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1. EXECUTIVE SUMMARY 
1.1 Recommendation 

The Office of Clinical Pharmacology/ Division of Clinical Pharmacology II (OCP / DCP) has reviewed the 
complete response to NDA 21-658 submitted on July 10, 2007. We found the complete response to the approvable letter 
dated October 21, 2004, acceptable from a Clinical Pharmacology standpoint provided that the sponsor agrees with the 
Agency’s label recommendations. The labeling comments (page 15) and comments listed on section 1.3 below should be 
conveyed to the sponsor as appropriate. 

1.2 Phase IV Commitments 
None 

1.3 Comments to Sponsor 
1.	 The results from the HPA axis suppression in children assessed as part of Study XRP1526B – 343 (A Phase III,
 

multicenter, double-blind, placebo-controlled, non-inferiority study assessing the effects of ciclesonide metered 

dose inhaler 50 µg/day and 200 µg/day (ex-valve) administered once daily on growth in children with mild 

persistent asthma), are not acceptable for the following reasons: 

•	 The criteria for urine volume, creatinine excretion, and collection duration were not met. More than 40% of 

the subjects included in this study had collection of 24 hr urine volume of less that 250 mL. 
•	 Analytical methodology and in-study validation information for the analysis of urinary cortisol was not 

submitted. 
•	 Patient compliance could not be assured. 

2. 	 We recommend that the effect of Alvesco MDI on HPA axis suppression be evaluated in children 4 to 11 years of 
age by assessing 24 hr serum and 24hr urinary free cortisol levels in a dedicated pharmacodynamic study. Please 
submit protocol in a timely manner for Agency’s recommendations. 
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1.4 Comment to Medical Reviewers 
•	 The data and results of HPA axis assessment made as part of the growth study are not acceptable. Please see 

Comments to Sponsor. Therefore, HPA axis data should not be included in the label.  

1.5 SUMMARY OF CLINICAL PHARMACOLOGY 
Alvesco® inhalation aerosol (pMDI) contains ciclesonide, a non-halogenated glucocorticoid delivered as the R-

epimer. Ciclesonide is a pro-drug that is hydrolyzed by esterases to its active metabolite, RM1 (a glucocorticoid). RM1 
has approximately 100-fold greater affinity for the glucocorticoid receptor than the parent drug. Alvesco is proposed for 
the treatment of asthma in adults and years and older. The proposed dosage regimen for Alvesco is: 80 µg BID, 
160 µg BID, 320 µg BID,  depending on use of other drugs for asthma in 
adolescent and adults. The proposed dosage regimen in 

The original NDA submission for Alvesco was received on December 2003. The efficacy and safety of Alvesco® 
in asthma patients was primarily assessed in seven double-blind, placebo-controlled, multicenter studies. The clinical 
pharmacology program contained 44 studies. The original NDA submission was found acceptable from a Clinical 
Pharmacology standpoint1. 

On October 21, 2004, the Agency issued an approvable letter for Alvesco. This letter included mainly Clinical 
and CMC deficiencies (see Clinical and CMC reviews for more detailed information).  The Agency requested the sponsor 
to demonstrate the efficacy of ciclesonide MDI in adults and adolescents with mild to moderate asthma who had been 
treated previously with bronchodilators alone, to demonstrate the efficacy of ciclesonide MDI administered once daily 
relative to the same total daily dose administered twice daily, and to demonstrate the efficacy of ciclesonide MDI in 
patients less than 12 years of age. In addition, further data were required to demonstrate the replicated efficacy of 
ciclesonide MDI at the lower dose of 160 µg QD AM.  

The present submission is a complete response to the approvable letter issued to the sponsor on October 21, 
2004. It contains the results of two new efficacy/safety studies and two Clinical Pharmacology studies (CP-036 and CP­
031). The clinical pharmacology studies are as follows: 

Study CP-036:   an open-label, non-randomized, repeated-dose investigation of the steady state PK of ciclesonide MDI 
(320 µg QD) and active metabolite with and without co-administration of ketoconazole (400 mg QD), a potent CYP3A4 
inhibitor. 

Study CP-031: an open-label, non-randomized, single-dose (320 µg) study to assess the lung deposition of 99mTc-labeled 
ciclesonide MDI in adults with mild asthma. 

Study CP-036 was originally submitted and reviewed as part of NDA 22-004 (Ciclesonide Nasal Spray) on 
December 21, 2005. Ketoconazole had no effect on the PK of ciclesonide, the parent compound. However, the Cmax and 
AUC of RM1 metabolite increased by approximately 2.2 and 3.7 fold after co-administration with ketoconazole, 
respectively.2 

Results from Study CP-031 showed that the percentage of delivered dose from Alvesco MDI was highest in the 
whole lung as compared with the oropharynx, esophagus, stomach, and exhaled air filter. The whole lung deposition 
represented 52.0% of the ex-actuator ciclesonide dose. The 3D SPECT data obtained in the right lung showed the highest 
deposition of ciclesonide in the outermost 2 shells, which comprise small airways and alveoli.  

1 Clinical Pharmacology Review for NDA 21-658 (original submission) entered in DFS on by Dr. Sandra Suarez 
2 Clinical Pharmacology review for NDA 22-004 entered on DFS by Sayed Al-Habet, Ph.D. on 9/8/2006. 
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This submission also included the results of the HPA axis suppression assessed in children 5 to 8 years of age as 
part of a new phase III growth study (XRP1526B - 343) entitled “A Phase III, multicenter, double-blind, placebo-
controlled, non-inferiority study assessing the effects of ciclesonide metered dose inhaler 50 µg/day and 200 µg/day (ex­
valve) administered once daily on growth in children with mild persistent asthma”.  Results showed that the mean change 
from baseline in 10 hr overnight and 24 hr urinary free cortisol at the end of study treatment (12 months) with either 
ciclesonide 50 µg/day or 200 µg/day was not different from placebo. The mean (LS mean) (SE)  differences from 
placebo for the change from baseline in 24 hr urinary cortisol were 0.54 (1.07) µg/day and –0.46 (1.11) µg/day for the 50 
µg/day or 200 µg/day treatments, respectively. The mean percentage change from baseline in 24 hr urinary free cortisol 
was 0% and -7% for the ciclesonide 50 µg/day and 200 µg/day treatments, respectively compared to -2% in the placebo 
group. It is noted that the statistical analysis included the entire data set on cortisol generated in this study and only about 
13% of children enrolled in the study met the criteria for urine volume, creatinine excretion, and collection duration. The 
24 hr urine volume in children 5 to 8 years of age is about 250 to 500 mL, however, more than 40% of the subjects 
included in this study had 24 hr urine volume less that 250 mL. In addition, analytical methodology and validation 
information for the analysis of urinary cortisol were not submitted. Therefore, this study is not acceptable. 

The HPA axis data from two phase 1 studies in adults included in the original submission (Studies XRP1526B­
102 and XRP1526B-103) are reanalyzed to include the change from baseline in 24hr urinary free cortisol uncorrected for 
creatinine. The original clinical pharmacology review (date in DFS) included an analysis of change from baseline in 24hr 
urinary cortisol corrected for creatinine. Study XRP1526B-103 was a randomized, double-blind, double-dummy, placebo-
controlled, parallel group, multiple-dose study. Twenty-four-hour urinary free cortisol was assessed in a total of 59 adults 
with mild asthma who were randomized to 400 µg or 800 µg Alvesco twice daily, placebo or active comparator. At the 
end of 29 days of treatment, the mean (SE) change from baseline in 24 hr urinary free cortisol was  -8.69 (5.6) mcg/day, ­
4.01 (5.03) mcg/day, and -8.84 (5.02) mcg/day for the placebo, Alvesco 800 mcg/day, and Alvesco 1600 mcg/day, 
respectively. The difference from placebo for the change from baseline in 24 hr urinary cortisol was +4.7 mcg/day [95% 
CI: -10.58; 19.93] and –0.16 mcg/day [95% CI: -15.20; 14.89]  for the 800 mcg/day or 1600 mcg/day treatments, 
respectively.  In comparison, the mean (SE) change from baseline in 24 hour urinary cortisol was -8.57 (5.13) mcg/day 
and -14.17 (5.13) mcg/day for the the inhaled corticosteroid comparator 880 mcg/day and 1760 mcg/day, respectively and 
and the difference from placebo was +0.12 mcg/day [95% CI: -15.79; 16.02] and -5.48 mcg/day [95% CI: -20.65; 9.69], 
respectively. 

The adequacy of Study XRP1526B-102 is questionable since mean urinary free cortisol levels at baseline were 
in the range of 1.5 to 1.8 µg/day (normal values range from 10-100 µg/day) and the individual urinary free cortisol for 
placebo treatment range from 0.5 to 4 µg/day at week 12. Therefore, this study is not acceptable. 

A summary of the Clinical Pharmacology findings is described below. The majority of this information has been 
previously reported in the Clinical Pharmacology review for the original submission of this NDA. 

Pharmacokinetics in Healthy Volunteers 
Single Dose 

Following oral inhalation of ciclesonide 360 µg, the mean Cmax of RM1 and ciclesonide occurred at 1.1 hr and 
0.25 hr, respectively. The mean AUCo-∞ of RM1 (1.72 ng*hr/mL) ranged from 2.5- to 3-fold higher than that observed for 
the parent drug. However, the Cmax (0.3 ng/mL) was 3.5-fold lower for RM1. No significant interconversion (<0.6%) of 
R-ciclesonide to S- ciclesonide occurs in vivo. In vivo studies showed that when the same dose (800 µg) of ciclesonide is 
delivered by inhalation from either strength (40, 80, or 160 µg), 90% confidence intervals applied to AUC and Cmax 
geometric mean ratios of RM1 were within 80-125% limit. The systemic exposure (Cmax and AUC) of RM1 was not 
affected by the used of spacer. The post-hoc AUC of RM1 was linear and dose-proportional in the 
range of 40 to 3520 µg. After inhaled administration of 99mTc (technetium)-labeled ciclesonide to healthy volunteers, ex-
actuator lung deposition was 52 ± 11% with mouth-pharynx deposition of 38 ± 14%. Lung deposition did not change in 
asthmatic patients.  

4 



 

 
  

 

 

 
 

 

 

 

 

 
 

  

   

 
  

 

 

 

 

  
 

  
 

Repeat Dose 
The mean Cmax (0.369 ng/mL) and AUC0-∞ (2.18 ng*hr/mL) of RM1 following multiple administration of 

ciclesonide 360 µg QD increased up to 26% compared to those after single dose administration. Time to reach steady-
state was not addressed; however, it is expected to be achieved within 2 to 3 days of repeated once daily dosing. The 
mean accumulation ratio for RM1 was 1.4 (range: 1.1-1.8). RM1 Tmax was similar to that after single dose 
administration. The RM1 half-life increased from 5.2 to 6.7 hrs. The mean RM1 AUC was about 3-fold higher than that 
observed for the parent drug. However, Cmax was similar. Following multiple administration of ciclesonide (250 and 
1000 µg BID), Cmax and AUC of both ciclesonide and RM1 increased proportionally to the dose. 

Bioavailability 
Inhaled bioavailability of ciclesonide + RM1 following inhalation of ciclesonide via MDI was 41%. Absolute 

oral and inhaled bioavailability of ciclesonide (measured as RM1), was 1.1% and 26%, respectively. 

Absorption 
Ciclesonide and RM1 are absorbed fairly rapidly. Based on population PK analysis, KA values ranged from 7.3­

10.8 h-1 across sub-populations (asthmatics, healthy, adults, children, male, female etc.).  

Distribution 
The Vd following IV administration was 207 L and 898 L for ciclesonide and RM1, respectively. Based on 

population PK analysis, RM1 Vd values ranged from 1113.1-1426.8 L across sub-populations. The protein binding for 
RM1 and ciclesonide was higher than 98.5%; however this value should be interpreted with caution because of the 
relatively high non-protein binding reported in the study.  

Elimination 
Following IV administration, the half-lives and plasma clearance of ciclesonide and RM1 were 0.94 hr and 2.8 

hr, and about 152 and 228 L/h, respectively indicating high extraction ratio drugs. Based on population PK analysis, 
mean CL ranged from 267.3-339.7 L/h across tested sub-populations. 

Radioactive ciclesonide was predominantly excreted through the faeces, both after oral (77.9%) and after IV 
(65.95%) administration, indicating that excretion through bile is the major route of elimination. The biotransformation 
of ciclesonide is likely to be catalyzed by an esterase enzyme which has not been identified. It appears that RM1 is the 
major active metabolite that results from the biotransformation of ciclesonide. However, this hypothesis is inconclusive 
since mass balance studies showed that only 20% of total plasma radioactivity corresponds to RM1. In addition, the 
metabolite M9, whose pharmacological potency is unknown, was as abundant as RM1 in plasma samples. The cleavage 
of ciclesonide starts in the lungs where RM1 forms ester conjugates with fatty acids. The biotransformation of RM1 
appears to be predominately catalyzed by CYP3A4 (83%), although CYP2D6 (~30%), and to a lesser extent CYP2C8 
(11%) are also involved. A major involvement of CYP3A4 in the metabolism of RM1 is inconclusive due to 
contradictory findings. RM1 does not produce significant inhibition (<25%) of major cytochrome CYP450 enzymes. The 
potential of ciclesonide to act as an inhibitor of CYP enzymes was not evaluated. Ciclesonide at therapeutic serum 
concentrations is not likely to induce the enzymes tested (CYP1A2, CYP2C9, CYP2C19, and CYP3A4).  

Pharmacokinetics in Asthmatic Patients 
The systemic exposure of ciclesonide and RM1 in asthmatic patients receiving a single dose of ciclesonide 1600 

µg was similar to that observed in healthy subjects. The Cmax and AUC0-∞ of RM1 increased in patients with asthma by 
<12 %. The half-life and Tmax remained unchanged. The Cmax and AUC0-∞  of ciclesonide decreased in patients with 
asthma by <25%. Based on population PK analysis, the estimated CL/F values were 339.7 L, 301 L, and 283 L for 
healthy adults, mild to moderate asthmatics, and severe asthma patients, respectively. 
Pharmacokinetics in Special Populations 
Age, Gender, Weight, Race 

Based on population PK analysis, there were no clinically relevant differences in RM1 pharmacokinetics due to 
race (74% whites, 11% Japanese, 3% Black and 11% others), gender (47% males, 49% females), weight, and age (8% 
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pediatrics, 84% adults, and 3% elderly). The mean AUCpop normalized to 200 µg in children and elderly was similar to 
that in adults (0.82 ng*hr/mL±0.3 and 0.82 ng*hr/mL ± 0.2 vs. 0.76 ng*hr/mL ± 0.4).  

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.  

A meta-analysis of data from healthy young Caucasian and Japanese subjects revealed that the ratio of geometric 
means for Cmax and AUC0-∞ of RM1 following single inhalation of 800 µg ciclesonide yielded point estimates and 90% 
CI of 0.87 (0.77, 0.99) and 0.90 (0.77, 1.05), respectively, indicating no clinically relevant differences in the systemic 
exposure. 

Renal Impairment 
The effect of renal impairment on the PK of ciclesonide and RM1 was not evaluated. The rationale provided is 

that ciclesonide (and RM1) is an inhaled drug with a wide therapeutic index that is mainly eliminated by the hepatic 
and/or biliary route. In addition, plasma protein binding was not altered when plasma from subjects with renal 
impairment was spiked with RM1 (at a concentration of 5.0 ng/mL, the protein binding of RM1 in the predose plasma 
samples varied between 97.5-99%). 

Hepatic Impairment 
The effect of hepatic impairment (HI) on the PK of a single inhaled dose of ciclesonide 1600 µg was examined in 

24 subjects with different degrees of HI (8 healthy, 8 with severe HI and 8 with moderate HI). The Cmax and AUC0-∞ of 
ciclesonide and RM1 in patients with moderate and severe HI increased in the range of 1.4-fold to 2.7 fold compared to 
that in healthy subjects. Also, the T1/2 of RM1 increased in patients with moderate and severe HI by 2.3 hr and 4.6 hr, 
respectively, as compared to that in healthy controls. No dose adjustment is needed in patients with moderate and severe 
HI. Caution should be exercised when administering ciclesonide in patients with severe hepatic impairment. 

Drug/Drug Interactions (DDI) 
In-vitro metabolism studies indicated that RM1 is likely to be metabolized by CYP3A4 although CYP2D6 is also 

involved to a lesser extent. The sponsor did not conduct DDI studies to assess the effect of CYP2D6 inhibitors on the PK 
of ciclesonide. No in vivo DDI studies were conducted with drugs that displace binding to proteins. 

The systemic exposure of ciclesonide and RM1 in healthy subjects receiving a single dose of ciclesonide 800 µg 
was not statistically significantly altered by its coadministration with a single dose of erythromycin 500 mg. The 
arithmetic mean Cmax and AUC0-∞ of RM1 increased in the presence of erythromycin by < 12%.  

The systemic exposure (AUC0-∞ and Cmax) of ciclesonide and RM1 in healthy subjects receiving a single dose of 
ciclesonide 800 µg was not statistically significantly altered (<23 % decreased) when coadministered with a single dose 
of formoterol 24 µg. The cumulative urinary excretion of formoterol was not statistically significantly altered (8% 
decreased) when coadministered with ciclesonide. Based on population PK analysis, the RM1 CL and Vd values were 
similar for subjects with (98 subjects) and without (512 subjects) coadministration of albuterol. 

The systemic exposure (Cmax and AUC) of ciclesonide and RM1 in healthy subjects receiving ciclesonide MDI 
(320 µg QD)  with and without co-administration of ketoconazole (400 mg QD) was evaluated in a multiple dose (7 days) 
study. Ketoconazole had no effect on the PK of ciclesonide. However, the Cmax and AUC of RM1 metabolite increased 
by approximately 2.2 and 3.7 fold after ketoconazole, respectively. 

Dose-Response (Efficacy and Safety) Relationships 
The dose-response relationship of RM1 was evaluated in three adult and two pediatric phase III, efficacy and 

safety studies. The ciclesonide doses evaluated in adults were: 80-, 160- and 320 µg QD for 12 weeks in patients with 
mild to moderate asthma, and 160, and 320 µg BID in patients with severe persistent asthma. The doses evaluated in 
children were 40, 80 and 160 µg QD for 12 weeks in approximately 500 children 4 to 11 years of age (125 per study) 
with persistent asthma.  
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The primary efficacy variable was the change from baseline to Week 12 in FEV1. Suppression of endogenous 
cortisol release (HPA-axis function) was included as one of the safety variables. 

For the efficacy variable considered, significant difference from placebo (p<0.05) was replicated in all doses 
tested in adults, except for the 160 µg/day. At higher doses (BID regimen), there was a trend for better dose-response; 
however, dose-ordering response for efficacy was not observed as has been shown for other glucocorticoids. Ciclesonide 
doses of 320 and 640 µg BID were tested in subjects with persistent asthma requiring oral corticosteroid; however the 
primary end point was other than FEV1. 

The potential systemic effect of Alvesco on HPA axis was assessed in adults with mild asthma in a 29-day 
placebo controlled study.  Twenty-four-hour urinary free cortisol was assessed in a total of 59 adults with mild asthma 
who were randomized to 400 µg or 800 µg ALVESCO twice daily, placebo or active comparator. At the end of 29 days 
of treatment the mean (LS mean) differences from placebo for the change from baseline in 24 hr urinary cortisol were 
+4.7 µg/day and –0.16 µg/day for the 800 µg/day or 1600 µg/day treatments, respectively. The mean percentage change 
from baseline in 24 hr urinary free cortisol were -16 % and -29% for the ciclesonide 800 µg/day and 1600 µg/day 
treatments, respectively compared to -32% in the placebo group.  

Based on population PK/PD analysis using data from phase I and Phase III Studies, there was a trend for higher 
doses of ciclesonide to produce a higher cortisol suppression (13%, 8%, and 49% decrease in serum cortisol AUC for 
doses of 800 to 1200 µg and 1600 µg, and 3520 µg, respectively); however, due to the great variability on the data, a 
clear relationship was not observed. Nevertheless, the degree of cortisol suppression caused by ciclesonide in the range of 
proposed therapeutic doses is not higher than that observed for fluticasone propionate at therapeutic doses for the 
treatment of asthma. It should be noted that if equipotent doses of these two drug products were to be administered, the 
previous statement about ciclesonide causing less cortisol suppression than fluticasone may not hold true. 

No dose-response for efficacy was observed in children. The starting dose in children is uncertain since the effect 
of the 80 µg/day or 160 µg/day dose was not replicated. The extend of HPA axis suppression was assessed in a phase III 
growth study in children 5 to 8 years of age. This study was found not acceptable since the criteria for urine volume, 
creatinine excretion, and collection duration was not met.  

Based on data from one Phase I study (NOT a thorough QT study) in healthy males, RM1 did not significantly 
affect QT or QTc at single doses up to 3520 µg. 

Reviewer 
Sandra Suarez-Sharp, Ph.D. 
Office of Clinical Pharmacology 
Division of Clinical Pharmaceutical Evaluation II 

Final version signed by Qiu Wei, Ph.D., Acting Team leader 
cc 
DCPII:   Sahajwalla, Doddapaneni, Qiu 
HFD-570:  Bosken, Gilbert-MCClain, Chowdhury, Jackson 
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2. QUESTION BASED REVIEW 
This section focuses on a “question base review approach” considering mainly the clinical pharmacology 

information submitted in the complete response. A comprehensive question base review done for the original submission 
can be found in the appendix. 

2.1 What is the effect of ketoconazole on the PK of Alvesco?  
The original submission did not include a DDI with ketoconazole despite the Agency’s 

recommendations during the development phase of Alvesco. Study CP-036 was originally submitted and 
reviewed under NDA 22-004 (Ciclesonide Nasal Spray) on December 21, 2005. This study was an open-label, 
non-randomized, repeated-dose investigation of the steady state PK of ciclesonide MDI (320 µg QD) and active 
metabolite with and without co-administration of ketoconazole (400 mg QD), a potent CYP3A4 inhibitor. 
Ketoconazole had no effect on the PK of ciclesonide. However, the Cmax and AUC of RM1 metabolite 
increased by approximately 2.2 and 3.7 fold after ketoconazole, respectively.1 

2.2 What is the effect of the proposed Alvesco doses on HPA axis suppression in children? 
HPA axis suppression was assessed as part of a phase 3 growth evaluation in children entitled “A Phase 

III, multicenter, double-blind, placebo-controlled, non-inferiority study assessing the effects of ciclesonide 
metered dose inhaler 50 µg/day and 200 µg/day (ex-valve) administered once daily on growth in children with 
mild persistent asthma”. HPA axis suppression was assessed by measuring 10 hr (overnight) or 24 hr free 
urinary cortisol in about 100 children/treatment arm ages 5 to 8 years. Urine samples were collected during the 
last 2 weeks of the run-in period (the qualifying phase) to provide a baseline reference. Samples were collected 
again at the end of double-blind treatment (Visit 13, month 12) and at the follow-up visit (Visit 14). The 24­
hour and 10-hour urinary cortisol endpoints included the change from baseline at Month 12. 

The mean change from baseline in 10 hours (overnight) and 24-hour urine cortisol for ITT population 
are summarized in the Table 2.2.1 and 2.2.2, respectively. A graphic presentation of these mean changes in 10 
hr urine cortisol (corrected for creatinine) and 24 hr urine cortisol (uncorrected for creatinine) at the end of the 
study treatment is provided in the Figure 2.2.1 and 2.2.22, respectively. Results from this study showed that the 
mean change from baseline in 10 hr overnight and 24 hr free urinary cortisol corrected or uncorrected for 
creatinine at the end of study treatment with either ciclesonide 50 µg/day or 200 µg/day was not different from 
placebo. The mean (LS mean) (SE)  differences from placebo for the change from baseline in 24 hr urinary cortisol 
uncorrected for creatinine were 0.54 (1.07) µg/day and –0.46 (1.11) µg/day for the 50 µg/day or 200 µg/day 
treatments, respectively. These results are in agreement with previously reported information in about 32 children 4 
to 11 years of age (Study 341) on change from baseline in 24 hr urinary cortisol following administration of 
ciclesonide 50 µg/day or 200 µg/day for 12 weeks. The mean percentage change from baseline in 24 hr urinary 
free cortisol was 0% and -7% for the ciclesonide 50 µg/day and 200 µg/day treatments, respectively compared to 
– 2% in the placebo group. It is noted that the statistical analysis included the entire data set on cortisol 
generated in this study and only about 13% of children enrolled in the study met the criteria for urine volume, 
creatinine excretion, and collection duration. The average 24 hr urine volume in children 5 to 8 years of age is 
about 250 to 500 mL, however, urine volume collected in this study ranged from 75 mL to 2 L. More than 40% 
of the subjects included in this study had 24 hr urine volume less that 250 mL (Figure 2.2.3). In addition, 
analytical methodology and validation information for the analysis of urinary cortisol was not included. 
Therefore, this study is not acceptable.   
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Table 2.2.1. Change from baseline to end of double-blind treatment period in 10-hour overnight urinary free cortisol 
levels (safety population)* 

CI = confidence interval; LS = least squares; N = safety population at participating sites; SE = standard error.
 
a Baseline means are raw means. b End of double-blind treatment period. 

Differences vs. placebo are calculated as ciclesonide minus placebo
 
*Based on sponsor’s analysis
 

Table 2.2.2. Change from baseline to end of double-blind treatment in 24-hour urinary free cortisol levels (safety 
population)* 

CI = confidence interval; LS = least squares; N = safety population at participating sites; SE = standard error.
 
a Baseline means are raw means.
 
b End of double-blind treatment period Differences vs. placebo are calculated as ciclesonide minus placebo.
 
*Based on sponsor’s analysis
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Figure 2.2.1. Change from baseline in 10 hr overnight urinary free cortisol corrected for creatinine following 1-year administration 
(visit 13) of ciclesonide 50 µg QD (50), ciclesonide 200 µg QD (200) or placebo (0) to asthmatic children. N=97-109. 

Figure 2.2.2. Change  from baseline in 24 hr urinary free cortisol following 1-year administration (visit 13) of ciclesonide 50 µg QD 
(50), ciclesonide 200 µg QD (200) or placebo (0) to asthmatic children. N=71-91 
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Figure 2.2.3. Urine volume collected from children 5 to 8 years of age at baseline (visit 3), end of study (visit 13) and 
follow-up ( visit 14) for 10 hr overnight (UCRWAQ10) and 24 hr (UCREAQ10) urinary free cortisol analysis. Data from 
study 343. 

2.3 What is the effect of Alvesco on HPA axis suppression in Adults? 
The effect of Alvesco on HPA axis suppression in adults asthmatics was assessed in several phase I 

(Study BY9010/FHP012; Study FHP013; Study XRP1526B-102; Study XRP1526B-103; and Study 
BY9010/FK1 107) and phase 3 studies (321 and 322) which evaluated different doses (400 µg/day -3600 
µg/day) and dosage regimens (QD vs. BID). The information from these studies was included and reviewed in 
the original NDA submission for Alvesco1. Studies BY9010/FHP012, FHP013 and BY9010/FK1 107 were 
found not acceptable due to deficiencies in the study design (such as lack of information on urinary free cortisol 
at baseline) and data analysis. A reanalysis of HPA axis information from two phase 1 studies in adults included in 
the original submission (Studies XRP1526B -102 and -103) has been done in here to include the change from 
baseline in 24hr urinary cortisol uncorrected for creatinine. The original review included change from baseline in 
24hr urinary cortisol corrected for creatinine. 

Study XRP1526B-103 was a randomized, double-blind, double-dummy, placebo-controlled, parallel group, 
multiple-dose study. In this study patients were treated with ciclesonide, fluticasone propionate, or placebo twice 
daily for 29 days. Twenty-four-hour urinary free cortisol was assessed in a total of 59 adults with mild asthma who 
were randomized to 400 µg or 800 µg ALVESCO twice daily, placebo or active comparator. At the end of 29 days 
of treatment the mean (SE) changes from baseline in 24 hr urinary free cortisol were  -8.69 (5.6) µg/day , -4.01 
(5.03) µg/day, and -8.84 (5.02) µg/day for the PLB, CIC 800 µg/day, and CIC 1600 µg/day, respectively. The mean 
(LS mean) differences from placebo for the change from baseline in 24 hr urinary cortisol were +4.7 µg/day and – 
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0.16 µg/day for the 800 µg/day or 1600 µg/day treatments, respectively. The mean percentage change from baseline 
in 24 hr urinary free cortisol were -16 % and -29% for the ciclesonide 800 µg/day and 1600 µg/day treatments, 
respectively compared to -32% in the placebo group (Tables 2.3.1 and 2.3.2). 

Table 2.3.1. Analysis of change from baseline in 24 hr  urinary free cortisol (µg/day) at Day 29* 
Change from baseline at Day 29 

Treatment group N Mean Baseline 
(µg/day) 

Adjusted mean 
(µg/day) 

SE 95% CI 

PLB 11 27.31 -8.69 5.6 ( -19.96;  2.58) 

CIC 800 µg/day 12 23.72 -4.01 5.03 ( -14.12; 6.10) 

CIC 1600 µg/day 12 30.09 -8.84 5.021 ( -18.93; 1.25) 

FP 880 µg/day 12 31.87 -8.57 5.13 ( -18.89; 1.74) 

FP 1760 µg/day 12 22.79 -14.17 5.13 ( -24.47; -3.86) 

* Adapted from sponsor’s reported data. 

Table 2.3.2 Analysis of difference from placebo (mean; SE) for 24hr urinary free cortisol change from baseline at Day 
29* 

Change from Baseline at Day 29 
Treatment group Mean difference from 

placebo (µg/day) 
95% CI Percentage change from 

baseline 
PLB -- -32 
CIC 800 µg/day 4.68 (7.6) (-10.58; 19.93) -16 

CIC 1600 µg/day -0.16 (7.5) (-15.20; 14.89) -29 

FP 880 µg/day 0.12 (7.9) (-15.79; 16.02) -27 

FP 1760 µg/day -5.48 (7.6) (-20.65; 9.69) -62 

* Adapted from sponsor’s reported data. 

The highest difference from placebo was observed for the fluticasone 1600 µg/day treatment group. However, a 
conclusion that fluticasone causes greater cortisol suppression can not be drawn since equipotent doses were not tested. 
Although urine volumes were not provided, the 24 hr free cortisol baseline levels were within normal ranges in the adult 
population (10-100 µg/day) suggesting that the criteria for urine volume and creatinine excretion may have been met. 
This study also included the results of low dose cosyntropin stimulation (1 µg) and change from baseline in 24hr serum 
cortisol. The serum cortisol data is not being considered since the decrease trend in cortisol levels observed with Alvesco 
at earlier times was not observed at the end of the treatment (Figure 2.3.1). 
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Figure 2.3.1. Mean change (±SE) in 24-hour serum cortisol AUC from baseline over time. 

Study XRP1526B-102 was a multicenter, randomized, double-blind, double-dummy, placebo-controlled, 
parallel group, multiple-dose study. Twenty-four-hour urinary free cortisol was assessed at week 6 and week 12 in 
a total of 158 adults with mild asthma who received either 400 µg QD, 400 µg BID ALVESCO, placebo or active 
comparator for 12 weeks. At the end of 6 weeks of treatment the mean difference from placebo for the change from 
baseline in 24 hr urinary cortisol were -0.14 µg/day and +0.11 µg/day for the 400 µg QD and 400 µg BID 
treatments, respectively. The mean percentage change from baseline in 24 hr urinary free cortisol were -15.6 % and ­
1.3% for the ciclesonide 400 µg QD and 400 µg BID treatments, respectively compared to -7.7% in the placebo 
group (Tables 2.33 and 2.35). The results at week 12 had the same trend (Tables 2.3.4 and 2.3.5). Urine volumes 
were not provided.  

The adequacy of this study is questionable since mean urinary free cortisol levels at baseline were in the 
range of 1.5 to 1.8 µg/day and the individual urinary free cortisol for placebo treatment range from 0.5 to 4 µg/day at 
week 12. Therefore, this study is not acceptable. 

Table 2.3.3. Analysis of change from baseline in 24 hr  urinary free cortisol (µg/day) at Week 6 
Change from baseline at week 6 

Treatment group N Mean Baseline  
(µg/day) 

Mean (µg/day) SE 95% CI 

PLB 41 1.73 -0.133 0.0998 (1.54-1.92) 
CIC 400 µg/day 40 1.79 -0.28 0.11 (1.59-1.99) 
CIC 800 µg/day 42 1.55 -0.020 0.087 (1.41-1.7) 
FP 800 µg/day 41 1.73 -0.48 0.098 (1.58-1.87) 

Table 2.3.4. Analysis of change from baseline in 24 hr  urinary free cortisol (µg/day) at Week 12 
Change from baseline at week 12 

Treatment group N Baseline mean mean SE 95% CI 
PLB 41 1.73 -0.23 0.097 (1.43-1.85) 
CIC 400 µg/day 40 1.79 -0.19 0.16 (1.56-1.98) 
CIC 800 µg/day 42 1.55 -0.027 0.099 (1.38-1.67 
FP 800 µg/day 41 1.73 -0.8 0.08 (1.52-1.86) 
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Table 2.3.5. Analysis of placebo difference (mean) in 24hr urinary free cortisol change from baseline at Day 29* 

At week 6 At week 12 
Treatment group Difference 

from 
placebo 

Percentage 
change from 

baseline 

Difference from 
placebo 

Percentage 
change from 

baseline 
PLB - -7.7 - -13.3 
CIC 400 µg/day -0.14 -15.6 0 -10.6 
CIC 800 µg/day + 0.11 -1.29 0 -1.74 
FP 800 µg/day -0.35 -27.4 -0.57 -46 

This study also included the results of low dose cosyntropin stimulation and change from baseline in 24hr serum 
cortisol. The serum cortisol data is not being considered also in this study since the decrease trend in cortisol levels 
observed with Alvesco at earlier times was not observed at the end of the treatment just like it was shown in Study 103. 

2.4 What was the degree of pulmonary deposition following inhalation of ciclesonide from the MDI 
device? 

Following single-dose (2 puffs x 160 µg =320 µg) inhalation of 99mTc-labeled ciclesonide MDI in adults 
with mild asthma the percentage of delivered dose was highest in the whole lung as compared with the oropharynx, 
esophagus, stomach, and exhaled air filter (Table 2.3.1). The whole lung deposition represented 52.0% of the ex-actuator 
ciclesonide dose (Table 2.3.3). The 3D SPECT data obtained in the right lung showed the highest deposition of 
ciclesonide in the outermost 2 shells, which comprise small airways and alveoli (see appendix). 

Table 2.3.1. Mean and SD percentage distribution of ex-device (delivered) dose 

Whole lung Oropharynx Oesophagus,  Stomach Exhaled air filter  
52.0 ± 9.0  32.9 ± 13.3  6.2 ± 3.8  5.2 ± 5.3  3.7 ± 3.1  

Table 2.3.2. Percentage distribution of ex-device (delivered) dose 

Oropharynx,  Patient  Exhaled air Whole lung oesophagus, and  number filter  stomach
 

0001 

0002 

0003 

0004 

0005 

0006 

0007 

0008 

0009 

0010 

0011 

0012 

Mean
 52.0 44.3 3.7 
SD 9.0 8.1 3.1 

Median 52.2 44.5 2.9 
N 12 12 12 
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The lung deposition of the ciclesonide HFA-MDI solution aerosol was shown to be about 50 % (mean) 
in healthy volunteers. It could be possible that the lung deposition in patients with asthma be different than that 
in healthy volunteers due to the reduced diameter of their airways. It seems not to be the case with Alvesco. In 
fact, the systemic exposure of ciclesonide and its metabolite, RM1 in asthmatic patients receiving a single dose of 
ciclesonide 1600 µg was similar to that observed in healthy subjects. 

3. LABELING RECOMMENDATIONS 
The following changes (underlined) are recommended for the Clinical Pharmacology/Pharmacodynamic/ 

Pharmacokinetic (section 12) sections of the label:  
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Reviewer’s Remarks 
The following Clinical Pharmacology recommendations (cautionary statements) were made initially 

under the drug interaction and specific populations (hepatic impairment) sections of the labeling: 

During an internal labeling meeting with the medical team, it was determined that the 3-fold increases in 
concentrations under these conditions are not deemed to be a safety concern based on available clinical data. 
Therefore, these cautionary statement were not included in the Alvesco labeling. 
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4. Appendix 
4.1 Individual Study Reports 

"A study to assess the lung deposition of 99mTc labeled ciclesonide administered via the HFA MDI in asthma 
patients - An open, nonrandomized, single dose study (320 µg exactuator corresponding to 400 µg ex-valve)” 

Clinical Study Report no.: 316/2003 
Protocol No.: BY9010/CP-031 
Development Phase of Study:  Phase I 

Introduction 
The lung deposition of the ciclesonide HFA-MDI solution aerosol was shown to be more than 50 % 

(mean) in healthy volunteers. However, it could be possible that the lung deposition of the device is different in 
patients with asthma due to the reduced diameter of their airways. Thus, the characterization of the lung 
deposition of ciclesonide via the HFA-device in the asthma population is of clinical importance.  

Objectives 
• to assess the lung deposition characteristics of 99mTciclesonide inhaled orally via the HFA-MDI in 

patients with asthma 
Secondary: 

• to characterize the single dose pharmacokinetics after inhalation of 99mTc-ciclesonide and 
• To determine the amount of ciclesonide and active metabolite in the oral and pharyngeal region.  
• To investigate the safety and tolerability of 99mTc-ciclesonide. 

Study Population 
A total of 12 patients with asthma (7 men and 5 women) entered and completed the study. 

STUDY DESIGN, TREATMENT AND ADMINISTRATION 
Methods 
This was an open, single dose (2 puffs of 160 mcg each), non-randomized study without control group. The 
study consisted of a screening visit, a study day, where the deposition characteristics and PK after administration 
of orally inhaled 99mTc-ciclesonide were investigated, and a post-study examination. During the course of the 
study day, blood and mouth rinsing samples were taken for PK analysis and scintigraphic images were acquired 
for lung deposition characterization. Blood samples for the PK evaluation were taken pre-dose and at the 
following times after inhalation: +15 min (+0.25 h), +30 min (+0.5 h), +45 min (+0.75 h), +60 min (+1 h), +90 
min (+1.5 h), +120 min (+2 h), +3 h, +4 h, +5 h, +6 h, +8 h, +10 h, +12 h, and +14 h. The samples were 
analyzed by using a validated LC/MS/MS assay. The lower limit of quantitation (LLOQ) for the active 
metabolite (B9207-021) was 10 pg/mL, the LLOQ for the parent compound (B9207-015) was 25 pg/mL. Mouth 
rinsing was performed at approximately 7 to 12 min post-dose (i.e. directly after the oropharyngeal imaging) 
using 2-times 30 mL of a 50% (v/v) aqueous/ethanolic solution, which was expelled into a sampling tube. 

Patients were able to leave the clinical unit on the study day after completion of study specific 
procedures at 14 h post-dose. The primary variables were analyzed from gamma scintigraphic image data (2D) 
to assess whole lung deposition, oropharyngeal deposition, and radioaerosol in exhaled air (given as percentage 
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Table 1. Percentage of the ex-device (delivered) dose deposited in the 6 lung 
regions (2D analysis) and in the whole lung 
Patient 2D Lung region  Whole 
number 1 2 3 4 5 6 lung 
0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 
Mean 14.8 6.9 8.3 9.1 8.0 5.0 52.0 
SD 3.2 1.5 1.4 1.7 1.7 1.0 9.0 
Median 15.0 7.0 8.5 8.9 7.6 4.8 53.2 
N 12 12 12 12 12 12 12 

 
  

 

  
    

  

  

    
    
    
    
    
    
    
    
    

of ex-actuator dose) as lung penetration profiles and dose percentage within 6 concentric lung-shaped regions. 
Single Photon Emission Computed Tomography (SPECT) images in 3D were analyzed to quantify deposition in 
6 concentric lung shaped shells centered on the hilum. 

Test Drugs 
• 99tmCiclesonide HFA-MDI 320 µg (2 puffs of 120 µg each), ex-actuator batch number 131299 

RESULTS 
Scintigraphic Analysis 
Two-dimensional Analysis 
The results of the 2D analysis are presented in Table 1-2. The summary data for the distribution of the ex-device 
(delivered) dose are presented below in Table 3. 

Table 2. Percentage distribution of ex-device (delivered) dose 

Patient 
number Whole lung 

Oropharynx,  
oesophagus, and  

stomach 

Exhaled air 
filter  

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
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0010 
0011 
0012 
Mean 52.0 44.3 3.7 

SD 9.0 8.1 3.1 
Median 53.2 44.5 2.9 

N 12 12 12 

Table 3. Mean and SD percentage distribution of ex-device (delivered) dose 

Whole lung Oropharynx Oesophagus,  Stomach Exhaled air 
filter  

52.0 ± 9.0  32.9 ± 13.3  6.2 ± 3.8  5.2 ± 5.3  3.7 ± 3.1  

The percentage of delivered dose was highest in the whole lung compared with the oropharynx, 
esophagus, stomach, and exhaled air filter. The whole lung deposition represented 83/160 µg (52.0%) of the ex-
actuator ciclesonide dose. A total of 32.9% was recorded in the oropharynx, 6.2% in the esophagus, and 5.2% in 
the stomach. 

Three-dimensional Analysis 
Analyses of the 3D data in 6 concentric shells of the right lung are presented in Table 4. Thus, deposition 

of ciclesonide was greater in the outer shells than for the inner shells of the lungs. The highest deposition was in 
the two outmost shells (shells 5 and 6). 

Table 4. Mass of drug deposited in each shell (µg per puff) 

Patient 
number 

Shell Total mass 
in the right 

lung 
(µg)1 2 3 4 5 6 

0001 
0002 
0003 
0004 
0005 
0006 
0007 
0008 
0009 
0010 
0011 
0012 

47.2 
43.0 
46.1 
54.2 
61.3 
43.7 
35.4 
49.0 
44.0 
31.7 
34.7 
32.2 

Mean 0.3 2.9 7.3 8.8 11.5 12.8 
SD 0.3 1.3 2.8 2.6 2.6 2.7 
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Pharmacokinetics 
The mean PK parameters of ciclesonide and its metabolite are shown in Table 5. Figure 1 shows the 

mean concentration-time profile of ciclesonide and its metabolite following single administration of the 
radiolabel compound. Maximum serum concentrations of the parent compound ciclesonide (B9207-015) were 
attained at the first available blood sampling time point at 0.25 h; at this time point, the mean Cmax value was 
1.361 µg/L. After inhalation, the distribution and elimination of B9207-015 was fast. The mean t1/2 as 
estimated from serum concentration between 1.0 h after inhalation and the last concentration that was above 
LLOQ resulted in values of about 0.57 h. The maximum serum concentrations of the active metabolite were 
attained mostly at about 1 h after ciclesonide inhalation and individual Cmax spanned the range between 0.282 
and 0.684 µg/L. The mean Cmax value of the active metabolite was 0.406 µg/L. For the active metabolite 
(B9207-021), the mean elimination t1/2 was 6.02 h; the AUC(0,inf) had a mean value of 1.87 µgxh/L. 

The parent compound ciclesonide and the main pharmacologically active metabolite were detected in all 
mouth rinsing solutions obtained at 8.9 min mean time point. At this time, the mean concentration of 
ciclesonide) was 118.7 µg/L and of active metabolite 18.6 µg/L. Molar concentrations are used to allow 
evaluations. The active metabolite represent on average 14.9% of the total molar concentration detected in the 
mouth rinsing solutions.  

Table 5. Pharmacokinetic characteristics of the parent compound ciclesonide (B9207-015) 
and the active metabolite (B9207-021) in serum of 12 asthma patients after a single 
inhalation of ciclesonide 320 µg 

Compound  Mean  SD SEM  Median  min  max Geom. 
Mean  

68%-range 

AUCinf (µgxh/L] 

B9207-015 
B9207-021 

0.68 
1.87 

0.26 
0.66 

0.07 
0.20 

0.60 
1.66 

0.44 
1.36 

1.32 
3.63 

0.65 
1.79 

0.47 
1.34 

0.90 
2.39 

Cmax[µg/L] 

B9207-015 
B9207-021  

1.361 
0.406 

0.526 
0.108 

0.152 
0.031 

1.221 
0.407 

0.664 
0.282 

2.540 
0.684 

1.276 
0.395 

0.881 
0.309 

1.849 
0.504 

tmax[h] 

B9207-015 
B9207-021 

0.25 
0.94 

0.00 
0.39 

0.00 
0.11 

0.25 
0.88 

0.25 
0.50 

0.25 
1.50 

t1/2[h] 

B9207-015 
B9207-021 

0.57 
6.02 

0.08 
1.55 

0.02 
0.47 

0.56 
5.88 

0.46 
3.88 

0.76 
8.52 

0.56 
5.84 

0.50 
4.48 

0.64 
7.60 
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Figure 1. Mean (SEM) serum concentrations of the parent compound ciclesonide (B9207-015) and the active metabolite 
(B9207-021) in 12 asthma patients after inhalation of 320 µg ciclesonide. 

Conclusions 
•	 The 2D gamma scintigraphy data showed high deposition of ciclesonide in the whole lung of asthmatics 

(83 mg from a 160 mg ex-actuator dose of ciclesonide, representing 52.0% of the exactuator dose).  
•	 The 3D SPECT data were based on the evaluation of the right lung. Of the 6 concentric shells of the 

lung, the outermost 2 shells (which comprise small airways and alveoli) showed the highest deposition 
of ciclesonide. 

•	 Data from this study revealed very similar pharmacokinetics in serum compared with previous studies 
using a dose of 320 µg. 

•	 The investigation of the mouth rinsing samples showed that the activation of the ciclesonide within the 
upper oropharynx was low. Only 14.9% of the active metabolite was present in mouth rinsing solutions 
as compared with the molar sum of ciclesonide and active metabolite.  

•	 The mean oropharyngeal deposition of inhaled ciclesonide was 32.9% (scintigraphy data). 
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"A Phase III, multicenter, double-blind, placebo-controlled, non-inferiority study assessing the effects of 
ciclesonide metered dose inhaler 50 µg/day and 200 µg/day (ex-valve) administered once daily on growth in 

children with mild persistent asthma” 

Protocol No.: XRP1526B - 343 

Development Phase of Study: Phase III 
Study Initiation Date: 29 December 2000 
Study Completion Date: 15 September 2004 

Objectives 
Primary: To determine if ciclesonide metered dose inhaler (MDI) 50 µg/day or 200 µg/day (exvalve) (40 
µg/day or 160 µg/day [ex-actuator]) administered once daily in the morning is noninferior to placebo with 
respect to growth velocity in children with mild persistent asthma following a 12-month treatment period. 
Secondary: To investigate changes in growth in terms of bone age (wrist X-ray), and to investigate maintenance 
of asthma control and safety, after administration of ciclesonide MDI 40 µg/day or 160 µg/day (ex-actuator), 
compared to placebo. 

One of the secondary endpoints was the assessment of HPA axis suppression by measuring 10 hr or 24 
hr free urinary cortisol in children 5 to 8 years of age. This report summarizes the finding of this study in terms 
of HPA axis suppression only. 

Study Design 
This was a randomized, double-blind, parallel-group study including 2 dose groups of ciclesonide, 40 

µg/day or 160 µg/day (ex-actuator), and a matching placebo group. Following a 6-month run-in period, eligible 
subjects were randomized to one of the 3 treatment groups. The dosages within these groups were fixed for the 
duration of the study. All subjects also received albuterol to be used as needed throughout the study. 

The study consisted of 3 periods: run-in (including screening/baseline and qualification phases), double-
blind treatment, and follow-up. The run-in period consisted of a 6-month observation period during which 
stadiometer measurements were collected.  
Subjects who met the enrollment criteria were then randomized to approximately 12 months of double-blind 
treatment. This period included periodic clinic visits to perform stadiometry and collect safety information.  

Population 
A sample size of 135 subjects (Females aged 5 to 7.5 years and males aged 5 to 8.5 years at screening) 

per treatment (i.e., a total of 405 subjects) was required for the primary analysis of growth velocity. A total of 
661 subjects were randomized to receive double blind treatment so as to ensure at least 405 evaluable subjects. 

Pharmacodynamic data 
24-hour urinary cortisol and 10-hour overnight cortisol tests 

A total of 39 study sites were assigned to conduct 24-hour urine cortisol tests, and 36 sites were assigned 
to conduct 10-hour overnight urine cortisol tests (5 sites conducted both types of test). 

Urine samples were collected in about 100 patients per treatment arm during the last 2 weeks of the run-
in period (the qualifying phase) to provide a baseline reference. Samples were collected again at the end of 
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double-blind treatment (Visit 13) and at the follow-up visit (Visit 14).Urine cortisol values were analyzed as 
corrected and uncorrected for creatinine clearance. 

Statistical analysis of 24-hour and 10-hour overnight urinary cortisol endpoints was based on the safety 
population. Tables of descriptive statistics at relevant visits were generated for 24-hour urinary cortisol 
corrected for creatinine, for 10-hour urinary cortisol corrected for creatinine, for 24-hour urinary free cortisol, 
and for 10-hour urinary free cortisol. Descriptive statistics were computed using the observed data. The analysis 
of change from baseline to end of double-blind treatment for these 4 endpoints at Visit 13 was conducted using 
an ANCOVA model that included terms for treatment, center (pooled), gender, age, baseline growth velocity, 
and the corresponding baseline cortisol variable. 

Logarithmic transformation was applied to the dependent variable and all covariates in the ANCOVA 
model for pairwise treatment comparison and estimation of the 95% confidence interval for the geometric mean 
ratio for 24-hour urinary free cortisol and 10-hour urinary free cortisol. Resulting estimates and confidence 
interval limits were exponentiated in order to obtain adjusted means and confidence intervals. For each pairwise 
treatment comparison, a two-sided 95% confidence interval was constructed for the difference in least-squares 
means and ratios of geometric means. 

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 
According to the sponsor, the treatment compliance in this study was high. Overall, the percentage of 

subjects with a compliance of >85% was slightly higher in the placebo group (99.1%) than in the ciclesonide 
groups (ciclesonide 40 µg, 93.7%; ciclesonide 160 µg, 96.8%). However, compliance can not be assured since 
systemic exposure was not assessed. 

Refer to the MO’s review for discussion on the results of growth suppression. Analysis of mean change 
from baseline in 10 hours and 24-hour urine cortisol for ITT population are summarized in the Table 1 and 2, 
respectively. A graphic presentation of these mean changes in 10 hr urine cortisol (corrected for creatinine) and 
24 hr urine cortisol (uncorrected for creatinine) at the of the study treatment is provided in the Figure 1 and 2, 
respectively. Mean 24-hour urinary free cortisol levels (corrected and uncorrected for creatinine) remained 
relatively unchanged between baseline and end of double-blind treatment in all 3 treatment groups, and there 
was no statistically significant difference between either ciclesonide group and placebo. These results are 
consistent with the geometric mean data for 24-hour urinary free cortisol levels 
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Table 1.  Change from baseline to end of double-blind treatment in 24-hour urinary free cortisol levels (safety 
population) 

CI = confidence interval; LS = least squares; N = safety population at participating sites; SE = standard error.
 
a Baseline means are raw means.
 
b End of double-blind treatment period Differences vs. placebo are calculated as ciclesonide minus placebo. 


Table 2. Change from baseline to end of double-blind treatment period in 10-hour overnight urinary free cortisol levels 
(safety population) 

CI = confidence interval; LS = least squares; N = safety population at participating sites; SE = standard error.
 
a Baseline means are raw means. b End of double-blind treatment period. 

Differences vs. placebo are calculated as ciclesonide minus placebo
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Figure 1. Change from baseline in 10 hr overnight urinary free cortisol corrected for creatinine following 1-year administration (visit 
13) of ciclesonide 50 µg qd (50), ciclesonide 200 µg qd (200) or placebo (0) to asthmatic children. N=97-109. 

Figure 2. Change  from baseline in 24 hr urinary free cortisol following 1-year administration (visit 13) of ciclesonide 50 µg qd (50), 
ciclesonide 200 µg qd (200) or placebo (0) to asthmatic children. N=71-91 
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SUMMARY OF FINDINGS 
•	 The mean change from baseline in 10 hr urine free cortisol corrected or uncorrected for creatinine at the 

end of study treatment with ciclesonide 40 µg/day or 160 mcg/day was not different from placebo. 
Following administration of ciclesonide 40 mcg/day, the mean percentage change from baseline in 10 hr 
urine cortisol was +30% and -5% for the uncorrected and corrected values, respectively. Following 
administration of ciclesonide 160 mcg/day, the mean percentage change from baseline in 10 hr urine 
cortisol was -1% and -15% for the uncorrected and corrected values, respectively. 

•	 The change from baseline in 24 hr urine free cortisol corrected or uncorrected for creatinine at the end of 
study treatment with ciclesonide 40 µg/day or 160 µg/day was not different from placebo. Following 
administration of ciclesonide 40 mcg/day, the mean percentage change from baseline in 24 hr urine 
cortisol was 3% and -9% for the uncorrected and corrected values, respectively. Following 
administration of ciclesonide 160 mcg/day, the mean percentage change from baseline in 24 hr urine 
cortisol was -7% and -13% for the uncorrected and corrected values, respectively. 

•	 The change from baseline in 10 hr and 24 hr urine free cortisol corrected or uncorrected for creatinine at 
the end of study treatment with Placebo ranged from -10 to +23%. 

GENERAL COMMENTS 
•	 The sponsor did not provide data for the validation of the analytical method used to analyze cortisol. 
•	 The following individual values were not included in the present submission: 

o	 10 hr urinary free cortisol uncorrected for creatinine baseline values  
o	 Change from baseline in 10 hr urinary free cortisol uncorrected for creatinine 
o	 24 hr urinary free cortisol corrected for creatinine baseline values  
o	 Change from baseline in 24hr urinary free cortisol corrected for creatinine 

CONCLUSION 
Ciclesonide given at either 40 mcg or 160 mcg/day to children older than 4 years olds appears not to 

affect their HPA axis function. It should be noted however, that the statistical analysis included the entire data 
set on cortisol generated in this study and only about 13% of patients met the criteria for urine volume, 
creatinine excretion, and collection duration originally set for adults.  Therefore, this study is not acceptable. 
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Name of Ingredient Quantity (% w/w) 
160 µg inhaler 

Quantity (% w/w) 
80 µg inhaler 

Quantity (% w/w) 

Ciclesonide 
Dehydrated Alcohol, 
HFA-134a 
Total quantity 

 

 

  
 

 

4.2 Question based review for original submission  
2.1 General Attributes 
2.1.1 What are the highlights of the chemistry and physico-chemical properties of the drug substance and 
formulation of the drug product? 

The active component of ALVESCO Inhalation Aerosol is ciclesonide, a non-halogenated glucocorticoid 
delivered as the R-epimer. 

Chemical name: 
pregna-1,4-diene-3,20-dione,16,17-[[(R)-cyclohexylmethylene]bis(oxy)]-11-hydroxy-21-(2-methyl-1-oxopropoxy)­
(11β,16α). 

Structural formula: 

Molecular formula:  C32H44NO7 

Molecular weight:  540.7 
Solubility:  Ciclesonide is a white to yellow-white powder. It is soluble in dehydrated alcohol, acetone, 

dichloromethane, and chloroform. 

FORMULATION  
Alvesco , 80-, and 160 µg Inhalation Aerosol, are pressurized, metered-dose aerosol units intended for oral 

inhalation only. Each unit contains a solution of ciclesonide in propellant HFA-134a (1,1,1,2 tetrafluoroethane) and 
ethanol.  ALVESCO 80 µg 
delivers 100 µg from the valve and 80 µg of ciclesonide from the actuator. Alvesco 160 µg delivers 200 µg from the 
valve and 160 µg of ciclesonide from the actuator. This product delivers 50 microliters (59.3 milligrams) of solution as a 
fine particle mist from the valve with each actuation. 

Table 1. Composition of Ciclesonide 160-, 80-, and  Inhaler 

2.1.2 What are the proposed mechanism(s) of action and therapeutic indication(s)? 
Mechanism of Action:  

Ciclesonide is a pro-drug that is hydrolyzed by esterases to its active metabolite, RM1 (a glucocorticoid), which 
has approximately 100-fold greater affinity for the glucocorticoid receptor than the parent drug. According to the sponsor, 
RM1 has potent anti-inflammatory activity with affinity for glucocorticoid receptors that is 12 times greater than 
dexamethasone.  
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The precise mechanism of corticosteroid action in asthma is unknown. Inflammation is recognized as an 
important component in the pathogenesis of asthma. Corticosteroids have been shown to have a wide range of inhibitory 
activities against multiple cell types and mediators involved in allergic- and non-allergic mediated inflammation. These 
anti-inflammatory actions of corticosteroids may contribute to their efficacy in asthma. 

INDICATION (as per proposed label) 
Alvesco is indicated for the maintenance treatment of asthma as prophylactic therapy in adult and 

patients years of age and older. 

. Alvesco is NOT indicated for the relief of acute bronchospasm. 


2.1.3 What are the proposed dosage(s) and route(s) of administration? 
The proposed route of administration is by oral inhalation. 

DOSAGE AND ADMINISTRATION (as per proposed label) 

Recommended 
Starting Dose 

Highest 
Recommended Dose 

Adults and Adolescents: 

Bronchodilators alone 

Inhaled Corticosteroids  
Inhaled Corticosteroids 320 mcg twice daily 
Oral Corticosteroids 320 mcg twice daily 320 mcg twice daily 

2.2 General Clinical Pharmacology 
2.2.1 What efficacy and safety information (e.g., biomarkers, surrogate endpoints, and clinical endpoints) 
contribute to the assessment of clinical pharmacology data? 

The primary efficacy variable in the pivotal efficacy studies was the change from baseline to Week 12 (or end of 
study) in FEV1 (forced expiratory volume in one second) in adults and adolescents, or in FEV1 percent predicted in 
children. Although FEV1 is a well established and validated clinical endpoint of efficacy in asthma, it does not, by itself, 
fully describes the level of overall asthma control. Therefore, key secondary endpoints reflecting asthma control, 
including AM PEF (morning peak expiratory flow), symptom scores, and rescue β2-agonist use, were measured. Since 
systemic absorption of inhaled drugs is the result of pulmonary and gastrointestinal absorption, and because there is 
uncertainty about the site of absorption along the respiratory tract/airways, plasma concentrations cannot be correlated to 
efficacy (FEV1). 

One of the major systemic side effects of therapeutic corticosteroids is the suppression of endogenous cortisol 
production. In the case of topical corticosteroid therapy such as in the lungs, it is attempted to minimize the systemic 
contribution by the absorbed corticosteroids in favor of primarily local effects. In this case, the suppression of 
endogenous cortisol release (HPA-axis function) assessed by cortisol concentrations measurements is a suitable marker to 
quantify the degree of systemic steroid activity of a drug. Ciclesonide however, showed no clear dose dependency (doses 
ranging from 360- to 1600µg/day) in serum cortisol levels measured as AUC 0-24h. 

2.2.2 What is the basis for selecting the response endpoints, i.e., clinical or surrogate endpoints, or biomarkers 
(also called pharmacodynamics, PD) and how are they measured in clinical pharmacology and clinical studies? 
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The basis for selecting the response endpoints was described in the previous question. The change from baseline 
to Week 12 in FEV1 was measured prior to the morning dose (i.e., trough measurement) at the end of the 24-h dosing 
interval. Spirometry was performed according to standards for adults, adolescents, and children [1995 ATS 
Standardization of Spirometry guidelines]. 

As regards to cortisol suppression, the marked circadian rhythm in cortisol release makes the precise 
quantification of this cortisol suppression quite complex and therefore there is not a clear cut consensus about the ideal 
method for determining the effect on HPA-axis function. Suppression of endogenous cortisol release (HPA-axis function) 
was assessed by determining the AUC0-24h serum cortisol corrected or uncorrected for baseline, 24 hr urine cortisol 
excretion corrected and uncorrected for creatinine, and peak cortisol levels following cosyntropin stimulation relative to 
placebo administration in either case. 

2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately identified and measured to 
assess pharmacokinetic parameters and exposure response relationships?  

Yes. Concentrations of ciclesonide and RM1 were determined in serum samples from all human pharmacokinetic 
studies using  HPLC with tandem mass spectrometric detection (LC/MS/MS) 
with lower limits of quantification (LLOQ) of 25 pg/mL and 10 pg/mL for ciclesonide and its metabolite, respectively. 
The upper calibration limit for both analytes was 2000 pg/mL.  

For Phase I studies, quantitative assay of serum cortisol was measured using a commercially available 
fluorescence polarization immunoassay. The lower limit of quantitation was 2.5 µg/dL (25 ng/mL). For Phase III studies, 
quantitative assay of serum cortisol was conducted using radio immunoassay (RIA). The LLOQ was 20 nM. See 
analytical section for details. 

2.2.4 Exposure Response 
2.2.4.1 What are the characteristics of the dose-systemic exposure relationships for efficacy? 

As mentioned before, plasma concentrations cannot be correlated to efficacy for inhaled drugs. In the case of 
dose-response for efficacy, dose-ordering was not observed at lower doses. Studies 321 and 322 evaluated the efficacy, 
safety and dose response of ciclesonide 80-, 160- and 320 µg/day QD for 12 weeks in patients with mild to moderate 
asthma. In study 321, the middle dose had a lower mean change from baseline in FEV1 values compared to the other 2 
doses (Figure 1), while in study 322 the middle dose had the highest value in delta FEV1. At higher doses (BID regimen), 
there was a trend for better response (Table 2, Figure 2); however no clear dose-response relationship was observed as 
has been shown for other glucocorticoids. According to the sponsor, all doses tested were significantly different from 
placebo (p<0.05), except the 160 µg dose in Study 321. 
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Figure 1. Change from baseline in FEV1 (L) as a function of visit [time 4 (week 1), time 5 (week 2), time 6 (week 4), time 7 (week 8), time 8 (end point), time 999 
(week 12)] following once daily administration of the treatments (ciclesonide 80, 160, and 320 µg QD) in adult patients with mild persistent to moderate persistent 
asthma (n=125 per treatment group). Data from study 321. 

Figure 2. Change from baseline  in FEV1 (L) as a function of visit [time 4 (week 1), time 5 (week 2), time 6 (week 4), time 7 (week 8), time 8 (end 
point), time 999 (week 12)] following administration of the treatments (0=PLB; 200=ciclesonide 160 µg BID; 400= 320 µg BID;  and 440= FP 440 
BID) in adult patients with severe persistent asthma (n=125 per treatment group). Data from study 323/324. 
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Table 2 - Change from baseline to Week 12 in FEV1 (L) – ITT population following administration of the treatments (ciclesonide  160-, and 320 µg 
BID and FP 440 BID) in adult patients with severe persistent asthma (n=125 per treatment group) (Study 323/324) (data reported by the sponsor) 

2.2.4.2 What are the characteristics of the dose-systemic exposure relationships for safety? 
The existence of dose-response (HPA-axis function/cortisol suppression) relationship based on Phase I/II studies 

(doses tested ranged from 400 – 1600 µg /day) is difficult to be established due to the great variability on the data and 
because of the inconsistency on the method used to assess/calculate the degree of cortisol suppression. In general, there 
appears not to be a relationship between dose and degree of cortisol suppression in this range of doses tested (conclusion 
from studies 102, 49-2000, and 013). Study (FHP009) was the only study that showed a clear dose dependency decrease 
in cortisol levels measured as AUC0-24h/24 hr serum cortisol (single doses of: 400, 1200, and 3600 µg ex-valve) (Table 3). 

Table 3. Geometric means and point estimates for AUC 0-24h/24 serum cortisol levels following single and multiple administration of the 
treatments in healthy volunteers (from study FHP009) 

Treatment Reference Serum Cortisol (µg/dL) 
(Dose) (Dose) Geometric mean PS (90% CI) 
400 µg placebo 9.8 0.94 

(0.85-1.05) 
1200 µg placebo 8.8 0.83 

(0.76-0.92) 
3600 µg placebo 7.3 0.62 

(0.56-0.69) 
Placebo  10.6 
250 µg bid placebo 10.2 1.11 

(1.03-1.2) 
1000 bid placebo 7.9 0.92 

(0.85-0.99) 
placebo  8.9 

Data from four phase III studies (studies 321, 322, 323/324: range of doses 80- to 640 µg/day) showed no 
correlation between dose and degree of cortisol suppression (see Table 4). 
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Table 4 - Change from baseline to Week 12 in low-dose peak serum cortisol levels (from study 323/324) 

Based on population pharmacokinetic/pharmacodynamic analysis using data from Phase I and Phase III studies, 
there was a trend for higher doses of ciclesonide to produce a higher cortisol suppression (13%, 8%, and 49%  in cortisol 
AUC for doses of 800 to 1200 µg and 1600 µg, and 3600 mg, respectively); however, due to the great variability in the 
data, a clear relationship was not observed (Figure 4).  

The direct effect of individual predicted systemic RM1 concentrations on cortisol concentrations at a given time 
was assessed with an Emax model. When  Emax was fixed to 100%, EC50  (RM1 concentration to produce 50% of the 
maximum suppression) for ciclesonide was 1.96 ng/mL. This EC50 value is similar to the 90th percentile of RM1 
concentrations for the 1600 µg dose. When Emax was estimated using a direct Emax model, the EC50 value was 
estimated to be 0.59 ng/mL and the Emax value was estimated to be 41%. This means that in the range of doses studied 
(up to 3520 µg) the maximum suppression of cortisol with ciclesonide is 41% and the EC50 is similar to the mean Cmax 
of RM1 observed following 1600 µg (maximum therapeutic dose) administration of ciclesonide (0.875 ng/mL, from study 
56E/99). Refer to section 2.3.1.2 for efficacy- and safety-relationships in children. 

Figure 4. Effect of RM1 AUC0-24h on cortisol concentrations (data from population PK/PD analysis). 
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2.2.4.3 Does this drug prolong the QT or QTc interval? 
Based on data from one Phase I (NOT thorough) study, RM1 did not significantly affect QT or QTc at single 

doses up to 3520 µg. This data should be interpreted with caution since it is based on single dosing, male subjects, and 
lack of robustness of the data provided. 

Table 5 shows the statistics about QTb change from baseline as a function of time following single 
administration of ciclesonide. ECGs (12-lead) were recorded at -1 day, predose, 1 h, 6 h, 12 h and 23.5 h after morning 
inhalation in 12 healthy males (Study 117E/97). A summary of the findings from this study are as follows: 

•	 The maximum mean QT change from baseline using Bazett’s correction was observed at 23.5 hrs post 
administration for the placebo group (3.8 msec).  

•	 There were 2 subjects from the placebo group, one subject in the 320 µg dose and one subject in the 3520 µg 
dose whose QTb change from baseline was greater than 30 msec. The highest QTb individual change from 
baseline was 53 msec following placebo treatment. 

•	 The highest QTb absolute value was 447.12 following placebo treatment 
•	 The mean of maximum QTb change from baseline was highest for the placebo group (10.05 msec ± 16) 

Table 5. Mean (SD) QTb change from baseline as a function of dose and time following ciclesonide administration (Data from study 
117E-97) (n=12 males) 

Time Delta QTc (msec) Based on Bazett’s correction 
Placebo 320 1200 3520 

0 0 (2.3) 0 (1.8) 0 (7.3) 0 (4.48) 
1 1.28 (10.2) 1.4 (4.7) -2.7 (6) 0.84 (6.6) 
6 -1.9 (8.2) 2.5 (4.3) -0.4 (6) 2.8 (8.5) 

12 -3.6 (8.6) 1.3 (4) -1.6 (5) -2.1 (10.9) 
23.5 3.8 (15.9) 2.9 (15.9) -1.6 (10.9) 0.7 (11.9) 

maximum 3.8 2.9 0 2.8 

2.2.4.4 Are the dose and dosing regimen consistent with the known relationship between dose-concentration­
response, and are there any unresolved dosing or administration issues? 

2.2.5 What are the PK characteristics of the drug and its major metabolite? 
2.2.5.1 What are the single dose and multiple dose PK parameters? What are the characteristics of drug 
distribution? How do the PK parameters change with time following chronic dosing? 
Single Dose 

In general, the systemic concentrations of ciclesonide were variable or transient following inhaled administration. 
Ciclesonide was not detected in plasma at inhaled doses lower than 400 µg/day. On the other hand, the PK of RM1 were 
well characterized and predictable.  

The pharmacokinetics of RM1 were investigated in 15 healthy volunteers after single oral administration of 
ciclesonide (10 mg) as powder capsules, single oral inhalation of 1600 µg, ciclesonide via the MDI, and single 
intravenous administration. Table 6 summarizes the PK parameters for ciclesonide and RM1. 

Following oral administration, the concentration of ciclesonide was detected only in 4 samples of two volunteers, 
with concentrations being close to the LOQ. The clearance of ciclesonide (152 L/h) and the apparent clearance of RM1 
(228 L/h) exceeded the hepatic blood flow, suggesting a high extraction ratio drugs. The Vd of ciclesonide (2.9 L/kg) and 
the apparent volume of distribution of RM1 (12.1 L/kg) exceeded the total body water volume in humans (0.6 L/kg).  
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The protein binding for RM1 was higher than 98.5%; however this value should be interpreted with caution 
because of the relatively high non-protein binding reported in the study and because the hematocrit reported was much 
lower than normal blood. The protein binding of ciclesonide appears to be (98.9 to 99.8%) in various species including 
humans. 

Inhaled relative bioavailability of ciclesonide + RM1 following inhalation of ciclesonide via MDI was 41 %. 
Absolute oral and inhaled bioavailability of RM1, was 1.1% (n=10) and 26% (n=6), respectively. 

Table 6. Mean  (SD) PK parameters of ciclesonide and RM1 in serum of healthy subjects following single administration of the treatments 
(Data from study FH015-172-95) 

Intravenous (800 µg) Oral (10 mg) MDI (1280 µg) 
ciclesonide RM1 ciclesonide RM1 ciclesonide RM1 

AUC (µg*hr/L) 5.6 (1.5) 3.27 (0.85) - 1.18 (0.89) 2.19 (1.3) 3.67 (2.27) 
Cmax (µg/L) 23.6 (9.4) 1.132 (0.36) - 0.203 (0.22) 5.61 (2.6) 0.83 (0.53) 
Tmax (hr) 0.17 (0) 0.43 (0.46) - 3.92 (4.11) 0.18 (0.05) 1.04 (0.5) 
T1/2 (hr) 0.94 (0.53) 2.8 (0.51) - - 0.71 (0.45) 2.8 (0.3) 
CL (L/hr) 152.3 (37.3) 227.7 (65.01) - - - -
Vdarea (L) 206.8 (149.9) 897.7 (236.8) - - - -

Multiple Dose 
The AUC and Cmax geometric means of ciclesonide increased by 28% and 30%, respectively following multiple 

administration of ciclesonide compared to that after single administration. The half-life of ciclesonide remained 
unchanged (Table 7). The AUC and Cmax geometric means of the RM1 increased by 44% and 38%, respectively 
following multiple administration of ciclesonide compared to that after single administration. The half-life of the 
metabolite increased by 1.6 hr (from 5.23 hr to 6.72 hr) following multiple administration. The accumulation ratio ranged 
from 1.1 to 1.8. 

The data described above comes from Study 211-200. This was an open, non-controlled, one-period, single-
center Phase I study in 18 healthy subjects. The study consisted of a screening examination, a treatment period of 7 days, 
and a post-study examination. During the treatment period all subjects received 400 µg ciclesonide in the morning on 
each study day. 

Table  7. Mean (S.D.) RM1 PK parameters following single and repeat administration of ciclesonide (data from study 211-200) 

Regimen Mean (SD) 
Point estimate 
And 90% CI 

(single/multiple) 
Cmax 
(µg/L) 

Single 
Repeat 

0.299 (0.13) 
0.37 (49) 

1.38 (1.09-1.76) 

AUC(0-inf) 
(µg.h/L) 

Single 
Repeat 

1.72 (0.73) 
2.18 (0.42) 

1.44 (1.13-1.84) 

T1/2 (h) Single 
Repeat 

5.23 (1.28) 
6.72 (1.04) 

1.32 (1.18-1.48) 

Tmax (h) Single 
Repeat 

1.08 (0.62) 
0.94 (0.44) 

2.2.5.2 Are the PK and PD of ciclesonide linear and dose-proportional? 
Based on post hoc AUC values from population PK analysis, the pharmacokinetics of RM1 were linear and dose 

proportional in the range of 40- to 3520 µg (R2=0.65) (Figure 5). Following single dose administration of ciclesonide 
(doses: 320-, 1200-, and 3520 µg) to healthy volunteers, the AUC and Cmax of both ciclesonide and RM1 increased more 
than dose-proportional (3-fold increased in the dose produced a 4 to 5-fold increased in the exposure) (Table 8). 
However, this conclusion should be interpreted with caution since high variability on the data was seen at higher doses. 
In the repeated dose study (250- and 1000- µg BID) Cmax and AUC increased in proportion with the dose. 

The mean 24 h-profiles of cortisol in serum decreased less than proportional to the dose. The point estimates and 
90% CI for test/placebo were 0.94 (0.85-1.05), 0.83 (0.76-0.92), and 0.62 (0.56-0.69), for the 400-, 1200-, and 3600 µg of 
ciclesonide, respectively (Table 3). 

The data presented above comes from study 114E_97 (or FHP009). This study was a single dose/multiple dose 
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study with a wash-out period of 2 weeks between treatments of two subsequent periods conducted in 24 healthy 
volunteers. For assessing the effect on the HPA-axis, serum cortisol was determined at the following time points: 
predose, 2, 4, 6, 8, 10, 12, 14, 24 hrs, after administration on day 1 following single dose and on day 7 on the repeated 
doses. 

Table 8. Mean (min-max) AUC and Cmax values following single and multiple administration of the treatments (data from FHP009) 
Dose 
(µg/day) 

Single Dose 
Ciclesonide RM1 

AUC (µg*hr/L) Cmax 
(µg/L) 

AUC 
(µg*hr/L) 

Cmax 
(µg/L) 

400 0.24 
(0.21-.027) 

0.215 
(0.11-0.29) 

0.72 
(0.52-1.01) 

0.153 
(0.12-0.26) 

1200 1.03 
(0.33-2.4) 

1.01 
(0.34-2.1) 

2.5 
(1.1-4.8) 

0.51 
(0.28-0.94) 

3600 4.4 
(2.1-7.8) 

4.9 
(2.8-7.5) 

10.5 
(5.1-17.05) 

2.5 
(1.5-3.5) 

Multiple Dose 
500 0.23 

(0.14-0.28) 
0.19 

(0.098-0.3) 
0.85 

(0.53-1.4) 
0.17 

(0.12-0.256) 
2000 1.14 

(0.5-1.9) 
0.87 

(0.38-1.5) 
3.4 

(2.15-5.4) 
0.74 

(0.49-1.11) 

Figure 5. Individual RM1 AUC (log values) as a function of log-Dose (fitted line from power model: AUC = e-2.15* (dose)0.9. Data from 
population PK analysis. 

2.2.5.3 What are the mass balance characteristics of the drug?  
Radioactive ciclesonide was predominantly excreted through the faeces, both after oral (77.9%) as after 

intravenous (65.95%) administration, indicating that excretion through bile is the major route of elimination. This 
information comes from study FHP021, which was a mass balance study conducted in 6 male healthy volunteers to 
investigate the disposition and routes of elimination following single oral 8 mg capsule ciclesonide and single 
intravenous 0.64 mg/20 mL as a 10-minute infusion. Blood samples were collected up to 168 hours for total radioactivity 
and up to 2 h for metabolite identification. Urine and feces were collected up to 168 hrs. The findings from this study can 
be summarized as follows: 

•	 The excretion of radioactivity following a single oral dose of 6.9 mg ciclesonide and single intravenous 
administration of 0.64 mg ciclesonide was almost complete (total average recovery 91.4% and 85.95% 
respectively). Ciclesonide was predominantly excreted through the faeces, both after oral (77.9%) as after 
intravenous (65.95%) administration (Table 9). 
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•	 Ciclesonide showed no accumulation in red blood cells, as could be concluded from the high plasma/whole blood 
ratio. 

•	 The absorption of 14C-ciclesonide was 24.5% based on dose-normalized for radioactivity.  
•	 Oral bioavailability based on AUCs of RM1 could only be determined for one subject and was about 1.8%.  
•	 Parent compound ciclesonide and its metabolite RM1 constitute 19.3% of radioactivity found in plasma; 

approximately 80% of the 14C radioactivity AUC may be resulting from one or more yet unknown metabolites. 

Table 9. Mean cumulative excretion of 14C-radioactivity (% of dose) after administration of 14C-ciclesonide as an i.v. solution and single oral dose 
6.9 mg of 14C-cliclesonide p.o. 

PARAMETER mean min max 
Aurine (% of dose) 13.5 11.1 14.7 
Afaeces (% of dose) 77.9 67.1 81.4 
Atotal (% of dose) 91.7 81.8 94.4 

0.64 mg of 14C-ciclesonide i.v. 
Aurine (% of dose) 20 9.1 23.5 
Afaecese (% of dose) 65.95 55.9 75 
Atotal (% of dose) 85.95 78.5 98.3 

2.2.5.5 What are the characteristics of drug metabolism and excretion? 
Data from the in-vitro  metabolism of 14C-Ciclesonide and RM1 in human hepatocytes and profiling of plasma 

and urine samples from 14C-ciclesonide clinical study showed that  RM1 appears to be the mayor product of metabolism 
of ciclesonide. However, the existence of other metabolites cannot be ruled out since the sponsor has not adequately 
characterized the metabolic profiling of ciclesonide. The following summarizes the findings about the in-vitro 
metabolism and in vivo metabolic profiling: 

•	 Ciclesonide was almost completely metabolized within the first hr of incubation with human hepatocytes. 
•	 Approximately 50% of RM1 was metabolized within the first hr of incubation with human hepatocytes. 
•	 Metabolite Profiling of 14C-Ciclesonide in Human Hepatocytes (4-Hr Incubation) showed that RM1 (17.75% of 

total radioactivity), M7 (15.27%), M4 (9.89%), M1 (6.35%), M2 (6.39%) were the major metabolites present. 
•	 Metabolite Profiling of 14C-RM1 in Human Hepatocytes (4-Hr Incubation) showed that RM1 (14.22%), M7 

(12.77%), M3-4 (21.14%), M1 (6.72%), M2 (7.62%), and M5-6 (9.61%) were the major metabolites present. 
•	 Hippuric acid (M1) was the only major metabolite found in 0-4-hr interval of urine collection after oral (61.%) 

and IV (38.7%) administration. 

. 


•	 Ciclesonide (22.36%), RM1 (11.93%) and M9 (5.53%) were the major components found in the 0.25 hr IV 
plasma sample. 

•	 In the 0.5-hr IV plasma sample, RM1 was the mayor peak (10.34% of total radioactivity). Other components in 
the 0.5-hr plasma sample also eluted at the retention time regions of hydroxylated RM1 (the major one 
contributed 7.47%) of the total radioactivity. 

2.2.5.4 What is the inter- and intra-subject variability of PK parameters in volunteers and patients? 
The CV% (intersubject variability) for the Cmax and AUC of RM1 in healthy volunteers and asthmatics patients 

was as low as 38% and as high as 68%. Disease stage did not change the degree of variability. 

2.3 Intrinsic Factors 
2.3.1 Does age affect the PK of the drug? What dosage regimen adjustments are recommended for the subgroups?  
2.3.1.1 ELDERLY 

The mean Cmax and AUC of ciclesonide increased in elderly subjects by 3-fold and 2.5 fold, respectively, as 
compared with that observed in young healthy adults. The mean Cmax and AUC of RM1 increased in healthy elderly 
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subjects by 2.4-fold and 2-fold respectively (following single inhalative doses of 1600 µg ciclesonide), as compared to 
that in the young healthy controls (Figure 6). These findings should be interpreted with caution since the observations are 
based on cross-study comparisons and the lack of robustness on the analysis of plasma samples. This study in the elderly 
(56E/99) 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.  

On the other hand, the population PK/PD analysis using data from phase I and III revealed that age did not 
influence the PK of the drug (see below for more details on the population PK/PD analysis). The mean posthoc AUCpop 
(dose-normalized to 200 µg) in the elderly was 10% higher compared to that in adults (Figure 7). Therefore, dose 
adjustment in the elderly based on these PK findings may NOT be necessary since the dose-response curve for 
ciclesonide was flat in the range of 80-640 µg/day and the relative good safety profile based on cortisol suppression 
effect. 

Figure 6. Individual Cmax and AUC0-∞ values for RM1 in healthy elderly volunteers (Study 56E/99) and in young volunteers (data 
from study 253E/99) following single inhalative doses of 1600 µg ciclesonide (n=12 elderly). 
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2.3.1.2 PEDIATRICS 
No dose-response was observed in the range of 40- to 160 µg/day (Table 10). In addition, cortisol suppression 

measured as change from baseline to Week 12 in low-dose peak serum cortisol levels showed no dose-order in the degree 
of suppression and it was no different from placebo treatment (Table 11). The starting dose in children is uncertain since 
the effect of the 80 µg/day or 160 µg/day dose was not replicated.  

This information comes from two Phase III clinical studies conducted in children. These pediatric trials (341 and 
342) were conducted as double-blind, placebo-controlled, parallel-group, multicenter, efficacy, safety and dose-response 
studies of ciclesonide 40-, 80- and 160 µg/day for 12 weeks in approximately 500 children 4 to 11 years of age (125 per 
study) with persistent asthma. In the primary efficacy analysis of change from baseline to Week 12 in FEV1 percent 
predicted, the 40- and 160 µg daily dose did not reach significance when compared with the placebo treatment group at 
Week 12, and only the 80 µg daily dose showed significant improvement in the change from baseline in FEV1 percent 
predicted compared to placebo (data reported by sponsor from Study 341). An integrated analysis of efficacy combining 
data from this study with an identically designed study (Study 342) showed that treatment with ciclesonide 80- (p=0.0239 
versus placebo) or ciclesonide 160 µg /day (p=0.0069 versus placebo) administered once daily for 12 weeks increased 
FEV1 percent predicted. 

Table 10. Magnitude of treatment differences versus the placebo treatment group from baseline to Week 12 (LOCF) - ITT population in asthmatic 
children (Data from study 341) 

Blood samples were collected for the measurement of serum cortisol before and after stimulation with low-dose 
(1 mg) cosyntropin. Data for both baseline and Week 12 were available in 32 patients. The change from baseline to week 
12 in low-dose peak serum cortisol levels following administration of the 3 doses was not greater (0.62,- -0.40 and 1.44­
µg/dL, respectively) than that observed for placebo treatment (-2.35 µg/dL) (Table 11) 

Table 11 - Change from baseline to Week 12 in low-dose peak serum cortisol levels (Data from study 341) 

In the population PK/PD analysis weight seemed to affect the PK of RM1. Inspection of the weighted residual 
(WRES) versus prediction (PRED) plot for pediatrics only indicated a bias. The application of separate weight effects for 
pediatrics and adults resulted in no weight adjustment for pediatrics, which may be expected since CL clearance varied 
less than 20% over a weight range of 50 to 100 kg. Then, it seems that weight does not affect the PK of the drug; 
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however, these results should be interpreted with caution since the estimated AUC in adults was highly variable (Figure 
7). 

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 Vd based on 
allometric principle. According to the sponsor, this resulted in similar predicted concentrations between children and 
adults when same dose is given. Figure 7 shows that the mean AUCpop normalized to 160 µg in children was similar to 
that in adults (0.82 ng*hr/mL±0.3 vs. 0.76 ng*hr/mL ± 0.4). 
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Figure 7. Individual post-hoc AUC (ng*hr/mL) (normalized to 160 µg) as a function of age (n= 444, 37 and 18 for adults, children and elderly, 
respectively) (data from population PK/PD analysis). 

2.3.1.3 Do race, gender, and disease status affect the PK and PD of the drug? What dosage regimen adjustments 
are recommended for each of these subgroups? 
Race 

A meta-analysis of data from healthy young Caucasian and Japanese subjects was conducted using data from 11 
studies. Statistical evaluation of the ratio of geometric means for Cmax and AUC0-∞ values of RM1 in Caucasians and 
Japanese following single inhalation of 800 µg ciclesonide yielded point estimates (90% confidence interval) of 0.87 
(0.77, 0.99) and 0.90 (0.77, 1.05), respectively, indicating no clinically relevant difference in the systemic exposure. 
Based on population PK analysis, the mean systemic exposure (AUCpop) in the Black population (3.1%) and Others 
population (11.3%) was significantly lower (60% and 70%, respectively) than that in the White (74.2%) population. This 
difference may not be clinically relevant since the dose-exposure response was flat in the range of doses tested. The 
AUCpop in the Japanese population (11.3%) was 20% higher than that in the White population.  

Gender, Height, and Asthma Severity 
Based on population pharmacokinetic analysis, asthma severity, and gender did not influence RM1 

pharmacokinetics. Also, there was no trend of change in cortisol AUC with respect to RM1 AUC for healthy subjects and 
asthmatics. 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 FHP018, where concentrations were 2.73 and 1.77 fold-higher in subjects with mild to 
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moderate and severe liver impairment, respectively (see section 2.3.1.5 for more details about the effect of liver 
impairment on the PK of the drug). 

The above mentioned population PK/PD analysis of ciclesonide and RM1 included data from 12 Phase I, 3 Phase 
III studies in adults, and 2 Phase III studies in pediatrics. Phase I studies had extensive PK/PD data after administration of 
ciclesonide. Phase III studies included sparse PK samples (-1.5, 1, 2.5 and 6-10 hours following administration). There 
were a total of 635 subjects in this analysis with 2750, 5238 and 4470 observation records for ciclesonide, RM1 and 
cortisol concentrations, respectively. A one-compartment body model with first order absorption adequately described the 
RM1 concentration-time profile. The estimates of CL and Vd when standardized to a 70 kg subject were 302 L/h and 
1310 L, respectively. 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 
CL, Vd and F (bioavailability), wherever appropriate. Identification of relevant covariates was based on step-wise 
backward elimination method. For 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. 

2.3.1.4. Does renal impairment affect the PK of the drug and its major metabolite? Is dosage regimen adjustment 
recommended? 

The effect of renal impairment on the PK of ciclesonide and RM1 was not evaluated. The rationale provided by 
the sponsor is that ciclesonide (and its metabolite, RM1) is an inhaled drug with a wide therapeutic index that is mainly 
eliminated by the hepatic and/or biliary route. In fact, in a mass balance study total radioactivity was predominantly 
excreted through the feces, both after oral (77.9%) and after intravenous (65.95%) administration suggesting urinary 
excretion may not be an important route of elimination. In addition, plasma protein binding was not altered when plasma 
from subjects with renal impairment was spiked with RM1 (at a concentration of 5.0 ng/mL, the protein binding of RM1 
in the predose plasma samples varied between 97.5-99%). 

2.3.1.5 Does liver impairment affect the PK of the drug? Is dosage adjustment recommended? 
The Cmax and AUC0-∞ of ciclesonide and its metabolite in patients with moderate and severe hepatic impairment 

(HI) increased in the range of 1.4-fold to 2.7 fold compared to that observed in healthy subjects (Figure 8). Also, the T1/2 
of RM1 increased in patients with moderate and severe HI by 2.3 hr and 4.6 hr, respectively, as compared to that in 
healthy controls. This data should be interpreted with caution due to the inconsistency of results in moderate and severe 
HI patients. Dose adjustment in this population is not needed. 

The above findings come from study 210/2000. This was an open label, single dose, 3-parallel-group study 
comparison in 24 subjects with different degrees of HI (8 healthy, 8 with severe HI and 8 with moderate HI). Patients 
received 1600 µg of ciclesonide. 
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Figure 8. Individual Cmax and AUC0-∞ values for RM1 in healthy volunteers and in patients with moderate and severe HI following single inhalative 
doses of ciclesonide 1600 µg (data from study 210/200) 
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2.3.1.6 What pregnancy and lactation use information is there in the application? None 

2.4 Extrinsic Factors 
2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence exposure and/or 
response and what is the impact of any differences in exposure on pharmacodynamics? 

The effect of herbal products, diet, smoking and alcohol used was not evaluated. 

2.4.2 Drug-Drug Interactions (DDI) 
2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions?  

In-vitro metabolism studies using human microsomes indicated that RM1 is mainly metabolized by CYP3A4 
although CYP2D6 is also involved. Therefore, substrates, inhibitors or inducers of these enzymes may affect the PK of 
RM1. The sponsor did not conduct DDI studies to assess the effect of such drugs on the PK of RM1, except the effect of 
erythromycin.  

Ciclesonide and RM1 did not affect the activity of the major CYPP450 enzymes such as 1A2, 2A6, 2C9, 2C19, 2D6, 
2E1, and 3A4. Therefore, no major effects of ciclesonide should be expected on the PK of other drugs.  

2.4.2.2 Is the drug a substrate of CYP enzymes? 
Yes. The following is a summary of the findings related to the investigation of the metabolism of ciclesonide 

(Figure 9) by human liver microsomes (incubation with pooled human liver microsomes, incubation with microsomes of 
individual donors, in the presence of chemical inhibitors, and with supersomes containing expressed human P450s): 

•	 The biotransformation of ciclesonide is likely to be catalyzed by an esterase enzyme which has not been 
identified. 

•	 It appears that RM1 is the major active metabolite that results from the biotransformation of ciclesonide. 
However, this hypothesis is inconclusive since mass balance studies showed that only 20% of total radioactivity 
corresponds to RM1. In addition, the metabolite M9, which pharmacological potency is unknown, was as 
abundant as RM1 in plasma samples.  

•	 The biotransformation of RM1 appears to be predominately catalyzed by CYP3A4 (83%), although CYP2D6 
(~30%), and to a lesser extent CYP2C8 (11%) are also involved. However, a major involvement of CYP3A4 on 
the metabolism of M1 is inconclusive since the correlation data failed to indicate the extent of CYP3A4 
involvement in the biotransformation of M1, although inhibition studies showed the contrary. On the other hand, 
CYP4A11 correlated more strongly with rates of M3 formation than any of the other major human P450 
isoforms, but inhibition studies showed the contrary.  
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Figure 9. Sponsor’s proposed metabolic pathway of ciclesonide 

2.4.2.4 Is the drug an inhibitor and/or an inducer of CYP enzymes? 
At concentrations as high as 3 µM, RM1 failed to produce significant direct or metabolism-based inhibition of 

cytochrome CYP450s in pooled human liver microsomes (Tables 12, 13). The potential of ciclesonide to act as an 
inhibitor of CYP enzymes was not evaluated. 
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Table 12. Results of metabolism-based inhibition potential of RM1 on CYP450 enzyme expressed as percent remaining enzyme activities in HLM 

Table 13. Results of direct inhibition potential of RM1 on CYP450 enzymes expressed as percent remaining enzyme activities in HLM 

Ciclesonide at therapeutic serum concentrations is not likely to induce CYP1A2, CYP2C9, and CYP 3A4. The 
lack of effect of ciclesonide on CYP2C19 reported is questionable since lower concentration (25 µM) than those 
recommended for rifampin were used.  

2.4.2.5 Is the drug a substrate and/or an inhibitor of P-glycoprotein transport processes? 
This was not evaluated by the sponsor. 

2.4.2.6. Does the label specify co-administration of another drug and, if so, has the interaction potential between 
these drugs been evaluated? 

Yes. Ciclesonide may be administered concomitantly with other glucocorticoids and beta agonists. DDI with 
other glucocorticoids was not determined. The DDI interaction with formoterol was evaluated (see below) and the effect 
of albuterol was evaluated using population PK analysis. 

2.4.2.7 What is the effect of ciclesonide on the PK of other drugs? What is the effect of other drugs on the PK of 
ciclesonide? 

In-vitro metabolism studies using human microsomes indicated that RM1 is mainly metabolized by CYP3A4 
although CYP2D6 (30%), and to a lesser extent CYP2C8 (11%) are also involved. Therefore, inhibitors or inducers of 
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these enzymes may affect the PK of RM1. The sponsor did not conduct drug-drug interactions to assess the effect of 
CYP2D6 inhibitors on the PK of ciclesonide. 

DDI with Albuterol 
Based on population PK analysis, the RM1 clearance and volume of distribution values for subjects with (98 

subjects) and without (512 subjects) coadministration of albuterol were similar. 

DDI with Erythromycin 
•	 The systemic exposure of ciclesonide and its metabolite in healthy subjects receiving a single dose of ciclesonide 

800 µg was not statistically significantly altered by its coadministration with erythromycin 500 mg oral single 
dose. The arithmetic mean Cmax and AUC of ciclesonide decreased in the presence of erythromycin by 17% and 
5%, respectively. The arithmetic mean Cmax and AUC of RM1 increased in the presence of erythromycin by 5% 
and 12%, respectively. 

•	 The systemic exposure of erythromycin in healthy subjects receiving a single dose of 500 mg was not statistically 
significantly altered by its coadministration with ciclesonide 800 µg single dose. The arithmetic mean Cmax and 
AUC of erythromycin decreased in the presence of ciclesonide by 24 % and 21%, respectively. 
The above findings come from study 56E/99. This study was conducted according to a randomized, open, 3­

period change-over design. In one study period, the subjects (18) received ciclesonide alone and in another study period, 
the subjects received erythromycin alone. In a third study period, both drugs were given together. 

DDI with formoterol 
•	 The systemic exposure (AUC and Cmax) of ciclesonide and its metabolite in healthy subjects receiving a single 

dose of ciclesonide 800 µg was not statistically significantly altered (<23% decreased) when coadministered with 
formoterol 24 µg single dose.  

•	 The cumulative urinary excretion of formoterol in healthy subjects receiving a single dose of 24 µg was not 
statistically significantly altered (8% decreased) when coadministered with ciclesonide 800 µg. 
These findings come from study 56E/96, which was an open, randomized, 3-period-cross-over study in 24 

healthy volunteers 

DDI with Ketoconazole 
The original submission did not include a DDI with ketoconazole despite the Agency’s recommendations during 

the development phase of Alvesco. 

2.4.2.8 What issues related to dose, dosing regimens or administration are unresolved, and represent significant 
omissions? 

2.5 General Biopharmaceutics 
2.5.1 What is the BCS Class classification for ciclesonide? 

This information was not provided by the sponsor. Also, this information may not be relevant since this is not a 
solid dosage form.  

2.5.2 Was the to-be-marketed formulation used in the PK/clinical trials? 
Yes. Clinical and PK studies were carried out using identical formulations of ciclesonide inhalers as those 

proposed for marketing, as the formulation remained unchanged throughout development. The actuator performance 
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remained unchanged throughout development. The container closure system for ciclesonide inhalers underwent minor 
changes during the development process, and according to the chemistry reviewer, these changes must likely do not have 
an impact on the PK of the drug. However, in vitro dose proportionality data was not provided to support this statement. 

2.5.3 Are the method and dissolution specifications supported by the data provided by the sponsor? 
This does not apply for orally inhaled drugs. 

2.5.4 What is the effect of food on the BA of the drug? 
This was not assessed. Generally, the effect of food on the PK of orally inhaled drugs is not evaluated since the 

effect of these drugs is local. However, food may increase the systemic exposure of these drugs which may change its 
safety profile. 

2.5.5 If different-strength formulations are not bioequivalent based on standard criteria, what clinical safety and 
efficacy data support the approval of the various strengths of the to-be-marketed product? Does the use of spacers 
affect the PK of the drug? 

In vivo studies showed that when the same dose is delivered by inhalation, i.e. 4 puffs of the 160 µg strength, 8 
puffs of the 80 µg strength and 16 puffs of the 40 µg strength, the AUC and Cmax of the metabolite were within BE 
standards. In addition, the systemic exposure (Cmax and AUC) of the active metabolite was not affected by the used of 

spacer. 

2.6 Analytical Section 
2.6.1 Was the suitability of the analytical method supported by the submitted information? 
Bioanalytical methods for Ciclesonide and RM1 

Yes. The metabolite selected for analysis was RM1, which appears to be the major circulating metabolite and 
active moiety measured in plasma. The sponsor did not mention if free, bound or total drug was measured. Therefore, it is 
assumed that total drug was measured. Concentrations of ciclesonide and RM1 were determined in serum samples from 
all human pharmacokinetic studies using HPLC with tandem mass 
spectrometric detection (LC/MS/MS). Internal standard was added to serum samples 


 Samples of the Phase I studies FHP018, 

FHP026 and FHP027 and all the Phase III studies were analyzed using this method. The new method also uses 

 The accuracy, intra- and inter-day 
precision were acceptable for all the methods (<15% Bias or %CV) for in-study validation information 

Cortisol Determination 
For Phase I studies, quantitative assay of serum cortisol was measured using a commercially available 

fluorescence polarization immunoassay . The lower limit of quantitation was 2.5 
µg /dL (25 ng/mL). For Phase III studies, quantitative assay of serum cortisol was conducted using radio immunoassay 
(RIA). This assay was used to measure the cortisol level in human serum/urine in all clinical Phase III PK/PD studies. 
The LLOQ was 20 nM. The calibration range was from 10 - 1280 nM. The cortisol concentrations in human serum 
samples were determined using radioimmunoassay (RIA) with the calibration range from 10 to 1280 nM. 
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