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Abstract Objective: Inhaled corticosteroids may cause
oropharyngeal side effects if deposited in the oropharynx
in active form. Ciclesonide, an inhaled corticosteroid
with low glucocorticoid receptor affinity, is activated
primarily in the lung by esterases to an active metabolite,
desisobutyryl-ciclesonide (des-CIC), with high gluco-
corticoid receptor affinity. We studied oropharyngeal
deposition of ciclesonide, des-CIC, and budesonide.
Methods: In an open-label, randomized, two-treatment
(administered in sequence), five-period study, 18 healthy
subjects received 800 lg (ex-valve) inhaled ciclesonide
via a hydrofluoroalkane-pressurized, metered-dose in-
haler followed by 800 lg budesonide (Pulmicort) by a
chlorofluorocarbon-pressurized, metered-dose inhaler
(four puffs of 200 lg each, ex-valve) or vice versa.
Oropharyngeal cavity rinsing was performed immedi-
ately, or 15, 30, 45, or 60 min after inhalation (one
rinsing per study period), and the solutions were ana-
lyzed using liquid chromatography with tandem mass
spectrometric detection.
Results: Ciclesonide and budesonide were detected in
most oropharyngeal wash samples. Maximal concen-
tration of each inhaled corticosteroid was reached
immediately post-inhalation; maximal concentrations of
ciclesonide and des-CIC were 30% and 0.67%, respec-
tively, of budesonide. Oropharyngeal deposition of ci-
clesonide and budesonide decreased rapidly within
15 min post-inhalation, and less rapidly thereafter. Less
than 10% of the residual ciclesonide in the oropharynx
was converted to des-CIC. The molar dose-adjusted
amount of des-CIC was 4% of budesonide
(P < 0.0001). There were no significant adverse events.
Conclusion: Oropharyngeal deposition of des-CIC was
more than one order of magnitude lower than that of

budesonide when administered by the respective me-
tered-dose inhalers. This may explain the low frequency
of oropharyngeal side effects of ciclesonide in clinical
studies.
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Introduction

Inhaled corticosteroids (ICs) are the anti-inflammatory
treatment of choice for persistent asthma. The thera-
peutic effect of these agents depends on the degree of
pulmonary deposition and affinity for glucocorticoid
receptors. ICs can be deposited in the oropharyngeal
cavity, regardless of device, potentially leading to local
complications such as hoarseness (dysphonia), pharyn-
gitis, and oral candidiasis [11]. Furthermore, corticos-
teroids deposited in the oropharynx may be swallowed
and absorbed into the systemic circulation, possibly
resulting in suppression of cortisol release and distur-
bances in bone metabolism and growth [19].

Systemic exposure to ICs depends on their pulmo-
nary and oral bioavailability, the latter of which ranges
from less than 1% to 26% [21]. For example, the oral
bioavailability of budesonide is approximately 11%,
meaning that greater than one-tenth of the swallowed
drug can be detected in the systemic circulation. How-
ever, oropharyngeal deposition of budesonide depends
on the inhalation device. When budesonide was
administered through a pressurized metered-dose inhaler
(pMDI), the contribution from the swallowed drug to
the overall systemic availability was 42% [26]. Because
of the high potential for currently available ICs to pro-
duce local and systemic complications, there is a clear
need for ICs with an improved safety profile.

Ciclesonide (Alvesco; ALTANA Pharma AG, Kon-
stanz, Germany) is a nonhalogenated IC that is
formulated as a solution for use in a hydrofluoroalkane
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(HFA)-pMDI. The HFA-pMDI provides a fine particle
spray, thereby yielding high pulmonary deposition in
central and peripheral regions of the lung and mini-
mizing oropharyngeal deposition. The oral bioavail-
ability of ciclesonide is less than 1% [15]. Ciclesonide,
administered as a parent compound, is converted by
pulmonary esterases to an active metabolite, desisobu-
tyryl-ciclesonide (des-CIC), which has a 100-fold greater
relative glucocorticoid receptor binding affinity than the
ciclesonide parent compound (relative glucocorticoid
receptor binding affinities are 1,212 and 12, respectively;
dexamethasone reference is 100), while budesonide has a
relative receptor binding affinity of 905 [24]. Because
ciclesonide is inactive when inhaled, the likelihood of
side effects in the mouth or upper respiratory tract is
reduced [11]. This study compared the oropharyngeal
deposition of ciclesonide and des-CIC versus that of
budesonide. Ciclesonide and budesonide were adminis-
tered as successive inhalations using comparable delivery
devices, an HFA-pMDI and a chlorofluorocarbon
(CFC)-pMDI, respectively. However, formulation of
budesonide as a suspension in the pMDI is likely to
produce a coarser particle spray and to increase oro-
pharyngeal deposition.

Methods

Subjects

Healthy subjects, 18–65 years of age, of normal weight
according to the Broca Index (0.80 £ weight/
[height�100] £ 1.25), and with stable smoking habits
were eligible. A medical history and physical examina-
tion were performed during a screening visit within
4 weeks of the start of the study. Subjects had to be able
to rinse their mouths and gargle with two fractions of
30 ml 50% (vol/vol) ethanol. Subjects were excluded if
they had any active oropharyngeal disorder; had clini-
cally relevant allergies; had taken medication within
2 weeks before study entry; had been screened for hu-
man immunodeficiency virus or hepatitis; had a positive
drug test; or had abused alcohol or drugs. Women
were excluded if they did not use a reliable form of

contraception or were pregnant. Subjects provided
written informed consent. This study was performed
in accordance with Good Clinical Practice and was
approved by an independent institutional review board.

Study design and treatment

This was an open-label, two-treatment, five-period study
with random allocation of eligible subjects to two
inhalation sequences (Table 1). Each subject inhaled
ciclesonide 800 lg by HFA-pMDI (four puffs of 200 lg
each, ex-valve) followed by budesonide 800 lg by CFC-
pMDI (Pulmicort; four puffs of 200 lg each, ex-valve),
or budesonide followed by ciclesonide at the same doses.
The corresponding molar doses were 1.48 lmol and
1.86 lmol for ciclesonide and budesonide, respectively.
In each of the five study periods, each patient received
the medications as a single dose in the same sequence
(over a period of a few minutes) and at the same time of
day as in the original allocation (Table 1). Each study
period was separated by a washout period of approxi-
mately 24 h, and each subject usually completed the
study in the same week.

Oropharyngeal washing

In order to recover study drug deposited in the oro-
pharynx, an oropharyngeal wash of 30 ml of 50% (vol/
vol) ethanol was performed immediately or 15, 30, 45, or
60 min after inhalation for study periods 1–5, respec-
tively. Each patient rinsed his or her mouth for 5 s and
gargled for 2–3 s, and the solution was recovered. The
oropharyngeal washing step was repeated and the two
samples were pooled. A 10-ml aliquot was withdrawn
from the pooled sample and stored at �20�C until bio-
analytical analysis was performed.

Assessments

The primary variable of the study, on a molar basis, was
the respective area under the concentration time curve

Table 1 Study design and procedures

Study period Time Procedure

Study period 1 At about 09:00 hours Inhalation of ciclesonide and budesonide in sequencea

Immediately afterwards Mouth rinsing, gargling, and collection
Study period 2 At about 09:00 hours Inhalation of ciclesonide and budesonide in sequencea

+15 min Mouth rinsing, gargling, and collection
Study period 3 At about 09:00 hours Inhalation of ciclesonide and budesonide in sequencea

+30 min Mouth rinsing, gargling, and collection
Study period 4 At about 09:00 hours Inhalation of ciclesonide and budesonide in sequencea

+45 min Mouth rinsing, gargling, and collection
Study period 5 At about 09:00 hours Inhalation of ciclesonide and budesonide in sequencea

+60 min Mouth rinsing, gargling, and collection

a Nine patients inhaled ciclesonide followed by budesonide, and nine patients inhaled budesonide followed by ciclesonide. The sequence of
dosing did not change between periods. Each study period was separated by a 24-h washout period
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between 0 min and 60 min (AUC0–60 min) of ciclesonide,
des-CIC, and budesonide in the rinsing solution. The
AUC0–60 min was calculated by the trapezoidal formula.
Other pharmacokinetic parameters were the maximum
drug concentration in the rinsing solution (Cmax) and the
time at which Cmax was achieved (tmax). Adverse events
were monitored continuously during the study.

Budesonide and ciclesonide concentrations were
determined simultaneously in rinsing solutions using an
internal standard and flow injection liquid chromatog-
raphy with tandem mass spectrometric detection (LC/
MS/MS) (PE-Sciex API3000, Quest Pharmaceutical
Services, Newark, DE). Briefly, 0.2 ml of each sample
was mixed with 0.2 ml of internal standard and 4 ml of
the mobile phase (850 ml methanol, 100 ml Millipore
water, and 50 ml 25 mM ammonium acetate). Follow-
ing centrifugation, a 5-ll aliquot of the solution was
injected into the LC/MS apparatus using a mobile phase
at a flow rate of 0.1 ml/min. To determine the concen-
tration of des-CIC, mouth-rinsing samples were spiked
with an internal standard, and 5 ll was injected into a
reversed-phase LC/MS/MS system (Waters Symmetry
C18, 3.5 lm, 2.1·50 mm) at a flow rate of 0.2 ml/min.
Analytes of interest were detected using a PE-Sciex
API3000 in negative ion daughter mode.

The concentrations of unknown and quality control
samples were determined by linear least-squares regres-
sion by plotting the peak area ratios of ciclesonide, des-
CIC, and budesonide to the corresponding internal stan-
dard against the nominal concentrations of ciclesonide,
des-CIC, and budesonide. Quantification was performed
using MacQuan 1.6 software (PerkinElmer Sciex, Orlan-
do, FL). Calibration ranges were 1–50 ng/ml for des-CIC
and 10–500 ng/ml for ciclesonide and budesonide. Cali-
bration, quality control data, and chromatograms dem-
onstrated the precision, accuracy, and between-batch
reproducibility of the methods. The within-batch accu-
racy for ciclesonide, budesonide, and des-CIC were in the
range of 95.1–109.7%, 96.6–109.8%, and 97.8–104.8%,
respectively. Between-batchprecision values, basedon the
coefficient of variation of quality-control samples, were
3.2% or less for all three analytes.

Statistical analyses

Point estimates and 95% confidence limits were calcu-
lated for the ratios of the molar AUC population
medians of des-CIC and budesonide as primary analysis,

ciclesonide plus des-CIC and budesonide, and des-CIC
and ciclesonide as secondary analyses. A multiplicative
model, reflecting the two-treatment sequences, and a
parametric analysis after logarithmic transformation
(including molar adjustment of 800 lg ciclesonide to
1.48 lmol and 800 lg budesonide to 1.86 lmol) were
performed. The secondary variables were analyzed in a
descriptive manner using summary statistics. Statistical
significance was based on the 95% confidence limits.
Finally, a two-sided t-test (Wilcoxon–Pratt test) was
performed to assign the significance of the comparisons.

Results

Eighteen subjects (9 men and 9 women), with a median
age of 33 years (range, 22–55 years), were enrolled in
this study. All subjects were caucasian and of normal
weight (median Broca Index, 98%). The mean volume of
recovered rinsing solution was 56 ml (of the 60 ml used).
Because of the relatively small coefficient of variation
(4.7%), compound concentrations were not adjusted
according to the volume of rinsing solution recovered.
The treatment sequence did not affect the volume of
recovered mouth-rinsing solution.

Maximum concentrations of ciclesonide and budes-
onide were attained in the rinsing solutions immediately
after inhalation. The mean Cmax of ciclesonide was
1.8 mg/l (3.3 lmol/l) and was 70.5% lower than the
Cmax of budesonide, which was 4.8 mg/l (11.3 lmol/l)
(Table 2). Total mean amounts of 100.8 lg of cicleso-
nide and 268.8 lg of budesonide were recovered in
mouth-rinsing solutions collected at the first available
time point (2–5 min). These amounts corresponded to
12.6% and 33.6% of the nominal inhaled doses of
800 lg of ciclesonide and budesonide, respectively. Ci-
clesonide and budesonide concentrations in the rinsing
solutions decreased rapidly during the 15 min following
administration and less rapidly thereafter (Fig. 1). For
both ciclesonide and budesonide, Cmax was achieved at a
similar time point after inhalation (median tmax=2.5 -
min or 0.05 h). In contrast, the concentration of des-
CIC at the first available time point was 0.005 mg/l
(10.3 nmol/l) and increased slightly over time to achieve
a mean Cmax of 0.037 mg/l (76 nmol/l) after 0.74 h
(tmax). The Cmax of des-CIC was 0.67% of that of bu-
desonide. Concentrations of ciclesonide plus des-CIC in
rinsing solutions were numerically less than those of
budesonide at all evaluation time points. The mean

Table 2 Pharmacokinetic characteristics of ciclesonide, desisobutyryl-ciclesonide (des-CIC), and budesonide in rinsing solution (n=18).
des-CIC desisobutyryl-ciclesonide, Cmax maximal concentration, SEM standard error of the mean, tmax time to maximal concentration,
AUC area under the curve

Substance Ciclesonide des-CIC Budesonide

Cmax (nmol/l) mean±SEM 3,345±557 76±10 11,346±2,222
tmax (h)mean±SEM 0.05±0 0.74±0.06 0.05±0
AUC0–60 min (nmol·h/l)
mean±SEM

612±94 48±6 1,856±337
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amount of des-CIC at tmax corresponds to 4.3 nmol des-
CIC and represents 0.3% of the nominal inhaled dose of
1.48 lmol ciclesonide.

The molar AUC0–60 min was calculated for cicleso-
nide, des-CIC, and budesonide to allow direct compar-
isons between compounds. Activation of ciclesonide to
des-CIC within the oropharynx was very low and oc-
curred slowly. Based on molar AUC0–60 min values, the
amount of des-CIC detected in the rinsing solution was
8% of that of ciclesonide (Table 2). Oropharyngeal
deposition of des-CIC was low compared with budeso-
nide. Molar dose-adjusted AUC0–60 min values revealed
that the amount of des-CIC detected in the rinsing
solution was 4% of that of budesonide (Table 3 and
Fig. 2). This difference between des-CIC and budesonide
was statistically significant (95% CI 0.02, 0.05;
P<0.0001). Oropharyngeal deposition of ciclesonide

plus des-CIC was low compared with budesonide. The
molar amount of ciclesonide plus des-CIC detected in
the rinsing solution within the first hour following in-
halation was 47% of that of budesonide. This difference
was also statistically significant (95% CI 0.38, 0.59;
P<0.0001).

Both ciclesonide and budesonide were well tolerated
when administered in sequence. No oropharyngeal ad-
verse events occurred after treatment with either agent.
Three cases of headache and one case of herpes facialis
were reported and assessed to be unrelated to the study
medication. No deaths, other serious adverse events, or
clinically significant abnormalities occurred during the
study.

Discussion

ICs are standard in the care of patients with persistent
asthma. However, some of the currently available ICs
are associated with oropharyngeal deposition and
accompanying side effects. The incidence of oropha-
ryngeal side effects depends on the IC dose, frequency of
administration, and delivery system [11]. Voice hoarse-
ness is the most frequent local side effect associated with

Fig. 1 Oropharyngeal deposition of ciclesonide, desisobutyryl-
ciclesonide (des-CIC), and budesonide. Mean (SEM) concentra-
tions of study drugs in the rinsing solutions of 18 healthy patients
following inhalation of 800 lg ciclesonide and 800 lg budesonide
delivered via HFA-pMDI and CFC-pMDI, respectively. A Com-
parison of ciclesonide (filled triangle), des-CIC (filled circle), and
budesonide (filled square). B Comparison of budesonide (filled
square), ciclesonide plus des-CIC (open circle), and des-CIC (filled
circle)

Fig. 2 Relative oropharyngeal deposition of 800 lg ciclesonide
inhaled via HFA-pMDI and 800 lg budesonide inhaled via CFC-
pMDI. The values were derived from molar-adjusted AUC0–60 min

values. AUC0–60 min area under the curve from time 0 to 60 min,
des-CIC desisobutyryl-ciclesonide

Table 3 Point estimates (95% confidence intervals) of molar dose-
adjusted AUC0–60 min ratios following single doses of 800 lg
ciclesonide (1.48 lmol) inhaled via a HFA-pMDI and 800 lg
budesonide (1.86 lmol) inhaled via a CFC-pMDI. AUC area under
the curve from 0 to 60 min, CI confidence interval, des-CIC
desisobutyryl-ciclesonide

Test Reference Point
estimate

95% CI P value

des-CIC Budesonide 0.04 0.02, 0.05 <0.0001
des-CIC Ciclesonide 0.08 0.06, 0.11 <0.0001
des-CIC
+ ciclesonide

Budesonide 0.47 0.38, 0.59 <0.0001
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IC use and is alleviated by treatment withdrawal, which
may compromise effective asthma therapy. Williamson
et al. [30] found that 58% of patients receiving ICs re-
ported throat symptoms or dysphonia compared with
13% of control patients. Local side effects were equally
prevalent among patients treated with beclomethasone
dipropionate and budesonide [30]. The incidence of
oropharyngeal candidiasis is correlated with both dose
and dosing frequency of budesonide in asthmatic adults
[27, 28]. However, few clinical trials have systematically
assessed the local side effects of ICs.

An IC administered in its active form is more likely to
cause local side effects [11]. Ciclesonide is a novel IC that
is inactive until it is delivered to the lungs where cleavage
by esterases generates the active metabolite [1]. Fur-
thermore, ciclesonide is highly protein bound [21] and is
rapidly metabolized in the liver [1, 16, 22] resulting in a
compound with low bioavailability [15] and reduced
capacity to cause systemic effects. Previous trials have
demonstrated that the incidence of ciclesonide-associ-
ated oropharyngeal side effects is low [6, 8, 20, 25].
Furthermore, clinical trials have shown that ciclesonide
is not associated with cortisol suppression [29].

Several studies have demonstrated the clinical efficacy
of ciclesonide in patients with asthma at doses at or below
the 800-lg dose evaluated in this study [6, 20, 25]. The
results of the current study demonstrate that a clinically
effective dose of ciclesonide has a significantly lower level
of oropharyngeal deposition than budesonide. On a
nanomolar dose-adjusted basis, oropharyngeal deposi-
tion of ciclesonide and des-CIC was only 47% of budes-
onide deposition, and this difference is likely related to the
different inhaler devices. Previous studies have shown that
the HFA-pMDI produces an IC with a smaller particle
size than the CFC-pMDI [13]. Consequently, greater IC
pulmonary deposition is achieved using a HFA-pMDI
than a CFC-pMDI. Budesonide has an average particle
size of 10.2 lm, and approximately 17% of a 200-lg dose
of budesonide is respirable [2]. Conversely, the average
particle size of ciclesonide is 1.1–2.1 lm, and approxi-
mately 48% of a 200-lg dose of ciclesonide is respirable
[21, 23]. High lung deposition of an IC is correlated with
low oropharyngeal deposition [18, 19]. In two previous
studies using 2D and 3D scintigraphy, pulmonary depo-
sition of ciclesonide delivered via HFA-pMDI was
approximately 52% of the inhaled dose, with even lung
distribution in healthy individuals and in patients with
asthma [4, 17]. In contrast, pulmonary deposition of bu-
desonide delivered via pMDI was approximately 18%
[26]. Therefore, this study is consistent with previous trials
that report low oropharyngeal deposition of ciclesonide.

This study also indicated that ciclesonide activation
to des-CIC in the oropharynx was low (8%). This may
be due to low amounts of esterases in the oropharynx
that can hydrolyze ciclesonide. No data are currently
available to confirm the level of carboxylesterase
expression in the oropharynx. The molar dose-adjusted
AUC0–60 min of oropharyngeal des-CIC was only 4% of
that of budesonide. However, the glucocorticoid recep-

tor binding affinities of des-CIC and budesonide are
similar [24]. From a clinical standpoint, the parent
compound strategy is a useful means of delivering a
potent anti-inflammatory agent to its site of action and
potentially reduces the risk of local side effects. Given
the results of our study, it can be anticipated that ci-
clesonide will have a lower incidence of local side effects
than budesonide.

An IC may be swallowed and absorbed from the
gastrointestinal tract into the systemic circulation and
may contribute, especially when administered repeatedly
over a prolonged period and/or in high doses, to reduced
bone formation [14], cataract development [7], and
cortisol suppression [5, 9]. Budesonide has an oral bio-
availability of 11%, whereas ciclesonide has a very low
oral bioavailability of less than 1%, with almost com-
plete first-pass metabolism [15]. Greater oropharyngeal
deposition of budesonide, combined with a corre-
spondingly greater potential for being swallowed and
absorbed from the gastrointestinal tract, may explain the
higher incidence of systemic side effects with budesonide
than with ciclesonide. Consistent with these findings, a
recent study revealed that budesonide therapy results in
significant cortisol suppression, whereas ciclesonide
therapy does not [10]. Further comparative trials are
necessary to confirm the improved safety profile of ci-
clesonide.

In conclusion, this study indicates that oropharyngeal
deposition of ciclesonide and des-CIC is less than half
that of budesonide. Low oropharyngeal deposition is
due to physical properties of ciclesonide such as small
particle size. In addition, although similar inhalers were
used in this study, differences between the HFA-pMDI
and the CFC-pMDI may also contribute to the reduced
oropharyngeal deposition of ciclesonide. Furthermore,
activation of ciclesonide to des-CIC in the upper oro-
pharynx is low. Reduced deposition and low activation
in the oropharynx may explain the low frequency of
oropharyngeal side effects demonstrated for ciclesonide
in clinical studies [3, 6, 20].
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