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Introduction

Ionizing radiation plays a crucial role in treating malignant diseases. 
However, the effectiveness of external beam radiotherapy in treat-
ment of solid tumors has been shown, it has not been useful in man-
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ABSTRACT
Background: The importance of cellular dosimetry in both diagnostic and radia-
tion therapy is becoming increasingly recognized. 
Objective: This study aims to compare surviving fractions, which were predicted 
using Geant4 and contained three types of cancer cell lines exposed to 188Re with the 
experimentally surviving fraction determined by MTT assay.
Material and Methods: In this comparative study, Geant4 was used to 
simulate the transport of electrons emitted by 188Re from the cell surface, cytoplasm, 
nucleus or medium around the cells. The nucleus dose per decay (S-value) was 
computed for models of single cell and random monolayer cell. Geant4-computed 
survival fraction (SF) of cancer cells exposed to 188Re was compared with the experi-
mental SF values of MTT assay. 
Results: For single cell model, Geant4 S-values of nucleus-to-nucleus were 
consistent with values reported by Goddu et al. (ratio of S-values by analytical tech-
niques vs. Geant4 = 0.811–0.975). Geant4 S-values of cytoplasm and cell surface to 
nucleus were relatively comparable to the reported values (ratio =0.914–1.21). For 
monolayer model, the values of SCy→N and SCS→N, were greater compared to those 
for model of single cell (2%–25% and 4%–38% were larger than single cell, respec-
tively). The Geant4 predicted SF for monolayer MCF7, HeLa and A549 cells was 
in agreement with the experimental data in 10μCi activity (relative error of 2.29%, 
2.69% and 2.99%, respectively).   
Conclusion: Geant4 simulation with monolayer cell model showed the highest 
accuracy in predicting the SF of cancer cells exposed to homogeneous distribution of 
188Re in the medium.
Citation: Mohammadi S, Ebrahimi Loushab M, Bahreyni Toossi MT. Geant4 Modeling of Cellular Dosimetry of 188Re: Comparison between 
Geant4 Predicted Surviving Fraction and Experimentally Surviving Fraction Determined by MTT Assay. J Biomed Phys Eng. 2021;11(4):473-482. 
doi: 10.31661/jbpe.v0i0.1050.

Keywords
Dosimetry; Monte Carlo Method; Cell Survival; S-Value; A549 Cells; Hela 
Cell; MCF7 Cell

473

http://orcid.org/0000-0002-3038-7168
http://orcid.org/0000-0002-3698-5716
https://doi.org/10.31661/jbpe.v0i0.1050


J Biomed Phys Eng 2021; 11(4)

Sara Mohammadi, et al
aging dispersed small tumors and micro me-
tastasis. 

Radionuclide therapy is a promising thera-
peutic procedure for treating some diseases. In 
radionuclide therapy, unsealed radionuclides 
delivered to patients cause the target cells to 
absorb radiation in a selective manner [1]. 
The cellular behavior of administered radio-
nuclides is conventionally analyzed using ra-
diobiological experiments. The values of ab-
sorbed dose are necessary to evaluate observed 
radiobiological impacts and make prediction 
or comparison of the efficiency of various ra-
dionuclides. Moreover, accurate computation 
of dose is vital for treatment planning in radia-
tion therapy [2]. The primary concern in the 
success of radionuclide therapy is appropri-
ate selection of pharmaceuticals for effective 
targeting of cancer cells and restricting the 
radiation dose to targeted tumors. Neverthe-
less, limiting the radiation dose to cancer cells 
is a complex process especially at small-sized 
tumor. Under this condition, the range of par-
ticles emitted from the radionuclide must be 
adequately small to prevent any damage to the 
neighboring normal tissues while the absorbed 
dose of tumors needs to be as uniform as pos-
sible for effective treatment. Achieving such a 
balance between particle range and tumor size 
entails a thorough knowledge of spatial distri-
bution of radiation dose in the vicinity of the 
radionuclide at microscopic levels [3]. At this 
level, experimental dosimetry is almost infea-
sible and mathematical techniques are the only 
available option [4, 5]. There are two primary 
techniques of internal dose estimation, includ-
ing analytical calculation and Monte Carlo 
simulation [6, 7].

Today, Monte Carlo simulation offers the 
most accurate technique of tracking the parti-
cles transport in inhomogeneous materials and 
is thus well suited for estimating energy trans-
fer from particles to materials at microscopic 
level. Various Monte Carlo codes with differ-
ent levels of complexity have been presented 
that many of them already utilized for cellular 

dosimetry [8-12]. Nevertheless, current Mon-
te Carlo codes are chiefly developed accord-
ing to the condensed history algorithms with 
few codes working based on a track structure 
technique. In the former technique, a particle’s 
tracks are divided into small segments and 
their interactions along tracks are averaged at 
the end of each segment. In the track structure 
technique, however, all interactions are con-
sidered in an event-by-event manner [13].

In theory, track structure codes yield more 
accurate results in comparison to the condense 
history code, but few studies have explored 
this type of Monte Carlo codes.

Geant4 represents the use of a track structure 
Monte Carlo code for simulating path of arti-
cle through matters [14, 15], which is capable 
of tracking physical processes to extremely 
low energies in bio-molecules measurement, 
developing models for the description of bio-
logic systems such as cells and DNA, as well 
as models for explanation of biologic proce-
dures. Geant4 simulations offer a practical 
method to achieve accurate dose values by 
taking into account all irradiation aspects such 
as geometry and activity distribution. Such 
abilities make Geant4 superior to all other 
types of existing codes [16].

In this study, we used Geant4 toolkit for the 
simulation of the transport of the emitted elec-
trons from the 188 Re isotopes in aqueous media 
and the geometry of the flask containing cells. 
Using calculating the absorbed dose in the nu-
cleus of the cell (as the sensitive volume), in 
various radioactive distribution and the linear 
quadratic equation, we computed the survival 
fraction and compared the results of the simu-
lated SF with that of the experimental SF.

Material and Methods

The Geant4 toolkit
In Geant4, since particles are tracked down 

to zero energy, simulation needs to be limited 
by production cut. Based on these thresholds, 
the transfer of minimal energy to a second-
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ary particle is determined so that the second-
ary particle is incorporated in the simulation. 
Geant4 Version 10.3 patch 1 was used for all 
simulations. 

In this comparative study, considering the 
cell and nucleus dimensions and the electron 
range generated by the 188Re decay, we used 
the Livermore model with a production cut of 
250 eV and a Max-Step of 5 μm, which is in 
most cases a track structure model [17]. “The 
production cut determines how many second-
ary electrons and gamma are transported by 
the application; on the other hand, the Max-
Step parameter forces the step performed by 
any particle during its propagation: also in 
this case a small step means a big precision 
in the transportation but a long computation 
time”[18].

Evaluation of Geant4
To evaluate the precision and potentials of 

Geant4 for medical and radiobiological appli-
cations, S- values were computed for spheres 
in different sizes (as a various cell lines) [19]. 
The doses to the nucleus per decay of 188Re 
from the nucleus (SN→N), cell surface (SCs→N) 
and cytoplasm (SCy→N) were determined for the 
models of single cell and random monolayer 
cell. The spheres, which consisted of water 
and a comparison with the results of MIRD, 
cell S-value for single cell model was shown 
in Table 1.

S-value computation
In order to simulate the cell and the nucle-

us, we assumed that they are two concentric 
spheres with different radii for three cell lines, 
as follows: A549, MCF7 and HeLa. Cell radii 
were considered 5.3, 9 and 10 μm and nucleus 
radii were 3.5, 6.5 and 5 μm [20-22]. For the 
simulation of the exposure to cells seeded into 
96-well tissue culture plate, which contained 
200 µl of culture medium, the interested vol-
ume for this study was considered as a cylin-
der with a diameter of 3.2 mm and a height of 
7.32 mm that there is polystyrene lower 1 mm 

of cylinder and the rest is water. A monolayer 
of cancer cells (consist of 5000 cells) was at-
tached to the top of polystyrene. Only for imi-
tating the cells in experiment, a random distri-
bution of cells was used in monolayer model 
(Figure 1).

For each simulation, 109 decays were started 
to achieve a standard deviation of less than 
1%. The total energy of particles, which was 
less than 250 eV, was deposited locally.

Primary particle generation
Radioisotope decays as a source of primary 

particles, and the activation of the radioac-
tive decay physics with different distribu-
tions within the flask occurred and the particle 
transport was simulated with high precision. 
Rhenium-188 (188Re), as a β-emitting radionu-
clide, is commonly used in radio immunother-
apy because of its enhanced radiation energy 
(maximum of 2.12 MeV for β¯ and γ emission 
of 155 keV), suitable half-life (17.005 hours), 
and ease of production [23].

Calculation of cell survival frac-
tion (SF

Cell survival curves (SF vs. absorbed dose), 
were to follow the linear quadratic model with 
the following equation:

2( D D )SF e− α +β=                    (1)

In this equation, α and β represent constants 
and D is the absorbed dose. For each cell line, 
α and β constants were derived from the col-
ony assay and D in equation 1 was presumed 
to represent the absorbed dose in the nucleus.

Cell lines and culture
A549, HeLa and MCF7 cell lines were pur-

chased from the Pasture Institute of Iran. The 
cells were preserved as a monolayer in RPMI 
1640 (Sigma) medium, including 10% fetal 
bovine serum (Sigma), 100 U/mL penicillin, 
100 U/mL streptomycin, and 2 mM glutamine. 
The cell incubated at 37°C in a humidified at-
mosphere of 5% CO2 in air were in the loga-
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rithmic growth phase at the initiation of the 
experiments.

MTT assay
The resuspension of cells was implemented 

at 2500 cells/200 μl in RPMI 1640 medium, 
and cultured in 96-well plate. After 24 h, the 
wells were supplemented with 0–150 μCi of 
188Re-perrhenate solution (the area between 

each two wells treated with Rhenium, was in-
terleaved by empty wells filled with cell cul-
ture medium acting as the absorbing medium) 
and incubated for 1 h at 37°C. In the next step, 
wells were aspirated, and 200 μl of the medi-
um was added to each well. 72 h after reaction, 
cell viability was estimated using MTT assay 
and an ELISA reader (microreader, Hyperion) 
at 540 nm and regarded as the percentage of 

Single cell Medical Internal Ra-
diation Dose (MIRD)

Monolayer cell
Geant4 Geant4

RC (um) RN (um) S(N→N) S(Cy→N) S(CS→N) S(N→N) S(Cy→N) S(CS→N) S(N→N) S(Cy→N) S(CS→N)

3 2 5.612 0.956 0.478 5.00 1.07 0.578 5.597 0.978 0.502
3 1 32.07 1.300 0.400 26.0 1.47 0.459 31.87 1.318 0.421
4 3 2.023 0.454 0.266 1.88 0.601 0.305 2.031 0.473 0.286
4 2 5.614 0.532 0.228 5.00 0.601 0.245 5.598 0.552 0.247
5 4 0.989 0.265 0.171 0.943 0.321 0.157 1.004 0.282 0.190
5 3 2.022 0.291 0.150 1.88 0.321 0.157 2.029 0.310 0.167
5 2 5.607 0.347 0.141 5.00 0.383 0.144 5.597 0.364 0.159
6 5 0.574 0.173 0.120 0.553 0.187 0.131 0.588 0.190 0.137
6 4 0.990 0.185 0.106 0.943 0.200 0.110 1.002 0.202 0.123
6 3 2.021 0.209 0.101 1.88 0.226 0.102 2.029 0.226 0.118
7 6 0.369 0.123 0.089 0.359 0.131 0.096 0.385 0.139 0.106
7 5 0.573 0.128 0.080 0.553 0.137 0.082 0.588 0.144 0.096
7 4 0.990 0.141 0.076 0.943 0.150 0.076 1.003 0.157 0.092
7 3 2.022 0.159 0.073 1.88 0.170 0.073 2.029 0.175 0.089
8 7 0.256 0.092 0.069 0.250 0.097 0.073 0.271 0.107 0.085
8 6 0.370 0.095 0.062 0.359 0.100 0.063 0.380 0.110 0.078
8 5 0.573 0.102 0.059 0.553 0.107 0.059 0.588 0.117 0.074
8 4 0.990 0.112 0.057 0.943 0.118 0.057 1.002 0.128 0.073
9 8 0.187 0.071 0.055 0.183 0.074 0.058 0.202 0.086 0.070
9 7 0.256 0.073 0.050 0.250 0.076 0.051 0.271 0.088 0.065
9 6 0.370 0.078 0.048 0.359 0.081 0.047 0.384 0.093 0.062
9 5 0.573 0.084 0.046 0.553 0.087 0.046 0.587 0.099 0.061

10 9 0.142 0.057 0.045 0.140 0.059 0.047 0.157 0.071 0.060
10 8 0.187 0.058 0.041 0.183 0.060 0.041 0.201 0.072 0.555
10 7 0.256 0.061 0.039 0.250 0.063 0.039 0.271 0.075 0.054
10 6 0.370 0.065 0.038 0.359 0.067 0.037 0.383 0.080 0.052
10 5 0.573 0.071 0.037 0.553 0.073 0.036 0.587 0.085 0.051

Table 1: S-Values (mGy/Bq-s) calculated by Geant4 and Medical Internal Radiation Dose (MIRD)
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viability. There were eight wells for each con-
centration of 188Re and the experiment was 
replicated three times.

Colony formation assay
The experiments were conducted with cells 

from exponentially growing cultures by ini-
tial seeding of 3 × 105 cells into 10 ml of me-
dia in T-75 flasks. Based on the exponential 
phase declining, the cells were trypsinized 
and plated in 2 ml of media in a 6-well plate. 
The number of cells plated varied from 500 
to 5000 depending on the different concentra-
tions of 188Re [24] and incubated overnight. 
In the following day, various concentrations 
of 188Re-perrhenate solution was added to the 
growth medium and consequently eliminated 
by washing the cells and adding drug-free me-
dium within 1 hr. Colony-forming units were 
identified 10 days later through staining with 
methylene blue (0.2%). Light microscopy was 
used to determine the number of colonies in 

each well. From the division of the number 
of colonies formed in the control wells to the 
number of seeded cells, the plating efficiency 
can be determined. In addition, to compute the 
SF value, one can multiply the plating efficien-
cy to the division of the number of colonies by 
the number of cells seeded. The P values were 
estimated by the 2-tailed nonparametric t-test 
on the SFs in control and treated cultures. The 
mean-standard deviation of three experiments 
can be demonstrated by the data points and er-
ror bars shown in figures. To generate survival 
curves, a data analyzer software, Gunplot (ver-
sion 4), was used and linear quadratic func-
tions were fitted; in addition, alpha and beta 
constants were computed for each cell line.

Results

S-Values for 188Re uniformly dis-
tributed in cell compartments
Single Cell Model
To investigate the possibility of applying 

the Geant4 to calculate subcellular S-values, 
we have calculated the dose to nucleus from 
188Re, which was uniformly distributed in cy-
toplasm, nucleus or on the cell surface com-
partments of a single cell in different dimen-
sions. In Table 1, the comparison between the 
values calculated in this study with the values 
reported by Goddu et al. [25] has been shown. 
SN→N reported by Goddu et al. was moderately 
smaller than those for Geant4 [25]. The ma-
jority of Geant4-computed SCy→N and SCS→N were 
in the range published by Goddu et al. (ratio 
= 0.914–1.21) [25]. For a single cell of the 
similar radius, both SN→N and SCy→N decreased 
if the radius of the nucleus increased. Besides, 
the decline of SN→N was more pronounced than 
SCy→N. The effect of the nucleus size on SCS→N 
was more delicated than SCy→N. For a single 
cell of identical nucleus radius, the cell radius 
did not have any impact on SN→N. Neverthe-
less, with an increase in the cell radius, both 
SCy→N and SCS→N decreased. These trends were 
consistent with the ones reported by Goddu et 

Figure 1: A single well of 96-well plate with a 
monolayer of cancer cells (red). Polystyrene 
is shown in yellow and cells are distributed 
over polystyrene randomly
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al. [25], as shown in Table 1. 
Monolayer Cell Model
Experiments assessing the antiproliferative 

or cytotoxic effects of Auger electron emitting 
radiopharmaceuticals, usually involve the ex-
posure of cells in a monolayer in culture plates 
instead of cell clusters or single cells. Thus, 
S-values to the nucleus of the cell were com-
puted for 188Re uniformly distributed in differ-
ent cell compartments of random monolayer 
cell using Geant4 (Table 1) and then compared 
with the S-values for single cells. In S-values 
for monolayer cell, SN→N were moderately 
smaller in comparison with those for single 
cell model. SCy→N and SCS→N, were greater than 
the calculated values for single cells (2%–25% 
larger for SCy→N and 4%–38% larger for SCS→N). 
Given the range of low-energy electrons, 
which are copious in number, radiation from 
particles deposited on the cell surface or inside 
the cytoplasm can reach the nucleus of adja-
cent cells and cause an increase in doses.

Survival Curves
For the evaluation of α and β constants, a 

survival curve was plotted based on the ex-
perimental data of colony assay (Figure 2). 
For each cell line, by fitting a linear qua-
dratic equation in experimental data, α and β 
parameters of survival curve were obtained. 
For MCF7 (human breast adenocarcinoma 
cell line), HeLa (cervical cancer cell line) 
and A549 (non-small cell lung adenocarci-
noma cells), α and β were 0.23(Gy-1) and 0.06  
(Gy-2), 0.145 (Gy-1) and 0.02 (Gy-2), 0.21(Gy-1) 
and 0.023(Gy-2), respectively.

S-values for individual cancer 
cell lines

The S-value for the three MCF7, HeLa, and 
A549 cell lines with an error of less than 1% 
is depicted in Table 2. For distributing radio-
activity in the nucleus, cytoplasm and on the 
cell surface with primary particle number of 
2×109, we obtained an acceptable error. How-
ever, in the case of radioactivity distribution 

in the medium, the Monte Carlo error depends 
on the number of particles entered into the 
sensitive volume, and in this case, the number 
of particles reaching the nucleus is extremely 
low, to reach an error of less than 1%; in addi-
tion, it was run for 1010 primary particles.

Decreasing the size of cell nucleus leads into 
the increase in the value of S(N→N) because the 
steady-state radioactivity is distributed at a 
smaller volume. The value of S(Cy→N) decreases 
with a rise in cytoplasm volume. Furthermore, 
as A549 cell line contains the lowest cytoplas-

Figure 2: Radiation survival curves for each 
cell line. A) Michigan Cancer Foundation-7 
(MCF7), B) HeLa., C) A549.

478



J Biomed Phys Eng 2021; 11(4)

GEANT4 Cellular Dosimetry

mic volume, S(Cy→N) is larger. The same rule 
applies to S(CS→N).

Finally, a uniform radioactivity distribution 
was used to compare the results of the simula-
tions with experimental studies. To do this, we 
defined S(Medium→N) as the dose reaching the cell 
nucleus, which follows a Rhenium decay at a 
random point inside the flask. The decrease 
in the nucleus size causes S(Medium→N) to be re-
duced. Although due to small size of the nu-
cleus volume compared to the global dimen-
sions and dispersion of radionuclide, the effect 
of the difference in nucleus dimensions (1.5 
to 3 micrometers) on the value of S(Medium→N) 
is very small, which is estimated at tenth of a 
percent (Table 2).

Comparison of Computed and Experi-
mental SF

We compared the calculated SF of cancer 

cells, using Geant4 due to the exposure from 
188Re-perrhenate, with experimental ones. For 
this purpose, the cumulative radioactivity in 
cytoplasm, cell surface and in the nucleus was 
calculated based on the subcellular distribu-
tion of 188Re in MCF7, HeLa and A549 cells. 
Then, the absorbed dose to cell nucleus was 
computed in terms of the obtained S-values, 
which were specific to these three cell lines. 
Finally, SF was derived and compared, as 
shown in Table 3.

To obtain the absorbed dose of nucleus de-
rived from 10 µCi of Rhenium, S (Medium→N) was 
multiplied by the equivalent number of de-
cay (370000). Now, with of α and β constants 
and the linear quadratic equation, the survival 
fraction for each cell line was calculated. The 
same process was repeated for 75 and 150 µCi 
radioactivities and the results of simulation 
were compared with those obtained from the 
MTT assay (Table 3).

On the colony assay, a cell physically pre-
senting in the biological system, with its ca-
pacity divided indefinitely and producing a 
large number of progenies, is lost and hence 
is considered “dead”, while this type of cells 
is assigned to the live cells group in MTT as-
say. For this reason, the survival fraction ob-
tained from MTT assay is greater than the one 

Cell line S(N→N) S(Cy→N) S(CS→N) S(Medium→N)

MCF7 0.384 0.092 0.062 0.001024
HeLa 0.585 0.085 0.051 0.001022
A549 1.350 0.264 0.154 0.001011

MCF7: Michigan Cancer Foundation-7

Table 2: S-Values (mGy/Bq-s) for individual 
cancer cell lines using monolayer cell model

Geant4 calculated SF experimental SF
Cell line Activity(μCi) Single cell Monolayer cell MTT assay Colony assay

MCF7
10 0.92 0.91 0.88 0.81
75 0.38 0.32 0.30 0.12

150 0.07 0.04 0.11 0.00

HeLa
10 0.95 0.94 0.90 0.84
75 0.59 0.56 0.49 0.18

150 0.27 0.23 0.32 0.00

A549
10 0.93 0.92 0.91 0.89
75 0.53 0.46 0.43 0.22

150 0.22 0.15 0.28 0.02
SF: Survival fraction, MTT: Mean transit time, MCF7: Michigan Cancer Foundation-7

Table 3: Comparison of calculated survival fraction (SF) with experimental SF for three cell lines
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obtained from the colony assay. On the other 
hand, the absorbed dose calculated in Geant4 
simulation is smaller than that of experiments 
because absorbed dose tends to be larger in the 
middle rather than the border of flask. Here, 
we calculated the absorbed dose in the border 
of flask (bottom) in Geant4 while the absorbed 
dose in the experiment was an averaged pa-
rameter. For example, in this study, 10 μCi of 
188Re was added to 200 μl of culture medium 
in a 96-well plate for 1 hour so that the aver-
aged absorbed dose was equal to 0.8 Gy. Be-
sides, the calculated absorbed dose of Geant4 
was 0.37 Gy (Table 4). Finally, the Geant4 cal-
culated SF was comparable to the MTT assay 
results.

In results of monolayer model, the estimated 
SF value was consistent with the experimen-
tal ones in 10 µCi. The single-cell model had 
low accuracy in predicting the SF. By contrast, 
the monolayer model turned out to be the very 
strong in predicting experimental SF, since 
this model has simulated the experimental 
conditions with more details.

Since the use of free radionuclides in the 
clinic is not common, if Rhenium is targeted 
with an existing strategy (monoclonal anti-
bodies, nanoparticles, etc.) for cancer cells 
and the radioactivity is focused on the surface 
of cells, there will be a significant increase in 
the absorbed dose. In this study, for MCF7 cell 
line in 10 μCi radioactivity, the absorbed dose 

for cumulative radioactivity on the cell surface 
would be 60 times greater than the radioactiv-
ity distribution in the medium, thereby leading 
to a significant reduction in the survival frac-
tion of cancer cells. In the above case, the sur-
vival fraction drops from 90% to zero! (Table 
4).

Discussion
Due changes of spherical shape in mono-

layer cells attached to the bottom of the flask, 
we simulated the cell and nucleus with two 
different geometries to determine the effect of 
this deformation. For this purpose, we simu-
lated a spherical cell with a radius of 9 μm 
and a nucleus of 6.5 μm with a monolayer cell 
model and S-value was determined in the dif-
ferent distribution of radioactivities. Then the 
cell and nucleus with hemisphere and hemi el-
lipsoid shapes were considered. Although the 
volume of these new geometries was assumed 
to be same as previous spherical cells, the new 
size of the cell and nucleus was calculated and 
incorporated in the simulations. The change 
in the S-values obtained based on these de-
formed geometries was negligible (less than 
%2). In addition, our results show that the dis-
tribution of cells on the bottom of the flask did 
not make a significant difference in the S-val-
ues. We confirmed this point by applying two 
different methods of random distribution and 
placement at regular intervals, which result in 
less than %2 difference in S-values. In a fixed 
physical model (such as Livermore model), S-
value depends on the number of cells and the 
dimensions of the cell and nucleus.

The number of cells in the flask in the mono-
layer model affects the S-value. Since only the 
cells number seeded is known, and the irradia-
tion was launched 24 hours later, just an es-
timated number of cells were incorporated in 
the simulation.

The values of constants (α and β) were cal-
culated by fitting the linear quadratic equation 
on the survival curve. AS the effect of these 
values on the obtained survival fraction was 

In the medium On the cell surface
Cell line Dose SF Dose SF

MCF7 0.379 0.908704 22.94 *0.000000

HeLa 0.378 0.943936 18.87 0.000000

A549 0.374 0.921514 56.79 0.000000
SF: Survival fraction, MCF7: Michigan Cancer Foundation-7

*A micrometastasis (e.g. from 1 μg to 1 mg weight) may 
contain thousands to millions of cancer cells. So, the SF 
must be calculated down to at least 3 or even 6 significant 
digits.

Table 4: Geant4 calculated dose (Gy) and 
survival fraction (SF) in different radioactive 
distribution for 10 μCi of 188Re
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extremely high, α and β values reported in 
several different papers [26-28] were studied 
on this cell lines. Given that the radiation used 
in this study consisted of electrons derived 
from the decay of the Rhenium isotope, α and 
β values differed from those reported in the 
aforementioned papers. This disparity can be 
attributed to the difference in the type of radia-
tion in the study. 

Geant4 displayed the highest flexibility in 
modeling different cell geometries in experi-
mental contexts compared to analytical meth-
ods, capable of including various composition 
and density elements for the volumes under 
study. Analytical methods are only applicable 
to homogeneous medium and simple geom-
etries.

This is the first paper to report Geant4 cal-
culated SF of the cancer cells exposed to 188Re 
and compare them with experimental data. 
The absorbed dose in the center of the flask 
is maximum and decreases by moving toward 
the sides; thus, the cells placed at the bottom 
of the flask receive lower dose than the aver-
age dose. In addition, this lower dose is impor-
tant to predict the cell survival fraction and we 
determined the exact absorbed dose and SF for 
the three specific cell lines in this study.

Conclusion
Geant4 displayed the highest flexibility in 

modeling different cell geometries in experi-
mental contexts and calculated absorption 
dose and SF of the cancer cells exposed to dif-
ferent isotopes.
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