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ABSTRACT 

 

 Although radioimmuno therapy (RIT) was effective for cancer treatment, RIT have a 

limited performance in solid tumor due to highly distributed extra-cellular matrix (ECM) 

inside solid tumor tissue [1,2]. In our previous study, we developed the combination RIT 

approaches to enhance the penetration of monocolonal antibody (mAb). In this study, we 

developed the mathematical modeling for describing the diffusion and penetration of mAb 

into tumor.  

The mathematical modeling of mAb/Ad3-RLX 

 Reaction-diffusion partial differential equations (PDE) was developed for describing 

the dependency of cancer cell, ECM density, diffusion and penetration of mAb and oncolytic 

virus. Initial condition for solving the PDE was derived using our experimental result of same 

design. Diffusion coefficient and reaction parameter for mAb and oncolytic virus was 

modelled for simulating actual behavior of mAb and oncolytic virus. Various condition of 

ECM density (10%-90%), ECM structure, and vessel density were modelled which was 

derived actual the result of MT staining or distribution of collagen type I and the distribution 

of active vessel.  

 Our developed mathematical modeling was validated with experimental result due to 

well defined based initial condition which was derived from actual experimental result. 

Diffusion and penetration of mAb and oncolytic virus were well described for extravasation of 

mAb from tumor vessel and tumor surface. All ECM structure was degraded regardless of 

ECM structure at 50 hr after spreading of oncolytic virus. Therefore 2.3 times greater amount 

of mAb was accumulated in whole tumor tissue at 50 hr after spreading of oncolytic virus and 

diffusion of mAb compared to only mAb injection group. The pattern of degradation of ECM 

structure and accumulation of mAb were well matched with our experimental results. Our 

newly developed mathematical model could describe the diffusion of mAb in the region of 

tumor vessel and tumor surface. We could derive the optimal dose and dose scheduling of 

mAb for RIT based on our developed mathematical modeling.   

 In this works, we developed new theoretical mathematical model approach. Strikingly, 

in the current model, can be useful to describe detailed mechanical effects such as mAb and 

virus penetration of a tumor. And the model predicts mAb therapy effects with Oncolytic virus, 

depending on ECM density and structure. Moreover, predicts the optimal mAb therapy with 

oncolytic virus depending on tumor microenvironments. 

 



 
 

Figure 1. The schematic of combination immuno therapy strategies and equation. 

  
Figure 2. The effect of degradation of extracellular matrix after combination immuno therapy 

strategies 
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