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 Lyophilization/Freeze-drying is the mainstay drying technology used to manufacture biologics drug products 
to prolong the shelf-life as compared to their liquid counterparts.  Scale-up and technology transfer of lyophilization 
processes remains a challenge that requires thorough characterization of the formulation composition, primary 
container properties as well as the equipment capability.  Predictive modeling can be used to guide the development, 
scale-up and manufacturing throughout the life cycle of new lyophilized product and is an important step towards the 
Quality-by-Design (QbD) paradigm.  For example, steady-state mathematical models for the heat and mass transfer 
processes during primary drying stage have been developed and were shown to help design the initial drying condition 
based on the thermal characteristic of the drug product.  In order to further optimize this multi-day slow process and to 
build in robustness around the target condition, design spaces need to be created with considerations of the equipment 
capability limits as well.  Specifically, the minimum controllable pressure for a target vapor sublimation rate on a 
particular lyophilizer needs to be determined without losing control at the set point.  In recent years, computational 
fluid dynamics (CFD) modeling was employed to develop computer-based models of vapor flow in various scales of 
lyophilizers to understand the differences in equipment performance during scale-up.  At the same time, the effect of 
shelf clearance, load size and condenser overload can be characterized using CFD.  With the mechanistic design spaces 
for the primary drying stage developed and validated, the experimental effort to in the traditional DoE-based approach 
is saved to a large extent, and therefore saving the development time, labor and material cost by 50% or more. 
 
 Dr. Zhu is a Senior Scientist in the New Biological Entities (NBE) development group at Lake County in 
AbbVie, Inc.  Dr. Zhu received a Bachelor’s in Engineering degree in Engineering Mechanics, and a M.S. and a Ph.D. 
degree in the Department of Aerospace Engineering at the Pennsylvania State University.  Following a postdoctoral 
stay at the School of Aeronautics and Astronautics, Purdue University, he joined AbbVie in 2018 in the study of using 
predictive modeling combining Computational Fluid Dynamics (CFD) and solid phase heat and mass transfer to 
facilitate both early and late stage lyophilized drug product formulation and process design.  His primary research 
interest lies in applying advanced modeling to facilitate robust scale-up and tech transfer of lyophilization processes, as 
well as enabling new PAT techniques toward QbD in both development and validation stages. 
 

TIME: 4:00 – 5:00 PM – MEETING 
  

COST: FREE 
 

Please register by responding to the seminar announcement or by sending an email to 
cpdgmeeting@yahoo.com at least 24 hours prior to the event 

A Zoom-link will be sent out to the registrant on the day of the seminar 


