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radionuclide therapy under usage of alpha and beta emitters, 
one needs to study the energy deposition in the space of DNA 
at the nanometerscale. Monte Carlo track structure simulations 
provide access to interactions at the molecular level. Materials 
and Methods: This study employed the TOol for PArtcile Simulation 
(TOPAS) based on the Geant4 simulation toolkit. Simulation of 
the nuclear DNA and damage scoring were performed using the 
TOPAS-nBio extension (nucleus radius: 4.65 µm, 46 chromosomes 
with 6077.9356 mega baise pairs (Mbp), DNA density: 14.4316 
Mbp/µm3). The cells were assumed to consist of a cytoplasm and 
a nucleus, and two cell arrangement scenarios (2D and 3D) were 
used. The central cell was considered for scoring of the radiation 
induced DNA damage. The radioactive isotopes Lu-177 (10, 100 
and 500 source points per cell) and Ac-225 (1, 2 and 5 source 
points per cell) were randomly distributed in the cytoplasm (full 
internalization) and on the cell surface (membrane-bound). Two 
cell geometries of equal volume were considered: a sphere of a 10 
µm radius and an ellipsoid with the semi-axes 12.5 µm, 8 µm and 
10 µm. The simulation provided the number of direct, indirect and 
mixed base damages, single- (SSB) and double-strand breaks (DSB) 
and the absorbed dose to the nucleus. Results: As the number of 
the Lu-177 and Ac-225 source points increased, the absorbed dose 
to the nucleus and the number of DNA SSBs and DSBs increased 
linearly. In case of spherical geometry and full internalization, 
the DSB yield was 26 and 13 DSBs Gy-1 Gbp-1 for Ac-225 and Lu-
177, respectively, resulting in a radiobiological effectiveness (RBE) 
value of 2 for Ac-255 with regard to Lu-177. The change of the cell 
geometry, cell arrangement and the internalization assumption 
led to similar DSB yields and the RBE values ranging between 1.8 
and 2.5. Conclusion: The Monte Carlo track structure approach 
allows to access important radiobiological quantities to describe 
the treatment effect of different radiation qualities. The preliminary 
results indicate small effects of geometry and internalization on the 
DSB yield and the RBE. 
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Aim/Introduction: In radiopharmaceutical therapies (RPTs), the 
implementation of appropriate regimens based on amount and 
frequency of injected radioactivity has the potential to improve 
the efficacy of treatments. In the present work, a physiologically 
based pharmacokinetic (PBPK) model is developed, for 177Lu-
labeled prostate-specific membrane antigen (PSMA) peptides, to 
investigate the effect of metronomic RPT on absorbed doses in 
tumors as well as dose-limiting organs such as kidneys and salivary 
glands, including the effect of the duration of radiopharmaceuticals 

infusions on the absorbed doses. Materials and Methods: A 
PBPK model consisting of 18 compartments was developed, with 
parameters set based on the data presented by Kletting et al. [1]. 
The injected radioactivity of 5.4GBq (with total peptide amount 
of 98nmol) was divided into 2 to 6 equal doses and their infusion 
was simulated using our PBPK model for different frequencies of 
administrations (range of time intervals between each injection 
are 6-36 hour). Results: Results indicate that despite keeping the 
total amount of administrated radioactivity constant, increasing the 
frequency of radiopharmaceutical infusion increases the absorbed 
dose in tumors as well as dose-limiting organs. For two- to six-stage 
infusions, the absorbed dose increases by 10-51% and 16-73% for 
two distinct tumors 1 (1mL) and 2 (34mL), by 13-68% for kidneys 
and by 6-37% for salivary glands, compared to single-dose infusion, 
depending on injection time-intervals. More receptors are saturated 
in less metronomic RPT, so increasing the frequency of infusion 
leads to increased binding of labeled peptides to receptors during 
therapy. For example, receptors that are free are 65%, 76% and 90% 
of their initial density for 1, 2 and 6-stage infusions, respectively, for 
tumor 1, 12 hours after first infusion. As such, the absorbed dose by 
the labeled peptides on the receptors and in intracellular space will 
be increased by 2.9-4.4 Gy for 2-stage infusion and by 7.5-9.02 Gy for 
6-stage infusion. Additionally, increasing the duration of RPT infusion 
to 1 or 4 hours leads to 0.3 to 3% increase in the tumor absorbed 
dose compared to 10 min infusions. Conclusion: We demonstrate 
that the cumulative absorbed dose to the tumor can be significantly 
increased by metronomic RPT, relative to conventional single-dose 
RPT, without increasing the administered radiopharmaceutical 
radioactivity. References: Kletting, P., Schuchardt, C., Kulkarni, H. R., 
Shahinfar, M., Singh, A., Glatting, G., ⋯ Beer, A. J. (2016). Investigating 
the Effect of Ligand Amount and Injected Therapeutic Activity: A 
Simulation Study for 177Lu-Labeled PSMA-Targeting Peptides.
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Aim/Introduction: Estimation of time-integrated activity (TIA) 
using SPECT/CT imaging at only a single timepoint (STP) facilitates 
clinical translation of dosimetry-guided radiopharmaceutical 
therapy (RPT). However, the performance of STP methods can 
be particularly sensitive to imaging timepoint (TP). Our goal was 
to construct data-driven models for TIA estimation that are less 
sensitive to single timepoint choice. Materials and Methods: 
Multi-timepoint SPECT/CT performed at TP1 (2.7-4.6h), TP2 
(23-51h), TP3 (95-144h), and TP4 (147-193h) following the first 
cycle of standard 177Lu-DOTATATE therapy was available for 27 
patients (100 tumors/54 kidneys). Based on monoexponential 
and biexponential time-activity assumption, we constructed a 
bivariate STP prediction expression TIA=A(t)T*γ*2^{t/T}; where A(t) 
is the activity at TP t. The two unknown parameters, T and γ were 
estimated by regressing on observed patient data and minimizing 
the sum square of relative bias. Furthermore, we designed a 
multivariable model that incorporates widely available baseline 
biomarkers such as creatinine and chromogranin-A to improve TIA 


