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Method

Model fitting
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Conclusion

The present study developed a multiscale PBPK model of doxorubicin which 

predicted the detailed disposition of doxorubicin in human tissues. The model 

could help to explore the cytotoxicity mechanism and thus improve the 

chemotherapy approach of doxorubicin.

The objectives of this study was to develop a state-of-art multiscale 

multispecies physiologically based pharmacokinetic model (PBPK) for 

doxorubicin and further apply this model to quantitatively predict its anti-

tumor efficacy and cardiotoxicity.  

Totally 11 organs were constituted in the model and 4 sub-compartments 

(vascular, interstitial, cellular, nucleus) were considered for each organ. 

Perfusion-(Q) and permeability-limited (PS) models were used to describe 

the distribution of doxorubicin from blood to interstitial fluid and from 

interstitial to cellular. Quasi-equilibrium was assumed for DNA-doxorubicin 

binding. Biliary (92%) and renal (8%) secretion accounted for clearance. 

Equilibrium dissociation constant of DNA binding (Kd), cell/interstitial fluid 

partition coefficient of doxorubicin (Kp) were all optimized based cellular 

uptake data, and animal data of PK and bio-distribution of doxorubicin in 

multiple species. Clearance was allometrically scaled. Rat and human 

data was used to assess model predictive performance.  

Fig.1 Schematic of multiscale PBPK model of doxorubicin. 

Fig.2 Observed ( ) and predicted doxorubicin (Dox) concentration in 

plasma and various tissues in mice.        : predicted median,         : 5th

and 95th percentiles,        : predicted 90% CI area.   

Fig.5 Predicted doxorubicin (Dox) disposition in heart and tumor. Plasma (     ), 

interstitial (     ), intracellular free (     ) and DNA bound (      ) doxorubicin 

concentration-time profiles were simulated after bolus. DNA bound (       ), 

topoisomerase II inhibition (       ) and oxidative stress (       ) were the main 

three types of cytotoxic mechanism of doxorubicin with distinguished 

concentration ranges.    

Fig.6 Doxorubicin (Dox) dosing schedule comparison. Interstitial fluid (     ) and 

(     ) intracellular free Dox concentration-time profile by bolus; interstitial fluid

(     ) and intracellular free (     ) Dox concentration-time profile by 8h infusion.

DNA bound (      ), topoisomerase II inhibition (      ) and oxidative stress (       ).    

Table 1. Metrics used to distinguish dosing schedule-dependent cardiotoxicity  

Results: In consistent with previous studies, the model predicted that DNA bound 

was likely the primary cytotoxic mechanism in tumor suppression. This is different 

with cardiotoxicity, which was suggested to be driven by free doxorubicin inside 

myocardial cells [3]. Our simulation suggested that DNA bound Dox is much 

higher in tumor than heart, primarily due to high concentrations of DNA at solid 

tumors. In contrast, oxidative stress, which is usually caused by high 

concentrations of free Dox or its metabolism, is believed as the major cytotoxic 

mechanism in heart [3]. Topoisomerase II inhibition may exist in both targeted 

organs [4]. Slow infusion prolonged Dox-DNA bound over the cytotoxic level, but 

reduced the exposure of free Dox that are associated with topoisomerase II 

inhibition and oxidative stress. Results in Fig. 5 and Table 1 and 2 well explain the 

reduced cardiotoxicity in 6 hours infusion in comparison with bolus. 

Rationale: It has been well documented that 6 hours infusion in 

clinical shows significant less cardiotoxicty than bolus dosing [1] 

Table 2. Metrics used to distinguish dosing schedule-dependent antitumor effect  
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Fig.3 Observed ( ) and predicted doxorubicin (Dox) concentration in 

plasma and various tissues in rats.          : predicted median,         : 5th

and 95th percentiles,        : predicted 90% CI area.   

.

Fig.4 Observed ( ) and predicted doxorubicin (Dox) concentration in 

plasma and various tissues in humans.          : predicted median,         : 

5th and 95th percentiles,        : predicted 90% CI area.   
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