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Lung cancer remains the leading cause of cancer-related Temperature oC

mortality worldwide, accounting for over 1.7 million deaths B
annually (Siegel et al., 2024). Immunotherapies such as

immune checkpoint inhibitors have improved survival

outcomes, yet their systemic administration often results in

severe immune-related adverse events (irAEs), frequently

necessitating treatment discontinuation (Allouchery et al.,

2020). Tumor-associated macrophages (TAMs) play a

pivotal role in the lung tumor microenvironment, with M2-

polarized macrophages promoting tumor progression and

Zoledronic acid = F1: zinc zoledronate

Fig 5. TGA thermograms show the thermal stability of zinc—zoledronate compared to free
zoledronic acid. Zinc—zoledronate exhibited reduced weight loss and a higher
decomposition onset temperature, indicating improved thermal stability and lower
moisture content following complexation.
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Immune evasion, whereas M1-polarized macrophages
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however, its systemic use is limited by off-target toxicity £ %3061
(Zheng et al., 2022). The inhalation route offers a unique (d)
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formation. In vitro assays showed that Zn-ZA at 5 uM
significantly increased TNF-a secretion by 4.2-fold and
IL-6 by 3.8-fold in M2 macrophages compared to

The pH-sensitive zinc-zoledronate inhalation formulation
offers a targeted approach to repolarize tumor-associated

macrophages (TAMs) within lung tumors. It shifts M2 untreated  controls.  Flow  cytometry  confirmed e S
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Fig 14. Flow cytometry results for population changes after formulation incubation on
different macrophage cultures
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