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Computational Fluid Dynamics (CFD)

with species and particle transport
- Geometry represented as mesh
- Airway meshing — not trivial
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CFD Particle transport models
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CFD in Generic Drug (GD) Development

* Inhaler device - drug particles emission
formulation, velocity profile, PSD (impactor), APl release, ...

* In vitro dissolution-permeation

biophysics models with minimum or no calibration
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CFD model validation on airway phantoms for DPI vs MDI
« Airway barrier (transport) model (min)

Particle dissolution, escalator, transport, binding, systemic
 Multiscale Barrier-PBPK model (hrs)
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Multiscale CFD - PBPK pipeline

« Can in vitro validated CFD model linked to PBPK predict inhaled drug
lung tissue and systemic PK?
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Generation of human airway model

« Huge variability of human respiratory system - airway size, shape,

morphology, physiology, disease status
* Population Inhalation-deposition model needed

 Anthropometry + Spirometry based airway model can be generated
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Bioaerosol inhalation/deposition model E-L or E-E ~
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Q3D airway barrier model Crz

endo-blood

stroma

The Q3D airway tree wall subdivided

- axially into large number of cells, Sol |3
. . . . =
- radially into serval layers (variable thickness/morphology) Gel |E
| I
escalator

Deposited particles dissolve in mucus, undergo
mucociliary clearance into GIT, and trans-mucosal transport

_ _ small bronchi -
Dissolved API crosses all layers, binds to targets,

absorbed to systemic circulation
- Spatial-temporal drug distribution in the lung wall barrier
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OIDP: CFD-PBPK Corticosteroid Validation
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 Budesonide (high soluble) and Fluticasone (practically insoluble)
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Summary and Recommendations

CFD-based models of in vitro devices needed for development of OIDP

Validation protocols on in vitro data for:
- aerosolization, deposition, dissolution, permeability,

- bronchi-on-chip, alveoli-on chip devices for validation of mucosal barrier models
CFD tools enable simulation of in vivo deposition, dissolution and absorption
of OIDPs
Predictive capabilities still need to be validated
CFD-PBPK simulates drug distribution between systemic and lung tissue
- spatially resolved entire airway wall barrier feasible
CFD-PBPK model needs further validation on clinical data for innovator OIDPs

- novel methods data collection: pulmonary imaging, biomarkers, ...
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