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Dear Editor,

We would like to clarify some points about the

DIFFUSE (Defining fluticasone propionate/

formoterol particulate size) study (December

2013, p 39) [1] in light of the recent review by

De Maria and colleagues [2]. Our in vitro study

assessed the effects of inhalation flow rate on

the aerodynamic particle size distribution

(APSD) of fluticasone propionate/formoterol

pMDI (FP/FORM; flutiform�, Jagotec AG,

Muttenz, Switzerland) compared with three

other ICS/LABA combinations: fluticasone

propionate/salmeterol DPI (FP/SAL; Seretide�

Accuhaler�, GlaxoOperations UK Ltd, Herts,

UK), budesonide/formoterol DPI (BUD/FORM;

Symbicort� Turbohaler�, AstraZeneca AB,

Södertälje, Sweden) and beclometasone

dipropionate/formoterol pMDI (BDP/FORM;

FosterTM, Chiesi Farmaceutici S.p.A, Parma,

Italy) [1].

Contrary to the suggestions in the review,

the patient information leaflets for FP/FORM

and BDP/FORM do not specify a flow rate or ‘a

long breath’ [3, 4]. Inhalation flow rates of

30–60 L/min are recognised as ‘clinically

effective’ for pMDIs and DPIs, according to the

In-Check DIAL [5]. pMDIs are active aerosols

with relatively low resistance, and patients

often use them at flow rates [30 L/min [6–8].

Hence, the flow rate dependency of inhalers is

of interest to physicians as well as regulators.

Including a faster flow rate of 60 L/min in our

study was therefore appropriate, and is relevant

to the real-life use of these inhalers.

All inhalers were tested across pre-defined

parameters, using the same apparatus and the

same ambient conditions, to ensure a fair and

appropriate comparison. The review questions

the use of an Andersen Cascade Impactor (ACI):

an ACI is arguably the most widely used tool for

testing inhalers, and is routinely used at flow

rates of 30, 60 L/min, and above [9–14]. Indeed,

the authors of the review have themselves used
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an ACI to assess pMDIs at flow rates of 30 and

60 L/min [9, 15].

Importantly, we adapted and calibrated the

ACI for use at 60 L/min (as recommended by

the European Pharmacopoeia [16]), although

this was unclear in our paper. Following

standard practice, stages 0 and 7 were

removed, and new stages (-0 and -1) were

added, providing ‘target cut-points’ for 60 L/

min with the same particle size cut-off

diameters as for 30 L/min [17].

The review suggests that a ‘low-dose number’

and uncoated ACI plates may have led to an

underestimation of BDP/FORM particle size

information. Bouncing and consequent

re-entrainment of particles might affect

assessment of particle size for solid particles

impacting onto ACI stages, and the effect is

particularly pronounced for high-payload

powder presentations and can lead to an

overestimation of fine particles. Hence, the

plates were coated with surfactant when testing

the two DPIs [1], as recommended by the

European Pharmacopoeia. Coating may be not

necessary for testing pMDIs [16, 17] and is not

required for FP/FORM pMDI, but we accept the

possibility that uncoated plates could lead to

an overestimation of extra-fine particles for

BDP/FORM solution and therefore an

underestimation of the Mass Median

Aerodynamic Diameter (MMAD). This may

explain the high Geometric Standard Deviation

(GSD) for BDP/FORM at 60L/min; further work

is needed to understand this. However and

importantly, uncoated plates would not lead to

an underestimation of the fine particle fraction

(FPF) nor explain the flow rate dependent effects

of the FPF for BDP/FORM.

Internal qualification of the methods

confirmed that the number of actuations (i.e.

discharges) did not affect the results. The

number of discharges was limited in

accordance with the Pharmacopoeias, to avoid

build-up effects and to align the number of

discharges with the dose received by the patient,

as closely as was acceptable for analysis.

Moreover, the total amount of drug recovered

from all stages, including from the ACI

induction port, was within USP limits.

Contrary to the suggestion in the review,

comparing the FPFs of different ICSs is entirely

acceptable, in fact the authors of the review

have also done such a comparison [9]. There is

no reason why the APSDs of FP/FORM and BDP/

FORM cannot be compared accurately and

reliably; the amount of each drug component

deposited at each ACI stage was analysed using

established methods specific to each of the

individual chemical entities in each

presentation. For each product, the FPF of the

LABA showed the same pattern as for the ICS; as

both products contain similar doses of the same

LABA (formoterol), it seems unlikely that the

assay would underestimate the dose of

formoterol emitted by the BDP/FORM device,

but not by FP/FORM.

The review authors also query whether it is

appropriate to express the FPF as a percentage of

the labelled (or total) dose. For regulatory

purposes, the FPF is often reported as a

percentage of the delivered (ex-actuator) dose,

but it is equally valid (and common practice) to

describe FPFs as a percentage of the labelled

dose. When comparing different ICS/LABA

products, the labelled dose (e.g. BDP/FORM:

100/6 lg) may be more relevant to prescribers,

who may find it more difficult to relate to FPF

data expressed for the delivered dose (e.g. BDP/

FORM 84.6/5.0 lg). Moreover, using the

delivered dose could bias results in favour of

inefficient delivery systems which have lower

delivered doses, or mask flow rate dependent

changes to the FPF if the delivered dose is

similarly affected by flow rate.
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Unpublished in-house data generated by

Chiesi via a next generation impactor, show

that BDP/FORM produces a ‘‘consistent fine

particle distribution’’ as reflected by a consistent

MMAD across flow rates, whereas our study

suggested a decrease in MMAD at the higher

flow rate. It is possible, as noted earlier, that

methodological differences may account for

this discrepancy. However, it is important to

note that, in their study, the fine particle dose

(FPD) for BDP varied from 34 lg at 30 L/min to

47 lg at 60 L/min, a 38% relative increase [2].

These data clearly support the findings of the

DIFFUSE study that the FPD (and therefore also

the FPF) of BDP/FORM is flow rate-dependent.

By contrast, both our and Chiesi’s data show

that FP/FORM produces a consistent FPD across

both flow rates [1, 2].

The review authors question our statement

that particles\1 lm are prone to being exhaled.

Several papers state that very small particles can

be prone to exhalation [18, 19]. Submicron

particles diffuse by Brownian motion [18] and

deposit upon collision with the airway wall. A

failure to breath-hold is one of the most

common inhalation errors made by patients

[8] and the ERS/ISAM taskforce notes that a

longer particle residence time (and thus a long

breath hold) will result in greater deposition

[20]. Hence, our paper notes that very small

extra-fine particles (0.1–1.0 lm) ‘‘are prone to

exhalation, especially if the breath hold is

insufficient’’, and we still consider this

statement valid and fair and supported by the

literature. However, we also advocate that

patients hold their breath for as long as is

comfortable to maximise deposition of all

particle sizes.

In conclusion, in our study FP/FORM

produced a high and consistent FPF of

approximately 40% at flow rates of 28.3 and

60.0 L/min, whereas the FPF was flow rate-

dependent for other products tested [1]. Our

study was fair, robust and appropriate: all

inhalers were tested under identical conditions

using industry standard methods, apparatus

and analyses, consistent with European

Pharmacopoeia and specific to the molecules

analysed [16]. In their review, the authors

question our findings and note that in-house

studies show BDP/FORM has a consistent

particle size distribution (i.e. MMAD) at flow

rates of 28–30 and 60 L/min [2]. However, their

own data clearly demonstrate that the FPD, and

therefore FPF, of BDP/FORM is flow rate-

dependent. This is in line with, and is supportive

of, our findings.
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