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PURPOSE RESULTS

* Orally inhaled drug products (OIDPs) are used to treat pulmonary diseases. OIDP absorption
occurs in three phases: deposition, dissolution, and permeation.

 Tobramycin PK predictions using both the legacy PCAT and PCAT-2 models with the three cell-based * NGI measurements of three fluticasone propionate formulations with mass median aerodynamic

Und 4 " ationshin b " " 3 1 th ting local and svstem permeability assays are shown in Figure 2. diameter (MMAD) values of 4.5 um, 3.8 um, and 3.7 um were used to predict lung deposition.
l? erstank.mg.t ePrKe atlofr?ls 'P .etween L feset;c rse E ds€s an _ L Iedresul e Ve adn sysl emic * The tobramycin model utilizes two-dimensional scintigraphy deposition measurements to  USP paddle dissolution test was used to extract P-PSD to calculate in vivo dissolution [5].
pharmaco m?t'c (PK) gro | es.ls TALIOIASEIANS Ol eI [ATRITIEICEICEL CIEEOrIEts Ele) [EC{LEROL, determine the amount of tobramycin deposited in the lung. Dissolution was determined by  PCAT-2 model predicts the data better than the legacy model as shown in Figure 3.
IE::I)SSZS..Sleentl ° r;ew gn gene_rlcl?lDPS' for OIDPs i< challeng o 4 - solubility predicted from ADMET Predictor and measured particle distribution. Table 2: Pulmonary PBPK absolute prediction error [100xABS(pred-obs)/obs] for three different cell-based assays including
re 'Ctmg OCal an SVSt.e.rmC Ur.na.n EXposur.e or | 5. 1S .C d er.lgln.g, ecause deposition, « PCAT-2 provides a better prediction of maximum concentration (C.._ ) and area under the curve MucilAir Bronchial, Calu-3, and NCI-H441 utilizing original legacy pulmonary model for three formulations of fluticasone A-4.5, B-
dissolution, and permeability are difficult to estimate using in vitro or in vivo methods. (AUC) when the IVIVE is done with the Calu-3 cell line data. The error results are displayed for PCAT- 3.8, and C-3.7. Here the formulation labels refer to the particle size of the formulation.
* Physiologically based pharmacokinetic (PBPK) modeling is an integrated solution to predicting > model in Table 1 Legacy Model: Fluticasone Propionate
local and systemic PK, which can support OIDP development. It includes regional deposition in Table 1: Pulmonary PBPK absolute prediction error [100xABS(pred-obs)/obs] for three different cell-based assays including MucilAir Calu-3 NCI-H441
the lung tissues, pulmonary physiological conditions, and active pharmaceutical ingredient (API) MucilAir, Calu-3, and NCI-H441 utilizing new PCAT-2 pulmonary model for two formulations of tobramycin including 300 mg : A-4.5 B-3.8 C-3.7 A-4.5 B-3.8 C-3.7 A-4.5 B-3.8 C-3.7
hysicochemical characteristics that affect the API dissolution rate and permeabilit Tobi nebulized inhaler and 80 mg Pulmosphere DPI. cmax Error %% 5218 4.4 L 553 89 | 1878 251
pny ¢ -l P Y- Tobi Inhaler 300 mg Pulmosphere 80 mg Tmax Error % 124.0 | 3480 | 578.8 20.0 156.0 | 203.0 4.0 156.0 | 239.4
 To support the capability of an existing state-of-the-art lung PBPK model to accurately model MucilAir MucilAir AUC Error % 1.78 307 1.54 6.78 5.07 10.52 2 85 1.36 6.53
permeability, this study aimed to evaluate the use of in vitro lung cell permeability assays to Bronchial Calu-3 NCI-H441 Bronchial Calu-3 NCI-H441 Table 3: Pulmonary PBPK absolute prediction error [100xABS(pred-obs)/obs] for three different cell-based assays including
parameterize the model and predict in vivo PK. Tobramycin and fluticasone propionate were Cmax Error % 134.0 43.3 92.1 81.1 24.6 51.0 MucilAir Bronchial, Calu-3, and NCI-H441 utilizing new PCAT-2 model for three formulations of fluticasone A-4.5, B-3.8, and C-3.7.
selected as validation case studies for this in vitro to in vivo extrapolation (IVIVE) method. Tmax Error % 30.7 89.3 25.3 33.3 89.3 33.3 PCAT-2 Model: Fluticasone Propionate
AUCt Error % 61.5 10.1 45.0 21.7 13.5 10.6 MucilAir Bronchial Calu-3 NCI-H441
A) PCAT-2: Tobi Inhaler 300 mg C) Legacy - Tobi Inhaler 300 mg A-4.5 B-38 | C-37 | A45 B-3.8 | €37 | A45 B-38 | C-3.7
METHODS ------- NC|-H441--E"UC”‘”;I‘F ——Calu-3 O Experiment | ... NCI-H441 - - MUcllAIr __cay-3 o Experiment Cmax Error % 083 6.66 18.66 6.8 29.93 4.65 17.10 27.09 3.78
. . ey ronchi B hial
e The Pulmonary Compartmental Absorption and Transit (PCAT™) model within GastroPlus® i ) e e ZrSSXEE”":;/" 23'2 ggg gj‘l‘ 14405 328 ggg 101°09 igg 615‘712
. . . . . . Fror . . . . . . . . .
version 9.8.3 (Simulations Plus, Inc., Lancaster, California, USA) was used to build the lung PBPK .
models A) PCAT-2: Fluticasone FormulationA-4.5 B) PCAT-2: Fluticasone FormulationB-3.8 C) PCAT-2: Fluticasone FormulationC-3.7
- € S et 0 Y N (N AN B NCI-H441 - ~MUcillAIr __ o143 o Experiment | oo NCI-H441 - ~MUCIAIr __ o103 o Experiment | oo NCI-H441 — -MUCilAIr ___ca14.3 o Experiment
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 Two versions of the PBPK model were used: (1) The legacy PCAT model (Figure 1-A) which utilizes
only mucus and single tissue layers for each compartment including nose, extra-thoracic,
thoracic, bronchioles, and alveoli, and (2) PCAT-2 (Figure 1-B) which enhances the complexity of
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* A combination of in vivo and in vitro deposition from aerodynamic particle size distribution data B) PCAT-2: Pulmosphere 80 mg D) Legacy - Pulmosphere 80 mg o4 (hlf 20 24 28 0 4 8 12 16 20 24 28 0 4 8 1 (1)6 20 24 28
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using various mouth-throat models and a Next Generation Impactor (NGI) was utilized [1,2,3].{| =~ | == NCI-H441 - - JUCHNT —Calu-3 O Experiment | - NCI-H441 - - JuC A —Calu-3 O Experiment

NG| d t f t t ff d t . d d . d t MMAD 19 D) Legacy : Fluticasone Formulation A-4.5 E) Legacy : Fluticasone Formulation B-3.8 F) Legacy: Fluticasone FormulationC-3.7
SREBIIRIT VTEEEelE, E22 ERE lameters in mass median aerodynamic diameter ( ) S T A A A N BN e NCI-H441 - ~NUCIAIN —_caw-3 o Experiment | - NCI-H441 - -MUCIAr ___caiy-3 o Experiment | - NCI-H441 - ~-MUCIW ___ca-3 o Experiment
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and the ICRP 66 model [4] were utilized to calculate deposition in PCAT model.

* API dissolution was determined based on product specific particle size distribution (P-PSD) based
on in vitro dissolution [5].

* To validate the IVIVE, the prediction ability of three in vitro cell-based permeability systems (Calu-
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3, NCI-H441, and MucilAir Bronchial) were compared for the tobramycin and fluticasone 5= o . . 0 s -
: 0 = 8 12 16 20 12 16 20 16 20 24 28 0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
propionate models. Time (hr) Time (hr) Time (hr) Time (hr) Time (hr)
A) B) {SNMM*W% Figure 2: Tobramycin pulmonary PBPK Prediction for 3 cell-based permeability assays including MucilAir Bronchial, Calu-3, and Figure 3 : Pulmonary PBPK Prediction for 3 cell-based permeability assays including MucilAir Bronchial, Calu-3, and NCI-H441 for

[m mw}}* NCI-H441 for PCAT Version 2 (A. B) and legacy (C, D) models for 300mg Nebulized Tobi formulation and 80 mg Pulmophere DPI. PCAT Version 2 (A, B, C) and legacy (D, E, F) model including formulation A-4.5, formulation B-3.8, and formulation C-3.7.
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* The PCAT-2 model with enhanced lung physiology provides an improved IVIVE of pulmonary exposure in both case studies.

* For the tobramycin case study, the Calu-3 permeability experiment was most predictive. Hochhaus, Gunther, et al. The AAPS journal 23 (2021): 1-14

* For fluticasone, the Calu-3 permeability experiment was most predictive with the legacy model, while the NCI-H441 was ICRP, 1994. Human Respiratory Tract Model for Radiological Protection. ICRP Publication 66. Ann. ICRP
most predictive with PCAT-2 model. 24 (1-3).

e We have not yet determined why Calu-3 seems to most often be the most predictive. We believe more clarity will come > Pepin, Xavier, et al. European Journal of Pharmacettics and Biopharmaceutics 142 {2019): 421-434.
once we test the model on more compounds and scale the permeabilities with measured cell layer thicknesses rather than
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e osoon [ — o{ P using literature assumption for the in vitro cell layer thickness. SlmUIathnSPIUS
“* ’ [ (156 E‘[”’”"""““’] e \:Ise”“'T"’“”HE"““‘“"“"'] * Best practices for the type of in vitro permeability assays to use for a successful IVIVE will be determined for lung PBPK

prediction of OIDPs absorption predictions.

Figure 1: (A) Legacy and (B) Enhanced Gastroplus PCAT-2 Model
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