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Summary

Inhaled corticosteroids remain the most important therapy for chronic asthma in both adults and children. As all inhaled corticosteroids
act by binding to a common glucocorticoid receptor there is little evidence of any real difference in clinical efficacy between the different
inhaled corticosteroids. The main potential differences are in their propensity to cause side effects. Local side effects such as a hoarse
voice do occur in a proportion of adults and there is some limited evidence that ciclesonide may cause less local side effects. In adults
there is little evidence for clinically important systemic side effects from doses of inhaled steroids below 800 mcg/day (beclomethasone
equivalent). Above this dose a proportion of patients may show some adrenocortical suppression, though it is unlikely to be of clinical
importance. Data on bone mineral density and fracture rates is discrepant, but an overview would suggest that below 800 mcg/day there
is no increase in fracture risk whereas above this dose there might be an increased fracture risk. The properties of ciclesonide would
suggest that it has less propensity for systemic side effects, but large long-term studies are needed to confirm this. In children using
inhaled steroids at above-licensed doses reductions in short-term growth can occur, but there is little evidence for reductions in long-term
growth at normal doses. At above-licensed doses, biochemical adrenocortical suppression can occur with some unusual but documented
cases of clinical Addisonian crisis. Limited evidence in paediatric age groups would suggest that ciclesonide may have some advantage
although it is not as yet licensed in all countries for paediatric use. Data on differences in side effects between normal and asthmatic
patients, and between asthmatic patients with near-normal lung function compared to those with impaired lung function, indicate that
inhaled corticosteroids (particularly fluticasone) are absorbed more in those with normal lung function; this strongly supports stepping
down the inhaled steroid dose when asthma is controlled — as is recommended in asthma guidelines.
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exercise; and doing so in a safe manner."? These attributes have
been demonstrated in numerous well conducted controlled clinical
trials. In addition, there is evidence from a limited number of
clinical trials and a huge number of database studies that inhaled
corticosteroids reduce hospitalisations due to asthma.? Database
and ecological studies strongly indicate that inhaled corticosteroids
markedly reduce the asthma death rate.* In this regard they are the
only treatment for chronic asthma which has been shown to
reduce asthma deaths.

There are five inhaled steroids currently available in the UK:
beclomethasone dipropionate (BDP), budesonide (Bud), fluticasone
dipropionate (FP), mometasone furoate (MF) and ciclesonide (CIC).
A sixth inhaled steroid, triamcinolone acetate (TAA), is available in
the USA and a number of other countries but is not available in the
UK. Triamcinolone is less potent than the other inhaled cortico-
steroids and is less specific for the glucocorticoid receptor: it will
not be considered further in this review.

Mode of action of inhaled steroids

All inhaled steroids work by binding to a common glucocorticoid
receptor — so the basic pharmacology and clinical studies would
indicate that the same clinical effect can be achieved with all
inhaled steroids though not at the same microgramme dose; i.e. if
given at a high enough dose, all inhaled corticosteroids can
potentially achieve the same clinical activity. In addition, the
equitherapeutic dose of different inhaled steroids varies
depending on the delivery device used. However, at doses of
inhaled steroids with equal clinical effect there are differences in
their side effect profiles, the importance of which is a subject of
considerable controversy. Therefore, the main variation between
the different inhaled steroids is in their side effect profiles at
clinically equivalent doses.

Relative potency of the different inhaled
steroids

The relative potency of different inhaled corticosteroids has been
the subject of considerable dispute and debate. This is due to a
number of factors. Firstly, doing robust studies which can
accurately determine relative potencies in clinical trials is fraught
with difficulties — frequently, claims are made about relative
potency based on inadequate study design. Secondly, efficacy is
affected by the delivery device, which brings another level of
complication. Thirdly, whereas fluticasone, budesonide and
mometasone are active drugs in their own right, BDP and
ciclesonide are pro-drugs. BDP has relatively poor activity and is
metabolised to 17-beclomethasone monoproprionate (17-BMP)
which is the main active constituent. Ciclesonide again has low
activity and is metabolised into its active constituent des-
ciclesonide.> Although in vitro potency is often a poor guide to in
vivo effects, this is not the case with inhaled corticosteroids;
broadly speaking the drug’s activity at the glucocorticoid receptor
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in vitro is predictive of the in vivo potency. Using different
methodologies the Pharmacology Section of the UK BTS/SIGN
Asthma Guidelines group and the Cochrane collaboration have
tried to determine the relative microgramme potency of commonly
used inhaled steroids.>® Using these different methodologies they
came to the conclusion that BDP and budesonide were
approximately equiactive, whereas fluticasone is equally active at
half the microgramme dose. Equiactive doses for the newer
inhaled steroids are more difficult to determine. Available evidence
would suggest that mometasone is approximately equipotent to
FP and that ciclesonide falls somewhere between the potency of
BDP and fluticasone.” A further complication is the introduction of
CFC-free inhalers — see below.

Local side effects of inhaled corticosteroids
The main local side effects of inhaled corticosteroids are oral
candidiasis, cough at the time of inhalation, hoarse voice and
dysphonia. Cough is a local irritant effect and can usually be
overcome by a change in the delivery device; when using a metered
dose inhaler (MDI) the addition of a large volume spacer reduces
cough. Oral candidiasis is dose-related; it is not frequently a major
problem and can usually be prevented by gargling, washing and
spitting out after taking the inhaler. In some cases, local antifungal
treatment may be needed. There are some individuals who are
exquisitely sensitive to even small doses of inhaled steroids and get
oral thrush despite all preventative measures.

The most difficult local side effect to manage is hoarse voice
and dysphonia. This is caused by the inhaled steroid being
deposited on the vocal cord and causing a myopathy of the
arytenoid muscles. Since all inhaled steroids have to cross the vocal
cords to be active this is the most difficult side effect to overcome
and it is not helped by gargling and spitting out after inhaler use.
It tends to be worse with the dry powder inhalers than MDlIs
(where the effect can be decreased by using a large volume
spacer). Dysphonia and hoarse voice are dose-related, and are not
usually a problem at low doses except in those who use their voice
professionally such as actors or singers. At higher doses dysphonia
can be troublesome for any individual. There is some evidence that
ciclesonide has less propensity for causing upper airways
problems.” This is thought to be due to ciclesonide being a pro-
drug; the esters which convert ciclesonide into the active moiety
des-ciclesonide are not present in high enough concentrations in
the upper airways to cause enough conversion to cause myopathy.

Systemic effects of inhaled corticosteroids
The systemic effects of inhaled corticosteroids are caused by their
absorption into the systemic circulation. The fate of inhaled
steroids in the body is shown in Figure 1.

When a steroid is inhaled a proportion of the drug is deposited
in the mouth and swallowed; it may then be absorbed in the
gastrointestinal tract where it is subject to first-past metabolism in
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Figure 1. The fate of inhaled corticosteroids.
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the liver. Fluticasone, ciclesonide and mometasone are subject to
almost complete first-pass metabolism, only
approximately 85% of BDP undergoes first-pass metabolism.
Therefore, for fluticasone, mometasone and ciclesonide the gut-
absorbed drug can cause very little systemic activity, and even for
BDP the systemic activity due to gut absorption is low.

Inhaled steroid deposited in the lung is the main source for
systemic absorption. The more drug deposited in the lung the more
the clinical activity increases but also the more the systemic
absorption increases. The main site of absorption of inhaled
corticosteroids is from the alveoli and therefore smaller particles
which tend to penetrate better into the alveoli are more likely to be
absorbed and cause systemic side effects. Impaired lung function
also has an effect on absorption of inhaled corticosteroids. A
number of studies have shown - particularly for fluticasone
propionate — that absorption is higher in normal individuals than in
asthmatics with airflow obstruction.®™ Further studies have shown
that when asthmatic patients with airflow obstruction improve,
their absorption of fluticasone increases. This is probably because
in the obstructed asthmatic airway the drug impacts in the bronchi
where there is little absorption, whereas in normal individuals or
asthmatics with only minor airflow obstruction more drug reaches
the alveoli and is absorbed. This effect — of differential absorption
between normal subjects and asthmatic patients — is less marked
for budesonide and ciclesonide.*"" The demonstration that
absorption of inhaled corticosteroids is greater in individuals with
normal lung function is a strong argument for stepping down the
dosage once asthma is controlled, particularly if lung function is
normal or near normal.

The potential or actual side effects of inhaled steroids are listed
in Table 1. The side effect which has been most widely studied (as

whereas
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it is readily amenable to testing) is adrenocortical suppression.
Adrenocortical suppression is dose-related though there do seem
to be certain individuals, both among adults and children, who are
particularly sensitive to the adrenocortical suppressive effect of
steroids. In adults biochemical adrenocortical suppression only
seems to occur at doses of inhaled steroids above 800 mcg/day
(BDP equivalent). There are very few case reports of clinically
important adrenocortical suppression occurring in adults.” In
children there are fewer controlled studies of the adrenocortical
suppressive effects of inhaled steroids but there are case series’
indicating that clinically important adrenocortical suppression may
occur at doses of inhaled corticosteroids above the licensed
dose.™" Fluticasone is the commonest inhaled corticosteroid

Table 1. Potential systemic side effects of the inhaled
corticosteroids.

Adrenocortical suppression

Increased osteoporosis and bone fractures
Skin thinning and purpura

Weight gain

Cataracts

Glaucoma

Diabetes mellitus

Increased pulmonary infections

Growth retardation in children
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reported to show adrenocortical suppression in children in these
case series’, but this may be because of preferential prescribing of
the drug at higher doses to those with more difficult asthma. There
is some evidence that ciclesonide may have less adrenocortical
suppressive activity than conventional inhaled corticosteroids.™

Easy bruising has been shown to be a side effect of inhaled
corticosteroids. The best controlled study demonstrating this was
the EUROSCOP Study in COPD patients which showed a higher
rate of bruising in those treated with budesonide 800 mcg/day
than those treated with placebo.” The relative propensity for
different inhaled corticosteroids to cause bruising has not been
formally studied.

In adults one of the main concerns with inhaled corticosteroids
is their potential for decreasing bone mineral density and causing
osteoporosis. A number of studies have shown the effects of
inhaled corticosteroids on markers of bone metabolism but the
relevance of these markers to the risk of reduced bone mineral
densisty or osteporosis is unclear. Using triamcinolone at 1200
mcg/day over a three-year period in the Lung Health 2 study there
was a statistically significant reduction in bone mineral density at
the neck of the femur over a three-year period."" This study
demonstrates that inhaled corticosteroids may cause reductions in
bone mineral density, but the extrapolation of results with
triamcinolone to other inhaled steroids is inappropriate since
triamcinolone has greater systemic bioavailability. A Cochrane
review of controlled trials on the effect of inhaled corticosteroids
on bone mineral density and fracture rate showed no effect, but
the studies were probably too short-term to give a definitive
answer.’® The best controlled trial data comes from two studies in
COPD: in the EUROSCOP study budesonide 800 mcg/day over a
three-year period showed no detrimental effect on bone mineral
density — indeed, at the femoral trochanter there was an increase
in bone mineral density in the budesonide-treated group compared
with placebo;® and in the recently published TORCH study,
measurement of bone mineral density was performed in a subset
of patients and showed that there was no difference in bone
mineral density in the group treated with fluticasone 1000 mcg/day
compared with placebo.” Furthermore, the TORCH study showed
no increase in fracture rate over the three years of the study.
Database studies have produced conflicting results. Wong et al, in
a cross sectional study of bone mineral density, reported an
increased fracture rate risk related to the cumulative dose of
inhaled corticosteroids.” However, such cross sectional studies are
difficult to control for prescription of systemic steroids which are
known to cause reduced bone mineral density. Database studies of
fracture risk have produced conflicting results. Hubbard et al, using
a primary care database in the UK, reported a dose-dependent
increase in fractures with daily doses of inhaled corticosteroids of
above 600 mcg/day leading to a 2.5-fold increase in fractures.?' In
contrast, Suissa et al, using a large database in Quebec, showed an
increase in hip fractures only in those patients on >2000 mcg/day
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BDP equivalent and, slightly oddly, an increased risk of upper limb
fractures of 12% for every 1000 mcg/day BDP equivalent.? In all of
these studies, controlling for confounding variables such as
previous courses of oral steroids, smoking, and differences in
exercise (which can all influence bone mineral density) is difficult.
Overall, the evidence would suggest that at doses under 800-1000
mcg/day of BDP equivalence there is no increased risk of reduction
in bone mineral density or fracture risk, and above 1000 mcg/day
it is possible that an increased risk occurs.

Data on cataracts are again discordant. A prospective study of
95 patients aged 5-25 years on a median dose of BDP or
budesonide of 750 mcg/day over a five-year period showed no
occurrence of posterior subcapsular cataracts.”? In contrast a
database study reported by Cummings et al showed the relative
risk of cataracts was increased by inhaled corticosteroids.”* The
TORCH study, in a very limited subset of patients, showed no
increase in cataract risk.” Overall the data on cataracts is too
limited to determine if there is an increased risk or not and there
is no data to indicate that there are differences between different
inhaled corticosteroids.

With regard to other potential side effects such as weight
gain, hypertension and diabetes, there is really little evidence for
this in adults and no evidence of differences between different
inhaled corticosteroids. With regard to infection risk, there is no
evidence in asthmatic individuals of an increased risk of infection;
however, somewhat surprisingly, in the TORCH study there was
an increase in physician-reported pneumonia.” This may be
because there is chronic bronchial sepsis in 30-40% of COPD
patients. There is again no evidence of differences between
different inhaled corticosteroids. Small observational studies show
no evidence of an increased risk of reactivation of tuberculosis,
and again there is no evidence of a difference between different
inhaled corticosteroids.?

The major concern in paediatric practice is the potential for
inhaled corticosteroids to cause growth suppression. Short term
studies using knemometry, a technique which very accurately
measures the growth of the lower leg, has shown effects with FP
above 200 mcg/day and budesonide above 400 mcg/day.*® Longer
term studies of the effects of inhaled corticosteroids on growth are
complicated by the fact that asthma itself can decrease growth,
particularly if it is poorly controlled.”’” In longer term studies over
several years, a small effect on growth is seen in the first year with
the effect diminishing over time. In the CAMP study, budesonide
200 mcg/day over a 4-6 year time period caused a 1.1 cm decrease
in growth compared to placebo; however, this group of children
had very mild asthma.?® In the START study, budesonide 200
mcg/day over a three-year period caused a 1.34 cm decrease in
growth in the first year but this diminished to only 0.33 cm by the
third year.?® Sorkness et al showed no effect of fluticasone 200
mcg/day on growth.® Ferguson et al compared fluticasone 200
mcg/day with budesonide 400 mcg/day; they showed equivalent
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asthma control but growth was 0.9 c¢cm per year less with
budesonide than with fluticasone.*' The data would suggest that
budesonide and BDP cause growth suppression at doses above
400 mcg/day and fluticasone above 200 mcg/day. Data on
ciclesonide is limited but at a dose of 160 mcg/day no effect on
cortisol was seen in a paediatric study.** The basic pharmacology
of ciclesonide would suggest that it may have less growth
suppressant effect, but this needs to be confirmed in larger long-
term studies and at higher doses.

CFC-free inhalers

Chlorofluorocarbon (CFC) propellant inhalers may have different
particle size characteristics to CFC-free inhalers. This does not
seem to be a problem with fluticasone, where the CFC and
hydrofluoroalkane (HFA) preparations have similar efficacy and
side effects. However, for BDP, one CFC-free preparation has a
smaller particle size, thereby increasing the deposition of the drug
in the lung and the propensity for absorption from the alveoli, and
at the same microgramme doses there is evidence of an increase
in systemic side effects.*® Although there is a theoretical argument
that deposition of particles in smaller airways may be beneficial
there is little hard clinical evidence to support this notion.

Conclusion

Inhaled corticosteroids are the most important treatment for
asthma. There is little evidence for any difference in clinical
efficacy between the different inhaled steroids. The main
potential difference between inhaled steroids is in their
propensity to cause local and systemic side effects. There is some
limited evidence that ciclesonide may cause less local side effects.
In adults, there is little evidence for any systemic side effects at
doses below 800mcg/day BDP equivalent. In children, there is
little evidence for reduction in long-term growth at normal
licensed doses. The properties of ciclesonide would suggest that
it has less propensity for systemic side effects, but large long-
term studies are needed to confirm this.
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