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Cite this article as: Results: Our model was established with an activity range per cell of 0.01 to 0.62 Bq/cell
corresponding to an absorbed dose of 2 to 125 Gy respectively. However, 0.3 Bq/cell
approximately 62 Gy seemed to be the most acceptable planning as it corresponds to 7.4
GBq/cycle, the typical value delivered at 100% of tumor cell coverage. Indeed, a cellular energy
distribution yields a self-dose of S(N<--N) = 1.35E-03 Gy/Bq-s, indicating that the nucleus
absorbs more energy. Cellular absorption is much lower than that of the nucleus, with S (C<--C)
= 1.68E-04 Gy/Bqg-s. A portion of the energy is deposited in the cytoplasm, and energy is
transferred between the cytoplasm and the nucleus, with S (N <--Cy) = S (Cy<--N) = 1.30E-04
Gy/Bqg-s. The membrane cell contributes less to the cellular dose, with S(N<--CS) = 1.30E-04
Gy/Bqg:s.

*For Correspondence: Conclusion: This study shows the necessity of a personalized pre-treatment dosimetry to
deliver an optimal lethal dose to tumor cells.
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INTRODUCTION absorption prior to therapy using nuclear medicine
imaging techniquel. The success of this treatment
modality faces many challenges, including the selection
and availability of radionuclides with appropriate half-
lives, emission characteristic and availability of a
targeting vector capable of incorporating optimal
radiation, level of activity clade with a favourable
pharmaceutical2.The tumor response depends on the
tumor absorbed by the dose and tumor radiosensitivity.
Some of the radioisotopes in the lanthanide series, such
as Terbium and Lutetium, reveal nuclear-appropriate
half-lives although terbium is known as a powerful tool
for both therapy and diagnosis, Current research has
shown that radiochemical element lutetium 177 (177Lu)
isused in hospitals to treat neuroendocrine tumors3. This
radioisotope is a hope for the treatment of prostate
cancer, responsible for 90,000 deaths in Europe!. In black

During the 20th century, targeted radionuclide therapy
became an interesting approach. A tumour treatment
tool, radionuclide (TR) therapy is a treatment that uses
radiopharmaceuticals (RP) to target and irradiate cancer
cells. The products (RP) contain a targeting molecule
(e.g., peptide or antibody) bound to a radionuclide
suitable for a chelating agent; the targeting molecule
binds to a receptor tumor characterized by the principle
of lock and key. RT is based on the concept of
administering ionizing radiation to pathological sites
(usually disseminated metastasis that cannot be treated
by external radiotherapy) in such a way as to cause
minimal toxicity to surrounding normal tissues. Several
advantages of this approach, namely its selectivity in the
radiation of the target relative to less serious and
infrequent side effects, and the ability to assess tumor
ISSN: 2250-1177 [21] CODEN (USA): JDDTAO
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Africa, the increasing incidence of prostatic
adenocarcinoma raises the problem of its
characterization at the epidemiological, clinical and
therapeutic levels. It occurs in relatively young patients
with pejorative histoprognostic characteristics2.Prostate
cancer is the first male cancer in Cote d'Ivoire with 2,757
new cases whose average age is 63 years. GLOBOCAN
estimated 80% metastatic cases and 1,600 deaths in
2020 and the mortality rate is estimated at 29.5 per
100,000 men3. The most developed clinical areas around
lutetium 177 initially concerned neuroendocrine tumors
overexpressing somatostatin receptors. Secondary
prostate lesions expressing prostate specific membrane
antigen (PSMA) represent a potentially considerable new
field of application. This work proposes an approach
based on the dosimetric evaluation of this radiochemical
element, both emitter y and 8 which is of medical interest
for theragnostic applications for diagnostic and
therapeutic purposes’8. It consists in using a pair of
radioisotopes of the same element one serving the
therapeutic agent and the other for the diagnosis which
predict before the treatment, the biodistribution of the
therapeutic radionuclide. Knowledge of biodistribution
makes it possible to estimate the dose received by the
patient. In addition, treatment can be monitored when a
single isotope emits both therapeutic particles and
photons for imaging. The aim of this work is to evaluate
radiobiological effect to establish S value of 177Lu to the
nucleus.

MATERIALS AND METHODS
Computing Station

This work was carried out by the MIRDcell software*56
installed on the Windows operating system of the
Intel(R) Core (TM) i5-6300U CPU @ 2.40GHz, 8 GB of
RAM, 500 GB of hard disk. Structural and morphological
cell line data from metastatic prostate cancer were used
by MIRDcell parameterization.

Biological model and software setup

Dosimetric planning was performed to optimize prostate
cancer therapy treated with 177Lu. A carcinogenic cell line
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called LNCaP (Lymph Node carcinoma of the prostate)
was selected as part of our study!213, LNCaP cells
internalize the 177Lu-labeled compound upon binding to
PSMA4, In our method, the simple linear quadratic
parameters were used. LNCaP was characterized by a =
1.081 Gy! and 8 = 0 Gy2. The a parameter represents the
dose fraction that can cause lethal damage to a cell in a
single collision by a particle. While 8 represents multiple
collisions and is related to damage repairable by the cell
itself. A more realistic approach was used in which
terbium 161 activity is distributed in the nucleus (n),
cytoplasm (cy) and cell surface (cs) with a repartition of
6%, 78% and 16% respectively?5. In this study the whole
cell was taken as source and target. In MIRDcell models,
the distribution of radiopharmaceuticals into different
cell regions or into the whole cell, estimates the mean
activity per cell, absorbed dose and predicts the surviving
fraction of labelled and unlabelled cell populations. The
modelling steps are as follows, define the radioactive
source, the source and target cell, the radiobiological
parameters and the geometric model of the cells. In this
work, the radius of the cell and its nucleus was fixed at 10
pm and 4 pm respectively and it was assumed that the
radioactivity is uniformly distributed within the source
region and that the distance between the centres of
neighbouring cells is 20 um (cells touching each other).
To estimate survival, it was considered a 3D multicellular
cluster with a radius of 150 pm, containing 1791 cells and
it was assumed that different percentages of the cells
were labelled with radioactivity, specifically 1%, 10%
and 100%. The program causally selects the labelled cells
in the cluster. The surviving fraction is calculated using
the Monte Carlo method described by Howell et al.1.

RESULTS AND DISCUSSION
RESULTS
Data collection of the scenarios de simulation

Table 1 below represents the evaluation of the activity
per cell of the absorbed dose and of the percentage of
labelled cells according to the simulation scenarios

Table 1: Dosimetry metric values of fifteen simulation scenarios

Simulation scenarios number 1 2 4 5 6 7 8 9
Activity(Bq/cell) 0.62 0.62 0.62 0.31 0.31 0.31 0.1 0.1 0.1
absorbed dose (Gy) 124 125 64 62.7 62.4 19.5 20 20.1
Pourcentage of cells laballed (%) 1% 10% 100% 1% 10% 100% 1% 10% 100%
10 11 12 13 14 15
0.02 0.02 0.02 0.01 0.01 0.01
4.02 4 4.02 2.08 2.01 2.01
1% 10% 100% 1% 10% 100%
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Activity distribution model

Different types of activity distribution were considered in the simulation between 177Lu source with LNCaP whole cells
as target and its continuents. The study template is shown in Figure 1.
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Figure 1: Planning simulation 8 with the dosimetric data 0.1 Bq/cell labelled 179 cells (10%) with 20 Gy, A: Mean
Absorbed dose to cell (Gy) vs cluster radius (um), B: % of cells vs relative absorbed dose (%), C: laballed and unlabelled
cell in 3D, D: laballed and unlabelled cell in 2D

Self-S value

The table 2 represents S-values (dose conversion factors), which describe the absorbed dose per unit of activity for
different cellular compartments in MIRDcell simulations.

Table 2 : S-value calculation
Distance S(C<--C)  S(C<--CS) S(N<--N) S(N<--Cy) S(N<--CS) S(Cy<--N) S(Cy<--CS) S(Cy<--Cy)
um Gy/Bg-s  Gy/Bg-s  Gy/Bg-s Gy/Bg-s  Gy/Bg-s  Gy/Bg-s Gy/Bq-s Gy/Bq-s
Self-S 1.68E-04 1.07E-04 1.35E-03 1.30E-04 6.21E-05 1.30E-04 1.10E-04 1.68E-04

Distance (um): The spatial distance over which dose deposition is calculated.
S(C<--C) (Gy/Bg-s): Dose absorbed by the cell (C) from a source in the cell (C) (self-dose).

Cy: cytoplasm, N: nucleus, CS: cell surface

DISCUSSION self-dose S(C<--C) = 1.68E-04 Gy/Bq-s is lower than that
of the nucleus, indicating that nuclear localization of the

Cellular Microdosimetry: Self-dose radionuclide delivers more lethal radiation to the DNA.

Regarding Table 2, Self-dose (S(N<--N) and S(C<--C)) is Also, Self-dose from nucleus to cytoplasm (S(Cy<--N)) is
the highest. The highest S-value is S(N<--N) = 1.35E-03 significant S(Cy<--N) = 1.30E-04 Gy/Bq-s, meaning that if
Gy/Bg-s, meaning the nucleus absorbs more energy radioactivity is localized in the nucleus, a significant
when the source is inside the nucleus. The cytoplasm's portion of the energy is still deposited in the cytoplasm.
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However, the reverse effect (S(N<--Cy) = 1.30E-04
Gy/Bqg-s) is also present, suggesting mutual energy
transfer between compartments. At the end, regarding,
the lower dose deposition from the cell surface (CS),
S(N<--CS) = 6.21E-05 Gy/Bq-s is the lowest value,
indicating that radioactivity at the cell membrane
contributes less to nuclear dose. This suggests that
membrane-bound radiopharmaceuticals may have
reduced direct DNA damage, relying instead on indirect
effects like oxidative stress. The S values of our work are
above those published for 177Lu from Goddu et al,, having
approximately similar cellular characteristics 7

Therefore, Biological implications for 177Lu Therapy is
like this way;, if it accumulates in the nucleus, it delivers
higher radiation doses to the DNA, making it more
cytotoxic. The cytoplasmic 177Lu still contributes
significantly to nuclear damage but is less efficient than
nuclear-localized radioactivity. The effective of 177Lu
showed in the works of Maria Anthi Kouri et al. These
results reveal that the combination of 177Lu with gold
nanoparticles significantly increases cell death and
apoptosis in the liver cancer cell line 18. The membrane-
bound 177Lu results in the lowest direct DNA damage,

Surviving fraction

—— 1% to 0.62Bg/cell
1% to 0.31Bq/cell
—+—1% to 0.1Bg/cell
——1% to 0.01Bg/cell
=>¢=1% to 0.02Bq/cell

10% to 0.62Bg/cell
=#=10% to 0.31Bg/cell —@—100% to 0.31Bq/cell
——10% to 0.1Bg/cell
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meaning therapeutic efficiency may depend more on
bystander effects or secondary damage mechanisms.

Impact of radiation on DNA

Clinical Considerations, for maximum therapeutic
efficacy, radiopharmaceuticals should ideally target the
nucleus to maximize DNA damage. If 177Lu localizes in the
cytoplasm, it can still be effective, but a higher
administered activity may be needed. Membrane-bound
177Lu therapies may require combination treatments,
such as radiosensitizers or adjunct chemotherapy, to
improve effectiveness. The dose-dependent increase in
DNA double-strand breaks, correlating with the dose
absorbed by the blood, has highlighted the kinetics of
repair of radiation-induced foci over time8. It highlighted
that B-emitters like 177Lu primarily induce single-strand
breaks (SSBs), but with increasing doses, double-strand
breaks (DSBs) occur, leading to cell death 20. The
importance of DNA damage in therapeutic effectiveness
and the need for precise dosimetry is one of the ways to
optimize treatment outcomes 1°.
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——100% to 0.1Bg/cell
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Figure 2: Surviving fraction of cells vs mean activity per cell

Fifteen simulation scenarios were conducted in this
study. This plot appears to show cell survival fractions
under different conditions of radioactivity per cell
(Bg/cell) and percentage of labelled cells (1%, 10%,

ISSN: 2250-1177 [24]

100%). It has been observed in figure 2 that higher
activity per cell leads to greater cell killing. Curves
corresponding to higher activities per cell about 0.62
Bq/cell, while the absorbed dose reaches 125 Gy, decline
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faster, meaning higher radiation doses lead to greater cell
death. Recently, we reported iPD-L1 as a novel inhibitor
peptide that specifically targets the cancer cell ligand PD-
L1 (programmed death ligand 1) in immunotherapy for
the treatment of breast and lung cancer. After treatment
with 177Lu-iPD-L1 using 0.4 Bq/cell, flow cytometry
results showed a significant decrease in cell viability of
4T1 cells (dead 56.2%) compared to 177LuCl3 (dead
34.2%) and untreated cells (dead 9.4%) 2. Highest
Activity per cell used in our work is slightly higher than
that 177Lu-iPD-L1. Typically, 7.4 GBq/cycle is request for
PSMA + tumors, aligning with 100% labelling
optimization for prostate cancer treatment 2223, This
corresponds to 0.25 Bq/cell according to our model that
contains 1791 cells.

Lower % labelled cells (solid markers) show the fastest
drop in survival, as every cell receives radiation directly.
1% labelled cells (lines with crosses) exhibit a much
slower decline, showing that when only a small
percentage of cells uptake the radiopharmaceutical, the
overall survival fraction remains higher. 10% labelled
cells (dashed lines) lie between the two, demonstrating
an intermediate effect. Also, considering the crossfire
effect, even when only 1% of cells are labelled, survival is
affected. This suggests that cross-irradiation (radiation
from labelled to unlabelled cells) contributes to cell
killing. The crossfire effect enables the eradication of
cells that are not necessarily but are affected by the
radiation 24 due to their larger range about 0.6 mm for
177Lu beta emitters benefit from crossfire irradiation as
the clustering size increase making beta particles more
effective in larger cluster compared to alpha particles
2526, The effect is more pronounced at higher activity
levels as shown in our work where 0.62 Bqg/cell with 1%
labelling still results in significant cell death. At 0.1 and
0.3 Bqg/cell, drop about 20 to 62 Gy respectively. Low
activity results in resistance, at 0.01 and 0.02 Bq/cell, the
values are even lower about 4 Gy and 2 Gy, respectively,
the survival fraction remains higher, even for 100%
labelled cells. This suggests that at very low activities, the
radiation dose is insufficient to induce a meaningful
therapeutic effect. From a biological and clinical point of
view, for effective therapy, a combination of high activity
per cell and a high percentage of tagging is required. If
only a small fraction of the tumour cells occupies the
radiopharmaceutical, higher activity per cell is required
to ensure therapeutic efficacy by crossfire radiation. Too
low an activity like 0.01 Bg/cell, is unlikely to be effective
even with 100% uptake. However, 0.3 Bq/cell
approximately 62 Gy seemed to be the most acceptable
planning. Strategies to improve absorption in all tumour
cells or increase crossover can improve treatment
outcomes.

CONCLUSION

At the end of our study, the results show a correlation
between cellular activity and the absorbed dose. The cell
survival rate decreases with increasing cellular activity,
indicating a correlation between treatment efficacy and
the absorbed dose. Our study highlights several key
points including the efficacy of 177Lu. It offers a good
balance between therapy and imaging due to its y

ISSN: 2250-1177 [25]
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emission. S-values are important metrics for assessing
cell dose distribution. Also, there is the importance of
cellular distribution characterized by self-dose and
cross-dose which emphasizes the localization of the
isotope in the nucleus, cytoplasm, and cell membrane.
This distribution plays a crucial role in dose absorption.
This study shows the importance of Pre-Therapeutic
Dosimetry that is a good tool for estimating
biodistribution before treatment could help optimize
protocols and improve the benefit-risk ratio.
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