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The overall sales of biopharmaceutical therapeutics have been rapidly increasing over the past decade. More than half 
of these products are marketed as solid-state formulations as the stability of the solid-state therapeutic formulations is 
better than its solution counterparts. For the development of these solid-state therapeutics, lyophilization is the most 
commonly used technique. However, lyophilization is a time- and energy-intensive process. Moreover, the lyophilized 
product has to undergo additional processing steps such as milling for utilization of these solid-state particles for 
different delivery modes such as inhalation, needle-free ballistic injections, etc., Often these additional processing steps 
induce more stress on the protein formulations leading to physical and chemical degradation. To address this issue, 
there is a necessity to produce solid-state biopharmaceutical products with alternate drying techniques that better serve 
the purpose of different delivery methods. To that extent, we looked at various drying techniques such as Spray Freeze 
Drying (SFD), Electrostatic Spray Drying (ESD), and Spray Drying (SD). The protein solids produced using the above 
mentioned techniques were then characterized using solid-state Fourier transform infrared spectroscopy (ssFTIR), 
differential scanning calorimetry (DSC), circular dichroism spectrometry (CD), size exclusion chromatography (SEC), 
BET surface area measurements, and solid-state hydrogen/deuterium exchange with mass spectrometry (ssHDX-MS) 
to study the impact of these drying techniques on the structural and physical stability of solid-state protein formulations. 
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