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Inhalers (pMDIs)

Advantages of DPIs:

« Easiness of use

+ Lack of propellant

+ Enhanced stability compared to
liquid forms

+ Larger amount delivered for poorly

soluble drugs
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Introduction - Challenges of Formulating DPIs

The main challenge when formulating DPIs arises from the small particle size required (1-5 pm).

This requirement results in high surface areas and interparticulate interactions, which lead to a high
degree of cohesion and adhesion between particles.

This has been traditionally handled by using larger particles (~100 ym) as carriers. The main carrier
used is Lactose Monohydrate, which can come in different morphologies and sizes in order to optimise
the product performance

In addition, force control agents, such as Magnesium Stearate, are often added to the formulation in
order to improve aerosolization

Introduction - Traditional Blending Methods
+ Two of the most used traditional blending methods are low shear and high shear mixing:

Low shear mixing High shear mixing Medium shear mixing
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+ Longer mixing times (hours).

+ Often requires several middle steps,
such as sieving, and mixing at
different speeds

+ High speed mixing.

+ High energy.

+ Shorter mixing times (~30 mins).

+ Chance of breaking down the larger

carrier into smaller particles
generation of fine particles needs to
be monitored.

+ Mixing happens through longitudinal
acoustic pressure waves.

+ Medium energy.

+ Shorter mixing times (~1 to 5
mins)

+ Uniform mixing over the entire
volume of the mixing vessel
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Materials & Methods
The New Chemical Entity (NCE) was provided by Chiesi (Chiesi Farmaceutici S.p.A., Italy). For the DPI formulations, Carrier 1
(containing coarse and fine lactose, and a force control agent) and Carrier 2 (coarse lactose) were used. For confidentiality reasons,
further details about these compounds cannot lisclos
Design of Experiments 1 + scale up:
—_
Level 1 | Level2 | Level3
Blending Time (min) il 3 5 « This design of experiment was designed to explore a
Acceleration (g) 30 60 %0 suitable working space within the RAM technology that
Vessel Fill Volume (%) 40 60 80 would generate homogeneous and aerosolizable DPI
API Concentration (%) 5 15 25 - A LabRAM II ResonantAcoustic® Mixer was used.
Carrier Type Carrier 1 Carrier 2 25 exp s planned and executed.
+ A54.6 mL stainless-steel vessel was used
S+ The total amount of NCE
between two equal layers
~— -+ No extra steps such as sieving or conditioning of the
| vessel were carried out.
+ 4 out of the 25 blends were select led up to
two different batch sizes using two larger stainless-
’ s (242.2 and 730.9 mL)
_—
»
Materials & Methods
Deslgn of Experiments 2:
—
Blending Time (min) 10 25
Speed (rpm) 400 800
\PI Concentration (%) 5 25
Carrier Type Carrier 1 Carrier 2 « This design of experiment was designed based on
previously obtained data with the used NCE in order to
obtain DPI blends for a performance comparison with
RAM manufactured blends.
« A Mini Cyclomix Lab Mixer (Hosokawa Micron Ltd, UK)
S— was use
A o 8 experiments
? + A 100 mL sta
| J 3 70% capacity.
+ The total amount of NCE to be added was sandwiched
4 L} between two equal layers of the desired carrier.
" + No extra steps such as sieving or conditioning of the
wvessel were carried out.
_—
2




Methods - Analytical Methods

The impact of the different parameters on the process yield (%), API recovered assay (%) and homogeneity (Relative
Standard Deviation, RSD (%)) was evaluated.
Aerodynamic Particle Size Distribution (APSD) was studied using a high resistance RSOL (Plastiape S.p.A, Italy) as a

model device, actuated at a flow rate of 65 L/min for 3.7 s. White size 3 HPMC capsules (Lonza, Switzerland) were filled
by hand with 20 mg of each formulation

Next Generation Impactor (NGI, Copley Scientific, UK) was used to evaluate the aerodynamic performance. This
allowed understanding of the impact of the different variables studied on the Delivered Dose as a percentage of Metered
Dose (DD%MD), Fine Particle Fraction as a percentage of Delivered Dose (FPF%DD) and shot weight (mg)

All the quantification was performed using UV High Performance Liquid Chromatography.
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Results - RAM DoE (Statistical Analysis)

Process yeid (%) Assay (%)
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Results - Scale Up
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Results - Performance Comparison
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Conclusions

« RAM technology is capable of producing homogeneous and aerosolizable DPI blends in a
short mixing time

+ RAM manufactured blends present good manufacturing repeatability.

« Blends manufactured using RAM show enhanced homogeneity and similar aerodynamic

performance profile when compared with blends manufactured using HS mixing, in a

shorter manufacturing time.

The blends produced by RAM are mostly scalable at a lab scale, however careful

considerations in terms of vessel fill volume and acceleration must be taken into

account in order to prevent a too tight binding of the API molecule to the carrier

lactose.

Next Steps

« Further scale up of the most promising blends (4-8 kgs).
+ Study the manufacture of marketed blends using RAM.
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Most of the blends were homogeneous - .

(RSD<5%), regardless of ti nding

parameters or carrier selected

Process yield and assay above 90% for the

different blending conditions

Most of the blends presented an optimal -

aerosolization profile.

The DD, results ranged from around 70 to

0%

The FPF, obtained was from around 50 to

70%, with a couple of around 35

The shot weight, more variable, was around

20 mg (20 mg Idaded psule).
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Results - RAM DoE (Manufacturing Repeatability)
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Four blends with diferent carirs, diferent APT A | A

levels (5 and 25%) ana Giferent manufaciuing NPV N F
parameters were selected to be re manufactured Ve

The results obtained showed si m\\ur " process yield A
(%), assay (%) and RSD
In addition, consistent namic partice size
distribution (aerosolization performance) was
observed for the four different blends.
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Results - Scale Up

Three vessel sizes were used: 54.6, 242.2
and 730.9 miL_ for a total batch size of ~13
t0310 g
Two different concentrations of API (5 and
25% w/w), two different carriers I
A good scalability was observed in 3/4
blends trialled | | [
A large deposition in the pre-separator,
which increased with the batch size, was
observed for the blend configuration
containing a combination of 25% API and
arrier
This blend configuration was |
manufactured using 90 g of acceleration |
and 80% vessel fill volume, which may "
have excessive energy creating a stronger
attachment of the APT particles to the
carrier lactose I
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Results - Performance Comparison
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+ A larger percentage of the blends .
manufactured with high shear mixing I - s olencing
obtained the best rssu\r (>95%) oFA say Il - RAM blending

(%) 6 Process Vield (%), ThiS 3 due o low
vessel fill volume and/or a low acceleration
for the RAM blends, leading to greater

deposition on the vessel walls. This differs 0
with the HS formulations, which were all
manufactured with a vessel fill volume of n
70% and well-established mixing speeds. -
+ However, the inverse is true when analysing o
the RSD'(%) results, which shows better z*
homogeneity (<3% RSD) for the RAM s
manufactured formulations. o
« This result highlights the capacity of the
RAM to generate more homogeneous blends =
in a shorter period when compared with HS .

mixing
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Results - Performance Comparison

+ The aerodynamic performance obtained
by blends manufactured with both mixing
techniques was comparable, except for
one formulation identified as an outlier
obtained with HS mixing for the 5% API,
carrier 1 group.

The Delivered Dose and the Fine Particle
Mass obtained as an average of the
different blends manufactured either by
HS or RAM with a fixed concentration of
AP or carrier used did not present any
statistically significant differences,

=
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Carrier 2
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