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Supplement A: Model equations and parameters 
PBPK model equations 
The following differential equations describe the pharmacokinetics of 212Pb-labeled 

and 212Bi-labeled somatostatin analogs, that is, 212Pb-SSTA and 212Bi-SSTA. Also, the phar-
macokinetics of free nuclides, namely 212Bi, 208Tl and 208Pb was described in SSTR2-express-
ing tissue 𝑖, which include tumor, pancreas, spleen, liver, adrenal and gastrointestinal 
tract, of 212Pb-SSTA-PBPK model. The vascular and interstitial compartments of non-
SSTR2-expressing tissues have similar differential equations as those of SSTR2-expressing 
tissues. All model parameters are defined in Table S1. 

 
Differential equations for the in vivo alpha particle generator in the vascular compart-

ment of SSTR2-expressing tissues except lung and kidneys: 
 
 
 
 
 
 

       (1) 
 

 

 

     (2) 
  

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝑖 𝑑𝑡 = 𝐹𝑖 · ቆ(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ + 𝑃𝑆 𝑖 𝑃 · ቆ(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 − (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ 

−𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝑖  

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝑖 𝑑𝑡 = 𝐹𝑖 · ቆ(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ + 𝑃𝑆, 𝑖 𝑃 · ቆ(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 − (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ 

−𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝑖 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝑖  
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Differential equations for the in vivo alpha particle generator in the vascular compartment of lung: 

 
 
 
 
 
 

(8) 

 
 
 
 
 
 

(9) 
 

 

𝑑(212𝐵𝑖)𝑣, 𝑖 𝑑𝑡 = 𝐹𝑖 · ቆ(212𝐵𝑖)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝐵𝑖)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ + 𝑃𝑆, 𝑖 𝑓 · ቆ(212𝐵𝑖)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 − (212𝐵𝑖)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ + (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑑𝑖𝑠𝑠)
· (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝑖 − (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝑖 +  (212𝐵𝑖˗𝑅𝐵𝐶˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝑖− (212𝐵𝑖˗𝑅𝐵𝐶˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝑖 −  𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑣, 𝑖 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝑖 

𝑑(212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝑖 𝑑𝑡 = 𝐹𝑖 · ቆ(212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ + (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝑖 −(212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝑖 − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝑖
𝑑(212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝑖 𝑑𝑡 = 𝐹𝑖 · ቆ(212𝐵𝑖˗𝑅𝐵𝐶)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ + (212𝐵𝑖˗𝑅𝐵𝐶˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝑖 − (212𝐵𝑖˗𝑅𝐵𝐶˗𝑑𝑖𝑠𝑠)

· (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝑖 − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝑖                                    
𝑑(208𝑇𝑙)𝑣, 𝑖 𝑑𝑡 = 𝐹𝑖 · ቆ(208𝑇𝑙)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (208𝑇𝑙)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ + 𝑃𝑆, 𝑖 𝑓 · ቆ(208𝑇𝑙)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 − (208𝑇𝑙)𝑣, 𝑖𝑉𝑣, 𝑖 ቇ + 

𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝑖 + (212𝐵𝑖)𝑣, 𝑖 + (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝑖 + (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝑖] − 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑣, 𝑖  

𝑑(208𝑃𝑏)𝑣, 𝑖 𝑑𝑡 = 𝜆𝑝ℎ𝑦,β(212𝐵𝑖). [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝑖 + (212𝐵𝑖)𝑣, 𝑖 + (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝑖 + (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝑖] 
              +𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑣, 𝑖 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛 𝑑𝑡 = 𝐹𝐿𝑢𝑛 · ቆ(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑉𝑒𝑖𝑛𝑉𝑉𝑒𝑖𝑛 − (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ቇ + 

𝑃𝑆𝐿𝑢𝑛, 𝑃 · ൬(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝐿𝑢𝑛𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝐿𝑢𝑛 − (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ൰ − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛 

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛 𝑑𝑡 = 𝐹𝐿𝑢𝑛 · ቆ(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑉𝑒𝑖𝑛𝑉𝑉𝑒𝑖𝑛 − (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ቇ + 𝑃𝑆𝐿𝑢𝑛, 𝑃 · ቆ(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝐿𝑢𝑛𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝐿𝑢𝑛 − (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ቇ 

                       −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛 +  𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛 
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 (10) 

 

 

(11) 

𝑑(212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐿𝑢𝑛 𝑑𝑡 = 𝐹𝐿𝑢𝑛 · ቆ(212𝐵𝑖˗𝑅𝐵𝐶)𝑉𝑒𝑖𝑛𝑉𝑉𝑒𝑖𝑛 − (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝑖 ቇ + (212𝐵𝑖˗𝑅𝐵𝐶˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝐿𝑢𝑛 

                                  −(212𝐵𝑖˗𝑅𝐵𝐶˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐿𝑢𝑛 − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑅𝐵𝐶)𝑣,Lun 
(12) 

 

 
 
 
 
   

(13) 𝑑(208𝑃𝑏)𝑣,Lun 𝑑𝑡 = 𝜆𝑝ℎ𝑦,β(212𝐵𝑖). [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛 + (212𝐵𝑖)𝑣, 𝐿𝑢𝑛 + (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐿𝑢𝑛 + (212𝐵𝑖˗𝑅𝐵𝐶)𝑣,Lun] 
                           + 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑣,Lun 

  (14) 
 

Differential equations for the in vivo alpha particle generator in the interstitial compart-
ment of SSTR2-expressing tissues: 

 
 
 
 
 
      

(15)       
  

𝑑(212𝐵𝑖)𝑣, 𝐿𝑢𝑛 𝑑𝑡 = 𝐹𝐿𝑢𝑛 · ቆ(212𝐵𝑖)𝑉𝑒𝑖𝑛𝑉𝑉𝑒𝑖𝑛 − (212𝐵𝑖)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ቇ + 𝑃𝑆𝐿𝑢𝑛, 𝑓 · ൬(212𝐵𝑖)𝑖𝑛𝑡𝑒𝑟𝑠, 𝐿𝑢𝑛𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝐿𝑢𝑛 − (212𝐵𝑖)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ൰ 

                          + (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐿𝑢𝑛 − (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝐿𝑢𝑛                                                               +  (212𝐵𝑖˗𝑅𝐵𝐶˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐿𝑢𝑛 − (212𝐵𝑖˗𝑅𝐵𝐶˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝐿𝑢𝑛                                                          − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑣, 𝐿𝑢𝑛 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛 

𝑑(212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐿𝑢𝑛 𝑑𝑡 = 𝐹𝐿𝑢𝑛 · ቆ(212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑉𝑒𝑖𝑛𝑉𝑉𝑒𝑖𝑛 − (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ቇ + (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝐿𝑢𝑛 

                       − (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐿𝑢𝑛 − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐿𝑢𝑛          

𝑑(208𝑇𝑙)𝑣, 𝐿𝑢𝑛 𝑑𝑡 = 𝐹𝐿𝑢𝑛 · ቆ(208𝑇𝑙)𝑉𝑒𝑖𝑛𝑉𝑉𝑒𝑖𝑛 − (208𝑇𝑙)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ቇ + 𝑃𝑆𝐿𝑢𝑛, 𝑓 · ቆ(208𝑇𝑙)𝑖𝑛𝑡𝑒𝑟𝑠, 𝐿𝑢𝑛𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝐿𝑢𝑛 − (208𝑇𝑙)𝑣, 𝐿𝑢𝑛𝑉𝑣, 𝐿𝑢𝑛 ቇ + 

𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐿𝑢𝑛 + (212𝐵𝑖)𝑣, 𝐿𝑢𝑛 + (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐿𝑢𝑛 + (212𝐵𝑖˗𝑅𝐵𝐶)𝑣,Lun] −𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑣 𝐿𝑢𝑛, 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 𝑑𝑡 = 𝑃𝑆, 𝑖 𝑃 · ൬(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝑖𝑉𝑣, 𝑖 − (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 ൰ + λrec · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 
                              +𝑘𝑜𝑓𝑓 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 − ௞௢௡௏௜௡௧௘௥௦,௜ · 𝑅𝑖 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 

                 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 
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(16) 
 
 
 
 
 

        (17) 
 

 

 

    (18) 
 
 
 
                

(19) 
 

Differential equations for the in vivo alpha particle generator for the radiolabeled SSTA-
SSTR2 complexes on cell surfaces of SSTR2-expressing tissues: 

 
 
 
 

 
                 (20) 

 

 
 
 
 
 
 
  

            (21) 
 

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 𝑑𝑡 = 𝑃𝑆, 𝑖 𝑃 · ൬(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝑖𝑉𝑣, 𝑖 − (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 ൰ + λrec · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 
                                      +𝑘𝑜𝑓𝑓 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 − ௞௢௡௏௜௡௧௘௥௦,௜ · 𝑅𝑖 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 

                                         − 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 
𝑑(212𝐵𝑖)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 𝑑𝑡 = 𝑃𝑆, 𝑖 𝑓. ൬(212𝐵𝑖)𝑣, 𝑖𝑉𝑣, 𝑖 − (212𝐵𝑖)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 ൰ − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 

                             + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏).[(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 + (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖] 
𝑑(208𝑇𝑙)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 𝑑𝑡 = 𝑃𝑆, 𝑖 𝑓. ቆ(208𝑇𝑙)𝑣, 𝑖𝑉𝑣, 𝑖 − (208𝑇𝑙)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 ቇ +𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖). [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 

                          + (212𝐵𝑖)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 +212 208 208
𝑑(208𝑃𝑏)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 + (212𝐵𝑖)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 + (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖] +𝜆𝑝ℎ𝑦(208𝑇𝑙).(208𝑇𝑙)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 𝑑𝑡 = −𝑘𝑜𝑓𝑓 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 + 𝑘𝑜𝑛𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 · 𝑅𝑖 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 
                                             − λintern · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 𝑑𝑡 = −𝑘𝑜𝑓𝑓 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 + 𝑘𝑜𝑛𝑉𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 · 𝑅𝑖 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 
                                          − λintern · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 
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Differential equations for the in vivo alpha particle generator in the endosomal compartment of 
SSTR2-expressing tissues: 
 
 
 
 
 

                                     (22) 
 

 
 
 
 

                            (23)  

 

 
 
  (24) 
  

 

               (25) 
 

 

              (26) 
             

Differential equations for the in vivo alpha particle generator in the sorting compartment 
of SSTR2-expressing tissues: 
 
 
 
 
 

                                                      (27) 
 
 
 
 
 

(28) 
 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 𝑑𝑡 = λintern · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 − λrec · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 − λsort · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖   − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 
𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 𝑑𝑡 = λintern · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖 − λrec · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖            − λs𝑜𝑟𝑡 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝐴)𝑒𝑛𝑑𝑜, 𝑖 
                      −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 
  

𝑑(212𝐵𝑖)𝑒𝑛𝑑𝑜, 𝑖 𝑑𝑡 = 𝜆𝑢𝑝 · (212𝐵𝑖)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑒𝑛𝑑𝑜, 𝑖 +𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 
𝑑(208𝑇𝑙)𝑒𝑛𝑑𝑜, 𝑖 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 + (212𝐵𝑖)𝑒𝑛𝑑𝑜, 𝑖] −𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑒𝑛𝑑𝑜, 𝑖 

𝑑(208𝑃𝑏)𝑒𝑛𝑑𝑜, 𝑖 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 + (212𝐵𝑖)𝑒𝑛𝑑𝑜, 𝑖] +𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑒𝑛𝑑𝑜 𝑖 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 𝑑𝑡 = λsort · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 − λrel · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 
                                       −𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 𝑑𝑡 = λsort · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝑖 − λrel · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 
                  −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖                     



Pharmaceutics 2021, 13, 2132 6 of 23 
 

 

 
       

                                (29) 
 
 

                   (30) 
 

 
                (31) 

 
Differential equations for the in vivo alpha particle generator in the vascular compartment 
of kidneys: 

 
 
 
 
 
 
 

(32) 
 
 
 
 
 
 
 
 
 

                              (33) 
 

 

 

 

 

          (34)       
 

 
 

     (35) 
 

𝑑(212𝐵𝑖)𝑠𝑜𝑟𝑡, 𝑖 𝑑𝑡 = −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑠𝑜𝑟𝑡, 𝑖 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 
𝑑(208𝑇𝑙)𝑠𝑜𝑟𝑡, 𝑖 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 + (212𝐵𝑖)𝑠𝑜𝑟𝑡, 𝑖] − 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑠𝑜𝑟𝑡, 𝑖 
𝑑(208𝑃𝑏)𝑠𝑜𝑟𝑡, 𝑖 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝑖 + (212𝐵𝑖)𝑠𝑜𝑟𝑡, 𝑖] + 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑠𝑜𝑟𝑡, 𝑖 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 𝑑𝑡 = 𝐹𝐾 · ൬(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾𝑉𝑣, 𝐾 ൰ + λrec · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 

             + 𝑘𝑜𝑓𝑓 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 − 𝑘𝑜𝑛𝑉𝑣, 𝐾 · 𝑅𝐾 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 

                − 𝐺𝐹𝑅 · 𝛩𝑝 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾𝑉𝑣, 𝐾 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 𝑑𝑡 = 𝐹𝐾 · ൬(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐾𝑉𝑣, 𝐾 ൰ + λrec · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 

                                     + 𝑘𝑜𝑓𝑓 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 − 𝑘𝑜𝑛𝑉𝑣, 𝐾 · 𝑅𝐾 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 

                                     − 𝐺𝐹𝑅 · 𝛩𝑝 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐾𝑉𝑣, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 

                                     − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 

𝑑(212𝐵𝑖)𝑣, 𝐾 𝑑𝑡 = 𝐹𝐾 · ൬(212𝐵𝑖)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝐵𝑖)𝑣, 𝐾𝑉𝑣, 𝐾 ൰ − 𝐺𝐹𝑅 · 𝛩𝑓 · (212𝐵𝑖)𝑣, 𝐾𝑉𝑣, 𝐾  

             +(212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐾 − (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝐾        + (212𝐵𝑖˗𝑅𝐵𝐶˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐾 − (212𝐵𝑖˗𝑅𝐵𝐶˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝐾 

           −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑣, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾                 

𝑑(212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐾𝑑𝑡 = 𝐹𝐾 · ൬(212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐾𝑉𝑣, 𝐾 ൰ + (212𝐵𝑖˗𝐻𝑊𝑃𝑃˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝐾 

                     −(212𝐵𝑖˗𝑅𝐵𝐶˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐾 − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝐻𝑊𝑃𝑃)𝑣, 𝐾 
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               (36) 
 

 
 

                                           (37) 
 

 

                                   (38) 

Differential equations for the in vivo alpha particle generator for the radiolabeled 
SSTA-SSTR2 complexes on cell surfaces of kidneys: 

 
 
 
 
 

                           (39) 
   

 
 
 
                        (40) 
 

Differential equations for in vivo alpha particle generator in the endosomal compart-
ment of kidneys: 

 
 
 
 
 
 
 
    (41) 

                  
 
 
    

 (42) 
 
 
 

𝑑(212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐾 𝑑𝑡 = 𝐹𝐾 · ൬(212𝐵𝑖˗𝑅𝐵𝐶)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐾𝑉𝑣, 𝐾 ൰ + (212𝐵𝑖˗𝑅𝐵𝐶˗𝑎𝑠𝑠) · (212𝐵𝑖)𝑣, 𝐾 

                                     − (212𝐵𝑖˗𝑅𝐵𝐶˗𝑑𝑖𝑠𝑠) · (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐾 − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑅𝐵𝐶)𝑣, 𝐾 

𝑑(208𝑇𝑙)𝑣, 𝐾 𝑑𝑡 = 𝐹𝐾 · ቆ(208𝑇𝑙)𝐴𝑟𝑡𝑉𝐴𝑟𝑡 − (208𝑇𝑙)𝑣, 𝐾𝑉𝑣, 𝐾 ቇ +𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 

              +(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 + (212𝐵𝑖)𝑣, 𝐾] − 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑣, 𝐾         

𝑑(208𝑃𝑏)𝑣, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 + (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 + (212𝐵𝑖)𝑣, 𝐾] 

               −𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑣, 𝐾               

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 𝑑𝑡 = −𝑘𝑜𝑓𝑓 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 + 𝑘𝑜𝑛𝑉𝑣, 𝐾 · 𝑅𝐾 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾 

                      −λintern · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑘 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾     

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 𝑑𝑡 = −𝑘𝑜𝑓𝑓 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 + 𝑘𝑜𝑛𝑉𝑣, 𝐾 · 𝑅𝐾 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑖𝑛𝑡𝑒𝑟𝑠, 𝑖 
                       −λintern · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑘 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑖               

                       −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝑘,                   

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 𝑑𝑡 = λintern · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 − λrec · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 

                      −λs𝑜𝑟𝑡 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾              

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 𝑑𝑡 = λintern · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑏𝑜𝑢𝑛𝑑, 𝐾 − λrec · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 

                                        − λs𝑜𝑟𝑡 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 + 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 

                          −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾              
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                            (43) 
 

     
 (44) 

 
 

        (45) 
 

Differential equations for in vivo alpha particle generator in the sorting compartment of 

kidneys: 

 
 
 
                                                   (46) 
 

 
 
                  (47) 
  

                            (48) 
 

 
          (49) 
 

 
    (50) 

 

Differential equations for in vivo alpha particle generator in the proximal tubule com-
partment of kidneys:  

 
 
 
 
 

    (51) 
  

𝑑(212𝐵𝑖)𝑒𝑛𝑑𝑜, 𝐾 𝑑𝑡 = −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑒𝑛𝑑𝑜, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 

𝑑(208𝑇𝑙)𝑒𝑛𝑑𝑜, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 + (212𝐵𝑖)𝑒𝑛𝑑𝑜, 𝐾] −  𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑒𝑛𝑑𝑜, 𝐾 

𝑑(208𝑃𝑏)𝑒𝑛𝑑𝑜, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝐴)𝑒𝑛𝑑𝑜, 𝐾 + (212𝐵𝑖)𝑒𝑛𝑑𝑜, 𝐾] + 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑒𝑛𝑑𝑜, 𝐾 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 𝑑𝑡 = λsort · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 − λ𝑟𝑒𝑙 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 𝑑𝑡 = λsort · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑛𝑑𝑜, 𝐾 − λ𝑟𝑒𝑙 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 

                                        − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 

𝑑(212𝐵𝑖)𝑠𝑜𝑟𝑡, 𝐾 𝑑𝑡 = −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑠𝑜𝑟𝑡, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 

𝑑(208𝑇𝑙)𝑠𝑜𝑟𝑡, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 + (212𝐵𝑖)𝑠𝑜𝑟𝑡, 𝐾] −  𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑠𝑜𝑟𝑡, 𝐾 

𝑑(208𝑃𝑏)𝑠𝑜𝑟𝑡, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑠𝑜𝑟𝑡, 𝐾 + (212𝐵𝑖)𝑠𝑜𝑟𝑡, 𝐾] + 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑠𝑜𝑟𝑡, 𝐾 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 𝑑𝑡 = 𝐺𝐹𝑅 · 𝛩𝑝 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑣, 𝐾𝑉𝑣, 𝐾 − 𝐺𝐹𝑅 · 𝛩𝑝 · ƒexc,p · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾𝑉𝑇𝑢𝑏, 𝐾  

                                         − λ𝑒𝑛𝑑𝑜, 𝐾 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 
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(52) 

 

 

(53) 
  

 
 

(54) 
  

(55) 

Differential equations for in vivo alpha particle generator in the renal non-specific 
uptake compartment of kidneys: 

 
 
 
                     (56) 

 

                     (57) 
  
 
 
 

(58) 
 
 
 
 

                  (58) 
  

 
           (59) 
  

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 𝑑𝑡 = 𝐺𝐹𝑅 · 𝛩𝑝 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑣, 𝐾𝑉𝑣, 𝐾 − 𝐺𝐹𝑅 · 𝛩𝑝 · ƒexc,p · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾𝑉𝑇𝑢𝑏, 𝐾  

                     −λ𝑒𝑛𝑑𝑜, 𝐾 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾            

                     −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾                   

𝑑(212𝐵𝑖)𝑇𝑢𝑏, 𝐾 𝑑𝑡 = 𝐺𝐹𝑅 · 𝛩𝑓 · (212𝐵𝑖)𝑣, 𝐾𝑉𝑣, 𝐾 − 𝐺𝐹𝑅 · 𝛩𝑓 · ƒexc,f · (212𝐵𝑖)𝑇𝑢𝑏, 𝐾𝑉𝑇𝑢𝑏, 𝐾 − λ𝑢𝑝, 𝐾 · (212𝐵𝑖)𝑇𝑢𝑏, 𝐾 

                                 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑇𝑢𝑏, 𝐾 

𝑑(208𝑇𝑙)𝑇𝑢𝑏, 𝐾 𝑑𝑡 = 𝐺𝐹𝑅 · 𝛩𝑓 · (208𝑇𝑙)𝑣, 𝐾𝑉𝑣, 𝐾 + 𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖). [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 + (212𝐵𝑖)𝑇𝑢𝑏, 𝐾] 
                 − 𝜆𝑝ℎ𝑦(208𝑇𝑙).(208𝑇𝑙)𝑇𝑢𝑏, 𝐾               

𝑑(208𝑃𝑏)𝑇𝑢𝑏, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 + (212𝐵𝑖)𝑇𝑢𝑏, 𝐾] + 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑇𝑢𝑏, 𝐾 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑛𝑜𝑛𝑠𝑝, 𝐾 𝑑𝑡 = λ𝑒𝑛𝑑𝑜, 𝐾 · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑛𝑜𝑛𝑠𝑝, 𝐾 

𝑑(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑛𝑜𝑛𝑠𝑝, 𝐾 𝑑𝑡 = λ𝑒𝑛𝑑𝑜, 𝐾 · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑛𝑜𝑛𝑠𝑝, 𝐾 

                                             − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑛𝑜𝑛𝑠𝑝, 𝐾 

𝑑(212𝐵𝑖)𝑛𝑜𝑛𝑠𝑝, 𝐾 𝑑𝑡 = λ𝑢𝑝, 𝐾 · (212𝐵𝑖)𝑇𝑢𝑏, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑛𝑜𝑛𝑠𝑝, 𝐾 −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖)𝑛𝑜𝑛𝑠𝑝, 𝐾 

𝑑(208𝑇𝑙)𝑛𝑜𝑛𝑠𝑝, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑛𝑜𝑛𝑠𝑝, 𝐾 + (212𝐵𝑖)𝑛𝑜𝑛𝑠𝑝, 𝐾] −  𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑛𝑜𝑛𝑠𝑝, 𝐾 

𝑑(208𝑃𝑏)𝑛𝑜𝑛𝑠𝑝, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖). [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑛𝑜𝑛𝑠𝑝, 𝐾 + (212𝐵𝑖)𝑛𝑜𝑛𝑠𝑝, 𝐾] + 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑛𝑜𝑛𝑠𝑝, 𝐾 
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Differential equations for in vivo alpha particle generator in the excretion compart-
ment of kidneys: 
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PBPK model parameters 

Table S1. [212Pb]Pb-SSTA-PBPK model parameters. 

[212Pb]Pb-DOTAMTATE Specific Parameters 
Variable Value Unit Source 

kon Association rate  koff / KD L·nmol-1 ·min-1 [1] 
koff Dissociation rate 0.04 min-1 [1] 
KD Dissociation constant 1 nmol·L-1 [1] 𝜆phy (212Pb) Physical decay rate of 212Pb 0.00109 min-1 [2]  

ƒ Dissociation fraction of Bi-DOTAM-
TATE complex 

0.16 _ [3] 𝜆phy,ex(212Pb) Beta physical decay rate of 212Pb to the 
excited states of 212Bi 

ƒ·𝜆phy(212Pb) min-1 [3] 𝜆phy,gr(212Pb) Beta physical decay rate of 212Pb di-
rectly to the ground states 

(1-ƒ)·𝜆phy(212Pb) min-1 [3] 𝜆phy,β (212Bi) Beta physical decay rate of 212Bi 0.00732 min-1 [2] 𝜆phy,α (212Bi) Alpha physical decay rate of 212Bi 0.00412 min-1 [2] 𝜆phy,β (208Tl) Beta physical decay rate of 208Tl 0.22360 min-1 [2] 
EPb,β Emitted energy by beta decay of 212Pb 0.57  MeV [2] 
EBi,β Emitted energy by beta decay of 212Bi 2.2  MeV [2] 
EBi,α Emitted energy by alpha decay of 212Bi 6.1  MeV [2] 

EPo,α Emitted energy by alpha decay of 
212Po 

8.8 MeV [2] 

ETl,β Emitted energy by beta decay of 208Tl 1.8 MeV [2] 

𝑑(212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑥𝑐, 𝐾 𝑑𝑡 = 𝐺𝐹𝑅 · 𝛩𝑝 · ƒexc,p · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾𝑉𝑇𝑢𝑏, 𝐾 − 𝜆𝑝ℎ𝑦(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑥𝑐, 𝐾 

𝑑(212𝐵𝑖˗𝑆𝑆𝐴)𝑒𝑥𝑐, 𝐾 𝑑𝑡 = 𝐺𝐹𝑅 · 𝛩𝑝 · ƒexc,p · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑇𝑢𝑏, 𝐾𝑉𝑇𝑢𝑏, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑔𝑟(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑥𝑐, 𝐾 

                                          − 𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑥𝑐, 𝐾 

𝑑(212𝐵𝑖)𝑒𝑥𝑐, 𝐾 𝑑𝑡 = 𝐺𝐹𝑅 · 𝛩𝑓 · ƒexc,f · (212𝐵𝑖)𝑇𝑢𝑏, 𝐾𝑉𝑇𝑢𝑏, 𝐾 + 𝜆𝑝ℎ𝑦, 𝑒𝑥(212𝑃𝑏) · (212𝑃𝑏˗𝑆𝑆𝑇𝐴)𝑒𝑥𝑐, 𝐾 

                         −𝜆𝑝ℎ𝑦(212𝐵𝑖) · (212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑥𝑐, 𝐾 

𝑑(208𝑇𝑙)𝑒𝑥𝑐, 𝐾 𝑑𝑡 = 𝐺𝐹𝑅 · 𝛩𝑓 · ƒexc,f · (212𝐵𝑖)𝑇𝑢𝑏, 𝐾𝑉𝑇𝑢𝑏, 𝐾 + 𝜆𝑝ℎ𝑦, 𝛼(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝑇𝐴)𝑒𝑥𝑐, 𝐾 + (212𝐵𝑖)𝑒𝑥𝑐, 𝐾] 
                         − 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑒𝑥𝑐, 𝐾 

𝑑(208𝑃𝑏)𝑒𝑥𝑐, 𝐾 𝑑𝑡 = 𝜆𝑝ℎ𝑦, 𝛽(212𝐵𝑖) · [(212𝐵𝑖˗𝑆𝑆𝐴)𝑒𝑥𝑐, 𝐾 + (212𝐵𝑖)𝑒𝑥𝑐, 𝐾] + 𝜆𝑝ℎ𝑦(208𝑇𝑙) · (208𝑇𝑙)𝑒𝑥𝑐, 𝐾 
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Mice Specific Parameters 
BW Body weight of a mouse 0.03 kg  
H Hematocrit 0.45 unity [4] 
VP Volume of total body serum  0.059·BW L [5] 
CO Cardiac output CO=0.275·(BW(kg))0.75 L·min-1 [6] 

Tumor 
VT,total Total volume of tumor  300·10-6 L [7] 
Vint,T   Interstitial space of tumor  vt,int·VT,total  L  
Vv,T   Vascular (serum) space of tumor  vt,v·VT,total ·(1-H) L  

VvRBC,T   Vascular (RBC) space of tumor  vt,v·VT,total ·(H/(1-H)) L  

vt,int Fraction of the interstitial space to the 
total tumor volume 0.4  unity [1] 

vt,v Fraction of the vascular space to the 
total tumor volume 0.1  unity [1] 

FT Serum flow to tumor  fT·VT,total L·min-1  
fT Serum flow density to tumor fitted mL·min-1·g-1  

PST Permeability surface area product of 
peptides in tumor 

kT·VT, total mL·min-1  

kT 

Permeability surface area product of 
peptides per unit mass of tumor 

(scaled for molecule size of DOTAM-
TATE) 

0.31 mL·min-1·g-1 [1] 

[RT] sst2 receptor density of tumor fitted nmol·L-1  
RT sst2 receptor number of tumor [RT]·VT,total nmol  𝜆T,release Release rate of tumor 0.0 (Preliminary fit) min-1  

Kidneys 
GFR Glomerular filtration rate for mice 0.0001 L·min-1  

Θp Ratio of sieving coefficient for pep-
tides 

0.97 unity [8] 

Filtrationp Filtration of peptides GFR·Θp L·min-1  
ƒexc,p Excretion fraction of peptides 0.98 Unity  

Excretionp Excretion of peptides Filtrationp·ƒexc,p L  

Θf 
Ratio of sieving coefficient for free ra-

dionuclides 1 unity [9] 

Filtrationf Filtration of free radionuclides GFR·Θf L·min-1  

ƒexc,f Excretion fraction of free radionu-
clides 0.0 Unity [10] 

Excretionf Excretion of free radionuclides Filtrationf·ƒexc,f L  
Other Organs  

Vi,total Total volume of tissue i  L  
VK,total Total volume of kidneys  0.019·BW L [11] 
VL,total Total volume of liver  0.069·BW L [11] 
VSp,total Total volume of spleen  0.005·BW L [11] 

VPanc,total Total volume of pancreas 0.003·BW L [11] 

VGI,total Total volume of gastrointestinal tract 
(GI) 

0.037·BW L [11] 

VAd,total Total volume of adrenal gland 0.0005·BW L [6] 
VLun,total Total volume of lung 0.007·BW L [11] 
VMus,total Total volume of muscle 0.403·BW L [11] 
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VSkin,total Total volume of skin 0.188·BW L [11] 
VHrt,total Total volume of heart 0.005·BW L [11] 
VBr,total Total volume of brain 0.017·BW L [11] 

VBone,total Total volume of bone (0.054/ρBone)·BW L [6] 
ρBone Marrow-free bone density 1.92 g·cm-3 [6] 

VFat,total Total volume of fat (0.071/ρFat)·BW l [11] 
ρFat Fat density 0.92 g·cm-3 [6] 

VBW Volume of total body based on BW 
except tumor 

1 ml ≙ 1 g (for all body organs 
except bone and fat) 

L  

VRB,total Total volume of remainder of body −
i

totaliBW VV ,
 L  

Vv,i Vascular (serum)  volume of tissue i Vi,total·vv,i L  

vv,i 
Fraction of the vascular serum vol-

ume to total tissue volume of an aver-
age mouse 

Vi,v/ Vi,total unity  

Vv,K Vascular (serum) volume of kidneys VK,total·0.055 L [11] 
Vv,L Vascular (serum) volume of liver VL,total·0.085 L [11] 
Vv,Sp Vascular (serum) volume of spleen VSp,total·0.121 L [11] 

Vv,Panc Vascular (serum) volume of pancreas VPanc,total·0.055 L [11] 
Vv,GI Vascular (serum) volume of GI VGI,total·0.032 L [11] 
Vv,Ad Vascular (serum) volume of Adrenal VAd,total·0.03·(1-H) L [6] 
Vv,Lun Vascular (serum) volume of lung VLun,total·0.145 L [11] 
Vv,Mus Vascular (serum) volume of muscles VMus,total·0.022 L [11] 
Vv,Skin Vascular (serum) volume of skin VSkin,total·0.037 L [11] 
Vv,Hrt Vascular (serum) volume of heart VHrt,total·0.038 L [11] 
Vv,Br Vascular (serum) volume of brain VBr,total·0.022 L [11] 

Vv,Bone Vascular (serum) volume of bone VBone,total·0.11·(1-H) L [6] 
Vv,Fat Vascular (serum) volume of fat VFat,total·0.011 L [11] 

VArt Arterial serum plus ½ serum content 
of heart 

0.06·VP + 0.045·VP  L [12] 

VVein Venous serum plus ½ serum content 
of heart 

0.18·VP + 0.045·VP L [12] 

Vv,RB Serum volume of remainder of body −
i

viP VV ,
 L  

VRBC Total volume of red blood cells (RBC) BW·0.0276 L [11] 
VvRBC,i Vascular RBC volume of tissue i ƒsc·Vi,total·vvRBC,i L  

ƒsc Scaling factor 0.86 Unity  

vvRBC,i 
Fraction of the vascular (RBC) volume 

to total tissue volume of an average 
mouse 

Vv,RBC,i/ Vi,total L  

VvRBC,K Vascular (RBC) volume of kidneys ƒsc·VK,total·0.045 L [11] 
VvRBC,L Vascular (RBC) volume of liver ƒsc·VL,total·0.069 L [11] 
VvRBC,Sp Vascular (RBC) volume of spleen ƒsc·VSp,total·0.099 L [11] 

VvRBC,Panc Vascular (RBC) volume of pancreas ƒsc·VPanc,total·0.045 L [11] 
VvRBC,GI Vascular (RBC) volume of GI ƒsc·VGI,total·0.01 L [11] 
VvRBC,Ad Vascular (RBC) volume of Adrenal ƒsc·VAd,total·0.03·H L [11] 
VvRBC,Lun Vascular (RBC) volume of lung ƒsc·VLun,total·0.118 L [11] 
VvRBC,Mus Vascular (RBC) volume of muscles ƒsc·VMus,total·0.018 L [11] 
VvRBC,Skin Vascular (RBC) volume of skin ƒsc·VSkin,total·0.031 L [11] 
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VvRBC,Hrt Vascular (RBC) volume of heart ƒsc·VHrt,total·0.032 L [11] 
VvRBC,Br Vascular (RBC) volume of brain ƒsc·VBr,total·0.018 L [11] 

VvRBC,Bone Vascular (RBC) volume of bone ƒsc·VBone,total· 0.01·H L [6] 
VvRBC,Fat Vascular (RBC) volume of fat ƒsc·VFat,total·0.008 L [11] 

VArt,RBC 
Arterial RBC plus ½ RBC content of 

heart ƒsc·(0.06·VP+0.045·VP)  L [1] 

VVein,RBC Venous RBC plus ½ RBC content of 
heart ƒsc·(0.18·VP+0.045·VP) L [1] 

VvRBC,RB* RBC volume of remainder of body  ƒsc·VvRBC,Ad L  
Vinters,i Interstitial volume of tissue i Vi,total·vi,inters L  

vinters, i Fraction of interstitial volume to total 
tissue volume of an average mouse 

Vinters,i/ Vi,total unity  

Vinters,L Interstitial volume of liver VL,total·0.2 L [11] 
Vinters,Sp Interstitial volume of spleen VSp,total·0.2 L [11] 

Vinters,Panc Interstitial volume of pancreas VPanc,total·0.17 L [11] 
Vinters,GI Interstitial volume of GI VGI,total·0.35 L [11] 
Vinters,Ad Interstitial volume of Adrenal VAd,total·0.2 L [1] 
Vinters,Lun Interstitial volume of lung VLun,total·0.19 L [11] 
Vinters,Mus Interstitial volume of muscle VMus,total·0.13 L [11] 
Vinters,Skin Interstitial volume of skin VSkin,total·0.33 L [11] 
Vinters,Hrt Interstitial volume of heart VHrt,total·0.14 L [11] 
Vinters,Bone Interstitial volume of bone VBon,total·0.19 L [11] 
Vinters,Fat Interstitial volume of fat VFat,total·0.17 L [11] 

Vinters,RB Interstitial volume of remainder of 
body 

VRB,total·0.17 L [11] 

VK_Prox_Tub Volume of kidneys proximal tubules 0.0001449 L [13,14] 
F_total_blood Total blood flow rate CO L·min-1  
F_total_RBC Total RBC flow rate H·CO L·min-1  

F_total_Serum Total serum flow rate (1-H)·CO L·min-1  
Fi Flow rate of blood to tissue i CO·fi L·min-1  

Fi,RBC Flow rate of RBC to tissue i  H·CO·fi L·min-1  
Fi,p Flow rate of serum to tissue i (1-H)·CO·fi L·min-1  

fi 
Fraction of flow rate to tissue i to 

F_total_blood of an average mouse Fi/F_total_blood unity  

fK 
Fraction of Kidney blood flow rate to 

F_total_blood 0.184 unity [11] 

fL 
Fraction of liver blood flow rate to 

F_total_blood 0.028 unity [11] 

fSp Fraction of spleen blood flow rate to 
F_total_blood 0.022 unity [11] 

fPanc Fraction of pancreas blood flow rate 
to F_total_blood 0.017 unity [11] 

fGI Fraction of GI blood flow rate to F_to-
tal_blood 0.135 unity [11] 

fAd Fraction of Adrenal blood flow rate to 
F_total_blood 0.0027 unity [15] 

fLun Fraction of lung blood flow rate to 
F_total_blood 

1 unity [11] 

fMus Fraction of muscle blood flow rate to 
F_total_blood 

0.231 unity [11] 
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fSkin Fraction of skin blood flow rate to 
F_total_blood 

0.075 unity [11] 

fHrt Fraction of heart blood  flow rate to 
F_total_blood 

0.098 unity [11] 

fBone Fraction of bone blood flow rate to 
F_total_blood 

0.041 unity [11] 

fFat Fraction of fat blood flow rate to F_to-
tal_blood 

0.036 unity [11] 

fRB Fraction of RB blood flow rate to F_to-
tal_blood 

fAd L·min-1  

 
[212Pb]Pb-DOTAMTATE and Mice Relevent Parameters 

PSi,p Permeability surface area product of 
peptides for tissue i 

ki,p·Vi,total mL·min-1  

ki,p Permeability surface area product of 
peptides per unit mass of tissue i 

 mL·min-1·g-1  

kMus,p Permeability surface area product of 
peptide per unit mass of muscle 

0.02 mL·min-1 ·g-1  

kL,p 
Permeability surface area product of 

peptide per unit mass of liver kMus,p·500 mL·min-1 ·g-1 [16] 

kSp,p 
Permeability surface area product of 

peptide per unit mass of spleen kMus,p·500  mL·min-1·g-1 [16] 

kPanc,p 
Permeability surface area product of 

peptide per unit mass of pancreas kMus,p·100 mL·min-1 ·g-1 [16] 

kGI,p 
Permeability surface area product of 

peptide per unit mass of GI kMus,p mL·min-1 ·g-1 [16] 

kAd,p 
Permeability surface area product of 

peptide per unit mass of adrenal kMus,p·100 mL·min-1 ·g-1 [16] 

kLun,p 
Permeability surface area product of 

peptide per unit mass of lung kMus,p·100 mL·min-1·g-1 [16] 

kSkin,p 
Permeability surface area product of 

peptide per unit mass of skin kMus,p mL·min-1·g-1 [16] 

kHrt,p 
Permeability surface area product of 

peptide per unit mass of heart kMus,p mL·min-1·g-1 [16] 

kBone,p 
Permeability surface area product of 

peptide per unit mass of bone kMus,p mL·min-1·g-1 [16] 

kFat,p 
Permeability surface area product of 

peptide per unit mass of fat kMus,p mL·min-1·g-1 [16] 

kRB,p 
Permeability surface area product of 

peptide per unit mass of remainder of 
body 

kMus,p mL·min-1·g-1 [16] 

PSi,f 
Permeability surface area product of 

free radionuclides for tissue i ki,f · Vi,total mL·min-1  

ki,f 
Permeability surface area product of 
free radionuclides per unit mass of 

tissue i 
 mL·min-1 ·g-1  

kMus,f 
Permeability surface area product of 
free radionuclides per unit mass of 

muscle 
0.22 mL·min-1 ·g-1 [10] 



Pharmaceutics 2021, 13, 2132 15 of 23 
 

 

kL,f 
Permeability surface area product of 
free radionuclides per unit mass of 

liver 
kMus,f·500 mL·min-1 ·g-1 [16] 

kSp,f 
Permeability surface area product of 
free radionuclides per unit mass of 

spleen 
kMus,f·500  mL·min-1·g-1 [16] 

kPanc,f Permeability surface area product per 
unit mass of pancreas kMus,f·100 mL·min-1 ·g-1 [16] 

KGI,f Permeability surface area product of 
free radionuclides per unit mass of GI kMus,f mL·min-1 ·g-1 [16] 

kAd,f 
Permeability surface area product of 
free radionuclides per unit mass of 

adrenal 
kMus,f·100 mL·min-1 ·g-1 [16] 

kLun,f 
Permeability surface area product of 
free radionuclides per unit mass of 

lung 
kMus,f·100 mL·min-1·g-1 [16] 

kSkin,f 
Permeability surface area product of 
free radionuclides per unit mass of 

skin 
kMus,f mL·min-1·g-1 [16] 

kHrt,f 
Permeability surface area product of 
free radionuclides per unit mass of 

heart 
kMus,f mL·min-1·g-1 [16] 

kBone,f 
Permeability surface area product of 
free radionuclides per unit mass of 

bone 
kMus,f mL·min-1·g-1 [16] 

kFat,f 
Permeability surface area product of 

free radionuclides per unit mass of fat kMus,f mL·min-1·g-1 [16] 

kRB,Bi 
Permeability surface area product of 

free radionuclides per unit mass of re-
mainder of body 

kMus,f mL·min-1·g-1 [16] 𝜆intern Internalization rate of peptides 0.17 min-1 [17] 𝜆rec Recycling rate of peptides 0.05 min-1 [18] 𝜆sort Sorting rate of peptides fitted min-1  𝜆rel,NT Release rate in normal tissues 0.0 (Preliminary fit) min-1  𝜆rel,Pan Release rate in pancreas fitted min-1  𝜆rel,k Release rate in kidneys fitted min-1  𝜆rel,T Release rate in Tumor 0.0 (Preliminary fit) min-1  𝜆up,liv 
The uptake rate of free 212Bi by liver 

cells 0.86 min-1 [10] 𝜆up,GI The uptake rate of free 212Bi by GI cells 0.27 min-1 [10] 𝜆up,Sp The uptake rate of free 212Bi by spleen 
cells 𝜆up,GI min-1 [10] 𝜆up,Panc The uptake rate of free 212Bi by pancre-

atic cells 𝜆up,GI min-1 [10] 𝜆up,Bone The uptake rate of free 212Bi by Bone 
cells 3.85 min-1 [10] 𝜆up,Skin The uptake rate of free 212Bi by Skin 
cells 

0.04 min-1 [10] 𝜆up,Mus The uptake rate of 212Bi by Muscle 
cells 

0.007 min-1 [10] 
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𝜆up,Fat The uptake of 212Bi by Fat cells 𝜆up,Mus min-1 [10] 𝜆up,Lung The uptake of 212Bi by Lung cells 𝜆up,GI min-1 [10] 𝜆up,Hrt The uptake of 212Bi by Heart cells 𝜆up,Mus min-1 [10] 𝜆up,K 
The uptake of 212Bi by epithelial cells 

of proximal tubules 1 min-1 [10] 𝜆up,RB 
The uptake of 212Bi by remainder of 

body 𝜆up,Mus min-1 [10] 𝜆Endo,k Renal non-specific uptake 0.03 min-1  

Bi-RBC-ass First order association rate of free 212Bi 
with RBC 0.01 min-1 [10] 

Bi-HWPP-ass 
First order association rate of free 212Bi 

with high molecular weight plasma 
proteins 

0.20 min-1 [10] 

Bi-RBC-diss 
First order dissociation rate of Bi-RBC 

complex 0.017 min-1 [10] 

Bi-HWPP-diss First order dissociation rate of Bi-
HWPP complex 0.20 min-1 [10] 

[Ri] sst2 receptor density of in tissue i fitted nmol·L-1  
Ri sst2 receptor amount in tissue i [Ri]·Vi,total nmol  

[Rk] sst2 receptor density of in Kidneys fitted nmol·L-1  
[Rpan] sst2 receptor density of in pancreas fitted nmol·L-1  
[RSp] sst2 receptor density of in spleen fitted nmol·L-1  
[RLiv] sst2 receptor density of in liver fitted nmol·L-1  
[RLun] sst2 receptor density of in lung fitted nmol·L-1  

[RAd] sst2 receptor density of in adrenal 
gland 

0.4·[Rpan] nmol·L-1 [19] 

[RGI] sst2 receptor density of in GI 0.75·[Rpan] nmol·L-1 [19] 
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Suplement B: Biokinetic data for fitting 
Biokinetic data of [212Pb]Pb-DOTAMTATE reported by Stallon et al. [7] used for fit-

ting the model parameters 

Table S2. Non-decay corrected %ID/g for [212Pb]Pb-DOTAMTATE in different tissues of unanesthe-
tized AR42J-bearing mice at different time points. 

Time (min)  Kidneys Liver Spleen Pancreas Tumor Lung 
60 18.7 1.4 3.8 31 21 7.9 
240 12.3 0.7 2.3 11.6 17.3 5 

1440 2.1 0.1 0.5 1 5.2 1.3 

Suplement C: Therapeutic ratios of all tissues using the 212Pb-SSTA-PBPK model 

 
Figure S1. Comparison of the therapeutic potency of the in vivo alpha generator [212Pb]Pb-SSTA 
(upper panel) and [212Bi]Bi-SSTA (lower panel). The absorbed doses in SSTR2-expressing tissues 
(solid lines) and non-SSTR2-expressing tissues (dotted lines) were calculated for different injected 
amounts, with activity chosen such that kidneys always receive a dose of 23 Gy. The logarithmic 
presentation of the absorbed doses shows that the absorbed doses in non-SSTR2-expressing tissues 
in both figures are low and follow the same patterns. 
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Supplement D: Sensitivity Analyses 
Sensitivity analyses were performed using a feature of the SAAM II modeling soft-

ware that produces sensitivity plots of different model results for all fitted parameters 
listed in table 1. The time course of the injected dose per gram (ID/g) of tumor and organs 
at risk, i.e. kidneys and pancreas were investigated using a plausible range for the fitted 
input parameters (mean ± 0, 1, 2 and 3 SD). The generated sensitivity plots are shown 
below in Figures S2, S3 and S4.  

 
Figure S2. Kidneys sensitivity plots. The time course of the injected dose per gram (ID/g) of kidneys 
was investigated using a plausible range for the fitted input parameters (mean ± 0, 1, 2 and 3 SD). 
The uncertainty of the fitted pharmacokinetic parameters do not have a large influence on the ID/g 
time course of the kidneys. 
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Figure S3. Tumor sensitivity plots. The time course of the injected dose per gram (ID/g) of tumor 
was investigated using a plausible range for the fitted input parameters (mean ± 0, 1, 2 and 3 SD). 
The SSTR2 density and the perfusion have a large influence on the time course of ID/g, which is 
related to their high uncertainty. 
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Figure S4. Pancreas sensitivity plots. The time course of the injected dose per gram (ID/g) of pan-
creas was investigated using a plausible range for the fitted input parameters (mean ± 0, 1, 2 and 3 
SD). SSTR2 density and release rate of pancreas have a large influence on ID/g time course of the 
pancreas. 
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Supplement E: Evaluation of the Predictive Performance of the 212Pb-SSTA-PBPK 
Model 

Model parameters were fitted to the biokinetic data of the main biodistribution study 
performed by Stallons et al. (Figure 1 [7]). An initial evaluation for the predictive capacity 
of the developed model can be performed by simulating other studies shown in Supple-
mental Figure S2.A [7] (Effect of sex on 212Pb-DOTAMTATE), Supplemental Figure S2.B 
[7] (Effect of specific activity on 212Pb-DOTAMTATE) and Supplemental Figure S7 [7] (Bi-
odistribution of 203Pb-DOTAMTATE). For fitting or validation, important information re-
quired in addition to biokinetic data are the injected amount, activity and tumor volume. 
Unfortunately, the only biodistribution study in the above-mentioned publication that 
provides all these three prerequisites is in Figure 1 [7], whose data have been fitted. In 
addition, the animal model used in Figure 1 [7] (Athymic nude mice) differs from that 
used in Supplemental Figure S2 and Figure S7 [7] (CD-1 mice), a difference that certainly 
affects the measured biodistribution. 

Nevertheless, based on assumptions described below, the predictive capacity of the 
212Pb-PBPK model was investigated in non-tumor-bearing mice. Thus, errors related to the 
non-specified tumor volume were avoided, as this has a considerable impact on biodistri-
bution (sink effect) [20]. Accordingly, the biodistributions in Supplemental Figure S2.A 
and Figure S7 [7], that is, the effect of sex and the biodistribution of the imaging surrogate 
203Pb-DOTAMTATE, respectively, were simulated as follows: 

 
A. The effect of sex on the biodistribution of 212Pb-DOTAMTATE: 

Since the injected amount and activity are not explicitly given, the injected amount 
was assumed the same as the amount used previously in fitting the main biodistribution 
of 212Pb-DOTAMTATE in Figure 1 [7] (5 µCi with specific activity of 2.4 µCi/ng). The 212Pb-
PBPK model was adapted to simulate a non-tumor-bearing mouse by setting the perfu-
sion rate to the tumor to zero. The simulation results are shown in Table S3. 

Table S3. The predicted values of %ID/g for relevant tissues after injecting 5 µCi of 212Pb-DOTAM-
TATE with a specific activity of 2.4 µCi/ng. 

Time (h) Kidneys Liver Lung Pancreas Spleen Tumor GI Heart Muscle Brain 
4 17.3 0.8 6.8 19.8 2.9 0.0 9.2 0.1 0.1 0.0 

24 10.7 0.6 6.2 4.9 2.6 0.0 2.3 0.0 0.0 0.0 

The simulated biodistribution of 212Pb-DOTAMTATE agrees better with the meas-
ured biodistribution in the kidneys of males than with that of females at the investigated 
time points [7]. This can be attributed to the use of volumes of organs and sub-organs of 
a standard mouse as described in Supplemental table S1. Taking into account that the 
standard deviations for the published biodistributions in male and female mice are high, 
the simulation results of the model agree with the measurements in kidneys.  

Using the same argument, the model simulations for pancreas and lung are also in 
good agreement with the published results in Supplemental Figure S2 [7]. The uptakes in 
liver and spleen will be discussed below. 

 
B. The biodistribution of the theranostic pair 212/203Pb-DOTAMTATE:  

The virtual non-tumor-bearing mouse was adapted to simulate the imaging surro-
gate 203Pb-DOTAMTATE by changing the physical decay rate. The injected amount of 
203Pb-DOTAMTATE was also assumed to be equal to the amount used in Figure 1. As 
expected, the decay-corrected results are the same as in Table 1 and that agrees with the 
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conclusion of Stallons et al. Notably, Supplemental Figure S7 shows a systematic differ-
ence in the uptakes of tissues: 203Pb-DOTAMTATE is slightly higher than 212Pb-DOTAM-
TATE in all tissues except kidneys, where it is vice versa. As the injected activities and 
amounts of 212/203Pb-DOTAMTATE are not reported, a full interpretation of the measured 
%ID/g is not possible. The published biodistributions of 212Pb-DOTAMTATE in non-tu-
mor-bearing mice are also inconsistent (Supplemental Figure S2.A and Figure S7, partic-
ularly for liver, spleen, and lung. Although the predicted uptakes in liver and spleen are 
consistent with the published results in Supplemental Figure S7, they differ from those in 
Supplemental Figure S2A. Nevertheless, the model adequately describes the uptakes of 
212/203Pb-DOTAMTATE in kidneys, liver and spleen in Supplemental Figure S7. 


