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> In vivo PK comparison (110 ug)
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» For regulatory approval of solution-based nasal spray products, U.S. Food and Drug

« The PK model rate constants were estimated using IV bolus PK data for

Administration (FDA) guidance recommends multiple in vitro tests including: triamcinolone acetonide * One-cavity model showed an Inaccurate effect of drug concentration buildup as
* Single actuation content, droplet size distribution by laser diffraction, spray
pattern, plume geometry) [1, 2]
* It Is currently recommended that suspension nasal spray products use a weight-of-
evidence approach for establishing bioegquivalence:

Indicated by delaying drug release and an appearance of the Cmax at a later time
Two-cavity model simulated the In vivo conditions more realistically (i.e., one spray

to each nostril) and, therefore, better predicted the Tmax value
350

 The new PK model also accounts for the absorption of the swallowed drug mass
using a simple Gl tract absorption model

* Model parameters for oral absorption were estimated from oral dose data

» Based on equivalent in vitro performance similar to solution products, equivalent * The nasal systemic absorption constant (K;) was specified using Gastroplus v9.8 — 300 -- o i vivo (110 wg) (51
systemic exposure based on pharmacokinetic (PK) studies, and comparative (Simulations Plus, Inc., Lancaster, CA, USA) predicted value Figure 5. Comparison % 250 yas |
clinical endpoint or pharmacodynamics (PD) studies [2] « The permeability value (in the DAC model) was adjusted to correctly capture the of differen modeling T 00 | i —Crp (deaviy)
— In vivo PK values for 110 pg Nasacort® AQ dose approaches with invivo £ 150 —CFD (2 cavity)
* A new algorithm was developed in MATLAB 2018a for the translation of deposited data for 110 pg § 100 in vivo: one spray (55 g to
 The objective of this study was to develop a complete nasal transport in silico droplet locations from the 3D CFD model to the ASL layer, which can resolve Nasacort AQ dose. S oo ot
model to correlate drug deposition and plasma concentration for a representative deposition hotspots (Figure 2) 0
nasal spray product, Nasacort® AQ (triamcinolone acetonide) Dl 20 o e e e 2 =5z =s3:a3sz 0 " Time (hr) - 2
* The transport model was developed by extending the computational fluid .~ — _E > In vivo PK comparison (220 ug)
dynamics (CFD)-PK approach proposed by Rygg et al. [3] SN 4 = _ _ L
- - _ N « 220 ug dose with the one-cavity model was modeled by iInjecting droplet mass
&r : :Z'gaut'{snzs'iﬁiﬁzlgt[)d;pc?j;'on corresponding to four sprays, which changed the dissolution and absorption physics
- | | | | £ 454 - = and corresponding translated and gave poor agreement with the In vivo data | o
* The spray droplet deposition patterns In the nasal airways were predicted using a - a4 3Dto2D = droplet location in the 2D - The two-cavity model showed better agreement with the in vivo data
newly developed ‘quasi two-way coupled simulation’ approach [4] .+ ~ translation 3 DAC model using new  Additional one-cavity approaches were also found to give adequate results:
» The Initial and boundary conditions of the CFD model were based on In vitro | . method. » By doubling the mucus dose post-dissolution or by doubling the absorbed dose
measured data for Nasacort® AQ )  Both of these approaches showed reasonable agreement with the in vivo data
 For creating the new nasal dissolution, absorption and clearance (DAC) model, a 2D ) 700 o in vivo (220 pg) [5]
surface representation of the 3D nasal geometry was formed based on the perimeter — 500 —CFD (1 cavity- 4 sprays)
of the cross-sections and given a thickness consistent with the airway surface liquid * Preliminary DAC model was developed by _ _ < o0 —CFD (1 cavity-2 sprays:2*dissolved dose)
(ASL) and epithelial cellular layers translating a 3D nasal geometry that consisted Figure b. Comparison 2 T CFD (L cavity - 2 sprays:2 absorbed dose)
_ _ of different modeling & 4% —CFD (2 cavity)
V = only the left nasal cavity (one-cavity model) ‘ approaches with in vivo £ 300
‘g k  To simulate in vivo conditions, an updated = data for 220 pg S 200
@1/ o ' _/ DAC model was developed with two .. Nasacort AQ dose. S in vivo: two sprays to each
g/ — N TR symmetric nasal cavities (two-cavity model) . ' nost
*{5} Model as shown in Figure 3 . 0 0> 1 b 2
3D to 2D droplet' = . . Time (hr)
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Figure 3. Two-cavity
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1 MCC - '
WV_ M =~ NP _— Undissolved + DAC-PK model with » The two-cavity model, which was developed by mirroring the one-cavity model to
. © 6 (ASL. 00 o o |0 o0 dicsolved dru Injected drug particles. L. : : : : "
Figure 1. The coupled s B v 4 B mimic In vivo physiological and drug delivery conditions, showed very good
Diffusions«—" Epithelium . ..
CFD-DAC-PK l p J dis agreement with the in vivo data
approach. SAC-PK Model Kot S G Results « The CFD-DAC in silico tool presented here may, In the future, help with
NV: Nasal vestibule || Peripheral| K, | central  p—— Ol Tract establishing bioequivalence and guide the design of new nasal spray products
Nb:nasopharym E |1- % >CFD in vitro validation Y- o
MCC: mucociliary [Kbind Cloared - . e Th CFD d d _ d ] / V. - 3 é sk ; Refe rences
clearance Xcrete ‘ / " o : ; 2
| ° LT Pt Icte _anterlor and posterior N . 1 Draft guidance for industry, US FDA, Washington, DC, 2003.
deposition results using the quasi two-way | 5 The AAPS Journal 2013.15-875-883
* Figure 1 shows a schematic of the complete coupled CFD-DAC-PK framework i . € A e T T
) . L . P P _ _ coupleo! model sh(_)wed good agreement with A o Y 3 Journal of Pharmaceutical Sciences 2016,105:1995-2004.
* Drug dissolution in the ASL region was modeled by the Noyes-Whitney equation the in vitro data (Figure 4) Gl N 4 Journal of Aerosol Science 2021 156105770
* Behavior of the dissolved drug in the model was governed by an advection- * Accurate Implementation of the In vitro L 5 Clinical Pharmacology Review - NDA 20468 SE0Q5, S-24. 2007.
diffusion equation positioning data was highly important Posterior DF (CFD) 2 57.5% - Wi 7
. . » Nozzle tip diameter was accurately i Acknowledgements
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Anterior DF (CFD) = 41.2%
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* The diffusion across ASL/epithelium membrane was modeled as: iqure 4. Validation of the 3D nasal CFD §
model with corresponding in vitro I a R
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