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Treatment of Allergic Rhinitis
Antiallergy/Antiasthmatic

16a,17a-[(R)-Cyclohexylmethylenedioxy]-113-hydroxy-21-(isobutyryloxy)pregna-1,4-dien-3-one
(R)-11B,160,17,21-Tetrahydroxypregna-1,4-diene-3,20-dione cyclic 16,17-acetal with cyclohexanecarboxaldehyde 21-

isobutyrate

C,H,,0

3244 Mol wt: 540.6926

7

CAS: 126544-47-6

EN: 162123

Synthesis

Acylation of (113,16a)-11,16,17,21-tetrahydroxypreg-
na-1,4-diene-3,20-dione (l) with isobutyric anhydride in
pyridine gives the 16,17,21-triester (ll), which is treated
with cyclohexanecarbaldehyde (V) and hydrochloric acid
in dioxane to yield the cyclic ketal (V) as a diastereomer-
ic mixture (1). Finally, this mixture is resolved by HPLC
chromatography and fractional crystallization (1, 2).
Scheme 1.

Introduction

Asthma is among the most common chronic condi-
tions in the world, with an estimated prevalence, accord-
ing to epidemiology studies, of 6-12% in adults and chil-
dren in industrialized countries. More than 50 million
people worldwide, including an estimated 17 million in the

United States alone, suffer from asthma. Furthermore,
evidence indicates that asthma is increasing in both
prevalence and severity. According to the National Heart,
Lung, and Blood Institute (NHLBI), the prevalence of
asthma has been increasing steadily over the past two
decades in all ages, genders and racial groups, particu-
larly among children under 4 years of age, and over 80
million individuals are projected to have asthma by the
next century (3). Although the reason for this increase is
not clear, both increased exposure to sensitizing aller-
gens and reduced stimulation of the immune system dur-
ing critical developmental periods — the result of living in
more hygienic, sterile environments — have been pro-
posed as culprits (4).

The treatment of asthma has a dual focus: the short-
term treatment of acute symptoms with bronchodilators,
together with the prevention or eventual reversal of
chronic inflammation using antiinflammatory drugs (5).
Inhaled corticosteroids are the gold standard of asthma
maintenance therapy and systemic corticosteroids are
used to treat severe exacerbations in the hospital setting.
Corticosteroids decrease bronchial hyperreactivity and
improve lung function, symptomatology and quality of life.
Inhaled corticosteroids are considered to be safe and are
generally well tolerated, although they can produce side
effects. The benefits are considered to outweigh the risks,
however. Nonetheless, corticosteroids are not curative
and their therapeutic benefits disappear when thay are
discontinued (6-8). Given their importance in the treat-
ment of asthma, several companies are pursuing the
development of new corticosteroids and new formulations
of marketed corticosteroids.

Allergic rhinitis is the inflammation of the mucus mem-
brane of the nose that occurs in response to an airborne
antigen, or allergen. Allergic rhinitis is the sixth most
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Scheme 1: Synthesis of Ciclesonide
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prevalent chronic disease, affecting 10-20% of the gener-
al population. Anywhere from 20-40 million Americans
are believed to suffer from allergic rhinitis, including 10-
30% of adults and up to 40% of children. The incidence
of allergies, and allergic asthma, is on the rise. As for
asthma, theories to explain this increase tend to point to
the healthier, as well as wealthier, conditions of industri-
alized countries and associated lifestyle changes.

Allergic rhinitis is a significant risk factor for sinusitis
and asthma; according to the American Academy of
Allergy, Asthma & Immunology (AAAAI), 40-50% of adults
and 95-98% of children with asthma also have allergic
rhinitis. Untreated allergies can also predispose an indi-
vidual to dermatological disorders such as atopic der-
matitis, eczema or urticaria.

Intranasal steroids are gaining in popularity as first-
line therapies for allergic rhinitis, particularly in patients
with moderate or severe symptoms or in those with
perennial allergic rhinitis with predominantly nasal symp-
toms. Intranasal corticosteroids address the process of
allergic inflammation that contributes to the late-stage
symptom of nasal congestion. When used prophylactical-
ly, they can also prevent the early-phase response to
allergens. Overall, inhaled corticosteroids effectively
relieve sneezing, itching, rhinorrhea and congestion, and
a meta-analysis of clinical studies concluded that they are
more effective than antihistamines for controlling rhinitis,
with the added benefit of relieving congestion (9). Their

use in children must be closely controlled, however, as
steroids have been suggested to have an adverse effect
on growth.

Systemic side effects limit the dose at which inhaled
corticosteroids can be administered for long-term therapy
(10). Potential adverse effects of treatment with cortico-
steroids include abnormalities in glucose metabolism
(11), impairment of growth (12-17), adrenal suppression
(18-24) and cataracts (25). Research efforts are currently
focused on the design of novel steroids with high potency
and reduced systemic side effects. Researchers at Byk
Gulden adopted the on-site activation approach and syn-
thesized a series of acetals and esters of 16-a-hydrox-
yprednisolone and fluocinolone, and selected ciclesonide
as a very promising steroid for the treatment of asthma
and allergic rhinitis.

Pharmacological Actions

Ciclesonide is a new-generation inhaled nonhalo-
genated glucocorticoid with high local antiinflammatory
properties. It is an ester prodrug, essentially devoid of
oral bioavailability, which is activated upon cleavage by
endogenous esterases. Advantages of on-site activation
include targeted activation in the lung, minimal systemic
adverse effects and minimal orpharyngeal side effects
(10).
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A series of in vitro studies compared ciclesonide, its
metabolite, budesonide, fluticasone propionate and
beclomethasone dipropionate. The binding affinity for the
human glucocorticoid receptor was similar for the
metabolite (K, = 0.31 nM), budesonide (K, = 0.44 nM) and
fluticasone (K, = 0.24 nM), while ciclesonide displayed
about 10 times lower affinity (K, = 37 nM). The metabolite
and budesonide were again more effective against con-
canavalin A-induced proliferation of human peripheral
blood mononuclear cells (PBMCs; IC,, = 1.34 and 1.65
nM, respectively) than ciclesonide (IC,, = 10.82 nM).
Several TNF-a release assays demonstrated similar effi-
cacy for the active metabolite of ciclesonide and budes-
onide and fluticasone, whereas ciclesonide was either
much less or not effective. The S-epimer of ciclesonide
showed little or no activity in any of these assays. These
findings further support the prodrug status of ciclesonide
and suggest comparable antiinflammatory efficacy of its
active metabolite to available corticosteroids (26).

In vivo studies were performed in rats comparing
ciclesonide and budesonide for antiinflammatory activity.
Ciclesonide was at least if not more potent than budes-
onide in inhibiting antigen-induced airways eosinophilia in
Brown-Norway rats (IC., = 0.5 and 1 g/kg intratracheally,
respectively), and granuloma formation in the cotton pel-
let model (ID,, = 2 and 3 pg/pellet, respectively). On the
other hand, it was associated with less thymus involution
in this model (ID,, = 303 and 154 pg/pellet), as well as
less thymus involution (ID,, = 2226 and 339 ug/kg),
adrenal involution (ID,, = 1746 and 214 pg/kg) and
decrease in body weight (ID,, = 2166 and 261 ug/kg)
following oral administration for 28 days (27, 28).

In Brown-Norway rats with eosinophilic inflammation
induced by Sephadex or allergen challenge, ciclesonide
was up to 7.5-fold less potent than fluticasone in inhibit-
ing eosinophilia following intratracheal administration, but
it was also 22-fold less active than fluticasone in inducing
femoral growth plate hypoplasia, suggesting a superior
therapeutic index (29).

Metabolism

The hepatic metabolism of ciclesonide and its major
active metabolite, B-9207-021, were studied in human
liver microsomes using ['“C]-labeled compounds.
Labeled ciclesonide was shown to be metabolized initial-
ly to B-9207-021, which was then hydroxylated to at least
two metabolites. The formation of the major metabolite
was found to be catalzyed by an esterase, while
cytochrome P-450 enzymes, especially CYP3A4, were
involved in the further metabolism of the main metabolite
of ciclesonide (30).

Clinical Studies

The safety and efficacy results from clinical studies
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with ciclesonide in healthy subjects and patients with
asthma are summarized in Tables | and II.

In a double-blind trial in 12 healthy subjects, no sig-
nificant differences were seen between ciclesonide, given
in three different dose regimens, and placebo as regards
suppression of cortisol incretion (31).

Results from a double-blind, randomized, placebo-
controlled, crossover study in 25 patients with asthma
comparing ciclesonide (400 or 800 pg once daily or 800
pg b.i.d.) and fluticasone propionate (500 or 1000 pg
b.i.d.) demonstrated a decrease in hyperresponsiveness
to adenosine in all patients. Unlike fluticasone, cicle-
sonide did not significantly suppress cortisol secretion
(32).

Ciclesonide (100 or 400 pg once daily) was compared
to placebo in a multicenter, double-blind, randomized,
placebo-controlled study over 12 weeks in 360 patients
with bronchial asthma. Both doses of ciclesonide signifi-
cantly increased morning peak expiratory flow (PEF), in
contrast to placebo. No clinically relevant adverse events
related to drug were reported (33).

The effects of ciclesonide (400 pg) were also com-
pared to those of budesonide (400 pg), both administered
as a single morning dose for 2 weeks, in a crossover trial
in 15 evaluable steroid-naive patients with asthma.
Although only budesonide significantly increaed FEV,,
the other effects of the drugs, i.e., reductions in airways
responsiveness to inhaled AMP, sputum eosinophilia and
exhaled nitric oxide, were very similar (34).

Another study addressed the impact of time of admin-
istration on the efficacy of ciclesonide. A total of 209 asth-
matic patients entered this double-blind, randomized, par-
allel study to receive inhaled ciclesonide at a dose of 200
mcg in the morning or the evening for 8 weeks. Asthma
control was similarly improved with both morning and
evening administration, although evening administration
appeared to be associated with a greater improvement in
morning PEF. No significant differences in safety were
observed and cortisol secretion was not significantly
affected on either regimen (35).

The results from a double-blind, randomized, place-
bo-controlled, crossover trial in 29 evaluable patients with
mild to moderate asthma treated with ciclesonide at
doses of 100, 400 and 1600 pg daily provided further
support for the idea that AMP responsiveness may be a
more sensitive marker of the dose-response relationhips
of inhaled corticosteroids than inflammatory parameters
in sputum. Although a significant decrease in sputum
eosinophilia was seen on the two higher doses, this effect
was not dose-dependent. In contrast, the decreases in
airways responsiveness to AMP were dose-dependent
(36-38).

Short-term treatment with inhaled ciclesonide (800 pg
b.i.d. for 1 week) in a study in 11 patients resulted in sig-
nificant inhibition of both the early- and late-phase asth-
matic responses to allergen compared to placebo, with no
significant effect on 24-h urinary cortisol levels (39).

The efficacy and safety of ciclesonide in the treatment
of allergic rhinitis have also been investigated in a
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Table II: Randomized, double-blind clinical trials of systemic effect of inhaled ciclesonide (Prous Science Integrity database).

Study drug n Cortisol levels Conclusions Ref.
Studies in patients with asthma
Ciclesonide 37 No significant changes in morning serum 31-36
50 pg bid x 2w +162 nmol/| cortisol levels. Good tolerability
Ciclesonide
200 pg bid x 2w +73 nmol/l
Ciclesonide
800 pg bid x 2w +18 nmol/l
Placebo
Ciclesonide 209 No differences in cortisol levels after 33
200 pg od morning x 8w 10.47 nmol/mmol creat administration in the morning or in the
Ciclesonide evening. Good tolerability
200 pg od evening x 8w 13.88 nmol/mmol creat
Ciclesonide 25 Fluticasone, but not ciclesonide, 30
400 pg od x 7d -11% suppresses cortisol secretion
Ciclesonide
800 pg od x 7d -10%
Ciclesonide
800 pg bid x 7d -11%
Fluticasone
500 pg bid x 7d —29%°
Fluticasone
1000 pg bid x 7d -59%°
Studies in healthy subjects
12 AUC, ., 800 mg/day does not lead to suppression 31
Ciclesonide of cortisol levels independent of time of dosing
800 pg od morning x 7d 6.75 pg/di
Ciclesonide
800 pg od evening x 7d 7.08 pg/dl
Ciclesonide
400 pg bid x 7d 6.75 pg/dl
Placebo 7.22 pg/dl

Pp <0.05 vs. placebo; °p <0.05 vs. ciclesonide

double-blind, randomized, placebo-controlled, crossover
trial in 24 subjects who were symptom-free at the time of
the study. A dose of 200 pg/nostril was administered for 7
days and intranasal pollen allergen provocation was per-
formed before starting treatment and on all treatment
days. Subjective symptoms of obstruction, itching and rhi-
norrhea improved from day 2 of treatment, and rhinal air-
flow showed significant improvement from day 5.
Excellent tolerance at both the local and systemic levels
was seen (40, 41).

Manufacturers

Byk Gulden Lomberg Chemische Fabrik GmbH (DE);
codeveloped with Aventis Pharmaceuticals, Inc. (US) in
the U.S. and licensed to Teijin Ltd. (JP) for Japan, Korea
and Taiwan.
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