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Pharmacological Factors that Influence
the Choice of Inhaled Corticosteroids
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Abstract Local therapeutic effect relative to the risk of adverse effects of inhaled drugs,
i.e. airway selectivity, is determined by the efficiency of the delivery system and
the physicochemical and pharmacokinetic properties of the drug molecule. For
the inhaled corticosteroid formulations, many of the pharmacokinetic prerequis-
ites for airway selectivity have been fulfilled, but there are still differences that
may influence the choice of treatment regimens. This choice should be based on
disease severity, age, inhalation technique, preference and expected compliance,
together with a knowledge of individual features of different corticosteroid
formulations.

Simple to use, hand-held pressurised or breath-actuated inhalers have favour-
able lung deposition properties and are appropriate for most patients. For small
children or severely ill patients, nebulised treatment or spacers may be advocated.
A corticosteroid formulation with a high intrinsic activity and long duration of
action allows for once-daily administration in some patient groups. These prop-
erties may also partly compensate for noncompliance when more frequent ad-
ministration schemes are used. The risk of adverse effects is reduced if systemic
exposure is held to a minimum by rapid elimination and low tissue distribution.

Corticosteroids are currently the most efficient receptors appear to be present in all eukaryotic
anti-inflammatory therapy in asthma. An under- cells, and attempts to develop corticosteroids with
standing of the pharmacokinetic and pharmacodya selective intracellular action on the inflammatory
namic differences between different inhaled corti-but not endocrine processes have so far been un-
costeroid formulations allows for individualised successful. Since local adverse effects are gener-
treatment and improved therapeutic outcome. Thislly negligible, research has instead been focused
overview will detail the pharmacological factors on the development of corticosteroids with high
governing clinical efficacy and safety, and dis- (but nonspecific) intracellular action that are tar-
cuss differences between available corticosteroidyeted to the site of the inflammatory lesion by local
formulations. delivery.

In pharmacological doses, in addition to their ~The airway selectivity of an inhaled cortico-
endocrine action, corticosteroids affect most com-steroid formulation is due to a combination of
ponents of the inflammatory cascade. These effecthigh topical activity and low systemic effects,
are mediated via common pathways involving in-and is determined by the properties of the deliv-
tracellular binding to specific receptors and sub-ery system and the corticosteroid in combination
sequent interaction with the genome, either di-(table I). Topical activity depends on the amount
rectly or via transcription factorf$! Glucocorticoid  of drug thatis actually delivered to the target tissue,
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Table I Pharmacokinetic factors influencing the airway selectivity of respirable fine particles is a unique feature of

of inhaled corticosteroids each drug/delivery combination rather than the

Delivery system factors Corticosteroid factors type of device [pressurised metered dose inhaler

Lung (factors that maximise topical activity) (pMDI) nebuliser or dry powder inhaler (DP|)]

High deposition High intrinsic activit ' ’
gndep 9 Y or the pMDI propellant [chlorofluorocarbon

High airway binding
Rest of body (factors that minimise systemic effects) (CFC) or hydrofluoroalkane (HFA)]- Hence, al-

Low gastrointestinal deposition Rapid systemic elimination thOUgh the fine partiCIe fraction generated by a
Low oral availability budesonide Turbuhaf®fis almost 4 times that with
Low tissue retention a fluticasone propionate Diskhaltat the same

nominal dose (40v/s 10%, respectively, of the
the ‘intrinsic’ activity of the corticosteroid mole- metered dose), the fine particle fraction generated
cule and the local pharmacokinetics of the mole-by a budesonide CFC pMDl is about half that with
cule in the target tissue. The systemic effect is re-a fluticasone propionate pMDI (20s 34%)/?]
lated to the systemic exposure, which dependd$3eclomethasone dipropionate in an HFA pMDI
upon the total amount of the corticosteroid that is Solution has a markedly greater fine particle frac-
absorbed from the airways and the gut, i.e. the totakion than beclomethasone dipropionate in various
systemic availability, and the elimination of phar- CFC pMDI suspensions (5623 to 34% of ex-
macologically active corticosteroid from the body. actuator dose <4).Bl Nebulisers, of which
The rate of elimination, in turn, depends on the ratejét nebulisers are the most commonly used for
of metabolic inactivation, the extent of first-pass local corticosteroid treatment, are relatively in-

metabolism and the tissue distribution. efficient in the generation of fine particles, and the
fraction of the nominal dose generated as fine
1. Inhaler Devices particles does generally not exceed 10%.

The choice of inhalation device is critical for
optimal asthma treatment. Although compliance is
improved by a once-daily regimen, a corticosteroid
formulation that is difficult to use and has unreli-

1.2 Lung Deposition

The therapeutic effect of an inhaled anti-asthma
drug formulation is linked to the amount deposited

able del_ivery cha_racterist?cs is not suitable _for in the lungs. This has been clearly shown for both
once-daily use, since optimal and repmd“C'bleB-agonisté5~6] and ipratropium bromid&! In addi-

drug delivery then becomes even more critical thantion, the fraction that is not deposited in and ab-
when the patient is following a treatment schemegq e from the airways will eventually be swal-
with more frequent administration. An ideal in- |, eq which will reduce the airway selectivity of
haler should deposit a large fraction of the deliv- an orally available corticosteroid. This is espe-
ered dose to the lungs with little variability, and it cially true for inhalers with less efficient lung de-
should be robust, easy to use and preferred by pagery- aithough more than 40% of the systemically
tients of different ages and with different d'seaseavailable budesonide after inhalation via a pMDI
severities. (without mouthwash) was derived from swallowed
drug, the corresponding figure for Turbuh&ler
(without mouthwash) was 15%. As mouthwash
Drug delivery to the lungs from an inhaler is is advocated for all inhaled corticosteroids to avoid
critically dependent upon the fine particle dose thelocal and systemic adverse effects, the oral contri-
inhaler is capable of generating. A particle size of bution will be further reduced.
approximately fim has been established as the Lung deposition varies greatly for different in-
cut-off diameter for appropriate airway deposi- haled corticosteroid formulations (table II). It is
tion. The fraction of the delivered dose consisting also evident that spacer devices not only reduce the

1.1 Fine Particle Dose
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amount of corticosteroid swallowed, but may also adults, lung deposition differs. In children aged 3
profoundly increase lung deposition. Most lung to 6 years, lung deposition was 26% of dose deliv-
deposition studies have been performed in healthyered to the individualvs 58% in adults when
individuals under optimal conditions, but the re- budesonide inhalation suspension was delivered
sults appear not to differ markedly from those of via a Pari LC-Jet Plus nebulisét:*®! In general,
patients with asthma if the inhalation technique isthe output from a nebuliser is less than for other
accuratd? 141 A more central deposition was, how- inhaler devices and, in both groups of patients,
ever, implied in patients with asthma than in about 50% of the dose was retained in the device
healthy individuald!s! Currently, pMDIs are be- and 25% was released into the ambient air.

ing reformulated with the more environmentally ~ Similarly, in children aged 2 to 3 years using
friendly HFA propellant, and although these phar- budesonide pMDI with a spacer connected tq aface
maceutical efforts have been associated withTask, systemic exposure was the same as in older

roblems, it appears that lung deposition has beer‘?hiIdren (4 to 6 years) and adults who were using
E]creased PP gcep a mouthpiece connected to the spdé8iThese re-

The use of nebulised corticosteroids is increas—SUItS again imply a reduction in lung deposition

. . . . with reduced age, as the reduced body size would
ing, and is considered to be a convenient alterna- . .
L . : . otherwise lead to elevated plasma concentrations.
tive in severely ill patients and for young children,

. . ) . One consequence of these findings, whether
patient groups where inhalation technique may bebudesonide was delivered via a nebuliser or via a

suboptimal. Although systemic exposure .(defined MDI with a spacer, is that dosage reduction for
asarea undgr the plasma} concentration-time ,Curvgafety reasons is probably not necessary in small
of budesonide/mg nominal dose) of nebulised .pjqren. However, the reduced lung deposition in
budesonide is the same in small children as ingmq| children may reduce the likelihood of a maxi-

mum therapeutic effect at a given dose, which may

Table Il. Lung deposition of inhaled corticosteroids. Data are pre- . .. .
9 cep P reduce the airway selectivity when compared with

sented as percentages of metered and delivered doses, where

delivered dose = dose received by the subject and metered dose = that of adults. For budesonide, this is, however,
delivered dose + dose retained in the device partly Compensated for by a higher systemic clear-
Drug, propellant, device Deposition (%) of _ Reference ance and lower oral availability in children than in
delivered metered adu|ts[16,18]
dose dose ’
BDP CFC 4 3?2 9
BDP HFA 56 402 9 1.3 Inhalation Technique
Budesonide CFC 162 15 8 )
Budesonide CFC Nebuhaler? 762 34 10 Several studies have shown that more than
Budesonide nebulising 582 14 11 two-thirds of patients do not manage to handle a
suspension with Pari LC-Jet pMDI device accurately, even with appropriate
Plus nebuliser inst ti d th f E§r201 Addi
Flunisolide CFC 202 17 12 ms ruc Ions.an e use of a Spg ) I-
Flunisolide HFA 978 23 12 tional negative fe.:atures.of pMDls mclude the use
Flunisolide HFA Aerohaler? 732 40 12 of broncho-irritating lubricants required for appro-
FP CFC 25P 13 priate valve function, environmentally noxious
FP HFA 28° 13 propellants, oropharyngeal impaction because of
Budesonide T@Ufbuha'e"@ 82 ) 8 very high initial plume speed, and dependency of
i a,| . . .
FP Diskhaler” 1 13 aerosol cloud characteristics upon ambient temper-
FP Accuhaler®/Diskus® 162P 13

ature. Neglecting to shake the canister before use
b Systemic availability versus nominal dose. can rgduce th_e Iung .depOSHSIOI’I by h%ﬁ} .

BDP = beclomethasone dipropionate; CFC = chlorofluorocarbon; With nebU“serSv inhalation teChn'que is also
FP = fluticasone propionate; HFA = hydrofluoroalkane. critical, and inspiratory flow, tidal volume and the

a Calculated using estimates of retained dose.
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duty cycle (i.e. the proportion of inspiration time lipophilic (water solubility about 0.1 mg/L). Hence,
versus the full breathing cycle time) affects the a clinically relevant dose of fluticasone pro-
amount that will be deposited in the lung¥. A pionate or beclomethasone dipropionate (260
face mask may be preferred for very young chil- requires at least 2L of water to be dissolved, where-
dren, but leakage and nasal breathing will makeas the same amount of a less lipophilic cortico-
delivery to the lungs unpredictable. In addition, the steroid, such as budesonide, would need only
time required for nebulisation of a single dose, 5to15ml. Pharmacokinetic studies in humans have
15 minutes, reduces convenience and may affecshown that budesonide is readily dissolved in hu-
compliance. man bronchial secretioR® and is rapidly ab-
Breath-actuated DPIs are generally the mostsorbed after oral inhalation [time to maximum
convenient systems for drug delivery to the air- concentration (t.) after oral inhalation via
ways, and preferred by many patients overTyrhyhalef is about 20 minutes, mean absorption
pMDIs.[??] The deep and forceful breath required time about 40 minuted}?! In contrast, fluticasone
to properly deliver a dose from Turbuhdteis  propionate shows a protracted dissolufi®rand a
achieved by almost 100% of patients above the agg|ower rate of absorptiongty after oral inhalation

of 8 years?*2#and by 37 of 38 patients aged 3 0 \j5 AccuhaleP/Diskus® or pMDI is about 2 hours,
6 years?3 Even in patients admitted to the ward ;a3 absorption time is 6 to 8 houR¥.This pro-

fqr an acute asth_ma exacerbation [mean _forced €Xfracted dissolution may be advantageous, as drug
piratory volume in 1 second (FRYat admittance  o1anion at the target site is an important determi-
1.2 L/min], 97 of 99 patients generated a peak flow ot of airway selectivitf® However, a reduced
through Turbuhalét sufficient for appropriate rate of dissolution will increase the amount avail-

5] 0 !
per;ormall_’lct()al (>t3o It_/mmi?._ traindividual variabil able for mucociliary transport away from the air-
it olr re ': € r_<ta_a min ’I'gt:am :\Qﬂ ua varla_bll- way target sites. In contrast, a high water solubility
%'2 .l;ngroig?jls' Ignesn c:”::ore gmasolrt:n?s pﬁ:ﬁ" th(z will increase the rate and extent of pulmonary up-
IS 1S P y ev . 'mp w take, which will increase intracellular accessibility

patient follows a once-daily treatment regimen. Al- . . : .
. . and cytosolic receptor site concentrations. A high

though Turbuhalét shows a slightly greater vari- S . .

water solubility is also generally associated with a

ability in in vitro fine particle dose delivery than LS .
pMDls, the variability within and between patients smaller volume of distribution and less peripheral
' tissue retention. This in turn should reduce the risk

in lung deposition is less with Turbuhafethan ) .
with the pMDI. Even under laboratory conditions of accumulation and systemic effects. Hence, the

where all participants followed instructions for pharmacological potency and airway selectivity of
optimal inhalation, variability was halved with inhaled corticosteroids cannot be predicted from

TurbuhaleP compared with a pMDIE26l |t js  lIPophilicity alone.

likely that these differences are even more pro- Relative intrinsic activity differs between dif-
nounced in the clinical situation in favour of the ferent corticosteroids, and the most utilised inhaled

more easy to handle breath-actuated DPIs. corticosteroids (budesonide, beclomethasone di-
propionate/beclomethasone monopropionate and
fluticasone propionate) also have the highest in-
trinsic activities, as assessed by glucocorticoid re-
Water solubility differs between different in- ceptor binding affinity (RBA) or vasoconstriction
haled corticosteroidd? Although budesonide, flu- potency (fig. 1). However, although these assays
nisolide, triamcinolone acetonide and beclometh-show some correlation with clinical efficacy, this
asone monopropionate have about the same watds not always the case. One example is tipredane,
solubility (about 10 to 100 mg/L), beclomethasone which has the highest RBA value of all topical cor-
dipropionate and fluticasone propionate are moreticosteroids tested for asthma, but a poor thera-

2. Absorption and Intrinsic Activity
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O Human skin blanching assay dexamethasone and triamcinolone, with pre-

159 B Glucocorticoid receptor affinity dnisolone being the highest and triamcinolone the
> lowest[371 On the contrary, the drug concentration
§ 10 7 was found to be several-fold higher in lung than in
2 plasma after inhalation of budesonide and
S 5 fluticasone propionat&83° These data thus sug-
& oc0z gest that after inhalation of the pharmacologi-

0 - v cally potent, locally acting corticosteroids, a con-
0«.\\& o&@ Q;“Q% @@ O(@ s é\é’ O\o& s@erably grgater targeting is achleved_comp_ared
\p@% K & ,\.\Q@ <& ¢ \0&‘*‘ 00(\@ < with conventional treatment with systemic cortico-
é)&Q @ o\"(@ Y\@@ ¥ steroids.
;Q’Zr C\Q
& ,\@@ 3.1 Fatty Acid Esterification of Budesonide

. - _ _ N In spite of its relatively rapid rate of dissolution
Fig. 1. Intrinsic af:tl\{lty of corticosteroids, asse_ssgd as.afﬂmty and moderate Iipophilicity, budesonide appears to
for the glucocorticoid receptor, or vasoconstriction using the . X X
McKenzie skin blanching test, relative to triamcinolone aceto- have a duration of action exceeding that of most of
nide = 1. Skin blanching data were compiled from Brattsandand  the currently available inhalation corticosteroids.

[31] phijllips, 32 [33] [34] . . . .
Axelsson,_ lPhI”IpS, Johansson et al_. and Lutsky et al. The flndlng that budesonide was retained to a
Glucocorticoid receptor data were compiled from Brattsand and . . .
AxelssonlU and Reed.% Glucocorticoid receptor affinity for greater extent than the more lipophilic corticoste-
BDP and BMP (0.22 and 5.7, respectively) is given for each roids (fig. 2) was unexpected. Subsequent analyses
compound sepqrately. alndlcalteg that a stripped sklr-1 versmg of the tissue samples revealed that, whereas
of the McKenzie vasoconstriction test was used; BDP = . . .
beclomethasone dipropionate; BMP = beclomethasone fluticasone propionate samples contained un-
monopropionate. changed fluticasone propionate, budesonide sam-
ples, even at 20 minutes after administration, con-
tained 80% or more of total radioactivity as
peutic effect3!! Other factors, both preceding and budesonide oleate. Interestingly, later studies not
following the actual receptor interaction, may have only confirmed the formation of budesonide esters,
as important or more important effects on the but also showed that much lower amounts of esters
therapeutic outcome. Such factors include localare present in striated muscle, even after local in-

metabolism, lung tissue concentrations and dwelljection of budesonide into an adjacent muscle: at

time at the receptor site. 20 minutes after injection, only 12% of muscle
radioactivity consisted of budesonide esters, while
3. Airway Retention at the same time in the same experiment, there was

a considerably greater portion in lung and trachea

Airway concentrations of corticosteroids have (approximately a 11 ratio of budesonide to
been relatively little studied. Peak tracheal concen-budesonide este4% These experiments indicate
trations of budesonide, fluticasone propionate andhat budesonide is considerably more prone to
beclomethasone dipropionate were almost 100form esters in trachea and lung than in muscle.
fold greater than those after hydrocortisone and From biotransformation studies in human
dexamethasone following a 10-minute trachealliver and lung microsomes and human bronchial
superfusion to rat88l In humans, bronchoalveo- cells in vitro,[*142 several fatty acid esters of
lar lavage: serum concentration ratios were as- budesonide have subsequently been identified: the
sessed after intravenous injection of various21-palmitoleate, palmitate, linoleate, arachidonate
water-soluble corticosteroids and ranged betweerand the quantitatively dominating oleate. Esters
0.4 and 1.3 for methylprednisolone, prednisolone,could be hydrolysed back to intact budesonide by

0 Adis International Limited. All rights reserved. Drugs 1999; 58 Suppl. 4
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ing lung resection surgery. The concentrations of
. the total amount of budesonide fatty acid esters and
E budesonide were about the same. The ratio be-
tween budesonide and budesonide oleate was sim-
ilar in central and peripheral lung samples.

Fatty acid esterification of budesonide probably
prolongs anti-inflammatory action by increasing
the dwell time within the airways. The anti-inflam-
matory effects of budesonide and fluticasone pro-
pionate were investigated in a corticosteroid-sensi-
tive, transcription factor activation protein-1—

. mediatedin vitro system, using transfected rat fi-
107 I T . .
20min 2h  6h oan  broblastd?3l Experiments were performed either
Time after instillation during continuous 24-hour incubation or during a
6-hour pulse exposure followed by extensive
Fig. 2. Tracheal retention of radioactivity after intratracheal in- washing and a further 18-hour incubation with in-
stillation of 3H-labelled budesonide and fluticasone propionate tact cells. The latter experiment was performed to
in rats (n = 4 for each corticosteroid and time-point). Values are mimic the clinically more relevant situation of in-
given as geometric means with 95% confidence intervals. (Data . . . .
were taken from Miller-Larsson et al.,[® with permission.) termittent airway exposure. Fluticasone propionate
was significantly more potent than budesonide dur-
ing continuous exposure over a wide concentration
lipases and cholesterol esterases. Fluticasone pré@nge. However, in the 6-hour pulse experiment,
pionate, lacking the 21-hydroxy group, did not fluticasone propionate lost mos_t of its gffect,
form corresponding fatty acid estdf& Unlike ~ Whereas most of that of budesonide remairied.
budesonide, the budesonide esters possess little aflVo: @ similar prolo;gatmn of anti-inflammatory
finity for the glucocorticoid receptdf® Lipopoly- ~ STect Was reported”!
saccharide-evoked lung inflammation did not af-
fect the propensity of airways to form budesonide  4- Distribution and Elimination

44] : ) - . . _
esterd: _Blo_cklng of budesonide blndlng t9 the All of the corticosteroids currently available for
glucogort|90|d r.eceptor by the glucocort|'c0|d an- i halation therapy appear to be inactivated by
tagonist mifepristone (RU-486) resulted in a rela- ;o pigtransformation, most commonly by oxida-

tive increase of intracellular budesonide est#¥s. .« metabolism via cytochrome P450 (CYP) 3A.

In contrast, the acyl-cholesterol CoA transferaseggcent data suggest that the gut mucosa also con-
inhibitor cyclandelate significantly reduced the in- yjh;tesl49 For most inhalation corticosteroids, he-
tracellular content of esterified budesonide but notpatic elimination is efficient and systemic clear-

intact budesonide. The fatty acid esters are 500 tqynce is therefore close to liver blood flow. As a
10 000 times more lipophilic than budesonide it- consequence, oral availability is low (table 1I1).
self. Reversible esterification with long chain fatty This will reduce the contribution of the swallowed
acids, similar to that observed with budesonide,fraction to overall systemic adverse effects. Flu-
serves as a storing process for cholesterol and somgcasone propionate and possibly mometasone
endogenous steroid hormones, including estrofuroate appear to have almost negligible oral avail-
gensl48] ability,51.52l whereas the other inhalation cortico-
Fatty acid esters of budesonide are formed alsasteroids for which oral availability has been as-
in human lungin vivo.[*”] Central and peripheral sessed have values in the range of 6 to 23% (table
lung tissue was obtained from 7 patients undergo-ll). The recent improvement in delivery systems,

=

o
N
|

Budesonide

=
o
|

Fluticasone
propionate

=
|

Tissue radioactivity (pmol/g per nmol administered)
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Table IIl. Basic pharmacokinetic parameters of inhaled corticosteroids. (Reprinted from Barnes et al.[5% with permission. “American Lung
Association 1998.) The pharmacokinetics of beclomethasone dipropionate/beclomethasone monopropionate have not yet been determined
after intravenous or oral administration

Corticosteroid Plasma half-life (h) Volume of distribution (L/kg) Clearance (L/min) Oral availability (%)
Budesonide 2-3 2.7 0.9-1.3 6-13

Flunisolide 1.6 1.8 1.0 21

Fluticasone propionate 8-14 12.1 0.9-1.3 <2

Triamcinolone acetonide 15 13 0.7 23

with increased lung deposition and a reduced frac- 5. Clinical Implications

tion being swallowed, has also reduced the nega-

tive impact of oral absorption. In a clinical context, airway selectivity is deter-
The terminal plasma half-life of a drug may be mined by the therapeutic effect in combination

determined by its rate of absorption, its rate of With the risk of causing clinically relevant adverse
elimination, or, for a drug that is formed by meta- effects. This has been documented for most of the

f marketed inhaled corticosteroid formulations in
. . o . . placebo-controlled studies, but in few conclusive
the inhaled corticosteroids, including the relatively . : ) .
lowlv absorbed fluticasone propion4id.elimi- comparative studies versus other corticosteroids.
S 0_ y ) p P ' _ Hence, most efficacy comparisons have been un-
nation appears to be rate limiting. The rate of e"m'derpowered and/or undertaken at doses where ef-
ination affects the amount of drug present in thefect ijs maximised, i.e. at the top of the dose-re-
body at steady state and by this the rate and extergponse curv®9 As the doses needed to evoke
of accumulation. Accumulation, in turn, is a func- measurable short term systemic effects are gener-
tion of the frequency of administration relative to ally even higher, assessment of differences be-
the half-life of the drug, so that drugs having a tween corticosteroid formulations in airway selec-

terminal half-life of the same order of magnitude tiVity under the same study protocol is extremely
as the administration interval, or longer, will accu- difficult. Inarecentcommittee report from the Ca-

S . . i i ietyd]
mulate. A long elimination half-life will also re- nadian Thoracic Sociefy?! it was recommended

. . that efficacy should be assessed in large double-
duce the peaktrough plasma concentration ratio. y 9

blind parallel-group studies in mildly uncontrolled

Persistent plasma concentrations of a Cort'COSteésthma with at least 3 doublings ofthe doses of each

roid may affect the hypothalamic-pituitary-adrenal formuylation or by using a stepwise corticosteroid-
(HPA) axis to a greater extent than high peakwithdrawal design. Systemic effects should be as-
plasma concentratior¥! sessed separately by 24-hour plasma cortisol as-
Lipophilicity correlates closely with volume of sessments in healthy volunteers in placebo-
distribution2”! Hence, fluticasone propionate is controlled double-blind crossover studies.
the most extensively distributed of the currently ~Many of the pharmacokinetic prerequisites for
available corticosteroids, with a volume of distri- airway selectivity appear to be fulfilled with the
bution 2 to 4 times larger than most of the other Modern inhaled corticosteroid formulations. It still

inhaled corticosteroids (table Ill). This extensive remains tp _be proven whethgr glucocort|cqld re-
o . . ceptor affinity, airway deposition and retention or
distribution is the major cause for the relatively

| | half-life found for thi ; id other mechanisms, alone or in combination, are
ong plasma half-lite Tound for this corticosteroid. major determinants of therapeutic efficacy, and

There are currently no reliable pharmacokinetic,yhether any one corticosteroid formulation is su-
data on beclomethasone dipropionate and its activgerior in this respect. Regarding the risk of sys-
monopropionate metabolite following intravenous temic effects, probably a combination of low in-
or oral administration. trinsic potency, high clearance and low tissue

bolic activation, its rate of formation. For most o

0 Adis International Limited. All rights reserved. Drugs 1999; 58 Suppl. 4
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retention is an important feature. Neither time of 6. Conclusion
day nor single or divided daily doses appear to sig-

nificantly affect the risk of systemic effecs! For the inhaled corpcqstermd fo.rrpulatmns.,
. . . . many of the pharmacokinetic prerequisites for air-
Fluticasone propionate is about 4 times more po-

1 affecting the HPA axis than bud id way selectivity have been fulfilled, and most of the
tent in affecting the axis than budesonide O, qijaple corticosteroid formulations are highly ef-

triamcinolone 208'[9”'0'_9' as assessed in a recefifcacious while causing no systemic adverse ef-
meta-analysi&’ This difference is most notable fects in the majority of asthma patients. Still, there
at the upper part of the clinically recommended s room for improvements, and major challenges in
dose interval, and is probably a result of the rela-the development of new improved corticosteroids
tively marked tissue accumulation noted for include (i) increased retention at the target site
fluticasone propionat& In this context, the effi-  while maintaining rapid systemic elimination, and
ciency of the delivery system also needs to be taker(ii) increased extrahepatic inactivation. Budeson-
into accounts8-60! ide, with its prompt esterification in airways but

The clinical impact of fatty acid esterification little peripheral retention, appears to partly fuffil
on the airway selectivity of budesonide is currently the former feature; new ‘soft’ corticosteroids may
being investigated. One clinical implication of the Provide the latter.
conjugation phenomenon may be the favourable Ref
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