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"Investigation of the pharmacokinetic interactions between inhaled formoterol and inhaled

ciclesonide ”
Clinical Study Report no.: 56E/99
Protocol No.: BY9010/CP-029
Development Phase of Study: Phase I
Study Initiation Date: Sep 28, 2001
Study Completion Date: Jan 20, 2002
Chief Investigator: Manueal Koch, MD.
ALTANA Pharma, Germany
L. __________________________|
Objectives
¢ to investigate of possible pharmacokinetic interactions of inhaled formoterol and inhaled
ciclesonide.
e to assess safety and tolerability of the substances when given separately or in
combination.
Study Design

This was an open, randomized, 3-period-cross-over study in 24 healthy volunteers. The
study consisted of a screening examination and three treatment periods where the single dose
treatments:

e Treatment A (Reference 1): Ciclesonide in metered dose inhalers, each puff containing

200 pg (ex-valve)

Dose: 800 pg ciclesonide (Four puffs of 200 ng each)

This corresponds to an ex-actuator dose of 640 pg (4 puffs of 160 pg each)

e Treatment B (Reference 2): Formoterol as capsules in dry powder inhalers (Foradil

PTM), each puff containing 12 pg

dose: 24 ug formoterol (two puffs of 12 pg each)

o Treatment C (Test): Ciclesonide in metered dose inhalers (MDI), each puff containing

200 pg (ex-valve)

Dose: 800 pg ciclesonide (Four puffs of 200 pg each). This corresponds to a ex-actuator

dose of 640 pg (Four puffs of 160 pg each) immediately followed by formoterol as

capsules in dry powder inhalers (Foradil PTM), each puff containing 12 pg;

dose: 24 ug formoterol (two puffs of 12 pg each)

These treatments were administered in the moming of Study Day 1 of the respective
treatment period. The wash-out between the treatments had to be in the range of seven to
fourteen days.

Study Subjects

The study population consisted of 24 Caucasian healthy subjects, 18 males and six
females. Their mean age was 35 years (age range 23- 45 years), their mean height 175 cm (range
154 cm — 194 ¢cm) and their mean weight 73 kg (range 53 — 99 kg). None of the subjects suffered
from a clinical relevant active disease or medical condition.

PK Measurements
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Blood samples for pharmacokinetic purposes was to be taken at predose, 0.25 h (15min),
05h,0.75h, 1 h,1.5h,2h,4h,6h,8h, 10h, 12 h and 14 h after inhalation.
Note that blood for pharmacokinetic purposes were only required on the study periods where
ciclesonide was administered.

All urine of a subject of the following periods had to be sampled: predose,0h—~2h,2 h—
4h,4h—-8h,8h-12h,12h—-24h, 24 h - 36 h, 36 h — 48 h. The sample volume of each
period had to be recorded in the CRF. Note that urine for pharmacokinetic purposes was only be
required in the study periods where formoterol was administered.

Analytical Method

Determination of ciclesonide and its metabolite B9207-021 in serum was
performed using a validated LC-MS/MS assay. The lower limit of quantitation were 25 and 10
pg/mL for B9207-015 and B9207-021, respectively. The analytical evaluation of formoterol in
urine (if possible including its glucuronide conjugate) was performed by using a validated LC-
MS/MS assay.

Data Analysis
PK Analysis
Relevant PK parameters were calculated using non-compartmental methods.

Statistical Analysis

For each primary variable, i.e. separately for each corresponding chemical entity, point
estimate and 90%-confidence limits were given for the ratio of the population medians for Test
and the respective Reference using a multiplicative model and a parametric analysis.

Equivalence between Test and the respective Reference, i.e. lack of interaction for the
respective chemical entity, were concluded if the 90%-confidence interval was entirely within
the equivalence range of 0.67 to 1.50. According to the sponsor, the extended equivalence range
of 0.67 to 1.50 for the pharmacokinetic characteristics of metabolite B9207-021 was chosen
recognizing that inhalation technique plays a major part in determining lung deposition. By the
same token, the extended equivalence range of 0.67 to 1.50 was stipulated for the cumulative
urinary excretion of formoterol.

RESULTS
Analytical Method
In-Study Validation

The calibration curves for B9207-015 and B9207-021 were linear with a
coefficient of correlation equal or better than 0.9988 for B9207-015 and equal or better than
0.9991 for B9207-021.
The within-study (total study) accuracy as from the analysis of QC samples spiked in human

serum for B9207-015 was in the range from == the corresponding within study
accuracy for B9207-021 was between =~ and ™ "'%. The total precision for B9207-015
and B9207-021 was from . ~~"""  and from —"""  respectively. Lower limits of

quantification were 25 and 10 pg/ml for B9207-015 and B9207-021, respectively.
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Formoterol was quantitated by - —= : HPLC with t -~~==iae=_5 spectrometric detection
using the internal standard method. The limit of quantitation was set at 0.2 pg/l using 1.0 ml
human urine. Calibration data, quality control data and chromatograms indicated that the method
performed acceptably during the sample analyses. The accuracy of back-calculated
concentrations ranged from —6.0 % to 6.6% and the CV% were less than or equal to 4.4%. The
CV% of QC calculated values was between 5.8 and 7.5 and the accuracy ranged from —2.7 to —
0.7. The mean coefficient of correlation was 0.9979. During the validation of the method the
stability of formoterol in urine for three freeze/thaw cycles and for 24 h at room temperature was
demonstrated. However, no long-term stability data in frozen samples were available yet.

Pharmacokinetic Results

Figure 1 shows the concentration-time profile of ciclesonide following single inhalative
dose of 800 pg with and without formoterol. Likewise Figure 2 shows the same for the
metabolite. Mean (SEM) cumulative excretion of formoterol in healthy subjects following a
single oral administration of formoterol at a dose level of 24 mcg with and without ciclesonide
800 pg are shown in Figure 3. Table 1 summarizes the PK characteristics of B9207-015 and its
metabolite in the presence and absence of formoterol and the urinary excretion of formoterol
with and without ciclesonide following single administration of the treatments. Figures 4 and 5
show the individual Cmax and AUC inf of RM1 following administration of the treatments.
Table 2 summarizes the point estimates and 90% CI of the rations of PK parameters of B9207-
021 following single administration of 800 mcg B9207-015 with and without formoterol. Table 3
summarizes the point estimates and 90% CI of the rations of PK parameters of formoterol
following single administration of 24 mcg with and without ciclesonide.
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Figure 1. Mean serum concentrations of ciclesonide following single inhalation of ciclesonide with and without
formoterol (reference).
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Figure 2. Serum concentrations of RM1 following single inhaled dose of 800 mcg ciclesonide with and without
single inhalative dose of formoterol.
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Figure 3. Mean cumulative excretion profile of formoterol in urine after inhalation of formoterol with (test) and

without ciclesonide.

Table 1. PK characteristics of CIC and RM1 in healthy subjects following single administration of the treatments.

Ciclesonide RM1 Formoterol
Without With Without With Without CIC With

formoterol formoterol formoterol formoterol CIC
Cmax (ug/L) 2.58 (0.88) 2.03 (0.76) 0.89 (0.29) 0.70 (0.24)
AUCinf 1.32(0.39) 1.04 (0.34) 3.75(1.15) 2.88 (0.81)
(ug*hr/L)
Tmax ¢hrs) 0.25(0.0) 0.26 (0.05) 1.06 (0.36) 0.94 (0.33)
T1/2 (hrs) 0.66 (0.21) 0.68 (0.29) 4.06 (1.23) 4.72 (1.73)
Cumulative 1456.5 1334 (391.8)
excretion (ng) (442.8)

6 -

with formoterol

Figure 4. Individual AUCinf values for RM1 in healthy volunteers following single administration of ciclesonide
with and without formoterol single dose of 24 mcg.
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Figure 5. Individual Cmax values for RM1 in healthy volunteers following single administration of ciclesonide with
and without formoterol 24 mcg.

Table 2. Geometric means, point estimates and 90% CI of the PK parameters of B9207-021following single
administration of 800 mcg B9207-015 to healthy subjects with and without formoterol.

Treatment A Treatment C Egquivalence ratie
Ciclesonide 800 ug  Ciclesonide 860 pg/ (Test/-Reference)
(Reference 1) Formoterol 24 pg
(Test)
Pharmacokinetic geometric mean geometric meat Point estimate
characteristic (68%-range) (68%-range) {90% confidence interval)
AUCens (e *hA] 352 277 0.79 (0.72, 0.86)
(2.32-53%) (2.08-3.69)
Cunax Fregt] 0.840 0.665 0.79 (0.73,0.86)
(0.576-1.226}) (0.481-0.921)
ty2 (b} 391 447 L14 (1.04,1.26)
(2.99-5.12) {(3.24-6.17})
e |1 Median Median
{additive statistical madel, 1.G0 .75 0,125 (-0.38, 0.00}
Bot-parAetic anaty 5181
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Table 3. Geometric means, point estimates and 90% CI of the PK parameters of formoterol following single

administration of 24 mcg to healthy subjects with and without ciclesonide.

Treatment B Treatment C Equivalence ratio
Formoterol 24 ug  Ciclesonide 300 pg/ (Test/-Reference)
(Reference 2} Formoterol 24 pug
{Test) _
Ii’hnrmawkinetic geometric mean geometric mean Point estimate
haraceteristic (68%-range) (68%-range} (9% confidence inter-
~ val) .
A [ug] 1.38 1.28 0.93
(1.04, 1.85) (0.95, 1.73) (0.86, 1.00}
tER [h] 6.35 563 0.89
(5.20, 7.74} {4.15, 7.63) {0.77, 1.02)
SUMMARY OF FINDINGS

The arithmetic mean Cmax and AUC of ciclesonide decreased in the presence of
formoterol 24 mcg by 21% and 22%, respectively following single administration of the
treatments.

The arithmetic mean Cmax and AUC of the active metabolite B9207-021 decreased in
the presence of formoterol 24 mcg by 21 % and 23%, respectively following single
administration of the treatments.

The mean cumulative excretion of formoterol decreased in the presence of ciclesonide by
8% following single administration of the treatments.

GENERAL COMMENTS

This study was conducted as a single dose. However, because little accumulation of the
metabolite and drug product occurs (<50%) single dose PK may predict multiple dose
PK.

In the assessment of this DDI study with formoterol the sponsor did not use the
maximum planned dose (1240 mcg) of ciclesonide to be administered to patients with
asthma

CONCLUSION

The systemic exposure of ciclesonide and its metabolite in healthy subjects receiving a
single dose of ciclesonide 800 mcg was not statistically significantly altered when
coadministered with formoterol 24 mcg single dose.

The systemic exposure of formoterol in healthy subjects receiving a single dose of 24
mcg was not statistically significantly altered when coadministered with ciclesonide 800
mcg single dose.
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A Pilot study on the PK of the new topical steroid R-ciclesonide as compared to baseline
and to budesonide following repeated dose inhalation in 12 healthy male volunteers”

Clinical Study Report no.: 223/97

Protocol No.: BY9010/FHP012
Development Phase of Study: Phase I

Study Initiation Date: 04/97

Study Completion Date: 05/97

Chief Investigator: H. Bliesath, MD,

Objectives
e to evaluate the potential effects of inhaled ciclesonide and budesonide on the HPA-axis
function in healthy volunteers.

Study Design
This was a randomized, 2 period, crossover design with placebo baseline phase prior to
each study period.

Treatments
Patients were randomized to receive one of the following treatments:
¢ Ciclesonide 200 mcg puff, 4 inhalations BID (800 mcg BID)
e Budesonide (Pulmicort) in turbohaler 200 mcg per puff, 4 inhalations BID (800 mcg
BID) .
e Matching placebo BID 4 inhalations BID.

In each of the two periods all subjects underwent a placebo run-in phase (days 1 and 2 of
each period) in which the baseline profiles of cortisol in serum and urine were determined before
the respective period of drug administration (days 3-9 of each period). There was at least a 14-
day wash-out period.

Population

Thirteen volunteers were screened and participated in this study (=intention to treat).
Eleven healthy male volunteers (median age~ 30 years, median body weight: 74 kg) completed
the study per protocol. Subject No. 09 terminated the study prematurely due to reasons not
related to the study medication (infection of the urinary tract). Subject No. 14 was regarded as a
protocol violator as he did not receive budesonide per protocol

Pharmacoedynamic data
periods t; and t):
» Determination of the baseline 24-h profile of cortisol in serum under treatment
with placebo; blood samples were taken at 8.00 h, 10.00 h. 12.00 h 1400 h 16.00
h, 18.00 h. 20.00 h, on day 1 and at 6.00 h and 8.00 h on day 2.
e determination of the baseline amount of cortisol excreted in urine under treatment
with placebo; urine was collected in the following intervals: 8.00 h - 1200 h,
12.00 h -16.00 h, 16.00 h - 2000 h, 2000 h -24.00 h on day | and 0.0h -8.00 on day
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e ACTH-test at 800 h on day 2

e determination of the 24-h profile of cortisol in serum on the 7th day of treatment
with the active compound; blood samples were taken at predose (dose to morning
inhalation that was performed at 8.00 h),2 h,4 h, 6 h, 8h, 10 h, 12 h, 22 h and 24
h after morning inhalation. '

e determination of the amount of cortisol excreted in urine on the 7th day of
treatment with the active compound; urine was collected in the following
intervals:

o predose (close to morning inhalation that was performed at 8.00 h) - 12.00
h, 12.00 h - 16.00 h. 16.00 h - 2000 h, 20.00 h -24.00h, 0.00 h -8.00 h (day
10)
e ACTH-test at 5.00 h on day 10

Pharmacokinetics
Blood sampling for determination of the serum concentrations of ciclesonide and its
pharmacodynamically active metabolite B9207-021 was performed on day 9 in the ciclesonide
treatment period, and blood sampling for determination of the serum concentrations of
budesonide was performed on day 9 in the budesonide treatment period at the following time
points: :
» predose, 0.25,05, 1, 1.5, 2, 3, 4, 6, 8 and 12 h after morning inhalation.

Safety data

Safety was evaluated based on physical examination results, vital signs, and clinical
laboratory values collected at Visits 2 and 9; oropharyngeal examination results at Visits 2
through 9; and adverse events collected at all visits.

Statistical procedures

Serum cortisol levels, time-averaged during 12-hours (mesor), were analyzed for
treatment-related decreases by means of the one-sided paired t-tests after logarithmic
transformation; this included for the characteristics themselves, geometric means and geometric
68%-range corresponding to mean = SD after logarithmic transformation. The tests were based
on the log-transformed ratios versus the respective baselines. Geometric means as well as 90%-
and 95%-confidence limits - using a logarithmic transformation - were given for the respective
ratios ciclesonide/baseline and budesonide/baseline. Comparison between treatments based on
these baseline-adjusted ratios were performed by means of standard analysis of variance for the
crossover design using a multiplicative model. Geometric means and 90%- and 95%-confidence
limits - using a Logarithmic transformation - were given for the respective ratios
“ciclesonide/baseline / budesonide/baseline’.
Apart from the mesor, the amplitude was approximated by half the difference between the
maximum and minimum cortisol serum level during 24 hours.
The cortisol serum levels under ciclesonide and budesonide treatment were expressed as
percentage of the baseline-values:
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Ct,ox Ci.r
S{t) = (1—» —_— ) 9
( ) Ce.oy Cea,p) x100%

S(t)= Cortisol suppression (%) compared to baseline
Ct,p= Cortisol level at time tat baseline

Ct, DX= Cortisol level at time t after inhalation of ciclesonide or budesonide
C(8, P)= Cortisol level at time 8 hat baseline

C(8,DX)= Cortisol level at time B h after inhalation of ciclesonide or budesonide

The suppression indices were presented descriptively according to treatment. Means and
90%-confidence limits were given for the respective differences.

Cortisol in urine

The free cortisol in urine was presented as raw values and standardized for creatinine in
urine. The 24-hour excretion of cortisol was calculated using the fraction from 8.00 (day 9) to
8.00 (day 10). The 24-hour coitisol excretions in urine was compared by means of standard
analysis of variance for the crossover design.

ACTH-test

In addition to the descriptive and graphic presentation of the cortisol levels, the areas
under the cortisol vs. time curve AUC(0-90min) were calculated by means of the trapezoidal
rule. The AUC(0-90min) values following stimulation with tetracosactid were compared using
the standard analysis of variance for the crossover design..

RESULTS
Analytical Method

Levels of ciclesonide (B9207-015) and its metabolite (B9207-021) in serum were
determined using —————ee———"mer - and HPLC with mass spectrometry detection.
In addition, a similar method was used to determine budesonide in serum. The method had a
lower limit of quantification (LLOQ) of 0025 mcg/mL for ciclesonide and its metabolite using 1
ml human serum and of 0.025 mcg/mL for budesonide using 1 ml human serum.

Pharmacodynamic Results

According to the sponsor, the two placebo profiles were equivalent, both for the 12-h
mesor and the 24-h mesor. For ciclesonide there was a 20% reduction (95%-confidence limits
14%-27%) versus placebo in the 12h mesor compared with a 42% (31%-51%) reduction for
budesonide versus placebo. This difference between treatments was statistically significant at the
5%-level. Geometric mean and two-sided 95%-confidence interval (or the baseline-adjusted ratio
ciclesonide/budesonide were 1.38 (113-1.67). This means that after adjustment for the baseline
values, the 12-h cortisol mesor was 38% higher for ciclesonide than for budesonide.
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The corresponding results for the 24-h serum cortisol mesor are as follows: For
ciclesonide there was a 10% reduction (95%-confidence limits 2%-17%) versus placebo in the
24-h mesor compared with a 24% (18%-29%) reduction for budesonide versus placebo. This
difference between treatments was statistically significant at the 5%-level. Geometric mean and
two-sided 95%-confidence interval for the baseline-adjusted ratio ciclesonide/budesonide were
1.20 (1.08-1.33). This means that after adjustment (or the baseline values, the 24-h cortisol
mesor was 20% higher for ciclesonide than for budesonide.

The ACTH test did not reveal a cortisol suppression when the active compounds and
placebo were compared 12 hours after the last inhalation. Determination of cortisol in urine did
not lead to plausible results, because according to the sponsor, there were discrepancies and
doubts about the collection of urine which may have led to lower cortisol in urine following the
ciclesonide treatment compared to that after budesonide.

This Reviewer’s Comments

The 12h AUC serum cortisol measurements is usually not recommended for evaluating
differences in cortisol suppression, since there is a high probability to miss the peak cortisol
unless sampling is done very often and really early in the morning. The sponsor started the
sampling at 8:00 AM, therefore, it may be better to use the 24 h data instead of the 12 h for
making comparison between the 2 treatments, despite the sponsor’s opinion.

The method used for calculating the degree of suppression relative to placebo and active
comparator is questionable. The degree of cortisol suppression is usually determined as the
difference in change from baseline to endpoint rather than the ratio of the geometric means
between end point to placebo as determined in this study.

Safety and tolerability:

Repeated implementation of safety measurements (ECG, blood pressure heart rate,
clinical laboratory investigation, physical examination, continuous recording of adverse events)
did not reveal clinically relevant findings.

CONCLUSION
e Ciclesonide 1600 mcg/day produce a 10% reduction (95%-confidence limits 2%-17%)
versus placebo in the AUC24-h serum cortisol mesor compared with a 24% (18%-29%)
reduction for budesonide versus placebo. This difference from placebo among treatments
may not be clinically relevant.
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"Study on the circadian rhythm of cortisol in serum after repeated inhalation of

800 mcg ciclesonide in the morning, 800 mcg ciclesonide in the evening, and 400
mcg ciclesonide bid, as compared to placebo in healthy male volunteers”

Clinical Study Report no.: 151/98

Protocol No.: BY9010/FHPO13

Development Phase of Study: Phase I b ( 4)
Study Initiation Date: 04/97

Study Completion Date: 05/97

Chief Investigator: - W. Siegmund, MD, Germany

Objectives

Primary

e Investigation of the systemic bioactivity of ciclesonide after repeated inhalation of 800
mcg in the morning, 800 mcg in the evening, and 400 mcg bid, as compared to placebo
Secondary ‘
¢ Safety and local tolerability

Medication:
e Metered dose inhalers containing placebo (Batch No.: 172397)
e Metered dose inhalers with 100 mcg ciclesonide per puff (Batch No.: 174397)
e Metered dose inhalers with 200 mcg ciclesonide per puff (Batch No.: 173397)

Subjects

Twelve male healthy subjects (median age 24 years, median weight 77 kg) participated in the
study.

Treatments

e Treatment A: at 7.00 am.: placebo (4 puffs)
at 700 pm.: placebo (4 puffs)
¢ Treatment B: at 700 am.: 800 mcg ciclesonide (4 puffs of 200 pg each)
at 7.00 p.m.: placebo (4 puffs)
¢ Treatment C: at 7.00 am.: placebo (4 puffs)
at 7.00 p.m.: 800 mcg ciclesonide (4 puffs of 200 pg each)
o Treatment D: at 7.00 am.: 400 mcg ciclesonide (4 puffs of 100 pg each)
at 700 p.m.: 400 mcg ciclesonide (4 puffs of 100 pg each)

Study Design

The study was conducted according to a randomized, placebo-controlled, double-blind,
4-period change-over design. The washout period between two subsequent study periods was at
least 7 days, but no more than 14 days.

Pharmacodynamic Measurements

188



Twenty four hour-cortisol profiles were determined on the 7th day of treatment in each
study period. Blood was taken at 7.00 am., 800 am., 900 am, 10.00 am., 12.00 am., 2.00 p.m..
4.00 p.m., 6.00 p.m., 7.00 p.m., 8.00 pm., 9.00 p.m., 10.00 p.m. on day 7, and at 0.00 am., 2.00
am.. 4.00 am., 6.00 am. and 7.00 am on day 8 of each study period.

‘Safety and local tolerability:

EGG, blood pressure, heart rate, E.N.T.-examination, clinical laboratory, urinalysis at
predefined time points

Statistical Analysis

Analysis of variance was performed for the 4-period change-over design after logarithmic
transformation. Geometric means and 90%-confidence limits were given for the respective
Test/Reference ratios.

RESULTS
Analytical Method

The concentrations of cortisol in serum were determined by a fluorescence-polarisation-
immuno-assay.

Pharmacodynamic Results

No subjects dropped out during the study and according to the sponsor, all subjects
terminated the study according to the protocol. Figure 1 shows the mean serum cortisol levels
time profiles following multiple administration of the treatments for 7 days. Table 1 summarizes
the cortisol geometric means and 90% confidence intervals of the ratio of the geometric means of
test/placebo.

Serum cortisol levels (mcg/dL)

0 4 8 12 16 20
Tire (hrs after administration)

Figure 1. Mean serum cortisol time-profiles (day 7) following multiple administration.
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Table 1. Geometric means of AUC/24 and 90%confidence intervals of the ratio of test/placebo

Serum cortisol
Product Treatments | Reference
{D/Batch # geometric point estimate to
(NME) {Dose) mean cortisol reference
mesor
{90% confidence
interval}
173397 800pq sidinthe | placebo 6.75 094
morming
{0.85-1.0%
173387 By sidin the | placebo 7.08 0488
avsning
{0.90-1.07}
174397 400ug bid placebo 6.75 093
(0.85-1.0%
172357 placebo XXXKX 1.22 XXX
SUMMARY OF FINDINGS

o In each of the four study periods, the mean 24-hour profile of cortisol in serum showed a
typical circadian course.

e The mean cortisol profiles obtained with the different ciclesonide treatment regimens
were similar to the mean cortisol profile obtained with placebo.

GENERAL COMMENTS
e This study did not include the assessment of 24 hr serum cortisol at baseline and
therefore, geometric means and 90%-confidence for the Test/Reference ratios were
calculated without correction from baseline.
e A one to two week washout period used in this study may not be sufficient to eliminate
any carry over for the previous treatment.

CONCLUSION
e Since serum cortisol levels at baseline were not determined and the washout period
between treatments is rather short, a statement that mean cortisol profiles obtained with
the different ciclesonide treatment regimens are similar to that obtained with placebo is
inconclusive.
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“A Randomized, Double-Blind, Double-Dummy, Placebo-Controlled, Parallel Group, Multiple-
Dose Study of the Potential Effects of Ciclesonide and Fluticasone Propionate on HPA-Axis in

Adult Asthma Patients”
Protocol No.: XRP1526B-102
Development Phase of Study: Phase |
Study Initiation Date: 15 February 2001 b(4
Study Completion Date: 13 August 2001 )

Chief Investigator:

Aventis Pharmaceuticals Inc.
Bridgewater, NJ 08807 USA
L ___________________________________________ ]
Objectives
e to evaluate the potential effects of inhaled ciclesonide and fluticasone propionate on the
HPA-axis function in asthmatic adults.

Study Design

This was a multicenter, randomized, double-blind, double-dummy, placebo-controlled,
parallel group, multiple-dose study; adult patients with mild to moderate were treated with
ciclesonide either once daily or twice daily, fluticasone propionate twice daily, or placebo for 12
weeks.

Treatments
Patients were randomized at Visit 3 (Day 1) to receive one of the following double-blind
treatments:
e Ciclesonide 400 mcg once daily (in the evening)
¢ Ciclesonide 400 mcg twice daily
o Fluticasone propionate 440 mcg twice daily
e Matching placebo.

Following randomization, there were six additional visits, for a total of nine visits during
the study. At 6 and 12 weeks of treatment (Visits 6 and 9), HPA-axis function was again
assessed prior to and following cosyntropin stimulation testing. In addition to randomized
treatment, patients were provided albuterol MDIs for use as rescue medication.

Population

The patient population consisted of adults who had a 6-month history of mild-to-
moderate persistent asthma, who used [(2-agonists on demand at least twice weekly for 6
months, who had an FEV, 70% of predicted, and who demonstrated normal HPA-axis function
at baseline. There were 164 patients randomized to receive one of four doubie-blind treatments:
41 patients were randomized to placebo, 40 to ciclesonide 400 pg q.d. (administered in the
evening), 42 to ciclesonide 400 ug b.i.d. (800 pg/day), and 41 to fluticasone 440 ug b.i.d. (880
ig/day). The table below summarizes the demographic characteristics of the subjects.
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Clclesonide

Fluticasone

proplonate
Demographic Placebio 400 ug/day 800 pg/day 880 ug/day Ovarall fotat
characteristic N=41 N=40 N=42 N=41 =164

Age (yoars)

N 41 40 42 41 164

MaantSD 36.3412.16 36.9:11.48 38.2112.74 36.4:11.12 37.0:11.81

Range 18-78 1860 1872 18-68 18-78
Age group (years) - N (%}

<65 40 (97 6) 40{100.0) 404852) 40(87.6) 160 (97.6)

265 124 0{0.0} 2{¢4.8) 124) 4R4)
Sex — N (%)

Male 16 {30.0) 23(575) 20476 20({48.6) 70(482)

fFemale 25(61.0) 17 {42.5) 22(524) 21512 85(518)
Race —N (o)

White 35(854) 35 (87.5) 37(88.1) 33(805) 140 (85.4)

Black 5122 3@5) 4¢9.5) 4(08) 16(9.8)

Agian/Oriental Q@0 0.0 124) 124) 2{12)

Mulliracial 0(0.0; 0(0.0) 0.0} 0{0.0) 0({0.03

Other 1Q24) 2(50) 0.0} 3(7.3) 63.7D
Oral ptivelHRT use (f Y N (%)

Yes 8(32.0) 7412y 8{36.4) 6(286) 29 (34.9)

No 17 (68.0) 10 (58.8) 14 (63.6) 15714 56 (65.9)

Pharmacodynamic data

Pharmacodynamic parameters were based on serum cortisol concentrations before and
after low-dose and high-dose cosyntropin stimulation testing at Visits 2, 6, and 9 (or early
termination); and urine cortisol measurements (urine free cortisol corrected for creatinine) over a
24-hour period collected at Visits 2, 6, and 9 (or early termination). The primary
pharmacodynamic endpoint was the peak serum cortisol level measured within 60 minutes after
the low-dose (1 mg) cosyntropin stimulation injection (the maximum of the three serum cortisol
values measured at 20, 30, and 60 minutes after stimulation).

Efficacy data
Efficacy parameters were based on measurements of pulmonary function tests (FEV],
FVC, and FEF25-75%) collected at all visits or early termination.

Safety data

Safety was evaluated based on physical examination results, vital signs, and clinical
laboratory values collected at Visits 2 and 9; oropharyngeal examination results at Visits 2
through 9; and adverse events collected at all visits.

Statistical procedures

The primary pharmacodynamic analysis for the intent-to-treat (ITT) population was
conducted using an analysis of covariance (ANCOVA) model of the change from baseline in the
post-low-dose cosyntropin- stimulation peak serum cortisol level at end of study (Week 12 or
early termination). A stepwise comparison was conducted of the ciclesonide and fluticasone
treatment groups. The primary comparison between ciclesonide 400 pg/day and fluticasone 880
pg/day was tested at the 0=0.05 level of significance. If that comparison was significant, then
the comparison between ciclesonide 800 pg/day and fluticasone 880 pg/day was to be performed
at the a=0.05 level of significance. The remaining four pairwise comparisons were formed at a
significance level of a=0.05 for descriptive purposes. In addition to pairwise statistical tests, two-
sided 95% confidence intervals for the treatment diffcrence were also constructed for each of the
six treatment comparisons. Low-dose peak serum cortisol was also analyzed using the per-
protocol population.
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Secondary pharmacodynamic endpoints were analyzed for the ITT population using
ANCOVA models. In addition, change from baseline in the post-low-dose-cosyntropin-
stimulation peak serum cortisol values at Week 6 and Week 12 were analyzed using the per-
protocol population. Efficacy endpoints were analyzed using the ITT population for FEV1.
Additional post-hoc ANCOVA analyses (not specified in the SAP) were conducted using the
ITT population excluding females on oral contraceptives or HRT.

RESULTS
Analytical Method
In-Study Validation

The sponsor mentioned that a radioimmunoassay (RIA) was used to quantitatively
measure the serum/urine concentration of cortisol in the study samples from clinical PK/PD
studies. The LLOQ was 20 nM using 50 puL study samples. The calibration range was from 10 -
1280 nM. However, in study validation data was not provided.

Pharmacodynamic Results

The primary PD endpoint was the change from baseline to end of study in peak serum
cortisol value measured within 60 minutes after the low-dose (1 mg) cosyntropin stimulation
(i.e., the highest of the three serum cortisol levels measured at 20, 30, and 60 minutes after
stimulation). Low-dose-cosyntropin-stimulation peak cortisol levels at baseline and end of study,
as well as change from baseline at end of study, for the ITT population are summarized in the
Table 1. A graphic presentation of these mean changes in low-dose peak serum cortisol
throughout the study is provided in the Figure 1. Analysis of change from baseline in low-dose
peak cortisol levels (mg/dL) at end of study — ITT population is summarized in Table 2. Figure 2
shows the individual change from baseline in low-dose peak cortisol at week 6, end of study,
early termination, and week 12 following multiple administration of the treatments.

The ANCOVA analysis of change from baseline at end of study in low-dose peak serum
cortisol for the ITT population excluding females taking oral contraceptives or on HRT is
summarized in the Table 3. The number of female patients in the study treated with oral
contraceptives or HRT was small (29/159). Baseline mean low-dose peak serum cortisol levels
for these female patients were higher than “all other patients” within each treatment group. At
end of study, the female patients using oral contraceptives/HRT in the ciclesonide 400 pg/day
and fluticasone 880 pg/day treatment groups exhibited positive changes in mean low-dose peak
cortisol levels in relation to “all other patients” in the same treatment group who exhibited either
no change or a decreases in mean cortisol levels.

Figure 3 is a plot of the individual change from baseline in low-dose peak cortisol as a
function of gender following multiple administration of the treatments. Figures 4 and 5 show the
individual change from baseline urine free cortisol as a function of study visit for uncorrected
and corrected for creatinine levels, respectively. The end-of-study analysis (ITT population) of
treatment group comparisons of change from baseline in 24-hour urine free cortisol corrected for
creatinine is summarized in Table 4.
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Table 1. Low-dose-stimulation peak serum cortisol levels (mg /dL) at baseline, end of study (week 12 or early
termination), and change from baseline at end of study — ITT population

Ciclesonide Fluticasone
propionate
Placebo 400 pglday 800 ugl/day Total 880 pg/day
Time point N=39 N=39 N=41 N=80 N=40
Baseline
N 39 39 41 a0 40
MeantSD 25.2r5.26 23.7H4.41 23.315.18 23.5:4.79 24614510
End of study
N 39 39 41 a0 490
MeantSD 24.7£7.09 24.51564 23.3+4.51 23.915.09 22.116.25
Change from
basseline al end of
study
N 39 39 41 80 40
MeantSD -0.5+4.89 0.845.42 0.0+6.11 0.415.76 -2.543.88
o
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Bazaline finsak & Yook 12 End of study
¥Yigk

Trenlmant group  #-H% Plocebo  -0-¢ Cig 400 ug/doy
B-8-8 Cic 600 ug/dey @88 [P BA0 ug/doy

Figure 1. Mean change (+SE) from baseline in low-dose peak cortisol (mg/dL)
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Change from baseline in low-dose peak cortisol (mg/dL.)
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Figure 2. Individual change from baseline in low-dose peak cortisol at week 6 (6), end of study (9), early
termination (888) and week 12 (999) following multiple administration of the treatments

Table 2. Analysis of change from baseline in low-dose peak cortisol levels (mg/dL) at end of study — ITT

population
Change from baseline
Baseline

Treatment group N mean Adjusted maan SE 95% Ci
Placebo 39 2518 037 0.790 -1.94; 1,19}

Cic 400 ygiday 39 2369 0.60 0.779 (-0.94;2.14)

Cic 800 ygiday 41 23.32 -0.50 0.764 {-2.01; 1.01)

FP 880 pgiday 40 2463 -2.28 0777 (-3.82;-0.74)

Adjusted maans

Pairwise comparisens: Difference SE 95% Cl p-value
Cic 400 pg/day — FP 880 pg/day 2.88 1.080 (0.73; 504y  0.0091
Cic 800 pg/day — FP 880 ug/day 1.78 1.074 (-0.34;3.91) 0.0931
Placeto — Cic 400 pgiday -0.98 1.117  (-3.18;1.237 0.3834
Placebo — Cic 800 ugiday 0.12 1.096  (-2.04; 2297 09106
Placeto ~ FP 880 pgiday 191 1.101  (-0.27;4.08; 0.0854
Cic 400 pgiday — Cic 800 pgiday 1.10 1.082  (-1.04;3.24) 03112
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Table 3. Analysis of change from baseline in low-dose peak cortisol levels (mg/dL) at end of study — ITT

population excluding females on oral contraceptives or HRT

Comparison with
Adjusted placebo

Comparison with
fluticasone propionate

Baseline mean change
Treatment N mean from baseline ~ 95% Cl p-value 95% Ci p-value
Ptacebo 31 2377 -0.22 - - {1.05;4.23)  0.0013
Cic 400 ug/day 32 23.09 0.01 (-1.88; 1.41) 07802  (1.33;4.41) 0.0004
Cic 800 yg/day 33 22.82 0.35 (-2.20; 1.08) 04899  (1.68;4.74) 0.0001
FP 880 ug/day 34 23.32 -2.86 (1.05;4.23) 0.0013 - -

Figure 3. Individual change from baseline in low-dose peak cortisol as a function of gender following multiple

-20

Change from baseline in low-dose peak cortisol (rg/dL}

T T T T T T T

CIC 400 CIC 800 FP 880 Placebo CIC 400 CIC 800 FP 880 Piacebo

administration of the treatments

treatment
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Figure 4. Individual change from baseline urine free cortisol following multiple administration of the treatments

Change from baseline urine free cortisol creatinine corrected (mcg/day)

Change from basetine urine free cortisol {mcg/day)
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Figure 5. Individual change from baseline urine free cortisol creatinine corrected following multiple administration

of the treatments
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Table 4. Analysis of change from baseline in 24-hour urine free cortisol corrected for creatinine (mg/mg creatinine)

at end of study — ITT population

cthange £rim bageline

258

Baasline Haw Adjusted standagd Confidence

Traatesnt group " Hean Rean Hean T Error Interval p-valys
Placsho 33 0.9182 -Q.0045 -3.0036 Q,00126 {-0.0365; -0.00Q7)
Cizlesonidz 449 ng/day 19 0.0200 -0.0037 -0.0011 0.49135 {~0.0040; 0.0317)
Ciclegonide 800 wgiday 41 0.0171 -0.0035 -0.0037 0.4914L (-3.0065; -0.Q039}
Pluticagons= B30 pgld:ly s 0.2143 ~3.0061 -0.0087 9.00145 t-2.9116; -9.0959)
Pairwise comparisons:
Cic 400 ug/day - FD §90 ug/day 0.007§ 0.63204 {3.0036; 0.9117) D.0053
Tic 800 ug/dsy - ¥P #80 u&/day 0.005G 0.0015% { 2.0011; ©.003G) 0.90127
Placeho - Ccic 40¢ ug/ da‘[ -0.092% 0.94207 1-0.0066; 0.0016) 0.2371
Placebn - €ic 802 wg/day D.OUdL 9.00203 {-3.0035%; 0.0041) b.9513
Placeba Py 981 uy/day D, U532 &.Q0205 { €.0411; 90.0032) 0.0131
Cic 400 ugld.:y €ic 808 yg/day D.003E 0.44201 (-¥.0014; 90,0086} 0.1999

SUMMARY OF FINDINGS

Pharmacodynamics:

Low-dose peak serum cortisol:

o The change from baseline at end of study in low-dose peak serum cortisol (ITT
population) for the comparison of ciclesonide 400 [tg/day to fluticasone 880 pg/day was
statistically significant difference (p=0.0091). The fluticasone 880 pg/day group had a
9.3% decrease in the mean, whereas the ciclesonide 400 pg/day group had an increment
of 0.60 mg/dL (2.5% increase in the mean). However, when compared to placebo, both
treatments were not statistically significant different.

e The pairwise comparison of ciclesonide 800 pg/day to fluticasone 880 pg/day was not
statistically different (p=0.0991). However, the change from baseline in low-dose peak
cortisol was more variable for ciclesonide 800 pg/day with a tendency of higher number
of outlier (negative values). When compared to placebo ciclesonide 800 pg/day was also
not statistically significant different.

¢ The pairwise comparison of ciclesonide 400 pg/day to ciclesonide 800 pg/day was NOT
statistically different (p=0.31).

e The change from baseline in low-dose peak cortisol was more variable in female subjects

than that in male subjects with a tendency of higher positive values.

Urine cortisol

There were statistically significant differences in three pairwise comparisons: ciclesonide
400 pg/day versus fluticasone 880 pg/day, ciclesonide 800 pg/day versus fluticasone 880
pg/day, and placebo versus fluticasone 880 pg/day. In all three comparisons, the
fluticasone 880 pg/day treatment group exhibited a change in mean 24-hour urine free
cortisol corrected for creatinine of -45.8% compared to changes in the mean of 7.2%, -
12.2%, and -8.6% for ciclesonide 400 mg/day, ciclesonide 800 mg/day, and placebo,
respectively. However, the minimum and maximum values for the change from baseline
in urine cortisol for the fluticasone 880 wg/day were within those observed for placebo
and for ciclesonide 400 pg/day.

CONCLUSION

There is a tendency for the FP 880 pg/day treatment to produce higher degree of cortisol
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suppression (mean values) than that observed for the ciclesonide 400 pg/day, ciclesonide
800 pg/day and placebo treatments. However, this difference may not be clinically
relevant since the variation in change from baseline in low-peak cortisol and change from
baseline in urine cortisol creatinine corrected is within that observed across treatment.

GENERAL COMMENTS

e The sponsor did not provide data for the validation of the analytical method used to
analyzed cortisol.

APPEARS THIS WAY
ON ORIGINAL
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“A Randomized, Double-Blind, Double-Dummy, Placebe-Controlled, Parallel Group,
Multiple-Dose Study of the Potential Effects of Ciclesonide and Fluticasone Propionate on
HPA-Axis in Adult Asthma Patients”

Protocol No.: XRP1526B-103

Development Phase of Study: Phase Ib

Study Initiation Date: 31 July 2001 b(4)
Study Completion Date: 6 Oct 2001

Chief Investigator: s

Objectives
e to evaluate the effects of high doses of inhaled ciclesonide compared with fluticasone
propionate and placebo on the HPA-axis function in asthmatic patients.

Study Design

This was a randomized, double-blind, double-dummy, placebo-controlled, parallel group,
multiple-dose study; patients were treated with ciclesonide, fluticasone propionate, or placebo
twice daily for 29 days.

Treatments
Patients were treated for 29 days with:
¢ ciclesonide 400 ug twice daily,
¢ ciclesonide 800 ug twice daily,
e fluticasone propionate 440 ug twice daily,
e fluticasone propionate 880 pg twice daily, or
e placebo matching one of the active treatments.

All treatments were delivered as metered dose inhalations.

Population

The patient population consisted of adults who had a >3-month history of moderate-to-
severe persistent asthma, who had an FEV1 240% and <80% of predicted, who demonstrated or
had a documented history of reversibility of FEV1 of 212%, and who demonstrated a normal
HPA-axis function at screening. A total of 77 adult patients were screened, of which 60 were
randomized and treated with double-blind study medication: 12 patients each received placebo,
ciclesonide 400 pg b.i.d. (800 pg/day), ciclesonide 800 pg b.i.d. (1600 pg/day), fluticasone 440
ig b.i.d. (880 ug/day), or fluticasone 880 pg b.i.d. (1760 ng/day). All 60 randomized and treated
patients completed the full 29-day treatment period.

Except for one patient in the placebo treatment group, all patients were <65 years of age.
There were two-fold differences in the distribution of males and females in individual treatment
groups, but the overall distribution of males (45.0%) and females (55.0%) was similar. All
patients were either white (55.0%) or black (45.0%). Eight of the 33 randomized females
(24.2%) in the study were using oral contraceptives or hormone replacement therapy at baseline.

200



Pharmacodynamic data

Pharmacodynamic parameters were based on serum cortisol AUC0-24h levels at Day -1
(prior to randomization) and Days 8, 15, 22, and 29 (or early termination); serum cortisol
measurements before and after low-dose (1 pg) cosyntropin stimulation testing at screening and
Day 30 (or early termination); and urine cortisol measurements (urine cortisol corrected for
creatinine and urinary free cortisol) over a 24-hour period collected at Days 1 and 29 (or early
termination). The primary pharmacodynamic endpoint was serum cortisol AUCO0-24h.

Serum cortisol testing
Area under the curve (AUC0-24h)

Serum cortisol concentrations over 24 hours were to be measured on Days -1, &, 15, 22,
and 29 at the times indicated below:

Sampling Times for AUC(-24h Serum Cortisol Testing
sampling | 7 J & ] o Jwo{w2] 2| 46| 8 [wf{w2]z]a]ls]|7]s
Time JaMm ] am ]| am|am [P fem|pnfpa|pa]em| amfan]av|a]|am|an
Collect

Serum for X X X X X X X X X x X X X X X X
Cortisal :

Twenty-four hour serum cortisol was analyzed using electrochemiluminescence
immunoassay methodology.

Cosyntropin stimulation

Serum cortisol measurements were obtained 15 minutes prior to and 20, 30, and 60
minutes following a low-dose cosyntropin stimulation test (1 pg). Serum cortisol testing was to
be performed at Visit 2 (screening) prior to treatment with study medication and on Day 30 (or
upon early termination).

Urine cortisol testing _
For each patient, urine was collected for 24 hours beginning on the morning of Day —1 and Day
29 (or early termination). The patient was empty the contents of his or her bladder prior to 8:00
AM the morning of Day —1 and Day 29 and then collect all subsequent urine for 24 hours, until
8:00 AM the following morning (Days 1 and 30). Urine cortisol was analyzed using high-
performance liquid chromatography.

Efficacy data

Efficacy parameters were based on measurements of pulmonary function tests (FEVI,
FVC, and FEF25-75%) collected at screening and Day 30 (or early termination).
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Safety data

Safety was evaluated based on physical examination results, vital signs, body weight, and
clinical laboratory values collected at screening and Day 30 (or early termination);
oropharyngeal examination results at screening and Days 1, 8, 22, and 30 (or early termination);
and adverse events collected throughout the study.

Statistical procedures

The primary pharmacodynamic analysis for the intent-to-treat (ITT) population was
conducted using an analysis of covariance (ANCOVA) model of the change from baseline in
serum cortisol AUCO0-24h levels at end of study (Day 29 or early termination). Ten pairwise
differences between the treatment groups were assessed, with primary emphasis on the
ciclesonide 1600 pg/day versus fluticasone 1760 pg/day and the ciclesonide 800 pg/day versus
fluticasone 880 pg/day comparisons. The primary comparison between ciclesonide 1600 pg/day
and fluticasone 1760 ug/day was tested at the =0.05 level of significance. The remaining eight
pairwise comparisons were formed at a significance level of 0=0.05 for descriptive purposes. In
addition to pairwise statistical tests, two-sided 95% confidence intervals for the treatment
difference were also constructed for each of the ten treatment comparisons. Change from
baseline in serum cortisol AUCO0-24h at end of study was also conducted using the per-protocol
population. Secondary pharmacodynamic endpoints were analyzed for the ITT population using
ANCOVA models. In addition, selected secondary pharmacodynamic endpoints were analyzed
using the per protocol population. Efficacy endpoints were analyzed using the ITT population for
FEV1.

RESULTS
Analytical Method

Twenty-four hour serum cortisol was analyzed using electrochemiluminescence
immunoassay methodology. Urine cortisol was analyzed using high-performance liquid
chromatography.

Pharmacodynamic Results

Analysis of mean change from baseline in 24-hour serum cortisol AUC for ITT
population are summarized in the Table 1. A graphic presentation of these mean changes in
serum cortisol throughout the study is provided in the Figure 1. A pairwise comparisons of
change from baseline in 24-hour serum cortisol AUC at Day 29 — ITT population is summarized
in Table 2. Figure 2 shows the individual percent change from baseline in cortisol 24hr AUC and
cortisol AUC change from baseline following multiple administration of the treatments. Figure 3
shows the individual change from baseline in low-dose peak cortisol following multiple
administration of the treatments. Table 3 summarizes the change from baseline in low-dose peak
cortisol following multiple administration of the treatments-end of study.

Table 4 shown an analysis of change from baseline in 24-hour urine free cortisol
corrected for creatinine at Day 29 — ITT population. Table 5 presents pairwise comparisons of
change from baseline in 24-hour urine free cortisol corrected for creatinine at Day 29 for the ITT
population. Figure 4 shows the individual change from baseline in 24-hour urine free cortisol
uncorrected and corrected for creatinine at Day 29 for the [TT population.
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Table 1. Analysis of 24-hour serum cortisol AUC (lig*hr/dL) at Day 29 — ITT population

Mean change  Adjusted mean

Baseline Mean at from change from 95% confidence
Treatment N mean Day 29 baseline (SD) haseline interval
Placebo 12 246.4 226.8 -19.6 {77.1} =33 (-33.75, 27.24)
Cic 800 yg/day 12 192.0 210.5 18.6 {45.8) 8.0 {—20.50; 36.41)
Clc 1600 pgfday 12 195.8 191.7 -1 #hH -8.9 (—37.39; 19.53)
FP 880 ygfday 12 209.3 210.0 0.7 (54.4) 10.0 (—18.90, 38.85)
FP 1760 pgday 12 196.2 1376 -58.6 (85.2) -78.1 (-107.05; -48.11}

Maan ehangs fram baasifna fugehs/4L)
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*9ek Cle 800 ug/day
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Figure 1. Mean change (+SE) in 24-hour serum cortisol AUC from baseline over time — ITT population.
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Figure 2. Individual percent change from baseline in cortisol 24hr AUC (right panel) and cortisol AUC change
from baseline following multiple administration of the treatments

Table 2. Selected pairwise comparisons of change from baseline in 24-hour serum cortisol AUC (ug*hr/dL) at Day
29 —ITT population

Difference in

Treatment comparison p-value adjusted means 95% confidence interval
Cic 1600 pgrday vs FP 1760 pgiday 0.0013 69.2 { 28.34;  109.96)
Cic 800 pgfday vs FP 880 pgiday 0.9209 ~-2.02 { 4287 38.83)
FP 1760 pgiday vs placebo 0.0009 -74.8 —117.51; =32.13)
Cic 1600 ng/day vs placebo 0.7854 -5.7 { —47.29 35.94
FP 880 pg/day vs placebo 0.5412 13.2 { =259 56.40)
Cic 800 paday vs placeka 0.5472 11.2 { =311 53.92%
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Figure 3. Individual change from baseline in low-dose peak cortisol following multiple administration of the
treatments

Table 3. Change from baseline in low-dose peak cortisol (mcg/dL) following multiple administration of the
treatments-end of study

Mean minimum maximum median
Treatment b
Placebo 2.5 4.0
Cic 800 pg/day 2.75 /’ 2.0 (4)
Cic 1600 pg/day 0.41 - 2.5
FP 880 pg/day 3.16 i 35

FP 1760 pg/day 2.17 / 45

Table 4. Analysis of change from baseline in 24-hour urine free cortisol corrected for creatinine (mg/mg creatinine) at Day 29 —
ITT population

Mean change  Adjusted mean

Baseline Mean at from change from 95% confidence

Treatment N mean Day 29 baseline (8D) baseline interval
Placeba " 0.018@ G.014 —0.002 (0.0075) -0.010 (=0.0194; ~0.0001)
Cic 800 pgfday 12 0.017 0.022 0.005 (0.0339) 0.006 ~0.0030; 0.0140;
Cic 1600 pa/day 12 Q.g1e 0.011 —3.007 (0.0088) -0.008 {-0.0163; 0.0006)
FF 880 pgiday 12 Q.022 0.012 —0.009 (00114 -0.002 =011 0.0067)
FP 760 ugiday 12 0.017 0.409 —0.008 (0.0097) —(.010 —0.0185; —0.D016)
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Table 5. Selected pairwise comparisons of change from baseline in 24-hour urine free cortisol corrected for creatinine (mg/mg
creatinine) at Day 29 — ITT population

Difference in
Treatment comparison p-value adjusted means 95% confidence interval
Cic 1600 pgiday vs FP 1760 pgiday 0.6877 0.002 (-0.0098; 0.014€)
Cic 800 pg/day vs FP 880 pg/iday 0.2120 0.008 (~0.0045;  0.0199)
FP 1760 pg/day vs placeho 0.9413 -0.001 (-0.0133; 00124
Cic 1600 pgiday vs placeba 0.7649 0.002 (-0.0108;  0.0146)
FP 880 ug/day vs placebo 0.2770 0.008 (-0.0063; 0.0214}
Cic 800 pgiday vs placebo 0.0224 0.015 {0.0023; 0.0283}
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Figure 4. Individual change from baseline in 24-hour urine free cortisol uncorrected and corrected for creatinine
(mg/mg creatinine) at Day 29 — ITT population

SUMMARY OF FINDINGS
Pharmacodynamics:
Serum Cortisol AUC0-24h
¢ The change from baseline at end of study in serum cortisol AUCO0-24 for the comparison
of ciclesonide 1600 pg/day to fluticasone 1760 pg/day was statistically significant
difference (p=0.0013). The fluticasone 1760 ug/day group had a 28% decrease in the
mean from baseline, whereas the ciclesonide 1600 pg/day group had a 7.5% decrease in
the mean).
¢ The change from baseline at end of study in serum cortisol AUCO0-24 for fluticasone
1760 pg/day was the only one statistically significant different from placebo (p=0.00138).
However, placebo treatment had as low and high values as those observed for fluticasone

1670 ug/day.



The change from baseline at end of study in serum cortisol AUC0-24 for the comparison
of ciclesonide 800 pg/day to fluticasone 880 pg/day was NOT statistically significant
difference (p=0.92)

Low-dose peak serum cortisol:

The mean change from baseline in low-dose peak cortisol was similar across treatments.
ANCOVA analyses of low-dose peak cortisol levels at Day 30, change from baseline in
degree of stimulation in low-dose peak cortisol levels at Day 30, and change from
baseline in serum cortisol levels pre- and post-stimulation at Day 30 all revealed no
statistically significant differences between treatment groups (data not shown).

Urine cortisol ,
e For Day 29 analyses of 24-hour urine cortisol corrected for creatinine (ITT population),

the comparison of ciclesonide 1600 mg/day to fluticasone 1760 mg/day did not
demonstrate statistical significant difference. Also when compared to placebo both
treatment groups demonstrated reductions in urine cortisol corrected for creatinine, but
the defense was not statistically significant.

CONCLUSION

There is a tendency for the FP 1760 pg/day treatment to produce higher degree of cortisol
suppression (measured as serum cortisol AUC (.04 mean values) than that observed for
the ciclesonide 1600 pg/day and placebo treatments. However, this difference may not be
clinically relevant since the individual variation in change from baseline in serum cortisol
AUC g4 for the FP 1760 ng/day treatment was similar to that observed for placebo
treatment.

GENERAL COMMENTS

The sponsor did not provide data for the validation of the analytical method used to
analyze cortisol.

The mean values of change from baseline in 24h AUC cortisol at end of study calculated
by this reviewer using individual data provided by the sponsor do not agree to those
calculated by the sponsor (e.g. -35.7 vs. ~ -59 mcg/dL for fluticasone 1760 pg/day).
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“Effect of inhaled ciclesonide on cortisol levels and hypersensitivity to AMP in subjects with

bronchial asthma”
Clinical Study Report no.: 49/2000
Protocol No.: BY9010/FK1 107
Development Phase of Study: Phase 2
Study Initiation Date: 01/04/98 b(4)
Study Completion Date: 09/28/1999
Chief Investigator:
L]
Objectives
Primary

e To study the effect ciclesonide vs. fluticasone propionate and placebo, respectively, on
HPA axis as well as on AMP (adenosine-5-monophosphate) induced bronchoconstriction
and on lung function in asthmatic subjects.

Secondary
¢ Safety and local tolerability

Medication:
e Metered dose inhalers containing placebo (Batch No.: 172397)
e Metered dose inhalers with 100 mcg ciclesonide per puff (Batch No.: 174397)
e Metered dose inhalers with 200 mcg ciclesonide per puff (Batch No.: 173397)

Subjects
A summary o the demographic characteristics of the subjects participated in the study is
presented in the table below:

Parameter itt fole]

Patients n 26 23

Sex

Male / Female n 20/6 17176

Age yrs 25 (20 - 47) 25 (20 - 47)

Smoking (never/ n 12/61/8 10/6/7

ex/current)

FEV, L 3.64 +0.62 3.68 £ 0.62

FEV, %pred. (range) 88 (67 - 114) 90 (73 - 114)

PC,, FEV, mg/ml 15.3 (10.0 - 23.5) 15.1{9.3 -24.4)
Treatments

The supplied medications were MDIs containing either
¢ placebo (batch No.: 97J01/1, CT970132/1) or
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100 mcg ciclesonide/puff (batch 2BG001/1, CT970134/1) or

200 mcg ciclesonide/puff (batch Nos. 46G003/2, CT970135/1) or
125 mcg FP/puff (batch Nos.: 7L.561/1, 8N203/1) or

250 pg FP/puff (batch Nos. 8N206/1, 7TM216/1).

Study Design
The trial was designed as a randomized, placebo-controlled six period changeover study
using the double-observer technique. The ciclesonide/placebo study parts were double-blind; the
FP parts were partially blinded. The trial consisted of the following periods:
e Dbaseline period (2-14 days)
e treatment periods TI to TVI (9 days each) separated by washout periods WI to WI (3-12
weeks each)
o follow up,

Baseline - Treatment Washout Treatment Washout Periods THi-TVI Follow up
Period Period Tt Period Wi Period Tl Period Wit and WIlI-Wv
{2-21 daysj (3 days} {3 weeks) {9 days} (3 weeks)

/ placebo \ i livhcasane 200Cugiday \

/ \

'\.

accho

cictesonide 40Cyg/day

/,
ﬁ/L.“

Cit.desotuthe IGO0 gYday

I
‘1\ frsicasone

\

clzlesormde 800U wdyy

'\ aclesonide 1600ygfday I,/

\ fusicasore 1000u0/Cay

VOugrdny |

Huscasona 2000ugiday

Eligible patients were randomly assigned to one of six treatment sequences occurring in a
Latin square. Each patient inhaled the following drugs and doses:

placebo,

ciclesonide 400 mcg in the evening,
ciclesonide 800 mcg in the evening,
ciclesonide 800 mcg bid,

FP 500 ,mcg bid

e FP 1000 mcg bid.

Eligible subjects underwent the following investigations at visit BO:
¢ medical history
¢ routine physical examination including resting ECG (12 leads),
* [aboratory work-up,
¢ pulmonary function test (FEV,, FVC),
s AMP challenge



e Pregnancy test

Pharmacodynamic Measurements
Twenty four hour-cortisol profiles were recorded at visits T1, T4, T7, T10, T13, and T16.
Blood was taken in 2-hour intervals starting from 8PM on the study day up to 8 PM the next day.
24-hr urine was collected at the same visits as listed above. Creatinine was also measured in
urine to allow for correction.

Safety and local tolerability:
EGQG, blood pressure, heart rate, EN.T.-examination, clinical laboratory, urinalysis at
predefined time points

Statistical Analysis

Primary variable for confirmative biostatistical analysis was the plasma cortisol mesor,
i.e. the 24-h time average of plasma cortisol, which was calculated as AUC (0O-24h)/24h.
Primary variable: The comparison of the 24h-tine average of plasma cortisol was done by
means of the corresponding analysis of variance (ANOVA) after logarithmic transformation.
Prespecified pairwise comparisons were analyzed by corresponding contrasts.
Secondary variables: Urinary cortisol excretion was analyzed by ANOVA after logarithmic
transformation.

Data Sets Analyzed

Twenty six subjects were included in the ITT efficacy analysis. For the ITT-analysis of
the primary variable plasma cortisol AUC all n=26 patients of this ITT population were
included. As patient no. 51 completed only 3 treatment periods (800 and 1600 mcg ciclesonide,
1000 mcg/day FP), 153 instead of 156 (=26 x 6) observations were available for the ITT
analysis.

N=23 patients form the pp population (population of valid cases). For the pp analysis of
the primary variable plasma cortisol AUC all n=23 patients of the pp population were included.

RESULTS
Analytical Method
The concentrations of cortisol in serum were determined using a RIA kit.

Pharmacodynamic Results

Figure 1 shows the individual AUCO0-24 serum cortisol (nmol/L)) following
administration of the treatments. and 95% confidence limits for the [TT. A summary of plasma
cortisol (AUCO0-24Hr/24Hr) and 95% confidence intervals is given in Table 1. Table 2 gives the
between-treatment comparison of plasma cortisol mesor expressed as point estimate and 95% CI
for the respective treatment rations-IIT analysis. Figure 2 shows the plasma cortisol mesor
referenced to placebo (mean ratio- ITT). Table 2 summarizes the urinary cortisol excretion
adjusted for creatinine (nmol/mmol creatinine)-ITT analysis
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Table 1. Plasma cortisol (AUCO0-24Hr/24Hr) and 95% confidence intervals

Treatment Plasma Cortisol Lower Upper
Mesor 95%-CL 85%-CL
exp(LS-Mean)
(nmol/!) {nmolfl} {nmolfl)
Placebo 257.53 . 22574 293.80
Ciclesonide 400 ug od 228.38 200.18 260.54
Ciclesonide 800 ug od 231.91 203.82 263.86
Ciclesonide 1600 pg (bid) 228.81 201.10 260.33
Fluticasone 1000 pg {(bid) 18260 160.49 207.76
Fluticasone 2000 pg (bid) 105.52 92.50 120.39
_._
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Figure 1. Individual AUC0-24serum cortisol levels following administration of the treatments (ITT)



Table 2. Between-treatment comparison of plasma cortisol mesor expressed as point estimate and 95% CI for the
respective treatment rations-IIT analysis

Test Reference Test/Reference | Test/Ref. Test/Ref.
Point estimate Lower Upper
95%-CL 95%-CL
Ciclesonide 400 ug Placebo 0.88 0.74 1.07
Ciclesonide 800 ug Placebo 0.90 0.75 1.08
Ciclesonide 1600 ug Placebo 0.89 0.74 1.07
Fiuticasone 1000 ug Placebo 0.71 0.59 0.85
Fluticasone 2000 ug Placebo 0.41 0.34 0.49
Ciclesonide 800 yg | Ciclesonide 400 pg. 1.02 0.84 1.22
Ciclesonide 1600 ug| Ciclesonide 400 ug 1.00 0.83 1.20
Ciclesonide 1600 yg| Ciclesonide 800 ug 0.99 0.82 1.18
Ciclesonide 800 ug | Fluticasone 1000 ug 1.27 1.06 1.52
Ciclesonide 800 pg | Fluticasone 2000 yg 2.20 1.83 2.64
Fluticasone 2000 ug | Fiuticasone 1000 ug - 0.58 0.48 0.69
Ciclesonide 400 pg | Fluticasone 1000 pg 1.25 1.04 1.50
Ciclesonide 1600 ug | Fiuticasone 1000 ug 1.25 1.04 1.50
Ciclesonide 400 ug | Fluticasone 2000 pg 216 1.80 2.61
Ciclesonide 1600 ug | Fluticasone 2000 ug 217 1.80 2.61
100% -0 S e e
e . L .
g 80% |
: .
g 0% ‘ G Placebo
-3* ‘ & Ciclesonde 400 pg cd
‘a- A Ciclesonide 800 ug od
I I -
% ; = Fluticasone 2000 pg (hid)
Placeho Ciclesoride 400 pg  Cid de 800 pg  Cicl ide 1600 Flufk 1000 Flut 2000
od od g (bid) ug {bid} ug (o)
Troatment

Figure 2. Plasma cortisol mesor referenced to placebo (mean ratio- ITT)
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Figure 3. Individual serum cortisol levels following administration of the treatments

Table 3. Urinary cortisol excretion adjusted for creatinine (nmol/mmol creatinine)-ITT analysis

Treatment Urine Cortisol Lower Upper

corrected for 95%-CL 95%-CL

creatinine
exp(LS-Mean)
{nmol/fmmol creat.) |{(nmol/mmol creat.)| (nmol/mmol creat.)

Placebo 17.06 14.37 20.25
Ciclesonide 400 ug od 14.49 12.15 17.28
Ciclesonide 800 ug od 14.70 12.43 17.39
Ciclesonide 1600 ug (bid) 13.73 11.61 16.24
Fluticasone 1000 ug (bid) 9.59 811 11.35
Fluticasone 2000 pg (bid) 5.31 447 6.30

big)
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Figure 3. Urinary cortisol excretion corrected by creatinine-ITT analysis

SUMMARY OF FINDINGS

The 24-h plasma cortisol mesor following administration of 400- 800- and 1600 mcg/day
CIC was reduced by 11%, 10% and 11%, respectively with respect to placebo treatment.
Ciclesonide showed no dose dependency on cortisol suppression as based on 24hr serum
cortisol levels

The 24-h plasma cortisol mesor under following administration of 1000- and 2000
mcg/day fluticasone was reduced by 29% and 59%, respectively with respect to placebo
which was statistically significant different.

The effect of all doses of CIC was significantly different from the two fluticasone doses.
Urinary cortisol excretion following CIC was reduced by 15%-20% versus placebo.
Urinary cortisol excretion following FP was reduced by 44% and 59%, respectively. The
respective confidence intervals were completely below 1, reflecting significant and dose
dependant reductions of urinary cortisol excretion under fluticasone versus placebo.
Cortisol values under fluticasone were significantly lower than under ciclesonide.

GENERAL COMMENTS

This study did not include the assessment of 24 hr serum cortisol at baseline and
therefore, 95%-confidence for the Test/Reference ratios were calculated without
correction from baseline.

CONCLUSION

Ciclesonide 400 pg/day and 1600 pg/day given for 9 days reduced serum cortisol levels
by 11% compared to placebo. ‘

Ciclesonide produced no dose dependency on cortisol suppression in the range of 400-
1600 pg/

Fluticasone 1000 pg/day and 2000 pg/day reduced both 24-h plasma cortisol (and 24-h
urinary cortisol excretion significantly compared to placebo, with the effects of
fluticasone 2000 pg/day being more apparent than those of fluticasone 1000 pg/day.
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“Population Pharmacokinetic / Pharmacodynamic Analysis of RM1 (Active Metabolite M1
of Ciclesonide) - Phase I and Phase III Data”

Technical Report: ' DMPK/USA/2003-0019
Date of Final Report: October 6, 2003

Phase: [and III
INTRODUCTION

The population pharmacokinetics of RM1 were characterized in healthy and asthmatic
patients receiving ciclesonide inhaled doses of 50- up to 3600 mcg. Data from 12 clinical Phase I
studies (FHP009, FHP012, FHPO15, FHP018, FHP019, FHP022, FHP023, FHP025, FHP026,
FHP027, BTR-15/001, BTR-15/002), 3 clinical Phase III studies in adults (XRP1526B/321,
XRP1526B/322, XRP1526B/323/324) and 2 Phase III studies in pediatrics (XRP1526B/341,
XRP1526B/342) were used for population pharmacokinetic / pharmacodynamic (PK/PD)
analysis. Phase I studies with extensive PK/PD data after administration of ciclesonide via
metered dose inhalation (MDI) and Phase III studies with sparse PK/PD samples were included
in the analysis. The influence of various demographic factors, co-existing disease states and
concomitant medications on the disposition of RM1 was assessed using appropriate techniques.

OBJECTIVES
e To estimate the population pharmacokinetics of the active metabolite of ciclesonide
(RM1). '

e To characterize the circadian rhythm of endogenous cortisol release (or production) and
the relationship between systemic exposure of RM! and endogenous cortisol
concentrations,

¢ To explore the influence of covariates on RM1 pharmacokinetics including factors such
as body weight, gender, age, race, liver status and disease state.

Formulation

Ciclesonide solution formulation in a pressurized meter dose inhaler (MDI) available in
doses of =, 80 pug, and 160 pg /puff were used for the population analysis. Table 1 shows a
detail of study treatments.
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Table 1. Study Treatments

Medered Dose wnlslers 20 pg per poff

Protocot Batch Numbar | Dosage Form/Strength (Ex-vafve) | Dosage FormvStrength (Ex-actuatar] | REF
FHPOOO-11 7597 CTOSOBOHYT | Metored Dosc inhalors 5 p por puff | Motered Dase inkalers 46 g per pufy e
CTOS08 111 Mustered Dusa inhalors 100 yg per puff § Metered Dase inhadors 86 g per pull
CTO60E1 21 Meterod Doso inbalers X0 yg per paff | Motered Dose inkalers 160 puyr par pufl
FIHPGE 222307 a92197 Metered Dose intuslers 200 g por puff | Metered Dose inhalers 160 ug per prfl e
FHPOLS172/97 033247 Metesed Dooa infslers: 400 ug per puff | hetered Dose inhalers 320 puge pee pul® 11
FHPO18-2120C0 Q34498 Medesed Dose inlslors 400 pg per palf | Metered Doge inhalers 320 pg per puff 12
FHPOL 930498 013298 Motesed Diosa infalers 200 pa per putt | Metered Dade inhalers 160 pg per pufl 13
FHPO22-307/08 149298 Muterad Dosd inhalers 200 pg por puf | héetered Dase inhakers 160 pg per pufl’ 14
FHPO23-56399 090398 Meterad Dose tnlalers 200 pg per putt | Muotered Dose inhaders 160 pg per pull 13
FHPOZS- 283045 170448 Metered Dose indalers 200 ug por puff | Metered Dosc inhulees 160 pg per paffl &
FHPO26- 1282000 033499 Maeret Dosa inhalors 100 pug per puif | Metered Dase inhalers 80 g per pull 17
FHPG27-21 112600 (BGO0: Metored Dusa inlslors 200 i per pulf | Meetered Dose inhalers 160 g per puft 18
BTR-15001 BTRXY20A Metered Doss inhalers 300 pg per puff § Netered Dose infulers 160 pg per puil 34
BTR-13K02 BTRX920A Meterod Daso inhalers 200 yg per pulf | Motered Dose inhalors 160) ug per puff 0
XRP 13268 321 & | 1BGUIO, IBGAOOT | Matorod Dogo intselers 30 ug por paff | Metered Dose inbitdors 40 g per puft X W
XRP 13268 322 2BGO03, IBCANE | Metered Dose inlsalers 100 pg pet puff | Metered Dage inhalers 8G uys per puft’
4QGO0Y, 4BGAGDE | Motered Dass inhalvrs X0 pg per puif | Metored Dose inhalers 160 ug per pull
XRP 13368 323 & | IBGONS, ZBGAN0E | Motered Dose intwlors 160 pg per put¥’ | Metered Dose inhalkers $0 g per pail 23
XRP 13268 324 RGO, ABGAN0E | Mouwrod Doss inhslers X0 pg por puft | Metered Dase infutlers 160 g per pufl
ohGon2 Meterod Doax inhalors $00 pg per puff | Motened Dose inkialers 320 pg por puedl’
XRP 15268 341 EHGOI0 Materod Dass intalerz 30 pg perpuff | Metered Dose inknlers 40 1g per patY 24
IBGO03 Mitered Doss inhalers $00 ug per pulf | Matered Dose infialers 80 g per pastl
4BGO0Y Materad Doso inhalers %0 pz per puff | Motened Ixae inbialers 1640 g per paiY
KRP 152603 342 RGO Metered Dase infuslors 8 pg per paff hetered Dose inhalers 40 pg per pufl’ 13
2BAH0S Moterad Dosa fishalurz 800 1 per putf | Metered Dase inhalets 80 ug per pufl’
$RGOLG Mutered Dose inhalers 160 g per pufl

Subject Demographics

There were a total of 635 subjects in this analysis with 2750, 5238 and 4470 observation
records for ciclesonide, RM1 and cortisol concentrations, respectively. The mean (%CV) body
weight and height were 78.7 kg (23.8%) and 171 cm (6.0%) for adults and 38.7 kg (39.3%) and
137.9 kg (9.2%) for pediatrics, respectively. The demographic profiles of these patient cohorts
were comparable (see Table below).

Table 2. Data description for discrete covariates across studies

Covariate Category Distribution
N {%)

Male 30047 2 %)

Gender Femule 31048 8%4)
Population Healthy 180 (28.3%%)
Mild -Moderaze 253 (39.8%)

Asthmatics

Severe Asthmaties 143 (10.3%}

Race Whites 471 (74.2%)
dapanese TIHL3%

203 %)

2 a

Age Pedigtnes (12 vearnt 338 ity
Adults {12 - 63 vears} 336 (84 4%)

Elderly (265years) 27 {3.3%)




Dosing Regimen and treatment

Table 3 shows a description of the dose regimen, disease state of the ITT population
included in the study. The pediatric trials (341 and 342) were conducted as double-blind, placebo-
controlled, parallel-group, multicenter, efficacy, safety and dose response studies of ciclesonide 50-, 100-
and 200 pg/day for 12 weeks in approximately 500 children 4 to 11 years of age (125 per study) with

persistent asthma
Table 3. Dosing regimen and treatment
Study Subijects (ex-zatﬁwr) (‘;E:; “::gg;ﬂ f(!;g;@ ‘r:::i‘ REF
(MDY
FHPOUY Healthy subjests W0pg |} 3025594 } 7975 841 | 18217529 ] 1m0 | 9
FHPOO9 Healihy subjects 1200pg | 3035699 | 7975 gan 1217 1 | 9
FHP009 Healiy subjocts sa00pg | 3025509 | 7975 4 12172 1m0 | 9
FHPO09 Healiby subjects 250 pg (G 80 ¢14) 1830112 | 120 | 9
FHPOUY Hoalihy subjocts 1000 yig HER 80 (14) 183112 | 120 | 9
FHPO12 Healthy subjects 1606 g ME9 76 (6.7 185 (7.6 i | 10
FHFOL5 Healthy subjects 1600 g | 3200 G4 | 7544 (893) 1058 @58)| 120 | 1
FHPOIS Subjeots with livercinhosis| 1600 g | 4850214y | 85 gem 176356590 [ 12
FHPO19 Healiby subjects 800 pg 3147433 | esg2 o6y 1 re 0| 99 | 13
FHPO22 Healthy subjects a iol%‘i_g} 237679 |06 gosnhraasaam| s |
FHPO2 Healihy subjects B00pe 1 a7 wrey | 062 o fimasason) we |1
(16 x 30 pgl

FHPO23 Healthy subjects 1600 pg | 36.00 o9 ]| 785 (1130) |1TseT@sey] se |15
FHPO13 Asthmatic paticnis 1600 ug |36 60 (1099 | 785(1130) | 17367854y 84 | 13
FHPO25 Elderly iealthy subjccts 16000 | T1L75GEn | 191768 |1mseon| o | 16
FHPO2G Healthy subjects " :“;;gi o | 226 | 246070 [1mresaso| 204 7
FHPO26 Healthy subjects ( s??o‘r;gum 2@ | 266y |1770a@sn | wa | P
FHPO27 Healthy subjects 100 pg- 10.676.64) | 77.06 (o69) | 17861 (715y | 13 | 18
BTR-15/001 Healthy subjects 200 pg 42060) | ssmaEn |31 @on| e |19
BTR-15001 Healthy subjects 00 ug 0908 |ssoaoss o] o |19
BTR-15001 Healthy subjecis 800 pg w30y | sseGsn erossy| e |12
BTR-15001 Healtly subjecis 1600 g 23.9G9) | 6toi83 [17i3ds] 10 |19
BTR-15002 Healfhy subjects soopgdny | 20104 | smoscon Jreosgesn| oo | ¥
BTR-15002 Healthy subjects 1600 pgrday | 21905 | 6339835 frrereah)| an |20
XRP 15268 321 Asthmatic paticris 20 g 313736 | i@y | 1687005 | soms | 28

XRP £5268 321 Astlunatic paticnis 160 pg wausy | miqse | 208 | 5672
XRP 13268 321 Asthmatic paticots 330 pg 371¢50) | 2197 | tes9(09 | 5378 | 2
XRP 15268 322 Asthmaic pationts 80 g 368¢48) | so@3s | wriqos | sore | 22
XRP 1526B 322 Asthmatic paticnts 160 pg 339030 | 175005 | weeen | st |22
XRP L3268 122 Asthunatic paticuts 320 pg 3651397 | soo¢sa | 69300 | sves |22
“;;},;;‘:B Asthuage paticnts KR UNTH 35151} HA2ly 1684 (lix3y | 53472 2
“"g ]_fzzfa Asthmatic paticms &40 g Baase | sereier | wsson | s [ 2
XRP 13268 341 Astluszuic patients 0 g $22.24 a2 | B304y | Tee | H
XRP 15268 341 Asthunatic patiens B qug $0(2L1) 322y | Brioen | s [ H
XRP 13268 341 Astlunatic paticnls 160 g 1019 Migan | Bsasn | evsy | H
XRP 15268 342 Astiunatc patenis 10y $.1(2.0) A0 [ 13aias | s | 23
NXRP 13268 342 Astinuitic patienis [hpg ®412.0 AT S 134 5134 | Se3s 25
NRP 13268 342 Asthmatic paticats 160 pg L6 U9 MO0z | 134226 | s 23
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Sparse Sample Collection
Phase III studies included sparse PK samples (-1.5, 1, 2.5 and 6-10 hours following
administration).

Methods for Data Analysis

Data were analyzed via non-linear mixed-effects modeling with the NONMEM software.
Various estimations methods (first-order, first-order conditional and hybrid) were evaluated
during the model building process to select the most stable estimation method. Plasma/Serum
concentration-time (PK/PD) data from all the subjects (adults and pediatrics) were
simultaneously fitted to obtain the final population model. Population PK/PD models were
developed using an iterative process in an attempt to define the best (most useful) model for the
data. The selection of an appropriate pharmacostatistical model was based on a significant
reduction in the objective function value, point and interval estimates of parameters, diagnostic
plots, including weighted residuals vs. predictions and observed vs. predicted values. The
principle of parsimony was applied to the model development.

For pharmacokinetics, structural models including one or two compartment models with
first order absorption with/without lag times were evaluated to describe RM1 concentration-time
data. The evaluation of covariates was performed in a sequential approach where body weight
was considered the primary predictor followed by age, gender, race, disease state and liver status
as additional predictors for clearance (CL), volume of distribution (V2) and F (bioavailability),
wherever appropriate. Identification of relevant covariates was based on step-wise backward
elimination method.

For pharmacodynamic analysis (endogenous cortisol concentrations), a one-compartment
model with first-order elimination and first order input (i.e. rate constant of cortisol release to the
system) was fitted to plasma/serum cortisol concentrations. Apparent clearance was the
parameter controlling exposure (cortisol AUC). In addition, individual trough plasma/serum
cortisol concentrations (Ctrough) at dose interval were estimated. Cortisol “dose” (i.e. total daily
endogenous cortisol release) was arbitrarily set to 100 pug and with an hypothetical dosing time
for this cortisol dose at 10 PM for all subjects to allow estimation of administration time (i.e.
onset of endogenous cortisol production) using the parameter lag-time. Ciclesonide dose (ex-
valve) and AUC was included in the cortisol model as a covariate on cortisol CL to assess the
effect of exogenous corticosteroid on cortisol concentrations. Also, IPRED RM1 plasma/serum
concentrations (CRM1) obtained from the final pharmacokinetic model for RM1 were used to
describe the direct effect of RM1 concentrations on plasma/serum cortisol concentrations using
an Emax model. Residual variability was modeled as proportional and additive for both
pharmacokinetic and pharmacodynamic models.

RESULTS
Pharmacokinetic structural model development

There were a total of 635 subjects in this analysis with 2750, 5238 and 4470 observation
records for ciclesonide, RM1! and cortisol concentrations, respectively. RMlis the major
circulating species in humans, the present analysis focused on the characterization of RM1.

A one-compartment body model with first order absorption adequately described the
RMI concentration-time profile. Although there were measurable RM1 concentrations at 24
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hours post dose, the limited number of samples collected during the night prevented further
improvement in goodness of fit using a two-compartment model.

The population estimates of CL, V and Ka were 318 L/h, 1320 L and 8.3 h-1,
respectively. The inter-individual variability (%CV) of Cl, V, and Ka were estimated to be
58.1%, 45.2% and 80.1%, respectively. The proportional (%CV) and additive components of the
residual errors were 19.5% and 0.045 ng/mL, respectively.

Pharmacokinetic covariate model development

The evaluation of covariates included body weight, age (pediatrics, geriatrics), race,
gender, disease state and liver status. The application of the weight-based power (PWR) model
to the base model resulted in a significant reduction (69.6 points) in the NONMEM objective
function. However, inspection of the weighted residual (WRES) versus prediction (PRED) plot
for pediatrics only indicated a bias. The model was further modified by applying separate weight
effects for pediatrics and adults. This resulted in no weight adjustment for pediatrics and the
PWR exponent for adults was close to the allometric values for CL and V (0.70 for CL and 0.95
for V) (Table 4). Thus, the final model has an allometric effect of weight on CL and V for adults
only. Since children may inhale less amount of drug probably due to lower lung capacity,
resulting in lower systemic exposure and their clearance could be lower, the allometric function
was applied to the entire population with an additional covariate for bioavailability in pediatrics.
The resulting model suggested a bioavailability of 60% relative to adults, but lower clearance
and volume based on allometric principle. There was no change in objective function with minor
improvement in goodness-of fit plots.

Table 4. Evaluation of Body Weight as a Covariate of RM1 Clearance and Volume of Distribution

Caatrol Medet Data Objective | Pararocter’ | Estlnize | RSE of {aites- WRES versus PRED | DY versus FRED plot § Comneent
e Dexcription Funcdoa Fstlmute | fodividual ot for pedinteies fur pedistries
(monX.enn) [y Varlabitity
L4y
HOLBASE Fuge awxlel Adudts xad 06300 | CL (b 3 a7 9.1 . Y IR Nex biag uy
Todiutrics W2 1316 28 459 L o : diagnosic
KA (i 804 6.4 THE ot plots
L ir
e, e
A0 BASE_ | PWi Adulsand | 27306 | CL (L | 3w 33 314 N . etta OF
Wt etimuted Pegiatrics va(Lt 1838 15.2 46.4 N - N R
KA ) 84 6.2 743 o s & - | sdgnificant
WICL .56 .6 i tiakin
WTv 81 151 diagnustic
Mots
AR BASE_ | MWK Allametric | -207554 | CL(ny | 289 kX it . | i OF
WTADUL | estimated madel on vy 1310 IR 7.2 R i i T
T Adults oty Kap® 17 6.2 K IS YA no biss in
WTCHL an 186 € el X H 4 disgroatic
Wiy 495 e ) E"J R plots
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Contrat Mundel Dute Objective | Pucumeter” | Estimate | BSE of | Tater WRES vessus PRED | DY versas PRED glot | Conumient
File Description FPamctlon el iduad | plot for p fur pediotries
(un*.can) (3] Variahitity
(9%CV)
GUIBASE_ | Allometrie Alfometric | 207545 | CL(LY) 289 33 513 . o | Dubta GF
WTADUL | maxted axadel en vidy 125¢ 25 412 ' S| ES
TSA PWR fixed 10 | Adulis oty Kagh |98 62 148 o bids i
€75 foe CLL WICL 75 fix disgnodtic
and } for V2 wry g plotz
T, Aioaas ot Lo 7] v T g e Sqars ok of e Yaelmice SeBNMIs sl TABSERYIAg BY 100
I Pamenceer Uit CL Ly VXL KA pack
3. WRES {ewrighied restduls, PRED i (82 popatasion poodicted values, DV & th deperdent vaals, 1.6 téervsd RAMT cosovnicioa.
4. Vi sk fI0K chrcded fepeanent G disavad dara. The w0l gry: and Bazk Bos fepecnint the Hne «f ddembsy ad wrend Eites (ateeepe of i, sdope ol | 1o @ DNV versus PRED 2od topeod

G {or WRES vepus PREIN

Following the selection of the appropriate weight-based model, other (age, gender, race,
disease state and liver status) covariate-parameter relationships were explored for CL/F and V2/F
and F (bioavailability), wherever appropriate. As CL/F and V2/F estimates are confounded by
bioavailability term, the effect of race, disease state and liver status was explored on F. Since it is
reasonable to expect physiological influence of age and gender on clearance of the drug rather
than on volume, these two covariates were tested on CL/F only. The results from the base, full
and final models are summarized in Table 5

Table 5. Parameter Estimates from Base, Full and Final Models for RM1 Concentrations
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Individual pharmacokinetic parameter estimates

Descriptive statistics of the pharmacokinetic parameter estimates from NONMEM’s
individual estimates for various sub-populations of interest are shown in Table 6. There were no
trends for differences in these parameters based on severity of asthma, age, gender or race. For
pediatric subjects there was modest decrease in clearance values of 20% as compared to healthy
adults, which was also associated with a similar decrease in volume of distribution of
approximately 17%. These changes do not result in any noticeable changes in the systemic
exposure in pediatric subjects. Similarly, there were no noticeable changes in the plasma/serum
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concentrations of elderly subjects. There was sufficient number of subjects (98) that had
matching pharmacokinetic information following co-administration of ciclesonide with albuterol
(Figure 1). The RM1 clearance and volume of distribution values for subjects with and without
coadministration of albuterol were similar. The only significant covariates were patients with
mild to moderate and severe liver impairment with bioavailability estimates of 54% and 48%,
respectively, relative to subjects with healthy liver function. These results are in contrast to data
from study FHPO18, where concentrations were 2.73 and 1.77 fold-higher in subjects with mild

to moderate and severe liver impairment, respectively (see individual report for more details).

Table 5. Descriptive Statistics of Individual Parameter Estimates for RM1 from Final Model

Figure 1. Box Plot of RMI Clearance and Volume of Distribution Values for Subjects With and Without Co-

Administration of Albuterol
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Pharmacodynamic Results
Baseline cortisol model

In final cortisol baseline model, inter-individual variability was included on the cortisol
parameters CL and V and on endogenous cortisol concentration Ctrough. As there were limited
cortisol samples collected during the nighttime, inter-individual variability on input rate (i.e. rate
constant of endogenous cortisol release) was fixed at 20% and inter-individual variability on lag-
time was set to 0%.

The goodness of fit statistics of the final baseline model suggests that the model
reasonably describes measured plasma/serum cortisol concentrations at trough and the circadian
rhythm of endogenous cortisol release. The estimated half-life of cortisol (0.693 V/CL) was short
0.56 h. This agrees with the short half-life previously reported for cortisol of 1.5 h (35, 36).

Effect of dose on cortisol concentrations

Following inclusion of ciclesonide dose as a covariate in the cortisol model, a significant
decrease in objective function was observed. The results indicate a decrease of only 13% and 8%
in cortisol AUC for ciclesonide doses of 800 to 1200 mcg and 1600 mcg, respectively.
Furthermore, a decrease of 49% was observed for the 3600 mcg. As individual cortisol AUC was
derived from individual cortisol CL estimate and inter-individual variability of CL was high
(55%), these differences are of no clinical significance. Figure 2 shows that there is a linear
increase in RM1 AUC with dose but no clear change of cortisol AUC with increasing dose.

R2A) AR i tvams 0

R R o e e emien

Tork (g Do trane t

Figure 2. A. RM1 Area Under the Curve (AUC) versus Dose Box Plot. B. Cortisol Area Under the Curve (AUC)
Versus Dose Box Plot

Figure 3 shows that there was no significant trend for change in cortisol AUC with
increasing RM1 AUC in children or adults.
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Figure 3. A. Cortisol Area Under the curve (AUC) Versus RM1 AUC for Pediatric Subjects. B. Cortisol Area
Under the Curve (AUC) Versus RM1 AUC for Adult Subjects

Emax model

The direct effect of individual predicted systemic RM1 concentrations as obtained from the
final pharmacokinetic model on cortisol concentrations at a given time was assessed with an =
model. There was a significant decrease in the objective function with estimated === value and
also when Emax was fixed to 100% (i.e. reduction of measured cortisol plasma/serum
concentration to 0 ng/mL). When . was fixed at 100% it expresses the maximum possible
effect by any corticosteroid. This is based on findings that high doses can completely suppress
cortisol plasma/serum concentrations. For the current model EC50 for ciclesonide was 1.96 ng/mL
with fixed ] =—__. This EC50 value is similar to the 90th percentile of RM1 concentrations for the
1600 pg dose. Less than 1% (28 and 37 out of 5288 records for IPRED and DV, respectively) of
the RM1 concentrations were above 1.96 ng/mL (Figure 4). The highest IPRED and measured
RM1 concentrations were 2.5 ng/mL and 3.5 ng/mL, respectively.

b(4)
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Figure 4. Cortisol Concentration Versus [PRED RM1 Concentrations
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Furthermore, IPRED RM1 plasma/serum concentrations (CrmM1) obtained from the final
pharmacokinetic model for RM1were used to describe the direct effect of RM1 concentrations
on plasma/serum cortisol concentrations using a direct Emax model where Emax value was also
estimated. The ECso value was estimated to be 0.59 ng/mL. The Emax value was estimated to be
41% where 100% refers to reduction of measured cortisol plasma/serum concentration to 0
ng/mL. This agrees with the estimated 49% decrease for the 3600 mcg dose with the AUC
covariate cortisol model. This suggests that even at the highest doses (more than double of
therapeutic clinically relevant doses) complete (i.e. 100%) suppression of cortisol concentrations
is not possible.

REVIEWER’S REMARKS

Dr. Yaning Wang (pharmacometric reviewer) ran the control files provided by the
sponsor to confirm the above findings. In general, he agreed with the model performance and
acknowledged the effort put by the sponsor in assessing the PK/PD of the drug. In general the
models used performed well as shown by the significant reduction in the objective function
valucs, point and interval cstimates of parameters, diagnostic plots, including weighted residuals
vs. predictions and observed vs. predicted values.

This reviewer used the reported post-hoc AUC given by the sponsor to create Figures 5
to 8. Figure 5 is a matrix plots showing the effect of covariates on AUC. Figure 6 shows the
close superposition between observed and predicted concentrations suggesting the adequacy of
the models used. Figure 7 confirms that the systemic exposure in children 5 to 11 years of age
and the elderly is the same as that in adults receiving the same dose of inhaled ciclesonide.
Figure 8 shows that race has an effect on the AUC of the drug. The mean (SD) AUCpop was
2.07- (2.12), 2.5- (1.7), 0.85- (1.5), 0.59 (0.47) ng*hr/mL in the White, Asian, Black, and other
populations, respectively.
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Figure 5. Matrix plot of the AUC posthoc as a function of different covariates
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Figure 7. Individual post-hoc AUC (ng*hr/mL) (normalized to 200 mcg) as a function of age (n= 444, 37 and 18

for adults, children and elderly, respectively) (data from population PK/PD analysis).
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Figure 8. Effect of race on the AUC of RM1 (0: White, 1: Asian/Orientals; 2: Blacks; 3: others)

CONCLUSIONS

The population PK parameters were estimated across populations.

Gender, asthma severity, age and body weight did not have a significant effect on the PK of
RMI1.

The mean systemic exposure (AUCpop) in the Black and Others population was significantly
lower (60% and 70%, respectively) than that in the White population. These results may be
confounded due to uneven distribution of sample size, gender, body weight and other factors.
This difference may also not be clinically relevant since the dose-exposure response was flat
in the range of doses tested.

The systemic exposure (AUCpop- dose normalized to 200 mcg) was similar in children 5 to
11 years of age, adults and elderly.

The effect of ciclesonide at therapeutic doses on endogenous cortisol concentrations
(suppression) was less than 13% as compared to baseline in the subpopulations investigated.
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Clinical Pharmacology and Biopharmaceutics Review

“Ciclesonide MDI HFA for the Treatment of Asthma”
NDA 21-658
IND: 53-391
Sponsor: Aventis, Inc.
Type: NDA filing package
Drug: Ciclesonide
Submission date: Dec 22, 2003
Draft review: Jan 09, 2004
Review date:
Reviewer: Sandra Suarez-Sharp, Ph.D.

INTRODUCTION

Ciclesonide, a novel non-halogenated glucocorticoid developed for treatment of
asthma, is administered by inhalation as a metered dose aerosol with ethanol and HFA-
134a as propellant. According to the sponsor, the ester moiety attached to carbon position
21 is enzymatically cleaved in vivo to provide the active metabolite, RM1, also known as
desciclesonide, which is considered to be the active principle.

Ciclesonide is a solution formulation in a pressurized metered dose inhaler (MDI)
available in three strengths with ex-actuator doses of ——z, 80 ug, and 160ug per
actuation corresponding to ex-valve doses of —— 100pg and 200pg/puff.

The development of ciclesonide started with the use of an epimeric mixture of R-
and S-ciclesonide. However, according to the sponsor, further clinical development was
only continued with the R-epimer because bo—

—
ST . The sponsor stated
that as ciclesonide has only 1/100 of the binding affinity to the glucocorticoid receptor as
compared to RM1 and RMI is the major circulating species, human in vivo and in vitro
pharmacology studies focused on the pharmacokinetic and pharmacodynamic
characterization of the metabolite RM1. Ciclesonide concentrations were analyzed in a
limited number of studies due to variable and transient concentrations of ciclesonide.

o raiascrone 3 O
' » ¢

The clinical pharmacology program included the following key studies (see Table
1 for more detail):

* 12 human biomaterial studies that according to the sponsor, suggested high
plasma protein binding for ciclesonide and RM1, similar metabolic profile across
various species, lack of drug-drug interaction potential, and low glucocorticoid
receptor binding of ciclesonide and other metabolites, except RMI that is the
active metabolite.

e Il clinical pharmacokinetic studies in healthy subjects that according to the
sponsor suggested high clearance, high volume of distribution, short half-life, low
oral bioavailability, high inhaled bioavailability, dose proportional RM]I
pharmacokinetics after single and multiple MDI dose administration, and lack of
potential for R to S interconversion. The sponsor stated that these studies also

b(g)



showed high lung deposition, low oropharyngeal deposition, and bioequivalence
of the 3 inhaler strengths.

8 clinical pharmacokinetic studies describing extrinsic and intrinsic factors that
according to the sponsor, suggested no clinically relevant influence of covariants
such as severity of asthma, age (pediatric and elderly), liver impairment, and race
on the RM1 pharmacokinetics. :

6 clinical pharmacology studies where cortisol responses were evaluated to
investigate the pharmacodynamic effects of ciclesonide in healthy volunteers and
asthmatics that according to the sponsor, did not demonstrate any clear effect on
cortisol concentrations and excretion at doses up to 1280 ug.

2 population meta-analyses of the PK/PD were also conducted that according to
the sponsor indicated no influence of covariates on the pharmacokinetics of RM1
and also suggested no trend in changes in cortisol concentrations for the doses
tested.
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Table 1: Overview of the human biomaterial, clinical pharmacokinetic, clinical pharmacology, and
ancillary studies included in this NDA submission.
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Study title / objective
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Research Report-No. Study title / objective cf. Section Comments
K2C01CLNGO12 A randomized, double-blind, doutle-dummy, 272243 PD (cortisol suppression}
XRP1526B-102 placebo-controlled, paraliel group. multiple-dese in Asthmatics
2.7.2.64.3 Clinica! study of the potential effects of ciclesonide and
Pharmacodynamics fluticasone prepionate on HPA-axis in adult asthma

patients.
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2.7.2.64.4 Clinical study of ihe potential effecis of ciclesonide and
Pharmacodynamics fluticasong propionate on HPA-axis in adult asthma
palienis.
FK1 103 Effect of inhaled ciciescnide on hypersensitivity o 272245 PO {codisol suppression)
272645 Ciprca! AMP in subject with bronchial asthma. in Asthmatics
Pharmacodynamics
FK1 107 Effect of inhaled ciclesonide on cortisol fevels and  2.7.2.246 PD {codisol suppression}
2.7.2.64.6 Chnica! hypersansitivity 1o AMP in subject with bronchial in Asthmatics
Pharmacodynamics asthima.
DMPRIUSA 01085 opulation Pharmacckinetic and Pharmacodynanue 2.7 224 7 Population PK:PO-
2.7.2.64.7 Clinica {PKIPD) Analysis of Ri1 {Melabelie M1 of Phaze |
Pharmacadynamics Ciciesonide)-Phase | Data.
DMPRAUSA 2003-0049 Population Pharmacokinetic and Pharmacedynamic 272248 Population PKFD-
2.7.2.8.4.8 Clinical {PKPD) Analysis of Rkt {Metabalite M1 of Phase tand il
Pharmacodynamics Ciclesonide} Phase 1, Phase 18/ and Phase li
Data
Ancillary Studies (2.7.2.2.5)
SEMUSTH1 A single-dose, rising dose level, plaseba-comtrcdllad 27.2.25.4 PK of razemiz ciclesonida
126191 sludy in human yolurteers to evaluste tha tdderance
2FAEET Aniary Studiss  of riclesonida (epimetic méstura of cictesorida)
SEMLISTE2 A single dose study of the metabelisns and 278258 Tréiuny sl wes used
S8E4 pharmakakiretics of CH)-Ciclasanide affar and hanca sugersaded
2287 Anchary Stedies  intravenous, oced end inhalation sdministraticn #1ih 4G study (JUEERS,
({study vilh epienaric mixture of cidescrice] 272627 Clinkat
Fhisenacoidagtic Shimes)
FHP301 Safaty, nteraniity ard pharmacedyraemics of the 272253 Superocded by Study
13997 revw sleraid ciclasonide i healifty mele veluntears {17297, 272622
272683 Anciflary Stoflas  folowg s intravencus, oref end inhalation Qlincal Mlrannacakiment
edministration Stcles) end described
P alter intranenous oral
and Cycleheler
adminisFaion ot
eanded rodsia of
{armulatian}
FHPIG? Filal sugy to assecs Bs phermacckinetics of the 272254 P¥ afler orat
15205 rvw sleroid R-colesonide in heakhy male adminiskation Mt ite
212654 Anciary Stagise  wclurtesrs fedavdng administation of & single ceal reanded rout)
cose
FHPOS Zafaty and wirabdgy of the naw stercid R- 272258 Sately ard tolaralviity
18725 cizdesorece N haalihy nmale voluraers fotowang Ffter aral administrebicn
LELG LS Avhiar Sioses  ascerdrg srge-done ol adhstratisn, (ot Ihe iraanded raagal



Comments

Research Repart-No. Study title / cbjective ck. Section
FHRI20 Pilot gtudy on $he systemi bloscthily (cortisatin 272258 PEIPD anvl safety affer
30598 serumj and the phamsacolinefics of melaticliie oral edministration: {Hcé
272658 Anclary Siudiss M1 efler single oral sdeinistration of a eiclesonide the intendad route)
porader formufetion
FHPOTY Placeto-controfied study on the safeéy and local 272287 PE aller mfravensus
1TER7 tolerabiliy of ascending dose lewels of R-cicksonids adminizketion Mt the
272687 dnclfiare Studles (&4 myg, 0.8 mg, 1.2 mg) administered as & new riended routa)
infusicn soluticn on the basis of huran serum
sibeenih 1o healhy mals vnlunleers.
FHMI0E Sefaty and tolersbiley of the newtopical stercid R~ 272258 PE after singla dese
1H0EMS cicfescaida in heallhy mele volurnteers fofowing administation of
212658 Ansiftary Sludias  escending singe-dose inhalfions Cyciohaler® (Not tha
rranded formulation
davice)
FHPAUS Salaly. Iclerabifly and pharmacedyramics of the 272259 ¥ after mutipls dose
14195 raerw fopicel steraid R-ciclasonide in heakivy male adminiskefion of
272688 Ancliary Studles  volunfesrs fuilowdng ascanding repeafed-dose Cyciohator™
inhefesons over § days (Mot the intended
farulation' dewice)
FHPI01 Campaison of the pharmacokinetics of tm actie 2722540 P aller sngle dose
90{2002 melahotite B%207-021 using diferent diclasonide adminis¥etion af MD1 ard
2726510 Claks inheletion devices (2 Utrataters TR wilh dfferent Utfrabater™ (Mot tha
FPhamiacohinetic Studies purtf strenglhy versus the Misterad Cosa inhater) rhended farmulations
davice)
FHPIOS Tepical poleacy of the rew steroid Reciclesonidein 2722511 Safety after topiet (sking
1568095 heatify men compared to placebo srd budesonida. adminizFation (Nol Ihe
2126811 Anclfay rranded ndication)
Sric¥es
FHPOL? Pilot study on ihe effcacy of cidfeconide nasel soray 2722512 Saletyfelficacy after
182/08 efter afergen provecation in subjects with alkergic reranasal administration

272E512 Anciacy
Shudies

2TEESS

2026813 Anciiary
Sludies

FHPG24

25T

2826814 AnciNacy
Siedtes

rhinitis - A réndamized placebo-sontralied, double
biing croscover sludy.

{A o formetion of (atey acid esbavs of tha 272251
cictesoride metsbolte BI20T-021 by husan lung
and luer miczosones a3 comparad Yo budesonida.

A Sterdy to investigale serum semple for metabolte 2722614
itexttication callectad in sludy EQHFHAI21
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This reviewer’s Comments

The following table summarizes the overall content of the clinical pharmacology
and biopharmaceutics information (electronic submission) provided by the sponsor to
support the request for the approval of this NDA. Phase I PK studies were conducted
using a different container closure than that in the to-be marketed formulation. The
impact of this difference in the lung deposition and PK of the drug is not known. The
sponsor will be requested to provide and in vitro and/or in vivo link. It appears that all the
pivotal PK/PD studies were conducted using the to-be marketed formulation. The sponsor
has submitted a reviewable package for this NDA and therefore, there are no filing issues.

Study Tabular Analytical PK/PD Statistical

Title/Description | listing/PKPD method parameters analysis
summary

All PK/PD N N Y N

studies

COMMENT TO THE SPONSOR
* Valves in early Phase I PK studies used a moving bottle emptier, after which a
modification was made to replace the moving bottle emptier with a fixed bottle
emptier in order to improve performance of the product. Please indicate if an in
vitro or/and in vivo link was provided in this submission and the location of it.

RECOMMENDATION

The Office of Clinical Pharmacology and Biopharmaceutics, the Division of
Pharmaceutical Evaluation II (OCPB/DEP-II) has reviewed the NDA package
submission (NDA 21-658) for Ciclesonide received on Dec 22, 2003. The OCPB/DEP-II
is aware of the series of pharmacokinetic, pharmacodynamics and PK/PD population
studies that the sponsor included in this NDA submission. The NDA is filable from a
CPB stand point. The above comment should be conveyed to the sponsor.

Sandra Suarez-Sharp, Ph.D.
Pharmacokinetics Reviewer, DPEIl, OCPB

Concurrence:
Emmanuel Fadiran Ph. D.
Team Leader, DPEIL, OCPB
cc:
HFD-570 Div., Bosken, Gilbert-McClain, Jackson
HFD-870 Malinowski, Hunt, Fadiran, Suarez-Sharp, Wang



Office of Clinical Pharmacology and Biopharmaceutics

New Drug Application Filing and Review Form

General Information About the Submission

Information Information
NDA Number 21-658 Brand Name
OCPB Division (I, I, III) 11 Generic Name Ciclesonide
Medical Division DPADP Drug Class
glucocorticoid
OCPB Reviewer Indication(s)

Sandra Suarez-Sharp

Treatment of asthma

OCPB Team Leader

Emmanuel Fadiran

Dosage Form

MDI

PM Reviewer

Dosing Regimen

Adults and adolescents: 80-

—~
meg ——upto 320 meg
. R
——
Date of Submission Dec 22, 2003 Route of Administration Oral Inhalation
Estimated Due Date of OCPB Review July 22, 2004 Sponsor Aventis, Inc.
PDUFA Due Date . Oct 22, 2004 Priority Classification
Standard
Division Due Date Aug, 2004

Clin. Pharm. and Biopharm. Information

“X” if included | Number of Number of Critical Comments If any
at filing studies studies
submitted reviewed
STUDY TYPE
Table of Contents present and sufficient to X
locate reports, tables, data, etc.
Tabular Listing of AH Human Studies X
HPK Summary X
Labeling X
Reference Bioanalytical and Analytical X
Methods
I. Clinical Pharmacology
Mass balance: 1
Isozyme characterization: 7
Blood/plasma ratio:
Plasma protein binding: X 3
Pharmacokinetics (e.g., Phase I) -
Healthy Volunteers-
single dose: X 10
multiple dose: 6
X
Patients-
single dose: X 1
multiple dose:
Dose proportionality -
fasting / non-fasting single dose: X 3
fasting / non-fasting multiple dose:
Drug-drug interaction studies -
In-vivo effects on primary drug: X 2
In-vivo effects of primary druy: X 2
[n-vitro: X 2
Subpopulation stadies -
cthnicity: X 3




gender:
pediatrics:
geriatrics: X 1
renal impairment:
hepatic impairment: X 1
PD:
Phase 2. X 6
Phase 3:
PK/PD:
Phase [ and/or 2, proof of concept:
Phase 3 clinical trial: X 3
Population Analyses -
Data rich:
Data sparse: X 2
II. Biopharmaceutics
Absolute bioavailability: X 1
Relative bioavailability -
solution as reference:
alternate formulation as reference:
Bioequivalence studies -
traditional design; single / multi dose:
replicate desigp; single / multi dose:
Food-drug interaction studies:
Dissolution:
(IVIVC):
Bio-wavier request based on BCS
BCS class
II1. Other CPB Studies
Genotype/phenotype studies:
Chronopharmacokinetics
Pediatric development plan
Literature References §
Total Number of Studies 54
Filability and QBR comments
“Xif yes
Comments
Reasons if the application is not filable (or an attachment if applicable)
Application filable ? X For example, is clinical formulation the same as the to-be-marketed one?
Comuments have been sent to firm (or attachment included). FDA letter date
Comments sent to firm ? if applicable.
NONE at this time

QBR questions (key issues to be considered)

R A ]

oy

Dose proportionality

Metabolic pathway

[nhibition/induction of drug of CYP enzymes
Drug-drug interaction

Effect of hepatic impairment on PK of drug
Gender, race, age, effect on the PK of the drug
Lung residence time

Pulmonary deposition/systemic BA

Protein binding

Dose-response

Cortisol suppression

QT prolongation

10




Other comments or information not
included above

Primary reviewer Signature and Date

Secondary reviewer Signature and Date

CC: NDA 21-658, HFD-870 (Electronic Entry or Lee), HFD-570 (Yu), HFD-870 (Fadiran, Hunt, Malinowski)), CDR (B. Murphy)




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

Shinja Kim

2/23/04 03:52:59 PM

BIOPHARMACEUTICS

i’m checking this review into DFS on behalf of Sandra Suarez

Emmanuel Fadiran
2/23/04 03:56:37 PM
BIOPHARMACEUTICS

I concur





