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Inhalation therapies play a critical role in the treatment of localized respiratory diseases, such as asthma, due to their
capability to deliver drugs directly to the bronchi and lungs. Thus, they are widely utilized as first-line therapies for these
conditions. Furthermore, their potential as a delivery route is being actively explored not only for small-molecule drugs
but also for novel modalities, including antibody therapeutics. On the other hand, because the delivery of inhaled
formulations to the respiratory system depends on the patient's inhalation maneuver, therapeutic efficacy and adverse
effects can vary depending on the patient's technique. However, non-invasive and quantitative methodologies to evaluate
the exact amount of drug delivered to the respiratory tract have not yet been established.

This study aims to establish a biomarker for pulmonary drug deposition by implementing an inhaler-connected
particle emission detection system and measuring the amount of drug exhaled post-inhalation. By analyzing the obtained
measurement datasets using pharmacokinetic approaches, we aim to construct a non-invasive, quantitative prediction
system for pulmonary drug delivery, thereby contributing to more efficient development of inhalation therapeutics.

To measure pulmonary drug deposition, the amount of exhaled drug, and particle emission signals during patient
inhalation, a human inhalation pattern simulator developed by the research team was coupled with in vifro aerodynamic
inhalation evaluation systems. Multiple inhalation patterns with varying peak flow rates (PFR) and flow increase rates
(FIR; the acceleration slope at the onset of inhalation) within the achievable range of patients with respiratory diseases
were utilized.

We established a foundational framework for evaluating the utility of the photo-reflective method (PRM) as a non-
invasive, real-time approach to predicting pulmonary drug deposition in dry powder inhalers (DPIs). A significant value
of this method lies in its capability to visualize the impact of individual patient inhalation maneuvers and the resulting
particle emission signals on pulmonary drug deposition. Using Symbicort® Turbuhaler® as a model formulation, we
evaluated the correlation between particle emission signals and in vitro drug deposition under various PFR and FIR
conditions. The results demonstrated that the integrated value of the flow-rate-corrected particle emission signal exhibited
an extremely high correlation with the index of pulmonary deposition. This approach successfully captures drug emission
kinetics during the actual inhalation maneuver, which was previously difficult to achieve. (Hatazoe et al., AAPS
PharmSciTech, 2024)

Quantitative site-specific prediction is clinically critical to simultaneously maximize delivery to the peripheral
airways—the therapeutic target of inhaled corticosteroids—and minimize oropharyngeal deposition, which causes local
adverse effects such as oral candidiasis. In this study, we identified the optimal predictors for each deposition site using an
Andersen cascade impactor capable of multi-stage aerodynamic particle size classification and multiple mathematical
models. These results mathematically demonstrated that particle deposition behavior at different sites likely stems from
distinct underlying mechanisms. These findings are expected to facilitate the realization of personalized inhalation therapy,
allowing real-time assessment of "where" and "how much" drug is delivered based on an individual patient's inhalation
profile. (Hatazoe et al., Front Pharmacol, 2026)

The major significance of this study lies in the establishment of a foundational framework for predictive models of
pulmonary drug deposition, utilizing non-invasively evaluable indicators such as particle emission signals and the amount
of drug exhaled. Furthermore, the mathematical construction of site-specific deposition prediction models is expected to

directly translate into the personalization and optimization of inhalation therapy in clinical settings.



