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and biodistribution data reported as percent injected activity per 
gram of tissue (%IA/g) was used to estimate the tumor dose (Gy/
MBq) delivered by each agent. For efficacy studies, tumor-bearing 
mice (150-200 mm3, n = 10) were administered a single IV injection 
of excipient, 225Ac-NM600 (7 or 20 kBq) or 177Lu-NM600 (5.5 or 
18.5 MBq) and tumor growth, animal survival, and toxicity were 
monitored. For each treatment arm, additional cohorts (n=20) were 
treated, five mice were culled on days 0, 7, 14, and 28 p.i., and tumors 
were collected for immunophenotyping by flow cytometry, ELISA, 
and immunohistochemistry. Statistical testing was performed using 
GraphPad. Results: Tumor uptake of 177Lu-NM600 peaked at 24 h p.i. 
in both Myc-Cap (8.3±2.7 %IA/g) and TRAMP-C1 (10.0±2.5 %IA/g) 
models, while 225Ac-NM600 uptake in Myc-Cap (4.2±0.9 %IA/g) and 
TRAMP-C1 (15.4±10.1 %IA/g) peaked at 120 h p.i.. 177Lu-NM600 18.5 
MBq resulted in modest tumor growth inhibition in TRAMP-C1 mice 
but no survival benefit. On the other hand, 225Ac-NM600 treatments 
resulted in significant tumor growth delay (P<0.01) and prolonged 
survival (P<0.0001) in both tumor models. Immunophenotyping 
showed that 177Lu-NM600 and 225Ac-NM600 treatments led to 
CD8+ T-cells (CTL) depletion in both tumor models. Interestingly, 
immunosuppressive regulatory T-cells (CD4+/Foxp3+) and MDSC 
(CD11b+) were depleted by 225Ac-NM600 but enriched in 177Lu-
NM600-treated tumors. Tumor cytokinome showed distinctive 
temporal profiles between tumor models and for 225Ac vs. 177Lu 
radiation. Generally, 177Lu-NM600 treatment resulted in higher Treg/
CTL ratios and immunosuppressive cytokine expression. Conversely, 
225Ac-NM600 treatment led to a pro-inflammatory TME congruent 
with its enhanced antitumor efficacy. Conclusion: Our results 
showed that the immunomodulatory effects of RPT agents are 
dose/time/radionuclide/tumor-dependent and strongly support 
using α-emitting agents as immunomodulators. Importantly, we 
underscore the importance of careful immunological evaluations 
during clinical testing, as potential immunosuppressive effects 
of β-emitters may be detrimental to combination regimens with 
immunotherapies. 

OP-621
DNA damage repair in PBMCs after simultaneous internal 
ex vivo irradiation with [223Ra]RaCl2and [177Lu]LuCl3
I. Strobel1, H. Scherthan2, J. Müller2, S. Schumann1, A. K. Buck1, M. 
Port2, M. Lassmann1, U. Eberlein1;  
1Department of Nuclear Medicine, University Hospital Würzburg, 
Würzburg, GERMANY, 2Bundeswehr Institute of Radiobiology 
affiliated to the University of Ulm, Munich, GERMANY.

Aim/Introduction: The aim of this study was to investigate DNA 
damage induction and repair in peripheral blood mononuclear 
cells (PBMCs) after simultaneous internal ex vivo irradiation of 
whole blood with a mixture of the α-emitter [223Ra]RaCl2 and the 
β-emitter [177Lu]LuCl3. Materials and Methods: 24 blood samples 
of six healthy volunteers were collected. Each sample was divided 
in four aliquots of which one served as non-irradiated baseline. 
The remaining blood samples were incubated for 1h with varying 
[223Ra]RaCl2 and [177Lu]LuCl3 activities to achieve total absorbed 
doses to the blood between 25mGy to 100mGy (ratio α-dose:β-
dose: 1:1). The samples’ activities were determined with a calibrated 
germanium detector. The absorbed dose coefficients were taken 
from a Monte Carlo simulation [1]. After internal exposure, the 
PBMCs were isolated from the radioactive blood samples. The 
PBMCs were divided in three subsamples to study the time course 
of the DNA repair and either fixed directly with ethanol or 4h and 

24h after culture in RPMI. Immunostaining of DNA double-strand 
break markers γ-H2AX and 53BP1 revealed γ-H2AX α-tracks and 
co-localised γ-H2AX and 53BP1 DNA damage foci in the PBMCs’ 
nuclei and were counted microscopically in 100 nuclei per sample. 
To quantify the repair rates, a monoexponential model was used 
[2]. Results: Mean β-doses of (11.4±1.6)mGy, (23.7±2.1)mGy, 
(47.9±2.8)mGy and mean α-doses of (12.3±0.8)mGy, (24.3±1.4)
mGy and (49.4±3.2)mGy were achieved. Directly after irradiation, 
the mean number of α-tracks per 100 cells were 3.3±1.5 (12.5mGy), 
5.8±2.1 (25mGy), 10.2±2.2 (50mGy), the mean of the average 
number of radiation-induced foci (RIF) per cell directly after 
internal irradiation were 0.33±0.14 (12.5mGy), 0.54±0.16 (25mGy), 
0.82±0.25 (50mGy). Both, the average number of α-tracks and RIF, 
showed a linear correlation to the absorbed dose (α: r2=0.87, β: r2= 
0.84).The repair rates for the α-tracks were (0.14±0.05)h-1 (50mGy; 
r2=0.86), (0.23±0.10)h-1 (25mGy; r2=0.66) and for the RIF (0.33±0.15)
h-1 (50mGy; r2=0.66), (0.24±0.15)h-1 (25mGy; r2=0.48). The repair 
rates were similar to data obtained from pure α- or β-irradiation 
[2, 3]. Conclusion: The results of this study show a linear increase 
of radiation-induced α-tracks and RIF for total absorbed doses of 
25mGy, 50mGy and 100mGy after mixed internal irradiation. No 
influence of a mixed irradiation on DNA damage induction and 
repair could be observed. However, more data with varying activity 
ratios will be needed to further support our findings. References: 
[1] Salas-Ramirez et al., Z Med Phys, 2022; accepted, [2] Schumann 
et al., EJNMMI, 2022, [3] Göring et al. EJNMMI, 2021, 48(Suppl1)
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Aim/Introduction: Radiopharmaceutical therapy (RPT) with 
alpha-emitting radionuclides has shown great promise in 
treating metastatic cancers. The successive emission of four alpha 
particles in the 225Ac decay chain leads to highly effective cell 
damage due to their short range and high energy deposition 
in tissue. Quantifying cellular dosimetry for 225Ac RPT is essential 
for predicting cell survival and therapeutic success. However, 
the leading assumption that all 225Ac progeny remain localized 
at their target sites likely overestimates the absorbed dose. This 
work evaluates the self- and cross-dose S-values for 225Ac progeny 
localized to various subcellular regions. Materials and Methods: 
Monte Carlo simulations were run in GATE v9.0 with Geant4-DNA 
physics. The cellular geometries considered were an individual 
cell and a cluster of cells (micrometastasis). Water density was 
assumed. Radionuclides were localized to four subcellular regions: 
cell surface, cytoplasm, nucleus, or whole cell, to model various 
internalization mechanisms. Every radionuclide in the 225Ac decay 
chain was simulated individually to its immediate progeny; 106 
and 2x107 primaries for alpha- and beta-emitters, respectively. For 
each source localization, the absorbed dose (Gy) to the cell nucleus 
was scored with GATE’s Dose Actor at the voxel level (0.8 μm3). 
The self- and cross-dose S-values were derived from the single cell 
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and cellular cluster simulations, respectively. Results: The source 
location, or degree of cellular internalization had greater effects 
on self-dose S-values than the intercellular cross-dose S-values. 
Intuitively, as cellular internalization increased, the self-dose nuclear 
S-values also increased. The cross-dose nuclear S-values were 
relatively independent of each source’s subcellular localization. 
For the complete 225Ac decay chain, both the self- and cross-dose 
nuclear S-values with Geant4-DNA were in good agreement with 
published MIRDcell S-values, with percent differences ranging from 
-2.7% to -8.7% for the various radionuclide source locations. When 
progeny migration from the target site was assumed, the self-dose 
S-values to the cell nucleus decreased by up to 71% and 21% for 
221Fr and 213Bi, respectively. Conclusion: For the alpha-emitting 
radionuclides in the 225Ac decay chain, GATE/Geant4-DNA Monte 
Carlo simulations resulted in cellular S-values in agreement with 
existing MIRD S-values, validating this methodology for alpha-
emitter cellular dosimetry. To obtain accurate dosimetry estimates 
in 225Ac RPT studies, a deeper understanding of daughter migration 
is critical for developing optimized injected activities that spare 
healthy organs. Future work will investigate other alpha-emitting 
radionuclides to evaluate therapeutic potency and will further 
explore complex, realistic cellular geometries, corresponding to 
targeted cancer cell lines. 
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Aim/Introduction: Sub-organ dose estimates of mouse kidneys 
can be useful to support preclinical nephrotoxicity analyses of 
alpha- and beta-particle emitting radioligands with a non-uniform 
distribution in kidney tissues. This is however limited by the scarcity 
of reference S values available in the literature for various tissues of 
the mouse kidney. Materials and Methods: A computational multi-
region model of a mouse kidney was developed based on high-
resolution magnetic resonance imaging data of a healthy mouse 
kidney. The model was used to calculate S values and energy 
absorbed fractions for 5 kidney tissue regions (cortex, outer stripe 
of outer medulla (OSOM), inner stripe of outer medulla (ISOM), inner 
medulla and papilla and pelvis) for a wide range of beta- and alpha-
emitting radionuclides of interest in targeted radionuclide therapy, 
using Monte Carlo calculations. Additionally, the applicability of 
regional S values was demonstrated for a [131I]-labeled anti-HER2 
single-domain antibody (sdAb) fragment with predominant 
retention in the OSOM. The sub-organ distribution of [131I]-sdAb in 
mouse kidney tissues was determined with digital autoradiography 
and gamma counting (for the whole kidney activity). Results: The 
considerations of activity distribution in kidney tissues can have 
a substantial impact on the dose estimations of specific tissues, 
particularly for alpha-emitting radionuclides and low to medium-
energy beta-emitting radionuclides. High-energy beta emitters 
(e.g. 90Y, 188R, 32P) cross-irradiate surrounding kidney tissues more 
than low-energy beta emitters (e.g. 177Lu, 67Cu, 161Tb), which cross-
irradiate mainly the adjacent tissues (e.g. cortex-OSOM). Instead, 
the energy emitted by alpha emitters is absorbed mostly within 
the source region. For the [131I]-sdAb, the OSOM absorbs about 2.0 

times more dose than the cortex and the ISOM, and about 2.6 times 
more dose than inner tissues. Compared with sub-organ regional 
dosimetry, the assumption of a uniform distribution of activity 
throughout kidney tissues would result in an underestimation 
(-57%) of the dose to the OSOM and an overestimation (~30%) of 
the dose to the other tissues (including the cortex). Conclusion: 
The use of regional S values allows a more realistic estimation 
of the absorbed dose (rates) in different kidney tissues from 
therapeutic radioligands with a non-uniform distribution in 
kidneys. This constitutes an improvement from the simplistic (less 
accurate) renal dose estimates assuming a uniform distribution of 
activity throughout kidney tissues. Such dosimetry improvement 
is expected to support preclinical studies essential for a better 
understanding of nephrotoxicity in humans. 
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Aim/Introduction: Pancreatic ductal adenocarcinoma (PDAC) 
is an aggressive cancer associated with a poor prognosis. 
Current treatments, including chemotherapy and external X-rays 
radiotherapy (X-RT), fail to improve patient survival. Such failure 
can be explained by PDAC high desmoplasia, of which the main 
component: cancer associated fibroblasts (CAFs), has attracted 
attention as a potential therapeutic target. Based on literature, 
X-RT kills CAFs but it induces a senescence-associated secretory 
phenotype (SASP) which promotes tumor cells invasion and 
proliferation. Here, we compared in vitro and in vivo the biological 
response of CAFs exposed to X-RT and a targeted radionuclide 
therapy (TRT) approach specific to a CAF biomarker. Materials 
and Methods: In vitro, primary human and immortalized CAFs 
(iCAF136) were exposed to beta-TRT (0-8MBq/mL) using specific 
or nonspecific 177Lu-labeled single-domain antibodies (sdAbs), 
or to doses of X-RT (0, 2, 8 Gy, Xenx Xstrahl™). Clonogenic cell 
death, proliferation, cell cycle progression, senescence induction 
(β-galactosidase activity, persistent DNA damage) and bystander 
cytotoxic response were next investigated on MiaPaca-2 and Panc-
1 cancer cells. In vivo, athymic nude mice bearing subcutaneous 
patient-derived xenografts were treated either with TRT or X-RT. 
Tumor growth was monitored and immunohistochemistry (ICH) 
on tumor was performed to investigate markers expression of 
cell death, proliferation, DNA damage and senescence. Results: 
Clonogenic survival of iCAF136 decreased in activity and a dose-
dependent manner after TRT and X-RT. Indeed, survival fraction 
(SF) decreases to 50% and 55% for iCAF136 exposed to 2 Gy and 
2 MBq/ml, respectively. Moreover, SF after TRT at 2 and 4 MBq/mL 
are comparable to 2 and 4 Gy X-RT dose. However, clonogenic cell 
death was associated with cell proliferation arrest and senescence 
only in cells exposed to X-RT but not to TRT, indicating that TRT 
would be a more attractive option than X-RT for therapy. This was 
reinforced by the observation of bystander cytotoxic effects of 
conditioned medium from TRT-treated CAFs towards tumor cells. 
While CM from X-RT treated CAFs not impacted SF of tumor cells, 
CM from TRT-treated CAFs reduced SF of tumor cells with 50%. In 
vivo, showed tumor growth regression while ICH analysis is still 


