budesonide HFA pMDI and Formoterol turbuhaler in children (26
years) and adults with mild to moderate asthma. Symbicort, a fixed combination product
containing budesonide and formoterol, 80/4.5 pg per puff, respecnvely, will be
administered as two inhalations twice daily. Budesonide (80 pg/puff) or formoterol (4.5
ug/inhalation) will be administered as two inhalations, twice daily. Subjects will undergo
a 2-week placebo run-in period to washout their cuirent asthma therapy followed by a

12-week randomized double-blind treatment in one of four treatment groups as shown
in the table below. Each group will consist of approximately 112 patients. Co-primary -
efficacy variables will be 12-hr serial FEV; and withdrawals due to asthma
-exacerbation.

i
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TABLE 2
Treatment Dosing Schedule

~Tw. s %\
mcg/puftor ihalation Moming Brenis
‘Symbicort pMDI 804, g 2 puffs active pMDI. 2 pulls active pMDI
% iphalatings placebo TBH _| 2 iakalatisny placebo TBH
Budesonide pMDI 80 theg. 2 pufs:active pMDI 2 puffs sctive pMD]
. - 2 indulations placebo TBH_| 2 inhaluions placebo TRIE
Formaterol TRH 4.5 2 puffs placebo pMDI 2 pufs placebo pMDE
__| 2 inhatations active TBH 2 inhalations active TBH
Placebo | 2puficplacébopMDL | 2 putfs pisceti VDI
2%& TBH z‘mmiamwm

' PMDT should always be adininistered first, folkwed by TBH.
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