
Physiologically-based pharmacokinetic modelling for novel radiophar-
maceuticals using a multilevel object-oriented modelling methodology

Abstract
Novel therapeutic radiopharmaceuticals (RPs) are 
focussing on alpha emitting nuclides. To assess 
dosimetric impact of these novel radiopharmaceuticals 
we developed a multilevel object-oriented physiologically 
based pharmacokinetic (PBPK) model in PhysPK (figure 
1 and 2) for the treatment of neuroendocrine tumours, 
based on a PBPK model previously developed by Kletting 
et al. For this study we used a pre-therapeutic scan to 
determine patient specific uptake of the RP in healthy 
and tumorous tissue and simulated a treatment with 
Lu-177-DOTATATE and Pb-212-DOTATATE with a total 
administration of 145 nmol DOTATATE of which 10 
nmol is labelled with either Lu-177 or Pb-212 (see figure 
3 for their decay chain). We compared the amount of 
radioactive compound accumulated in the liver, spleen, 
kidney and the tumour at the different sub-tissue 
levels. For each organ the cumulated activity per unit 
of administered activity is determined and the fraction 
of the activity located in the vascular, interstitial and 
cellular space is estimated (figure 4). The cumulated 
activity per unit of administered activity of Pb-212 was 
found to be 20 to 26% of the Lu-177 cumulated activity 
per unit of administered activity for the evaluated tissues 
(table 1). The distribution of the radiopharmaceutical 
between the different sub-tissue levels was found to be 
comparable for each radiopharmaceutical including the 
progeny. This is expected because both the physiological 
and pharmacokinetic parameters are equal. However, 
although the fraction of receptors bound with DOTATATE
remains equal, the fraction bound with radioactive 
DOTATATE declines more quickly for Pb-212 and its 
progeny due to differences in decay time. This means 
that the time in which the total dose is delivered to the 
tissue is shorter for Pb-212. Although further validation 
is needed, the multilevel PBPK model had demonstrated 
its use for applications in targeted alpha therapy. 

Materials and methods

     
Figure 1 The PBPK model programmed in PhysPK 
(schematic on the left side) showed that the model 
is constructed out of compartments representing the 
different tissue, like for example the spleen. In each of the 
compartments we can simulate the activity accumulation 
over time and translate this to a graphical interface.
___________________________________________________________

Figure 2 The compartments in the PBPK model are 
constructed out of several levels. To construct the model 
you have to develop a level 1 tissue model. Below this level 

1 tissue you can see the structure of the tissue to simulate 
the transport of SST2 analogues (level 2), showing that the 
SST2 analogues passage the tissue via blood flow in the 
vascular compartment. From the vascular compartment the 
SST2 analogues enter the interstitial space of the tissue via 
extravasation. In the interstitial space the SST2 analogues 
can bind to available free receptors and internalize into 
the cell where it degrades. For each tissue segment (the 
vascular and interstitial space, the binding face and cell 
space, the purple spheres) a balance is constructed (level 
3) to ensure stoichiometric consistence. In the balance all 
important processes like nuclear decay and elimination are 
included. 
___________________________________________________________

Figure 3 In this study we compared the distribution of the 
therapeutic DOTATATE SST2 analogue labelled with the 
more common a) Lu-177 radionuclide and the novel b) Pb-
212 radionuclide for which their decay chain are shown in 
the figure above.

Ramona Bouwman and Govert de With    Contact: r.bouwman@nrg.eu    Nuclear Research & Consultancy Group (NRG), P.O. Box 9034, 6800 ES Arnhem, The Netherlands – www.nrg.eu

•	Binding parameters of the SST2 analogues labelled  
with different radionuclides are assumed to be equal;

•	Recoil is ignored; 

•	The total amount of administered SST2 analogues  
and its labelled fraction are assumed to be equal;

•	Patients specific details obtained from a pre-therapeutic  
scan can be used for therapeutic assessment.

Level 1: symbol of 
SST2 positive tissue

Level 2: SST2 positive tissue consisting 
out of pools and membranes to simulate 
the transport of SST2 analogues to the 
different tissue segments.

Level 3: Inside each pool a balance is included for a  stoichiometric 
consistency check
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Figure 4 Distribution of the amount of DOTATATE labelled with either Pb-212 or Lu-177 in respectively the spleen and one of 
the tumours. Differences in uptake is expected to result from differences in nuclear decay.

Table 1 Cumulated activity per unit of administered activity in hours (Ãs/A0) [h] for selected organs and tumour tissue.

Study assumptions
For this study we make use of a novel therapeutic 
radiopharmaceutical: Pb-212 DOTATATE. Details of the 
affinity profile, expected labelled fraction and the amount 
of DOTATATE to be injected are not yet determined and 
therefore based on assumptions. These assumptions are 
provided in table 2. Future sensitivity analysis should 
provide more information about the importance of these 
assumptions and the dosimetric impact. 

Conclusions and future work
This proof of concept study based on a single pre-
therapeutic scenario showed that the multilevel PBPK 
model can be used for applications in targeted alpha 
therapy although further validation is needed. 
One of the subsequent steps to include in the PBPK-
model are different dissociation parameters for different 
ligands and inclusion recoil. Once this is included, the 
model allows us to conduct dosimetric evaluations 
of such novel radiopharmaceutical and the first steps 
towards validation can be made.
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Cumulative activity Ãs/A0 [h] Lu177-DOTATATE Pb212-DOTATATE Difference [%]

Spleen 2.47·103 5.16·102 21

Liver 3.66·103 8.47·102 23

Kidney 2.33·103 5.07·102 22

Tumour 1 2.27·101 5.83·100 26

Tumour 2 6.61·101 1.57·101 24

Table 2 Summary of the most important assumptions
for this studytissue.


