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Asthma is currently one of the most prevalent
diseases in the USA and worldwide, and its prev-
alence has increased in recent years [1,2,101].
Approximately 15 million individuals in the
USA (5-6% of the population), including
5 million children and 300 million people
worldwide, have this disease [3-5]. Asthma is
responsible for approximately 5500 deaths in the
USA and 180,000 deaths worldwide each year
[2.3,101]. The disease is also associated with signif-
icant direct and indirect costs, relating to more
than 28 million lost school or work days annu-
ally in the USA [1-4]. Other related costs include
those associated with emergency room visits,
hospitalizations and reduced work productivity.

Currently, there are a number of therapeutic
agents available for the management of asthma.
Of these, inhaled corticosteroids (ICSs) are rec-
ommended as first-line therapy for infants, chil-
dren and adults with persistent asthma of all
severities [2,6]. Several ICSs are currently com-
mercially available, including fluticasone propi-
onate, budesonide and beclomethasone
dipropionate. Although all these agents are effi-
cacious, their pharmacokinetic properties differ
greatly, potentially affecting safety profiles and
dosing regimens [5,7,8]. A number of other ICSs
are also under development, including cicleso-
nide and mometasone furoate, both of which
have the potential to be delivered once daily
[9.10]. These agents are expected to provide
asthma patients with additional options for
disease management.
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Inhaled corticosteroids are recommended first-line therapy for asthma of all severities.
Concerns regarding local and systemic side effects can influence adherence, and
subsequently, efficacy and long-term asthma control. Ciclesonide is a novel inhaled
corticosteroid with an improved therapeutic margin — its efficacy is similar to that of other
inhaled corticosteroids, but with a potentially better local and systemic safety profile in
patients with persistent asthma. Ciclesonide is activated, mainly in the lung, to
desisobutyryl-ciclesonide, the active metabolite, which, together with its other
pharmacokinetic properties, contributes to its improved safety profile. Additionally, the
drug is delivered through a hydrofluoroalkane metered-dose inhaler, which allows high
lung deposition and delivery into the small airways. The improved therapeutic margin of
ciclesonide may increase patient adherence, thereby ultimately improving asthma control.

Unmet needs with currently available
ICS therapy

Asthma is a chronic inflammatory disease associ-
ated with a high rate of morbidity and mortality.
Therefore, the primary goal of asthma treatment,
as defined by recent guidelines, is the achieve-
ment and maintenance of long-term control [2,6],
with minimal symptoms and near-normal lung
function (as measured by forced expiratory vol-
ume in one second [FEV,], peak expiratory flow
[PEF] and forced vital capacity [FVC]). Other
valuable endpoints include changes in asthma
exacerbations, night-time awakenings and the
use of rescue medication.

As with many chronic diseases, gaining long-
term control requires adherence to treatment,
which can be challenging. The degree to which
patients will adhere to their asthma therapy is
influenced by several factors, including the fre-
quency of dosing regimen, ease of use of the
delivery device and the safety profile of the par-
ticular drug [11. Therefore, therapies that
address the potential for poor adherence and are
efficacious and well tolerated, could improve the
prognosis for the long-term treatment of patients
with asthma [12].

Safety considerations & their impact

on adherence & asthma control with

ICS therapy

Although ICSs are associated with fewer side
effects than oral corticosteroids, clinically rele-
vant safety complications are still a concern [13].
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Related side effects include local oropharyngeal
effects and potentially more serious systemic
effects associated with cortisol suppression,
which are linked to oral and pulmonary bioavail-
ability of the drug. These concerns regarding
potential toxicities have resulted in some reluc-
tance among physicians to prescribe ICSs,
despite the fact that these drugs are proven the
most effective long-term therapy for the control
of persistent asthma [14].

The occurrence of local oropharyngeal side
effects such as oral candidiasis and dysphonia are
influenced by the duration and dosage of the ICS
1151, while systemic adverse effects become appar-
ent when recommended therapeutic doses of
ICSs are exceeded [14,16,17]. Based on the pharma-
cology of the drug class, oral candidiasis is
thought to be due to the immunosuppressive
action of the ICS [15). Similarly, dysphonia (alone
or in association with a sore throat) is a notable
local side effect observed with the long-term use
of an ICS [15].

Systemic effects linked with ICS use include
hypothalamic—pituitary—adrenal (HPA)-axis sup-
pression and untoward effects on growth velocity
(in children), skin, eyes and bone metabolism
[5.18]. These effects are associated with long-term
exposure, in particular with the higher doses of
ICSs required to control severe asthma. The
occurrence of these adverse events is influenced
by several factors — including the specific drug
(e.g., the affinity of the ICS for the glucocorti-
coid receptor), delivery device, dosage and indi-
vidual patient characteristics — and may
negatively affect patient quality of life 15,19].

Local and systemic side effects can also result
in patients discontinuing treatment, which in
turn can lead to a deterioration in asthma con-
trol [11,101]. These side effects may be of greater
concern among patients with severe asthma who
are more dependent on continued ICS therapy
for optimal control.

The ‘ideal’ ICS for the treatment of
patients with asthma

It is therefore proposed that the ‘ideal’ 1CS would
provide effective asthma control via a convenient
dosing regimen and device with several pharma-
cologic properties that minimize oral and sys-
temic exposure and provide optimal efficacy and
safety. This ‘ideal’ ICS should be active only
within the lung, possess a high degree of glucocor-
ticoid-receptor affinity and have a high pulmo-
nary retention time (lipid conjugation provides a
reservoir for the slow release of active compound).

It should also possess low systemic exposure,
which can be achieved through several pharma-
cokinetic characteristics including high protein
binding and a high clearance rate. An ICS with
this profile would be a valuable addition to the
treatment options for patients with asthma [s).

Introduction to the compound
Ciclesonide is a novel ICS with demonstrated
efficacy and minimal side effects in a number of
clinical studies [10,20-27]. It is formulated as a
hydrofluoroalkane metered-dose inhaler (HFA-
MDI) which results in high lung deposition so
that inflammation in the small airways can be
potentially targeted [28]. Ciclesonide itself is inac-
tive and is converted to the active metabolite,
desisobutyryl-ciclesonide (des-ciclesonide), pri-
marily in the lung [29]. Ciclesonide possesses a
number of unique pharmacokinetic and phar-
macodynamic properties that contribute to an
improved therapeutic margin compared with
other currently available I1CSs [7,29,30]. Addition-
ally, this ICS has the potential for a once-daily
dosing regimen in adults with mild-to-moderate
persistent asthma and in children with all severi-
ties of persistent asthma, which may help to
improve treatment adherence, and ultimately,
asthma control.

Chemistry

Ciclesonide  (C3,H,,O,, molecular  weight
540.7) is a nonhalogenated ICS [30,31]. There are
two epimers, but only the most potent one, the
R-epimer, was developed for clinical use [32,33].
Ciclesonide is the 2"R-epimer of 2"-cyclohexyl-
11B-hydroxy-21-isobutyryloxy-16bH-diox-
olo(5",4:16,17)pregna-1,4-diene-3,20-dione
(Figure 1) [32].

Ciclesonide is a white/yellow-white powder
that is soluble in dehydrated ethanol, acetone,
dichloromethane and chloroform. Enzymatic
cleavage converts ciclesonide (the parent com-
pound) into the active primary metabolite,
des-ciclesonide (Figure 1) [31]. In vitro studies
have demonstrated that following 24 h incu-
bation of rodent rat slices with ciclesonide
there was complete conversion to des-cicleso-
nide (74.2%) and des-ciclesonide fatty acid
conjugates (25.8%) [34,35]. Importantly, phar-
macokinetic studies revealed that [14C]-cicle-
sonide is not retained in red blood cells [31). It
is formulated as a solution in the propellent
hydrofluoroalkane (HFA-134a[1,1,1,2-tetrafluor-
oethane]) and ethanol and has been developed
for delivery via a pressurized MDI.
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Figure 1. Structure of ciclesonide and its active metabolite desisobutyryl-ciclesonide.
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Pharmacologic properties

The efficacy and safety of an ICS can be influ-
enced by several pharmacologic factors. Efficacy is
affected by such factors as: the potency of the mol-
ecule (assessed as relative receptor binding affinity
[RRA] versus dexamethasone, which is assigned a
value of 100); delivery and higher lung deposition
characteristics; lipophilicity and lipid conjugation
[7.36,37]. The safety profile of an ICS is also affected
by the potency of the molecule, as well as several
important factors relating to systemic side effects,
such as oral bioavailability, clearance rate and
plasma protein binding (Figure 2) [7,36,37].

Absorption

Total systemic ICS bioavailability is calculated as
the sum of the oral bioavailability (the amount
of ICS that becomes systemically available after
being swallowed) and the fraction available to
the lungs (pulmonary deposition) [5,71. Data sug-
gest that the oral bioavailability of both cicleso-
nide and its active metabolite, des-ciclesonide,
are less than 1% (313, which is similar to the oral
bioavailability for fluticasone propionate [7,38]. A
clinical study examining the extent of oropha-
ryngeal deposition of both inhaled ciclesonide
(640 pg ex-actuator) and des-ciclesonide com-
bined was shown to be only about 53% of that
of fluticasone propionate 880 g after adminis-
tration via HFA-MDI. In addition, only 8% of
des-ciclesonide relative to fluticasone propionate
was present in the oropharynx [39]. Similar find-
ings have been reported in healthy volunteers
where the sum of oropharyngeal deposition of
inhaled ciclesonide (640 ug ex-actuator) and
des-ciclesonide was 47% of that of budesonide
(800 pg Pulmicort®) (0;.

ICSs that are formulated as solutions, such as
ciclesonide, have been shown to have a smaller
particle size than suspensions, which is likely to
improve lung deposition characteristics [41]. Par-
ticles with a small (<5 pm) mass median aerody-
namic diameter (MMAD) are considered to be
the most appropriate for lower airway deposition
42]. The MMAD for ciclesonide delivered by
HFA-MDI has been shown to be between 1 and
2 um [41]. The pulmonary deposition for cicleso-
nide is approximately 50% of the delivered dose,
as demonstrated in healthy subjects [43). Simi-
larly high levels of lung deposition have been
observed in patients with asthma 44]. Use of the
AeroChamber® Plus (3M Pharmaceuticals) spacer
with the ciclesonide-MDI does not affect the
pharmacokinetics of the active metabolite des-
ciclesonide, and therefore patients may benefit
from using a spacer without compromising lung
deposition [45].

Distribution

The fraction of ICS that is deposited in the lung
eventually appears in the systemic circulation,
where it has the potential to cause systemic
adverse effects by interacting with glucocorticos-
teroid receptors outside the lung. Thus, rapid
removal of freely circulating 1CS reduces the
potential to elicit these effects. Strong plasma
protein binding is a desirable property for any
ICS as there will be a low proportion of
unbound drug in the circulation to interact with
systemic receptors [5,7.8].

Des-ciclesonide has a large volume of distribu-
tion, as does fluticasone propionate [530]. Both
ciclesonide and its active metabolite have been
shown to be highly protein bound — approximately
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Figure 2. Pharmacologic characteristics of ciclesonide and its active metabolite

desisobutyryl-ciclesonide (des-CIC).
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99% - in several species, including humans [4e].
There are significant differences in the plasma pro-
tein binding of the various I1CSs: — approximately
90% of fluticasone propionate is protein bound in
humans compared with 88 and 87% for budeso-
nide and beclomethasone dipropionate, respec-
tively [781. Thus, the high protein binding seen
with ciclesonide suggests that only about 1% of the
drug is freely circulating, which is approximately
tenfold lower than the active concentrations of
other ICSs, thereby reducing the potential for
systemic side effects [7].

Metabolism

Ciclesonide is hydrolyzed by carboxyesterases
to its active, highly potent (RRA ~1200) metab-
olite,  des-ciclesonide, primarily in  the
lung [29,31,471. The presence of low levels of
active metabolite in the oropharynx should
result in a lower frequency of local adverse

170

effects. Des-ciclesonide is rapidly metabolized
to inactive metabolites by hepatic cytochrome
P450 3A4 isozymes [48,49].

Clearance & excretion

The differing rates of clearance and excretion
for 1CSs may influence efficacy and safety.
Des-ciclesonide has been previously reported
to have a rapid systemic clearance of 396 I/h,
which may reduce the risk of 1CS-induced sys-
temic effects [30]. Unlike many ICSs, des-cicle-
sonide has been shown to undergo reversible
lipid conjugation in vitro in human lung tissue
and in vivo in rodent lungs [35,48]. This may act
as a reservoir for the active drug and could con-
tribute to a prolonged anti-inflammatory
action in the lung, which may allow for once-
daily dosing [ss,48]. In looking at other differ-
ences, beclomethasone dipropionate appears to
have the greatest reported lipophilicity among

Therapy (March 2005) 2(2)




www.futuremedicine.com

the ICSs [501. The values for ciclesonide and
des-ciclesonide are 2 to 4 times greater than for
budesonide [51].

Des-ciclesonide, budesonide and fluticasone
propionate have relatively long elimination half-
lives — 3.5, 2.8 and approximately 8 h, respec-
tively — after intravenous administration com-
pared with  beclomethasone  dipropionate
[5.31,37,41]. Healthy volunteer studies have shown
that following oral or intravenous administration
of [1C]-ciclesonide, the mean cumulative excre-
tion of total radioactivity was almost complete at
120 h [311. Finally, fecal excretion was the predom-
inant route of elimination of total radioactivity
after both methods of drug administration [31].

The pharmacologic properties of ciclesonide
indicate that it may have the potential to provide
an advancement in the design of ICSs for treat-
ing persistent asthma, compared with currently
available drugs.

Clinical profile

Ciclesonide administered via HFA-MDI has
proven clinical efficacy in patients with persistent
asthma, across a range of severities, as assessed by
improvements in FEV;, PEF and FVC, reduc-
tions in asthma symptom scores and reductions in
airway hyper-responsiveness [10,21,22,52-62]. A series
of studies of patients with persistent asthma have
compared the efficacy and safety of ciclesonide
with placebo and active comparators, fluticasone
propionate or budesonide [20-2261]. These data
support the benefits of the pharmacologic proper-
ties of ciclesonide in the treatment of asthma. In
the following sections, all doses of ciclesonide are
expressed as ex-actuator.

Placebo-controlled studies

Clinical efficacy in mild-to-moderate asthma
Several controlled, dose-ranging, 12-week stud-
ies examined the effects of ciclesonide 80, 160,
320 or 640 ug once daily on lung function in
patients with mild-to-moderate persistent asthma
compared with placebo [53-55,62].

In one 12-week study (n = 360), ciclesonide 80
and 320 ug once daily significantly increased
morning PEF compared with placebo (2.0 I/min,
p = 0.0012 and 3.0 I/min, p = 0.0006 for cicleso-
nide 80 and 320 pg once daily, respectively, versus
-18 I/min for placebo) in adult patients with
persistent asthma [s4].

In another 12-week, placebo-controlled study
followed by an open-label period of 40 weeks, the
efficacy of ciclesonide 160 and 640 pg once daily
was evaluated in 329 adults with asthma [52,53].

Ciclesonide - DRUG PROFILE

At the end of the initial 12-week treatment
period, FEV,; was significantly higher in both
ciclesonide groups compared with placebo
(p=0.007 and p < 0.02 for ciclesonide 160 and
640 g per day, respectively, versus -144 ml for
placebo) [53. In addition, the proportion of
patients completing the study without showing
‘lack of efficacy’ was significantly greater for cicle-
sonide-treated patients compared with placebo
(p <0.0001) (s31. Furthermore, during the 40-
week open-label phase of the extension study,
FEV, improved significantly in placebo
(p=0.0001) and both treatment groups
(p=0.0133 and p =0.0003 for ciclesonide 160
and 640 g per day, respectively) [52].

The effects of morning and evening doses of
ciclesonide 160 pg once-daily on lung function
were evaluated in a randomized, double-blind,
parallel-group study in 209 adults with mild-to-
moderate persistent asthma [10]. After 8 weeks of
treatment with ciclesonide, clinically relevant
improvements were reported in evening PEF in
both the morning and evening treatment groups
(7 1/min [p = NS versus baseline] and 16 I/min
[p <0.05 versus baseline]). Asthma symptoms
improved significantly in both treatment groups
(morning -0.38 and evening -0.50, p < 0.001),
and there was a reduction in the use of rescue
medication in both the morning and evening
treatment groups (-0.36 puffs/24 h for both,
p < 0.05). These results indicate that ciclesonide
can be administered at either time of the day [10].

Collectively, these studies have demonstrated
that ciclesonide 80, 160, 320 or 640 ug per day
is more effective in the short and long term in
the treatment of patients with mild-to-moder-
ate asthma compared with placebo, providing
significant improvements in lung function and
asthma symptoms.

Clinical efficacy in moderate-to-severe asthma

The use of higher doses of ciclesonide (640 or
1280 g per day) in 365 patients with moderate-
to-severe asthma has also been examined in a 12-
week study followed by a 40-week open-label
period [s859]. Patients had been pretreated with
beclomethasone dipropionate (800-2000 pg per
day). Following a 2-week baseline period in which
patients were treated with beclomethasone dipro-
pionate (1600 g per day), patients were rand-
omized to one of the two ciclesonide dosages.
During the randomized, double-blind, 12-week
study period, ciclesonide improved the lung func-
tion parameters FEV, and PEF, and reduced
asthma symptom scores and use of rescue
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medication. Following 12 weeks of treatment,
morning PEF increased by 5% in both ciclesonide
groups compared with baseline (p =0.0002 and
p =0.001 for ciclesonide 640 and 1280 ug per
day, respectively). Compared with baseline, FEV;
also increased significantly, although this increase
was not dose-related (640 pg, p = 0.0014; 1280 ug,
p = 0.041). This improvement in FEV,; was sus-
tained during the 40-week open-label extension
phase [s8559]. These data suggest that in the treat-
ment of patients with moderate-to-severe asthma,
ciclesonide provides significant improvements in
FEV, and PEF compared with placebo in short-
and long-term treatment. Longer-term studies are
currently underway.

Active-comparator studies

Several studies have demonstrated that cicleso-
nide has comparable efficacy to two currently
available ICS, fluticasone propionate and
budesonide [20-22,61].

Clinical efficacy of ciclesonide versus fluticasone
propionate

In one 12-week study of patients with asthma
(n=529), the efficacy of ciclesonide 160 ug once
daily was compared with fluticasone propionate
88 ug twice daily (HFA-MDI, ex-actuator) [61].
Both ciclesonide 160 pg per day and fluticasone
propionate 88 g twice daily improved FEV,
(506 ml and 536 ml, respectively) and morning
PEF (29 I/min and 36 I/min, respectively) [e1].
Ciclesonide was as effective as fluticasone propion-
ate in improving FEV,; and morning PEF
(p<0.0001 from baseline to week 12 in both
groups) [61]. Similar improvements were also
reported with FVC for both treatments
(ciclesonide + 531 ml and fluticasone propionate
+ 523 ml). Compared with baseline, asthma symp-
toms were also significantly improved in both treat-
ment groups at week 12 (p < 0.0001 for both) and
the need for rescue medication was significantly
reduced (p < 0.0001 for both) (Figure 3)[61].

Clinical efficacy of ciclesonide versus budesonide

There are also clinical data available suggesting
that ciclesonide has comparable efficacy with
budesonide. In a 12-week study, the efficacy and
safety of two doses of ciclesonide 80 or 320 ug
once daily were compared with budesonide
200 pg twice daily (Turbuhaler® ex-valve) in 554
patients with asthma [s6]. In all treatment
groups, FEV; and FVC increased significantly
compared with baseline (p <0.0001). Changes
in FEV; % predicted were 9, 8 and 10% in

patients treated with ciclesonide 80 ug, cicleso-
nide 320 pg and budesonide 200 pg, respec-
tively). In addition, both doses of ciclesonide
were comparable to budesonide with respect to
improvements in morning and evening PEF. The
authors concluded that the once-daily dosing
regimen of both doses of ciclesonide is as effec-
tive as budesonide 200 pg twice daily in patients
with asthma [s6].

Two additional 12-week studies compared the
effects of ciclesonide 320 ug once daily with
budesonide 400 pg once daily (Turbuhaler ex-
valve) on lung function in patients with asthma,
and found ciclesonide to be at least as efficacious
as budesonide [21,22]. The treatments were admin-
istered either in the morning [22] or the evening
[21]. In the study in which the medications were
administered in the evening (n = 399), treatment
with ciclesonide 320 g and budesonide 400 pg
administered once daily significantly improved
FEV, compared with baseline (411 ml and
319 m, respectively, p < 0.0001). The superiority
of ciclesonide versus budesonide was also demon-
strated in FEV, (p = 0.0374). Daily recordings of
morning PEF indicated an earlier onset of treat-
ment effect for ciclesonide (day 3) compared with
budesonide (week 2) [21].

In the second study, patients pretreated with
beclomethasone dipropionate (400-800 ug per
day) then received budesonide 1600 pg (Turbu-
haler, ex-valve) per day for 2 to 4 weeks [22]. Patients
who demonstrated a treatment response
(defined as an improvement in FEV, of >7% or
150 ml) and who had FEV; 65-90% of pre-
dicted were then randomized to ciclesonide
320 pg via HFA-MDI (n = 179) or budesonide
400 g (n = 180) once daily in the morning. At
the end of 12 weeks of treatment, all patients
experienced a decrease in FEV, and FVC. With
ciclesonide, FEV, fell by 178 ml, compared with
232 ml for budesonide (p=NS between
groups). For FVC, there was less of a reduction
with ciclesonide than with budesonide (124 ml
versus 221 ml, respectively, p < 0.01). Patients
receiving ciclesonide had a significantly higher
percentage of symptom-free days compared with
budesonide (43 versus 34%, p =0.0288) [22].
The clinical benefits reported in these studies
potentially could be attributed to differences in
their pharmacologic profiles.

Clinical efficacy in the pediatric population

Clinical data from one comparative clinical trial
illustrate that ciclesonide is also effective in
children, compared with fluticasone propionate
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Figure 3. Ciclesonide is as effective as fluticasone propionate in improving forced
expiratory volume in one second (FEV,) and morning peak expiratory flow (AM PEF)
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63]. In a multinational study, 556 children (aged
6 to 15 years) with persistent asthma were rand-
omized to receive either ciclesonide 80 g twice
daily or fluticasone propionate 88 g twice daily
(via HFA-MDI, ex-actuator), for 12 weeks [63].
Ciclesonide was as effective as fluticasone propi-
onate in improving all measured lung function
parameters. During the 12-week treatment
period, significant increases in FEV; were
observed with both ciclesonide (298 ml) and flu-
ticasone propionate (297 ml) (p <0.0001 from
baseline). In addition, asthma symptoms and the
use of rescue medication were significantly
reduced with both treatments compared with
placebo (p < 0.0001) [631. A number of ongoing
short and long term studies are further evaluating
the use of ciclesonide in the pediatric population.

Safety & tolerability

As has been noted previously in this paper, the
potential for minimizing side effects is pivotal in
the successful use of ICS treatment.

Local side effects

Ciclesonide 80 to 1280 pg daily is associated
with a low frequency of local oropharyngeal
adverse events [e4-66]. Data pooled from a
number of clinical studies, which included more
than 6846 patients with asthma, demonstrated
that the number of patients with oropharyngeal
adverse events was similar in the ciclesonide and
placebo groups [e4]. In addition, a subset analysis

of this data highlighted that the incidence of
oropharyngeal adverse events was lower in
patients who received ciclesonide 640 g
(n = 465) compared with fluticasone propionate
880 g (n =483). The incidence of oral candi-
diasis was lower in patients receiving ciclesonide
640 pg daily compared with those receiving flu-
ticasone propionate 880 g (MDI, ex-actuator)
(0.4% for ciclesonide 640 pug per day; 5.2% for
fluticasone propionate 880 g per day) [64].
Overall, a similar incidence of oropharyngeal
adverse events was also reported in moderate-to-
severe asthma patients taking ciclesonide 160 to
320 pg twice daily and fluticasone propionate
440 g twice daily (chlorofluorocarbon MDI,
ex-actuator) [271. The incidence of oral candidia-
sis was higher in those patients who received flu-
ticasone  propionate 440 pg twice daily
compared with those who received ciclesonide
160 or 320 g twice daily (Figure 4) [27].

Local side effects in long-term studies

Longer-term clinical studies have also reported a
low incidence of oropharyngeal adverse events
with ciclesonide use [52,67]. For example, in one
52-week study, the incidence of oropharyngeal
adverse events, including pharyngitis (4%), voice
alteration (2%) and oral candidiasis (1%), was
low in patients (n = 329) treated with ciclesonide
160 to 640 ug daily [52,671. Ciclesonide has also
been associated with a lower incidence of oral
candidiasis than beclomethasone dipropionate
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Figure 4. The incidence of oral candidiasis with ciclesonide was similar

to placebo and less than for fluticasone propionate (n = 531) [27].
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HFA-MDI (ex-actuator) [es]. In patients with
severe, persistent asthma (n =293), the inci-
dence of oral candidiasis was lower in patients
receiving ciclesonide 160 or 320 ug twice daily
compared with beclomethasone dipropionate
160 or 320 pg twice daily for 52 weeks (4.1% for
ciclesonide and 10.4% for beclomethasone
dipropionate) [ss].

Effects on HPA-axis function

The pharmacokinetic characteristics of cicleso-
nide, including low oral bioavailability, high
serum protein binding and rapid systemic clear-
ance, suggest that the agent may have a reduced
potential to exert systemic side effects.

HPA-axis function in adults

Measures of HPA-axis function provide a sensi-
tive clinical marker of the systemic exposure to
an ICS 6. In a clinical setting, integrated
(area under the curve over 24 h [AUC,_,4])
serum or urinary free cortisol measurements, as
well as dynamic stimulation of the HPA-axis
with cosyntropin, are standard methods for
assessing basal cortisol secretion and HPA-axis
responsiveness, respectively [s].

In a healthy volunteer study, ciclesonide given
as 640 pg once daily in the morning, 640 ug
once daily in the evening or as 320 pg twice daily
delivered via HFA-MDI for 7 days had no effect
on the circadian rhythm of cortisol secretion
compared with placebo as measured by 24 h
AUC,_,, serum cortisol [26].

The absence of HPA-axis suppression
reported with ciclesonide in healthy volunteers
was consistent with clinical findings in patients

with asthma. In an 8-week study, ciclesonide
160 pg daily had no effect on the HPA-axis, as
determined by 24 h urinary free cortisol cor-
rected for creatinine in patients with mild-to-
moderate persistent asthma [10]. These findings
were validated in a 40-week open-label exten-
sion (n=228) of another 12-week study
(n = 329), which showed that ciclesonide (160-
1280 g daily) did not suppress 24 h urinary
cortisol levels [52,67].

Several pharmacodynamic studies have pro-
vided further evidence that ciclesonide does
not adversely affect HPA-axis function
[202569]. In repeat-dose studies in asthma
patients, ciclesonide 320 to 1280 pg per day
and placebo had similar effects on the HPA-
axis, as assessed by such measures as AUC,_,,
serum cortisol levels, urinary free cortisol cor-
rected for creatinine levels and dynamic peak
serum cortisol concentrations after stimulation
with 1 pg cosyntropin [20,25,69].

Studies have also provided evidence suggest-
ing that ciclesonide may have less effect on HPA-
axis suppression than other ICS [s6,70]. For exam-
ple, a 12-week study in patients with mild-to-
moderate asthma showed that ciclesonide 80 or
320 ug once daily was not associated with
changes in 24 h urinary cortisol excretion com-
pared with baseline. Conversely, treatment with
budesonide 200 pg twice daily (Turbuhaler ex-
valve) showed statistically significant suppression
(p <0.05) [56]. These results have also been
found with higher doses of ciclesonide. For
example, a 4-week study of patients with moder-
ate, persistent asthma showed that treatment
with fluticasone propionate 880 ug twice daily
(ex-actuator) suppressed HPA-axis function,
whereas ciclesonide 640 g twice daily had no
such effect [70).

HPA-axis function in the pediatric population

HPA-axis suppression and growth impairment
are of particular concern in pediatric patients.
The systemic safety of ciclesonide has been
investigated in 556 children with persistent
asthma aged 6 to 15 years receiving ciclesonide
160 pg daily (80 g twice daily) in a randomized
12-week comparison study with fluticasone pro-
pionate 176 pg daily (88 g twice daily; HFA-
MDI, ex-actuator) [63). There were no statisti-
cally significant between treatments differences
in urinary cortisol excretion. Similarly, a double-
blind, placebo-controlled, four-period cross-over
study of 24 children with mild, persistent
asthma found no clinically relevant difference in
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urinary free cortisol (creatinine-corrected) in
patients treated with ciclesonide 40, 80 or 160 pg
once daily or placebo [711. Combined data from
two 12-week placebo-controlled studies of chil-
dren aged 4 to 11 years with mild-to-severe per-
sistent asthma illustrated that ciclesonide (40, 80
and 160 ug once daily) treatment did not sup-
press HPA-axis function as measured by peak
serum cortisol concentrations after stimulation
with  1ug cosyntropin and 24 h cortisol
corrected for creatinine [72].

Impairment of growth

One consequence associated with systemic expo-
sure to ICS therapy may be growth impairment
in children [73). Indeed the results of one pla-
cebo-controlled, four-period cross-over study in
children with mild, persistent asthma (n = 24)
demonstrated that ciclesonide 40 to 160 pg once
daily did not affect lower-leg growth rate [71].
The growth rate of the lower leg was approxi-
mately 0.4 mm/week in each treatment group,
with no statistically significant differences
between any ciclesonide treatments and placebo.
The authors concluded that ciclesonide 40 to
160 pg once daily has a favorable safety profile
for use in children.

HPA-axis suppression in long-term studies

The lack of effect of ciclesonide on HPA-axis
function was recently demonstrated in a long-
term study in patients aged 12 years or over
with severe, persistent asthma [74. In a 12-
month double-blind, parallel group extension
of a 12-week, double-blind, randomized study,
ciclesonide 160 or 320 pg twice daily had simi-
lar effects to beclomethasone dipropionate 160
or 320 ug twice daily (both delivered via HFA-
MDI, ex-actuator) on HPA-axis function.
Mean changes from baseline to study end in
low-dose cosyntropin peak serum cortisol levels
and 24 h urinary free cortisol corrected for cre-
atinine values were comparable between the
treatment groups [74]. Other ongoing studies
are evaluating the effect of long-term exposure
to inhaled ciclesonide on other organs and
body systems, including growth in children,
which may be affected by chronic exposure to
ICS therapy.

Expert opinion

The role of ICS therapy in the treatment of
asthma is well established — ICS are proven effica-
cious and are recommended as first-line therapy
for individuals with persistent asthma. Despite

Ciclesonide - DRUG PROFILE

their benefits, however, all of the commercially
available ICS are associated with some undesira-
ble systemic and local side effects, including
oropharyngeal adverse effects. Concerns relating
to ICS safety may affect usage, especially in the
pediatric population, which may result in subop-
timal asthma control. This may lead to an unnec-
essary increase in asthma exacerbations, while
reducing patient quality of life as it relates to miss-
ing time at school and activities such as sports.
Such lifestyle limitations are of particular concern
among the pediatric population. Clearly there is a
need for an ICS that provides effective asthma
control, with a reduced potential for local and sys-
temic side effects, to ensure efficacy and appropri-
ate adherence. Ciclesonide, with its improved
therapeutic margin, has the potential to offer this
option, in providing efficacy similar to that of
other ICS, with an improved safety profile.

The beneficial treatment effects associated
with ciclesonide may be linked to its pharmacok-
inetic and pharmacodynamic properties. Cicle-
sonide is a parent compound that is converted
primarily in the lung to an active metabolite,
des-ciclesonide. Des-ciclesonide displays a high
receptor affinity and the ability to form reversi-
ble lipid conjugates. A potentially prolonged
pulmonary retention time may further enhance
the efficacy of ciclesonide, which may allow for a
once-daily dosing regimen in adults and children
with mild-to-moderate persistent asthma.

In addition to improving efficacy, ciclesonide
has pharmacokinetic characteristics that may
lead to an improved safety profile as well. For
example, ciclesonide has a reduced potential for
local oropharyngeal adverse effects, due to the
relatively low deposition of ciclesonide in the
oropharynx and minimal conversion to active
ICS. Furthermore, the small fraction of cicleso-
nide that becomes systemically available is rap-
idly cleared and highly protein bound, which
reduces the likelihood of systemic side effects.

Outlook

ICSs are considered the cornerstone of therapy for
the long-term control of asthma, and as such, it is
essential that efforts be made to improve the
safety profile and patient acceptance of this class
of agent that is so critical for the treatment of
asthma. It has been proposed that the ‘ideal’ ICS
may improve treatment adherence to provide
long-term control of this disease. The develop-
mental program of ciclesonide is ongoing and fur-
ther studies will be conducted. Currently available
data suggest that ciclesonide is a step closer to an
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Highlights

« Inhaled corticosteroids (ICSs) are recommended as first-line therapy for
individuals with persistent asthma of all severities and adherence to
therapy is necessary to maintain long-term control of this disease.
However, factors such as dosing frequency, the delivery device and safety
concerns impact patient adherence. Therefore, an effective ICS that allows
for a once-daily dosing schedule with a reduced potential for local and
systemic side effects may ultimately improve the long-term management
of this disease.

« Ciclesonide is a novel ICS with potent anti-inflammatory properties
currently under development for the treatment of mild-to-severe
persistent asthma.

« Ciclesonide is formulated as a solution for delivery via a hydrofluoroalkane
metered-dose inhaler which results in a high lung deposition. Importantly,
the parent compound ciclesonide is inactive until it is converted to the
active compound desisobutyryl-ciclesonide in the target tissues, which,
together with its pharmacologic properties, contribute to the improved
therapeutic margin of this drug.

« Ciclesonide has demonstrated efficacy comparable to that of other ICSs in
patients with persistent asthma, but with minimal local or systemic side
effects.

« Ciclesonide has the potential for a once-daily dosing regimen in adults
with mild-to-moderate asthma and children with all severities of the
disease, which may improve adherence and ultimately, long-term asthma
control.

‘ideal’ ICS, which may provide effective asthma
control with a reduced propensity for systemic
and local side effects.

Information resources

< Nave R, Bethke T, Marle Sv, Zech K. Pharma-
cokinetics of [1C] ciclesonide after oral and
intravenous administration to healthy subjects.
Clin. Pharmacokinet. 43(7), 479-486 (2004).

« Biberger C, von Behren V, Malek R et al. Effi-
cacy and safety of ciclesonide compared with
budesonide in asthma patients: A randomized
12-week study. Am. J. Respir. Crit. Care. Med.
167(7), A771 (2003).

e Boulet L, Engelstaetter R, Magyar P, Timar
M, Knight A, Fabbri L. Ciclesonide is at least
as effective as budesonide in the treatment of
patients with bronchial asthma. Am. J. Respir.
Crit. Care. Med. 167(7), A771 (2003).

e Weinbrenner A, Huneke D, Zschiesche M et
al. Circadian rhythm of serum cortisol after
repeated inhalation of the new topical steroid
ciclesonide. J. Clin. Endocrinol. Metab. 87(5),
2160-2163 (2002).
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