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Introduction

To meet the growing need to bring drugs to market faster and
with reduced costs, more targeted and efficient product
development practices are essential. However, it is well known
that the development of a robust dry powder formulation for
iInhaled administration is very challenging. Many factors,
including interactions, impact the manufacture, stability, and
reproducibility of the performance of formulations, and
consequently the compliance to regulatory requirements.
Furthermore, when optimizing drug development through
Innovative methodologies such as adaptive seamless clinical trial
designs, It Is paramount that the final drug product quality Is
achieved very early in the clinical program. Hence, multiple
studies are required to:

1) 1dentify the properties and physicochemical characteristics of
the drug substance that impact manufacture and
performance,

1) define and optimize the manufacturing process prior to
scale-up,

I11) assess the drug product robustness, and

IV) achieve a successful integration of drug formulation and
device properties.

The quality by design (QbD) approach is a systematic approach
to pharmaceutical development. Using QbD, pharmaceutical
quality 1s assured by understanding and controlling formulation
and manufacturing variables.'”

Methods

General approach

® This poster describes a useful approach for the development
of a capsule-based dry powder inhalation formulation by
means of design of experiments (DoE), applying the principles
of QbD. It should be noted that the proposed approach is
based on a general understanding of the variables and prior
knowledge/experience.

® The overall in vitro aerodynamic performance of the drug
product, assessed as uniformity of delivered dose and
aerodynamic particle size distribution profile (particularly the
fine particle dose), was selected as the critical quality
attribute (response) for the evaluation of the design space.

® Raw materials, blending process, filling process, and blistering
process were selected as the main areas of investigation.

Design of experiments phases

® \When developing a new product, the three recommended
phases in Dok are screening, an interactions study, and
optimization, considering different aspects (factors and
constants) across development time (Figure 1).

/Figure 1. Design of experiment phases \
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® [he goal Is to start with as many potentially important factors
as possible, gaining insights through experimentation, in
order that one can predict the behavior of formulations. The
identification of critical factors would allow for a thorough
evaluation of these factors while keeping the number of
experiments at an optimal (economic) level.

® \With this objective, several intermediate steps of investigation
are defined. The flow diagram presented in Figure 2 describes
the proposed approach.

Methodology steps

® The first step Is the Fishbone exercise (Ishikawa diagram)
(Figure 3) to record all potential factors of both drug product
and manufacturing process, that can directly or indirectly
iImpact the final response.

® The second step Is the prioritization of factors based on a risk
assessment that considers prior data and knowledge of
similar processes.

/Figure 2. Flow diagram of proposed steps \
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/Figure 3. Ishikawa diagram \
(cause and effect diagram)
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® This is followed in the third step by the identification of
potentially important interactions. It is only in rare cases that
three-way or even higher order interactions need to be taken
under consideration.

® |n the fourth step, a decision Is taken regarding the inclusion
of the interactions investigation into the screening step. In
addition, the recommendation iIs to add center points of the
factor space to allow for the determination of pure error and
curvilinearity. The factors that will not be part of the screening
are fixed; those which cannot be fixed are recorded. The
factors evaluated during the investigation are defined by their
respective lower and upper levels.

® T[he screening experiment (fifth step) then identifies the most
critical factors and interactions. Any orthogonal experimental
design for initial screening of critical factors is proposed
(Figure 4). Classically, but not solely, either fractional factorial
designs or Plackett-Burman designs are applied in the
screening experiment.”™ In the first type of design, the
number of trials needed is an integer power of 2 (i.e.,, 8, 16,
32, 64, ...); Plackett-Burman design allows for experiments

with a number of trials in multiples of four
(e, 8, 12, 16, 20, ...).
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PSD: Particle Size Distribution, APSD: Aerodynamic Particle Size Distribution,
DDU: Delivered Dose Uniformity, °C: Temperature, %RH: % Relative Humidity
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® Finally an optimization and/or confirmation and/or
robustness study (sixth step) Is carried out to complete the
understanding of the factors that have been identified as
critical so far (including the interactions).

® |n the specific case of capsule-based dry-powder
formulations, specific DoEs focused on critical blending,
filling, and/or blistering factors might become necessary.
Response Surface designs are proposed, which allow for an
optimization of factors including those that provide a non-
linear response.

® A confirmation experiment evaluating the robustness of the
drug product with the defined manufacturing process would
be essential to study process capability.

Conclusions

® [he proposed approach is believed to be a suitable QbD
methodology for product development.

® [he process aims to define the design space of the
manufacturing process and in parallel to support the
identification of the drug substance properties affecting the
drug product critical quality attributes.

® This approach will allow for the development of a robust
product.
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