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Abstract

Background: The Easyhaler® (EH) device-metered dry powder inhaler containing budesonide and formoterol is
being developed for asthma and chronic obstructive pulmonary disease (COPD). As a part of product opti-
mization, a series of in vitro and in vivo studies on flow rate dependency were carried out.

Methods: Inspiratory flow parameters via EH and Symbicort® Turbuhaler® (TH) inhalers were evaluated in 187
patients with asthma and COPD. The 10", 50, and 90" percentile flow rates achieved by patients were utilized
to study in vitro flow rate dependency of budesonide/formoterol EH and Symbicort TH. In addition, an
exploratory pharmacokinetic study on pulmonary deposition of active substances for budesonide/formoterol EH
in healthy volunteers was performed.

Results: Mean inspiratory flow rates through EH were 64 and 56 L/min in asthmatics and COPD patients, and
through TH 79 and 72 L/min, respectively. Children with asthma had marginally lower PIF values than the
adults. The inspiratory volumes were similar in all groups between the inhalers. Using weighted 10", 50", and
9ot percentile flows the in vitro delivered doses (DDs) and fine particle doses (FPDs) for EH were rather
independent of flow as 98% of the median flow DDs and 89%-93% of FPDs were delivered already at 10™
percentile air flow. Using + 15% limits, EH and TH had similar flow rate dependency profiles between 10" and
90" percentile flows. The pharmacokinetic study with budesonide/formoterol EH in healthy subjects (n=16)
revealed a trend for a flow-dependent increase in lung deposition for both budesonide and formoterol.
Conclusions: Comparable in vitro flow rate dependency between budesonide/formoterol EH and Symbicort TH
was found using the range of clinically relevant flow rates. The results of the pharmacokinetic study were in
accordance with the in vitro results showing only a trend of flow rate-dependant increase in lung deposition of
active substances with EH.
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Introduction Inhalation is the preferred route for administration of
drugs to patients with asthma and COPD as it facilitates
direct exposure of the airways to the therapeutic agents.
Inhalation also includes a clinical effect at considerably

lower doses than used in oral treatments and thereby the risk

q STHMA AND CHRONIC OBSTRUCTIVE PULMONARY DIS-
EASE (COPD) are significant public health problems and
cause a substantial economic burden on societies." > In most

countries, both diseases are increasing in prevalence, and are
predicted to remain leading causes of morbidity and mortality
worldwide.“"® COPD is currently the fourth leading cause of
death globally™” and it is projected to become the third
leading cause by 2020.®

of systemic side-effects is reduced. Corticosteroids and ad-
renergic f,-agonist bronchodilators are the two major clas-
ses of asthma drugs. Most of the agents within the classes
have been successfully formulated for inhalation—alone or
as a combination in a single inhaler. Inhaled anticholinergics
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have for many years been used for the treatment of COPD.
In recent years long-acting inhaled f,-agonists (LABAs)
and inhaled corticosteroids (ICSs) have been approved for
treatment and prevention of exacerbations in patients with
COPD.

There are a large number of inhalation devices available
for drug administration to patients with both asthma and
COPD,®!D but many are associated with significant dis-
advantages."'® Nebulizers are useful for children, as they rely
only on tidal breathing and do not require a co-ordinated
inhalation technique, but they are associated with high
costs and inconvenience. Pressurized metered-dose inhalers
(pMDIs) provide a convenient method of drug administra-
tion at a low cost, but many patients are unable to use them
effectively and so they do not receive expected treatment
benefits."*~'> The main problem with the pMDIs is inap-
propriate inhalation technique—predominantly due to poor
coordination of actuation of the inhaler with inhalation.”'®
Breath-actuated dry powder inhalers (DPIs) were developed
to overcome the coordination problems associated with
pMDIs. The DPIs offer advantages as they are compact and
free of CFC.\'7 At present, however, there are only a few
pharmaceutical companies providing a DPI platform with
which patients can deliver a range of active substances
(either separately or in a combination) at different treatment
steps and disease stages.

The Easyhaler® (EH) device-metered dry powder inhaler
(dmDPI) (Orion Pharma, Espoo, Finland) has been designed
to resemble a conventional pMDI in terms of shape and
operating principles, being both simple and practical."® Tt
contains powder [active substance(s) in a mixture with
lactose] for up to 200 doses. Accurate dosing is achieved by
pushing down the overcap of the device that rotates the

Cross section of the Easyhaler multi-dose powder inhaler.

metering cylinder at the bottom of the bulk chamber (Fig. 1).
The dose of drug to be inhaled is positioned in the mouth-
piece that is shaped to allow optimal drug distribution to the
airways. The dose is inhaled by a simple technique requiring
neither co-ordination nor manual dexterity. Currently, sal-
butamol, beclomethasone, budesonide, and formoterol EH
products are marketed for treatment of asthma (in adults and
children =6 years of age), and formoterol and salbutamol
EH products also for treatment of COPD. To provide pa-
tients with a wide range of active substances in the EH
inhaler, a fixed combination product containing budesonide
and formoterol fumarate dihydrate is being developed for
the treatment of both asthma and COPD.

Since dmDPIs are driven by inhalation, their performance
is dependent upon the inspiratory flow ?roduced by the
patient and the properties of the inhaler.'” This means that
the force required to generate the respirable dose emitted
during inhalation is dependent on inspiratory flow parame-
ters and the resistance within the device. In the development
of a second entry orally inhaled product, budesonide/for-
moterol EH, characterization of flow rate dependency and
comparison to the originator budesonide/formoterol product
(Symbicort® Turbuhaler® (TH), AstraZeneca, Sodertilje,
Sweden)®” was an important step of the program. One of
the main targets of the development work was to demon-
strate comparable flow rate dependency between the prod-
ucts within the range of clinically relevant flow rates to
apply demonstrated therapeutic equivalence to the patient
population covered by the authorization for the originator,
as suggested in the EMA guideline for orally inhaled
products (CPMP/EWP/4151/00 Rev 1)V

Here we report a series of in vitro and in vivo flow rate
dependency investigations with budesonide/formoterol EH.
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First, the inspiratory flow parameters of patients with asthma
(including children, adults, and elderly) and COPD were
characterized via the EH and TH inhalers. The results of this
study determined the minimum, median, and maximum
achievable peak inspiratory flow (PIF) rates through the
inhalers in the intended patient population. These data were
then used for the required in vitro testing to investigate the
aerosol characteristics of the products. Next, an assessment
of the flow rate dependency of the pharmacokinetic pa-
rameters following administration via EH was conducted in
healthy volunteers to explore how relevant the in vitro
testing is with regard to in vivo flow rate dependency.

Material and Methods

Three distinct studies were conducted: first, inspiratory
flow parameters were characterized using the budesonide/
formoterol EH and Symbicort TH inhalers in patients with
asthma and COPD; second, in vitro testing to investigate the
flow deposition characteristics of the products were carried
out; and third, budesonide and formoterol pharmacokinetic
parameters were assessed in healthy subjects following de-
livery using the EH inhaler with different PIF rates during
administration. The in vivo studies were approved by the
local Ethics Committee (EC) and were conducted in ac-
cordance with the principles of the Declaration of Helsinki.
All participants provided written informed consent prior to
participation in any study-specific procedures.

In the first study, inspiratory flow parameters were as-
sessed using the EH and Symbicort TH inhalers (no active
treatment administered) in asthmatic children, adolescents,
adults, and elderly patients, as well as in patients with
COPD of all ages. This open, randomized, crossover study
was conducted at four centers in Finland and in the UK. To
be included in the study, subjects had to be >6 years old
with a documented diagnosis of asthma and/or COPD,
verified according to GINA and GOLD guidelines, across a
range of different severities. Subjects were excluded if they
suffered any severe chronic respiratory disease other than
asthma or COPD, had an acute respiratory infection, or were
unable to perform the necessary spirometric measurements.
As part of screening assessments, spirometry was carried out
according to American Thoracic Society/European Re-
spiratory Society (ATS/ERS) guidelines including the re-
cording of native PIF rate,”” height and weight were
measured, and demographic data recorded. On the morning
of the study day, subjects had to withhold the use of their
inhaled medication. Short-acting sympathomimetics were
not to be used for at least 8 hours before spirometry and
inspiratory flow measurements through inhalers.

The patient received inhaler-specific training (according
to the instructions for use of each inhaler). After a practice
period, three inspiratory flow curves were recorded as de-
scribed earlier®® through the inhalers connected to a
pneumotachograph (Spiromaster MX, Medikro Ltd, Kuopio,
Finland) in the standing position; the best of the three
measurements was analyzed (i.e., the curve with the highest
PIF rate). The PIF rate was the primary variable, and in-
spiratory volume was recorded at the same time as a sec-
ondary variable. Training and inspiratory flow parameter
measurements were performed in random order. As the
outcome of this study, the minimum (10" percentile),
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median (50th percentile), and maximum oo™ percentile)
flow rates achieved by the patients were determined.

The in vitro flow rate dependency was assessed by using
similar flow rates achieved by the patients of the first study
(i.e., the minimum, median, and maximum flow rates were
used for delivered dose (DD) and fine particle dose (FPD)
measurements). FPD was the mass of particles under 5 um.
DD and FPD were determined according to the in vitro
testing of DPIs established by the European Pharmacopoeia
monograph Preparations for Inhalation®® using Next Gen-
eration Impactor (NGI, apparatus E). The cut-off points for
impactor stages were calculated in relation to the used flow
rates according to European Pharmacopoeia, and FPD was
derived from the data. The number of batches included was
1-2 for EHs and 3 for TH. The in vitro studies were per-
formed by Medfiles Oy, Kuopio, Finland.

The healthy volunteer study comprised an exploratory,
open, randomized, crossover, single dose pharmacokinetic
study conducted at the Clinical Pharmacology Unit, Orion
Pharma, Espoo, Finland. Subjects were required to be 18-55
years old, in good health, have an FEV, at least 80% of the
predicted value measured at screening, and to be able to
inhale the study drug with the required PIF rates. Exclusion
criteria included any evidence of clinically significant dis-
ease, a need for regular concomitant treatment, or a history
of vasovagal collapses or anaphylactic reactions. The sub-
jects received a single dose of two inhalations of budeso-
nide/formoterol EH 320/9 pg/inhalation (i.e., 640/18 ug)
during three treatment periods separated by a wash-out pe-
riod of 3-21 days. After overnight fasting, the study drug
was administered with concomitant oral charcoal (Carbo-
mix, Leiras Takeda, Helsinki, Finland) to prevent absorption
via the gastrointestinal tract (GI) and to assess absorption
via the lungs only (pulmonary deposition). The amount and
dosing regimen of charcoal were previously shown to block
GI absorption of the same orally administered dose of bude-
sonide and formoterol efficiently (at least 98.8%, data on file).
Study subjects were trained to perform the administration
according to the EH instructions for use (breathe in force-
fully and deeply) but either with a target PIF rate (treatments
A and B) or without a target PIF rate (treatment C). The
administration technique was checked before each study
drug administration.

* Treatment A: administration with a target PIF rate
corresponding to a flow rate attained by the 10" per-
centile of the intended patient population

* Treatment B: administration with a target PIF rate
corresponding to a 4kPa pressure drop across the in-
haler

* Treatment C: administration without a target PIF rate
(with subject’s maximum PIF rate)

During study drug administration, PIF rates through the
EH connected to a pneumotachograph (Spiromaster MX,
Medikro Ltd, Kuopio, Finland) were recorded, and if the
administration was unsuccessful, blood samples were not
collected but the period was re-scheduled (treatments A and
B). The maximum number of re-scheduled periods was two
per subject.

Blood samples for budesonide and formoterol analysis
were drawn before drug administration and up to 12h
for budesonide and up to 24h for formoterol after drug
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administration. Budesonide and formoterol concentrations
in plasma were determined by separate, validated liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
methods at PPD, Madison, WI. The lower limit of quanti-
fication (LLOQ) for the budesonide method P4290.01%>
was 10 pg/mL and for the formoterol method P860.02%
0.5 pg/mL. The bioanalytical analyses were performed ac-
cording to the principles of applicable good laboratory
practice (GLP) and good clinical practice (GCP). The
maximum observed concentration of concentration-time
curve (C,.) and the area under the concentration-time
curve from zero to the last sample with quantifiable con-
centration (AUC,) were the primary pharmacokinetic pa-
rameters derived from the concentration-time data. They
were calculated by noncompartmental method using Win-
Nonlin® 5.0.1 (Pharsight Corporation, Mountain View, CA,
USA) computer program.

Safety and tolerability of different treatments were eval-
uated based on adverse events (AEs) from the time that a
study subject signed the informed consent until the end-of-
study visit. Other safety assessments (clinical and lab-
oratory) were taken at screening and at the end-of-study
primarily for subjects’ safety.

It should be noted that the EH inhaler used comprised the
final inhaler version in all studies. In in vitro testing a de-
velopmental and the final powder formulation were evalu-
ated, and the pharmacokinetic results were obtained with the
developmental powder formulation. The same batch of the
developmental formulation was used in the in vitro evalu-
ation and the pharmacokinetic study. The highest strength of
the products was studied [i.e., budesonide/formoterol 320/
9 ug per inhalation (delivered dose)].

Statistical analysis

In the PIF rate study, at least 180 patients were planned to
be included and 16 in the healthy volunteer study. Due to the
design of the in vivo studies, the sample sizes were not based
on any formal power calculations and no formal statistical
hypotheses were pre-specified. For the study in asthmatic
and COPD patients, the primary variable of PIF rate through
the inhalers was analyzed by tabulating descriptive statistics
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for the asthma and COPD groups, and also for the subgroup
of asthmatic children. Mean, median, minimum, and maxi-
mum values, standard deviation, and percentage points were
computed.

In the in vitro study, means and standard deviations were
computed for DDs and FPDs attained with different flow
rates. To make the flow rate dependency comparisons fea-
sible, the average DD and FPD results with minimum and
maximum flow rates were divided by the corresponding
results measured using the median flow rate. Percentages
deviating from 100 indicate relative air flow dependency.
The relative flow dependency of EH products (develop-
mental and final formulation) compared to Symbicort forte
TH was evaluated against* 15% limits.

In the healthy volunteer study, the comparison between
the treatments A, B, and C was based on the descriptive
statistics and inferential statistical methods were considered
as explorative analysis. For the comparison between treat-
ments A and B, and treatments B and C, a general linear
mixed model for budesonide and formoterol C,,, and AUC,
was applied. 90% confidence intervals (CIs) for the ratio of
the geometric means were calculated. These CIs were
evaluated against the bioequivalence (BE) region from 0.80
to 1.25.

All the statistical analyses were performed by or under the
supervision of the Department of Biostatistics and Data
Management of Orion Pharma. Statistical analyses were
performed with SAS® for Windows (SAS Institute Inc.,
Cary, NC, USA).

Results
PIF rate in asthmatic and COPD patients

In the study of asthmatic and COPD patients to determine
clinically relevant inspiratory flow rates, a total of 181 out of
the 187 randomized patients had no major protocol devia-
tions such as use of restricted concomitant medication or
assessments not taken per-protocol, and so were included in
the per-protocol (PP) data set used in the analysis. Of these,
137 patients had asthma and 44 patients had COPD, while
the subpopulation of children (from 6 to 11 years) with
asthma comprised 52 patients (Table 1). Subjects in both

TABLE 1. DEMOGRAPHIC CHARACTERISTICS IN ASTHMATIC AND COPD PATIENTS AND SEPARATELY FOR SUBGROUP
OF ASTHMATIC CHILDREN IN PIF RATE STUDY (INTENTION-TO-TREAT DATA SET)

Asthma COPD Asthmatic children

Variable N=143 N=44 N=54
Age in years, median (range) 38.0 (6-82) 67.0 (47-80) 9.0 (6-11)
Height in cm, median (range) 158.0 (117-188) 162.5 (148-183) 132.5 (117-154)
Weight in kg, median (range) 62.0 (19-117) 70.0 (42-140) 30.0 (19-63)
BMI, kg/mz, median (range) 22.8 (13-51) 26.7 (15-43) 17.3 (13-30)
FEV, in liters, median (range) 2.1 (0.5-5.0) 1.3 (0.5-3.3) 1.8 (0.5-2.8)
FEV, as % of predicted value, median (range) 90 (35-164) 52 (18-92) 93 (35-132)
Sex, n (%)

Female 82 (57.3) 25 (56.8) 33 (61.1)

Male 61 (42.7) 19 (43.2) 21 (38.9)
Race, n (%)

Caucasian 141 (98.6) 44 (100.0) 52 (96.3)

Asian 1 (0.7) 0 (0.0) 1(1.9)

Other 1 (0.7) 0 (0.0) 1(1.9)
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TABLE 2. MEAN PIF RATE (L/MIN) AND INSPIRATORY VOLUME THROUGH EASYHALER
AND TURBUHALER INHALERS IN ASTHMATIC AND COPD PATIENTS AND SEPARATELY
FOR SUBGROUP OF ASTHMATIC CHILDREN (PER-PrOTOCOL DATA SET)

Patients with asthma

Patients with COPD Asthmatic children

Inspiratory parameter N=137 N=44 N=52
PIF rate, mean (SD)
Easyhaler 63.7 (11.5) 55.8 (13.0) 61.0 (11.1)
Turbuhaler 79.4 (14.4) 72.1 (15.1) 76.5 (14.1)
Inspiratory volume (L), mean (SD)
Easyhaler 1.8 (0.7) .6 (0.6) 1.4 (0.4)
Turbuhaler 1.9 (0.7) 1.8 (0.6) 1.5 (0.5)

disease groups were predominantly female. In the subgroup
of asthmatic children the mean age was 8.7 years. Nearly all
subjects (98.4%) were using medication for their asthma
and/or COPD at the time of the study and the ventilatory
function at the time of the study varied from severely re-
duced to normal (Table 1).

As expected, the PIF rates measured through EH were
lower than those measured through Symbicort TH (Table 2)
because of the higher internal resistance of EH. For EH,
4kPa pressure drop across the inhaler results in approxi-
mately 55 L/min flow whereas for Symbicort TH the flow is
approximately 62 L/min, respectively, for EH the airflow
resistance is 69 Pa”-s/L and for Symbicort TH 61 Pa’-s/L.
The mean PIF rates were slightly lower in asthmatic chil-
dren (<12 years) than in the asthma group as a whole for
both EH and TH inhalers. The COPD patients had the
lowest mean PIF rates. In the asthmatic patients, the PIF rate
ranged from 35.4 to 101.4 L/min and in the COPD patients
from 27.0 to 83.7 L/min for EH (Fig. 2). The range of PIF
rates for TH was from 48.4 to 123.6 L/min and from 35.6 to
102.1 L/min in asthmatic and COPD patients, respectively.
There was a high correlation between different inhalations
(coefficient of correlation above 0.92 for all comparisons,
Fig. 3) and the estimated coefficient of reliability was 0.95
for TH and 0.93 for EH.

With respect to the inspiratory volume, the mean values
varied between 1.6 and 1.9L in asthmatic and COPD pa-
tients. Asthmatic children were able to inhale a mean vol-
ume of 1.4L via EH and 1.5L via TH.

To provide PIF rates for in vitro testing purposes, the
achieved PIF rates through the EH and TH inhalers by the
10", 50™, and 90™ percentiles (i.e., minimum, median, and
maximum achievable PIF rates) were weighted with the
estimated proportion of asthmatic and COPD patients using
LABA and ICS combinations in Europe during 2012.%7-*%
This was because the proportion of patients in the study did
not represent the proportion of patients in the population to
whom the product will be indicated. According to the re-
sults, the 10™ percentile of the intended target population
would achieve a PIF rate of 44.7 L/min using the EH, with a
PIF rate achievable by 50% of the population being 61.1 L/min
and by 90% of the population 74.8 L/min. Correspondingly,
10™, 50", and 90™ percentile PIF rates for TH would be
54.6, 78.6, and 93.4 L/min, respectively. The intended tar-
get population would achieve lower PIF rates than those
achieved by the study subjects on average. This is explained
by COPD patients achieving lower PIF rates than asthmatics.

The proportion of COPD patients in this study was lower than
their estimated proportion in the intended target population.

In vitro flow rate dependency

Comparison of the in vitro flow rate performance of bu-
desonide/formoterol EHs and Symbicort forte TH was car-
ried out for their relative DD and FPD values between the
extreme and median flows. For Easyhaler, the in vitro per-
formance over the specified air flow range is rather inde-
pendent of the air flow as 98% of median flow DDs and
89%-93% of the median flow FPDs are delivered already at
10t percentile air flow (Table 3). For Turbuhaler, the DDs
are slightly more air flow dependant between 10" percentile,
and median flow as 87% and 88% of the median flow DDs
are delivered at 10™ percentile air flow. The FPDs of both
inhalers are less dependent on the air flow between the
median flow and 90™ percentile flow than with lower flows.
In the in vitro comparison using + 15% limits, both EHs and
TH have similar air flow dependency profile between 10™,
50™, and 90" percentile flows (Fig. 4). The developmental
and final Easyhaler formulations have the similar flow rate
dependency characteristics and no remarkable differences
can be noted between them.

Pharmacokinetic study in healthy volunteers

In the healthy volunteer study to determine in vivo flow
rate dependency, 18 subjects were screened and 16 of these
were entered in the study; two subjects failed to meet the
study inclusion criteria. There were no premature discon-
tinuations from the study, thus all the 16 subjects completed
the study. All study subjects were Caucasian with a mean
age of 25 years (range: 20-35 years), and half of all subjects
were male and half female.

Although subjects practiced the inhalation target flows,
the target PIF rates for treatments A and B were difficult to
attain and 17 periods in total were re-scheduled. Regardless
of repeated attempts, four subjects had to be excluded from
the PP analysis. The realized mean PIF rate values were
within the target range for treatments A and B, and 82.0 L/min
for treatment C (Table 4).

A trend for a flow rate dependent increase in lung depo-
sition was seen for both budesonide and formoterol. The
mean C,,, and AUC; were the lowest when the PIF rate
during administration was the lowest (treatment A) and
highest with the highest PIF rate (treatment C), with the
trend seeming to be slightly stronger for formoterol than for
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FIG. 2. Individual PIF rates (L/min) by
age for Easyhaler (a) and Tubuhaler (b) in-
halers in asthmatic and COPD patients
(N=181).
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budesonide (Fig. 5, Table 5). However, the differences
between the treatments were not statistically significant. In
the BE analysis between treatments A and B, all other
ratio estimates and their 90% Cls were within the classical
BE acceptance range except for the lower limit CI of
formoterol AUC, (Fig. 6). When the mean PIF rate during
drug administration increased from 56.4 to 82.0L/min
(treatments B and C), the ratio estimates for C,,, and
AUC, comparisons were still between 0.80 to 1.25 for both
active substances but 3 out of 4 CIs exceeded the lower
BE limit.

Safety of the study treatments was good as was expected
based on the long experience with the active substances and
the dose administered being within the recommended dose
range. A total of 61 events were reported by 13 subjects
(81.3%) during the study with approximately similar inci-
dence between the treatments. The most common AE was

headache (33 events), followed by palpitations (5), and
cough (3). For the majority of the events reported the se-
verity was assessed as mild. There were no serious AEs.

Discussion

Inhalation is the preferred route of administration of drugs
for treatment of airway diseases, and many different inha-
lation devices have been developed. However, it is obvious
that all patients, including children, elderly, and patients
with very poor lung function or severe airway obstruction,
cannot use all inhalation devices optimally. It is also obvi-
ous that there is no inhaler on the market that is perfect for
everybody.®*>? Tt is therefore important that physicians
choose and recommend a device that suites the individual
patient,"’*" and patient preferences and satisfaction
have also to be acknowledged.”'” Each inhaler has its own
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FIG. 3. Scatterplots of PIF rates (L/min) during the different inhalations for Easyhaler (a) and Turbuhaler (b) in PIF

rate study.

instructions for optimal use. Therefore, it is confusing when
a patient has to use simultaneously two or more different
inhalers with different instruction for each of them. It should
be a clear advantage if all drugs to be inhaled could be
administered via the same inhaler with easy and identical
instructions for use.*?

To provide asthma and COPD patients with a reliable in-
haler platform with which several active substances can be
administered, a new product with EH dmDPI was developed.
One of the main targets of the development work with the
budesonide/formoterol combination was to demonstrate
comparable in vitro flow rate dependency to the reference
budesonide/formoterol product, Symbicort TH. However, the
current European regulatory environment is challenging with
fairly new guidelines (CPMP/EWP/4151/00 Rev 1) and
only few second entry products have been approved so far.

This article reports the investigation of inspiratory flow
parameters via EH and TH inhalers in the intended patient
population of LABA/ICS combination product users,
in vitro testing to determine products’ flow deposition
characteristics, and an investigation on pulmonary deposi-
tion as an effect of different PIF rates after administration of
budesonide/formoterol EH.

The study on PIF rates had a sufficient number of patients
with a wide age and severity range of both diseases. As
expected, the PIF rates measured through EH were lower
than the ones measured through TH because of the higher
internal resistance of EH. It is well known that with low
resistance the attained PIF rates increase and this is true of
all DPIs.®® The inspiratory volumes were more or less
identical with the two inhalers. The COPD patients had the
lowest flow rates via both inhalers, not children as usually
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TABLE 3. RELATIVE DD AND FPD (%) OVER PATIENT FLOW RATE RANGE FOR BUDESONIDE/FORMOTEROL
EASYHALER 320/9 uG/INHALATION AND SYMBICORT FORTE TURBUHALER

Budesonide Formoterol Budesonide Formoterol
Product Flow* DD RSD DD RSD FPD  RSD  FPD  RSD
Easyhaler developmental formulation =~ Min 98 9.3 98 10.9 93 1.1 91 29
Median 100 8.4 100 9.1 100 0.4 100 1.1
Max 98 9.6 99 7.7 102 4.4 105 4.1
Easyhaler final formulation Min 98 8.1 98 8.9 89 7.2 90 6.8
Median 100 8.0 100 8.7 100 3.0 100 1.3
Max 103 9.4 102 9.7 102 5.1 101 4.1
Symbicort forte Turbuhaler Min 87 13.8 88 13.8 86 10.2 86 10.5
Median 100 18.9 100 18.8 100 8.5 100 8.5
Max 97 14.2 97 14.5 100 8.9 101 8.9

*Weighted PIF rates through the EH and TH inhalers achieved by the 10 (min), 50" (median), and 90" (max) percentiles of asthmatic

and COPD patients.
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FIG. 4. Relative in-vitro flow rate dependency of bude-

sonide (a) and formoterol (b) FPD on 10®, 50", and 90™
percentile PIF rates for budesonide/formoterol Easyhaler
320/9 pg/inhalation (developmental and final formulation)
and Symbicort forte Turbuhaler.

thought. Age is inversely related to maximal inspiratory
flows,*® and this probably contributes to the lower flow
rates of COPD patients. The results are in line with previ-
ously published results with both EH?**# and TH®>*® and
confirmed that both inhalers can be effectively used by most
patients with airway diseases.

In the PIF rate study, the number of patients with COPD was
low compared to their proportion in the population to whom the
product will be indicated. Therefore, the PIF rates had to be
weighed in order to provide PIF rates relevant to target popu-
lation for in vitro testing. The PIF rates through the EH and TH
inhalers by the 10", 50", and 90" percentiles (i.e., minimum,
median, and maximum achievable PIF rates) were weighted
with the estimated proportion of asthma and COPD patients
using LABA and ICS combinations in Europe in 2012.%7%
Such weighted averages are analogous to standardized rates of
the frequency of occurrence of health phenomena commonly
used in epidemiology. It has been estimated that, in 2012, 62%
of the patients using LABA/ISC combination were asthmatics
and 38% were COPD patients.*”*®)

The highest PIF rate value of each patient was used in the
analysis. That has been the standard practice in similar
studies assessing PIF rates via different inhalers.®”*" Our
study aimed to find a typical flow rate that is achievable for
each patient. By selecting the highest value, exceptionally
low PIF rate values (e.g., due to unsuccessful inhalation)
were excluded. However, there was good reproducibility of
PIF rate from one inhalation to another. The PIF rates that
are typical for the patients in daily life may be difficult to
predict by the lung disease or anthropometric factors, since
numerous other factors such as training, adherence/compli-
ance, and cooperation,(13’17’37) which are beyond this and
similar experimental studies, play an important role as well.

The relative flow rate dependency of EH products (de-
velopmental and final formulation) compared to Symbicort
forte TH was evaluated against*15% limits, which are
general in vitro equivalence requirement in EMA guideline
for clinical documentation for orally inhaled products and
were therefore applied also in our in vitro study.*" TH
showed slightly higher flow dependency for DDs between
10" percentile and median flows than EH. Also the relative
standard deviation highlights a slightly higher variability for
DDs with the TH inhaler. At the 50" and 90" percentile
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TABLE 4. PIF RATES (L/MIN) MEASURED DURING STUDY TREATMENT ADMINISTRATIONS
IN THE PHARMACOKINETIC STUDY (PER-PROTOCOL DATA SET)

Treatment n Mean PIF rate (SD) Min-Max Target PIF rate
A (10™ percentile PIF rate) 12 45.5 2.4) 40.2-48.7 43.0-47.0

B (4 kPa PIF rate) 12 56.4 (3.8) 50.9-61.7 53.0-59.0

C (without target PIF rate) 12 82.0 (9.8) 57.2-99.2 -

flows, only minor differences are seen between the inhalers
and between the two EH formulations. For EH formulations,
this was an expected result as they both were late phase
formulations, the most notable difference being approxi-
mately 5% difference in budesonide concentration of the
powder. Overall, no differences in DDs or FPDs were seen
between the two EH formulations and TH; the products had
similar flow rate dependency profiles with clinically relevant
flow rates. Based on the results both EH formulations could
have been carried forward in the development of budeso-
nide/formoterol EH product.

It should be noted that the volume used in the in vitro
study was 4 L (according to pharmacopeia), i.e., higher than
that seen in patients. Nevertheless, patient have sufficient

volumes as the doses typically leave reservoir type of DPIs
quickly and flow acceleration at the start of inhalation is
more important in terms of aerosol dispersion than the actual
flow or volume achieved.*>** The way to improve in vitro
comparison and make it clinically more relevant would be to
compare inhalers at relevant inspiratory efforts and to use
actual inhalation profiles from patients®® and realistic
mouth-throat models in testing.“*

It has been shown in in vitro studies that the dose
emitted from some, if not most, DPIs is dependent on flow
at least to some extent.(45) However, in vitro flow rate
dependency should be considered significant only if it
leads to clinically relevant differences in efficacy or safety
responses between administrations at different flows. The
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TaBLE 5. Cy.x AND AUC, VALUES FOR BUDESONIDE AND FORMOTEROL (ESTIMATED GEOMETRIC MEANS
AND 90% CIs) AND COEFFICIENT OF VARIATION (CV%) IN PHARMACOKINETIC STUDY (N=12)

Budesonide Formoterol
Treatment Crax (Pg/mL) CV% AUC, (pgxh/mL) CV% Crax (Pg/mL) CV% AUC, (pgxh/mL) CV%
A 1522 (1272-1821) 34 3912 (3533-4331) 21  38.5(33.9-43.9) 25 65.9 (56.8-76.6) 26
B 1599 (1336-1912) 32 4072 (3678-4509) 15 40.8 (35.8-46.4) 21 74.4 (64.0-86.0) 21
C 1865 (1559-2231) 32 4128 (3729-4571) 20 47.1 (41.4-53.6) 24 86.4 (74.4-1004) 28

CV% calculated based on raw data summary statistics.

performed pharmacokinetic study was exploratory, but we
wanted to obtain in vivo data on flow dependency property
of EH (with developmental formulation) to see how well
they conform to previously obtained in vitro results.

The PIF rates of the in vitro and in vivo studies differ
slightly, with the exception of the 10™ percentile target flow.
In vitro, the 10", 501, and 90" percentile flow rates were
45, 61, and 75 L/min, respectively; while in vivo the average
10" percentile flow rate, a flow target at 4 kPa pressure drop
and no target PIF rate comprise 46, 56, and 82 L/min flows.
The differences between the realized flows are small, and as
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FIG. 6. Summary of budesonide and formoterol C,,,,x and
AUC, comparisons between budesonide/formoterol Easy-
haler treatments A and B (a) and treatments B and C (b) in
the pharmacokinetic study. N=12.

such, in vitro flow rate dependency testing is relevant with
regard to in vivo flow rate dependency.

For the pharmacokinetic study, healthy volunteers were
selected as pharmacokinetic testing of orally inhaled prod-
ucts would be more sensitive in healthy volunteers com-
pared with studies in asthmatic patient. This is because of
higher pulmonary absor%)tion and less variability in phar-
macokinetic parameters.“°™*® Study in healthy volunteers
would therefore reveal possible differences in inhaler or
formulation performances, and in this case between ad-
ministration with different PIF rates, with a lower number of
subjects. The subjects were trained to perform the admin-
istration according to the EH instructions for use (breathe in
forcefully and deeply). In the study, they inhaled at a low
flow (treatment A), with a flow rate corresponding to a
pressure drop of 4 kPa (treatment B), and without any flow
rate limitations (treatment C). Because lung deposition at
lower flows was of special interest, the target PIF rates for
treatments A and B were close to each other and the criteria
for successful administration were rigid. For healthy sub-
jects, the target PIF rates were also low compared to their
own achievable maximum and therefore flows were fre-
quently above the targets. Due to these reasons, there were
unsuccessful administrations despite the option of re-
scheduling study periods for up to a maximum of twice per
subject. It should be noted that only the subjects with suc-
cessful administrations were included to the analysis.

In the pharmacokinetic study, a tendency towards higher
Cnax and greater AUC, was observed with budesonide with
increasing flow rates. However, there were no statistically
significant differences between the C,,,x and AUC, values at
the lowest flow and those achieved with the subjects’ maxi-
mum inspiratory flow. Bioequivalent lung deposition was
shown for budesonide when EH was administered at low and
4kPa PIF rates. For formoterol AUC, the lower 90% CI
marginally exceeded the 0.8 limit. With higher flows (between
4kPa and maximum PIF rate) budesonide AUC, showed
bioequivalent lung deposition but for the other parameters,
the result was inconclusive (i.e., the CIs have an overlap with
the acceptance range).

We have chosen to use BE testing for the evaluation of
in vivo flow rate dependency of EH in an explorative PK study.
BE testing as defined by the European guidance®" is not ap-
plicable as such to flow rate dependency comparisons, but
similarity between a second entry and an originator product
should be demonstrated with appropriate in vitro data.

The study was a pilot scale study, only 12 subjects were
included in the PP data set. The variability of the pharma-
cokinetic parameters was, however, low and of similar
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magnitude between the treatments, indicating that the study
methodology and performance were well standardized. The
coefficient of variation (CV) in the budesonide part of the
study appears to be similar as in another study with TH,“
but clearly smaller than in studies with pMDIs.®® Had the
variability remained the same, a study with a sample size of
approximately 60 subjects would have shown BE (also Cls
completely within the acceptance range) in both compari-
sons (treatment A vs. B and treatment B vs. C).

Based on the results, it can be concluded that comparable
in vitro flow rate dependency between budesonide/for-
moterol EH and budesonide/formoterol TH was demon-
strated (within£15% limits) using the range of clinically
relevant flow rates. The results of the pharmacokinetic study
were in accordance with the in vitro results showing only a
trend of flow rate dependant increase in lung deposition of
active substances with EH.
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