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BACKGROUND & AIM
• AP01 is a novel nebulized pirfenidone formulation currently in Phase 2b evaluation (NCT06329401) for progressive 

pulmonary fibrosis (PPF), with earlier-stage evaluation in idiopathic pulmonary fibrosis (IPF).1-4

• Twinhale® is a patient-specific digital software platform developed by Ebenbuild designed to simulate pulmonary 
drug delivery and regional aerosol deposition in the human respiratory system. The predictive performance of the 
patient-specific lung digital twin technology is described in the peer-reviewed validation study in Nature’s 
Communications Medicine (Figure 1).5 

Figure 1: Twinhale® Model Validation. Six 
healthy human subjects, two different 
aerosol size distributions (avg. MMD 3.1 μm 
("small'') or 5.7 μm ("large‘’)), and two different 
breathing patterns (tidal volume 1000 mL 
("deep'') or 600 mL ("shallow‘’) with the same 
inhalation flow rate 18 L/min) are combined 
in 10 inhalation experiments from a 
previously published, independent clinical 
study.6 Aerosol deposition patterns 
predicted by simulations for the 10 
inhalation experiments were compared to 
the in vivo reference data, mostly obtained 
from the 3-D SPECT/CT images to analyze 
the model prediction quality.5*

METHODS
• The in silico simulations were based on Avalyn’s provided AP01 aerosol device specifications, including formulation 

properties, delivered dose characteristics, and aerosol particle size distribution measured by a next-generation 
impactor (USP<1601>). 

• Three case studies were evaluated using lung HRCT images from: a healthy individual, a patient with mild idiopathic 
pulmonary fibrosis (IPF), and a patient with severe IPF. To generate three-dimensional (3-D) lung models, high-
resolution computed tomography (HRCT) images of the healthy lung were selected from Conway et al., and the images 
of the IPF cases were selected from the Open Source Imaging Consortium (OSIC) dataset, as described in a previously 
published study.6-8 

• The same particle size distribution was used for the healthy, mild, and severe IPF cases. The time curve of the aerosol 
output mass was taken from literature.9 Matching aerosol output rates for both IPF subjects were predicted using a 
device-simulation tool accounting for the altered rate profile resulting from lower tidal volumes during breathing.

• Airflow was simulated by applying 3-D computational fluid dynamics in the extrathoracic airways and a reduced-
dimensional model in the lungs.

• Healthy volunteer simulations were performed using a standardized breathing pattern corresponding to the US 
Pharmacopeia adult tidal breathing profile (USP<1601>), with a tidal volume of 500 mL and a breathing rate of 15 
breaths per minute, whereas tidal volume for the mild and severe IPF cases were captured as 450 mL and 350 mL, 
respectively.

RESULTS: AP01 is predicted to deposit throughout lung tissue
• HRCT imaging informed 3-D modeling of healthy and IPF lungs (Figure 3).

• AP01 is predicted to permeate throughout lung tissue in both healthy and diseased tissue (Figure 4).

Figure 3. HRCT images of healthy lungs, lungs with mild IPF, 
and lungs with severe IPF, derived from literature and the 
OSIC database, were used to generate 3-D lung models.3,4 

Figure 4. Transport and deposition of aerosol mass of three cases, 
visualized in single breath and in slow motion via the videos linked 
here. 

Healthy Mild IPF Severe IPF

CONCLUSION: The simulations suggest AP01 is distributed throughout lung 
tissue, even in severe fibrosis

• Findings from these in silico modeling simulations indicate that AP01 is distributed throughout the lung, even in a 
severely diseased state.

• Alveolar and thoracic deposition constitutes the majority of AP01 deposited mass in all conditions, demonstrating robust delivery 
to the site of fibrotic remodeling in patients with pulmonary fibrosis.

• These results suggest that AP01 achieves deposition in the most relevant portion of the lung for treating active disease.

*Images credited to Grill et al. Commun Med. 2026;6:188. No modifications were made. Permission to reproduce images per Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, 
http://creativecommons.org/licenses/by-nc-nd/4.0/. 

Acronyms: CT: computed tomography; HRCT: high-resolution computed tomography; IPF: idiopathic pulmonary fibrosis; OSIC: Open Source Imaging Consortium; PPF: progressive pulmonary fibrosis; SPECT: single 
photon emission computed tomography

• AIM: To understand the pulmonary aerosol deposition of AP01 using Ebenbuild’s Twinhale® validated platform 

• AP01 demonstrates a clear predominance of peripheral deposition across all lung conditions, consistent with effective 
penetration of aerosol into the distal airways and alveolar tissue, which is the target tissue for disease (Figure 5). 

• AP01 showed a highly comparable distribution of aerosol mass across thoracic airways and alveolar tissue for healthy, mild IPF, 
and severe IPF lungs (Figure 6). With increasing disease severity, extrathoracic deposition decreased and a greater fraction of the 
dose was exhaled, reducing deposition in the mouth-throat region. In contrast, dry powder inhalers (DPIs) typically deposit a 
substantial portion of the emitted dose in the mouth-throat region, resulting in swallowed drug and increased systemic 
exposure.10 

− AP01 alveolar deposition constitutes the largest share of deposited mass in all conditions, demonstrating robust delivery to 
the peripheral lung even in the presence of fibrotic tissue.

• AP01 aerosol deposits throughout the lung even under severely fibrotic conditions (Figure 7). 

RESULTS: Thoracic and alveolar deposition constitute the majority of 
deposited mass in all conditions

• Twinhale® predictions are consistent with in vivo SPECT/CT data for a healthy human cohort, supporting the use of 
this modeling approach as an alternative to in vivo imaging approaches (Figure 2).5
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Figure 5. Deposited API mass per central and 
peripheral region as a fraction of the delivered dose. 
The central and peripheral regions were defined as two concentric 
shells within each lung, with the inner shell surrounding the hilum 
representing the central region and the outer shell extending from the 
central region to the lung boundary representing the peripheral region.

Figure 6. Deposited API mass per functional 
category as a fraction of the delivered dose. 
The plots do not show non-deposited API mass remaining at the 
end of the breathing cycle (less than 1.5%).

Figure 7. Normalized concentration of 
deposited aerosol mass per mass for healthy 
vs. fibrotic regions of the lungs.

Figure 2a. Comparison of model predictions (orange) and in vivo reference data (blue) for one subject. 2b. Distribution of model 
predictions (orange) and reference values (blue) for all 10 inhalation experiments (black lines indicate individual cases). 
2c. Scatter plot showing correlation and box plot showing error values for all 40 data points (10 inhalation experiments and 
4 regions), respectively. For this parameter, corresponding errors reside in between ±8%. For more than half of the predictions, 
the error is smaller than 4% as indicated by the interquartile range.2*
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