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Inhaled corticosteroids (ICS) are the most 
effective anti-inflammatory medication for the 
treatment of persistent asthma and are recom-
mended as first-line therapy by treatment guide-
lines [1,101]. Medium or high doses of ICS are 
an option for Step 3 of the Global Initiative 
for Asthma (GINA) strategy and are recom-
mended in combination with a second control-
ler for Step 4 and beyond (GINA Evidence A) 
[101]. However, increasing the dose of ICS does 
not always result in increased efficacy [2,3], and 
the addition of a long-acting β

2
-agonist (LABA) 

is initially preferred [101]. Furthermore, the risk 
of adverse events (AEs) associated with high-
dose ICS may make some physicians reluctant 
to increase ICS dosage [4] and patients reluctant 
to adhere to the treatment [5].

Nevertheless, a high dose of ICS may be neces-
sary in some patients [101]. However, nonadher-
ence to asthma treatments is common and is the 
most important reason for apparent treatment 
refractoriness. If not considered by physicians, 
nonadherence may lead to unnecessary ICS dose 
escalation and increased risk of associated AEs.

The reason for ICS refractoriness remains 
unclear in some patients. Proposed mechanisms 
range from inherent refractoriness of airway 
inflammatory cells to acquired and environmen-
tal factors such as current or previous tobacco 
smoking [6]. Approximately one-quarter of all 

asthma patients are smokers [7], and even more 
are ex-smokers [8]; in such patients responsive-
ness to ICS is affected [9]. This effect can be par-
tially overcome by the use of higher doses of ICS, 
at least in terms of lung function [9]. However, 
increasing the dose of ICS exposes patients to a 
greater potential for AEs. Furthermore, even at 
high doses of ICS the proportion of patients who 
achieve asthma control is lower in smokers and 
ex-smokers than in non-smokers [10].

The decision to increase the dose of ICS is made 
on the basis of the anticipated benefit of a higher 
dose versus what may be achieved by the addi-
tion of a second or third controller treatment. 
Asthma control comprises two domains: current 
asthma control and future risk. The latter includes 
risk of exacerbations, instability, decline in lung 
function and AEs [1,11,101]. For some end points, 
the risk is inversely proportional to the levels of 
current asthma control achieved [11]. For exam-
ple, the risk of severe asthma exacerbations and 
hospitalizations remains highest in patients with 
uncontrolled asthma. If current control cannot 
be achieved with the preferred first-line options, 
approaches that target reduction of exacerbation 
risk become important. First among these is the 
use of higher maintenance doses of ICS, since ICS 
are the most effective treatment for this purpose 
[12]. Although doubling the dose has proven to be 
ineffective in clinical studies [13,14], increasing an 
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ICS dose by fourfold may be effective at preventing exacerbations [15]. 
Further to this strategy, additional controllers, in combination with 
an LABA, may be considered, including leukotriene receptor antag-
onists, theophylline, oral corticosteroids (OCS), omalizumab and 
bronchial thermoplasty [101]. Since medium and high doses of ICS 
remain the most important treatment of uncontrolled asthma and 
may be required in the long term, it is important to ensure that the 
dose is optimized, and that an ICS with a favorable therapeutic index 
is selected. Furthermore, the ICS should have a simple dosing sched-
ule as this has been shown to improve patient adherence [16]. This 
review considers the pharmacology of ciclesonide and the clinical 
evidence for its efficacy and safety when used in high doses in the 
treatment of severe asthma.

Ciclesonide pharmacology
Ciclesonide is an inactive prodrug. The inactive ciclesonide mol-
ecule is converted to its active metabolite, desisobutyryl-ciclesonide 
(des-cic) by esterases that are present in profusion in bronchial 
epithelia, but to a lesser extent in the mouth [17]. This helps restrict 
steroidal activity to the desired site of action and minimize local 
AEs [18,19], which have been reported infrequently compared with 
fluticasone propionate [20]. Mouth-rinsing studies have demon-
strated a several-fold lower amount of des-cic in the oropharynx 
compared with budesonide or fluticasone propionate [19,21]. This 
reduces the need for mouth rinsing after ciclesonide use and may 
improve patient adherence.

Ciclesonide is administered via a pressurized metered-dose 
inhaler (pMDI) using a hydrofluoroalkane (HFA) propellant 
available in two different strengths: 80 and 160 µg per inhalation. 
The GINA strategy document considers a low daily dose of cicleso-
nide to be 80–160 µg, a medium daily dose to be > 160–320 µg 
and a high daily dose to be >320 µg. The ciclesonide HFA pMDI 
inhaler allows for the production of small, highly respirable par-
ticles (mass median aerodynamic diameter <2 µm) [22–24]. The 
resulting plume is soft (slow), reducing the force of impact of the 
spray on the posterior oropharynx (the ‘cold Freon’ effect) and 
ensuring that a high proportion of respirable particles are depos-
ited in the lower respiratory tract. Imaging studies have confirmed 
lung deposition of >50% of the delivered dose of ciclesonide, with 
a high percentage reaching the peripheral lung [25]. Two small 
studies have shown that ciclesonide exerts anti-inflammatory 
effects on the small airways of patients with asthma [26,27]. Rapid 
clearance by the liver and high plasma protein-binding help limit 
the systemic adverse events of ciclesonide [28,29]. An additional 
minor advantage of the HFA formulation of ciclesonide is that 
the drug is in solution, so the inhaler does not have to be shaken 
before use, as is required for an ICS suspension in an HFA pMDI.

Dosing frequency & time of dosing of high-dose 
ciclesonide
The pharmacokinetics and pharmacodynamics of ciclesonide allow 
once-daily (q.d.) use. High lipophilicity allows ciclesonide to pass 
through cell membranes in lung tissue more rapidly than some 
other ICS, and conjugation of des-cic with fatty acids creates an 
intracellular pool of drug that is released slowly over 24 h, thereby 

prolonging the anti-inflammatory activity of ciclesonide [30]. For 
these reasons, studies of ciclesonide in patients with asthma have 
focused on q.d. administration, some of which compared cicleso-
nide with other ICS administered twice daily (b.i.d.). For exam-
ple, Boulet et al. found similar improvements in lung function in 
patients with moderate asthma treated with ciclesonide 320 µg q.d. 
or fluticasone propionate 200 µg b.i.d. [31]; Dahl et al. reported a 
similar benefit in terms of lung function and other measures of 
asthma control with ciclesonide 80 µg q.d. compared with fluti-
casone propionate 100 µg b.i.d. in patients with mild-to-moderate 
asthma [32]; and Buhl et al. reported similar efficacy with ciclesonide 
160 µg q.d. compared with fluticasone propionate 88 µg b.i.d. in 
a population where the majority of patients had mild-to-moderate 
asthma [33].

Asthma is frequently worse at night. Owing to chronobiologic 
considerations – the nocturnal cortisol nadir in the face of sup-
pression of cortisol secretion by ICS – evening dosing may ensure 
better corticosteroid cover. A greater clinical benefit from evening 
versus morning dosing has been reported in some [34,35] but not 
all studies of q.d. ICS dosing [36], and evening dosing has also 
been shown to result in equivalent or reduced cortisol suppres-
sion [37]. Ciclesonide has been shown to be equally effective when 
administered in the morning or evening [38]. However, in a study 
comparing the effect of various doses of ciclesonide and flutica-
sone propionate with placebo, Derom et al. reported no significant 
changes in urinary or plasma cortisol levels following evening 
administration of 320 µg q.d., 640 µg q.d. and 640 µg b.i.d. 
ciclesonide, while both fluticasone 440 µg b.i.d. and 880 µg b.i.d. 
were associated with a significant reduction in plasma cortisol lev-
els compared with placebo [39]. It is recommended that ciclesonide 
q.d. be administered in the evening.

Fluticasone propionate is associated with significantly greater 
efficacy when administered b.i.d. compared with q.d. [40] and is 
consequently approved for b.i.d. dosing in patients with asthma. 
Budesonide is approved for q.d. dosing in patients with mild or 
moderate asthma (budesonide q.d. is as efficacious as budesonide 
b.i.d. at the same total daily dose in patients with mild-to-moderate 
asthma [41], but b.i.d. dosing is recommended for patients with 
more severe asthma). Mometasone furoate is also approved for 
q.d. dosing in patients with mild or moderate asthma. Ciclesonide 
is approved for q.d. dosing in patients with asthma. However, 
q.d. dosing with most ICS is not recommended in severe asthma. 
Indeed, even four-times daily dosing for patients with severe 
asthma has been proposed [42,43]. Clinical trials of the efficacy 
of ciclesonide in patients with severe asthma have utilized b.i.d. 
dosing when the total dose is >320 µg/day (Table 1) [20,44–49]. These 
studies have reported improved outcomes with high- versus low-
dose ciclesonide, although none of the studies compared high-dose 
ciclesonide administered as an q.d. versus a b.i.d. dose. As q.d. 
dosing is preferred by patients and may improve adherence [16], the 
dosing frequency of high-dose ciclesonide may be individualized.

Efficacy of high-dose ciclesonide
Doses of ciclesonide ranging from 80 to 1280 µg/day have been 
studied in clinical trials, with the higher doses being administered 
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Table 1. Efficacy of ciclesonide in severe asthma.

Author Ciclesonide 
dosing

Comparator Treatment 
phase

Patients Main outcomes Ref.

Bateman 2006 640 µg/day (b.i.d.) Placebo (b.i.d) 12 weeks Severe persistent 
asthma

Oral steroid dose was 
significantly reduced with both 
ciclesonide doses, and 
increased with placebo

[44]

1280 µg/day (b.i.d.) n = 141

≥12 years of age

Adachi 2007 320 µg/day (q.d.) 
640 µg/day (b.i.d.)

BDP 800 µg/day 
(b.i.d.)

8 weeks Moderate-to-severe 
persistent asthma

Morning PEF improved more 
with high-dose ciclesonide 
than with the lower dose or 
equivalent dose of BDP

[45]

n = 319

16–75 years of age

Vermeulen 2007 320 µg/day (q.d.) BUD 800 µg/day 
(q.d.)

12 weeks Severe asthma Ciclesonide was as effective as 
BUD at improving FEV1, days 
without asthma symptoms, and 
rescue medication use

[46]

n = 403

12–17 years of age

Bateman 2008a 640 µg/day (b.i.d.) FP 660 µg/day 
(b.i.d.)

24 weeks Moderate-to-severe 
persistent asthma

Ciclesonide and FP had similar 
efficacy in improving FEV1, PEF, 
asthma symptom scores, and 
rescue medication use

[20]

n = 528

18–75 years of age

Bateman 2008b 160 µg/day (q.d.) 
640 µg/day (b.i.d.)

None 24 weeks Severe persistent 
asthma

High-dose ciclesonide 
prolonged the time to first 
exacerbation and improved 
symptom scores and rescue 
medication compared with the 
low dose. FEV1 improved 
similarly with both doses

[47]

n = 680

18–75 years of age

van den Berge 
2009

640 µg/day (b.i.d.) Oral prednisolone 
20 mg (q.d.)

2 weeks Worsening asthma 
(following ICS 
withdrawal)

Morning PEF, asthma symptom 
scores, and FEV1 improved 
similarly with high-dose 
ciclesonide and oral 
prednisolone

[48]

n = 130

18–75 years of age

O’Connor 2010 640 µg/day (b.i.d.) None 12 weeks + 
40-week 
extension 
phase

Severe asthma Morning PEF and asthma 
symptom scores improved at 
both doses, and were 
maintained during the 
extension phase

[49]

1280 µg/day (b.i.d.) n = 365

18–75 years of age

BDP: Beclomethasone dipropionate; b.i.d.: Twice daily; BUD: Budesonide; FEV1: Forced expiratory volume in 1 second; FP: Fluticasone propionate;  
ICS: Inhaled corticosteroids; q.d.: Once daily; PEF: Peak expiratory flow.
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to patients with more severe asthma (Table 1). Ciclesonide >320–
1280 µg/day is considered high-dose [101]. A consideration when 
prescribing higher doses of ciclesonide, which is available in aero-
sols containing either 60 or 120 doses, is the possibility that more 
than one canister might be required each month. The impact of 
this on adherence and reluctance to use the prescribed or required 
dose has not been studied.

A 12-week randomized, double-blind study in 680 patients with 
severe asthma found ciclesonide 320 µg b.i.d. superior in terms 
of time to first exacerbation compared with ciclesonide 160 µg 
q.d. (p = 0.005) [47]. The higher dose also resulted in significantly 
greater improvements from baseline in lung function (% predicted 
forced expiratory volume in 1 s [FEV

1
] and peak expiratory flow 

[PEF]; p < 0.05), asthma symptom score sum (p = 0.01) and rescue 
medication use (p = 0.0005) compared with the lower dose. The 
results, confirming that a fourfold higher dose of ICS is superior in 
reducing the risk of exacerbations, are consistent with the studies 
reviewed by Kelly et al. [50].

Evidence from a separate 12-week randomized, double-blind 
study suggests that ciclesonide 640 mg/day is close to the top 
of the dose–response curve, at least in terms of lung function 
and asthma symptom score [49]. Morning PEF increased signifi-
cantly from baseline with both 320 mg b.i.d. and 640 mg b.i.d. 
(16 l/min and 14 l/min, respectively; both p ≤ 0.001 vs baseline 
over 12 weeks), but there was no significant between-group dif-
ference. This improvement in lung function was maintained over 
a 40-week extension phase with both doses.

Oral corticosteroid-sparing efficacy of high-dose 
ciclesonide
Although in most circumstances a ciclesonide dose of 640 mg/day 
is the recommended maximum, the use of a higher dose may be 
effective in reducing reliance on maintenance treatment with OCS. 
Bateman et al. examined the OCS-sparing effects of ciclesonide 
compared with placebo in patients with severe asthma in a 12-week, 

multicenter, randomized, double-blind study [44]. Patients received 
continuous ICS therapy during the 6 months before inclusion, 
and prior to randomization to ciclesonide (either 320 mg b.i.d. or 
640 mg b.i.d.) or placebo, each patient’s OCS dose was adjusted 
to ensure that they were on the lowest dose effective for maintain-
ing control. At randomization, their currently prescribed ICS was 
stopped, and the OCS dose was reduced at weekly intervals if no 
evidence of asthma worsening was observed. By the end of the 
study, OCS dose was stopped in approximately 30% of patients 
receiving ciclesonide versus 11% of those receiving placebo (Figure 

1) and the mean OCS dose reductions were 47.4% and 62.5% in 
the 320 mg b.i.d. and 640 mg b.i.d ciclesonide groups (no statistical 
difference), respectively. An increase in prednisone dose of 4.2% 
occurred in the placebo group. In the placebo group, 53.3% of 
patients increased OCS use compared with 23.4 and 10.4% of 
patients in the ciclesonide 320 mg b.i.d. and 640 mg b.i.d. groups, 
respectively (Figure 1). The mean FEV

1
 improved in both ciclesonide 

groups but worsened in the placebo group.
In a further study examining the potency of high-dose 

ciclesonide as an alternative to OCS, van den Berge et al. 
compared these treatments in 130 patients with worsening 
asthma resulting from a systematic reduction of ICS [48]. In this 
2-week, randomized, double-blind study, ciclesonide 640 mg 
b.i.d. was comparable with prednisolone 40 mg q.d. in improv-
ing FEV

1
, morning PEF, patient-recorded asthma symptoms, 

PC
20

 methacholine and markers of airway inflammation, and 
resulted in significantly less reduction in morning cortisol levels 
(p < 0.0001).

High-dose ciclesonide compared with other inhaled 
corticosteroids
Studies comparing ciclesonide with other ICS provide insights 
into its relative efficacy and safety and serve as a guide to dose 
selection when prescribing ciclesonide. Although the GINA 
strategy provides tables of recommended dose ranges for differ-
ent ICS preparations and suggests equipotent doses in the low-, 
medium-, and high-dose ranges, few of these doses are based on 
direct comparisons of different ICS doses in randomized clini-
cal trials. For ciclesonide, although doses above 320 µg are not 
approved in some countries, the high-dose range is considered 
to be >320–1280 µg/day; the equivalent high-dose range for 
fluticasone propionate is >500–1000 µg/day; for budesonide 
is >800–1600 µg/day and for beclomethasone dipropionate is 
>500–1000 µg/day [101]. The difficulties in evaluating the relative 
potencies of ICS are well known and relate to the limited number 
of dose comparisons that can be made in one study. Moreover, 
the relatively flat dose–response curve of ICS makes it difficult to 
compare even different doses of the same ICS in the medium- to 
high-dose range.

Several comparator studies have been performed with high-dose 
ciclesonide. For example, in a 6-month, randomized, parallel-
group, open-label study of ciclesonide 320 µg b.i.d. versus flu-
ticasone propionate 330 mg b.i.d. in patients with moderate-to-
severe asthma, no significant differences in efficacy were detected 
between the treatment groups [20].

Figure 1. Oral corticosteroid-sparing effects of high-dose 
ciclesonide in patients with severe asthma.  
b.i.d.: Twice daily.  
Reproduced with permission from [44].
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In an 8-week, multicenter, randomized, open-label study 
of ciclesonide 320 µg q.d., ciclesonide 320 µg b.i.d., and 
beclomethasone dipropionate 800 µg/day in patients with mod-
erate-to-severe asthma, ciclesonide 320 µg b.i.d. was superior to 
beclomethasone dipropionate 800 µg/day in change in morning 
PEF values from baseline (24.0/min vs 5.9/min, respectively; 
p = 0.001; 95% CI: 6.9–29.2 l/min) [45]. In addition, the use of 
rescue medication decreased significantly with ciclesonide 320 µg 
b.i.d. compared with beclomethasone dipropionate 800 mg/day 
(p = 0.007). Improvements in asthma scores were greater with 
ciclesonide 320 µg b.i.d. compared with beclomethasone dipro-
pionate 800 µg/day, and the differences at both week 6 and week 
8 were significant (p = 0.03 and p = 0.008, respectively).

In adolescents (12–17 years of age) with severe asthma, a 
12-week, randomized, parallel-group study showed comparable 
and significant increases in FEV

1
 from baseline to study end in 

patients treated with either ciclesonide 320 mg q.d. or budesonide 
800 µg q.d. (p < 0.0001 for both) [46]. Median percentage of days 
without asthma symptoms and without rescue medication use was 
84% with ciclesonide and 85% with budesonide.

Safety and tolerability of high-dose ciclesonide
Inhaled corticosteroids differ in their safety and tolerability pro-
files. This is understandable given that local AEs relate not only to 
the potency of the ICS but also to the characteristics of the aerosol 
(dry powder vs pMDI, particle size, plume velocity and use or not 
of a spacer device). The physicochemical interaction of the drug 
with mucus membranes is also important and is determined by 
ICS solubility, lipophilicity and affinity for, and dwell-time on, 
glucocorticosteroid receptors. Systemic exposure is determined 
by the pattern of drug deposition (being greater with particles of 
smaller size and peripheral lung deposition), the proportion of 
ICS that is swallowed (which is higher with less efficient delivery 
devices and when spacers are not used) and the pharmacokinetic 
and pharmacodynamic properties of the ICS.

Local adverse events
Several studies have reported the local AE profile of high-dose 
ciclesonide. One 12-week study comparing ciclesonide 320 μg 
b.i.d. and 640 µg b.i.d. in patients with severe asthma recorded no 
cases of patient-reported oral candidiasis [49]. A separate 24-week 
study comparing ciclesonide 320 µg b.i.d. and fluticasone pro-
pionate 330 µg b.i.d. reported a significantly higher incidence of 
oropharyngeal AEs (confirmed candidiasis and dysphonia) in the 
fluticasone propionate group compared with the ciclesonide group 
(12.8% and 5.1%, respectively; p = 0.002) [20].

The Inhaled Corticosteroid Questionnaire (ICQ) is a validated 
measure for the presence and severity of patient-perceived AEs. 
Three separate randomized studies of patients with moderate 
or moderate-to-severe asthma treated with ciclesonide 320 µg 
q.d., ciclesonide 320 µg b.i.d. or fluticasone propionate (200 µg, 
375 µg or 500 µg) b.i.d. reported that ciclesonide was associated 
with improved ICQ scores, and generally reported less intense 
AEs compared with patients treated with fluticasone propionate 
(Figure 2) [51].

Systemic adverse events
Reduced hypothalamic–pituitary–adrenal (HPA)-axis function 
is a sensitive measure of the systemic bioavailability of an ICS. 
Long-term systemic exposure to ICS treatment may lead to AEs 
such as reduced bone mineral density, which may be permanent, 
and slowing of growth velocity in children, which, while largely 
reversible (associated with ‘catch-up’ if the ICS is stopped or the 
dose reduced) [52], may interfere with both emotional and social 
development, and poor self-image [53].

Studies of ciclesonide doses of up to 1280 µg/day report no 
clinically relevant suppression of HPA-axis function and minimal 
associated AEs (Figure 3) [39,44,46,48,49,54–58]. For example, a 12-week 
study of ciclesonide 320 μg b.i.d and 640 µg b.i.d. in patients with 
severe asthma found that serum and 24-h urine cortisol levels 
were not suppressed by either ciclesonide dose [49]. Furthermore, 
serum and 24-h urine cortisol levels remained unchanged during 
the 40-week extension phase of this study.

In a 52-week, randomized study (Steroid Titration Against 
Mannitol in Persistent Asthma: STAMINA), the dose of 
ciclesonide was selected and adjusted according to airway hyper-
responsiveness to mannitol or according to standard clinical 
criteria [55,56]. The higher doses of ciclesonide used in the man-
nitol group did not significantly suppress overnight urinary 
cortisol/creatinine levels or suppress bone metabolism as measured 
by markers of bone turnover.

The systemic profile of high-dose ciclesonide has also been 
assessed in adolescents and children. In adolescents aged 
12–17  years with severe asthma treated for 12 weeks with 
either budesonide 800 µg q.d. or ciclesonide 320 µg q.d., urine 
cortisol measurements significantly decreased from baseline with 

Figure 2. Between-treatment differences (ciclesonide−
fluticasone propionate) in Inhaled Corticosteroid 
Questionnaire total score in three separate studies of 
patients with moderate or moderate-to-severe asthma. 
A negative between-treatment difference corresponds to 
a decrease in patient-perceived adverse events. Differences were 
significant if p < 0.025 (one-sided).  
b.i.d.: Twice daily; CIC: Ciclesonide; FP: Fluticasone propionate; 
q.d.: Once daily.  
Reprinted with permission from [51].
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budesonide (p = 0.009) but not with ciclesonide (p = 0.1) [46]. In 
a separate study, ciclesonide 160 µg b.i.d had no significant effect 
on lower-leg growth rate in children aged 6–12 years, whereas 
fluticasone propionate 330 µg/day significantly reduced lower-
leg growth rates when compared with placebo (p = 0.0002) and 
ciclesonide (p = 0.04) [57]. In addition, cortisol levels in 12-h over-
night urine were significantly lower with fluticasone propionate 
compared with ciclesonide (p < 0.05). There is evidence that HPA-
axis suppression associated with fluticasone propionate treatment 
of pediatric asthma can be reversed by switching to ciclesonide, 
although this is based on data from only four patients [59].

Finally, a 1-year study of the effects of ciclesonide (640 µg/day) 
and beclomethasone dipropionate (640 µg/day) on the eyes of 
adult patients with moderate-to-severe asthma confirmed no 
impact of ciclesonide or beclomethasone dipropionate on the 
development or progression of cataracts [58].

Conclusion
For patients with uncontrolled asthma, the GINA strategy rec-
ommends that therapy is stepped up until control is achieved. 
High-dose ciclesonide is as effective as other ICS at equipotent 
doses and reduces the risk of exacerbation compared with low-
dose ciclesonide. Moreover, the incidence of local adverse events 
associated with ciclesonide is low, and doses of up to 1280 µg/
day do not significantly suppress HPA-axis function.

Expert commentary
Asthma severity is classified according to the level of treatment 
required to control symptoms. Asthma control comprises both 
current control of symptoms and future risk of AEs such as exac-
erbations – patients with uncontrolled asthma have a high future 

risk of severe exacerbations and consequent hospitalizations [11]. 
Exacerbations are triggered by airborne allergens, pollution and 
tobacco smoke; they are difficult to predict, are frightening for the 
patient and have a high economic burden. However, the majority 
of patients can achieve control of their asthma with the correct 
treatment.

ICS are the most effective treatment for reducing exacerbation 
risk. However, treatment must be individualized to the patient. 
For example, neutrophilic asthma is more corticosteroid-refrac-
tory than eosinophilic asthma [60], and smokers have reduced 
responsiveness to corticosteroids [61]. Therefore, the decision to 
increase ICS dose in uncontrolled patients must be made on the 
basis of the anticipated increased efficacy versus the increased risk 
of AEs. As AEs may negatively impact patient adherence, which 
in turn may lead to loss of control, ICS that have favorable safety 
and tolerability profiles at high doses should be preferred.

Guidelines recommend stepping up treatment when asthma 
remains uncontrolled. However, once stepped up, physicians may 
fail to review the level of treatment after asthma control has been 
maintained for >3 months, which can result in overtreatment. 
Measurements of inflammatory markers such as sputum eosino-
phils and exhaled nitric oxide have been shown to be effective in 
guiding the selection of ICS dose and distinguishing patients who 
require higher dose ICS from those in whom a dose reduction may 
be appropriate [62,63]. However, sputum analysis is not feasible in 
most clinical settings, and questions remain over whether the use 
of nitric oxide levels is effective [64]. Therefore, ICS dose selection 
remains a clinical decision, and safety concerns associated with 
high-dose ICS use continue to be relevant.

Concerns regarding corticosteroid use relate to both short- and 
long-term AEs. HPA-axis suppression occurs relatively rapidly, 
whereas long-term corticosteroid use is associated with skin 
thinning, cataracts, diabetes, osteoporosis and slow growth in 
children. Corticosteroid-associated AEs may contribute to an 
under-utilization of high-dose ICS by physicians.

Clinical trials have demonstrated the OCS-sparing efficacy of 
beclomethasone dipropionate, budesonide, fluticasone propionate 
and ciclesonide, and that high-dose ciclesonide is as effective as 
other ICS at equipotent doses, with minimal local and systemic 
AEs. Therefore, ciclesonide may be considered when higher doses 
of ICS are warranted; either as initial therapy or as a switch option.

Five-year view
The increased risk of lower respiratory tract infections and pneu-
monia in patients with asthma treated with ICS requires further 
study. Although confirmed in patients with chronic obstructive 
pulmonary disease (COPD), an initial retrospective analysis of 
budesonide in patients with asthma failed to show evidence of 
an increased risk of pneumonia when compared with non-ICS 
treatment, even in patients receiving a high dose of budesonide 
[65]. However, recent prospective studies suggest an increased 
risk of infections associated with ICS use in patients with 
asthma [66–68]. In addition, the risk might be different for dif-
ferent ICS. For example, in an observational study of COPD 
patients, the incidence of pneumonia with fixed-combination 

Figure 3. Plasma cortisol levels following treatment with 
placebo, high-dose ciclesonide or high-dose fluticasone 
propionate in patients with mild or moderate persistent 
asthma.  
b.i.d.: Twice daily; CIC: Ciclesonide; FP: Fluticasone propionate. 
OD: Once daily.  
Reprinted with permission from [39].
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budesonide/formoterol was lower compared with fixed-combi-
nation fluticasone propionate/salmeterol [69]. However, it is likely 
that for all ICS, the risk will be small in patients with asthma, and 
this, like other risks, needs to be balanced against the benefits of 
ICS use. These benefits are greater than those with ICS use in the 
treatment of COPD where LABAs and roflumilast have similar 
efficacy in reducing COPD exacerbations. Indeed, the role of ICS 
in asthma is pivotal, and alternatives are not as effective, especially 
for preventing exacerbations. In addition, the significance of the 
infections observed in COPD is unclear, as a retrospective cohort 
study has suggested that these infections are not associated with 
a higher risk of mortality [70].

Fixed-combination ICS/LABAs simplify administration, 
which may improve adherence. Ciclesonide is an attractive 
option for development in combination with an LABA. An 
initial trial, the EXCITED study, has reported that the fixed 
combination of ciclesonide/formoterol is non-inferior to fluti-
casone propionate/salmeterol in patients with moderate asthma 
(p < 0.0001) [71]. Further clinical trials of fixed-combination 
ciclesonide/LABA in patients with severe asthma and COPD 
are awaited.

A likely future development is a f ixed-combination 
ICS/ultra-LABA suitable for q.d. dosing.

With the advent of ‘personalized medicine,’ novel classes of 
therapeutic agents for specific phenotypes of asthma are being 
developed [72]. For example, the anti-IL5 antibody mepolizumab 
significantly reduced exacerbations requiring treatment with 
OCS, hospitalization or an emergency room visit compared 
with placebo in patients with eosinophilic airway inflamma-
tion (p ≤ 0.0005) [73]. Clinical trials of antibodies targeting 
IL-4 and IL-13 are underway.

Other anti-inflammatory drugs such as phosphodiesterase-4 
inhibitors are at varying stages of development for the treatment 
of COPD and asthma, with roflumilast having been approved for 

maintenance treatment of severe COPD patients with a history 
of frequent exacerbations. It is feasible that delivery direct to the 
lungs may enhance the therapeutic ratio of phosphodiesterase-4 
inhibitors, although to date their efficacy via this route in COPD 
patients has been disappointing [74].

Finally, long-acting anti-muscarinic drugs have been shown 
to improve lung function and reduce exacerbations in severe 
asthma [75]. However, these and other approaches such as bron-
chial thermoplasty are unlikely to replace high-dose ICS in the 
foreseeable future, particularly in severe asthma. Thus, efforts to 
further improve ICS and emphasize the use of ICS with the most 
favorable therapeutic ratios remain important objectives.
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Key issues

•	 Asthma control comprises both current control of symptoms and future risk of adverse events, such as exacerbations.

•	 If asthma control cannot be achieved with first-line options, approaches that target reduction of exacerbation risk become important.

•	 High-dose ciclesonide reduces the risk of exacerbations compared with low-dose ciclesonide.

•	 The oral corticosteroid-sparing efficacy of high-dose ciclesonide has been demonstrated in clinical trials.

•	 Ciclesonide may be administered once daily. When high doses of ciclesonide are indicated, twice-daily dosing is recommended.

•	 High-dose ciclesonide is associated with fewer of the typical local and systemic adverse events that are associated with other inhaled 
corticosteroids.
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