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Amendment

NDA number: 21-433
Date/type of submission: 11/13/03
Date of Amendment: 4/16/04

Add the following to the Consult Review of 4/14/04 under the Description of the Consult
heading.

There is no consideration of the 120-dose inhaler 44 ug/actuation as a worse casc
scenario since to achieve the maximum recommended daily inhalation dose of 1760 ug
would require 20 actuations twice daily. This dosing regimen is considered unrealistic
and impractical.

Reviewer signature:

Supervisor signature: Concurrence -

Non-Concurrence -




This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Lawrence Sancilio
4/16/04 03:49:52 PM
PHARMACOQLOGIST

Joseph Sun

4/19/04 03:16:33 PM
PHARMACOLOGIST

I concur.



PHARMACOLOGY/TOXICOLOGY COVER SHEET
Chemistry Consult

NDA number: 21-433

Date/type of submission: 11/13/03

Request date: 2/17/04, 2/18/04

Sponsor: GlaxoSmithKline Inc.

Reviewer name: Lawrence F. Sancilio, Ph.D.

Division name: Division of Pulmonary and Allergy Drug Products
HEFD: 570

Review completion date: 4/16/04

Drug: Fluticasone propionate HFA aerosol; —_ }
120 actuations/can; 44, 110 and 220 ug/actuation.

Drug class: Glucocorticoid

Indication: Treatment of asthma.

Route of administration: Inhalation

Response to Chemistry Consult Requested by Alan Schroeder, Ph.D.
Description of the Consult

This is a request to determine if the proposed acceptance criterion for the daily cxposure

— _and the proposed acceptance criterion of the  —_
-_— in the fluticasone propionate HFA acrosol
products are acceptable. The worse case scenario for the maximum exposure for ~——
— and the ST is reviewed. This oceurs in the 120-dosc
inhaler, 110 ug/actuation, (there are a total —_—

where there arc 10 of daily doses based on 8 actuations twice daily to achicve the
maximum recommended daily inhalation dose of 1760 ug. There is no consideration of
the 120-dose inhaler, 44 ug/actuation, as the worse case scenario since to achieve the
maximum recommended daily inhalation dosc, the dosing regimen (20 actuations twice
daily) is unrealistic and impractical.

Review

, —  possesses a structure alert. No toxicity data is available. The proposed
acceptance criterion for this — is ~Based on 16




Reviewer: L. F. Sancilio, Ph.D. NDA 21-433

actuations/day - ng/actuation), the total daily human exposure is —agor

ng/kg/day. The proposed acceptance criterion of — _is unacceptable since the
maximum daily exposure of — ag/kg is above the safety concerned threshold dose of —
ng/kg from the database.

The proposed acceptance criterion for — .S — . Basedon 16
actuations/day / — ug/actuation), the total human daily exposure is _—agor .g/kg.
In a 2-year carcinogenicity study, — mg/kg based on a 250 g rat and 15 g of food
consumed daily) -—_ .} was administered in the diet. There were
no adverse effects, and the NOAEL was — «g. A safe inhalation dose is—  _/kg,
(1/1000 of the NOAEL) determined from using an uncertainty safcty factor of 1000 due
to route and species difference. The proposed acceptance criterion of — s
acceptable as the exposure© — xg) is below the safe inhalation dose.

The request addressed the proposed acceptance criterion for daily exposure ot

—  from the 120 actuations/can products. The daily dose is 16 actuations a day, and
there are 10 daily doses/can. The proposed acceptance criterion for the daily -

- exposures is presented in the following table.

I Proposed Acceptance
~— Criterion

—

[ Not Greater than
/ Not Greater than

Not Greater thar |
Total: Not Greater than !




Reviewer: L. F. Sancilio, Ph.D. NDA 21-433

Summary and Overall Evaluation

The proposed acceptance criterion of the . N , which
features a structure alert, is unacceptable since the daily exposure willbe  —  and
above the safety concern threshold of ~ — from the database. This occurs when under

the worse case scenario, 16 actuations of the 110 ug/actuation are administered to achieve
the maximum recommended daily dose of 880 ug twice daily or 1760 ug. However, since
this is unrealistic, the most realistic and practical approach to achieve the maximum
recommended dose will be the 220 ug/actuation product which will require 8 actuations.

Consequently, under this dosing regimen, the daily exposure of = willbr —-
ng/kg, the safety concern threshold, thereby making the proposed acceptance criterion
acceptable The proposed acceptance criterion of the —-—

— . 1s acceptable since the daily exposure of ~ ug/kg is below the safe inhalation
dose of ~ Jkg.

The proposed acceptance criterion of exposure being not more than
—_ 3 15 acceptable. At this level, the exposure is Jg/day
which is below the acceptable level of 1000 ug/day determined from the — ——

Recommendation
The proposed acceptance criteria for the -
— are acceptable.

Reviewer’s signature:

Supervisor’s signature: Concurrence -

Non-Concurrence -
(See memo attached)

cc. A Schroeder



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Lawrence Sancilio
4/16/04 01:13:15 PM
PHARMACQOLOGIST

Joseph Sun

4/16/04 01:17:43 PM
PHARMACOLOGIST

I concur.




PHARMACOLOGY/TOXICOLOGY COVER SHEET
Chemistry Consult

NDA number: 21-433

Date/type of submission: 11/13/03
Request date: 2/26/04

Sponsor: GlaxoSmithKline Inc.

Reviewer name: Lawrence F. Sancilio, Ph.D.

Division name: Division of Pulmonary and Allergy Drug Products
HFD: 570

Review completion date: 4/14/04

Drug: Fluticasone propionate HFA aerosols, 44, 110 and 220 ug/actuation
Drug class: Glucocorticoid
Indication: Treatment of asthma.
Route of administration: Inhalation
Response to Chemistry Consult Requested by Alan Schroeder, Ph.D.
Description of the Consult
This 1s a request to determine the acceptability of the proposed daily exposures of the
= the Fluticasone propionate HFA acrosol products. Under the worsc

scenarlio, there are 10 daily doses/can/product (120 actuations —_

— , maximum daily dose: 16 actuations/day} from which the proposed daily
exposures were determined.
Review
The following table lists the —  with their proposcd daily exposures based on 10
daily doses (worse scenario) per can, and the assessment as to whether the exposures
were acceptable. Assessment of their acceptability was made from the data supplied by

the sponsor or {ound in the Micromedex Integrated Index database. The following
formulas were used in determining the daily human exposure —
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Reviewer: L.. F. Sancilio, Ph.D. NDA 21-433

/

Summary and Evaluation

The estimated daily exposures of the —_ at the proposed
specifications in the Flovent HFA Inhalation Aerosol inhalers are at acceptable safe
levels.

Recommendation

There is no safety concern for the estimated daily exposure of the —_

— at the proposed specifications in the Flovent HFA Inhatation Aerosol
inhalers.

Revicwer’s signature:

Supervisor’s signature: Concurrence -

Non-Concurrence -
(See memo attached)

h




This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

Lawrence Sancilio
4/14/04 ©02:51:51 PM
PHARMACOLOGIST

Joseph Sun

4/14/04 03:52:40 PM
PHARMACOLOGIST

I concur.
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PHARMACOLOGY/TOXICOLOGY COVER SHEET

NDA number: 21-433
Review number: 000
Serial number/date/type of submission: 000/2/26/02/ original
Information to sponsor: Yes (X) No ()
Sponsor and/er agent: Glaxo Inc.
5 Moore Dnive
Research Triangle Park, NC 27709

Manufacturer for drug substance: Fluticasone propionate: Glaxo Wellcome Operations,
Montrose and Ware United Kingdom, Jurong, Singapore, and Everux, France.

Reviewer name: Lawrence F. Sancilio, Ph.D.

Division name: Division of Allergy and Pulmonary Drug Products

HFD: 570

Review completion date: 12/20/02

Drug:
Trade name: Unknown
Generic name: Fluticasone propionate
Code name: CCl118781
Chemical name: S-fluoromethyl 6, 9 -difluoro-11 -hydroxy-16 - methyl-
3-oxo-17-propionyloxyandros ta-1, 4-diene-17 -carbothioate

CAS registry number: 80474-14-2
Mole File Numbers: Unknown.
Molecular Formula/ Molecular Weight: C,sH; F105S, 500.6

Structure:

Relevant INDs/NDAs/DMFs: IND 53,502,
NDA 20-121 (fluticasone propionate nasal spray), NDA 20-548 (fluticasone propionate as a
metered dose inhaler using chlorofluorocarbon propellants), NDA 20-349 (fluticasone propionate




as a Rotadisk dry powder inhaler),

Drug class: Glucocorticoid
Indication: Treatment of asthma.

Clinical formulations:

Theoretical Amount/Actuation Delivered Through the

Component Valve
44 ug 110 pg 220 pg
120 Actuations | 60 and 120 Actuations | 120 Actuations
Fluticasone propionate 50 g 125 pg? 250 ug”
HFA134a
Hydrofluoroalkane /

. * targeted quantity

Route of administration: Inhalat

on

Proposed use: The maintenance treatment of asthma as prophylactic therapy in adolescent

patients 12 years of age and older.

Dose: 440 - 880 mcg twice a day

APPEARS THIS way
ON ORIGINAL




Executive Summary
L Recommendations

A. Recommendation on Approvability
Recommend approvability.

B. Recommendation for Nonclinical Studies
None.

C. Recommendations on Labeling
The following changes (BOLD) are recommended in the cited sections.

Pregnancy: Teratogenic Effects: Category C. Subcutaneous studies in the mouse and rat at 45
and 100 mcg/kg, respectively, (less than the maximum recommended daily inhalation dose in
adults on a mcg/m?), revealed fetal toxicity characteristic of potent corticosteroid compounds,
inctuding embryonic growth retardation, omphalocele, cleft palate, and retarded cranial
ossification. No teratogenicity was seen in the rat at inhalation doses up to 68.7 meg/kg (less
- than the maximum recommended daily inhalation dose in adults on a mcg/mz).

In the rabbit, fetal weight and cleft palate were observed following subcutaneous doses of 4

meg/kg - -—
However,.........
OVERDOSAGE
s
IL. Summary of Nonclinical Findings

A. Brief Overview of Nonclinical Findings

Fluticasone propionate is a potent fluorinated glucocorticoid. Unlike other
glucocorticoids, fluticasone propionate increases both sodium and potassium excretion.
In mice rats, dogs and humans, fluticasone propionate undergoes high first pass
metabolism being hydrolyzed to the non-toxic -COOH metabolite. Excretion of parent
compound and its metabolites 1s primarily fecal.

In acute toxicity studies in mice, rats and dogs, toxic manifestations were characteristic
of glucocorticoids. Due to high first pass metabolism, no toxicity was seen by the oral
route in rals and mice; this accounted for juvenile rats to be more sensitive by the
subcutaneous than the oral route.




In multidose toxicity studies in rats and dogs, fluticasone propionate administered by the
inhaled route as a dry powder or by a mixture of two chlorofluorocarbon propellants
(CFQ), the toxicity seen was characteristic of glucocorticoids. In dogs, there was
evidence of inflammation due to local irritation and infection due to the compromised
immune system. In a 13-week inhalation study in dogs, a direct comparison was made
with fluticasone propionate being admintstered in the CFC and HFS134 propellants; both
formulations showed a similar glucocorticoid toxicity profile except that the
glucocorticoid effects of fluticasone propionate were slightly higher with the CFC
propeliant. Both formulations of fluticasone propionate showed local irmtation to the
same degree to the respiratory tract.

In juvenile dogs, 4-week and 7-week and 1-year inhalation studies were conducted with
the fluticasone propionate-HFA 134a formulation. No toxicity was seen in the 4-week
study; in the 7-week study there were the characteristic glucocorticoid effects. In
addition, there was a decrease in the width of the tracheal ring in the M. In the one-year
study, the severity of the toxic glucocorticoid effects, necessitated that the dose be
ultimately lowered after 8 weeks. Decreased tracheal development was also seen in both
sexes. However, there was no disorientation of the tracheal rings to be clinically
concerned. The respiratory tract also showed pathologic changes in the larynx, carina and
lungs indicating local toxicity.

Fluticasone propionate was not genotoxic or mutagenic. In the carcinogenicity studies in rats and
mice, fluticasone propionate was not tumorgenic. In reproductive studies when fluticasone
propionate was administered by the subcutaneous route, fertility was not affected, but
fetotoxicity and teratogenicity was seen in mice, rats and rabbits. No teratogenicity was seen by
the inhaled route in rats or by the oral route in rabbits. Very little fluticasone propionate crosses
the placenta of rats and rabbits following oral administration. Radioactivity was found in the
milk of lactating rats following subcutaneous administration of tritiated fluticasone propionate.

A. Pharmacologic Activity
Fluticasone propionate s a potent glucocorticoid.

B. Nonclinical Safety Issues Relevant to Clinical Use
None.

[l Administrative

A. Reviewer signature:

B. Supervisor signature: Concurrence -

Non-Concurrence -

(see memo attached)
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PHARMACOLOGY/TOXICOLOGY REVIEW

I PHARMACOLOGY: NA.
II. SAFETY PHARMACOLOGY: NA.

II. PHARMACOKINETICS/TOXICOKINETICS:

Study title: Plasma Levels of fluticasone propicnate following inhalation administration to
pregnant rats and their progeny in utero, No. GDM/94/113

In the study which evaluated the effect of inhaled fluticasone propionate administered to
pregnant AHA rats and their progeny in utero which was reviewed by Shannon Williams
{Review of IND 53,502, Submission date: 6/18/97 Review date, 9/12/97), plasma levels
were determined by a radioimmunoassay on days 7 and 16 of gestation, prior to and at
10 minutes following administration of the inhaled fluticasone propionate. The limit of
quantitation was — pg/ml. There were an air control group, a HFA control group and 3
fluticasone propionate treated groups.

Results

The targeted exposures were 0.4 mcg/L for 20 min, 0.45 meg/L for 1 h and 2 meg/L for 1
h. The mean achieved chamber concentrations were 0.445 mecg/L for 20 min, 0.686
mcg/L for 1 hand 1.817 mcg/L for 1 h. This corresponded to daily inhalation doses of
5.5,25.7 and 68.7 mcg/kg.

In the air-control group (Day 7, pre-dose) and in the HFA-control group (day 7, 10 min
post dose), 1/4 animals in each group had levels of fluticasone propionate. The sponsor
attributed this to contamination. The results in the following table indicate that there was
accumulation upon repeated administration especially at the HD.

Group Mean Concentration, pg/nil
Day 7 Day 16 ]
Pre-Dose 10 min Post Dose Pre-Dose 10 min Post Dose
Control, Air BLQ® BLQ BLQ BLQ
Control, HFA BLQ BLQ" BLQ BLQ
LD BLQ BLQ BLQ 297
MD BLQ 6068 BLQ 909
HD BLQ 1299 ) BLQ >2500 |

“one animal showed a plasma fluticasone propionate level of ~ He/ml.
® one animal showed a plasma fluticasone propionate level of  _ Hg/ml.
BLQ, Below the limit of quantitation, — g/ml




IV.

Conclusion

In rats, fluticasone propionate systemic absorption and accumulation occurred following
inhalation administration from days 6 to 16 of gestation.

GENERAL TOXICOLOGY:

Study title: Preliminary 4-week inhalation tolerance study in juvenile dogs

Key study findings: There was systemic absorption as evidenced by plasma levels.

Study no: WPT/93/510

Volume #, and page #: Not available.

Conducting laboratory and location: —_
Date of study initiation: 11/17/98

GLP compliance: Yes

QA report: yes{(X)no( )

Drug, lot # and % purity: MDI (Batch No. U92/027A)
Formulation/vehicle: /HFA (GR106642X)

Method:

Two juvenile M and 2 F beagle dogs, approximately 10-weeks old and weighing between
4.1 and 5.6 kg was administered {luticasone propionate by inhalation via the
orapharyngeal route. Each dog received approximately 30 metered doses (42.8 mcg per,
dose) administered in divided doses not less than 4 h apart daily for 4 weeks. Clinical
signs, body weight, ophthalinoscopy, hematology, clinical chemistry and urinalysis were
determined. Blood samples were take on day 1 and during week 4, before dosing and 2,
10, 20 and 40 min and 2, 4 and 24 h after dosing. At necropsy, bone marrow
(myeloid:erythroid ratio} and macroscopic pathology analysis were conducted. There
were no control animals to make a comparison.

Results:

From the dosing apparatus 61% of the dose was recovered. Thus, each dog received a
total daily dose of 501 pug; this related to 73 and 91 mcg/kg/day for the M and 102 and
104 pg/kg/day for the F. Since there were no control groups, no definitive analysis could
be made from the smali changes seen. The dogs apparently tolerated the dose of
fluticasone propionate as there were no deaths, no clinical signs, no eye changes or
changes in body weight, hematology, clinical chemistry, urinalysis, gross macroscopic
changes and bone marrow changes. There was evidence of systemic absorption as peak
plasma levels occurred between 20 and 40 minutes following administration. However,
no definitive conclusion could be made of the pharmacokinetics since prior to
administering the fluticasone propionate on the first day, 1 M and 1 F dog showed plasma
levels - pg/ml).



Conclusion:

In a pilot 4-week inhalation study, juvenile dogs tolerated daily doses of 83 mcg/kg in M
and 102 mcg/kg in F.

Study title: 7-Week pilot inhalation toxicity in juvenile dogs

Key study findings: Atrophy of the adrenal glands; adrenal gland suppression; decreased
development of the C20 tracheal ring.

Study no: RD1998/02642/00

Volume #, and page #: Not available.

Conducting laboratory and location- —_
Date of study initiation: 11/17/98

GLP compliance: Yes

QA report: yes () no (X)

Drug, lot # and % purity: 988001 and. —
Formulation/vehicle: ethanol/HFA

Methods:

Dosing:
Species/strain: Beagle dogs
#/sex/group or time point {main study): Control, 2/sex (shelf); Treated. 3/sex/group
Satellite groups used for toxicokinetics or recovery: None.
Age: 14-19 days.
Weight: 0.61-1.12 kg.
Doses in administered umits: 5, 15, 25 mcg'kg
Route, and particle size: Inhalation, head only:

Observations and times:
Clinical signs: Daily.
Body weights: Daily.
Food consuruption: Not recorded.
Ophthalmoscopy: Prior to first dose and at termination.
EKG: Not conducted.
Hematology: Prior to first dose and at termination.
Clinical chemistry: Prior to first dose and at tennination.
Urinalysis: Week 3 and day 45.
Girth (abdominal) and Long Bone (5 cm behind the forelegs) measurements: Prior to first
dose, week 3 and at termination. '
Developmental landmarks (days observed): Eves and ears opening, tooth eruption and
withdrawal from the pack.
Adrenal function test: Weeks 2 and 7 received | mli.v. of ACTH; Blood was withdraw
before and 1.5 h after administration.




Toxicokinetics: Blood was collected predose and 5 min and 30 min and 1, 2, 6 and 24 h
post dosing on day | and during the final week.

Gross pathology: Gross necropsy was conducted on all animals including tracheal
measurements.

Organs weighed: See Histology inventory below

Histopathology: See Histology inventory below.

Results:

Mortality: None.
Clinical signs: None.
Body weight Gained: M, LD, +2.6 kg; MD, +2.65kg; HD, +1.84 kg.
F, LD, +1.40 kg; MD, +1.915kg; HD, +1.60 kg.
Food consumption: Not recorded.
Ophthalmoscopy: No effect.
Electrocardiography: Not conducted.
Hematology: No effect.
Clinical chermistry: No effect.
Urinalysis: No effect.
Girth (abdominal) and Long Bone (5 cm behind the forelegs) measurements: No effect.
Developmental landmarks: No effect.
Adrenal function test: HD, the response to ACTH was less than the LD response on days
10 (M, 40%; F, -53%) and 45 (M, -39%; F, -51%).

Toxicokinetics: Note: Plasma levels of fluticasone propienate on day 0 were present prior
to dosing wit fluticasone propionate. The sponsor indicated that the fluticasone
propionate was present in the predose samples from dosed animals and in samples from
shelf control animals. No further explanation was offered. The reliability of the results
cannot be determined, and consequently the data was not included in the report.
Gross pathology:
Tracheal Measurements: HD, M, Width of the 20" tracheal ring was 20% less
than the width of the LD tracheal ring.

Adrenals: Small, M, LD, 0/3; MD, 1/3; HD, 2/3.
F, LD, 0/3; MD, 2/3; HD, 3/3.
Organ weights: Adrenal: Absolute(compared with the LD): HD, M, -40%:
Relative (brain) Absolute{compared with the LD): HD, M, -40%

Histopathology:
Organ/Lesion Incidence
M F
c* LD MD HD L LD MD  HD
Adrenal
Diffuse Atrophy
Zona fasiculata 0/2 0/3 2/3 373 02 03 23 33

* Shelf Control animals




Ceonclusion

In a 7-week pilot inhalation study in juvenile dogs, doses of 5, 15 and 25 mcg/kg were tested.
Changes characteristic of glucocorticoid activity were seen at the MD and HD with M showing
greater sensitivity than the I. The M also showed decreased body weight gained and decreased
development of the 20™ tracheal ring. The NOAEL was 5 mcg/kg and the target organs were the
adrenal gland and the 20" tracheal ring.

The following report was not reviewed as it was previously reviewed.

A 52-week inhalation toxicology study in juvenile dogs, No. WPT/95/096, (See review of
L. Sancilio, Ph.D., NDA 20-770: Submission date: 9/26/96; Review date, 6/2/97).

Toxicology Summary of Studies in Juvenile Dogs

Preliminary 4-week and 7-week pilot inhalation toxicity studies were conducted in juvenile dogs.
In the 4-week trial, the average inhalation doses were 81 mcg/kg for the M and 103 mcg/kg for
the F. These dogs were 10-weeks old. There were no control groups in this study. The juvenile
dogs tolerated these doses well, as there was no apparent evidence of ophthalmic or macroscopic
pathology or changes in body weight, hematology, clinical chemistry, urine and bone marrow.
There was some indication of systemic absorption of fluticasone propionate due to the presence
of plasma levels. In the 7-week pilot study, the inhalation doses were 5, 15 and 25 meg/kg. These
dogs were 14-19 days old, and the control animals were shelf animals from which some of the
comparisons were made. Changes noted at the MD and HD were characteristic of a
glucocorticoid, 1.e., adrenal atrophy and suppression of the adrenal response to ACTH. However,
in the HD, M, there was also a decreased in the development (width) of the 20th tracheal ring.
The NOAEL was 5 meg/kg. In a one-year single inhalation dose study in 10-week old juvenile
dogs, the initial dose (126-140 pg/kg)} was toxic as a result of severe glucocorticoid effects
requiring the dose to be lowered after week 8 to 25 pg/kg. The effect on tracheal ring
development was confirmed, as there was a decrease in the size of several tracheal rings in both
sexes. However, there was no disorientation of the tracheal rings to be clinically concemned.
There were signs of local toxicity as evidence by pathologic changes in the larynx, carina and
lungs.

The following submitted Toxicology reports were not reviewed as they were previously
reviewed.

A three-month inhalation toxicity study in the CRW rat, No. WPT/94/028;
Toxicokinetics, No. GDM/94/024, (See review of Shannon Williams, Ph.ID., IND 53,302:
Submission date: 6/18/97; Review date, 9/12/97).

A three-month inhalation toxicity study in the dog, No. WPT/92/425028; Toxicokinetics,
No. GDM/92/071, (See review of Shannon Williams, Ph.D., IND 53,502: Submission
date: 6/18/97; Review date, 9/12/97).



A three-month inhalation toxicity study in the dog, No. WD1998/00282/00;
Toxicokinetics, No. GDM/92/071, (See reviews by W, Mark Vogel, Ph.D., IND 53,502
Submission dates: 8/18/97and 8/21/98; Review dates: 8/5/98 and 11/16/98).

APPEARS THIS WAY
ON ORIGINAL




Histopathology Inventory for NDA # 21-433

Study RID1998/0642/00
Species Juvenile Do
Adrenals xX®
Aorta X

Bone Marrow smear X°
Femoral head and X

shaft

Brain X*
Cecum X
Cervix

Colon X
Duodenum X
Epididymis X
Esophagus

Eye X

Fallopian tube

Gall bladder

1Gross lesions X"
Harderian gland

Heart X
Ileum X

Injection site

Jejunum X

Kidneys X*
Lachrymal gland X

Larynx with X

oropharynx and

tonsils

Liver and gall x®
bladder

Lungs X
Lymph nodes, X

Cervical

Lymph nodes X
tracheobronchial

Lymph nodes, X

mesenteric

Mammary Gland

Head/nasal cavity

Optic nerves

Ovaries

Pancreas

| e

Parathyroid

Peripheral nerve

Pharynx

Pituitary

(>

Prostate

Rectum

Sahivary gland

| P =

Sciatic nerve




Seminal vesicles
Skeletal muscle X
Skin X
Spinai column X
Spleen xX*®
Sternum and X
Bone marrow
Stomach X
Testes X?
Thymus X
Thyroid X?
Tongue X
Trachea and x°
Bifurcation
Urinary bladder X
Uterus %
Vagina X
Nictitating X
Membrane
iINasal chambers X
[Bronchi X
[Carina X
|[S0ﬁ palate x°

® histopathology performed
* organ weight obtained
X, tissue collected and processed

V. GENETIC TOXICOLOGY: NA

VI. CARCINOGENICITY: NA

VII. REPRODUCTIVE AND DEVELOPMENTAL TOXICOLOGY:

The following Reproductive and Developmental Toxicology report was not reviewed as
it previously reviewed.

Effect of inhaled fluticasone propionate on pregnant AHA rats and their progeny in vitro,
No. WPT/93/602, (See review of Shannon Williams, Ph.D., IND 53,502: Submission
date: 6/18/97, Review date, 9/12/97).

VIII. SPECIAL TOXICOLOGY STUDIES:NA

IX. DETAILED CONCLUSIONS AND RECOMMENDATIONS:

Fluticasone propionate is a potent flourinated glucocorticoid. Unlike other corticosteroids,

fluticasone propionate mereases sodium and potassium urinary excretion, Safety pharmacology
studies indicate no potential adverse effects. Orally in mice, tluticasone propionate was not




bioavailable. In rats, the bioavailability by the intranasal route was comparable to the inhaled
route in humans. Rats, dogs and humans were similar as they show a high degree of protein
binding and a low degree of binding to the red blood cells. In mice, rats, dogs and humans,
fluticasone propionate undergoes hydrolysis to the non-toxic -COOH derivative. Excretion of
unchanged fluticasone propionate and its metabolites were fecal.

In acute toxicity studies in mice, rats and dogs, the manifestations were similar to those seen with
glucocorticoids, 1.e., weight loss, decreased thymus weight and/or decreased cortisol levels. By
the oral route, {fluticasone propionate was not toxic in rats and mice. Juvenile rats were markedly
more sensitive by the subcutaneous than the oral route. This was attributed to the high first pass
metabolism. By the s.c. route, mice showed cardiac inflammation. In multidose and long-term
inhalation studies, when administered as a dry powder or as a metered dose inhaler using a
mixture of two chlorofluorocarbon propellants (CFC) to rats, fluticasone propionate produced the
classical glucocorticoid effects. There were hair loss, decreased food consumption and decreased
lymphocyte levels, hyperglycemia, increased liver and kidney weights, decreased adrenal and
spleen weights and histological changes in the liver, thymus and spleen. Similar findings were
seen in multidose and long-term inhalation studies in dogs. In the long-term study, the dogs
showed lung inflatnmation due to local irritation and infection due to the compromised immune
system.

Muitidose toxicity studies were conducted in rats and dogs whereby fluticasone propionate was
delivered by the propellant, HFA 134a. The HFA 134a/fluticasone propionate formulations used
in these studies were the 22 meg and 44 meg of fluticasone propionate per actuation. In a 13-
week study 1n adult rats, fluticasone propionate (5.4, 8.2 and 84.1 pg/kg) was administered as a
MDI in which the propellant was HFA 134a and a comparison was made with fluticasone
propionate (77.1ug/kg) administered as a MDI in which the propellant was a mixture of two
chlorofluorocarbons (CFC). Particle size was not determined to estimate lung deposition. Serum
corticosterone levels were suppressed in a dose-related manner. The characteristic steroidal
responses and pharmacokinetics of fluticasone propionate administered with [IFA 134a were
comparable to those of fluticasone propionate administered with CFC suggesting that the
bioavatlability of fluticasone propionate with both propellants was comparable. In a 13-week
inhalation toxicity study in adult dogs, doses of 10, 24 and 71 pg/kg of fluticasone propionate
delivered with the HF A134a propellant were tested. Particle size was not reported to estimate
lung deposition. Systemic effects characteristic of glucocorticoids were seen. However,
histopathological changes occurred in the carina and lungs at 24 and 71 mcg/kg. They included
hypertrophy, and hyperplasia of the carina and hypertrophy and inflammatory exudate in the
bronchioles, bronchial fibrosis, and decreased goblet cells indicating an inflammatory response.
To determine whether these histopathological changes were due to the propellant, HFA, a second
13-week inhalation study was conducted in which the response to 8 and 77 mcg/kg of fluticasone
propionate administered with the HFA propellant was directly compared with the response to 7
and 64 mcg/kg of fluticasone proptonate administered with the CFC propellant. Particle sizes

~ or HFA vs . g for the CFC formulation} were comparable indicating that the lung
deposition for both formulations was approximately 20% of the administered dose. There was no
difference in the systemic exposure between the two formulations although the glucocorticoid
effects of fluticasone propionate were slightly higher with the CFC formulation. The only
respiratory histopathology for both tormulations containing fluticasone propionate showed slight




bronchitis in the lungs and carina suggesting comparable local respiratory toxicity with the two
formulations.

Toxicology studies were conducted in juvenile dogs. In a preliminary 4-week study in 10-week
old dogs, only one dose was tested (81 mcg/kg for M and 101 mcg/kg for F) with no
corresponding control animals. No obvious toxicity was noted, and there were plasma levels
indicative of systemic absorption. In a 7-week pilot study in 2- week old dogs, the inhalation
doses tested were 5, 15 and 25 mcg/kg. From the particle size, approximately 20% of the dose
was deposited in the lungs. In both sexes, adrenal atrophy and decreased response to ACTH
occurred, characteristic of a glucocorticoid effect. In the HD M, there was a decrease in width of
the 20th tracheal ring indicating decreased development. The NOAEL was 5 mcg/kg. In a one-
year single inhalation dose study in 10-week old juvenile dogs, the effect on tracheal ring
development was confirmed as there was a decrease in the size of several tracheal rings in both
sexes. However, there was no disorientation of the tracheal rings to be clinically concerned. The
mitial dose (126-140 pg/kg) was toxic requiring the dose to be lowered after week 8 to 25 pg/kg.
Toxicity seen was umbilical hernias, abdominal distension, hair loss, excessive tearing and
changes in the thymus, adrenals, spleen and liver. In addition to the effect on tracheal ring
development, there were pathologic changes in the larynx, carina and lungs.

In the inhalation toxicology studies submitted in this NDA, the HFA formulations used were the
22 mcg and 44 mcg fluticasone propionate strength products. The 220 mcg strength product that
will be marketed was tested in animals in NDA21-254 (Reviewer: L. Sancilio; Date of Review:
10/19/01). It was used in a 13-week study in rats (lung deposition dose of fluticasone propionate:
75.1 meg/kg) and in a pilot 14-day study in dogs (daily estimated combination inhalation doses:
fluticasone propionate, 622 mcg/kg and salmeterol, 143 mcg/kg). In both studies, other than the
classic glucocorticoid effects, no compound-related local toxicity in the respiratory tract was
seen indicating that the 220 mcg strength fluticasone propionate product was not locally toxic to
the respiratory tract.

Fluticasone propionate was not genotoxic or mutagenic. In the carcinogenicity studies in rats
and mice, fluticasone propionate was not tumorgenic. In reproductive studies when fluticasone
propionate was administered by the subcutaneous route, fertility was not affected, but
fetotoxicity and teratogenicity was seen in mice, rats and rabbits. No teratogenicity was seen at
inhalation doses up to 68.7mcg/kg in rats and at oral doses up to 300 mg/kg in rabbits. Very little
fluticasone propionate crosses the placenta of rats and rabbits following oral administration.
Radioactivity was found in the milk of lactating rats following subcutaneous administration of
tritiated fluticasone propionate.

Conclusions: Fluticasone propionate, a glucocorticoid, administered by inhalation using
HYA134a as the propellant produced systemic effects characteristic of its class. There was no
difference in the response between the fluticasone propionate- HFA 134a and fluticasone
propionate-CFC formulations.

General Toxicology Essues: None.

Recommendations:



Approval of this NDA is recommended.
Labeling with basis for findings:

The following changes (BOLD) are recommended since this data was not included in the
proposed label or the information more clearly identifies the safety margin.

Pregnancy: Teratogenic Effects: Category C. Subcutaneous studies in the mouse and rat at 45
and 100 mcg/kg, respectively, (less than the maximum recommended daily inhalation dose in
adults on a mcg/mz), revealed fetal toxicity characteristic of potent corticosteroid compounds,
including embryonic growth retardation, omphalocelle, cleft palate, and retarded cranial
ossification. No teratogenicity was seen in the rat at inhalation doses up to 68.7 mcg/kg (less
than the maximum recommended daily inhalation dose in adults on a mcgfmz).

OVERDOSAGE

The orai and subcutaneous median lethal doses in rats and mice were >1000 mg/kg  — 4600
and 2300 times the maximum human daily inhalation dose based on mg/m2, respectively)

X. APPENDIX/ATTACHMENTS:

Addendum to review:

Other relevant materials:
Attachments

Review of IND 53,502 by Shannon Williams, Ph.D., Submission date: 6/18/97 Review
date, 9/12/97

Review of IND 53,502 by W. Mark Vogel, Ph.D., Submission date: 8/18/97 Review
date, 8/5/98.

Review of IND 53,502 by W. Mark Vogel, Ph.D., Submission date: 8/21/98 Review date,
11/16/98.

Review of NDA 20-770 by L. Sancilio, Ph.D., Submission date: 9/26/96 Review date,
6/2/97.

Any compliance issue: None.



The ratios of the preclinical dose to the maximum human inhalation dose based of surface areas

——

Drug: Fiuticasone propionate HFA
# daily
age  mg/dose doses mg/day kg mglkg factor mg/m?
Pediatric ' s 0 18 0.0190 25 0.48
Adult >12 1.76 50 0.0352 37 1.30
conv. Dose Ratic Rounded Dose Ratio
route ma/kg/d factor mg/m?|  Adults Children Adults Children
Carcinogenicity:
g 3 3 2.30 6.32 2 6
6 0342 0.26 0.72 1/4 1M
4 0 - - — -
6 0 —- -— - --
‘ 6 0 e - -— -
Reproduction and
Ferlility:
Mouse:: - - 3 0 - N/A - N/A
rat 6 03] 023 N/A 1/4 N/A
rat - 6 0.06 0.05 N/A 1122 N/A
rat 6 0412 0.32 N/A 113 N/A
Teratogenici
- Mouse 3 0138 0.10 N/A 110 N/A
rat , 6 06/ 046 N/A 1/2 N/A
Rabbit = v 12 0.048 0.04 N/A 1/27 N/A
Rabbit - 12 36| 276 N/A 3 N/A
Mouse 3 03| 023 N/A 1/4 N/A
Cverdosage
‘ Mouse .- SsCo. 2000 3 3000] 2303.44 6315.79 2300 6300
Mouse - " S 3 0 - — -— -
rat. ‘ ;{p".‘ o ‘19’,,09 6 6000 4606.88 12631.58 4600 13000
rat - o A 6 0 - - --- -—-




DIVISION OF PULMONARY DRUG PRODUCTS
REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA
Original Review

IND No. : 53,502

Submission date: June 18, 1997

Received at HFD 570: June 20, 1997

Information to be Conveyed to Sponsor: Yes (X ), No ()
Reviewer: Shannon Williams, Ph.D.

Date Review Completed: 9/12/97

Sponsor: GlaxoWellcome

Drug Name: Fluticasone Propionate/GR106642X Inhalation Aerosol

Class: Fluticasone Propionate: Inhaled Corticosteroid
GR106642X: HFA-134a, - ropellant

Chemical Name:

Fluticasone Propionate: S-FLuotomethyl 6a,9a-difluoro-11B-hydroxy-16a-methyl-3-
oxo-17a-propionyloxyandrosta-1,4-diene-17[3-carbothioate

GR106642X: 1,1,1,2-tetrafluoroethane

Chemical Structure:
COSCH,F"

F. H
FHH
F F
E
GR106642X
Fluticasone Propionate (HFA-134a)

Molecular Weight:
Fluticasone Propionate: 500.6 GR106642X: 102.0



IND53,502
Page 20

Clinical indication:

Related INDs/NDAs/DMFs:

IND No. 44,090; Fluticasone propienate multidose inhaler

IND No. 28,636; Fluticasone Propionate aqueous nasal spray

IND No. 40,142: Fluticasene Propionate Rotodisk

NDA No. 20,548; Flovent inhalation aerosol

NDA No. 20,549; Fluticasone Propionate Rotodisk inhalation powder

NDA No. 20,770; Fluticasone Propionate Rotodisk inhalation powder-Pediatric application
DMF /

Proposed Clinical Protocol: A multicenter, randomized, double-blind, placebo-controlled

comparative trial of fluticsaone propionate (440 mcg BID or 880 mcg BID) versus placebo
administered via a metered dose inhaler in propellent 11/12 or GR106642X in adolescent

and adult corticosteroid-dependent asthmatics.

Objective: Compare the doses-related efficacy and safety and the health-related quality of
life (HQLQ) of Fluticasone propionate (440 mcg BID and FP 880 mcg BID)
utilizing the 220 mcg formulation administered by pressurized metered dose
inhaler propelled by 11/12 or GR106642X

Design: Randomized, double-blind, parallel-group, placebo-controlled trial

Dose/Frequency: 440 mcg BID or 880 mcg BID (ex-actuator doses) Ex valve doses are 500
mcg and 1000 meg)

Duration of clinical study: 16 week treatment period
Age of patient population: 18-46 years

Number of Patients: Total of 165 (male or female asthmatic patients > 12 years of age,
corticosteroid dependent for the last 6-months)

Preclinical Studies Submitted and Reviewed Herein:
SUBCHRONIC TOXICOLOGY:
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1. Fluticasone Propionate/GR106642X: 13-week Inhalation Toxicity/Toxicokinetic
Study in Rats (Report No. WPT/94/028, Vol. 6)

2. Fluticasone Propionate/GR106642X: 13-week Inhalation Toxicity/Toxicokinetic
Study in Dogs (Report No. WPT/92/425, Vol.8)

REPRODUCTIVE TOXICOLOGY:
Fluticasone Propionate/GR106642X: Effects of inhalation administration on
Pregnant Allen and Hanbury’s Albino (AHA) rat and their Progeny in utero
(Report No. WPT/93/602, Vol.11)

Studies Not Reviewed in this IND:

1. 14-week Inhalation Toxicity/Toxicokinetic Study in Rats (Report No. WPT/93/088)
In this initial study GR106642X Contrel animals showed plasma concentrations of
fluticasone propionate rendering the study to be of questionable validity. This study
was therefore repeated (See Report No. WPT/94/028). Both the initial and repeat
studies showed similar toxicity profiles. Thus, only the repeat study (Report No.
WPT/94/028) is reviewed herein.

2. 52-week inhalation Toxicity study in Juvenile Dogs {(Report No. WPT/95/096 NDA
20-770, Submission Dated 9/26/96 ) Previously reviewed by Dr. Lawrence F. Sancilio
in a pharmacology review of NDA 20-770 Dated June 5, 1997.

3. Fluticasone Propionate: Micronucleus Tests in Mice after oral administration
(M10680, or subcutaneous administration (M10726) Assay with Fluticasone
Propionate (Report No. WPT/93/569, IND 44,090, Submission dated 9/12/94).
Previously reviewed by Dr. Lawrence F. Sancilio in a pharmacology review of IND
44,090 Dated February 14, 1995.

Nofe: Portions of this review were excerpted directly from the sponsor's submission,

SUBCHRONIC TOXICOLOGY

Fluticasone Propionate/GR106642X: 13-week Inhalation Toxicity/Toxicokinetic Study in
Rats (Report No. WPT/94/028 Vol 6)

Study Number: R20200

Testing Lab: Glaxo Group Ltd.

Study Dates: October 18, 1993 through June 15, 1994

Test Article: CCI18781 in GR106642X (alternative propeliant)

Study Animals: — Wistar rats, 6-8 weeks old, Males: 149.3-354.4 g and

Females: 1550102553 ¢

GLP: A statement of compliance with the current FDA Good Laboratory Practice Regulations
(21 CFR Part 58) was included..

Methods: Fluticasone Propionate (CCI18781) in propellant GR 106642X) was administered to
groups of rats (20/sex/group) using snout only at mean chamber concentrations of
(GR106642X propellant control), 0.44, 0.49 and 2.21 meg/liter (administered for 20 min/day
preceded by 40 min of air). Not considering deposition fuctors, estimated daily doses were: 0




(propellant control), 0.0054, 0.0182, 0.0841 mg/kg and were calculated using the following
formula:

Dose to animal {mg/kg/day)= RMV xTx C
BW x 1000
Where T = Time of exposure (min/day), C = Chamber concentration (ug/L); BW = Body
weight (g); and RMV =419 x BW"% = Respired minute volume.

Separate groups of rats (6/sex/group) were likewise treated with the aforementioned doses of
fluticasone in the HFA propeliant, with an additional group also given the high dose of
CCI18781 (2.21 mcg/liter; estimated daily dose of 0.0771 mg/kg) in the CFC propellant
P11/P12. These latter groups of rats were used for comparison of plasma CCI18781 and serum
corticosterone levels . Rats were killed for post mortem studies either at the end of 91 days of
dosing (12 rats/sex/group) or at the end of a recovery period of 31-33 days (8 rats/sex/group).
The basis of dose selection was not indicated. The following parameters were determined:

Chinical Observations: 2x daily

Mortality: 2x daily

Body weights: Pretreatment, Day 0 and weekly

Food Consumption: During the final week of the pretreatment period and Weekly through the
end of the recovery period.

Ophthalmoscopy: All rats days -7/-6 and on day 81 in GR106642X propellant control and high
dose groups.

Hematology: Venous samples were collected on Day 32 (10 rats/sex) and Day 79/80 (all
surviving rats) of treatment, at sacrifice (Day 91-94), Day 114 of the recovery period and at the
end of the recovery period Days 121-123.

Clinical chemistry: Venous samples were collected on Day 32 (10 rats/sex) and Day 79/80 (all
surviving rats) of treatment, at sacrifice (Day 91-94), Day 114 of the recovery period and at the
end of the recovery period Days 121-123

Hearing tests: All rats days 86/87

Serum Corticosterone: Venous blood samples (approximately 0.8 ml ) were collected from all
satellite rats on Days -5, 7, 37, 91 of treatment and on Days 105 and 123 of the recovery period.
Plasma Drug Levels: Venous blood samples (approximately 0.8 ml ) were collected at predose
and 10 min, 1.0 hr, and 24 hr(Day 1 only) after dosing from 2 rats/sex from all sateflite rats on
days 0/1, 16, 30, and 84. Plasma levels of CCT18781 were determined using radioimmunoassay
witha _. _calibration curve in the concentration range 0 —  pg/mi.

Urinalysis: 16 hr samples collected on Days 28 (10 rats/sex) and 84/85 of treatment and on day
112 of recovery.

Necropsy: Complete gross examinations were conducted on rats which: experienced intercurrent
deaths, were sacrificed after 91 days of treatment (12 rats/sex/group), or were sacrificed at the
end of the recovery period (8/sex/group) underwent. Rats in the high dose CEFC propellant group
were sacrifice at the end of the recovery period (Day 123) without necropsy.

Organ Weights: Organ weights were determined for lungs. liver, heart, adrenals. thymus, kidneys,
brain, spleen, pituitary, prostate, ovarics, testes, and uterus.
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Histopathology: Histological exams conducted on rats at the end of the treatment period were as
follows: complete histological examinations were conducted for all intercurrent deaths and for
control and high dose rats, whereas exams for rats in the low and intermediate doses were limited
to thymus, adrenal, spleen and lymph nodes (cervical and mesenteric). Exams conducted on rats
at the end of the recovery period were limited to thymus, adrenal, spleen and lymph nodes
(cervical and mesenteric). As a rule, if less than complete histological examinations are
conducted at the low and mid doses, these examinations are required to include all target organs
of toxicity identified at the high dose. The present protocol deviated from this rule in that it
prespecified a limited number organs which were to be examined at the low and mid doses.
However, in this case those organs examined captured all the target organs of toxicity identified
at the high dose, thus allowing the study to be acceptable.

Results:

Mortality: Six rats died or were killed during the treatrnent period (3 females were found dead
in the exposure tubes (Two at the high dosc on day 2 and | at the mid dose on day 35). Three
other rats, 2 males and one female were killed (one control male not eating well due to a broken
incisor on Day 4, one high dose male on day 16 due to excessive blood in urine and an enlarged
liver and a high dose female killed for humane reasons due to an exposure tube damaged eye on
Day 87), respectively.  All deaths were considered to be due to the restraint procedure or
incidental and not due to drug exposure.

Clinical Observations: Clinical signs of toxicity were limited to an increased incidence of hair
loss in rats at the high dose (5 and 14 of 20 affected males and females, respectively versus 0 and
3 n the HFA propellant control group). By the end of the recovery period regrowth and fewer
areas of loss observed, suggesting the effect was reversible.

Ophthalmoscopy: No treatment related ophthalmic effects were observed. Two rats, 1 low
dose male and a mid dose female showed atrophy of the eye following orbital blceding. Atrophy
of the eye occasionally occurs following orbital sinus puncture in rats.

Body Weight: Dose-related reductions in Day 86 mean body weights were observed in rats at
the low (2%, both sexes), intermediate (2 and 10% in males and females, respectively) and high
doses (18% both sexes), relative to controls. Comparable reductions in mean body weights were
observed in rats in the Satellite high dose HFA groups (21 and 20 % in males and females,
respectively) and in the High dose CFC treated rats (14 and 28% in males and females,
respectively). Effects on body weights were reversible, following cessation of treatment.

Food and Water Consumption: Dose-dependent reductions in food consumption was observed
in all drug treated groups (7-19%). Comparable reductions in food consumption were also
observed in the satellite high dose HFA (23-13% in males and females, respectively) and high
dose CTC (14 and 28% in males and females, respectively) groups. Effects on food consumption
were reversible following cessation of dosing.
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Hematology: Hematological changes evident after 79 days of dosing are presented in Table 1
below.

Table 1. Changes in Hematological Parameters in Rats Treated with Fluticasone for
32 Davs* or 79 Days.

Fluticasone Propionate (FP)+GR106642X (HFA-134a)
FP= 54 pg/kg FP=18.2 ng/kg FP=84.1 ng/kg

(Day 79) g ¢ (Day 79) d 2 (Day 79) o 3
Hemoglobin - -—- |Hemoglobin 12% -—- {Hemeoglobin 16% | 13%
Hematocrit 12% | ~— |Hematocrit 12% --- {Hematocerit 16% | 13%
Red blood cells 13% | — |Red blood cells 13% --- {Red bleod cells 19% | 13%
Thrombotest Time | (9% | — |Thrombotest Time 110% | 15% {Thrombotest Time |115% | 14%
White blood cells 114 | — |White blood cells 12294 | 1 13% [White blood cells 142% | 128

Neutrophils LA --- [Neutrophils —- | 116% |Neutrophils 119% 1 %
Lymphocytes —— --- |Lymphocytes 132°4 | 123% |Lymphocytes 164% 1 159

Eosinophils 120 | --- |Eesinophils 136% | —- |Eosinophils 150% | %
Basophils. LA --- |Basophils. 153%, | 150% |Basophils. 176% | 162

Large unstained 125 | — |Large unstained —_ - |Large unstained o o
cells o — |cells —— — |cells 5% | 132

Fibrinogen 124 Fibrinogen Fibrinegen o
0/0 l 67

—_ Yo

— 131

Yo

n=20 rats/sex/group; (-—} values not significantly different from controls
Values are expressed as % change relative to respective values in the HFA piacebo group on Day 79 of
treatment.

The data in Table 1 show treatment related changes which included: small dose related
increases in hemoglobin concentration, hematocrit and total erythrocyte counts; a general
dose-related reduction in the total white blood cell counts due to dose related reductions in
the mean total lymphocytes, eosinophils and basophils; and a corresponding increase in
mean total neutrophil counts. The aforementioned effects are consistent with those
expected following administration of a corticosteroid. Other observed effects of which the
toxicological significance is unknown included: mild reductions in Thrombotest clotting
times in males in all fluticasone-treated groups, increased fibrinogen in males at the high
dose, and increased numbers of large unstained cells in females at the high dose.

Clinical Chemistry: Table 2, (below) shows the alterations in clinical chemistry observed
on day 79/80.

Table 2. Changes in Clinical Chemistry in Rats Treated with Fluticasone for 32 Days*
or 79 Days.
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Fluticasone Propionate (FP)+GR106642X (HFA-134a)
FP=5.4 pg/kg FP=18.2 ng/kg FP= 84.1 ng/kg
(Day 79) d ? (Day 79) o 3 {Day 79) a ?
Triglycreides* T11% | 138% |Triglycreides* T12% | 153% |Triglycreides* {128%] 180%
Serum Bilirubin*| -— -— |Serum Bilirubin* | 123% | 122% {Serum 130% ] 140%
Serum Bilirubin ——— — |Serum Bilirubin — —- {Bilirubin* 111%] 118%
Serum Glucose - —  |Serum Glucose — 112% |Serum Bilirubin | — [ 112%
Urea 118% | — |Urea 119% | 112% |Serum Glucose |121%] 118%
Total Prot. 13% —-  |Total Prot. 14% —-  |Urea 19% | -—-
Albumin 12%, — Albumin 122, -—- |Total Prot. 15%, —
Creatinine — --- {Creatinine 1994 — Albumin 14% -
Cholesterot — --- | Cholesterol — —-  |Creatinine 120%] —
Serum LDH — — |Serum LDH —— —- |Cholesterol 139941 -
Serum ALN — = |Serum ALN — —  |Serum LDH — | 125%
Serum ALN

n=20 rats/sex/group; —- values not significantly different from controls

Values are expressed as % change relative to respective values in the HFA placebo group on Day 79 of
treatment, except those parameters marked with an astrict (*) which represent measurements made on Day
32 of treatment.

Table 2 above shows that treatment-related changes in clinical chemistry which included a
dose-related increase in group mean serum bilirubin (observed beginning day 32 at the mid
and high dose), urea, total protein, and albumin. Dose-dependent increases in triglycerides
were also observed after 32 days of treatment, but were not evident on day 79. Slight
reductions in serum sodium observed in females from all drug treated groups (from
control values of 145.25 mmol/l down to 143.87 mmol/l at the high dose) were considered to
be of minor toxicological significance. Effects on serum bilirubin and urea were not
evident by day 112 of the recovery period, whereas total protein and albumin had
rebounded being slightly reduced by day 14 of the recovery period. Overall the
aforementioned changes in clinical chemistry values are consistent with those expected
following administration of a corticosteroid.

Urinalysis: Significant treatment-related changes in urinalysis parameters were observed
at the high dose and included reduced urine volume (40%) in high dose females (associated
with reduced water consumption 46%); increased sodium (39 and 15% in high dose males
and females, respectively) and reduced potassium (33 and 27% in high dose males and
females, respectively). During the recovery period urinary volume increased and
potassium excretion rebounded, with increases in both, relative to the HFA vehicle
controls. These changes in urine electrolytes may reflect reductions in the circulating levels
of corticosterone which possesses mineralocorticoid activity (i.e. acts at the nephron to
promote of reabsorption of sodium at the expense of potassium).

Organ Weights: Treatment related alterations in organ weights occurred in animals at the
intermediate and high doses and are tabulated in Table 3 (below).

Table 3. Organ weight changes in rats at the mid and high doses following 91 days of
treatment (n=12 except for high dose males, where only 11 animals were examined.
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Fluticasone Propionate (FP}+GR106642X (HFA-134a)

Mid dose FP=18.2 pg/kg High dose FP=84.1 pg/kg
a ? d ?
Organ | Absolut | Relatind  solut [ Relative | Organ | Absclute [ Relatindy  solute Relative

e Wt Wt. e Wt. Wit. Wit. Wi. Wt. Wit.
Body 12% NA 110% NA  |Body Wt. 118% NA 118% NA
Wit. - - - - Lung 113% [14%] [18%] 110%
Lung --- --- - 19% |Heart [17%] 2% {15%] 120%
Heart - -— --- —- Thymus 137% e 160% 150%
Thymus - - -—- —- Spleen 118% -— 121% —
Spleen — 19% e — Liver — 125% — 115%
Liver -- — - Adrenals — -— 122% —
Adrenals| 18% 110% — 114% |Kidneys 16% 128% 16% 125%
Kidneys — — [119%] 120% |Pituitary —— —_ [116%] 122%,
Pituitary -- — NA NA Testes - 119% NA NA
Testes NA NA --- - Ovaries NA NA [119%} | 145%
Ovaries - -—- - - Brain _ 1199 . 1199,

Brain

Values are expressed as % change relative to respective values in the HFA placebo group
{values in brackets not statistically significant|; NA = nonapplicable

Table 3 shows expected corticosteroid related changes in organ weights which included:
reductions in absolute weights for adrenals, spleen, and thymus. The statistically
significant increases in relative weights for brain, heart, testes, ovaries and pituitary
(females) may be due in part to reduced body weights, although small increases in absolute
weights for ovaries (females at the high dose) and pituitary (females at all dose) suggest a
treatment related component. Other changes in organ weights including reduced absolute
weights for heart and lungs (in high dose males) appeared related to alterations in body
weights, since the relative weights for both organs were increased. Finally, the reasons for
increases in absolute and relative weights for kidney (intermediate and high doses) and
relative weights for liver are not clear considering the observed reductions in body weights.

Gross Pathology: Gross pathological effects were limited to reduction in the size of the
thymus in 1 of 11 males and 2 of 12 females at the high dose. The appearance of other
gross pathological effects appeared sporadic and unrelated to drug treatment.

Histopathology: A tabulated summary of treatment related histological findings observed
in rats treated with Fluticasone Propionate (FP)+GR106642X (1HFA-134a) the high dose (84.1
pg/kg) is presented in Table 4 (succeeding page).

Table 4. Treatment-Related Histological changes in Rats Treated with Fluticasone
Propicnate (FP)+GR106642X (HFA-134a} at the High dose (84.1 ng/kg).

Fluticasone Propionate (84.1 pg/kg)
(Day 7% iy

]
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Thymic atrophy {cortical lymphocyte depletion) 1/11 412
Spleen (white pulp depletion) 111 8/12
Cervica! Lymph node, Lymphocyte Depletion 3/11 0/12
Mesenteric Lymph node, Lymphocyte Depletion 4/9 312
Recovery Animals
Spleen (white pulp depletion) 6/8 3/8

Briefly the treatment-related histological findings were consistent with those expected following
administration of corticosteroids. In animals at the high dose which were sacrificed at the end of
the treatment period histological findings included: Thymic atrophy, with cortical lymphocyte
depletion; depletion of splenic white pulp and lymphocyte depletion of the cervical and
mesenteric lymph nodes. In rats sacrificed at the end of the recovery period, histological effects
were limited to depletion of the white pulp of the Spleen was still evident in 3 of the 8 high dose
females observed. No histological correlates associated with the increases in absolute and
relative weights for kidney (intermediate and high doses) and relative weights for liver were
observed.

Serum corticosterone and Plasma Fluticasone Levels: Tables 5 and 6 (below) present a
tabulated summary of plasma fluticasone levels and serum corticosterone levels,
respectively.

Table 5. Plasma Fluticasone levels on Days 1, 16, 30 and 84 of treatment, measured at
predose, 10 min, 1 hr, and/or 24 hr (Dav 1 only) after dosing in the rats

treated with either the HFA or the CFC formulations.

Fluticasone Propionate Plasma concentrations
Day Time 5.4 + HFA 18.2+ HFA | 84.1 + HFA 771+ CFC

pg/ml pg/mi pg/ml pg/ml

1 Predose <250 <250 <250 <250
10 min <500 542-646 <500-1227 <500-844
1 hr <500 <500-732 1293-1874 712-1101

24 hr <250 <250 <25(-294 <250
16 Predose <500-710 <500 <500 <500-525
10 min <500 <500 <500-174% |  617-1381
L hr <500 <500-543 1219-1950 503-1011

30 Predose <500 <500 <500 <500
10 min <5060 <500-1107 532-1258 679-1856
1 hr <500 <500-545 950-2117 976-1433

84 Predose <500 <500 <500 <500
10 min <500-543 <500-996 740-1555 863-2086
1 hr <560 <500-822 1481-2234 1066-1618

The data in table 5 show that levels of CCI118781 (fluticasone propionate) were detected in
all dose groups indicative of systemic exposure. Plasma levels at the low dose were barely
detectable and increased with increasing dose with the HF A formulation. There were no
discernable differences between the levels of fluticasone detected following administration
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of the High dose HFA formuiation relative to those detected following administration of
comparable dose in the P11/P12 CFC formulation, suggesting little differences in the
exposure between the two formulations. In addition, ne sex-related differences were
detected with either formulation.

Changes in Serum Corticosterone levels (nmol/L) in Rats Measured after 91
Days of administration of Fluticasone Propionate in the HFA formulation or
in the P11/P12 CFC propellant formulation.

Table 6.

Dose (ug/kg) o §
0.00 Vehicle Corticosterone (PD) 447.0 1087.0
Control Corticosterone (30 min) 1441.3 2229.0
GR106642X
5.4 Corticosterone (PD) 345.0 1276.2
HFA Corticosterone (30 min) 1541.2 2368.2
18.2 Corticosterone (PD) 245.7 986.8
HFA Corticosterone (30 min) { 1419.7 2521.0
84.1 Final bedy wt.(day 86) 121% 120%
HF A Food consumption 123% 113%
Corticosterone (PD) 5%.3 82.8
Corticosterone {30 min) i213.5 2270.8
77.1 Final body wt.(day 86) 114% 128%
CFC Food consumption 115% 124%
Corticosterone (PD) 62.6 245.0
Corticosterone (30 min) 1355.2 2065.5

Serum Corticosterone levels measured on Day 91 at either PD Prior to 125 pg Synacthen
injection or at 39 min post Synacthen injection

The data in Table 6 show that fluticasone propionate + GR106642X (HFA formulation)
produced dose-dependent reductions in mean serum basal corticosterone levels to a
maximum of 87-92% at the 84.1 mcg/kg high dose high. Maximum levels achieved
following stimulation with synacthen were less so inhibited, with only 16 and 2%
reductions seen in males and females at the high dose, respectively. Rats at administered
fluticasone at the 77.1 meg/kg dose in the CFC formulation showed reductions in basal
corticosterone levels (86 and 77%) which were comparable to those observed using the
HFA formulation. Likewise, only slight reductions in synacthen stimulated corticosterone
levels (6-7%) were observed following administration of the CFC formulation. Finally,
data presented in Table 6 show that fluticasone propionate produced comparable
reductions in body weight gains (14-28%) and food consumption (15 to 24%), whether
administered as the HFA or CFC formulation.

In conclusion, rats administered Fluticasone propionate + GR106642X (HFA formulation)
via inhalation exhibited toxicological effects consistent with the anticipated response to
corticosteroids in general and similar to those observed in a previous 3-month inhalations
toxicity study with fluticasone formulated with the CFC P11/P12 propellants (i.e. hair
loss, dose-related reductions in body weight gain, alterations in hematological (increased
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red blood cell parameters, reductions in total leukocytes due mainly to reductions in
neutrophils, lymphocytes and eosinophils) and clinical chemistry parameters (increases in
serum bilirubin, urea, total protein, and albumin). Target organs of toxicity included:
thymus (atrophy and cortical lymphocyte depletion), spleen (white pulp depletion), and
lymph nodes (lymphoid depletion in the cervical and mesenteric lymph nodes). Effects
which were generally reversible except depletions of the white pulp of the Spleen which was still
evident in 3 of the 8 high dose females observed following cessation of dosing for 31-33 days.
Although a direct comparison of the toxicological effects between fluticasone formulations using
the HFA vs the CFC propellants was not incorporated into the study, plasma levels of
fluticasone, reductions in body weights, and suppression of corticosterone levels were
comparable following administration of fluticasone propionate whether formulated in the HFA
or the CFC P/11/P12 propellants. Thus, the available data, suggests that administration of
fluticasone formulated with the HFA propellant does results in comparable systemic exposure
and effects consistent with that observed with the currently approved CFC formulation.

Fluticasone Propionate/GR106642X: 13-week Inhalation Toxicity/Toxicokinetic Study in
Dogs (Report No. WPT/92/425, Vol. 8)
Study Number: D13370
Testing Lab: .
Study Dates: June 18, 1992 through May 17, 1994
Test Article: CCI18781 in GR106642X (alternative propellant), Batch No U92/004A
CCI18781 in P11/P12 (CFC propellant), Batch No. R9634/001
Study Animals: Pure bred beagle dogs, 16-20 weeks old, 6.7 to 10.1 kg
GLP: A statement of compliance with the current FDA Good Laboratory Practice Regulations
(21 CFR Part 58) was included..

Methods: Futicasone Propionate (CCI18781) in propellant GR106642X) was administered to
groups of dogs via an oropharyngeal tube with 4, 10, and 30 actuations of a metered dose inhaler
designed to deliver 47.6 mcg/metered dose (1/2 of total daily dose administered 2x daily for 13
weeks). The aforementioned estimated total daily doses were calculated using the following
formula:

Dose to animal (mcg/day)= N x 47.6 mcg /metered dose x Z

Where N = number of metered doses/day and Z = the retained drug (total dose
administered - that recovered from the dosing apparatus; mean = 41%; range 34-
46%).

Mean estimated daily doses were 0 (propellant control 8/sex/group ), 78.1 (6/sex/group), 195.2
{6/sex/group), and 585.5 mcp/day (8/sex/group); equivalent to approximately 10, 24, and 71
mcg/kg, based on an inittal body weight of 8.2 kg.

Separate groups of dogs (2/sex/group) were likewise treated with fluticasone, formulated in the
P11/P12 CFC propellant, at a daily dose of 628.3 mcg/day or 77 mcg/kg, based on an initial body
weight of 8.2 kg. These latter groups of dogs were used for absorption studies, with observations
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limited to clincal signs, changes in body weights and food consumption. Dogs were killed for
post mortum studies either at the end of 2 weeks (2 dogs/sex/group) following 13-weeks of
dosing (4/sex/group), and the remaining 2 dogs/sex at the in the control and high dose group
killed at the end of an addiitonal 4-week post dosing recovery period. The basis of dose
selection was not indicated. The following parameters were determined:

Clinical Observations: Daily, with careful external examinations weekly

Mortality: Daily

Body weights: Weekly beginning 2 weeks prior to the start of the study

Food Consumption: Daily.

Electrocardiography: HFA dogs Weeks: -2, 2, and 13

Ophthalmoscopy: HFA dogs Weeks: 2 and 13

Hematology: Venous samples from HFA dogs Weeks: -2, 3, 12, and 17 (week 4 of recavery)
Clinical chemistry:Venous samples from HFA dogs Weeks: -2, 3, 12, and 17 (week 4 of
recovery)

Plasma cortisol with Synacthen challange: HFA groups, measured before and at 1.5 hr after
Synacthen at Predose and weeks: 3, 5, and 12 of dosing, and Week 4 of recovery.

Plasma Drug Levels: Blood samples (approximately 4 ml) were collected from 2 dogs /sex at
predose and at various time points up top 24 hrs post doising during weeks 3, 6, and 13 of
dosing. Plasma levels of CCI18781 were determined using radioimmunoassay witha — _
calibration curve in the concentration range of — . pg/ml.

Urinalysis: 16 hr urine samples were collected on from HFA dogs Weeks: -2, 3, 12, and 17.
Necropsy: Complete gross examinations were conducted on all dogs in the HFA groups, whether
sacrificed after 16 days of treatment, following 13-weeks of dosing, and at the end of the 4-
week post dosing recovery period.

Organ Weights: Organ weights were determined for adrenals, brain, heart, kidneys, liver, lungs,
pituitary, prostate, spleen, testes and ovaries, thyroids, and thymus.

Histopathology: Complete histological exams were conducted on all dogs in the HFA groups
whether sacrificed after 16 days of treatment and following 13-weeks of dosing. In dogs killed
at the end of the recovery period (control and high dose HFA groups) , histological examinations
were limited to macroscopically abnormal tissues and tissues which showed treatment-related
findings in dogs sacrificed after 13-weeks of dosing.

Results:
Mortality: There were no unscheduled deaths.

Clinical Observations: Clinical observations were limited dogs at the high dose given
fluticasone formulated in the HFA or CFC propellants which were described as obese (both
during treatment and during the recovery period), despite the lower body weight gains in these
groups.

Ophthalmoscopy: No treatnent related ophthalmic effects were observed.
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Body Weight: Fluticasone treatment produced treatement-related supression of body weight
gains were observed in both sexes at the low (22%), Mid (32%), and high doses (27%), as did
dogs in the high dose P11/P12 group (13.5%), relative to gains of 3.7 kg in the HFA vehicle
control group. Effects on body weights were reversible, following cessation of treatment, with
mean weight gains being greater in the High dose HFA dogs relative to vehicle contols.

Food and Water Consumption: No effects on food consnmption were observed during the
treatment period. However food consumption was reduced in 3 of 4 high dose animals (mean
reductions = 23% range = 8-47%) during the recovery period.

Hematology: Hematological changes evident during weeks 5 and/or 12 are tabulated in Table 7
(below).

Table 7. Changes in Hematological Parameters in Dogs Treated with Fluticasone
(Values are expressed as % change from respective HFA vehicle group values during week
12 of treatment)

Fluticasone Propionate (FP)+GR106642X (HFA-134a)

FP=-10 pg/kg ) FP=-24 ug/kg FP= 7| pg/kg
od e o ? o g
Neutrophils* 130% —
Lymphocytes*® 137% -
Lymphocytes [124%] | |129%]
Eosinophils 170% — {Eeosinophils 1180% |[160%]{Eosinophils 173% | 1108%
Platelets 121% 133%
Prothrombin [116%]} --— {Prothrombin [120%] {{!129%]]|Prothrombin Time | 21% | 115%
Time Time

n=4-6 dogs/sex/group; (-—) values not comparable to HFA control values.

* Values represent measurements made during week 5 expressed as % change relative to respective values in the
HF A placebo group on-Day 79 of treatment.

{Vlaues in brackets did not attain statistical significance]

Observed treatment-related hematological effects included reduced eosinophils (all doses),
reduced numbers of lymphocytes (high dose dogs weeks 5 and 12 of dosing) and increases in
platelet numbers. At the end of the recovery period lymphocyte numbers in high dose dogs
remained some what lower than controls. Slight increases in platelet numbers was associated
with significant reductions in prothrombin times at the high dose. Increased numbers of
neutrophils were also seen at week five, but were comparable to vehicle levels by the end of the
dosing period and are not considered to be of toxicological significance. In general the
atorementioned hematological effects are consistentent with the expected effects of high dose
corticosteroids and are similar to effects reported previously in dogs treated with fluticasone
formulated with the P11/P12 CFC Propellant.

Clinical Chemistry: Table 8, (succeeding page) presents a tabulated summary of the
alterations in clinical chemistry observed on day 79/80.



IND No. 53,502
Page 32
Table 8. Changes in Clinical Chemistry in Dogs Treated with Fluticasone for 12

weeks. (values are expressed as a % change from values in the HFA vehicle
control group)

Fluticasone Propionate (FP)+GR106642X (HFA-134a)
FP= ~10 pg/kg FP=-~24 pg/kg FP= ~T1 pg/kg
d 2 o 2 d Q
Glucose - 16% |Glucose - 115%

Total Protein 16% —  {Total Protein. 1% 14% |Total Protein 111% 119%

Globulin 118% | 110% {Globulin 118% | 119% |Globulin - 112%
Albumin -— 112%

Creatinine — 113% [Creatinine 114% | 125% |[Creatinine 128% 138%

Alk.Phos. 19% - |Alk.Phos. [129%)] |Alk..Phos. T121% | 1102%

AST -— 11% [AST 125% - |AST 140% 1 [123%]

LDH -~ |[1104%]|LDH - | [195%) [LDH (180%] { 1263%
Phosphorus 115% .

Potassium - 112% [|Potassium — 1199%

Calcium — 149
Chloride — 15%
Cholesterol 147% 173%

Recovery dogs
Glucose 15% 13%
Creatinine 133% 125%
Alk. Phos. 174% 125%

n = 6-8 dogs/sex/group; ——- values not significantly different from controls
[Data in brackets not statistically significant}

The data in Table 8 above show treatment-related changes in clinical chermstry (week 12) which
mcluded: slight reductions in plasma glucose (mid and high dose), a dose-related increase in
plasma total protein, increased globulin (all doses) and alburmin (high dose females), a dose-
related reductions in creatinine (all doses), increased alkaline phosphatase (high dose, with a
trend for this effect in females at the mid dose), reduced aspartate aminotransferase (mid and
high dose), increased lactate dehydrogenase (significant in high dose females); increased
cholesterol (high dose). Slight changes in plasma electrolytes (increased potassium and reduced
plasma inorganic phosphorus and chloride) at the mid or high dose appeared to either represent
trends present at predose and/or fluctuations in control values between time points. In addiiton,
individual electrolyte values were generally within the background range and were thus not
regarded as being toxicologically significant.

Dogs at the high dose which underwent the recovery period continued to show slightly lower
glucose and creatinine, and elevated alkaline phosphatase. Other changes in clinical chemistry
parameters were either completely resolved or in resolution by the end of the ecovery period.
Overall the aforementioned changes in clinical chemistry values are consistent with those
observed previously in dogs following admtnistration of fluticasone fonnulated with the CFC
P11/P12 propellant.

Urinalysis: No toxicologically significant changes in urinaltysis parameters were observed.
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Organ Weights: Treatment related alterations in organ weignts occurred in animals at the
intermediate and high doses and are tabulated in Table 9 (below):

Table 9. Organ Weight Changes in Dogs after 13-weeks of Inhalation treatment

Heart

*eAbsolute - [l 16§ [t21 [t 27]
%Organ/Body Wt. — [! 6] (! 14] [120]
Lung

% Absolute 117 15 1 17 116 132 | 26

%Organ/Body Wt. {13 L 10 ) | 6 i 26 i 19
Thymus

% Absolute 138 | 59 1 60 | 83 | 85 | 87

% Organ/Body Wt. 1 35 | 58 1 5§ | 81 1 83 | B6
Adrenals

% Absolute 1 40 135 i 47 139 1 47 1 50

%Organ/Body Wt. 137 1 31 1 40 | 45 142 1 45
Liver

% Absolute — _ 1S {17 143 1 43

%Organ/Bﬂdy Wit. —_ I[ 10] I} 2(]' [] le 1587 155
Gonads

YeAbsolute — 119 {117] i 34 {117 1 34

%Organ/Body Wt. — 114 i6 126 1 6 128
RecoveryDogs | Heart* ;| 'Spleen* | Thymus* | Adrenals*| Prostate | = Testes

“oAbsolute 118 1 44 167 120 1105 120

% Organ/Body Wt. 113 i 40 179 115 1119 115
NA= data not available [data in brackets did not attain statistical significance]

*Note: Data for recovery dogs represent males and females combined (n=4) except for

prostate and testes where n=2.

The data in Table 9 show that treatment of dogs with fluticasone for 13 weeks resulted in dose-
dependent reductions in absolute and/or relative {organ to body weights) for: Adrenals (all
doses), Thymus (all doses), Heart (Mid and High dose), LLung (all doses), and Gonads (all doses
females) and increased absolute and relative weights for liver (mid and high dose). High dose
recovery dogs showed reductions in absolute and relative {organ to body) weights for heart (18,
and 13%, respectively combined sexes); spleen (40 and 44%, respectively combined sexes);
adrenals (20 and 15%, respectively combined sexes), and testes in males (33 and 28%,
respectively) and increases in relative and absolute weights for thymus (67 and 79%, respectively
combined sexes) and prostate in males (105 and 119%).
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Gross Pathology: No treatment-related gross pathological effects were reported in dogs
following 12 weeks of fluticasone administration or in high dose dogs which underwent the
recovery period.

Histopathology: A tabulated summary of treatment related histological findings observed in
dogs treated with Fluticasone Propionate (FP)+GR106642X (HFA-134a) is presented in Table
10 (succeeding page).

Table 10.

APPEARS THIS WAY
0

N ORIGINAL

Histopathological changes in Dags after 13-weeks of Inhalation treatment

Fluticasone Propionate GR1G6642X 78.1 pg/day 195.2 pg/day 585.5 pg/day
{N=4/group) Yehicle Control ~ 10 po/kg ~24 pa/kg ~71 pg/kg
HFA-134a HFA-134a HFA-134a
Respiratory Microscopic Path. ) ¢ d ? o' 2 Sy ?
Carina
-Diffuse epithelial hypertrophy and
hyperplasia (min-moderate) 0 0 ] 0 2 2 4 4
Epithelial Inflammatory Cells (min) 0 0 0 0 2 0 2 0
Epithelial Hyperplasia -
tracheal/bronchial bifurcation (min} 1 0 3 0 1 0 0 0
Lungs
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-Hypertrophy of bronchial/bronchiolar
epithelium (min) 6 0 0 0 4 3 4 3
-1 goblet cells in bronchial/bronchiolar
mucosa 0 0 6 ¢ 4 3 4 3
Bronchopneumenia 0 0 ¢ 1 2 2 1 1
Pneumenia 0 0 (] H 0 0 1 i
Pneumonitis (min) 0 2 1 2 1 1 1 2
Bronchiolar Fibrosis 0 0 0 1] 1 0 0 1

Bronchiolar Epithelium replaced with

fow cuboidal epithelium 0 0 0 0 1 0 0 i

Inflammatory exudate in

Bronchi/Bronchioles 0 1 1 0 1 1 3 3
Heart

Dilated congested vessels in A/V valve 0 0 0 0 0 ¢ 1 0

Pathological Effects Commeon to Corticosteroids

Thymus (Atrophy, minimal-marked} 0 0 1 1 3 3 4 4
Lymphnodes:
Lymphoid depletion in paracortex
Cervical (min-moderate) 0 0 0 0 1 0 2 3
Mesenteric (min-moderate) 0 0 (] 0 1 2 2 2
Tracheobronchial (min-mod.) 0 0 ] 0 1 ¢ 1 0
i cellularity in medullary chords
Cervical 0 0 ] 0 0 H 2 1
Mesenteric 0 0 0 0 0 U} 1 0
i cellularity in Cortex
Tracheobronchial 0 ¢ 0 0 0 ¢ 2 G
Spleen
Reduced White Pulp (min-marked) 0 0 0 1] 0 ] 4 4
Liver (Hepatocyte Rarefaction)
Generalized (Min-moderate) G 0 0 0 ] 1 3 4
Centrilobular (min-moderate) 0 1] 0 0 1 1 1 0
Adrenal atrophy;
Zona.fasciculata/reticularis (min-marked) ¢ 1] 3 4 4 4 4 4

NA~= data not available NOAEL= -10 pg/kg

Briefly the treatment-related histological findings were consistent with those expected following
administration of corticosteroids, namely atrophy of the thymus (all doses), Lymphoid depletion
in the lymph nodes (mid and high dose) with reduced cellularity in the medulfa and increased
cetlularity in the cortex (mid and or high dose), reduced white pulp in the spleen (high dose),
hepatocyte rarefaction (mid and high dose), and adrenal atrophy at (all dose groups). Other
histological findings not previously observed in studies using the CFC P11/P12 propellant
included diffuse epithelial hypertrophy and hyperplasia of the carina in mid and high dose
dogs and hypertrophy of bronchial/bronchielar epithelium in the lungs in dogs at the mid
and high dese. Finally, one high dose male sacrificed at the end of the 13-week treatment
period also showed dilated congested vessels in the atrioventricular valve, although alone, the
toxicological significance of this finding appears doubtful, it ts mentioned since the same effect
was observed in two high dose dogs (1/sex) sacrificed at the end of the recovery period. Other
histological effects detected in dogs which underwent the 4-week recovery period included:
minimal lymphoid depletion in the mesenteric and/or the tracheobronchial lymph nodes on both
males and one of the 2 recovery females; minimal atrophy of the zonae fasciculata/reticularis of
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one of the 2 males and bronchiolar fibrosis in the lungs of two dogs (1/sex ) at the high dose.
Recovery dogs showed no histological correlates to the changes in weights for spleen or thymus.

Serum corticosterone and Plasma Fluticasone Levels: Tables 11 and 12 (below) present a
tabulated summary of plasma fluticasone levels and mean cortisol levels prior to and after
challenge with Synacthen, respectively.

Table 11. Plasma Fluticasone Levels on Week 1, 3, 6, and 13 of Treatment after Dosing
with Fluticasone formulated with the HFA or the CFC propeHants.

Fluticasone Plasma Levels in Dogs

Week |[~10 pg/kg HFA | ~24 pg/kg HFA | -71 ug/kg HFA | -77 pg/kg CFC
Range (pg/ml) | Range (pg/ml) | Cmax (pg/ml)| Cmax (pg/ml)
<50-67 <50-133 443-1124 870-1077
3 <50-132 <50-173 562-1179 554-821
6 58-173 53-152 562-1464 558-917
13 <50-168 <50-132 383-1172 322-770

The data in Table 11 above show that fluticasone was absorbed into the systemic
circulation and following administration of all dose levels with increasing concentrations
achieved with increasing doses. In addition, no sex related differences in plasma
concentrations were observed and the exposure achieved using the HFA and the CFC
formulations were comparable, with no apparent differences in the absorption between the
two formulations. Inexplicable, measurable concentrations of Fluticasone propionate were
observed in control animals in weeks 3 and 6 of the study. Control group fluticasone levels
were: Week 1 <50 pg/ml; Week 3: <50-89 pg/ml; Week 6: <50-130 pg/ml; and Week 13:
<50 pg/ml. The Sponsor suggested in a teleconference held on July 18 that these could have
been attributable to problems associated with the immunoassay used.

Table 12. Group Mean Cortisol levels (meg/ml) in dogs measured at week 3
Cortisol (mcg/ml)
GR106642X d ?
0.00 Vehicle Control Prior to Synacthen 1.7 1.7
1.5 hr post Synacthen 10.9 11.4
78.1 (pg/Day) HFA 6/sex Prior to Synacthen 0.5 0.5
~10 pg/kg 1.5 hr post Synacthen 5.3 5.7
195.2 (pg/Day) HFA 6/sex {Prior to Synacthen <6.4 <(.4
~24 pngikg 1.5 hr post Synacthen 28 28
585.5 (ug/Day) HFA 8/sex  |Prior to Synacthen <(.3 <3
~T71 ug/kg 1.5 hr post Synacthen 2.7 2.2

Basal cortisol levels were dose dependently suppressed by increasing fluticasone doses. By
the end of the study response to Synacthen was only slight at low dose and eliminated at
intermediate and high doses. Levels in table 12 were measured during week 3 in order to
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demonstrate the dose-dependent nature of the suppression. After 4 weeks of recovery
reduced Synacthen response was still evident at the high dose, suggestive of adrenal
hypofunction.

In conclusion, dogs administered Fluticasone propionate + GR106642X (HFA formulation)
via inhalation exhibited toxicological effects consistent with the anticipated response to
corticosteroids in general and similar to those cbserved in a previous 6 and 12 month
inhalation toxicity studies in rats performed with the fluticasone/CFC P11/P12 propellant
formulation. Target organs of toxicity were the adrenal (reduced weights, atrophy and
hypofunction), thymus (reduced weights and atrophy); spleen (depletion of splenic white
pulp), liver (increased liver enzymes, liver weights and swelling/cytoplasmic rarefaction of
hepatocytes) and lymph nodes (lymphocyte depletion and/or altered cellularity of the
cervical, mesenteric, and tracheobronchial lymph nodes). Cortisol levels (basal and
Synacthen stimulated) were dose-dependently inhibited in all groups treated with the
fluticasone/HFA formulation. Findings observed herein which have not been previously
identified included diffuse epithelial hypertrophy and hyperplasia of the carina in mid and
high dose dogs and hypertrophy of bronchial/bronchiolar epithelium in the lungs in dogs at
the mid and high dose. The nature of these changes is unknown. Pathelogical findings
were generally reversible at the end of the 4-week recovery period, with the exception of
minimat lymphoid depletion in the lymph nodes and minimal atrophy of the adrenals
which still persisted in some high dose dogs. Finally, plasma levels of fluticasone, and
reductions in body weights were comparable whether fluticasone was formulated with the
HFA-134A or CFC (P11/P12) propellant. Direct comparisons between fluticasone
formulated with the HFA vs the CFC propellant in terms of the toxicological effects or
effects on cortisol levels were not conducted. The 10 mcg/kg low dose could be considered the
NOAEL for the study.

Segment 11

L-706,631: Oral Segment 11 Teratology Study in Rats. (Report No. WPT/93/602, Vol. 11)

Study Number: R13984

Testing Lab: Glaxo Group Research Ltd, England

Study Dates: June 10, 1993 through November 8, 1994

Test Article: CCII18781 in GR106642X (alternative propellant), Batch No U92/026A
GR106642X (alternative propellant), Batch No. U92/052A

Study Animals: Female AHA Rats (Wistar/Sprague Dawley derived with Wistar

characteristics), 9 weeks old; 192-285 ¢

GLP: A statement of compliance with GLP regulations was provided.

Methods: This Segment II inhalation toxicology smudy was conducted in order to examine the

effects of Fluticasone and the alternative propellant (GR106642X) on pregnant AHA rats and

their offspring in utero. Pregnant Rats (24/group) were administered CCI18781 (Fluticasone

Propionate) via the inhalation route, using a snout only inhalation system, at concentrations of

0.445 (for 20 min each dosc), 0.686, and 1.817 meg/L (for 1 hour cach dose). Not considering
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deposition factors, estimated daily doses were: 5.5, 25.7 and 68.7 mcg/kg/day during days 7-16
of gestation. Estimated doses were calculated using the following formula:

Dose to animal (mg/kg/day)= RMV xTx C
BW x 1000
Where T = Time of exposure (min/day); C = Chamber concentration (ug/L); BW = Body
Weight (g); and RMV = 4.19 x BW®¢ = Respired minute volume.

An additional four mated females/group were likewise treated and used to demonstrate
absorption of the test material. Finally, two other groups were administered either air (Air
control) or GR106642X alone {vehicle propeliant control).

Formulation: CCI18781 (Fluticasone Propionate) was formulated in GR106642X (alternative
propellant).

Dose selection: Doses used were comparable to those used in the 3-month inhalation toxicity
study in rats (WPT/94/028).

The following parameters were determined:

Clinical Signs of toxicity and Mortality: Daily, before and after the treatment period..

Body weights: GD 1 (day of mating), 4, 7-16, 18 and 20.

Food consumption: GD 1 (day of mating), 4, 7, 10, 13, 16, 18, and 20

Plasma levels: Not determined.

Necropsy: All females were sacrificed on GD 21, with routine post mortem examinations and
examinations of major tissues and organs conducted. Uterine examinations were conducted and
the pregnancy status, numbers of corpora lutea, location and number of implantations, numbers
of live and dead fetuses, and early or late embryonic/foetal deaths were determined.

FI Examinations: All Fetuses were weighed and examined externally. One half of the fetuses
underwent visceral-exarninations were stained and under went skeletal examinations. The
remaining half were fixed and underwent visceral examinations.

Results

Fluticasone inhalation in females at doses 25.7 and 68.7 meg/kg/day during days 7-16 of
gestation, produced dose-related suppression of body weight gains (24 and 47%, respectively)
whereas weight gains following the cessation of dosing (Day 16 through Day 20) were
comparable tn all groups. High dose females also showed 9% reductions in food consumption
during the treatment period, with no effects observed in other treated groups. No treatment-
related deaths or abortions, or gross lesions were observed at necropsy in any of the doses tested.
Table 13 (betow) provides a tabulated summary of maternal and fetal observations at the
Cesarean Section on GD 2].

Table 13. Maternal and Fetal Observations in Rats at Cesarean Section

Treatment GRI06642X (Fluticasone Propionate + GR106642X)
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Dose (mcg/kg) 0 5.5 25.7 68.7
Females mated 24 24 24 24
Pregnant (%epregnant) 23 (96%) 23 (96%) 22 (92%) 23 (96%)
Total Embryenic loss 0 0 1 0
Died 0 0 0 0
Corpora Lutea' 15.5 16.5 16.4 17.3
No. Implantation sites’ 14.7 14.8 15.3 15.2
Preimplantation loss 5.6 7.4 6.9 12.5
Resorptions' 15 14 23 12
Postimplantation loss + SD 33 5.6 8.6 4.6
Total live fetuses 326 321 307 333
Mean per Female 14.2 14.0 14.0 14.5
% male live fetuses 528 50.8 50.2 50.8

Mean litter weights

Mean Foetal weights 5076 52,1 . 48.1 50.8

3.6 3.6 34 34

Preimplantation Toss (No. Corpora Lutea - No. Implants) / No. Corpora Lutea) x 100
Postimplantation loss (No .Implants - No. Viable Fetuses) / No. Implants) x 100
Values indicate the Mean value per litter

The data in Table 13 above showed no statistically significant treatment-related effects on
maternal or fetal parameters with the possible exception of slight reductions (6%) in mean fetal
body weights at the mid and high doses .

Tables 14 and 15 (succeeding pages) show a tabulated summary of the incidence of external,
visceral and skeletal malformations and variations observed in the F1 generation..

Fetal Evaluations:

Table 14. Summary of the Incidence of Fetal External and Visceral Malformations and
Variations in Rats .
Air Control GR106642X CC118781 + GR106642X
Dose groups (mcg/kg) 0 0 5.5 257 68.7
No. Litters 21 23 22 22 23
Number of Fetuses 302 326 321 307 333

No. of Fetuses ((No. of litters)
Visceral Malformations:

Major Defects
-Subclavian artery

Absent I(hH ) (M (1) 0(0)
Abnormal origin
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(retrooesophageal) ()] 0(0) 1(1) 0(0) 2
-Innominate artery
Absent 0(0) i) 1(1) 4(2) 1(1)
Minor Defects
-Kidney
Pelvic cavitation
Total incidence 14 20 36 15 15
Bilateral slight 95(6) 5(4) 13(9) 50y 5(2)
Bilateral moderate 1(1) 0(0) 0(0) 0(0) (1)
Unilateral slight 10(8) 15(10) 22(10) 14(9) 7(6)
Unilateral moderate  3(3) 0(0) 0(0) 1(1) 2(2)
Unilateral severe 0(0) 0(0) (1) 0(0) (1)
-Umbilical Artery
Left sided 14(11) B(5) 8(7 18(12) Z1I(11)

Note: Variations which occurred at comparable or greater incidence in control groups or which
occurred only at the low or mid dose were not included.

The data in table 14 show major defects (absence and or abnormal origins) in the subclavian and
innominate arteries occurred at a low incidence in control and treated groups with no apparent
relationship to dosing. There was a statistically significant increased incidence in the number of fetuses,
but not litters, which showed the minor defect of left sided umbilical arteries (6.3% of the fetuses) which
was outside the background mean range (1.3 to 5.6%). However, considering the variability of the
incidence between the two control groups, and the neamess of this finding to the background range, the
relationship of this finding to treatment is considered equivocal.

Table 15. Summary of the Incidence of Fetal Skeletal Malformations and Variations in
Rats
Air Control GR106642X CCI18781 +

GR106642X
Dose groups (mcg/kg) 0 0 5.5 257 68.7
No. Litters 21 23 22 22 23
Number of Fetuses 156 167 168 160 171
Minor Defects No. of Fetuses (No. of litters)
~-Nasal Bone

Incomplete osstfication 6(5) 7(5) 1(1) 10(5) 12(7)
-Occipital Ossification

Butterfly shaped 0(0) 0(0) 00 0(0) ()

Bipartite 0(0) {Q)] 0(0) 0(0) 2(2)

-Sternebra Ossification
2nd Sternebra

Incomplete ossification 16(11) 11(%) 2001 22(13) 24(1%5)
5th Sternebra
Incomplete ossification 12(8) 17(i2) 29(14) 29(17) 25(14)

6th Sternebra
incomplete ossification g2 64(19) 87(20) 96(21) 96(20)
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-Paw ossification
Metacarpals
Incomplete ossification 60(2{) 57(18) 76(19) 7921) 87(23)
5th Metatarsals
Incomplete ossification 2(2) (1) (1) 5(4) (N

The data in Table 15 above show that administration of Fluticasone propionate formulated with
the GR106642X propellant at the mid and high dose produced delayed skeletal development
as was evidenced by retarded ossification in nasal bone, occipital bone, 2nd and 5th Sternebra,
metacarpals of the forepaws and 5th metatarsals of the hind leg. Other changes appeared
sporadically with no apparent relationship to treatment.

In conclusion, administration of fluticasone propionate (formulated with the GR106642X
propeilant) at doses of 5.5, 25.7, and 68.7 mcg/kg to pregnant rats produced dose-dependent
reductions in body weights and delayed skeletal development in the F1 offspring at the mid and
high doses. These findings are similar to those reported previousty following s.c. administration
of fluticasone (100 mcg/kg) to rats. The 5.5 meg/kg dose was the no effect dose with regard to
the developmental delays in ossification seen in rats,

SUMMARY AND EVALUATION:

Fluticasone Propionate/GR106642X Inhalation Aerosol is an inhaled Corticosteroid
containing HFA-134A (GR106642X), intended to replace the approved drug product
Flovent © (Fluticasone Propionate) Inhalation Aerosol (110 mcg and 220 mcg) which uses
the CFC propellant 11/12. Flovent ® formulated with the P11/P12 CFC Propellant is
currently approved for the maintenance treatment of asthma as prophylactic therapy for
patients 12-years of age and older. In addition a complete preclinical toxicity program for
the propellent GR106642X (1,1,1,2-tetra flurorethane, HFA-134A — )} has
been conducted and reviewed by the Division (See Pharmacology Review for DMF

by Satish Tripathi dated 8/07/96).

Currently the Sponsor proposes to conduct a 16-week phase II comparative trial of
Fluticasone Propionate (440 mcg BID or 880 mg BID versus Placebo administered via
metered dose inhaler in propellant 11/12 or GR106642X clinical trial, in order to establish
comparability for the two formulations. In support of the current application 3-month
inhalation toxicity bridging studies with the GR106642X (HFA-134A) propellant in rats
and dogs and a Segment II teratology inhalation study in rats were submitted. In addition,
a 1 year inhalation toxicity study in juvenile dogs (Previously reviewed by Dr. Lawrence
Sancilio in a pharmacology review for NDA 20-270 dated June 5, 1997) and mouse
micronucleus tests (oral and subcutaneous) with Fluticasone (Previously reviewed by Dr,
Lawrence F. Sancilio in a pharmacology review of IND 44,090 Dated February 14, 1995)
were available.
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In the repeated 3-month inhalation toxicity studies in rats, CCI18781 (fluticasone
propionate) formulated in the HFA-134A propellant was tested at estimated doses of (
(HFA propeliant alone), 5.4, 18.2, and 84.1 ug/kg, and in the CFC P11/P12 propellant at a
dose of 77.1 pg/kg (used only for plasma fluticasone and corticosterone levels; Note:
estimated doses don't consider the deposition factor and overestimate the actual doses
retained). The observed toxicity of the Fluticasone/HFA formulation in rats was consistent
with that expected with corticosteroid treatment and observed previously in rats treated
with fluticasone in the CFC formulation. Data frem satellite abserption groups, which
included a fluticasone/CFC P11/12 formulation group, showed comparable effects in terms
of fluticasone plasma levels, inhibition of plasma corticosterone levels, and suppression of
body weight gains at comparable Fluticasone formulated with the HFA-134A propellant
versus that formulation and Fluticasone/CFC formulation groups.

In the 13-week toxicity study in degs, CC118781(fluticasone propionate} formulated in the
HFA-134A propellant was tested at estimated doses of 0 (HFA propellant alone), 7.8, 19.5,
and 58.6 g/kg, and in the CFC P11/P12 at a dose of 62.8 g/kg (used only for plasma
fluticasone levels). In general, the observed toxicities were consistent with the toxicity
profile of Fluticasone observed in previous 6-month and 12 month toxicity testing in dogs.
However, in addition to the expected toxicities, dogs also showed a dose-dependent
increased incidence of diffuse epithelial hypertrophy of the carina and in the lungs,
hypertrophy of the bronchial/ brenchiolar epithelium and reduced number of goblet cells.
Although these latter effects were shown to be reversible upen cessation of treatment, such
dose-dependent effects were not documented in previous reviews of 6- and 12-month
toxicity studies in dogs using the Fluticasone/CFC formulation. Finally, the current study
demonstrated that comparable doses of fluticasone, formulated with either the CFC or the
HFA propellant, resulted in comparable plasma and Cmax levels and suppression of body
weight gains in dogs, suggesting that systemic exposure was similar between the two
formulations. The 7.8 g/kg dose was the NOAEL in regard to the unexpected respiratory
toxicities in dogs.

Review of the previously submitted 1-year toxicity study conducted in juvenile dogs with
fluticasone propionate formulated with the HFA-134a propellant, revealed effects
consistent with corticosteroid therapy and some evidence of pulmonary toxicity (See
Pharmacology review by Dr. Lawrence Sancilio for NDA 20-270 dated June 5, 1997). The
pulmonary effects observed in the 3-month inhalation study with Fluticasone/HFA in adult
dogs (reviewed herein) were similar to those seen in the previously in the 1-year inhalation
study in juvenile dogs (using the same formulation) and did not appear to progress in
severity with the increased duration (E-year) of treatment.

In Segment I inhalation reproductive toxicity studies carried out in pregnant rats, administration
of fluticasone propionate (formulated with the GR106642X propellant) at doses of 5.5, 25.7,
and 68.7 meg/kg produced dose-dependent reductions in body weights and delayed skeletal



IND No. 53,502
Page 43

development in the F1 offspring at the mid and high doses. These findings are similar to those
reported previously following s.c. administration of fluticasone (100 mcg/kg) to rats. The 5.5
meg/kg dose was the no effect dose with regard to the developmental delays in ossification seen
in rats.

Previously submitted in vivo micronuclei tests conducted in mice, indicated that
fluticasone propionate administered by s.c. or p.o. routes were regarded as negative for
clastogenic activity. (See Pharmacology review by Dr. Lawrence F. Sancilio of IND 44,090
Dated Feb.14, 1995).

In conclusion, current 3 month inhalation toxicity studies in rats and dogs with Fluticasone
formulated with the HFA-134A propellant produced toxicity profiles in each species which
were consistent with the expected effects of corticosteroids in general and fluticasone in
particular (based on comparisons with previously conducted studies which used fluticasone
formulated with the P11/P12 CFC propellant). However, in dogs, fluticasone formulated
with the HFA-134A propellant produced additional toxic effects on the respiratory tract
which were not documented in previous studies using the fluticasone CFC formulation.
The NOAEL in dogs was 7.8 g/kg, which may not provide a sufficient safety margin for the
doses currently proposed in the 16-week clinical study.

Discussions concerning the additional respiratory effects in dogs took place between
members of the Division and the Spoensor on July 18 and again on July 19. During these
discussions the Sponsor proposed that the observed effects were secondary to opportunistic
infections in the dog which resulted from the immunosuppressive effects of fluticasone. At
the end of the discussions on July 19, the Division decided to allow the proposed 16- week
clinical study to proceed based on the reversibility of the findings in dogs following
cessation of desing and the lack of progression of the pulmonary toxicity in a previously
submitted 12-month inhalation toxicity study in juvenile dogs which also used the HFA-
134A propellant formulation (See review by Lawrence F. Sancilio in pharmacology review
of NDA 22-770 dated June 5, 1997).

In addition, the Sponsor agreed to prepare a package in support of their contention that
the observed respiratory effects in the dog were related to the immunosuppressive effects of
fluticasone (See minutes of July 19, 1997 telecommunication with Sponsor). And that the
issue would have to be resolved prior to extension of clinical trials beyond the 16-week
duration of the currently proposed clinical study and NDA approval.

Recommendations:
1. The Proposed clinical study should be allowed to proceed as planned.
2. The Sponsor should prepare a package to address the observed respiratory
toxicity in dogs prior to extension of clinical trials beyond the 16-week duration

of the currently proposed clinical study and NDA approval as is shown in the
draft letter to the sponsor.
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Shannon P. Williams, Ph.D.
Pharmacologist

ce:

Orig. IND

HFD-570/Division File
HFD-570/Williams
HFD-576/Meyer, MO
HFD-570/Barnes, CSO
NAIND53502\pharm\97-06-18.REV



Draft Letter to Sponsor:

We have reviewed your IND application dated June 18, 1997. At this time we have the

following recommendation as was conveyed in our previous telephone conversations on July 19,
1997:

Please prepare a package to address the observed respiratory toxicity in dogs prior to
extension of clinical trials beyond the 16-week duration of the currently proposed clinical
study and NDA approval.
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Drug Class:. Glucocorticoid steroid
Indication: Asthma (12 years of age and older)

Clinical Forntulation (and components): Fluticasone propionate 220 pgfactuation plus
HFA134a propeliant, no sdditional inactive ingredients.

Route of Administration: Orat inhalation

Proposed Clinical Studies: A 16-week study (FLTA3022) at 440 or 580 p#g BID is
ongoing. A 6-month safety study (FLTA3G21) is on hold pending an explasation for
respiratory tact epithclial hyperplasia and hypertrophy found in the 3-month dog study.

Previons Reviews, Dates and Reviewers:

. Subrmission Review
Ne. Submission: Date: Revicwer: Date:

1 Original IND 0671897 S. Williams GRF12197

Studies Reviewed within this Submission: There are no new studies in this submission,
Studies Not Reviewed within this Submission: Not applicable
Studles Previously Reviewed: Not applicable

Note: Portions of this review were excerpted directly from the sponsor's submission.

Introduction/Drug History: Fluticasone propionate has been approved previcusly in
CFC aerosol and dry powder formulations for treatment of asthma. The present IND is
for a new formulation using HFA-1342 ag the propetlant. A 3-month dog study submitted
in the original IND found dose related increases of epithelisl hyperplasia and hypertrophy
in the respiratory tract. These findings had nbt been noted in previous dog inhalation
studics with the CFC formulation, These findings in the 3-month study were reversible,
and similar findings were not increased in severity in 2 previous 1-year study of the HFA
formulation in young dogs. For these reasons a 16-week clinical study of the HFA
formulation was allowed to proceed but the sponsor was asked not o initiate a proposed
G-month study untl there was an explanation for the findings. The sponsor contends that
the present findiogs were not reported in previcus studies with the CFC formulation
because current inhalation studies examine and report respiratory tract histolegy in much
greater detail than in studies conducted before the early 1990%s. The sponsor Interprets
the observed lesions as an cxacerbation of a background effect associated with
opportunistic respiratory tract infection in immunocempromised dogs. The data compita-
tion, from previous studies, is intended to document the sponsor’s interpretation of the
histopathological findings.
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Most of the dogs with epithelial hypertrophy in the carina also had poeamonia (7/11) as
did most of the dogs with epithclial hypertrophy in the bronchi (8/14). There were a
small nomber of dogs with pneumenia but withou epithelial hypettrophy and a somewhat
larger number of dogs with hypertrophy but without pneumonia. The preferential
distribution of epithelial hyperplosia in animals with pncumonia was statisticaliy
significant for both the earina end the bronchi (p = 0.006 for both by reviewer's Fisher's
exact fest). These results support the sponsor’s coniention that respiratary tract infection
is associated with hypertrophy and hyperplasia of respiratory tract epithelium.

Table 2. Association of Epithelia! Findings with Poeumounia in Treated Dogs

Carina - epithelial hypertrophy / hyperplasia
, [ *
pncumonia or bronchopreumonia (-) 22) (4)
pricurnonia or bronchopneumonia (+) 3 7
Lung - bronchial epithelial hypertrophy

8] (+}
puesmonia or bronchopncumonta (—) 20 6
pneumonia or bronchopnewnonia (+) 2 8

Histarical [pcidence of Respiratory Epithelial Hyperplasia: The background inci-
dence of respiratory tract cpithelial hyperplasia in air and laclose vehicle control dogs
from five different studies initisted between (994 and 1996 is summarized in table 3,
below. Thers was a sporadic incidence of these findings with an overall incidence of
26% (0-50%) in the carina and 11% (0-33%) in the bronchi. This supports the sponsor’s
contention that hiyperplasia of the respiratory tract is a background finding that may be
aggravated by corticosteroid treatment.

Table 3, Background Incideace of Epitheliat Hyperplasis in Dog Tnhalation Stadies

Study Number B14110 P D20802 | D20044 b20199 | D205E1
Durstion S-weeks | 13-wks | 20-weeks | 52-wks | 52-weeks
Study mnitiation date 894 3/95 T35 2/94 10/96
Treatment sir  lactose lactose | air lactose ar air lactose
Carina/ wracheal bifurcation
Trace 78 424 |8 8
Minimal | 226 18 (/8 24 178
Moderate 16
BronchiabBronchiolar
Trace 3 18
Minimal | 26  2/6 118 0/8  1/8 1724

Values are for males and females combined.
Overall incidence of carina/tracheal bifurcation epithetial hyperplasia = 26% (0-50%).
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Qwerall incidence of bronchial/bronchiolar epithe]-ial hyperplasia = 1]1% (0-33%).
Re-evaluation of Fluticasone / Salmetera! Dry Powder Study: In addition to the data
summaries submitted by the sponsor, a previous 13-week dog inhalation study from the
samc sponsor for a dry powder fonmulation of fluticasone was te-evalvated for the
incidence of pneumonia snd cpithelial hypedraphy or hyperplasia. This study is number
D20802 (rzport WPT/95/233) submitted 24 MAY 96 in original IND 50,703 for the
fluticasone-salmeterol dry powder combination (reviewed by W.M. Voget 18 OCT 96).
An increased incidence of non-specific gross lung lesions and microscopic pncumonitis in
reated groups was noted in the original review of that study. The study included groups
treated with vchicle, fluticasone, and salmeterc! alone, or with combined fluticasone and
saimeterol. Because the incidence of pneumomia and epithetial hyperplasia were
sporadic, the findings were not noted in the original review. However, combining
bronchopneumonia and pacumonia, combining bronchial and broachiolar hypertrophy or
hyperpiasia, and combining all fluticasone treated groups, a similar patterm was found as
in the fluticasone HFA dog inhatation study. That is, there was an increased incidence of
pneumonia and an increased incidence of respiratory epithelial hyperplasia and
hypertrophy in the fluticasone treated groups. The data are summatized in table 4, below.

Tahle 4. Histopathologiczl Findings in Study D2030Z {Dry Powder Formulation)

“treatment Control SAL TP/SAL
n 8 8 23
dose Engkg) 0 15 30640, 3,15)
preumonia ot bronchopneumonia 12.3% 12.5% 30.4%
epithelial hyperplasia at tracheal bifurcation 12.5% 250% 26.1%
lung - bronchial/bronchiolar epithelial ’
hypertrophy or hyperplasia 0% 0% 22%

FP = fluticasone propionate; SAL = salmeterol. Three separate groups received 30 pafkyg
FP, alone or with 3 pgrkg SAL or with 135 pgfkg SAL.

Published Data: Greaves® reference on toxicological pathology! was consulied for
further information on the association between respirstory tract infection and cpithclial
hyperplasia. These findings were associated with respiratory tract infection in rodeats
and dogs. The author notes that infection of LEW strain rats with Mycoplasma pulmonis,
an important intercurrent respiratory pathogen in rodents, resulted in inflamination and
hyperplasia of the epitheliurn. With infection of rats or mice by Sendai virus (para-
influenza type 1) hyperplastic and multinacleated symcytial epithelial cells develop in the
hyperplastic terminal bronchiolar epithelium. A similar evolution of histological changes
occurred in young beagle dogs experimentally inoculated with canine adenovims type 2.

1 P. Greaves: Histopatholagy of Preclinical Toxieity Snudies. Elsevier, New York, 1990, pp 200-203
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Ongoiag 3-month Dog Study: In the submission of 13 August 1997 (NOD6), the sponsor
included a drafi protocol for a 3-month study directly comparing fluticasone CFC and :;
HFA formulations in dogs. In 2 telephone conversation the sponsor informed us that the g
in life portion of the study is complered and the final study report is anticipated in 3
summer of 1998. Male beagle dogs were allotted to the following treatment grougs,

CGroup Treatment Fluticasone Dosc Number of Animals
I Air control 0 4 + 2 recoveries
2 HF A 134a control 0 4 ;
3 CFC 1¥/12 control Q 4
4 Low dose fluticasonc HFA 4 > 50 pg daity 4 ¢
5 High dose futicasone HFA 30'% 30 g daily 4 + 2 recovenes 5
6 Low dose fluticasone CFC 4 » 50 pg daily 4 K
7 High dose fluticasonic CFC 30 * 50 ng daily 4 + 7 fevoverics
The low and high doses in the new study are the same as those in the previous 3-month
dog study. Conventional endpoints including clinical chemistry, ophthaimoscopy, and
plasma drug levels are included. Histological examination concentrates on the respiratory
tract and selected target tissues (liver, spleen, hear, kidneys, thymus, adrenals, Tymph ;
nodes, gonads). This is a well designed study that should identify any toxicologically i

significant differences between the HFA and CFC formulations of fluticasone

<

Summary: An evaluation of the data submitted by the sponsor and a re-evaluation of the
data from the previous dry powder inhalation study submitted to IND 50,73 suggest that
the sponsor’s interpretation of lung histology findings are plausible. Hyperlasia of
respiratory tract cpithelium at the tracheal bifurcation (carina), in bronchi, and in
bronchioles is 4 low incidence back ground finding in dogs treated as air contrals ar with
lactosc vehicle., There was a clear association between the incidence of mictoscopic signs
of pneumonia or bronchopnesmonia and the incidence of epithelial hypertrophy or
hyperplasia. Not all of the dogs with epithelial hypertrophy or hyperplasia had
pneumonia or bronchopneunioniz.  From these summary reports and reviews it is not
clear exactly what nricroscopic changes constituted a finding of pncumonia or bronche-
poeumonia. It is possible that the dogs with cpithelial hypertrophy or hyperplasia, but
without pnevmnonia or bronchopneumonia, had other manifesiations of infection. In fact,
all but one of the dogs with ¢pithelial hypertrophy or hyperplasia, but without pricunonia :
or bronchopncumonia, had a finding of inflammatory exudate in ithe bronchi or 3
bronchioles, which would also be comsistent with respiratory tract infection.

Experimental respiratory tract infection in rodents and dogs has been associated with
epithelial hyperplasia. Finally, increased incidences cpithelial hyperplasiafhypertrophy
wete observed whth the dry powder fluticasone formulation, in conjunction with increased
incidence of pneumionia and bronchopneumonia when the findings were combined and
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Ongoing 3-month Dog Study: In the submission of 13 August [997 (NGOG), the sponsor
included a draft protocol for a 3-month ‘study directly comparing fluticasone CFC and H
HFA formulations in dogs. In a telephone conversation the sponsor informed us that the ﬁ
in life portion of the study is completed and the final study report is anticipated in &
summer of 1998, Male beagle dogs were allotied to the following treatment groups. z
Group Treatment Fluticasone Dosc Number of Animals %,
1 Air control i) 4 + 2 recaverics B
2 HFA134a control 0 4 ,
3 CFC 1 ¥/12 control 0 4 i
4 Low dosc fluticasone HF A 4 % 5 pg daily 4
5 High dose fluticasone HFA 30 x 50 pg daily 4+ 2 recovernies
[ Low dose fluticasone CFC 4 x 50 g daily 4
7 Eléh dose fluticasone CFC 30 x 50 ug daily 4 + 2 recoverics

The low and high doses in the new study are tr samz as those in the previous 3-month
dog study. Conventienal emdpoints including chinical chemistry, ophthalmescopy. and
plasma drug levels are included. Histological examination concentrates on the Tespiratory
traci and selected target tissues (liver, spleen, heant, kidneys, thymus, adrenals, lymph
nodes, gonads). This is a well designed study that should identify any toxicologically
significant differences between the HF A and CFC formulations of fluticasone

Summary: An evaluation of the data submitted by the sponsor and a re-cvaluation of the
data from the previous dry powder inhalation stady submitied to IND 50,73 supgest that
the sponsor’s interpretation of lung histology findings are plausible, Hypermplasia of
respiratory tract epithelium at the tracheal bifurcation (carina), in bronchi, and in
bronchioles is a low incidence back ground finding in dogs treated 25 air controls or with
lactose vehicle. There was a clear association hetween the incidence of microscapic signs
of pneumonia or bronchopnoumonia and the incidence of epithelial hypertrophy or
hyperplasia. Not al! of the dogs with epithelal hypertrophy or hyperplasia had
prcumonia or bronchopneumonia.  Froms these summary reports and reviews it is not
clear exactly what microscopic changes constituted a finding of preurnonia or broncho-
puewmonia. It is possible that the dogs with epithefial hyperirophy or hyperplasia, but
withont pneumnonia or bronchopncumonia, had other manifestations of infection. [n fact,
all but one of the dogs with epithelial hypertrophy or hyperplasia, but withow preumonia
or bronchopneumonia, had a finding of mflammatory exudate in the bronchi or
bronchicles, which would also be consistent with respiratory tract infcction.

Experimental respiratory tract infection in rodents and dogs has been associated with
cpithelial hyperplasia. Finally, increased incidences epithelial hyperplasiaypertrophy
were observed with the dry powder fluticasone formulation, in conjunction with increased
incidence of preumenia and bronchopneumonia when the findings were combined and
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steroid-treated groups poolted. Al of these results are consistent with the sponsor’s
interpretation that the increased incidence of respiratory cpithelial hyperrophy and
hyperplasia were a secondary cffect related to immunosuppression and resultant
respiratory fract infection. The occurrence of intreased respiratory epithelial hypertrophy
and hyperplasia in dogs treated with the dry powder formutation indicates that this
finding is not unique to the new HFA formulation. Nonetheless, the results of sponsor’s
ongoing dog inhalation study of fluticasone HFA and CFC formuiations wili provide
additional useful information with direct, head to head comparison of two formulations
under the same conditicns,

In a telephone conversation initiated by the Division, the sponsar infurmed us that they
anticipate submitting fhe data from the ongoing 3-month dog study {directly comparing
CFC vs HFA formulations} in late sunmer before initiating the 6-month ¢linical study
later this fall. Therefore, there is no need to contact the sponsor until the resuits of the 3-
month dog study have been submitted and reviewed.

RECOMMENDATIONS

I. An analysis of available data suggests that cpithelial hyperwophy seen in dogs
exposed to fluticasone in an HFA formulation: 1) has a low incidence in untreated
controls from other studies; 2) was also increased by fluticasone dry powder in dogs;
and 3} is comelated with histologic evidence of pneumoniabronchopneumonia and
may be secondaty to imnmunosuppression.

2. The sponsor does not plan to initiate the 6 month chinical trial of HFA fluticasone unil
after results of the 3-month dog study comparing HFA and CFC fluticasone
formulations have been submitted. Therefore, further repulatory action regasding this
issue is not necessary pending submission and review of the 3-moath dog study.

0. Mol Tal), etpit o

Mark Vogcl Fh.D).. Phatmacologist
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o A month study i dogs with 2 divece companson between CPC and HEA ileticasone
¥ Q formaiativns.
3
% Relevant IND'NRASDME
m P83 25,630 Flulwasene propronale aqucots nasal spray
d END L0990 Fluticasaonce propionate muitidase inhuater
m END 40,142 Fluticasone propionate Rodigk
' —— IND 27703, Flunicasone propronate » salmeterod dry powder combinataon
m NIEA 20535 Flovet inhalation serosol
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- m Brug Class:. Uluzacottiond stermd
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! m HE 3134 prapellunt. no additiona iosctive ingo dients.
v U-l Roule of Administration: Qral lnhalasion
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Proposed Clindexl Studies: A 6 month safety study FFLTA3I0ZL) has rroently heen
wntigted.

Previous Reviews, Dares rad Reviewers:

Submission ' Review
No Sabrksinon Dalc: Reviewer Date:
1 Crgmal IND (16, 1847 5 Wilkams #1297
2 Summary of eptbelinl hypertroply 01597 W, M, Voud Of 5%

findings from previous studics,

Studies Reviewed within this Submission: Report WDI9IS (028200, CCHISTE] {in
PLIPIT or GRIMGGAIRE 13 weeks inhalation toxicity study in the beagic dog (Swdy
Nuntber D299, report dated 31 July 1968

Studies Not Reviewed within this Snbmission: None
Studies Previeusly Reviewed: None

Noic: Portians of dhic review were excerpted divectly from the spunsur’s Sthmission

Introduction/Drug History: Fluticasune propionare has been approved in CFC azroso!
and dry powder formadarions for treatment of asthypa. The present IND s for 2
fonmuiation using HFA-134a as the propellant. A 3-month dog study submiitted i the
onginal IND found dose refated mercascs of epithelial hyperplasia and hyperirophy an the
respiratory ract. Phese findings had not Ireen noted in previous dog inhalatica studies
with the UFC formulation.  These findings in the 3-month stedy were raversible, and
similar findings were not increased in sevently in a previows F-vear study of e HFA
formulation n young dogs.  For these reasons a 16-week clinical study of the HFA
formulation was allewed to procesd bt the sponser was asked not to initiace o propased
Gomamth study untii there was an explananon for the findigs. The speasor contends that
the pzsemt findings were not reported m previcus studies with the CPC farmulation
becauee current inhalation studivs exumine and report respintory tract histology in much
prewtet detail than e studies conducied before te varly 1990, Ehe sponsor Interpigis
the observed fesions as an exacerbation of u buckzround effect wssociated with
OPPOIMSIY reanrlory ract infection in immunocompromised dogs. A daa compila-
o, fion provious sundies was submitied 08 1897 (NN 1o decument the Sponsar’ s
interpresition of the hisopathelopical Bndings. The review of that subiission concluded
thal epithelial hypervophy in dogs exposed o the A Thaicasone formuelstdon: 11 has a
low incidence i antrested comitols from other studies: 23 was alse ineressed in

futicasone <y puwder m dogs: and Y & corelsted with histelogse ey ilunce of

preumonta hrane wpsenmonss and may e secondary w imaumosuppression.

f the submussion of G2 0897 the yponsor alse indicated that ey were plunning a divect
cumparisor of CRC ve HH0A fluticusone formidetions in dogs. The present submission
reports the resubts af thal L 3-week dog suuds,

BEST POSSIBLE COPY
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REVIFEW OF TOXICOLOGY

CCLI8781 (in P1/P12 or GRIVG6G4IXS: 13 weeks inhialation toxicity study in the
bragle dog (Study Number D21998), Repont WDISOS 00282 065, w0l £.1, page ;217
Srugh Dares: Expenmental  12:1197 10 4312 98, report (sswed 0721958

Tosting Lab. -—

Fest Avticies: Fluncasone proponate in CFC1UCTCL2 propellant, hatch WE307N A
Flutasont propionate in HF A\ 1344 propellant, bateh 7ZNGUIR
CPOILCFC 2 propelitans contrel, balch 17972121
HF A 1 34a propeltant contrud, batch 77250054

el The study was aceompunied by a staned GLP stawement

A Reparr: Yo3 {7 No ()

Methods: Muale beagle dogs {5.5-8 moaths old. 6.4-11.8 kg} wew randomized 1o the

foitos ing treatments:

Fluticasone Dose

Crroup Treatment Nownmal | Dholivered peky Moo of Ammals
I At comtrol o i o 4 - 2 réeoveries
z 17 A1 344 control 30 < 0 ug daily i} 3
3 CTC L1112 control 3G = 0 pg daily (0 4
4 Low dose fluticasone HFA 4 ¢ 30 pg daily 8 4
3 High dose fluticasone HFA - 38 = 36 yg daily T 4 - 2 recovanies
h Low dosc fluticasone CFC 4 « Sngdaily ! 4
3 High dose fluticasone CIFC 30 » 3 ye daily 64 4 - 2 recoveties

dog study with HFA fluticasone, Drug was wdnonistered. twice dady, by metered dose
mbalers connected o an orephanyngeal bk, Vehicle-treated dogs recenved the same
number of actustions por day as the tugh dose groups. The delivered dose was calculs
v subtracting the amount deposted on the dosing apparatis from the amomnt robeased
trom the MDTL Acrazol particls siee was devermined by cascade impactor. I'wo ammals
cach frem the an control and bigh dose fintcasone groups were allowed a3 doweek
rezovery period aller the 13-week dosing pered The boliowing observitions were mads

BEST POSSIBLE COPY

Clinical signs ... at least ewace dady
Bowby weighe . weekly

Food watake | . caneasered datdy. calcubated weekiy

Cobthalendogs L L prostedy and weeks 4 amd 13

Chmcad pichology L prestedy and weeks 5,13 and recovery
Hasm cottisol o prestudy, day 8 weeks £ 13 and recevens
Plasm <druy fevels. *

v Toweeks 36 Coand 1 ar -3 4 20400 124 aed 2490 mn

posi-dose.
NOCIOPE: RN (L34 £ $11E)

The low and Bigh dogses in the new stady are the swne as those in the presious 3-menth

NDAZ1-433
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-2 vomprebensive fist of tssucs was spved and Oxeds ealy the

Histopathology

fallowiog turget tissues were exammed adrenaiz. heart, kidney,
tarynx. hiver, luag, lvmph nodes (rctropharyrgeal. moesenteric
medial trachcohronchial, cervicdt pasal caveiv, aro-paso pharvny
splean, thymus, taches twith carinay, gross lesuns.

Resnlts: fswninarieed in Table | page 5)

Morazizv, None
Clinsead Sigs. bransient "nodeding of the head™ ocourred sporadicuiis o frequently n 3
high dese CFC futicasone dogs. one high dose HEA fuicasone dog tan ondy une
ocgasionl, and in 2 CIC vehicle dogs. This appars to be u reuction to the propelant,
which was more muarked with CFC than HFA propellaat.

No toxicologically significant treutment-related eifeuts.

No toaicologically significant treamment-related offeats,

No toxicolagically significam treguncnl-related effegs.

Rody Weighe:
Pood Intake.
Ophthalmaseop
Hemutologr: Sporsbe statistivatly significant diffcrences among groups disd net appear

to e trvatment telated.
Ciimieal Chemisoy. Plasma glucose was decrvased slightly in the Mgh-dose fluticasone
CFC group {12%4). Plasma creatinine ways decteased i HFA (1% and CFC (21941
high-dese fluticazone groups (statistically signtiicunt only for the C3C flutcasone group).
Basehae and AC MH-stimulated plasma corlisol tevels were decreased 1 both HFA and
CFC high-diose fluucasone groups, more se in the CFC flutizasone proup
Clrgan Weighis- Adrenal weight was decreased in boih HEA and CTFC hish dase
luncasone groups reaching statistical significance only 1 the CFC fluticasene groep.
Adrenal wenght did not Lully recover dunng 3 weeks off tretment. Thymus and spleen
weights were not decreased significanty.
wrbodugy Mo toxicologically significunt treatment-related elfects.
Fistputholsge: Systemic effects inchuded lsoreases w thy wcidence and seveny of
adrengd arrophy and thymus invelution in fluncasony treated groups.  As with adrenal
weight, microicope evidence of atrophy was stild evident afier the recovery period.
Ll anrway elfects included increased incidence of bronchits i the lunes and tracheal
Brfurcuion dvannsd  Respicatory cpithelial hvpertrophy and by perplusia, and prienmema
or brenchopneamona observed in previeus stiding w ere not aded in the preseat studs

(e 8

Foxieokeeticy: Phasma lovels. as measured by ALL, were qaite varnble from week o
week, However, vxposurs cheardy moreased with tnoreasing dose Plasme ovels wers
fgher after the sevond dady exptsure than after the fissi. Avemae
wis comsparable lor the HFA aad CFC formulanons, systeniic cxposure tended w0 be
pecater sith the 1IFA formuladon than swih 1l O0C fermulanon at the tow dose byl not

stemic euposis
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at the high dose.

Tabtle 1. Findings in 13-Week Dog Inhalation Toxicirs Studs

Crontrols

Flaticisons

HFA i CFC

Alr HbE A

i
o
CrC i fow  High  Low

Hizh
Db zred dose | b 5 f: PR & =7 - s
tertw ke sere MNAD rumn --- 258 20%
*of partcles ~ 3 op - . - 34 : [
AUC, iphr mly B 7 A
1+r nhatation day | 4R 154 E
2wl mhalation day 377 193
Ind inbalalion weck 3 73 a7
st inthalation wesk & 206 97r
Ext anhalation week % 437 i
13t mbalation week 13 193 393
2nd inhalatton week 13 I3 e
Avy tsliphalation wis 1-1% 223 fifs
As g'. Conan 150 miadation wks i-13 (puml N 3
jrange; {0-353) [0-7313%
Noéding of the hrad oG [TOrR 3K 1 &3 ia
Gacose (mMlwk 13 s &35 33 ; 349 368
Creatinine (M7 |2 2 £ Wy Al
Caortissl (g miywk 12 .
Basal i1 14 M 12 11 27 1.5
AUTH stupuiatiog 134 i1 142 e a7 123 4.3
Adrensl waght1zs wk 13 12u P.iz A8 ; iz [IRES) T (L0
meovery 143 - a5 .- i3 KA
Mistopatholngy
Adrena wropin 13wk R 4 04 4 44 2z 44
ooy {* . .- - i2 . -
Lung  Boonelaty einossal 8] i Il f 3 } £ i
sigght 0 I i} H . % H 3
Ciana - breackat s slight o . o o A K
modoraie i t ¥ Iy i E " L
1omsilitis 13 i 4 14 O3 ]i HKY T4
Thymus ins clution shein o i 2 I u
mkicrate tE h ;

$a

Highuphied colls indicate p{eths vs amr contrak.
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SUMMARY AND EVALUATION
Systemic Effecrs: Systemic offects ideniified i this study arc expecied conseauences of
glucacorticond adminsstration, priacipally adeena! and tymphosd strophy.  $mphend
aerophy was oy slent ondy #s histolagical changes m the thymus. Spleen, and 1nmph nedes
were mt messurably affected in this stady  Decressed plasoa creatinine and plucese are
also wapected glucocorienid effects. reftecting abterations of protesn and corbohydrate
melabuliziy. Adreral suppression was manifested as decreased organ weight, decreased
basal and ACTH-simulated plasina corfisol, and evizroscopic changes.  Adrenal changes
at the high dose did aot completely recover during 4 weeks off treatment. The s stemie
effooss ware dose related. Systemic cffects were mure marked i the CFC-fluricasone
group.  But considering the small number of ammals and the murked day 10 day
variabdiny i svstemic exposure, it is not clear that this represents u real differsnce
hetween formulations. [n any avemt, there is clearly no evidence of increased svstemmc
activiry with the new HEA formwlanon, The only uncxpected efTeet was “head sodding”
that necurred in 2 CFC vehicle dogs, 3 high dose CFC utivasone dogs. and § ngh dose
HFA flutieasone dog. Thes appears to be a reaction @ the propellant, winch was more
mztked with CFC than HFA propetlane.

Systemic glucocorticoid effccts in the present study were fess macked than in the arign.l
I-month dog inhalation study, in which spleen, iver, bymph nodes, and ponads were
ackhtional targets, along with further changes in hematology and ¢limeal chemisiry.  he
exient of plasma cortisol suppression wag also more marked n the previous study,

Neminal debivered high dose was the same in botb studies 76 pgkp); but peak plasma
levels of fluucasome were hugher o the previous study (minpes of  —
H¥Aand == peanl for CFC in the anginal study o

picmil Jor
ol for HFEA and —
pemt for CFC 1w the present studyl, Differences e inhalaton echningue betw cer:
the two different laboratorics conducting the studies may
ditfererce i svstemiv exposere at similar sumenad doses.

ount e thy substantial

Ruspiratory Tract Effects: This sty was designed as a follow-up stindy to chametenice
the increzsed incidence of respiruien epithelial hyperplasia and hapertrophsy obseis od
with the HEA fonnulation i the enginal 3-months ishakmon wxicity studs. FThere was
na diest camparison of stelogy betwen HE L wd CFC formulations e the pres ious
stusly & The specific findings of epithedial vperplania and hyparirophs were oot ob<erved
in the rresemt stady. One possible explamation {or the absence of the tinding in the
preseat stmdy might he relatively bess doug depasition In the cesplratery
stwds due o Bfferences i inhadation technique. That wondd be consistent with the fower
syatemne exposure ohserved in the presend stedy compared 1o the ongingd sy The

sperart’s Jdate analysis subatitted 8 ESYT indcated that the findings wsere usueih
I k B -

ract i the present

chyeryed 0 ihe presence of peumuonie or bronchopneemania. The latter fndings were
elvo pot ohserved in the present study, T adk of preunaria sud hronchopneumonia wanald
aba be conmisont with a Jower deposited dose in the present stady and reinfarees the
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sponseTs nferprotation hat respiratory epithelial hyperplasia snd hvpasopln are
assossated with presnoma sid bronchopioumerin Aoother factor tea could contrione
w0 The abseiwe of respirstory epithehal hypeiplang and hypenrophy ia the present study s
ihat the Bnding had coly sporadic occwrrence tn previous studies.  For example, the
increased invidence i sterpid-trealed groups was only endent with the dry powder
fluticasonc salmererol fovmulation whea several steroid-wreatsd groups were povted (see
PhanTox review of INLY 53 5302 by W M. Vogei dated %0398,

Although respiratory epithelial hvperplasia and hypertrophy were not obhserved w0 the
present study, futicaseme-treated groups m the prosem study had mereased mdence of
"hronchina" in lung and at the tracheal bifurcation. The report indicates that "bronchius”
consisted prtncapatly of monioual or mikd, diffuse, negitophil infilration of the brongchiad
epithielien: which was m some cases zconmpanied by siple cclb necrogis und minimal
hypercellutanty of the bronchial epithcliun, 1 possibie that these findings represent a
milder furm of the proumonia and brenchopnesnionis vhserved in previous studics. The
inculence of bronchitis in the present study was dose-related with no obvious difference
between the HF A and CFC formulations

Conclusion:  In a direct compansan of HFA and CFC famnulaiens of fluncasons
propionate in a 13-week dog mhbalation toxicksy suwdy there was no measurable difference
in systzmeg exposure between formudations with shightly  greater systemic cffects
obsenved for the CFC formulution.  Lecal respizators tract eflocts consisted of a dose
related morease in the instdence of bremchitis w the Jung and tracheal bifurcation (carinal
with oo differeace between fanmaudations. Thes study provides satisfactory bndging to the
previeus CFC formulation and indicates that the systemic and loeal reapiratory tract
toxicity prefiles of the two formmlations are comparadic,

RECOMMENDATIONS

This stiady indicates that the svstemic and focel wospiratory rudl toxicity profikes of the
CFC wud HFA Huticasone formadations ag cumpandble. Along with the sponser's
previows & reanalysis, this smidy allewntes concern that thar the HFA tormulation
might be caosing local airway effects not ob w CFC tormulation.  |he
proclinizal data support the sponser’s propased shase-d chmcad studics and no addaiogal
preclin:ead studees are needed in support o the HE\ focmvianon,

served with
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BIVISION OF ONCOLOGY AND PULMONARY DRUG PRODUCTS
REVIEW AND EVALUATION o PHARMACOLOGY AND TOX ICOLOGY DATA
KDA 20-770, Review o, 1
NDA: 20.770
Serial Number: §
Date of Submission: 9:26:96
laformation 16 be Conveyed to Sponsor: Yes (X), No ()
Reviewer: Lawrcoee F. Sancilio, Ph.D.
Date Review Campleted: 6/2/97
Sponsor: Glaxo Inc.
5 Moore Drive
Research Triaugle Fark, NC 27709

Drug Name: Fluticasope propionate

Chemnical Name- S-fluoromethy) 6e, So-difluore-] U-hvdroxy- 16 mcthy]-3-oxo-
1 Tapropionyloxyandrosta. A-diene- 1 7 -carbathioaie

CAS No. 80474-14-2

Structure:

- BUHF

-GEOCH,,CH,
STty

Molecular Weight and Formula: 500.6 (C.’ZSHZ!FSOSS}

Related INDs, NDas: IND 18,6356, NDA 20-121 (nasai' Spravy
IND 29 039 (orat inhaler;
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IND 40,142
Class; Gluzoconicoid
Indication” ~—

Clinical Formaulations:, Micronized fluticasone propiosate, 5G-100 meg/dose
Lacfosc q.5. to 25 mg

Route of Administratinn and Dose: Inhalation acrosol; 50-100.p twice daily.

Previous Review(s), Date(s}, and Reviewer{s):
NDA 20-121, Nasal Spray. A. Mukhegjee, 3720293,
NDA 20-121. Nasal Spray, B, Hayes, 573:94
NDA 20-549, Rowdisk, Inhalation, L.¥ Sancilio, §2/13/95

Preclinical Studies Submitted and Reviewed In this NDA

Floticasone propionate has been approved for use as 2 nasal spray, a meterad dose inhaler and
an mhalation powder, Its pharmacology and oxicology has beeo reviewed which is amended

to this review. A 1-year inbatation study in juvenile dogs was submiited 1n this NIDA. This was
undenaken 1o determine whether the steroid 2dminisiered by iahalation would affect the
maturation of the respiratocy zact since this NDA is for the use of inhaled tlutivasanc
propionatc in youny patients 4 10 11 years of age. No other preclinical studies arc warrenied
for the approval of this NDA.

Taxicolopy

Multi-Dase

52-Week Inhalation Study in Juvenile Dogs, No, WPTG3/096, Vol. 1.2, p 4.

GLP signod statement: Yes.

Site the study was conducted; —~—
Study Dratey: 2416794 1731796

Stady Repont Date: 216/06
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Method

Animats: Mine-10 week old M apd F (2.3-3.3 kg) Beagle dogs, {12 M and 12 ¥/
groop)

Housing: 4/ kennel froms Q 0 week 3; thereafier 2 of the satne sex and dose group were
housed in each kenncl.

Compounds: Flnicasone propicnate (Bach No, U93/057A), GRI06642X, HFA Propeliaan,
{Baich No, US3/262A 510)

Formulatiom: Acruset i 2 MDY containing Muticasone propionate wx! the propellani,
GRIOGE41X or the propeliant alone. Administration was by whalation via an sropharyngeal
tubwe. The twtal dose delivered was 74 (65-82) mg for cach metered dose. Each metcred dose
contained 30 g of fluticasupe propionate. Mass median aercdynamic diameter (MMAD} L
geomctric standard deviznion: —

Dose: Group 1,Control (Sham)
Group 2, Propellant, Weeks 1-8, 30 metered doses/day; Weeks 9-52, 13 metered
dosesiday
Group 3, Fiuticasone propionate, Week 1, M, 126 and F, 140 jg/kpfday;
Week 8, M, 82 and F, 91 mgikarday;
Weeks B-52.M, 25 and I, 26 utkufday
Tue 1o adverse effects, the dose was reduced at weak B and thercafier, The innial dose was
selectod from a 4-week toxicity siudy in juvenile dops whereby an inhafation dese of 508
ségfdoy was 1olerated,

The following parameters were determined.

Clipica} Obscrvadons: Daily.

Body Weight: Prior to stad of study and weekly thereafter,

Food Consumption: Weekly; results are expressed as mean daily food consumed per dog.

Ophthaimascopy: Prior (o start of study and during weeks €, 12, 25 and 51
Eleciocardicgraphy: Privs to start of stedy and during wecks 4, 12, 23 208 51,

Chest Girth Meastcement: Prior @ stare of stady and during weeks 4, 12, 23 and 51.
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Abdomival Girth Measurement: Prior to stant of study and duning weeks 9t Mand { ¥ in
Groaps 2 and 3}, 12, 25 and 51,

Loog Bone Measurements: Prior to star of study apd duriag weeks 8. 12, 24, 36 and 48 of
dosing and 2{ noCeopsy.

Radiography of Neck: Under anestbesia lateral radiographs werc faken priof (o start of study
apd during week 52,

Physical Appoarance: Photographs (fol) side and latetd) side view) were taken doring wesks @,
12, 25 apd 5% of 1 M and 1 F in Groups 2 ad 3 during weeks 9, 12, 25 and 51,

Hematolegy . Urine Analysis, Clinical Chemistry: Prior o stant of study and during weeks §,
13, 26 and 52.

Plasma Cortisot Erveis: Inunediately before apd 1.5 & after sumulation with Synzctien (230
ug v fdog.} Pror jo start of study and doring weeks 8, 13, 26 and 51
Flasma Lavels of fluticasone propionate:
Groups 1 and 2: Day &, 20 min and 24 h after dosing.
Weaks 4, &, 13, 26 amd 52, before dosing, and 2 miq eftar dasing
(weeks 4 2nd 83 oo tach occasion.

Group 3; Day I, before dasing then 5, 10, 20, and 40 nin, and 2, 4 and 24 h aficr the {irs
dosc.
Wooks 4, 8 and 12: before dosing, ang 20 min after dosing (weeks 4 and §) on
each occasion,
Weeks 26 and 52: before dosing then 2, §, 10, 20, and 40 min, and 2, 4 k afier
dosing on cazh occasion.

Necropsy

Qrgans waighed were: adrenals, braig, heart, kidneys, lives, ovaries, spleen, testes with
epididymides, thymus, prostate and thyroids with parsthiveeids. The whole lings were
weighed, the right Jobe was weighed wet and dried (48 h at 804C3.

Trcheas were ncasured in the following manncr: 1. Total length (distance from the cricaid
cantilage to the bifurcation; 2. The mumber of rings frony the criceid cartlage ta the
bifurcation; 3. The horizontal and vertical external diameters of the 2nd, 1Ok, 20th and 3ixh
rings; 4. The width of the 2od, 10t 20th and 3ith rings.
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tarynx. trachez] broochial lymph nodes and trachea with bifurcation. Far lungs, the apical
(left), cardiac (left), intermediate 2nd both diaphragmatic lobes including the
bronchus/bronchioles and peripheral lupg scctions,

Results

Moratity: Group 1: None.

Graup 2: 1 F (week 31), sacrificed for humane easons.
Group 3: 1 M {week 7), cause of death unkpown,

Group 3: 1 F (weck 8), operated for hernia and did not improve, killed for humane

reasons. ]
Group 3: 1 F {weck 99, enlarged hemia, saeeificed for humane reasons,
Graup 3: | F {weck 31), difficelt hernia, sacrificed for humane reasoms,

Clinical Observations: These are summarized in the following 1able.

Incidencs
Obseryations at 52
Weeks Group 1(Stm) Group 2 (Vehicled Group 3 (Testy

Hernia

Umbilical 0:24 123 13£24*
Eye Discharge 0:24 023 gy
Abdominal Distension

Slight to Marked 4 0123 12420
Hair {.oss/ Thinning

Ears 224 0:23 20:20
LepsiFeet 1724 1/23 16420
Chest 24 023 5120
Back 1124 073 16420

*Include 4 animals that were sacrificed during the 52 weeks.

Body Weight: Groun 1 vs Group 2:Week 8, no effect,
. Group 3 vs Graup 2: Week 8, M, -19%, F, -17%
Weak 532M, 169, T, -12%
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Food Consumption: Based on camulative effcet: Group 3 vs Giroup 2: Werks - €, no effect
Group 3 vs Group 2: Weeks 9-52. M, -3.2%

F, 6.7%

Oplehatmascapy: Epiphora (absermal oixtflow of wars down the cheek): Gronp 1, 0024,
Group 2, 0723, Gronp 3, 1020,

EBlecirocardiography: No effect.

Gint Measurement: The results are summarized in the follawing table.

% Change From Group 2 (Vehicle) j
Area
Group 1 (Sham) Group 3 1
Abdominal
Week 25 M, 425 P #+57 M, +6.7 F, +159
Week 51 M, 84 F, 4110 §M, +23 F +124

Changes in the chest girth was not remarkable.

Long Bone Mcasurements:

% Change From Group 2 (Vehicks)
Time of
Meastreguent Group 1 {Sham) Group 3
Week 8 M -3.0 F -0 M, -12,1 F -144
Week 53 M,-24 F 0 M, -104 F,-13.6

Radivgraphy of Nack: No Jata given.

Phatographs: Week 9: Majority of animals in Groep 3 showed: |, a stunted physical
appearance of short tail 2nd snout with pot belly abdomen, and 2. protuding/eniarged eyes.

Hematalogy and Clinical Cheinistry changes ace fisted in the foltowing table.
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% Change From Group 2 (Vehicle) by Group 3
Parameter Week 8 Weck 52
M F M F
White Blood Count i 41 25* 3
Neutrophils 36 38 33 iz*
Lymphocytes 41 i 18 -i4*
Fosinaphiis 100 -100 - B4 a7
Monocyies 212 200 35 i3z
Partial
Thromboplastin Time 27 16 19 it
Fitrinogen 28 33 42 38
Alaline Phosphatase 34 27 16 40
1DH ar 46 32 20
a«HBDH
(a-hyrdoxybutyraie
dehydrogenssc) 50 75 5 16"
Serum Phosphorous -13 -27 14 Hil
Chwlesterol 23 27 37 43
Triglycerides 31" 41 12 i7"
P =00S

Cortisol Levels in Response to Synacthen (& Decrease):
Weck B M. Prior to adooinistration of Symacthen: > 69%
1.5 b after administration of Synacthen: > %6%
F, Prior to admiaistration of Synacthen: > B5%
1.5 b after administeation of Synacthen: > 97%

Week 52: M, Prior (v administeation of Swmacien: > 82%
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1.5 h after administration of Symacthen: > 97%

¥, Prior to administraticn of Synacthen: > 87%
1.5 h afier adminisiration of Synagthen: > 98%

Urine Analysis: Weceks § and 52: Increass inpH in M and F,
Plasma Levels

Fluticasons: propiopars was accoveq jn plasma using # radio inunune assay. The Limit of
Quantification was - ngsmi for weeks | and 8 and 52, respectively. Since there
was no difference in the plasma levels in the M and F dogs, the resulis were pooled. During
the study, the plasma level< of fluticasone propionate prior o it admindstralion were low,
raaging from < —  nagfmlatweeks land Band « = ngfnl at week 32, The 20
and 40 min mean plasma levals are shown in the following table.

Day Mean Plasma Levwe}
ngfmi, N=§
2Wmin 40 min
7 0.9 114
6 Q.98 ND
182 < 072 0.79
G4 .78 0.78

ND, Not determined

APPEARS THIS WAY
N ORIGINAL
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Organ Weight: The results are summuarized in the following wabie.

NDA 20-770

Fage No. 2

Organ Weight

% Chapge From Group 2 (Vehick)

|

Absolute Relative

M F M F
Liver +15 +37 +27 +38
Adremls -56 62 ND ND
Thyroids No Change +22 KD D

Langs (whole) =30 36 ND -26
Left Lobe {wet) -39 -34 ND NB
Left Lobe &dryy 41 -37 Kb NB

Gonads -26 No Change § KD ND

ND, Not Determined

Tracheal Measerements:  Change From Group 2 (Vehicle) by treated {Greup ) group.

No. of Tracheal Rings: M and F, no change.

Length: M, -11.6%, F, -12.3%

Thie resulls of the tracheal ring dimensions are shown in the following tabie.

APPEARS THIS WAY
ON ORIGINAL
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Ring Location % Decrease From Group 2 (Vehicle), p<0.05
Maics Fernaleg

C2

Horizonsal External Diameter 14.1 14.6

Vertical Extermal Diameter 14.4 16.8

Width (heighe) 125 13.1
C10

Horizent! External Dismeter | 232

Vertical External Diameer 21 ig4

Width (heipht) 2.3 83
0.4

Horizontal External Diameicr 285 26.8

Venical Exterml Diameter 10.3 22.9

Width (beight) 101 15.4
C30

Horizonta! External Dismaster 0.0 27.4

Vertical Extermal Diameter 2.4 253

Witth (height) 29 235

Macroscopic Pathology: The resuiis are sununarized in the following table. Data from i
Sharn-wreated animals were not presented since nonce of the findings in the treated animals were

seen in the sham-ireated animals,

APPEARS THIS WAY

ON ORIGINAL
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Fage No. 1t
focidence
Organ/Finding Malcs Fepales
Control (Vehicley Treaeg Contro (Vehicle) Treated
N= 11 11 12 e
Extemnal Appearance
Hair Thinning/Toss 0 5 0 3
Veneral abdomen, comedones £ 8 4] 3
Pot-Beilied 1] & 0 -1
Skin, thin andfor Raky a 7 0 b
Inguinal bernia t] K} 0 2
Skeleta) Muscle
Abdominal wall, thin 4 6 ¢ 3
Hody Cavitics
Abdomen and thorax,
Abundant adipose tissue 0 G 0 £
Lupgs
Sofl pale patchy non-
tollapsible areas/foci 0 4 0 2
Trachea
Mucosa] Surface, mucoid
Matcrial adiiering o sucface & 6 0 i
Shight diswortion in
orientation of rings
{misshaapen tracheaj 0 2 G 1
Liver
Texwre, friable ] ] 0 &
Roumied Edges Q 2 0 6
Adrenal Glund
Thinning of cortex 4 10 0 8
Thymus
Mot visible o 8 1 7
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Histopathology:

In the 4 (1 M and 3 F} animals that died oc killed for humane reasons, pathologic changes seen
that were related 0 teaunex were marked Wiymus involtion (2/3 F). sparse germinal centers
in the trachonhronchial lyasph nodes (241 M. 173 F), reduced cellulzrity of the white pulp of
the splecn (171, M, 33, F), minimal swetlingfovteplasmic rarefaciion of centrolobular
hepatacyies (243 F) and atrophy of the zonac fasiculaca and relicularis of the adrenals (371 M,
273 ). The respiratory tract showed decreased basophitia of bropchial cartilages (1/1 M, 2/3
F), alveolar scptal minecatization (313 F), pacumonia (1/T M, 373 F, hymertrophy of broachial
epithelium with decreased prominence of goblet colls, dilated bronchial ghands (11 M, 313 F)
and inflammatory exydate in the trachea and larynx {23 I, The hernia seen in the 3 F dogs
was dut 10 an apparent exacerbation of a precaisting condition resulting from the asthenia of
the abdominal musck: caused by Muticasone progronate.

The results scen in animals at teopination are swinarized in the fatiowing table. Data from
the Sham reated animals were not presented since none of the findings were secn in this
ETOUpR.

APPEARS THIS way
ON ORIGINAL
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Incidence
Organ/Finding Males Femaies
Control (Vehicle) Treated Coutrot (Vehicley  Treated
N= 1l 1 12 9
Larynz
Inflaromatory Exedate 0 6 ¢ 1
Carim
Focal mineralization of
tracheal cantilages 2 7 1 r
Trachea
Area of luminal distortion
anct difation 1] 1 [ 1
Lungs
Decreased width and
decreased basephilia of
broachial cactilagss { 16 G 9
Focal miperalization of
bronchial cactilapes Q 6 4] G
Mineralization of
broochial walls 0 4 [¢] 6
Hypertrophy of
beonchialbronciiolar
epithelitisn 0 9 0 5
{>cereased prominence of goblct
cells in bronchialbronchivlar
mucosa 0 & ¢ 3
Dilated bronchial glamds {} 8 ] 7

" carina from ! animal was lost
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Organ/Finding

Incidence

Males

Control {Vchicle)

N=

11

Treated

i

12

Females

Control (Vehicle)

Treated
9

Mucus and iaflammatory celis in
bronchi‘bronchioles

Trachecbronchial lymph node
Sparse germinal cemters

Liver
Generalized swelliogscytoplasmic
rarcfaction of hepatocyies

Swelling/cytoplasmic
rarefaction of centrilobular
hepatoeytes

Adrenals

Atrophy of 2ona¢ fasiculata and
reticudaris

Splecn
Generalized reduced collularity
Of white pulp

Thymus
Involution

Total
Marked

Preumonia

b

4]

[wle)

52

10

Leuteu]

W

9

2

‘P> 005
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Summary and Conclusisn

A | year inhalation study was conducts in juvenile dogs with futicasone propivnate. This

. study was undertaken o determine whether fluticasone propionate causes uuexpected
developmental changes in the respiratory tract of young znimais which can be cxtrapotated 10
children for which fluticasons propionate will be nsed.

In M and F juvenile beagle dogs. initial doses af 126/140 ug/ky (0.49 mg, total dose) were
admisisiered by inhalation. This dosc was selectsd from the resulis of 52-week and 4-week
studies in dogs. A dose of 501 upfdag was well tolerated in the 4- week sandy. In this study,
after 8 weeks, the dose was reduced 1o 2526 ng/ke (0.25 mg, 10tal dose} because of toxicity.
The median MMAT was 2. 1240 indicating that deposition oceuryed in the trachechronchial
region,

At the cnd of 8 waeks, | M and | F io the treated group died, The cause of death in the M was
upknown; the F that was operated for a hernia 2s an indirecr resuli of flolicasone propionate
administration was kifled for humane reasons, The other animals showed marked weight loss,
abduminai distension and eye discharge as a eosult of the steraid effect,

Al the end of 32 weeks weipht 1055 was still evident; clinical toxic signs were umbilical
hermias, abdominal disteasion, excessive cyc tearing and bair loss and thinning. The animals
showed a stunted appearance. Food consumption was slightly decreased from week 8 to 52,

The increased incidence of umbitical hemias and pot-bellied abdomens was probably due 10 2
pricxisiing condition that was exacerbated by the thinning of the abdominzl wail as a
conscquence of the plucocorticoid effect by fhaicasens propionste. Increased abdominal isth
was quite evident af week 25 mud not at week 51, Changes were not scon with the chest girth,
Long bone lengths were decreased at week 8 and ¢conlinued to be less than the confrol (vehicic)
graup by week 53, These cffects were also relared (o the steroid effece.

Chaanges in the white bjvod count were more prevalont at 8 weeks thap ar 5§ weeks.
Neutrophils atd monocytes were increased and Ivmphocytes were decressed. At week 52, only
the eosinophil count was still markedly decreased in the M and F. Consistent changes in
clinical chemistry parameters were increascd fibrinagen and cholesterol lovels. Urinary pH
was clevated.

Adrenal suppression was quite evidemt indicating 2 full steroid effect At week 8 and
thereaficr, cortjso! levels were markedly low prior 10 and after sdininistration of the adsenaj
corlex stimulant, Synacthen This was further reflected by changes in the adrenal plands.
There was a decrease in adrenal weight: macroscopically, the corex showed thinning.
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Microscopically, there was atraphy of the zonae fasicula and reticularis. These changes are
characteristic of exagenous corticosteroid administration.

The plasma fevels at 20 min following intatation at wesk § was approximately 25% higher
than that scen at 20 and 40 min on week 52. Since the dose 2t wesk B was > 3 times that at
week 52, the change in the pharmacokinetics may be auributed 0 ihe woxic effects of
fluticasone propionate.

Af necropsy, there were 2n inerease in the absolute and redative weights of e lives, and
decreased absolute and relative lung weight. Changes in the Hver were attributed to
generalized swelling/cyioplasmic rarcfaction of hepatocytes and centrilobular hepatocyies.
There was a degrease in absolute wet weight and a deerease in absolule dry weight of the right
cardiac lobe of the lung, The respective decrease and increase in absolute wet and dry weights
as tbe sponsor indicated were the result of deereased seoretions and increased alveolar
thickmess that 2re charscterislic of glucocorticoids.

Ermaphasts was placed oa the effect of fluticasonc propicnate on the development respiratory
tract, i particular, the tractea. The number of tracheal rings was oot affected. There was 3
decrease in the width, vertical and horizonta) external diameters of iracheal rings C2, C10,
C20 and C30. The highest change was seen at ring C30. Macroscopically, the wrasheas of 3220
dogs showed a slight distortion in orientation of rings; kistelogically, 2/3 {} M and | F} of
these anipials showed an area of lumies) distoriion and dilation. Iuflanunatory exugare was
présent in the larynx and focal mineralization or mineralization occurred in the carina,
hronchial cartilages and hronchiat watl. ‘The lungs showed decrsased width and decreased
hasophilia of the hronchial cantilages, hypentrophy of the bronchial/bronchiolar epithelium,
decreased prominence of goblet cells, the presence of mucus and inflammatory cells in e
hronchifbronchiales, dilared bronchial glands, sparse germinal centers in the tracheobrenchial
lymph sodes, reduced celtulzrity of the white pulp of the spleen and thymus invohition. Some
of these effects were relaled to the immunosuppression produced by fluticasone propicnate,
The preuntonta t some aninals was also adtributed 10 mnLRGsuppPression.

SUMMARY and EVALUATION

This NDA is for fluticasone propionats to be administered by inhalation 2s a dry powder for
1he prophylactic weahment of asthma in children 4-11 years old. The maximum human daily
inhalation dose is 100 j.p twice a day. The fornwlation consists of {fluticasone propionate and
lactose, a commonty used excipient for dry powder inhialers, The Plamacology and
Toxicalogy of flaticasane propianate have bean studied in depth. Atached is the review of the
phanmacologic and toxicologic studies submitred in NDA 20-349 for dry powder tluticasone
propionate for use in adolescents and adults 12 yesrs of age and older.
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I this NDA 4 1 year inhalation study was condusted in juvenile heagle dogs 9-10 week ofd,
Lipcus was on the respiratory rast 10 dotermine whether unusual changes cocarred in the
respiratory tract. The following tables compares the findings in the | year smudy in juvenile and
adult dogs. In the aduht study, the dogs received from metered dose inhalers (59 .2 bursy) 4,
10 and 30 bursts in divided doses daily. This was equal (0 7.8, 16.8 and 50 ug/ kg in M and
7.3, 191 and 51.5 ugf kg in F. in the juvenile dogs only 1 dose fevel was testied. They
veceived from mictered dose inhalers (30 -/ burs() 30 bursts in divided doscs 4 he apart daity.
Initially, e dose was 126-140 pgfkp which after 8 wesks duc to 1oxicity, the dose was
decreased to 25-26 pegfkg (13 bursis). Comparigon was made with the 50-51.5 wpikg dosc in
adult dogs and the one dose level in juvenike dogs. Data Tor the adult dops wore aken from the
raview of Dr. Mukhergee (NDA 20-)21, 3/29/93).

Although both groups received 30 hursis from (he fluticasone inhaler, the dose in the juvenile
dogs was bigher than thay in the aduh dogs (weeks 1 and 9, 1261140 and 82791 upiky v
50/51.5 ugi kg) prior o being lowered after week B, flowever, the plasma tevels were
apparently comparable {plasma Jevels were determined 20 apd 40 and 30 min tollowing
inhakaion in the juveaile and adult dogs, respectively) theoughout the study. Daspite
decreasing the daily inhalation dose in the juvenile dogs from 126-140 ugikg to 25/26 wpikp
on wezk 8 dus 1o toxicity, the plasma levels were sionglar throughowt the study. There were 1o
obvigus reasons other than passible alteration in bleavailability to account for (he simitacity in
plasmz Ievels especially duriog the first 8 weeks whereby the inhalation dose in the juvenile
dogs was approximately 3 times the dose in the adult dogs. Toxicity was not a factor since it
way not evident in the juvenile animals untif after week 4.

Altbough both: groups showed signs of hypercorticosteroidism, the juvenile animals showed
increased systemic foxicity therely indicating greater seasuivity than the adult dogs, i.c.,
abdonical hermias, eye discharge and reduced cellulariey of whitc pulp inn the spleen. Some of
the juvenile animals were moribungd and were Xilled oo 2 humane basis. This maybe due to
diffcrent pharmacokinetics because afier week 8, i inhalation dose of flticasons propionate
given to the juvenile Aogs was half that sdministered to the adull animals (25-26 w.g/ke vs 50-
31.5 .pfke) and yet showed similar plasma levels. Respiratory tract foxicity was quite evident
in the juvenile dogs; none of the patiwlogica? chapges observed in the juvenile dogs were seen
in the adult dogs anitpals. This may be 2 local effect since the dase in the juvenite dogs was
124-146 and 82/ gfhg during e first B weeks in confrast to 50-51.5 ug/kg throughout the
study in the adult animals. Although the daily dose was reduced to 25-26 12p/kg after 8§ weeks
in the juverile dogs, it cannot be determined whethicr the respizatory changes were Inftiated or
2lceady induced during the first § weeks of dosing.
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Adult Beagle Dag
50-51.5 .pfke

Observation/Parameter Prescot, + Absent, O

Juvenilc Beagle Dog
20-140 1 1o 2526 ugfip

Mortality/Moribund

¢ Detcrmined 30 min after dosing

Condition None C, 124, T. 4/
Body Weight M, 3%, F +11% M, -16%, F. 12
Abdominal Hernia Q 4
Abdominal Distension + +
Eye Discharpe 0 +
Hair Loss/ Thinning + +
Long Bomes, § in Length RNot Detcramined +
Eosiaophitia a +
Fibrinopen Levels, | 0 +
Cholesteral Levels,? + +
Creatining and Urca Levels, 1 + 0
Thymus Atrophy + +
Liver Weighy, ! + +
Rarefication of Cenrrifobular
Hepatocyies + +
Adrenals, Cortical hypaplasia + +
i Adrenal response @
stnfation + +
Spleen, reduced coltutarity of
while pulp o +
Plasma leved, ngfmi

Day | 0.92°
Day 7 0.9 117
Day 32 107
Day 56 Q.98
Day 1R2/185 .88° <Q.72'0.79 "
Day 3617364 0.78¢ 0787078
* Determined 20 min after dosing
* Detcrmined 40 min afer dosing
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Pzesent, + Absent, O
Respicatory Tract Changes Adult Beagle Deg Juvenile Beggle Dog
50-51.5 gixg 126-140 1-25-26 ugfkg
Trachea. ! in Diameter of tracheal rings
C2, Clg, C20, C30 a +
| Tracheal Length 0 +
Disorientation of rings’ Is
this ¢onsidered misshapen trachea () +{5/23)

0

Agea of tuninal distonion and dilation 0 +

Larynx, Inflanuvatery Exudace 0 +

Carzma, Focal mineratization of
tracheat cartilages ¢ +

Langs, Decreased width and
decreased basophilia of bronchial

cartiagsas G +
Branchi, Focal nmincralization of
broachizl canilages V] +
Mineralization of pronchial walls 1] +
Hypestrophy of bronchlalDramchiolar
epiielium ¢ +
Decreased prominence of goblez cells
in broschislbronchiclar mcosa 0 +
Ditaied bronchial glands 1 +
Mucus and inflaammatory cels in
bronghi/bronchuoles 0 -
Fracheobroncivial Iymph node, Sparse
serminal contres : O *

Fourteen day pharmacokinarics study was consucied with inbaled fluticasens propioate in
pediatric patients at the maximum daily dose of 200 pgiday. The plasnm levels zanged from
—  pgiml. The following table show that tte plasma levels in juvenile dogs during this
1 year study were 541 x the plasma levels observed with the maximuem daily inhalation dose
in pediatric patients. Since the only dose fevel wested in the | yoar juvenilz dog stdy shiowed
toxicy, it was not possible o determing an adsquate sefery margin based on comparative
plasina Jovels. ‘
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Plasma Levels
20 or 40 mia in Juvenile
Mcan Plasma Dugs Relative
Day Level in to Human
Juvenile Dogs Plasma lavels,
pg/ml, N=§ 28.1-154 ppiml,
in Padiatric
Patients
(N=13)
7 1140 741
56 280 6:35
182 0 5-28
364 780 5-28

Points Discussed with Medical Officer

tnformation was refated 10 the Medical Gficer, Dy,
in juvenile days a1 a toxic inhalation dose produced
of disorientation of tracheal rings. This reviewer's

struciure of i trachea in juvenile dogs by
potential clinicai adverse cffcct.

Labeling Review

NDA 20-170
Page No. 20

M. Purucker, that fluticasone propionate
4 low but pot significance incidence (32N
recommendation is that the changes in the
inhated fluticasone propionate do not pose a

82




/ Page(s) Withheld

__ § 552(b)(4) Trade Secret / Confidential
| § 552(b)(5) Deliberative Process

| \/ § 552(b)(5) Draft Labeling




NDA21-433

Reviewer: L. Sancilio

NDA 20779
Page No. 22

RECOMMENDATIONS

This NDA s for fluticasone propionate 1o pe 2dministered by inhalation as a dry powder for
the Ueatmeat of asthyna. B i similar 10 NDA 20.549 EXCCPE that futicasons propiomae will be
administered to patiems 4-11 years. From a preclinical standpaine, this NiYa is approvable.

The proposed changss in the label for the prechinical arcas are fecommended |
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’-e“j‘:‘ﬂg-_ anel. ¢/2/4+

Lawrence F. Sancilio, Ph.D.
Pbam:am!agl ist/ Toxico) ogist

cc. Adivision File, NDA 20.770
RMeyer, HFD-5TO
J"C.S.O., HFD-570
;'l.FSanciliﬂ‘ HED-57)
ISun, HED-570
Attachments: NDA, 20-121,

A. Mukherjee 3120:01°
KDA

20349, L F. Sancilio, 12113/05
Approved by J. Sun, Ph.D.

rz:\NDA\ZO??O’.phamr\%w-Zé. rev
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