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Pediatr Allergy Immunol 
 
Abstract 
 
Background: During recent years extra fine particle inhaled corticosteroids with a 

median aerodynamic diameter ≤ 2 µm have been introduced in the treatment of 

asthma. The aim of this paper was to review pharmacokinetics and systemic activity 

of extra fine particle hydroalkane pressurised metered dose inhaled (pMDI) 

ciclesonide and beclomethasone dipropionate in children.  

Methods: A literature review. 

Results: Systemic bioavailability of oral and pulmonary deposition of extra fine 

ciclesonide and beclomethasone dipropionate was 52 and 82%, the half life in serum 

3.2 and 1.5 hours and first pass hepatic metabolism >99% and 60%, respectively. 

Secondary analyses of urine cortisol/creatinine excretion found no effects of 

ciclesonide pMDI between 40 and 320 µg/day or of beclomethasone dipropionate 

pMDI between 80 and 400 µg/day. Ciclesonide pMDI 40, 80 and 160 µg/day caused 

no effects on short term lower leg growth rate as assessed by knemometry. 

Ciclesonide 320 µg/day was associated with a numerically short term growth 

suppression equivalent to 30% which was similar to 25 and 36% suppression caused 

by beclomethasone dipropionate HFA and CFC 200 µg/day, respectively. 

Conclusions: Consistent with the differences in key pharmacokinetic features  
 
beclomethasone dipropionate is associated with a systemic activity detected by  
 
knemometry at a lower dose than ciclesonide. Whether that correlates with a 
clinically  
 
important difference remains to be explored. Assessments of systemic activity of   
 
beclomethasone dipropionate <200 µg/day and of ciclesonide >180 µg/day as well 
as  
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head-to-head comparisons are warranted. Preferably, such studies should apply the  
 
sensitive method of knemometry.    
 
 
Key words: inhaled corticosteroids, pharmacokinetics, systemic activity, 
bioavailability,  
 
fine particle, knemometry, cortisol, ciclesonide, beclomethasone dipropionate, 
asthma. 
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Introduction 

Inhaled corticosteroid pressurised metered dose inhalers (pMDI) have been used in 

the treatment of children with asthma for more than three decades. The drugs have 

improved asthma management considerably (1). However, it has also become clear 

that inhaled corticosteroids have a potential for systemic activity as evidenced by 
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measures of hypothalamic-pituitary-adrenal function (2,3) and short term growth 

(4,5). In the early 1990´s the first randomised, double blind trials reporting dose 

related suppressive effects of inhaled corticosteroids on short term growth were 

published (4,5). It took more than two decades of further clinical research for the 

observation to become generally accepted by the scientific community (6) and 

present guidelines unanimously focus on dose aspects of inhaled corticosteroids to 

reduce adverse effects on longitudinal growth (7,8). The research leading to the 

current recommendations has mainly been on chloroflourocarbon propelled pMDIs 

and dry powder inhalers which have a greater particle size than hydroflouroalkane 

propelled pMDIs which were more recently introduced (9-11). Since pulmonary 

deposition of an inhaled drug is improved by fine particle modulations 

pharmacokinetics and systemic activity may be affected (2,3). The aim of this 

literature review was to review pharmacokinetics and systemic activity as assessed 

by measures of hypothalamic-pituitary-adrenal function and short term growth of 

extra fine particle inhaled corticosteroids in children with asthma.  

 

Literature search 

The following databases were used in the literature search: PubMed, a service of the 

National Library of Medicine, New York, USA, includes over 23 million citations for 

biomedical articles from the 1950s up to present times. The search was concluded 

on April 8 2015. The citations are from MEDLINE and additional life science journals 

and The Cochrane Library. The following search terms were used: inhaled 

glucocorticosteroids, inhaled steroids, inhaled corticoids, inhaled glucocorticoids, 

beclomethasone dipropionate, budesonide, fluticasone propionate, mometasone 

furoate, flunisolide, triamcinolone acetonide, ciclesonide, extra fine particles, asthma, 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

paediatric asthma, median mass aerodynamic parameter, fine particle fraction, 

hypothalacmic-pituitary function, cortisol, growth, short term growth, knemometry, 

systemic activity, bioavailability. The literature was also studied by manual searches 

of reference lists for reviews and meta-analyses. Selected references contained 

primary original, randomised, doubled-blind data or were based on open, 

randomised studies, reviews, chapters in text books, meta-analyses, Cochrane 

publications, guidelines and consensus reports. Studies on particle size were 

selected with the aim of introducing the concept to clinicians and others who may 

have no research experience in the area themselves. In addition to pharmacokinetic 

studies in children studies in adults and experimental in vitro studies were selected 

as pharmacokinetic studies in prepubetal children (<12 years of age) were few. 

Since there was a paucity of some aspects of pharmacokinetic data on inhaled 

corticosteroids review papers which have added information in areas where specific 

data have not been published were selected. All available studies of hypothalamic-

pituitary-adrenal function and short term growth in prepubertal children (<12 years of 

age) treated with extrafine inhaled corticosteroids were selected, none were 

excluded; and all available results based on primary or secondary measures in the 

studies were included.  

 

Particle size 

Emitted particles from an inhaler device are not of a uniform size. They may vary 

from <1 to >10 µm (12-14). To be in the respirable range, i.e. to be deposited 

throughout the airways, the particles should be smaller than 5 µm, larger particles 

are prone to being deposited in the mouth and throat (12-14). Extra fine particles 

have been suggested to penetrate better into small, periferal airways with a diameter 
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below 2 µm explaining findings of a more homogeneously distributed intra-pulmonary 

deposition in healthy adults (14) and in children with asthma ≥ 5 years of age (15). In 

accord with this, fine particle size drugs are defined as having a median mass 

aerodynamic diameter (MMAD) of ≤ 5 µm, extra fine particle modulations as having a 

diameter ≤ 2 µm (11).  

 

Measure of particle size 

The measures median mass aerodynamic diameter (MMAD) and fine particle 

fraction (FPP) are used to describe the distribution of particle sizes in emissions from 

inhaler devices (16). The measures are based on in vitro assessments of particle 

distribution by the 8-stage Andersen Cascade Impactor (16,17). MMAD is defined as 

the median diameter of a dose delivered to the 8-stage Andersen Cascade Impactor 

exclusive of the throat of the impactor; FPF is the percentage of delivered dose 

inclusive of the throat with a particle diameter <5 µm (17). Though such in vitro 

derived descriptions may be said to be supported by in vivo suggestions of increased 

intrapulmonary deposition rates in adults and schoolchildren (14,15) as well as in an 

infant lung model (18) attempts to correlate measures such as MMAD <5 µm with in 

vivo measures of lung deposition have been difficult to achieve. There is no 

agreement as to which measure is the more sensitive in relation to predicting in vivo 

distribution of an inhaled drug in the lungs and only surrogate markers such as 

particle imaging-based techniques are available for the prediction (19). A preliminary 

report suggested that FPF may correlate better with peripheral lung deposition than 

MMAD, however, that needs further research (20).  

      MMADs of currently available inhaled corticosteroids are presented in table 1 

(14,16,21-26). The data on Giona Easyhaler® and Relvar Ellipta® have not been 
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published, however, they were given in e-mails from Susanne Ladefoged 

Christensen, Jacobsen Pharma & MedTech Advice A/S, Denmark, March 4 2015, 

and Medical Information, GlaxoSmithKline Pharma A/S, Denmark, May 18 2015. 

Data on mometasone furoate have not been published, and it was not possible to 

provide any data otherwise. Hydroflouroalkane flunisolide was indicated to have a 

MMAD of 1.2 µm, however, it was taken off the market in the US in 2011 and is not 

available in Europe. 

 

Variations in particle size measures 

When MMAD data are evaluated it is important to consider that MMAD is not a static 

measure. It is decreased by high inhalation flow rates (16), increased by a high 

relative humidity, whereas increasing temperature from 20°C to 40°C in an in vitro 

model resulted in indications of reductions in MMAD and increased pulmonary 

deposition of solution pMDIs with generally no effect on deposition of a suspension 

pMDI (27). This has the important implication that dependent on such factors MMAD 

may vary around 50% (16) challenging the <2 µm cut-off definition of extra fine 

modulations. This suggests that the cut off level of measures defining fine and extra 

fine inhaled corticosteroids is fluctuating and that the definition of extra fine 

corticosteroids cannot be defined by a specific diameter. That needs to be 

considered when interpreting the data in table 1.  

      Though most of the MMADs of the listed inhaled drugs have not been compared 

head-to-head, and though methodological inconsistency may affect the data it is 

generally understood that the hydroflouroalkane pMDI suspensions of ciclesonide 

(CIC) and beclomethasone dipropionate (BDP) are the only extra fine particle 

modulations available at present (2, 28,29).  
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Pharmacokinetics  

A flowchart of the literature search is given in the figure.  The data were derived from 

in vitro studies (33,34,37); from studies in healthy males (30-32) and healthy males 

and females (40); from studies in males and females (40) and children (36,38) with 

asthma; and from review papers (2, 35, 39). The studies in adults comprised 

populations of 6 (30), 8 (31), 9 (32) and 12 (40) subjects; the pediatric studies 18 

(36) and 34 (38) prepubertal children. Treatments were single doses of 6.9 mg (oral 

administration) and 0.64 mg (intravenous administration) ciclesonide (30); a single 

dose of ciclesonide 40 µg (31); 6 days treatment with 50 and 100 µg 

beclomethasone dipropionate (32); a single dose of 1280 µg ciclesonide (40); a 

single dose of 200 and 400 µg  beclomethasone dipropionate (36); and 7 days 

treatment with ciclesonide 80 and 160 µg/day (38). Pharmacokinetic key data of 

extra fine ciclesonide and beclomethasone dipropionate are given in table 2 (2, 30-

40).  

      Both ciclesonide and beclomethasone dipropionate are prodrugs which are 

activated by esterase enzymes in the intrapulmonary epithelium to the active forms 

des-isobutyrol-ciclesonide (des-CIC) and beclomethasone-17-monopropionate (17-

BMP), respectively (2,30). The metabolite beclomethasone-21-monopropionate (21-

BMP) has little and beclomethasone (BOH) no pharmacological activity, and 

pharmacokinetic data have mostly been based on assessment of 17-BMP.  

 

Bioavailability     

When a metered dose inhaler is activated or a dose is inhaled from a dry powder 

device  

part of the dose is retained in the inhaler and does not reach the patient. The 
delivered  
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dose is the amount of drug that reaches the patient. When a drug is inhaled the 
amount of  
 
drug that reaches the lungs is lower than the delivered dose. The rate of pulmonary  
 
deposition varies from <10% in chloroflourocarbon to more than 50% of the delivered 
dose  
 
in extra fine hydroalkane driven pMDIs (2,30-32). Virtually all drug deposited in the  
 
lungs is absorbed to the systemic circulation constituting a biovailability of pulmonary  
 
deposition of 100%.  Compared to beclomethasone dipropionate a lower percentage 
of  
 
ciclesonide is converted to the active metabolite prior to absorption to the systemic  
 
circulation resulting in detectable plasma concentrations of both CIC and des-CIC,  
 
whereas virtually no beclomethasone dipropionate becomes systemically detectable 
(2). A  
 
part of the delivered dose is deposited in the oropharyngeal cavity where it is 
swallowed  
 
and absorbed from the gut. The amount of drug that escapes first pass hepatic 
metabolism 
 
becomes systemically available and is designated bioavailability of oral deposition. 
Due to  
 
differences in first pass hepatic metabolisation rates biovailability of oral deposition 
varies  
 
between specific corticosteroids, the highest rates being found in beclomethasone  
 
dipropionate regardless of the formulation (2). Most corticosteroids as ciclesonide 
undergo  
 
extensive first pass metabolisation to inactive metabolites. However, a great part of  
 
swallowed BDP is metabolized to the active form 17-BDP which explains why 
systemic  
 
bioavailability of oral and pulmonary deposition rates of 82% for extra fine 
beclomethasone  
 
dipropionate have been found as compared to 52% for ciclesonide (2).  
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Pulmonary retention 
 
Intracellular reversible fatty acid esterification of inhaled corticosteroids has been  
 
suggested as a mechanism by which corticosteroids can be retained longer in the 
lungs,  
 
thus increasing pulmonary retention time and the duration of action (33). The 
formation of  
 
esters, i.e. lipid conjugation, depends on the presence of a hydroxyl group at position 
21 of  
 
the corticosteroid molecule which is a feature of des-CIC and 17-BDP. In accord with 
that  
 
esterification has been reported in both active metabolites (34,2). The hypothesis of 
a  
 
possible association between esterification and duration of pharmacological activity,  
 
however, has not been definitely proven. On the contrary, it has been suggested that  
 
esterification may not be important because, potentially, it may reduce the 
concentration of  
 
the active drug (2).  
 
    Inhaled corticosteroids penetrate the phospholipid bilayer of cell membranes in the  
 
intrapulmonary epithelium to bind with the intracellular glucocorticoid receptor. The 
rate of  
 
uptake depends on a number of factors such as molecular size, charge and 
configuration  
 
and lipophilicity of the molecule (35). Receptor binding affinity, pulmonary retention 
time  
 
and duration of action, thus, depend on lipophilicity. Lipophilicity can be difficult to 
measure  
 
and comparisons of lipophilicity data in corticosteroids need to be interpreted with  
 
caution (33). It remains to be clarified whether the observed data on des-CIC and 17-
BDP  
 
correlate with significant differences in duration of action and pharmacological 
activity (2).  
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The higher the degree of lipophilicity of a corticosteroid, however, the longer also the  
 
retention time in other tissues in the body which may contribute to an accumulation 
of  
 
active drug which may be associated with an increase in systemic activity (36). In a 
rat  
 
model des-CIC was still detected 24 hours after dosing (37). The retention time for 
17-BDP  
 
is considered to be some hours (2), however, specific data are not available. 
 
 
Protein binding 
 
The plasma protein binding of inhaled corticosteroids is being considered important  
 
since it is the unbound fraction only that is expected to have pharmacological 
activity. The  
 
plasma protein binding of des-CIC of 99% and 17-BDP of 96% is regarded as being 
in the  
 
high and medium range, respectively. Therefore, it has been speculated that the high  
 
binding rate of des-CIC would reduce the systemic activity of the molecule (39). 
There are,  
 
however, no data to support the hypothesis or to suggest that the difference has any  
 
implications for systemic activity of the drugs.   
 
 
Clearence 
 
Plasma clearance is a measure of elimination of a drug from the body. The 
maximum  
 
clearance of a corticosteroid via hepatic clearance alone is approximately 90 L/h 
which is  
 
close to the rate of hepatic flow itself (39,40). The reported clearance rates of des-
CIC and  
 
17-BDP (table 2) are high, thus suggesting extra-hepatic metabolism (39, 40). 
Studies  
 
assessing once daily administration of extra fine ciclesonide (36) and  
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beclomethasone dipropionate (38) in doses of 160 µg and 200 µg, respectively, in 5-

11 (36) and 9-12 years old children with asthma (38) found the active metabolites to 

be detectable in serum up to 12 (36) and 6 hours (38) later. Though the 

bioavailability of the two molecules are high the systemic exposure may be less then 

would be expected due to their clearance as compared to other corticosteroids (2). 

Theoretically, the higher clearance rate the higher the therapeutic index, however, 

there are no data to suggest that differences in plasma clearance rates per se may 

discriminate between inhaled corticosteroids with respect to systemic activity.  

 
 
Half-life 
 
Half-life of a drug is defined by the time it takes for the concentration of the drug to  
 
decline by one half of its previous value. The half-life of an inhaled corticosteroid is a  
 
function of plasma clearence and the volume of distribution of the drug (39), thus, it 
is a  
 
secondary measure depending on other pharmacokinetic factors. An increase in 
half-life  
 
results in increased pulmonary retention time and duration of action. However, it also 
 
increases the time that the drug is detectable in the systemic circulation  
 
and results in a  longer duration of action at the glucocorticoid receptor in other 
tissues  
 
than lungs (2). There are no data to link differences in half-life of inhaled 
corticosteroids to  
 
variations in systemic activity of the drugs.  
 
 
 
Systemic activity 
 
Systemic activity of inhaled corticosteroids in children with asthma have mostly been  
 
investigated by non-invasive measures of hypothalamic-pituitary-adrenal function 
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and short term lower leg growth, knemometry (41,42).  A flowchart of the literature 
search 
 
is given in the figure.  None of the assessments of hypothalamic-pituitary-adrenal 
function,  
 
however,  were primary measures. Four knemometry studies were identified in which   
 
lower leg growth rate was the primary outcome measure. A summary of the 
knemometry 
 
studies is given in table 3. 
 
 
Hypothalamic-pituitary-adrenal function 
 
Systemic activity of extra fine ciclesonide between 40 and 320 µg/day (10, 43-47)  
 
and beclomethasone dipropionate between 80 and 400 µg/day (9,48-50) have been  
 
assessed by single morning plasma concentrations and Synachten stimulation of the  
 
hypothalamic-pituitary-adrenal axis (43,44,47) and by 12- (44) or 24- (10,47,50) hour  
 
urine cortisol excretion in randomized, double blind (10,43-48,50) and randomized,  
 
open designs (49-51) in prepubertal school age children with asthma. In all studies of  
 
ciclesonide except one (45)  the pMDI was used without a volume spacer once  
 
daily in the evening; the studies in beclomethasone dipropionate used a volume 
spacer  
 
and the pMDI was taken twice daily. Most of the studies did not find any  
 
effects on cortisol measures be it when compared to placebo (43-48) or treatment 
free  
 
run in (50) or when compared to  conventional beclomethasone dipropionate in twice 
the  
 
daily dose (49) or to fluticasone propionate (45). One study in 6-11 year old children,  
 
however, found ciclesonide 80 µg/day and 160 µg/day to suppress 24-h urine 
cortisol  
 
statistically significantly as compared to fluticasone propionate 176 µg/day (10) and  
 
another study compared ciclesonide 160 µg/ to dry powder budesonide 400 µg/day 
with  
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similar results (46). Randomized studies of ciclesonide in children 2-6 years of age 
and of  
 
beclomethasone dipropionate in children 5-12 years of age did not state how urine 
cortisol  
 
was sampled or measured and did not give any data to support their observations of 
no  
 
effects of the treatments (9,51).  
 
  
Knemometry 
 
In children the 12- and 24-hours urine free cortisol excretion measures are less  
 
sensitive than short term knemometry as proven by rigorous comparisons (52,53) 
and as 
 
confirmed by numerous randomized short term knemometry trials (42). The  
 
knemometer measures the length of the lower leg (42). When validated 
recommendations  
 
for standardisation and measurement procedures are used knemometry is a highly  
 
accurate and reproducible method for assessment of systemic activity of inhaled  
 
corticosteroids (42). All available published knemometry data on extra fine 
modulations  
 
have been derived from crossover study designs using 2 weeks treatment periods.  
 
 
Ciclesonide 
 
A randomized double blind 2-week periods cross over knemometry study of extrafine  
 
ciclesonide in doses of 40, 80 and 160 µg from a pMDI without a volume spacer 
taken 
 
once daily in the evening by 24 6-12 year old children with mild asthma found no 
 
statistically significant effects of any of the doses when compared to placebo (44). 
Mean  
 
growth rates during all active periods were virtually identical with placebo growth. In 
a  
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similar placebo controlled design with similar number and ages of the study subjects  
 
ciclesonide 160 µg pMDI with a volume spacer twice daily was compared to 
fluticasone  
 
propionate pMDI with an identical volume spacer dosed as 220 µg in the morning 
and 125  
 
µg in the evening (45). Mean lower leg growth rates were suppressed by 30 and 
82%  
 
during ciclesonide and fluticasone propionate, respectively, however only the 
fluticasone  
 
propionate treatment reached statistical significance. The studies were not designed 
in  
 
accord with recommendations for equivalence studies and as admitted by the 
authors  
 
themselves a power calculation was not carried out for study planning (45).  
 
 
Beclomethasone dipropionate 
 
An observer blinded, randomized cross over comparison of extra fine 
hydroflouroalkane  
 
beclometasone dipropionate 100 µg b.i.d. pMDI with the AeroChamber Plus™  spacer 
with  
 
chloroflourocarbon beclomethasone dipropionate 200 µg b.i.d with the Volumatic™ 
spacer  
 
used a non-inferiority design in 63 childen 5-11 years of age with mild asthma (50). 
Extra  
 
fine beclometasone dipropionate 100 µg b.i.d. was found to be non-inferior to  
 
conventional beclomethasone dipropionate 200 µg b.i.d, and as compared to the 
treatment  
 
free run in mean lower leg growth was suppressed by 25 and 36%, respectively, 
both  
 
being at a statistically significant level (secondary analyses). The findings could not 
have  
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been confounded by the use of different spacers since a previous study found 
knemometry  
 
rates to be non-inferior between hydroflouroalkane beclomethasone dipropionate 
µg/day  
 
from the AeroChamber Plus™ and from the Volumatic™spacer (54). The short term 
growth  
 
suppressive effect of extra fine hydroflouroalkane beclometasone dipropionate has 
been  
 
further corrobated by a recent non-inferiority study with a similar design in 48 5-11 
year  
 
old children who received 100 µg b.i.d delivered from the Autohaler® which caused 
growth  
 
to be suppressed by 37% as compared to a treatment free run in (55).  
 
Two further knemometry studies were performed with a hydroflouroalkane  
 
beclomethasone dipronionate pMDI modulation that was originally thought to have a  
 
median mass aerodynamic diameter in the range of 3-4 µm which would support 1:1  
 
systemic activity ratio with the chloroflurocabon driven formulations (56-59). A 
randomized  
 
double blind non-inferiority trial in 7-12 year old prepubertal children with mild 
asthma  
 
found lower leg growth rate to be non-inferior between hydroflouroalkane and  
 
chlorofluorocarbon beclomethasone dipropionate 200 µg/day with the Volumatic™ 
spacer  
 
(56). As compared to run in growth rate suppression was 36 and 31%, respectively. 
The  
 
growth suppression was considerably more marked when the same doses were 
taken  
 
without a spacer by a similar study population in an identical design, the suppression  
 
being 79 and 77% by the hydroflouroalkane and chlorofluorocarbon formulations. 
The  
 
suppression observed when a volume spacer was not used was as marked as the  
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suppression caused by a dry powder formulation of beclomethason dipropionate 
(57,60).  
 
The differences were explained by a volume spacer dependent reduction in oral 
deposition  
 
rate and, thus, a lower bioavailability of oral deposition (2). Furthermore, in both 
studies  
 
secondary analyses also found a statistically significant suppression of 
chlorofluorocarbon  
beclomethasone dipropionate 400 µg/day as compared to run in, whereas 
statistically  
 
significant differences between chlorofluorocarbon doses of 200 and 400 µg were 
not  
 
detected (54,57).  
 
 
 
Discussion 
 
Experimental data on pharmacokinetic features such as esterification, lipophilicity, 

receptor binding and half-life at the glucocorticoid receptor may be as relevant to paediatric 

as to adult populations. Pharmacokinetic data on extrafine ciclesonide and 

beclomethasone dipropionate, however, should be evaluated with caution as few of 

them have been derived from studies in children (36,38). Pulmonary deposition 

rates, bioavailability of oral and pulmonary deposition and the extent of first pass 

hepatic metabolisation may vary between children and adults (2,61,62), and direct 

dose-to-dose comparisons of ciclesonide and beclomethasone dipropionate are not 

available. 

      During the ciclesonide research and development program focus was on 

potential  

pharmacokinetic features which have been suggested to differentiate ciclesonide 
from  
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other inhaled corticosteroids (18,63). Especially, features like a long retention time in 
the  
 
lungs, esterification, high plasma protein binding and fast clearance have been taken 
to  
 
support once daily dosing which in combination with an expected improvement in  
 
adherence rate due to a once daily dosing regimen have been taken to suggest a  
 
reduced systemic activity of ciclesonide. There are, however, no data to support 
such  
 
speculations (28,64). It appears that more than any factor, what decides the severity 
of 
 
systemic activity of inhaled corticosteroids is the concentration of drug at the  
 
glucocorticosteroid receptor in other tissues than the lungs (2).  
 
      Since hydroflouroalkane inhaled corticosteroids deliver a great fraction of the 
drug to  
 
the lungs and virtually all drug deposited in the lungs is absorbed to the circulation it  
 
may not be surprising that sensitive knemometry studies have found suppression of 
short  
 
term growth during treatment with 200 µg extra fine beclomethasone propionate to 
be non- 
 
inferior to 200 µg from a conventional chlorofluorocarbon pMDI (50). Furthermore, 
when  
 
the differences in bioavailability of oral and pulmonary desposition rates between  
 
beclomethasone dipropionate and ciclesonide are considered as suggested from the  
 
available data short term growth suppression should be expected at lower doses of  
 
beclomethasone dipropionate than of ciclesonide. The pharmacokinetic profile of 
extra fine  
 
beclomethasone dipropionate is associated with a higher systemic activity at a lower 
dose  
 
than that of ciclesonide. Having said that, the observation of a lower leg growth rate  
 
suppression of 30% in children treated with ciclesonide 320 µg/day does suggest a  
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detectable systemic activity of the drug. The finding needs to be challenged in a 
sufficiently  
 
powered non-inferiority study design.  
 
      Though it may be argued that Synachten testing of the HPA axis may be a more 

clinically relevant measure of cortisol secretion it is considered obsolete for 

assessment of systemic activity of inhaled corticosteroids as is single plasma cortisol 

measurement. Serial blood assessments of cortisol, though invasive, and extended 

time period measures of cortisol excretion corrected for creatinine are more sensitive 

in detecting systemic activity (41,51). None of the published studies on urine 

cortisol/creatinine excretion in extra fine ciclesonide and beclomethasone 

dipropionate, however were designed or statistically powered to rigorously assess 

cortisol excretion. Future studies should be power calculated at detecting effects on 

cortisol excretion, and direct comparisons of extra fine ciclesonide and 

beclomethasone dipropionate are needed.  

      Considering that  extra fine hydroalkane beclomethasone dipropionate and 
ciclesonide 
 
 pMDIs deposit a significantly higher proportion of the delivered dose to the 
intrapulmonary  
 
airways than other inhaled corticosteroids and devices at their introduction it was  
 
hypothesized that asthma control might be achieved at a lower daily dose (49,65). 
Two  
 
randomised controlled studies compared beclomethasone dipropionate with 
fluticasone  
 
propionate pMDI in the same (9) or in the double dose (65) in children ≥5 years of 
age,  
 
however, no statistically or clinically significant differences in the number of symptom 
free  
 
days or exacerbations could be detected. One double blind trial in 6-11 year old 
children  
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found ciclesonide 80 µg/day and 160 µg/day to be non-inferior to fluticasone 
propionate  
 
176 µg/day pMDI in FEV1 control and a number of secondary efficacy measures 
also did  
 
not vary among the treatments (10). A double blind study in the same age group 
compared  
 
ciclesonide 160 µg/day to dry powder budesonide 400 µg/day finding similar results 
(46).  
 
Two studies compared ciclesonide 160 with fluticasone propionate 176 µg/day pMDI 
(66)  
 
and ciclesonide 320 µg/day with budesonide pMDI 800 µg in adolescents up to 15 
(66)  
 
and 17 (67) years of age finding no differences in FEV1 or secondary efficacy 
markers.  
 
The studies were in children with mild to moderate persistent asthma except one 
(67)  
 
which was in individuals with severe asthma and which used doses which were 
probably  
 
at the top flat part of the dose-response curve. So, extra fine ciclesonide or  
 
beclomethasone dipropionate have not been proven more efficacious than  
 
chlorofluorocarbon modulations or other inhaled drugs such as fluticasone 
propionate or  
 
budesonide in children (28,64). In accord with that it appears that systemic activity 
profiles  
 
have not been improved by the extra fine modulations of beclomethasone 
dipropionate. 
      
    Clinically important equivalents of urine cortisol and short term lower leg growth  
 
suppression would be suppression of the hypothalamic-pituitary-adrenal axis and 
long  
 
term height growth. Clinical implications of inhaled corticosteroid induced urine 
cortisol  
 
suppression, if any, have not been settled. An analysis based on randomised,  
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double blind short term knemometry and 1-year height growth studies indicated that  
 
inhaled corticosteroid suppression of short term lower leg growth rate of 25% or 
more  
 
implies a clinically relevant risk of long term height growth suppression of 1-2 cm 
during  
 
the first year of continuous twice daily treatment (42). The observations were 
supported  
 
by the only available randomised, double blind, placebo controlled study of final adult  
 
height after 4-6 years of continuous treatment with dry powder budesonide 400 
µg/day  
 
which found a reduction in mean final height of 1.2 cm (68). Though the finding 

caused some worry, and though current guidelines may be said to reflect that (7,8), it 

seems fair to say that it has not yet been proven whether a height deficit of that size 

in fact is clinically important. Data to answer the question are needed. Having said 

that, short term knemomety assessments of extra fine ciclesonide and, especially, of 

beclomethasone dipropionate have highlighted the need for sufficiently powered and 

randomized long term height growth evaluations of extra fine particle inhaled 

corticosteroids in doses  ≤ 400 µg/day.  

      In conclusion, consistent with the differences in key pharmacokinetic features  
 
beclomethasone dipropionate is associated with a systemic activity detected by  
 
knemometry at a lower dose than ciclesonide. Whether that correlates with a 
clinically  
 
important difference remains to be explored. Assessments of systemic activity of   
 
beclomethasone dipropionate <200 µg/day and of ciclesonide >180 µg/day as well 
as  
 
head-to-head comparisons are warranted. Preferably, such studies should apply the  
 
sensitive method of knemometry.    
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Table 1. Median mass aerodynamic diameter (MMAD) (µm) of fine particle size inhaled  
 
corticosteroids currently available; see text for references.  

_________________________________________________________________________

___ 

Ciclesonide pMDI (Alvesco®):                                                                   1.1  

Beclometasone dipropionate pMDI (Qvar®; Aerobec®):                           1.1  

Beclometasone dipropinonate+formorol pMDI (Fostair®; Innovair®):       1.1-1.5  

Fluticasone furoate+vilanterol trifenatate (Relvar Ellipta®):                       2.3 

Fluticasone propionate pMDI (Flixotide®):                                                 2.4  

Budesonide+formoterol dry powder (DuoResp Spiromax®):                     2.5  

Fluticasone propionate+formoterol pMDI (Flutiform®):                               3.2   

Budesonide dry powder (Giona Easyhaler®):                                            4.0  

Budesonide dry powder (Spirocort Turbuhaler®):                                      4.0    

Fluticasone propionate dry powder (Flixotide Discus®):                            5.4   

_________________________________________________________________________

_____ 
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Table 2. Pharmacokinetics of extrafine ciclesonide (CIC) and beclomethasone dipropionate 

(BDP).   

(Des-CIC: des-isobutyrol-ciclesonide; 17-BMP: beclomethasone-17-monopropionate. 

___________________________________________________________________

_____ 

                                                                        CIC                                         BDP 

_________________________________________________________________________

_____ 

 

Active metabolite(s)                                           des-CIC                                     17-BMP                                 

                                 

Pulmonary deposition                              52% of delivered CIC                 51% of delivered 

BDP 

Bioavailability of oral deposition                             <1%                                           26% 

Bioavailability of pulmonary  deposition                100%                                          100% 

Bioavailability of oral and pulmonary deposition      52%                                           82%     

First pass hepatic metabolism                              >99%                                             60% 

Pulmonary retention time                                      >24h                                            hours* 

Esterification                                                           Yes                                              Yes 

Lipophilicity (LogP)                                                  3.2                                              4.6 

Receptor binding affinity                          12 times Dexamethasone          13 times 

Dexamethasone 

Half-life at the glucocorticoid receptor                    3.5h                                            2.7h 

Plasma protein binding                                           99%                                            96% 

Detectable in serum                                               12h**                                           6h** 

Half-life in serum                                                    3.2h**                                         1.5h** 

Plasma clearence                                                  228 L/h                                       120 L/h 
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_________________________________________________________________________

_____ 

*The information is given in 2); no specific data are available. 

**These are the only available data from studies in children (36,38); see text for further 

references.  

 

Table 3. Summary of knemometry studies of extrafine ciclesonide (CIC) and 

beclomethasone dipropionate (BDP) in prepubertal children with asthma. All treatment 

periods were of 2 weeks duration; pMDI´s were used with or without a spacer as indicated 

except *which was administered from the Aerobec® Autohaler®.  

                                

                            N           Age            Study design     Treatments                       Mean LLGR 

                      Range (mean)  
 
                     Boys/Girls     Years                                                                                            mm/week    
                                                         
 
 
 
 
Agertoft 2005     16/8    6-12 (10.0)         CO, R, DB, PL    CIC 40,80,160 µg/day    PL:            0 .41 
Reference 44)                                                                     pMDI without a spacer   40 µg:        0.43; 
P=0.82 
                                                                                                                                   80 µg:        0.40; 
P=0.81 
                                                                                                                                  160 µg:        0.37; 
P=0.49 
                                                                                                                                     
                
 
 
Agertoft 2010    13/15   6-12 (10.0)       CO, R, DB, PL      CIC 320 µg/day               PL:            0.43      
Reference 45)                                                                     FP 375 µg/day                CIC:           0.30; 
P=0.15 
                                                                                            pMDI with a spacer         FP:            0.08; 
P<0.001  
 
 
 
Wolthers 2011   51/13  5-11 (8.2)          CO, R, AB            BDP-HFA 200 µg/day     Baseline:    0.36 
Reference 50)                                                                     BDP-CFC 200 µg/day     BDP-HFA:  0.27; 
P<0.01 
                                                                                            pMDI with a spacer         BDP-CFC:  0.23; 
P<0.001 
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                                                                                                                                    HFA was NI to 
BDP 
      
 
Wolthers 2015   38/10  5-11 (8.7)         CO, R, AB             BDP 200 µg/day*            Baseline:     0.37 
Reference 55)                                                                     FP 200 µg/day                BDP:           0.23; 
P=0.01 
                                                                                            FP/FORM                       FP:              0.42; 
P=0.92  
                                                                                              200µg/20 µg/day          FP/FORM:   0.38; 
P=0.95 
                                                                                    pMDI with a spacer        FP/FORM was NI 

to FP 

LLGR: lower leg growth rate; CO: cross over; R: randomized; DB: double blind; PL: placebo; 

AB: assessor blinded; pMDI: pressurized metered dose inhaler; HFA: hydroflouroalkane; 

CFC: chlorofluorocarbon; FP: fluticasone propionate; FORM: formoterol; NI: non inferior 
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Figure.  
 
 
        Pharmacokinetic studies                                              Studies of measures of systemic 
activity 
                   N=12                                                                                            N=15 
 
 
 
   
   
In vitro                      In vivo                                                    HPA function                  
Knemometry 
  N=3                         N=9                                                             N=11                               
N=4  
 
 
 
    
        
       Adults*       Adults          Children    Reviews                        Children                           
Children 
         N=4           N=1               N=2           N=3                               N=11                              
N=4 
 
 
 
 
 
CIC   BDP      CIC    BDP     CIC    BDP                                   CIC   BDP                        CIC   
BDP 
N=3   N=1      N=1    N=0      N=1   N=1                                    N=7  N=4                         N=2   
N=2 
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Figure legend 
 
 
A flowchart of the literature search in pharmacokinetics and systemic activity of extra fine 

ciclesonide and beclomethasone dipropionate. N: number of studies; *healthy adults, 

otherwise the studied populations comprised patients with asthma; HPA: hypothalamic-

pituitary-adrenal; CIC: ciclesonide; BDP: beclomethasone dipropionate. 

 
 
 
Fact box: Abbreviations and definitions 

_________________________________________________________________________

_____ 

 
CIC: ciclesonide 
 
Des-CIC: des-ciclisonide 
 
BDP: beclomethasone dipropionate 
 
17-BMP: beclomethasone-17-monopropionate 
 
MMAD: mass median aerodynamic diameter: the diameter of a dose of an inhaled 
corticosteroid     
             delivered to the 8-stage Andersen Cascade Impactor exclusive of the throat of the      
             impactor 
 
FPP: fine particle fraction: the percentage of a dose of an inhaled corticosteroid delivered to 
the 8-     
         stage Andersen Cascade Impactor inclusive of the throat with a particle diameter <5 
µm 
 
The delivered dose: the amount of a drug that reaches the patient 
 
Pulmonary deposition rate: the amount of an inhaled drug that is deposited in the 
intrapulmonary airways 
 
Gastro intestinal deposition rate: the amount of an inhaled drug that is deposited in the 
gastro intestinal tract 
 
Bioavailability: the amount of drug that reaches the systemic circulation 
 
Pulmonary retention time: the time that an inhaled drug resides in the intrapulmonary 
airways 
 
Receptor binding affinity: the ability of an inhaled corticosteroid to bind to the corticosteroid  
 
                                        receptor in the epithelium in the intrapulmonary airways 
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Protein binding rate: The amount of circulating corticosteroid that is bound to plasma 
proteins 
 
Knemometry: measurement of the lower leg 
 
LLL: lower leg length 
 
LLGR: lower leg length growth rate 
 
HPA function: Hypothalamic-pituitary-adrenal function 
 
 
 
 


