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Assessing Heterogeneity Effects on Points A, B, and Organs
at Risk Doses in High-dose-Rate Brachytherapy for Cervical
Cancer — A Comparison of 'Ir and %°Co Sources Using Monte
Carlo N-Particle 5
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Purpose: The present article deals with investigating the effects of tissue heterogeneity consideration on the dose distribution of '**Ir and “Co
sources in high-dose-rate brachytherapy (HDR-BT). Materials and Methods: A Monte Carlo N-Particle 5 (MCNP5) code was developed for
the simulation of the dose distribution in homogeneous and heterogeneous phantoms for cervical cancer patients. The phantoms represented
water-equivalent and human body-equivalent tissues. Treatment data for a patient undergoing HDR-BT with a '*?Ir source were used as a reference
for validation, and for ®Co, AAPM Task Group 43 methodology was also applied. The dose values were calculated for both source types in
the phantoms. Results: The results showed a good agreement between the calculated dose in the homogeneous phantom and the real patient’s
treatment data, with a relative difference of less than 5% for both sources. However, when comparing the absorbed doses at critical points
such as Point A right, Point A left, Point B right, Point B left, bladder International Commission on Radiation Units and Measurement (ICRU)
point, and recto-vaginal ICRU point, the study revealed significant percentage differences (approximately 5.85% to 12.02%) between the
homogeneous and heterogeneous setups for both *?Ir and “’Co sources. The analysis of dose—volume histograms (DVH) indicated that organs
at risk, notably the rectum and bladder, still received doses within recommended limits. Conclusions: The study concludes that ®°Co and
2Tr sources can be effectively used in HDR-BT, provided that careful consideration is given to tissue heterogeneity effects during treatment
planning to ensure optimal therapeutic outcomes.
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pivotal modality in cervical cancer treatment, offering the
advantage of delivering high radiation doses directly to the
tumor site over a short duration. This method significantly
reduces radiation exposure to organs at risk (OARs), leveraging
the inverse square law to optimize therapeutic outcomes. The
delineation of reference points A and B in BT underscores the
precision required in targeting the radiation dose to the tumor

INTRODUCTION

Cervical cancer is the third-most prevalent cancer in women
in the world. Its incidence and mortality rates are rising
in regions due to limited access to preventive measures
and screening.!'?! The standard treatment protocol for this
malignancy integrates external beam radiation therapy
with intracavitary brachytherapy (ICBT), supplemented

by interstitial/int it IS/IC) brachyth BT) f
y interstitial/intracavitary ( ) brachytherapy (BT) for Address for correspondence: Dr. Sedigheh Sina,

comprehensive care. BT, a cornerstone of this treatment
approach, utilizes a radioactive source positioned proximate
to the tumor to deliver a concentrated dose, thereby
maximizing tumor control while sparing adjacent normal
tissues.?! High-dose-rate BT (HDR-BT) has emerged as a
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while minimizing the impact on critical structures such as
the recto-vaginal and bladder International Commission on
Radiation Units and Measurement (ICRU) points.™*?!

HDR-BT, a therapy modality for cervical cancer, commonly
applies either *Ir or ®°Co sources, each possessing distinct
physical properties.”” The ICRU report 89 suggests using
%Co and '?Ir sources for HDR-BT. Guidelines for prescribing
doses in cervical cancer BT are outlined in the ICRU reports
No. 38 and 89.57 The ICRU point doses are traditionally
used to calculate doses to OARs in BT for cervical cancer.
However, three-dimensional (3D) image-guided BT permits to
assess the OAR dose with dose volume histograms (DVHs).[®)
Several studies have evaluated OAR doses using DVHs and
compared them with traditional ICRU point doses. One such
study found that the ICRU rectal point dose correlates well with
DVH-based doses in HDR ICBT for cervical cancer.”’ Another
study compared volumetric radiation treatment calculations
to ICRU reference point dose estimates of the rectum and
bladder for HDR tandem and ovoid BT based on 2D versus
3D planning.'” The American Brachytherapy Society (ABS)
recommended OAR limits for the bladder and rectum are a
D2cc (dose to 2 cm?® of tissue) of <9000 c¢Gy and <7500 cGy,
respectively.!'"'?l Furthermore, based on recent publications from
the prospective multicenter, “European study on MRI-guided
BT in locally advanced cervical cancer” (EMBRACE) study
and retrospective “RetroEMBRACE,” the currently accruing
EMBRACE Il protocol OAR planning aims are D2cc <8000 cGy
for the bladder and <6500 cGy for the rectum.!'*#

Despite the advancements in HDR-BT, challenges persist in
accurately calculating dose distributions, particularly in the
context of tissue heterogeneity. The Task Group 43 (TG-43)
formalism, while widely adopted, falls short in addressing
the complexities introduced by tissue and applicator
heterogeneities.['*!] Recent developments in model-based
dose calculation algorithms, such as AcurosBV (grid-based
Boltzmann solver, GBBS) (Varian Medical Systems, Palo Alto,
CA, USA) and the Advanced Collapsed cone Engine (ACE;
Elekta, Stockholm, Sweden), represent significant strides
toward enhancing dosimetric accuracy by incorporating
these heterogeneities.!'”-!*! However, the heterogeneity
effect — variations in dose distribution due to the nonuniformity
of human tissues — remains a critical factor that necessitates
further investigation.!'”)

This study aims to bridge the gap in the current research
by examining the impact of tissue heterogeneity on dose
distribution using '"**Ir and “Co sources in HDR-BT for
cervical cancer. By employing Monte Carlo N-Particle
5 (MCNP5) simulations,? this research endeavors to provide
a deeper understanding of how heterogeneity influences dose
distribution at critical points and organs at risk, thereby offering
insights that could refine treatment planning and execution.
Through this investigation, we seek to contribute to the body of
knowledge on HDR-BT, enhancing the precision and efficacy
of cervical cancer treatment.

MaTteriALs AND METHODS
Study design

The "’Ir and “Co sources were used as conventional sources
in HDR-BT treatment for cervical cancer. The sources,
homogeneous, and heterogeneous phantoms were simulated,
and dosimetric calculations were performed using MCNPS
code. The AAPM TG-43 formalism data (treatment data) of
the ""’Ir source were obtained for a single patient, and the
doses were calculated using the MCNPS code, in a simulated
homogeneous phantom. The calculated dose in a homogeneous
phantom was compared with doses in treatment data as a
reference to validate the usage of MCNP5. Subsequently,
the dose of the '*Ir source was calculated in a heterogeneous
phantom and compared with the dose in the homogeneous
phantom. Similarly, the dose of the “°Co source was initially
determined using the TG-43 formalism and validated by
calculating the dose in a homogeneous phantom. Finally, the
dose of the °Co source was calculated in the heterogeneous
phantom and compared with the dose in the homogeneous
phantom. Dose limits to the OARs were checked by comparing
the OAR doses of phantoms with the values obtained by Kim
et al. and Miglierini et al.?'#?

Patient data

Treatment data regarding the utilization of a '’Ir source were
collected from a single patient. The dataset includes information
on dwell times, dwell positions of the '*!Ir source, the activity
of 210530 mega becquerels (MBq) in treatment time, and the
corresponding doses measured at point A, point B, bladder [CRU
point, and recto-vaginal ICRU point. These data were acquired
during the treatment process of an adult female patient receiving
medical care at a cancer center. The HDRPlus® treatment
planning system (version 2.5) by Elekta AB, Stockholm, Sweden,
supplied by EZ BEBIG, works based on TG-43 formalism.

Monte Carlo simulation

The sources, applicator, and phantoms were simulated using
the MCNP35 Monte Carlo code.?™ This code enables creating
the intricate 3D models of BT sources, facilitating accurate
dose calculations in complex geometries and materials.
Based on treatment data, 12 sources are used for the tandem
applicator, and 6 (three sources for each ovoid) are used for the
ovoids. The placement of the sources in the specified locations
and the locations of point A, point B, and OARs (bladder
ICRU point and recto-vaginal ICRU point) represented as
spherical cells with a radius of 0.5 mm based on treatment
data. Figure 1 illustrates the spatial placements of sources and
points in two perspectives. Considering the treatment method,
asingle source is positioned at a specific location in the loading
tubes at any given time. Only the gamma component of the
source spectrum is used for both sources.?¥ The explanation
is that the contribution of the beta and electron components to
the dose values is negligible due to the presence of stainless
steel shielding around the sources.**! A computer with a Core
17-7700K 4.50-GHz central processing unit and 32 GB of
random-access memory was used. The output data obtained
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Figure 1: Spatial positions of sources and points intwo views: (a) Lateral
view and (b) top view, using Monte Carlo N-Particle 5. BL: point B left,
AL: point A left, AR: point A right, BR: point B right

from running programs simulated using MCNPS5 are available
for a duration of 24 CPU work hours for each individual source
and phantom. Considering that 18 iridium sources and 18
cobalt sources have been used in the treatment, the total time
required, for example, for the iridium sources, is approximately
432 CPU work hours for all sources. Each of the sources, on
average, tracks the interactions of 3 x 108 radiation particles
to estimate the dose.

Sources

In this study, we simulated the ®Co source model BEBIG (Co0.
A86) and the '*Ir source model microSelectron (mHDR-v2r),
noting that both sources have active parts of identical
dimensions, making them suitable for a comparative analysis
of the effects of isotope selection. The '*’Ir source consisted of
a cylindrical core measuring 3.5 mm in length and 0.6 mm in
diameter. Its source capsule, composed of AISI 316L stainless
steel, possessed a density 0of 8.03 g/cm?. The overall dimensions
of'this source were 4.95 mm in length and 0.9 mm in diameter.
To facilitate movement through catheters and transfer tubes, the
source was connected to an abraded cable. In the dosimetric
assessment of this source, the cable was modeled as a cylinder
of AISI 314 stainless steel, with a density of 4.81 g/cm?® and
a diameter of 0.7 mm, to account for its flexible interlace
properties.

The “Co BT source consisted of a central active core made
of metallic ®°Co, with a diameter of 0.5 mm and a length of
3.5 mm. Surrounding the active core was a cylindrical stainless
steel capsule, 0.15 mm thick, with an external diameter of
1 mm.”® Figure 2 illustrates the geometric design and materials
used in the '’Ir source model microSelectron (mHDR-v2r)
and the “°Co source model BEBIG (C00.A86). The physical

properties of the sources, including their geometric dimensions,
material composition, and radioactive decay data, were
incorporated into the simulations.””?®! The placement of the
sources within the phantom was based on treatment data
obtained from the treatment plan.

Applicator

In the next step, a simulation of the tandem and ovoid
applicator, specifically the Titanium Fletcher-Suit-Delclos-style
applicator (Varian Medical Systems, Palo Alto, CA, USA), was
conducted. This particular applicator set, constructed from
titanium material, is utilized for administering high-dose
and pulse-dose rate treatments targeting the uterus, cervix,
endometrium, and vagina. The design of the Titanium
Fletcher-Suit-Delclos-style applicator is derived from the
conventional FSD (Fletcher-Suit-Delclos) model. The
applicator encompasses two colpostats, which can be employed
in conjunction with interlocking tandems featuring angles of
15°,30°, and 45°. The intrauterine section of the tandem is only
3 mm in diameter, and the accessible lengths of the tandems are
20 mm, 40 mm, 60 mm, and 80 mm, respectively. Based on the
treatment data, the tandem angle was set at 30°, and the tandem
length and tandem diameter were established as 80 mm and
3 mm, respectively. The ovoid components are consistently set
at a fixed length of 30 mm, while their dimensions may vary,
including options of 20 mm, 25 mm, or 30 mm. Furthermore,
the ovoid applicator diameter was 3 mm.

Figure 3 illustrates different parts of the tandem and ovoid
applicators. A 3D illustration of the simulated applicator is
shown in Figure 3a. Figure 3b displays various sections of
the internal sides of the tandem and ovoid tubes. The central
section, highlighted in yellow, exhibits a diameter of 2 mm.
This tube, made of a special type of plastic (polyvinyl chloride)
with a density of 1.4 g/cm® and a thickness of 0.5 mm, serves
as the channel for inserting the radiation sources into the
applicator. The blue section represents the main body of
the applicator, constructed from titanium, and possessing a
diameter of 3 mm with a thickness of 0.5 mm. For the ovoids,
nylon caps with a diameter of 25 mm are utilized.*”!

Homogeneous phantom

A homogeneous water phantom is often used for dose
calculations in radiation therapy. The use of a homogeneous
water phantom is based on the fact that water has a similar
atomic number and absorption and scattering properties as
human tissue. Therefore, a water phantom should be a good
choice to mimic human tissue during dose calculations.
Homogeneous water phantoms can be used for various
purposes, such as dosimetric verification of radiotherapy plans
and validation of Monte Carlo dose calculation algorithms.%3!!
To perform dose calculations in a homogeneous phantom,
we used a cubic water phantom with dimensions of
0.4 m x 0.4 m x 0.4 m, which closely resembles the dimensions
of a patient. The phantom is placed inside a cubic space with
dimensions of 2 m x 2 m x 2 m, filled with air, to consider the
air inside the treatment room. The positions of the applicator,
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Figure 2: Schematic diagram of (a) '*?Ir source model microSelectron (mHDR-v2r) (top), the source simulated with Monte Carlo N-Particle 5 (bottom),
(b) 6°Co source model BEBIG (C00.A86) (top) and the source simulated with Monte Carlo N-Particle 5 (bottom), dimensions are in millimeters(”2

Polyvinyl chloride (pvc)
M Titanum
I Air

(b
Figure 3: View of the simulated components of the applicator using
Monte Carlo N-Particle 5, (a) the 3D view, (b) the internal components
of the simulated applicator

the points, and the OARs are determined based on the source
positions and the coordinates of the points and OARs obtained
from treatment data.

Heterogeneous phantom

We used the Oak Ridge National Laboratory adult female
phantom as a heterogeneous phantom in this study.B>3!
Figure 4 shows various views of the simulated phantom.
To accurately simulate the organs, different organs in
the pelvic region of a standard-sized female patient
were identified and separated based on CT images by a
radiology specialist, and a Monte Carlo simulation was
performed based on these images. The rectal wall thickness
is approximately 5 mm.4 The dimensions are based on
the model used by Kim et al. The bladder is represented
as a balloon with a volume of 7 cm?® and an external wall
thickness of approximately 3 mm.>3%! Figure 5 illustrates
the positions of the rectum, bladder, and applicator in the
heterogeneous phantom.

TG-43 formalism
The TG-43 formalism is used to calculate the dose rate for the
Co source based on Equation 1.

G, (r.09)
— =g, (r)F(r.0)
G, (1, .6,) "
where, A is dose rate constant (1.084 + 0.005 ¢Gy/U h, “°Co
source), S, is air kerma strength (mGy m*h), F (r,e) is anisotropy
function, g (1) is radial dose function, and G (r,e) is geometry
factor. F (r,0) and g (r) are set based on previous studies.['*?"2%]

D(r.0) =S, A )

Based on treatment data, the activity of '?Ir was 210530
MBq (5.69 Ci) in treatment time; as an assumption, we
considered the activity of “’Co source as 85470 MBq (2.13 Ci);
based on the study by Soni et l.*"! in this activity, the total
treatment time of the “Co is equal to the total treatment time for
2[r. Equation 2 was used to calculate the air kerma strength:

S, = ATl 2

where, S, is air kerma strength, Ais activity (Bq),and T, is

air kerma rate constant (306.22 ¢cGy cm?h MBgq, “Co source)."®!
Hence, the TG-43 formalism can be written as Equation 3:

G, (r.0
D = AT A (t, (ﬁ gL (r)F(I‘.O))l +1,
G, (r.0)
(m g (r)F(r.0)), +..+t,
G, (r.0)
(m g (r)F(r’e))ls 3)

where, D is absorbed dose, A is activity, and t is dwell time for
each dwell position based on the TG-43 formalism (12 dwell
positions in the tandem and 3 dwell positions in each of the
ovoids were used). The dwell times for ®°Co are the same as
the treatment data.

Dose calculation in phantoms
The MCNPS5 software was employed to simulate the radiation
transport within the phantoms. The Monte Carlo method was
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Figure 4: Various views of the simulated Oak Ridge National Laboratory
adult female phantom using Monte Carlo N-Particle 5

utilized to track individual particles as they interacted with
the phantom materials. The simulations accounted for various
physical processes such as photoelectric absorption, leading to
the generation of K- and L-shell characteristic X-rays as well
as auger electrons. In addition, it accounts for pair production
and coherent and incoherent scattering. The simulations were
conducted in photon mode, employing an energy cutoff of 1
keV. The active cores of the radiation sources were considered
cylindrical structures containing a uniform distribution of
radioactive material.l*!

Using the simulated sources and the water phantom, the MCNP5
software was used to calculate the dose distribution within
the phantom. The radiation transport simulations provided
information on the absorbed dose at various points of interest. The
resulting dose distribution in the water phantom was compared
with treatment data used as a reference for the validation of our
Monte Carlo simulation results. Similar to the water phantom,
the MCNPS5 software was employed to calculate the dose
distribution within the heterogeneous phantom. The position and
dwell times of the sources, as well as the applicator geometry,
were kept consistent with the water phantom calculations. This
allowed for a direct comparison of the dose distributions between
the heterogeneous and homogenous water phantoms, providing
insights into the effects of tissue heterogeneity.

A Monte Carlo simulation was conducted to determine the
dose at each point of interest in the phantoms for every dwell
position. The simulation involved simulating the source in a
particular dwell position and calculating the dose using tally
F6, which is an order used in the MCNPS5 code to calculate the
dose in MeV/g (photon). Using a code written in MATLAB
software and the calculated dose values in a heterogeneous
phantom, a DVH plot has been generated for each sensitive
organ.

Bladder
Balloon

Bladder point

Ovoid

-

Rectal point

Tandem

Figure 5: Localization of bladder International Commission on Radiation
Units and Measurement (ICRU) point and recto-vaginal ICRU point(®!

Data analysis

ICRU point doses are used to calculate doses to OARs in BT
for cervical cancer.®*'?2 The calculated dose distributions for
both *?Ir and “°Co sources in the homogeneous phantom and
the heterogeneous phantom were compared quantitatively.
Based on DVH plots, extracted parameters have been
compared. Dosimetric parameters, such as dose to point A,
point B, bladder ICRU point, and recto-vaginal ICRU point,
were analyzed and compared between the two phantoms
and the dose limits. Percentage difference was calculated to
assess the significance of any observed variations. To assess
the statistical significance of the observed differences in dose
calculations, we employed a paired #-test,*” considering the
dose values calculated using the TG-43 formalism and those
obtained from the MCNP5 simulations for both homogeneous
and heterogeneous phantoms.

ResuLts

This section presents the dosimetry results obtained from the
simulation of two homogeneous and heterogeneous phantoms
in the form of absorbed dose values at the desired points,
tables for relative dose difference, and the TG-43 formalism
for the ®°Co source. In addition, DVH plots and a table of
related parameters are provided. The absorbed dose values
were obtained from the simulation of the 'Ir source with
the MCNPS5 code in the homogeneous and heterogeneous
phantoms.

The constant value of the air kerma rate constant for the ©Co
source was available on the source manufacturing website.*®!
Given that the treatment condition has been assumed with
two completely similar sources and the length of the active
part of the two sources is equal, the values of G (r, 0), the
geometry factor, and the values of r and 6 are completely
similar to ’Ir and obtained from treatment data. The g (r)
values of the radial dose function, F (1, 0) of the anisotropy
function, and the dose rate constant related to the ®®Co source
model BEBIG (C00.A86) were obtained from the tables in
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Granro et al.®™ The interpolated values are presented in
Table 1.

Then, using the TG-43 formalism, values related to the
absorbed dose rate were calculated for each source. Since the
duration of the treatment of each source was used for “Co
sources in the treatment data, the absorbed dose values and
the total absorbed dose value for each source and each desired
point were obtained, respectively [Table 2].

Absorbed dose values were obtained from the simulation of
the °Co source model BEBIG (C00.A86) using the MCNP5
code in both homogeneous and heterogeneous phantoms. The
absorbed dose values for '’Ir and ®°Co sources at each desired
point are presented in Table 3.

To assess the obtained results, the percentage difference
between the dose values calculated by different methods
conducted in this study was investigated, and compared the
dose values with dose limits for OARs. Table 4 contains the
mean dose limits defined for OARs.

The percentage differences between dose values were calculated
by three different methods (AAPM TG-43 and homogeneous
and heterogeneous phantoms) for both sources. In this study,
the differences between the dose values in homogeneous and
heterogeneous phantoms were calculated using the MCNP5
code. Table 5 shows the percentage difference between the
dose values calculated for ’Ir and “’Co sources using different
methods. For the ®°Co source, the P value obtained from
the paired #-test was 0.14, and for the "“Ir source, P = 0.22.
These P values exceed the conventional alpha level of 0.05,

indicating that we fail to reject the null hypothesis. Therefore,
the statistical analysis supports the conclusion that there are
no significant differences in the dose calculations between
the TG-43 formalism and the MCNPS5 simulations for both
homogeneous and heterogeneous phantoms, for both “°Co
and '?Ir sources. DVH plots for different organs have been
generated for two sources [Figure 6]. Table 6 shows the
corresponding parameters.

Discussion

Cervical cancer is a global health concern affecting women
worldwide. The ®Co and '*?Ir source-based HDR-BT has
shown to be a successful treatment option for cervical cancer.
Nevertheless, for the best treatment planning, it is essential to
accurately determine dose distribution and its effect on point
A, point B, and OARs, for example, the recto-vaginal ICRU
point and the bladder ICRU point.**! The study by Yong et al.
has emphasized the significance of considering heterogeneity
effects on OAR doses during HDR-BT treatment planning.“?
In this study, we found a slight discrepancy between the two
techniques (i.e. TG-43 formalism and homogeneous phantom),
with the relative difference between homogeneous phantom
and treatment data for measuring the '*’Ir dose being lower than
5%. The maximum percentage difference was also less than 3%
for the ©°Co source, suggesting a minimal discrepancy between
the methods employed. However, to rigorously evaluate these
observations, we conducted a statistical analysis to determine
the significance of the differences in dose calculations between
the homogeneous and heterogeneous phantoms, as well as the
AAPM TG-43 formalism for both ®Co and *Ir sources. The

Table 1: Values of the anisotropy function F(r,0) and radial dose function g(r) at points A and B, bladder International
Commission on Radiation Unit point, and recto-vaginal International Commission on Radiation Unit point for 5°Co

source®!
Position  Source Point A left Point A right Point B left Point B right Bladder ICRU point  Recto-vaginal ICRU point
MMPEr Fre) g F(e) o  F(O) o) F(e) o) F(e) o) F(r6) o(r)
Tandem 1 0.9960 09519 0.9960 0.9517 0.9977 0.9179 0.9970 0.9120  0.9962 0.9249 0.9246 0.9080
2 0.9960 0.9588 0.9960 0.9586 0.9980 0.9233 0.9980 0.9170  0.9963 0.9323 0.9283 0.9166
3 0.9970 0.9652 0.9970 0.9651 0.9985 0.9275 0.9980 0.9218  0.9964 0.9390 0.9273 0.9250
4 0.9983 09713 0.9983 0.9710 0.9980 0.9312 0.9980 0.9256  0.9968 0.9456 0.9293 0.9336
5 0.9986 0.9764 0.9986 0.9761 0.9995 0.9340 0.9995 0.9288  0.9975 0.9514 0.9333 0.9416
6 0.9995 0.9806 0.9995 0.9803 0.9998 0.9363 0.9999 0.9315  0.9976 0.9574 0.9562 0.9495
7 1.0000 0.9833 1.0000 0.9832 1.0000 0.9376 1.0000 0.9333  0.9983 0.9629 0.9621 0.9574
8 1.0000 0.9844 1.0000 0.9839 1.0000 0.9384 1.0000 0.9342  0.9990 0.9676 0.9651 0.9650
9 1.0000 0.9833 1.0000 0.9830 1.0000 0.9381 1.0000 0.9344  0.9994 0.9720 0.9826 0.9726
10 0.9995 0.9804 0.9995 0.9802 1.0000 0.9369 1.0000 0.9338  1.0000 0.9751 0.9866 0.9799
11 0.9986 09761 0.9986 0.9762 0.9999 0.9352 0.9999 0.9323  1.0000 0.9770 0.9929 0.9868
12 0.9980 0.9708 0.9980 0.9709 0.9990 0.9322 0.9990 0.9301  1.0000 0.9774 0.9976 0.9929
Ovoid 1 0.9987 09394 0.9960 0.9746 1.0000 0.8960 0.9990 0.9551  0.9821 0.9653 0.9960 0.9781
right 2 0.9984 0.9400 0.9920 0.9747 1.0000 0.8960 0.9985 0.9551  0.9872 0.9722 0.9942 0.9764
3 0.9980 0.9391 0.9830 0.9728 1.0000 0.8961 0.9985 0.9537  0.9939 0.9781 0.9937 0.9734
Ovoid 1 0.9950 0.9742 0.9992 0.9463 0.9990 0.9489 1.0000 0.9026  0.9888 0.9563 0.9978 0.9933
left 2 0.9929 09736 0.9980 0.9465 0.9988 0.9487 1.0000 0.9030  0.9912 0.9619 0.9950 0.9907
3 0.9850 0.9715 0.9980 0.9456 0.9980 0.9477 1.0000 0.9020  0.9938 0.9666 0.9916 0.9862

ICRU: International Commission on Radiation Unit
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Table 2: Calculated absorbed dose values for each dwell position of the °Co source

Position Source Absorbed dose (cGy)
nUmBer  pointAleft PointAright PointBleft  PointBright  Bladder ICRU point  Recto-vaginal ICRU point
Tandem 1 6.779 6.723 2.886 2.553 3.304 2.175
2 17.182 17.032 6.403 5.654 7.820 5.172
3 15.749 15.610 5.038 4.453 6.666 4.429
4 18.382 18.061 4923 4.337 7.187 4.850
5 28.948 28.447 6.478 5.737 10.585 7.365
6 50.766 49.928 9.528 8.493 18.011 13.308
7 82.996 81.879 13.705 12.326 30.673 24.058
8 105.996 102.995 16.688 15.056 44.404 38.654
9 95.774 93.709 16.017 14.631 52.254 52.851
10 66.708 65.786 12.863 11.912 50.131 64.149
11 43.350 43.009 10.058 9.443 45.579 80.525
12 0.626 0.623 0.176 0.167 0.867 2.430
Ovoid right 1 6.281 21.806 2.528 9.979 14.295 26.325
2 0.951 3.311 0.384 1.501 2.925 3.620
3 6.597 21.361 2.722 10.210 28.154 22.248
Ovoid left 1 21.004 7.348 7.935 2.737 9.959 72.079
2 12.604 4.567 4.889 1.707 7.610 36.163
3 18.160 7.126 7.592 2.715 14.770 41.378
Total dose (cGy) 598.85 589.32 130.81 123.611 355.19 501.779

ICRU: International Commission on Radiation Unit

Table 3: Absorbed dose values at desired points with task group-43 and Monte Carlo N-Particle 5 code for "*?Ir and ®Co

sources
Absorbed dose (cGy)
Point A Point A Point B Point B Bladder Recto-vaginal
left right left right ICRU point ICRU point

1921r

The AAPM TG-43 formalism data (treatment data) 598.11 591.76 137.91 130.69 356.57 462.17

Homogeneous phantom 583.92 575.35 131.87 124.46 343.19 457.37

Heterogeneous phantom 531.97 520.41 121.35 114.88 323.13 417.14
ﬁﬂco

TG-43 598.85 589.32 130.81 123.61 355.19 501.77

Homogeneous phantom 597.87 588.42 129.16 121.11 354.43 500.64

Heterogeneous phantom 540.46 528.11 119.88 112.11 332.47 440.47

ICRU: International Commission on Radiation Units, TG: Task group, AAPM: The American Association of Physicists in Medicine

Table 4: Dose limits for points A, B, and organs at
riskl?".221

Organ Mean ICRU point dose (cGy)
Point A 500-600
Recto-vaginal ICRU point 412 (151-553)
Bladder ICRU point 401 (209-537)

ICRU: International Commission on Radiation Unit

null hypothesis posited that there was no significant difference
in the mean dose calculations between the methods for each
source type.

Previous studies, such as those by Anagnostopoulos et al.'! and
Rivard et al.,") have highlighted the limitations of the TG-43
formalism in accounting for heterogeneities. Our findings align

with recent advancements in dose calculation algorithms, such
as those by Bi et al.'” and Abe et al.,* which suggest improved
accuracy when considering tissue heterogeneity. However,
our statistical analysis indicates that the traditional TG-43
formalism and the MCNP5 simulations yield comparable
results, echoing the conclusions of Wen et al.[% that for clinical
purposes, the differences may not be significant.

The clinical relevance of our study lies in its affirmation that
HDR-BT treatment planning can be effectively conducted with
both ’Ir and ®Co sources, considering tissue heterogeneity.
This is particularly important for resource-constrained
settings where advanced computational resources for MCNP5
simulations may not be available. Our findings suggest that
the TG-43 formalism remains a viable option for treatment
planning, supporting the work of Viswanathan et al.!'"'! and
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Table 5: Percentage difference between different methods of calculating absorbed dose for *?Ir and ®Co sources,
including comparisons between homogeneous and heterogeneous phantoms

Percentage difference (%)

Point A Point A Point B Point B Bladder Recto-vaginal
left right left right ICRU point ICRU point

I‘)ZIr

Treatment data versus homogeneous 2.37 2.77 4.38 4.77 3.75 1.04

Homogeneous versus heterogeneous 8.90 9.55 7.98 7.69 5.85 8.80

Treatment data versus heterogeneous 12.43 13.71 13.65 13.76 10.35 10.80
60C0

TG-43 versus homogeneous 0.16 0.15 1.26 2.02 0.21 0.23

Homogeneous versus heterogeneous 9.60 10.25 7.18 7.44 6.20 12.02
2Ir and Co

Homogeneous 2.33 222 2.06 2.69 3.17 8.64

Heterogeneous 1.57 1.46 1.22 2.47 2.81 5.30

ICRU: International Commission on Radiation Unit, TG: Task group

Table 6: Parameters obtained from dose—volume histogram analysis for sensitive organs in a heterogeneous phantom

Bladder Rectum Cervix Uterus
Gl]co 192" Bﬂco 192"- snco 192"- Gﬂco 192|r
D2cc (cGy) 226.46 674.19 776.2 193.78 - - 5124 2912
D50 (cGy) 188.8 525.9 180.3 86.55 1258 526.9 736.2 474.6
D90 (cGy) 129 281.1 38.71 35.81 872 353.8 3495 283.9
D95 (cGy) 123.1 262.7 32.99 31.35 794.8 335 297.3 2498
D98 (cGy) 104.49 195.43 29.55 28.67 748.48 323.72 265.98 229.34

Bladder Rectum

== ===60-Cobalt
192-Iridium

—-=-60-Cobalt | |
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% volume
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Figure 6: Dose-volume histograms plot for '*2Ir and ®Co sources in different regions of a heterogeneous phantom

Sturdza et al.'¥ in advocating for accessible and effective =~ The examination of DVHs underscores that organs at risk,
treatment planning methods. notably the rectum and bladder, receive doses within the
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thresholds recommended by the ABS and the EMBRACE II
guidelines, ensuring patient safety and treatment efficacy.l''-'*!

While our study contributes valuable insights, it is not without
limitations. The statistical analysis, based on hypothetical
data, underscores the need for real-world validation of these
findings. Future research should focus on longitudinal studies
to assess the clinical outcomes of HDR-BT treatment plans
developed using different dosimetric calculation methods,
particularly in heterogeneous tissue environments.

CoNCLUSIONS

Our study supports the continued use of the TG-43 formalism
in HDR-BT treatment planning for cervical cancer, alongside
advanced simulation methods like MCNPS. By demonstrating
that tissue heterogeneity does not significantly impact dose
calculations between these methods, we provide a foundation
for further research and development in HDR-BT treatment
planning. As the field advances, ongoing evaluation and
integration of emerging dosimetric calculation methods will
be crucial in optimizing treatment outcomes for cervical cancer
patients.
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