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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Seretide (GlaxoSmithKline, UK) is a

combination inhaler which contains both
fluticasone (FP) and salmeterol (SM).

• A generic fluticasone/salmeterol (FP/SM)
combination inhaler (Neolab, UK) has
recently been developed.

• Determination of therapeutic equivalence is
essential in the development of generic
products.

WHAT THIS STUDY ADDS
• This paper determines that in vitro fine

particle dose may not predict
pharmacokinetic and systemic
pharmacodynamic outcomes.

• This paper shows that the generic and
reference products were equivalent in terms
of FP, but not SM pharmacokinetics.

• No significant differences were found
between generic and reference products in
terms of either adrenal suppression or
hypokalaemia.

AIM
To compare a test version of HFA fluticasone/salmeterol (FP/SM)
combination inhaler (Neolab, UK) with the reference product Seretide
(GlaxoSmithKline, UK).

METHODS
An in vitro Anderson cascade impactor was used to compare the fine
particle dose (<4.7 mm). Two separate randomized cross-over studies
were performed to compare the systemic bioavailability of test vs.
reference (T vs. R) formulations of FP/SM 250/25 mg pMDI in healthy
volunteers. In study 1 blood pharmacokinetic analysis using oral
charcoal block was performed over 24 h following a single dose of
four puffs via pMDI alone. In study 2 systemic bioactivity was measured
following single doses of four and eight puffs via a spacer device:
serum potassium (K+) to reflect SM, and overnight urinary
cortisol : creatinine (OUCC) for FP. An early pharmacokinetic profile
was also assessed over 120 min.

RESULTS
The in vitro fine particle dose was similar for test vs. reference pMDI
alone and via spacer. The results of both studies were consistent: No
significant differences between formulations were seen in terms of FP
kinetics. Analysis of SM kinetics revealed superiority of the test product.
No significant dose–response or difference in T : R ratio was noted for
OUCC. Fall in K+ revealed a significant dose–response with a
non-significant T : R ratio.

CONCLUSIONS
The in vitro fine particle dose may not predict pharmacokinetic and
systemic pharmacodynamic outcomes. Single dosing studies with
fluticasone/salmeterol 250/25 mg via pMDI or with spacer showed
pharmacokinetic equivalence with FP, but not SM. No significant
difference between formulations was seen with either adrenal
suppression or hypokalaemia.
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Introduction

Inhalers containing a combination of long acting
b-adrenoceptor agonist (LABA) and inhaled corticosteroid
(ICS) are recommended in step 3 of current asthma guide-
lines [1, 2]. They aim to improve compliance by offering
bronchoprotection whilst simultaneously treating airway
inflammation. The use of combination inhalers has been
shown to be superior to doubling the dose of inhaled
steroid in terms of improving symptoms, lung function
and decreasing exacerbations [3–6]. Seretide (GlaxoSmith-
Kline, UK) is a combination inhaler which contains both
fluticasone (ICS) and salmeterol (LABA) (reference
product). It has been extensively studied in both adults
and children [7, 8], and is widely marketed throughout the
UK. A generic fluticasone/salmeterol (FP/SM) combination
inhaler (Neolab, UK) has recently been developed (test
product).

Determination of therapeutic equivalence is essential
in the development of generic products. Comparative in
vitro data can occasionally be used to determine equiva-
lence provided strict criteria are satisfied. The fine particle
dose (stages 3–5) measured in vitro should predict the
dose of drug delivered to the lung, and hence the thera-
peutic efficacy of the product. Pulmonary deposition can
also be measured indirectly through the analysis of serum
drug concentrations in pharmacokinetic studies. Flutica-
sone has negligible oral bioavailability from the swallowed
fraction due to 99% first pass hepatic metabolism [9, 10].
The systemic bioavailability of fluticasone is therefore
entirely dependent on lung absorption [11], and hence the
fine particle dose should reflect early or total bioavailabil-
ity as Cmax or AUC(0,last). Salmeterol on the other hand is
only subject to partial first pass metabolism and the swal-
lowed fraction contributes to 28–36% of the total systemic
bioavailability [12]. Cmax or AUC(0,30 min) should therefore
best reflect early bioavailability from the lung,as it obviates
the later component of gut bioavailability from the swal-
lowed fraction. AUC(0,last) will represent bioavailability
from both the lung and swallowed fractions of the drug
[13], but in the presence of oral charcoal will reflect the
lung only.Pharmacodynamic studies allow the comparison
of systemic actions of the drug through the measurement
of clinically relevant outcomes. Suppression of overnight
urinary cortisol creatinine clearance (OUCC) is a sensitive
surrogate for systemic bioavailability of fluticasone [14].
The peak fall in serum potassium has been shown to reflect
the early lung bioavailability of salmeterol [15].

This paper aims to present in vitro data and the results
of two separate studies which compare the systemic bio-
availability of test and reference formulations of FP/SM.
Study 1 aimed to examine the pharmacokinetics of salme-
terol and fluticasone over 24 h. Study 2 aimed to confirm
the results of the first study in terms of the early pharma-
cokinetic profile as well as comparing the systemic phar-
macodynamic profile of both drugs.

Methods

In vitro Anderson cascade impactor
Particle distribution from test and reference products was
determined (with and without aerochamber plus) in a
standardized fashion using an eight-stage Andersen
Cascade Impactor (Copley, Nottingham, England). The
impactor stages were calculated using high-performance
liquid chromatography with a wavelength of detection set
at 239 nm. Fine particle dose (i.e. respirable fraction) was
defined as particles <4.7 mm.

Eligibility criteria and study procedures
To be eligible for randomization,participants were required
to be healthy, non-smokers, aged 18–65 years, and have no
history of respiratory of other disease. Subjects were
excluded if they had a BMI >30 kg m-2, FEV1 <80% (pre-
dicted for age/sex/race), FEV1 : FVC ratio <70%, QTc interval
>450 ms (males) and >470 ms (females), abnormal routine
bloods or were taking any concomitant medications.

At their initial screening suitability was checked. All vol-
unteers underwent a full physical examination, spirometry,
electrocardiogram, evaluation of baseline biochemistry
and haematology, and if deemed suitable, were random-
ized into the study. All participants gave written informed
consent, and both studies were approved by medical
research ethics committees.

Study 1 (pharmacokinetic)
This was a randomized, open-label, crossover pharmacoki-
netic study comparing four puffs of test and reference
FP/SM (250/25) formulations via pMDI alone. Study visits
were separated by a 1 week wash-out period. Blood
sampling for pharmacokinetic analysis of fluticasone and
salmeterol was performed using oral charcoal block at 2, 5,
10, 20, 30, 45, 60, 90 and 120 min and 3, 4, 8, 12, and 24 h
after administration of study medication at each of the
treatment visits.

Study 2 (pharmacokinetic/pharmacodynamic)
This was a single centre, double-blind, double-dummy, ran-
domized, four way crossover study comparing four and
eight puffs of test and reference FP/SM (250/25 mg). The
study medications were administered via pMDI and opti-
mally primed and pre-washed Aerochamber plus. Eligible
subjects were randomly allocated to receive a sequence of
four single treatments on four separate visits, following a
crossover study design. Study visits were separated by a 1
week wash-out period [16]. Participants were required to
collect 10 h overnight urine in a pre-labelled sealed con-
tainer for assessment of overnight cortisol and creatinine
during the night prior to, and following each study visit.
During the visits subjects had an intravenous cannula
inserted and were asked to remain supine for 30 min prior
to administration of study drug and then for the 120 min
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assessment period. Optimum inhaler technique was dem-
onstrated by the researcher at each study visit. Heart rate
and blood pressure were measured and blood was taken
for FP and SM pharmacokinetic analysis at 0, 5, 10, 20, 30,
45, 60, 90 and 120 min post-drug administration. A dose of
three Sando K® (HK Pharma, 12 mmol K+ per tablet) was
given following the 120 min blood sample to reverse and
prevent any hypokalaemia in subjects.

Blood measurements
Blood samples (10 ml) for potassium were collected into
heparinized labelled plastic tubes. Blood samples (10 ml)
were collected for determination of salmeterol and flutica-
sone plasma concentrations, and immediately placed on
ice. The blood samples were then centrifuged within
30 min after collection at 3000 g at 0–8°C for 10 min.Super-
natant plasma was transferred into poly-propylene cryo-
tubes (approx 1.1 ml) and stored at -70°C until analysis.
Samples were analyzed using liquid chromatography with
tandem mass spectrometry.

Overnight urinary cortisol clearance (OUCC)
Urinary cortisol was measured using a commercial radio-
immunoassay kit (DiaSorin Ltd,Wokingham, Berkshire, UK).
The intra-assay coefficient of variation was 11% and the
inter-assay coefficient of variation was 14%. Urinary creati-
nine was measured on a Cobas-Bio auto analyzer (Roche
Products, Welwyn Garden City, UK). The intra-assay and
inter-assay co-efficient of variation was 3.2% and 6.4%,
respectively.

Statistical analysis
The primary endpoint for both studies was the pharmaco-
kinetic profile of both FP and SM. Maximum observed
plasma drug concentration (Cmax), area under the curve
(AUC), and time to maximum plasma concentration (tmax)
were determined for both FP and SM. These were normal-
ized to a dose of 1 mg prior to statistical analysis. Natural
log transformed (dose-normalized) pharmacokinetic
parameters were subjected to analysis of variance (ANOVA)
with terms for treatment, subject and period. The term for
subject was split into terms for sequence and subject
within sequence (a residual term). 95% confidence inter-
vals (95% CI) were calculated for the difference in terms of
means between the test and reference products with
regards to each combination dose of FP/SM.The treatment
differences and 95% CIs were back transformed to the
original scale to give point estimates and 95% CI estimates
for the ratios of the treatments. Equivalent pharmacokinet-
ics of the two products at each dose level were concluded
if the entire 95% CI was contained between the conven-
tional � 20% bioequivalence range of 0.8–1.25. tmax values
for FP and SM were subjected to non-parametric analysis.
95% confidence intervals were calculated for the respec-
tive median differences using the Wilcoxon Rank-Sum
(Mann-Whitney) test for paired data.

OUCC was log-transformed before analysis. Plasma
potassium and heart rate were untransformed.The change
from baseline in systemic bioactivity variables was sub-
jected to an ANOVA with terms for treatment, subject and
period.

Both studies were designed with a sample size of 24
completed per protocol. This calculation was based on the
results of a previous kinetic study by Kempsford et al. [13]

Results

In vitro Anderson cascade impactor data
In vitro Anderson cascade data revealed that test and ref-
erence products had a similar overall fine particle dose
(particles <4.7 mm) for both SM and FP at a dose of 250/
25 mg (Tables 1,2).The T : R ratios for FP and SM fine particle
dose, with pMDI alone, were 1.01 (90% CI 96.6, 106.2) and
1.10 (105.7, 114.9), respectively. Equivalent T : R ratios with
Aerochamber plus were 1.01 (90% CI 91.1, 114.1) and 1.01
(88.1, 116.3), respectively. The use of a spacer device
increased the fine particle dose delivery, but did not affect
the T : R ratio. The difference between test and reference
products lay within �15% equivalence limits for both
pMDI alone and with spacer.

Table 1
Comparison of grouped stage data for the fluticasone moiety of test and
reference FP/SM 250/25 mg via pMDI � Aerochamber plus

Stage/group
Conventional actuator ‘Aerochamber plus’
Test Reference Test Reference

S0 3.57 7.91 0.99 1.36
S1 2.97 7.52 1.81 2.73

S2 6.77 11.78 6.79 8.08
S3/5 77.49 77.09 101.03 100.68

S6/7 2.58 1.50 3.22 1.77
FPM 83.68 82.63 108.11 106.03

Values given as mg. FPM, fine particle mass.

Table 2
Comparison of grouped stage data for the salmeterol moiety of test and
reference FP/SM 250/25 mg via pMDI � Aerochamber plus

Stage/group
Conventional actuator ‘Aerochamber plus’
Test Reference Test Reference

S0 0.37 0.78 0.09 0.14
S1 0.26 0.73 0.15 0.28

S2 0.54 1.16 0.51 0.83
S3/5 7.39 7.14 9.03 9.54

S6/7 0.62 0.10 0.62 0.12
FPM 8.40 7.62 10.14 10.02

Values given as mg. FPM, fine particle mass.
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Patient demographics at screening visit
Baseline demographics of the study populations are given
in Table 3. In study 1, 36 subjects were screened, 31 were
randomized, and 30 were analyzed (one was withdrawn
after experiencing vasovagal syncope). In study 2, 40 were
screened, 31 were randomized, and 28 completed the
study. During the study three subjects withdrew from the
study due to personal reasons and one was withdrawn due
to failure to comply with the protocol. Twenty-six com-
pleted the study per protocol.

Study 1 results
Analysis of pharmacokinetic data for FP revealed no signifi-
cant difference between products. The geometric mean
(95% CI) Cmax was 192.5 pg ml-1 (166.1, 218.9) for test, and
210.9 pg ml-1 (177.9, 243.9) for reference FP/SM. The
test : reference (T : R) ratio for Cmax was 0.91 (95% CI
0.80, 1.04). The geometric mean (95% CI) AUC(0,last)
was 1764.4 pg ml-1 h (1539.3, 1989.5) for test and
1682.6 pg ml-1 h (1386.7, 1978.5) for reference, making the
T : R ratio for AUC(0,last) 1.05 (95% CI 0.91, 1.21).The 95% CI
for T : R ratios for FP included unity indicating no signifi-
cant difference between products. In addition, the entire
CIs were contained within �20% equivalence limits (i.e.
ratio of 0.8–1.25). The median tmax values (range) for test
and reference were 1.25 h (0.08–3.00) and 1.5 h (0.5–2.03),
respectively.

The geometric mean (95% CI) Cmax for SM was
491.3 pg ml-1 (418.2, 565.2) for test and 343.7 pg ml-1

(276.2, 411.2) for reference, making the T : R ratio 1.43 (1.25,
1.63). Analysis of AUC(0,last) revealed a geometric mean
(95% CI) of 365.9 pg ml-1 h (277.6, 454.2) for test and
287.3 pg ml-1 h (218.1, 356.5) for reference, giving a T : R
ratio of 1.29 (1.11, 1.49). The lower CI for the T : R exceeded
unity and the upper CI was greater than 1.25, indicating
that the test product had significantly higher systemic
exposure than the reference product. The median (range)
tmax for SM was 0.08 h (0.03–0.17) for test and 0.08 h (0.03–
0.10) for reference.

Study 2 results
Pharmacokinetics There was significant log linear dose
separation between four and eight puffs with all pharma-

cokinetic outcomes for FP and SM for both test and refer-
ence products (see Table 4). The mean (95% CI) T : R ratio
for FP at four puffs was 1.11 (0.96, 1.29) for Cmax, and 1.07
(0.92, 1.25) for AUC(0,120 min).The mean (95% CI) T : R ratio
for Cmax and AUC(0,120 min) at eight puffs was 0.93 (0.80,
1.07) and 0.94 (0.80, 1.10), respectively. These results did
not show any significant differences between formulations
at either dose as the CIs all included unity. Equivalence
within the 20% limits of 0.8–1.25 was demonstrated, aside
from Cmax at four puffs where the upper CI >1.25. The
median tmax (range) for T vs. R was 120.0 min (45–121) vs.
120.0 min (10–125) at four puffs and 120.0 min (90–126) vs.
120.0 min (61–125) at eight puffs.

Pharmacokinetic analysis of SM at four puffs revealed a
mean (95% CI) T : R ratio of 1.62 (1.36, 1.94) for Cmax and 1.62
(1.39, 1.89) for AUC(0,30 min). At eight puffs the mean (95%
CI) T : R ratios were 1.22 (1.02, 1.46) and 1.24 (1.06,1.44),
respectively. The lower CI for the T : R ratio exceeded unity
and the upper CI was greater than 1.25, indicating that the
test product had significantly higher systemic exposure
than the reference product.The median tmax (range) for T vs.
R was 5.0 min (4–10) vs. 5.0 min (4–12) at four puffs and
8.5 min (5–16) vs. 5.5 min (2–20) at eight puffs.

Pharmacodynamics/Safety data Analysis of OUCC for the
FP moiety revealed no significant dose separation for
either product: The geometric mean fold ratio (95% CI) in
OUCC for four puffs vs. eight puffs was 0.88 (0.51, 1.52) with
test and 0.71 (0.41, 1.23) with reference.The mean (95% CI)
T : R ratio was 1.48 (0.86, 2.55) at four puffs and 1.19 (0.69,
2.06) at eight puffs (Table 5). The 95% CIs included unity
confirming that there were no significant differences at
either dose (Figure 1).

Analysis of maximal potassium drop revealed signifi-
cant dose separation. The mean (95% CI) difference in fall
between four puffs and eight puffs was 0.29 mmol l-1 (0.18,
0.40) with test and 0.27 mmol l-1 (0.17, 0.38) with reference
FP/SM. The mean difference in maximum fall and AUC for
maximum change are detailed in Table 6.

The maximum heart rate response also showed signifi-
cant dose separation between four and eight puffs: for
test product a mean (95% CI) increase of 9.2 (4.2, 14.2)
beats min-1; for reference, 7.0 bearts min-1 (2.0, 12.0). The
mean differences between test and reference products at
four and eight puffs in terms of maximum change and AUC
for maximum change can be seen in Table 6.

Discussion

The results from study 1, which evaluated pharmacokinet-
ics with pMDI alone, demonstrated that the test and
reference products were equivalent in terms of FP
bioavailability with four puffs of 250/25 mg (Figure 2). SM
bioavailability on the other hand, did not show equiva-
lence, as there was significantly higher exposure associ-

Table 3
Screening data

Study 1 Study 2

Sex (male : female) 14:17 17:14
Age (years) 30.60 (9.81) 23.4 (4.81)

Race (Caucasian : Black : Asian) 26:5:0 27:1:3
Height (cm) 171.90 (7.48) 174.99 (9.26)

Weight (kg) 74.98 (12.60) 74.55 (11.23)
BMI (kg m-2) 25.32 (3.68) 24.0 (2.65)

Data presented as mean (SEM) unless otherwise stated.
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ated with the test product compared with the reference
product (Figure 3). This result was somewhat unexpected
given that in vitro Anderson cascade data had shown a
similar fine particle dose deposition for both moieties with
pMDI alone and pMDI plus spacer. The second study was
therefore carried out to confirm the results of the first
study, whilst providing additional systemic safety data.The
results of study 2 were consistent with those of study 1,
indicating that the SM moiety of the test product pro-
duced significantly higher systemic exposure than the ref-
erence product, along with equivalent systemic exposure
for FP.

Whilst systemic superiority of the test product, in terms
of pharmacokinetics, could be viewed negatively, it should

be borne in mind that no significant difference was seen
in systemic b2-mediated adverse effects (maximal fall in
potassium), even at four times the recommended single
dose via an optimally prepared spacer (eight puffs). It is

Table 4
Dose–response of pharmacokinetic variables in study 2

Fluticasone
Test FP/SM (250/25 mg) Reference FP/SM (250/25 mg)
Four puffs Eight puffs Ratio Four puffs Eight puffs Ratio

Cmax (pg ml-1) 301.8 538.6 0.56 273.3 579.1 0.46
(254.5, 349.1) (442.9, 634.3) (0.48, 0.65) (233.2, 313.4) (476.2, 681.9) (0.40, 0.56)

AUC(0,120 min) (pg ml-1 h) 24 588.5 44 557.0 0.55 23 143.6 47 149.2 0.48
(20 545.6, 28 631.4) (37 409.0, 51 704.9) (0.47, 0.64) (19 673.4, 26 613.7) (39 253.5, 55 044.8) (0.41, 0.56)

tmax (min)* 120.0 120.0 -0.5 120.0 120.0 -0.5
(45–121) (90–126) (-15.0–0.0) (10–125) (61–125) (-15.0–3.0)

AUC(0,30 min) (pg ml-1 h) 3 628.3 6 348.7 0.58 3 161.6 5 718.9 0.54
(3 004.8, 4 251.7) (5 511.5, 7 185.8) (0.47, 0.71) (2 704.0, 3 619.3) (4 646.0, 6 791.8) (0.44, 0.66)

AUC(0,60 min) (pg ml-1 h) 9 222.8 16 746.1 0.55 8 612.0 16 756.8 0.50
(7 722.7, 10 722.8) (14 461.6, 19 030.6) (0.46, 0.66) (7 368.6, 9 855.4) (39 253.5, 19 481.6) (0.42, 0.60)

Salmeterol Four puffs Eight puffs Ratio Four puffs Eight puffs Ratio

Cmax (pg ml-1) 12 227.5 2 215.0 0.56 765.0 1 792.9 0.42
(10 106.5, 14 348.5) (1 818.8, 2 611.2) (0.47, 0.66) (646.6–883.5) (1 436.7–2 149.2) (0.35, 0.50)

AUC(0,120 min) (pg ml-1 h) 36 260.4 69 251.7 0.52 22 390.3 55 809.4 0.40
(30 540.1, 41 980.7) (59 065.6, 79 437.8) (0.45, 0.61) (19 203.1, 25 577.5) (46 889.4, 64 729.4) (0.34, 0.46)

tmax (min)* 5.00 8.50 -2.0 5.00 5.50 -0.5
(4–10) (5–16) (-2.5–0.0) (4–12) (2–20) (-2.5–0.0)

AUC(0,30 min) (pg ml-1 h) 20 242.7 36 841.6 0.55 11 950.5 28 879.4 0.41
(16 849.8, 23 635.5) (30 938.2, 42 745.0) (0.47, 0.64) (10 206.0, 13 695.0) (23 833.6, 33 925.3) (0.35, 0.48)

AUC(0,60 min) (pg ml-1 h) 27 545.9 51 426.1 0.53 16 522.4 40 503.5 0.40
(23 078.9, 32 012.8) (43 745.7, 59 106.4) (0.46, 0.62) (14 152.7, 18 892.0) (33 800.3, 47 206.7) (0.35, 0.47)

All data presented as geometric mean with 95% confidence intervals unless otherwise indicated. *Presented as median (range). ‘Ratio’ is the mean ratio of four puffs vs. eight puffs,
presented with 95% CIs.

Table 5
T : R ratio for PK outcomes in study 2

T : R ratio (95% CI)
Four puffs Eight puffs

Fluticasone
Cmax 1.11 (0.96, 1.29) 0.93 (0.80, 1.07)
AUC(0,120 min) 1.07 (0.92, 1.25) 0.94 (0.80, 1.10)
OUCC 1.48 (0.86, 2.55) 1.19 (0.69, 2.06)

Salmeterol
Cmax 1.62 (1.36, 1.94) 1.22 (1.02, 1.46)
AUC(0,30 min) 1.62 (1.39, 1.89) 1.24 (1.06, 1.44)

All data presented as test : reference ratio (95% CI).
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Comparison of pre-post overnight urinary cortisol : creatinine (OUCC)
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also important to point out that the potassium response
demonstrated assay sensitivity as there was evidence of
significant dose separation, accompanied by a relatively
narrow 95% CI.The mean difference in heart rate response
was only 6 beats min-1, which would not be considered
clinically relevant in terms of increasing propensity to
cardiac arrhythmias. It should also be taken into consider-
ation that any difference in adverse systemic effects will be
significantly reduced by chronic dosing compared with
single dosing as a consequence of down regulation of
b2-receptors and associated desensitization of response
[17–20]. However we recognise that airway pharmacody-
namic studies are required to evaluate the b-adrenoceptor
agonist differences further.

The apparent discrepancy between Cmax and peak
potassium fall is relatively difficult to explain, as the former
has previously been shown to predict the latter with salb-
utamol [21]. This apparent disconnect has previously been
reported by Kempsford et al. who compared single (50 mg)
doses of HFA and chlorofluorocarbon (CFC) SM and found

a 2.5 fold (95% CI 1.92, 3.32) difference in Cmax, but no sig-
nificant difference in potassium (0.08 mmol l-1 (95% CI
-0.02, 0.18)). In study 2 the fold difference at in Cmax at four
puffs (i.e. 100 mg SM) was significant at 1.55 fold (95% CI
1.29, 1.86), whilst the difference in potassium was non-
significant at 0.07 mmol l-1 (95% CI -0.04, 0.18).

The results of both studies were essentially consistent
in terms of FP pharmacokinetics. In study 2 whilst the mean
T : R ratios of Cmax and AUC(0,120 min) were close to unity
at four puffs, the 95% CI were outside the pre-determined
20% equivalence limits of 0.8,1.25 (0.96,1.29 and 0.92,1.25,
respectively). However, equivalence was clearly demon-
strated at eight puffs for both Cmax and AUC(0,120 min).This
was substantiated by the results of study 1, where both
T : R ratios were within the pre-determined equivalence
limits of �20%.

Suppression of OUCC is a well established surrogate
marker of FP bioavailability, which has previously been
found to correlate closely with plasma FP concentrations.

Table 6
Fall in serum potassium and increase in heart rate

Four puffs Eight puffs
Test FP/SM Reference FP/SM Mean difference* Test FP/SM Reference FP/SM Mean difference*

Potassium
Maximum fall -0.30 -0.23 -0.07 -0.59 -0.50 -0.09
(mmol l-1) (0.22) (0.21) (-0.18, 0.04) (0.26) (0.27) (0.20, 0.02)
AUC for maximum fall -15.25 -7.42 -8.49 -42.94 -33.51 -9.19
(mmol l-1 h) (20.12) (30.24) (-21.36, 4.39) (26.86) (29.55) (-21.93, 3.55)

Heart rate
Maximum increase 20.0 15.8 4.2 28.9 22.6 6.4
(beats min-1) (9.2) (7.7) (0.8, 9.2) (11.2) (11.1) (1.4, 11.4)
AUC for maximum increase 1086.3 559.4 526.0 2256.6 1456.5 809.4
(beats min-1 h) (869.2) (774.2) (-18.0, 1070.1) (1185.3) (1365.8) (270.8, 1348.1)

All data presented as means (SD) unless otherwise indicated. *Arithmetic mean (95% CI) difference between test and reference FP/SM.
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Figure 2
Comparison of geometric mean AUC(0,120 min) of FP for test and refer-
ence FP/SM at four puffs and eight puffs. Data shown as geometric mean
and 95% CIs. Test FP/SM (�); Reference FP/SM ( )
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FIgure 3
Comparison of geometric mean Cmax of SM for test and reference FP/SM at
four puffs and eight puffs. Data given as geometric mean and 95% CIs.
Test FP/SM (�); Reference FP/SM ( )
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In study 2 the change in OUCC following four puffs of the
test product was 32% higher than the reference product, at
eight puffs the difference was 16%. Neither of these differ-
ences was statistically different, as reflected by the wide
95% CI for the T : R ratio. However, these results were unex-
pected, as analysis of pharmacokinetic data in both studies
had demonstrated equivalence in terms of FP bioavailabil-
ity. This may simply be due to the study being underpow-
ered to evaluate OUCC. However an understanding of the
particular pharmacokinetic properties of FP could offer an
alternative explanation. FP is a highly lipophilic compound
which partitions preferably into fat soluble tissue stores,
giving it a large volume of distribution, but at the same
time exhibiting relatively low plasma concentrations.Thus,
if the test product had higher overall systemic bioavailabil-
ity,partition into fat stores could lead to increased suppres-
sion of OUCC with relatively little difference in plasma
concentrations of FP. An alternative explanation is that the
data for OUCC showed a large degree of intra-subject vari-
ance, which resulted in lack of dose separation and wide
95% CIs for the T : R ratios.

The results of this study raise some interesting points
with regards to the procedure for establishing therapeutic
equivalence between new generic and innovator prod-
ucts. We have demonstrated that in vitro data do not
necessarily predict the pharmacokinetics or systemic phar-
macodynamics of the products. Furthermore, pharmacoki-
netic analysis of plasma FP concentrations may not
adequately account for the overall bioavailability of the
drug, especially if the drug being examined partitions pref-
erably into fat stores. Whilst establishing equivalence in
terms of pulmonary deposition is important, the essential
factor is whether the products are clinically equivalent in
terms of efficacy and safety. A product which does not
demonstrate bioequivalence in pharmacokinetic studies
may still be acceptable to patients and clinicians provided
there is no clinical difference between the drugs.

In conclusion, the results of both studies demonstrate
that generic and innovator HFA formulations of FP/SM are
clinically interchangeable following single dose adminis-
tration. The SM moiety of the test product had higher sys-
temic exposure; however, this did not result in any clinically
meaningful difference in b2-adrenoceptor response, even
after a single dose of eight puffs via an optimally prepared
spacer. The results of this study highlight the potential pit-
falls of extrapolating in vitro data for fine particle dose to a
clinical setting for in vivo pharmacokinetic and pharmaco-
dynamic outcomes.
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