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Aims To determine the basal pharmacokinetics, lung uptake and plasma cortisol

suppression for two commonly prescribed inhaled corticosteroids.

Methods Twenty-one subjects (13 healthy and 8 mild asthmatic patients) received

¯uticasone propionate via a chloro¯uorocarbon-propelled pressurized metered-dose

inhaler (pMDI) (healthy subjects only) and Diskus1 and budesonide via Turbuhaler1,

1000 mg twice daily for 7 days. Intravenous doses (200 mg) of both compounds

were used as references. Plasma concentrations of ¯uticasone and budesonide were

determined during 48 h by liquid chromatography plus tandem mass spectrometry

(LC-MS-MS). Plasma concentrations of cortisol were determined by LC-MS every

second hour for 24 h at baseline, and following each treatment.

Results The volume of distribution was found to be larger and the elimination half-life

and mean absorption time longer for ¯uticasone than for budesonide. The systemic

availability of budesonide via Turbuhaler (39%) was signi®cantly higher than that of

¯uticasone via Diskus (13%) (ratio 3.0 [2.5, 3.6] with 95% con®dence interval [CI]),

and via pMDI (21%) (ratio 1.8 [1.3, 2.3]). In addition, at steady state the systemic

availability of ¯uticasone via pMDI was signi®cantly higher than via Diskus (ratio 1.6

[1.1, 2.2]). The lung deposition of budesonide via Turbuhaler was 2.2-fold [1.7, 2.9]

higher than that of ¯uticasone pMDI and 3.4-fold [2.8, 4.0] higher than that of

¯uticasone Diskus. In addition, the lung deposition of ¯uticasone via pMDI was

1.5-fold [1.1, 2.9] higher than that via the Diskus inhaler. Plasma cortisol (24 h) was

signi®cantly reduced vs baseline for all three treatments. The cortisol concentration

vs baseline was 12% for ¯uticasone pMDI, which was signi®cantly lower (ratio

0.32 [0.24, 0.42]) than that for ¯uticasone Diskus (39%), and for budesonide

Turbuhaler (46%) (ratio 0.27 [0.21, 0.37]). The plasma cortisol concentration did not

differ signi®cantly between treatments with ¯uticasone Diskus and budesonide

Turbuhaler (ratio 0.87 [0.65; 1.15]).

Conclusions Budesonide and ¯uticasone differ in their pharmacokinetic properties

in that although clearance is the same, the rate of uptake and elimination is slower for

¯uticasone. Despite a signi®cantly higher pulmonary availability of budesonide via

Turbuhaler, the plasma cortisol suppression is less than that of ¯uticasone via pMDI

and similar to that of ¯uticasone via Diskus. There is no indication of any difference

between healthy subjects and mild asthmatic patients in the pharmacokinetics and

plasma cortisol suppression of ¯uticasone and budesonide.
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Introduction

Fluticasone propionate (hereafter ¯uticasone) and

budesonide are inhaled corticosteroids used for the local

treatment of in¯ammatory diseases in the airways,

e.g. asthma and rhinitis. The desired properties of

an inhaled corticosteroid for asthma include a high
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glucocorticoid receptor binding af®nity, a high lung

deposition, and a long pulmonary residence time. To

minimize the systemic exposure, systemic clearance

should be high and volume of distribution low, leading

to a rapid systemic elimination. Both drugs are rapidly

metabolized, with a total blood clearance approaching

the hepatic blood ¯ow [1, 2]. The oral systemic bio-

availability is about 1% for ¯uticasone [3] and about 10%

for budesonide [2]. For neither drug is there any evidence

of local metabolic inactivation in the lungs. Therefore,

for well-performing devices, the fraction of inhaled drug

reaching the lungs contributes substantially to the systemic

availability, and subsequently to systemic effects such as

plasma cortisol suppression.

Fluticasone has been claimed to be slowly absorbed over

a long period of time after deposition in the lungs, and

thus a slow systemic absorption from the lungs has been

suggested to be the rate-limiting step in the elimination

of the drug [4]. If so, the terminal half-life would be

longer after inhalation than after intravenous administra-

tion. There are studies indicating a shorter half-life after

intravenous administration (7±8 h) [5] than after inhala-

tion (10±12 h) [6], but determination of the terminal half-

life may have been inaccurate in the intravenous studies

due to plasma concentrations going below the lower

limit of quanti®cation (LOQ). An improved bioassay

with a lower LOQ, in combination with high intravenous

doses and longer sampling time, would enable a more

correct estimation of the terminal phase of the plasma

concentration curve.

Inhaled ¯uticasone has been shown to give a more

pronounced plasma cortisol suppression after repeated

administration than a single dose, whereas budesonide did

not show such a marked difference [7]. This discrepancy

between single and repeated dosing for cortisol suppres-

sion may be explained by the pharmacokinetic properties

of the drugs, since ¯uticasone has been found to have

a slower systemic elimination than budesonide, leading to

accumulation and doubling of plasma concentrations after

repeated dosing [3]. The elimination half-life of ¯utica-

sone is considerably longer than for many other inhaled

corticosteroids; elimination half-lives in the range of

1.5±2.5 h have been reported for triamcinolone acetonide

[8], ¯unisolide [9], and budesonide [10]. Thus, an exten-

sive distribution into tissues, as indicated by a high volume

of distribution, appears to be the cause of this slow

elimination of ¯uticasone.

Available documentation on pharmacokinetics and

systemic effects of ¯uticasone and budesonide is mainly

based on studies in healthy subjects [1, 5, 6, 10, 11]. One

reason for this is to minimize the between-subject vari-

ability [12]. Recently, a correlation between asthma

severity and cortisol suppression was shown for ¯uticasone

[13], although for budesonide, such a relationship is much

less clear [14]. As a majority of asthmatic patients suffer

from a mild form of the disease and as the variability in

pharmacokinetics and dynamics of inhaled corticosteroids

probably is lower in these patients than in those with

severe asthma, this group of patients is highly relevant to

select for comparisons of pharmacokinetics and systemic

side-effects between different drug-inhaler combinations.

The objective of the present study in patients with

asthma and in healthy subjects was to determine the

pharmacokinetics and lung uptake of ¯uticasone from

a pressurized metered-dose inhaler (pMDI) (only

healthy subjects) and Diskus and of budesonide from

Turbuhaler. The in¯uence of the three different drug-

inhaler combinations on plasma cortisol concentrations

(area under the curve [AUC]) after multiple-dose

inhalations was also determined.

Methods

The study was an open, crossover trial conducted in Lund,

Sweden. The trial was randomized between the three

inhalation treatments and baseline cortisol. The two

intravenous, single dose administrations, were separately

randomized at the end of the study. The subjects received

¯uticasone via Diskus or pMDI (only healthy), or

budesonide via Turbuhaler, as a single-dose inhalation

on day 1 and as repeated-dose inhalations, twice daily,

during day 3±9, with a wash-out of at least 2 weeks

between treatments. The trial was approved by the

research ethics committee in Lund/MalmoÈ, Sweden.

Subjects

The subjects were either healthy, as determined by

medical history, physical examination and clinical labora-

tory tests, or diagnosed with asthma as de®ned by the

American Thoracic Society [15], and currently not being

treated with glucocorticosteroids by any route of admin-

istration. Demographics, asthma duration and morning

peak expiratory ¯ow during the two treatment periods

are given in Table 1. All subjects received full verbal and

written information about the study, and provided written

informed consent before inclusion.

Study procedures

On the study days, the subjects arrived at the clinic in the

morning after fasting overnight (no food or beverage

after 22.00 h). No extensive physical exercise or alcohol

consumption was allowed for 48 h before, and during

each treatment period. The subjects were served a regular

breakfast at the clinic 30 min before drug administration,

and then had to abstain from beverages for 2 h and from

food for 4 h. They stayed overnight at the clinic on the
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®rst night after the intravenous infusions, after the single-

dose inhalations, and between days 9 and 10 during

repeated administration.

Fluticasone pMDI was not administered to the

asthmatic patients, as it was thought that any possible

differences between pMDI and Diskus in the pharmaco-

kinetics and systemic activity of ¯uticasone would be

suf®ciently re¯ected in the healthy subjects.

Intravenous dosing

The intravenous administrations were given at approxi-

mately 08.00 h as single doses of 200 mg of ¯uticasone

and budesonide. Plasma (100 ml) was extracted from

each individual subject into a sterile plastic bag. A volume

of 2.0 ml of ¯uticasone (250 mg mlx1) or 0.5 ml of

budesonide (1000 mg mlx1) in 70% ethanol was infused

into the plasma bag during continuous mixing. There-

after, 40 ml of the resulting solution was infused using

an infusion pump (240 ml hx1) over 10 min into an ante-

cubital vein in the arm not used for blood sampling.

After infusion, the indwelling catheter was rinsed

with saline. The exact dose was determined by weighing

the syringe before and after dosing, and analysing the

concentration of ¯uticasone or budesonide in the plasma

remaining in the syringe. Blood samples (5 ml) for

determination of ¯uticasone or budesonide in plasma

were obtained at predecided timepoints; immediately

before and at 5, 10, 15, 20, and 40 min, and 1, 1.5, 2, 4, 6,

8, 12, 16, 24, 36 and 48 h after the start of infusion. To

achieve an adequate sensitivity in the bioanalytical assays,

a larger sample volume (10 ml) was taken at the sampling

points at 16±48 h.

Inhalation

The subjects were instructed and trained to use each

inhaler according to the instructions supplied by the

manufacturer. The subjects had to breathe out and to

inhale via Diskus and Turbuhaler at an equivalent

inspiratory effort, i.e. at a ¯ow of 70 l minx1 via Diskus

and 60 l minx1 via Turbuhaler. The target ¯ow for

inhalations via pMDI was 30 l minx1. Peak inspiratory

¯ow and inspiratory volume of each inhalation of

¯uticasone and budesonide at the clinic were monitored

with a pneumotachygraph. The ®rst dose was inhaled at

the clinic at 08.00 h on day 1. After inhalation, the subjects

were instructed to hold their breath for 5 s, and then to

exhale. A total dose of 1 mg was inhaled either as

4r250 mg of ¯uticasone, or as 5r200 mg of budesonide.

After drug inhalation, the subjects rinsed their mouths

with 2r10 ml of water, which was collected and analysed

Table 1 Demographics, duration of asthma and morning peak expiratory ¯ow during the two treatment periods.

Subject category Sex

Age

(years)

Weight

(kg)

Height

(cm) Atopy

Asthma

duration (years)

Morning PEF at

baseline T1 and T2*

Healthy Male 30 85 180 No NA Not determined

Healthy Male 27 76 191 No NA Not determined

Healthy Male 23 95 186 No NA Not determined

Healthy Female 24 83 173 No NA Not determined

Healthy Female 24 63 159 No NA Not determined

Healthy Male 30 80 176 No NA Not determined

Healthy Male 27 67 178 No NA Not determined

Healthy Female 19 59 166 No NA Not determined

Healthy Male 22 72 178 No NA Not determined

Healthy Female 27 73 170 No NA Not determined

Healthy Male 23 75 184 No NA Not determined

Healthy Female 28 70 164 No NA Not determined

Healthy Female 29 53 170 No NA Not determined

With asthma Male 24 91 186 Yes 14 84 82

With asthma Male 28 65 167 Yes 21 94 98

With asthma Male 24 75 176 Yes 14 97 84

With asthma Male 32 84 185 Yes 6 93 81

With asthma Male 20 80 174 Yes 15 112 101

With asthma Male 51 95 183 Yes 44 67 63

With asthma Female 30 82 166 Yes 15 108 89

With asthma Female 43 72 171 Yes 22 98 105

Mean (s.d.) M=13, F=8 28 (7) 76 (11) 175 (9) ± 19 (11) 94 (14) 88 (14)

*T1=treatment period 1 and T2=treatment period 2.

NA=Not applicable.
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for ¯uticasone or budesonide content. Subsequently, each

subject self-administered a dose of 1 mg of ¯uticasone or

budesonide at home, twice daily (08.00 h and 20.00 h),

starting with the morning dose of day 3 and continuing

during a period of 7 days, using a diary to record the

inhalations. The last three doses were also inhaled at

the clinic under supervision. Drug inhalations had to be

carried out satisfactory before proceeding with blood

sampling. Blood samples for determination of inhaled

drug in plasma were obtained at predecided timepoints;

immediately before and at 10, 20, 40 min, and 1, 2, 4, 6, 8,

12, 16, 24, 36, and 48 h following start of inhalation

of the morning dose on days 1 and 9. Samples for

the measurement of plasma cortisol concentrations were

taken every second hour during the ®rst 24 h after the

morning dose on day 9, with an additional sample taken

at 36 h, and compared with baseline concentrations

obtained on a separate occasion.

Assays

The delivered dose (dose leaving the inhaler) was assessed

by sampling the dose onto a ®lter (Turbuhaler and

pMDI) or as the total amount of drug found in a 5-stage

Multistage Liquid Impinger (Diskus), and subsequent

determination by u.v. spectrophotometry (budesonide) or

liquid chromatography (¯uticasone). The dose-to-subject

was then calculated as the delivered dose subtracted with

the amount of drug recovered in the mouth-rinsing water.

Budesonide or ¯uticasone was isolated from plasma

or mouth-rinsing water by solid phase extraction and

analysed by liquid chromatography plus tandem mass

spectrometry with athmospheric pressure chemical

ionization. The LOQ was 25 pmol lx1 for both

budesonide and ¯uticasone, with a coef®cient of variation

of 11.2% at 36 pmol lx1 for budesonide and 17.3% at

25 pmol lx1 for ¯uticasone.

Plasma cortisol concentrations were analysed using

a radioimmunoassay (Orion Diagnostica). The LOQ was

20 nmol lx1 with a coef®cient of variation of 24.3% at

40 nmol lx1.

Data analysis

The AUC of plasma concentration vs time, volume of

distribution at steady state, clearance, mean residence

time, mean absorption time, and systemic availability

were calculated according to routine methods. The

pulmonary availability of the dose-to-subject was esti-

mated from the systemic availability with a method

described previously [16].

The fraction of the dose deposited in and absorbed from

the lung ( flung) was calculated from the systemic availability

(Fsystemic) on the assumption that oral availability (Foral)

was 10% for budesonide and 1% for ¯uticasone, and that

no metabolism occurred locally in the lungs, using the

following equation:

f lung; nominal~
Fsystemic{Foral

. �1{fret�
1{Foral

where `fret' is the fraction of the nominal dose retained

in the device. The pulmonary deposition in percent of

the nominal dose (Flung, nominal) was then obtained as

flung, nominalr100.

The plasma variability (DC) was calculated as

(CmaxxCmin)/Css. The accumulation index (Racc)

was calculated from the single-dose inhalations as

AUC(0, 12 h)/b
0

t
C(t)dt.

The mean plasma cortisol concentrations during the

de®ned sampling period, de®ned as the AUC (trapezoidal

rule) divided by observational time, were compared

between inhalation treatments and baseline.

Sample size determination was based on the comparison

of the systemic availability of the different drug-inhaler

combinations of ¯uticasone and budesonide. It was esti-

mated that with 12 healthy subjects there was 80%

probability to detect a difference in systemic availability

between the drug-inhaler combinations, if the true value

lies outside 62±160% for one combination of drug-inhaler

relative to another. This assumes a within-subject standard

deviation of 0.36 for the log of the estimated systemic

availability. The corresponding ®gures with six patients

were 50±200%.

Results

Intravenous kinetics

The plasma concentration curves after intravenous

administration of budesonide and ¯uticasone are shown

in Figure 1a and b. The plasma concentrations of

budesonide could be monitored for at least 16 h in all

but one healthy and one asthmatic subject. The plasma

concentrations of ¯uticasone could be monitored for 24 h

in all subjects after intravenous administration and for

36 h in about half of the subjects. The pharmacokinetic

parameters of distribution and elimination of budesonide

and ¯uticasone, derived from the intravenous administra-

tions in healthy subjects and in asthmatic patients, are

given in Table 2. The elimination rate was estimated

individually from the terminal phase of the plasma con-

centration vs time curves using log-linear regression, with

a user-independent algorithm for inclusion of time-

points in the analysis. The estimated terminal half-lives

of ¯uticasone did not differ signi®cantly between the

intravenous administration and the inhalation treatments

(Table 3).
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Inhalation kinetics

The total amount of drug in the mouth washings

was 173 mg of budesonide, 221 mg of ¯uticasone after

inhalation via Diskus, and 196 mg of ¯uticasone after

inhalation via pMDI. The mean dose-to-subject was

comparable in molar amounts for the three formulations

with 1327 nmol (572 mg) of budesonide via Turbuhaler,

1510 nmol (755 mg) of ¯uticasone via Diskus, and

1336 nmol (668 mg) of ¯uticasone via pMDI.

The plasma concentration curves after inhalation of

budesonide and ¯uticasone are shown in Figure 1a and b.

It was possible to monitor the plasma concentrations of

budesonide for 24 h after the single dose in all but two

healthy subjects and in all asthmatic patients, and for 36 h

in all subjects but one after repeated doses. The plasma

concentrations of ¯uticasone were possible to monitor

for 36 h after the single dose via Diskus in all but two

healthy and four asthmatic subjects, and in all subjects

for 48 h after repeated doses. After inhalation via the

pMDI in the healthy subjects, the plasma concentrations

of ¯uticasone could be monitored for 36 h in all but

three subjects after the single dose and for 48 h in all

subjects after repeated doses. The pharmacokinetic para-

meters of ¯uticasone and budesonide, derived from the

inhalations, are given in Tables 4a and 4b.

The systemic availability of budesonide via Turbuhaler

was signi®cantly higher than that of ¯uticasone via Diskus

(ratio 3.0 [2.3, 5.6] with 95% con®dence interval [CI]),

and via pMDI (ratio 1.8 [1.3, 2.3]). In addition, at steady

state the systemic availability of ¯uticasone via pMDI was

signi®cantly higher than via Diskus (ratio 1.6 [1.1, 2.2]).

With the assumption of an oral availability of 1% for

¯uticasone [3] and 10% for budesonide [2], the pulmonary

absorption at steady state was 134 [115, 156] mg of

¯uticasone via Diskus, 202 [164, 249] mg of ¯uticasone

via pMDI, and 388 [314, 440] mg of budesonide via

Turbuhaler. Expressed in molar dose, which normalizes

for the differences in molecular weight, the lung deposi-

tion of budesonide via Turbuhaler was 2.2-fold [1.2, 7.9]

higher than that of ¯uticasone pMDI and 3.4-fold [2.8;

4.0] higher than that of ¯uticasone Diskus. The lung

deposition of ¯uticasone via pMDI was 1.5-fold [1.1, 2.9]

that via the Diskus inhaler (Figure 2). The pulmonary

absorption of budesonide via Turbuhaler accounted for

about 2/3 of the dose-to-subject, whereas only about 1/3

of the dose-to-subject of ¯uticasone via pMDI and 1/5 via

Diskus was absorbed via the lungs (Table 4b). It is evident

that Turbuhaler directs the major fraction of budesonide

retained by the subject to the lungs, whereas only a minor

fraction of ¯uticasone that is retained by the subject is

directed to the lungs via pMDI and Diskus.

Plasma cortisol

The concentrations of cortisol in plasma over time are

shown in Figure 3. Mean plasma cortisol suppression is

illustrated in Figure 2 and tabulated in Table 5. Plasma

cortisol (24 h) was signi®cantly reduced vs baseline for all

three treatments. The cortisol concentration vs baseline

was 12% for ¯uticasone pMDI, which was signi®cantly

lower (ratio 0.32 [0.24, 0.42, 95% CI]) than that

for ¯uticasone Diskus (39%), and for budesonide

Turbuhaler (46%) (ratio 0.27 [0.21, 0.37]). The plasma

cortisol concentration did not differ signi®cantly between

treatments with ¯uticasone Diskus and budesonide

Turbuhaler (ratio 0.87 [0.65, 1.15]).
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Figure 1 a) Mean plasma concentrations of budesonide after

intravenous administration of 200 mg (n=21), and after a single

dose inhalation of 1000 mg and repeated dose inhalations of

1000 mg twice daily for 7 days via Turbuhaler (n=21).

¾=Intravenous administration, %=Budesonide Turbuhaler,

single dose inhalation, (%=Budesonide Turbuhaler, repeated

dose inhalation. b) Mean plasma concentrations of ¯uticasone

after intravenous administration of 200 mg (n=21) and after a

single dose inhalation of 1000 mg after inhalation and repeated

dose inhalations of 1000 mg twice daily for 7 days via pMDI

(n=13) and Diskus (n=21). ¾=Intravenous administration,

%=Fluticasone Diskus, single dose inhalation, %=Fluticasone

Diskus, repeated dose inhalation,+=Fluticasone pMDI,

single dose inhalation, 1=Fluticasone pMDI, repeated dose

inhalation.
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Discussion

Although ¯uticasone and budesonide were shown to have

similar systemic clearances, which predicts a similar plasma

exposure at steady state, the present study shows that the

pharmacokinetics of the two inhaled corticosteroids differ

in many respects; budesonide via Turbuhaler resulted in

a high lung deposition, a rapid systemic absorption and

moderate systemic activity, whereas ¯uticasone via Diskus

and pMDI gave a low to moderate lung deposition, a

slow systemic absorption, and an equal (Diskus) or higher

(pMDI) systemic activity.

An extensive distribution into tissues, as indicated by

a high volume of distribution, appears to be the cause of

the slow elimination of ¯uticasone, and the elimination

half-life of 12 h in the present study is in agreement with

the 10±14 h found in earlier studies [3, 5, 17]. The slow

elimination results in a signi®cant (1.7-fold) accumulation

of ¯uticasone following repeated dosing. As the terminal

elimination phase is entered at a late stage, around 8±16 h

after administration (Figure 1), it is dif®cult to make

proper estimates of the terminal elimination half-life

if plasma is sampled during a time period that is too

short. This is a likely explanation as to why shorter

half-lives, ranging from 3.1 to 8.3 h for intravenous

administrations, were found in previous studies [1, 6, 18,

19]. In those studies, the estimates were made from plasma

concentrations obtained only up to 24 h, at most, after

administration. In the present study, where the plasma

concentrations could be monitored for a longer time,

there was no difference in the elimination half-lives

of ¯uticasone after intravenous administration and

inhalation. Hence, the slow absorption of ¯uticasone

from the lungs did not determine the terminal elimination

rate of ¯uticasone. Therefore, systemic absorption of ¯uti-

casone from the lungs is not the rate-limiting step in the

elimination of the drug, as has been claimed previously [4].

The rate of systemic absorption of ¯uticasone, with

a mean absorption time (MAT) of 5±7 h was, however,

considerably slower than for budesonide (y1 h), thereby

indicating a longer pulmonary residence time. This is

consistent with the relatively low aqueous solubility of

¯uticasone and may suggest a more extended local

availability of undissolved ¯uticasone in the lungs.

Intracellular fatty acid esteri®cation of budesonide may

also provide a prolonged pulmonary residence time [20].

Table 2 Pharmacokinetic parameters of distribution and elimination of budesonide and ¯uticasone after intravenous administration of 200 mg,

respectively.

Substance Subjects n

Dose

(nmol)*

t1/2

(h)

AUC

(nmol lx1 h)

MRT

(h)

CL

(ml minx1)

Vss

(l)

Budesonide Healthy 13 406 (49) 4.4 (3.7; 5.4) 5.0 (4.5; 5.6) 3.5 (3.0; 4.0) 1334 (1213; 1466) 280 (245; 321)

With asthma 8 397 (24) 4.6 (3.5; 6.1) 4.9 (4.2; 5.8) 3.8 (3.1; 4.7) 1344 (1167; 1548) 310 (269; 357)

Total 21 403 (39) 4.5 (3.9; 5.2) 5.0 (4.6; 5.4) 3.6 (3.3; 4.0) 1338 (1245; 1437) 291 (265; 320)

Fluticasone Healthy 13 377 (19) 12.7 (9.4; 17.2) 5.0 (4.6; 5.5) 8.0 (5.8; 11.0) 1245 (1140; 1359) 599 (448; 800)

With asthma 8 386 (26) 12.0 (9.0; 16.1) 4.5 (3.6; 5.7) 7.1 (5.3; 9.5) 1418 (1134; 1775) 607 (475; 777)

Total 21 380 (22) 12.5 (10.2; 15.2) 4.8 (4.4; 5.3) 7.7 (6.2; 9.5) 1308 (1192; 1436) 602 (500; 726)

Values given as geometric means (95% CI).

*Arithmetic mean (s.d.).

t1/2=half-life; AUC=area under the curve of plasma concentration vs time; MRT=mean residence time; CL=clearance; Vss=volume of

distribution at steady state.

Table 3 Terminal half-lives of ¯uticasone after intravenous administration and after inhalation via Diskus and pMDI (only healthy subjects).

Dosing regimen Subjects

Diskus

(h)

pMDI

(h)

Intravenous

(h)

Single dose Healthy 11.4 (8.4±17.5) 12.8 (7.1±41.4) 12.7 (6.8±29.0)

With asthma 9.4 (3.4±17.7) ± 12.0 (7.1±19.5)

Total 10.7 (3.4±17.7) ± 12.5 (6.8±29.0)

Repeated dosing Healthy 11.1 (8.3±15.4) 12.4 (8.1±18.9) ±

With asthma 11.2 (9.9±14.6) ± ±

Total 11.1 (8.3±15.4) ± ±

Values are given as geometric means (range).
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Since the amount of glucocorticoid receptors in normal

cells are limited, only a small fraction of the inhaled,

dissolved and unbound fraction of the steroid dose is

likely to bind to the receptor. Hence, the fate within the

lung of this fraction, which eventually determines the

extent and duration of pharmacological activity, cannot

be deduced from plasma determinations of MAT, as has

been implied by some investigators [19].

The elimination half-life of budesonide was close to 5 h

in the present study, which is longer than the 2±3 h found

in earlier studies [2, 10]. This discrepancy is likely due

to shorter sampling times and a lower sensitivity in the

Figure 2 Lung dose and plasma

cortisol suppression after repeated dose

inhalations (1000 mg twice daily for

7 days) of budesonide via Turbuhaler

(n=21) and ¯uticasone via pMDI

(n=13) and Diskus (n=21).
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Tables 4a and 4b Pharmacokinetic parameters derived from repeated dose inhalations (1000 mg twice daily) of budesonide via Turbuhaler and of

¯uticasone via pMDI and Diskus.

a)

Regimen Subjects n

AUC

(nmol lx1 h)

MAT

(h)

Cmax

(nmol)

DC

(%)

tmax

(min)

Racc

[ratio]

Budesonide Healthy 13 10.5 (8.5; 13.2) 0.6 (0.3; 0.9) 3.8 (3.1; 4.6) 414 (342; 500) 17 (10; 24) 1.09 (1.07; 1.10)

Turbuhaler With asthma 8 12.9 (11.4; 14.5) 1.0 (0.7; 1.3) 4.3 (3.1; 5.9) 379 (288; 499) 15 (6; 24) 1.14 (1.09; 1.20)

Total 21 11.4 (9.9; 13.1) 0.8 (0.6; 1.0) 4.0 (3.4; 4.6) 400 (346; 462) 16 (11; 21) 1.11 (1.09; 1.13)

Fluticasone pMDI Healthy 13 5.5 (4.5; 6.9) 7.1 (5.6; 8.5) 0.7 (0.6; 0.9) 104 (94; 14) 113 (84; 143) 1.63 (1.55; 1.70)

Fluticasone Diskus Healthy 13 3.5 (2.9; 4.3) 5.3 (4.0; 6.6) 0.5 (0.4; 0.6) 112 (102; 124) 100 (66; 135) 1.66 (1.54; 1.78)

With asthma 8 3.0 (2.2; 4.1) 6.9 (4.5; 9.3) 0.4 (0.3; 0.5) 108 (86; 136) 79 (14; 144) 1.63 (1.48; 1.80)

Total 21 3.3 (2.9; 3.9) 5.9 (4.8; 7.0) 0.4 (0.4; 0.5) 111 (101; 122) 92 (63; 122) 1.65 (1.56; 1.74)

b)

Regimen Subjects n

Dose-to-subject (%)

(mg)*

Fnominal

(%)

Flung, nominal

(%)

Flung, DTS

(%)

Budesonide Healthy 13 572 (77) 36 (29; 46) 32 (24; 43) 59 (41; 82)

Turbuhaler With asthma 8 587 (64) 45 (36; 55) 42 (32; 53) 82 (66; 102)

Total 21 578 (72) 39 (34; 46) 36 (29; 43) 68 (55; 83)

Fluticasone pMDI Healthy 13 668 (95) 21 (17; 25) 20 (16; 25) 31 (25; 37)

Fluticasone Diskus Healthy 13 755 (102) 13 (11; 16) 12 (10; 15) 17 (14; 21)

With asthma 8 768 (109) 13 (10; 17) 12 (9; 16) 19 (14; 26)

Total 21 760 (105) 13 (11; 15) 12 (10; 14) 18 (15; 21)

Values are given as geometric means (95% CI).

*Arithmetic mean (s.d.).

AUC=area under the curve of plasma concentration vs time; MAT=mean absorption time; Cmax=maximum concentration;

DC=plasma variability; tmax=time for Cmax; Racc=accumulation index; F=systemic availability; DTS=dose-to-subject.
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bioassays used in earlier studies. In any case, the slower

elimination of budesonide found in the present study did

not cause any signi®cant accumulation.

A long elimination half-life will also reduce the peak vs

trough plasma concentration ratio. The amplitude of the

plasma concentrations was lower for ¯uticasone than for

budesonide in the present study, with a plasma peak/

trough variability (DC) of 111% for ¯uticasone via Diskus

and 400% for budesonide. Little is known of the clinical

consequences of this. It is, however, evident that the

different plasma concentration pro®les of ¯uticasone and

budesonide in the present study are re¯ected in the

dynamics of the plasma cortisol suppression. It is apparent

that the recovery from cortisol suppression after the

last dose differs between the three formulations, with

budesonide Turbuhaler having the fastest recovery and

¯uticasone pMDI the slowest (Figure 3). This is consistent

with a previous study in which plasma cortisol was

statistically signi®cantly suppressed compared with base-

line up to 24 h following the last dose of ¯uticasone via

Diskhaler (1000 mg twice daily) but not for budesonide

via Turbuhaler (800 mg twice daily) [11].

Although it is dif®cult to show a dose-response in

clinical ef®cacy for inhaled corticosteroids, due to the

shallow dose±response curve [21], the effect elicited in the

target organ is probably related to the amount of drug

reaching that site [22]. Thus, due to a signi®cant differ-

ence in lung deposition, it is recommended that a lower

dose of budesonide be tried when changing from pMDI

to Turbuhaler [23]. A comparison of the lung deposi-

tion with different formulations of ¯uticasone has not

been published. About a twofold difference in systemic

availability between the Diskus and pMDI formulations

does, however, indicate a substantial difference in lung

deposition [24]. The marked difference in systemic avail-

ability between different formulations of ¯uticasone and

budesonide should also be kept in mind when comparing

ef®cacy and safety in clinical trials.

The ¯uticasone pMDI and Diskus formulations are

claimed to be clinically substitutable, despite this sig-

ni®cant difference in systemic availability [25]. Again, the

inability to differentiate between the two formulations is

probably partly due to the shallow dose±response curve of

inhaled corticosteroids in terms of clinical ef®cacy, which

is consistent with the well-known dif®culty to discrimi-

nate between two adjacent doses of an identical formula-

tion [21], and partly to the use of insensitive techniques

to estimate the hypothalamic-pituitary-adrenal HPA-axis

effects. The absence of a difference in the outcome

may then incorrectly be interpreted as the presence of

similarity, or even equivalence. The proper way to

compare clinical potency is with dose±response studies,

including at least three doses of both formulations, or to

use a dose down-titration technique, to ®nd the lowest

effective dose of either formulation [21].

It is evident from Figure 2 that the amount of

budesonide reaching the lungs via Turbuhaler is more

than threefold higher than that of ¯uticasone via Diskus,

and about twofold that of ¯uticasone via pMDI. Despite

this difference in lung delivery, ¯uticasone via Diskus

produces a systemic effect comparable to that of budeso-

nide via Turbuhaler. This similarity in systemic effect is

most likely due to a higher glucocorticoid receptor af®nity

for ¯uticasone, and to the slow systemic elimination. The

in vitro glucocorticoid receptor af®nity for ¯uticasone has

been determined to be about twofold that of budesonide

[26]. This difference has then erroneously been translated

into a twofold difference in clinical ef®cacy in vivo, as it

does not take into account the possible differences in the

amount of drug delivered to the lungs. The present
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Figure 3 Mean plasma cortisol concentrations after repeated dose

inhalations (1000 mg twice daily for 7 days) of budesonide via

Turbuhaler (n=21) and ¯uticasone via pMDI (n=13) and Diskus

(n=21). %=No treatment, ¾=Budesonide Turbuhaler,

%=Fluticasone Diskus,+=Fluticasone pMDI.

Table 5 Plasma cortisol (AUC(0,24 h)) suppression vs baseline after

repeated dose inhalations (1000 mg twice daily) of budesonide via

Turbuhaler and of ¯uticasone via pMDI and Diskus.

Regimen Subjects n

Plasma cortisol

suppression (%)

Budesonide Healthy 13 54 (39, 66)

Turbuhaler With asthma 8 59 (34, 74)

Total 21 56 (46, 65)

Fluticasone pMDI Healthy 13 88 (84, 91)

Fluticasone Diskus Healthy 13 61 (48, 70)

With asthma 8 68 (50, 80)

Total 21 64 (55,71)

Values are given as geometric means (95% CI).
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pharmacokinetic study better explains the results from a

recent effect-controlled study in which there was no

difference between ¯uticasone Diskus and budesonide

Turbuhaler used at the same dose in adult asthmatics [27].

In addition, given the ubiquitous distribution of the

glucocorticoid receptor, a higher receptor af®nity will also

increase systemic activity.

In the present study, as shown in Tables 3 and 4, there

is no indication of any difference between healthy

subjects and patients with mild asthma in the systemic

availability, lung deposition, or plasma cortisol suppres-

sion of ¯uticasone and budesonide, which justi®es the

pooling of all subjects in the analysis. In earlier studies, the

total lung deposition of budesonide via Turbuhaler was

found to be comparable in healthy subjects (28%) [28]

and patients (26%) with mild to moderate asthma (forced

expiratory volume in 1 second, 50±92% of predicted) [29],

and appears to be more or less unaffected by the disease.

A more central deposition was, however, found in the

asthmatic patients, with a peripheral vs central ratio of

0.64, compared with 1.72 in healthy subjects, which sug-

gests that peripheral aerosol penetration of budesonide

via Turbuhaler is lower in asthmatic patients. In contrast,

in a recent study, a more than two-fold difference in

systemic availability of ¯uticasone was found between

healthy subjects and patients with severe asthma [30].

Despite this marked difference in systemic availability, the

two groups did not differ in plasma cortisol suppression

during a 12 h dosing interval. A confounding factor

in asthmatic patients is that the HPA-axis function may

be affected by previous treatment with oral or inhaled

corticosteroids, which makes it dif®cult to compare the

cortisol suppression relative to baseline values between

healthy and asthmatic subjects [12]. The present study

indicates that the majority of asthmatic patients, i.e. those

with milder forms of the disease, do not differ from healthy

subjects in terms of total lung deposition and systemic

activity of budesonide and ¯uticasone.

Conclusions

Budesonide and ¯uticasone differ in their pharmacokinetic

properties in that although clearance is the same, the rate of

uptake and elimination is slower for ¯uticasone. Despite

a signi®cantly higher pulmonary availability of bude-

sonide via Turbuhaler, the plasma cortisol suppression is

less than that of ¯uticasone via pMDI and similar to that

of ¯uticasone via Diskus. There is no indication of any

difference between healthy subjects and patients with

mild asthma in the pharmacokinetics and plasma cortisol

suppression of ¯uticasone and budesonide.
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