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ABSTRACT

Breast cancer is one of the most common malignant diseases in women. After tumor mass surgery, radiation
therapy is regularly taken into account the gold standard for the treatment. Kilo to Mega voltage photons have
been suggested due to their characteristic depth dose build-up regime, reducing the dose to the breast skin to a
fraction of the maximum dose exposure. During treatment, mean glandular dose is commonly used as a criterion
for identifying radiation risks. Here, two outlines in cubic-rectangular (CR) and cylindrical- taper (CT) outlines
were modelled together with corresponding assumptions using Monte-Carlo simulation and the recorded
absorbed dose ratio (ADR) values were compared via defined a positron source by 511 keV energy. The results
showed that the amounts of absorption and scattering cross-sections next to the ADR amount decreased as the
height of the CR outline decreased. The average dose ratio amount in the CR outline was reduced by about 96%
compared to that in the CT outline. By increasing the positron source distance from the nipple, the ADR
amounts decreased for both outlines. The amount of accumulated dose ratio decreased harshly in the CR outline

rather than in the CT outline. This study can be useful to examine breast tissue deformity in treatment planning.
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1. INTRODUCTION

The analyses of the breast tumor and tissue by the mammography system and also its treatment
play a central role since ionizing radiation is used. As known, the female breast consists mainly of
ducts, lobules and stroma, as shown in Figure 1a. Hormones are of great importance in many cases
of the corresponding cancer; except how it happens is not completely understood. A common
symptom of breast cancer is a new lump or mass on a regular basis. Painless, hard mass with irregular
boundaries is likely more cancerous that can be easily ruptured or tendered. Other possible breast
cancer disorders include: swelling, irritation of the skin or dimpling, pain in the nipple or breast tissue,
redness, scaliness, thickening of the skin or nipple, nipple retraction and discharge [1,2]. The
mammary glands consist of a large series of lobular ducts lined with epithelium capable of secreting
milk. These ducts empty into larger milk-carrying ducts that converge at the nipple. These glandular
constructions are implanted in backing fatty tissue, and the breasts are divided into lobules by
connective tissue. The majority of breast cancers start in the cells lining the ducts and some in the
lobules, while a small number start in other tissues. The ductal carcinoma in situ is frequently reflected
to be pre-invasive or non-invasive breast cancer [3,4]. In treatment, the average glandular dose is used
as a criterion for identifying the radiation risk. This dose is evaluated assuming the equivalent
homogeneous tissue [5,6]. In reality, the accuracy of this estimation is controversy because that is
inhomogeneous. Here in this survey, the amount of absorbed dose ratio (ADR) for the dissimilar
breast outlines such as CR and CT shapes is examined along with the corresponding assumptions to

decrease the absorbed dose in the normal tissues by the Monte-Carlo simulations.
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Figure 1. a) The cylindrical-taper (CT) outlook of the breast organ (top).
b) Diagram of the breast as cubic-rectangular (bottom-left) and CT (bottom-right) outlines.
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2. MATERIALS AND METHODS

The breast cancer can be examined through mammography images. If the cancer is detected at
early stages, it can be properly treated by radiation [7-9]. The goal of mammography is to detect
cancers before it causes symptoms. The breast cancer is discovered because it tends to get noticeably
larger and is more likely to have previously spread beyond the breast. Also in treatment, by virtue of
radiation propagating in the materials, there is an interaction that results in the amount of energy being

put into them that is valuable for tumor and not normal tissue. In order to decrease the ADR as well
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as increase the efficiency and signal-to-noise (SNR) ratio, the processes are proposed based on breast
tissue deformity and shielding strategy problems. One of these is the geometric variations in breast
configuration during imaging and/or treatment. Here, the dissimilar outlines of the breast are defined
as CT and CR, as shown in Figure 1b. The volumes of these forms (Vcr and Vcr) are similar and
equal to the constant value since the density of the breast is invariant under all deformation conditions.
To satisfy this assumption, one can get the connection between parameters of dissimilar geometric
outlines (CT and CR) as follows,

Ver = d? x X (Equation 1)
dz 1 a2 Bd\? _
VCR=T[T><C+§T[T><H+7T(7) X aH (Equation 2)
Here, it equates the two expressions, and it can be calculated for X and K:
2 2 2
nd—XC+l7td—><H+7T(ﬁ—d) XxaH =d?* x X (Equation 3)
4 37 4 2
2
7'[1><C+1T[1><H+T[(E) XaH =X (Equation 4)
4 3 4 2
bctmxn(5) x| - x
T|l—X — T X T|l—] X« =
4 12 2
2
X=m [W + E] (Equation 5)
12 4
K=C+ 1+ a)H (Equation 6)

where B and o are the trivial fractional numbers of cylinder diameter (d) and cone height (H),
correspondingly. The X and K amounts are the height of the CR sketch and the total height of the CT
sketch, respectively. Egs. 5 and 6 are independent of the d value. Here, the base of the breast does not
have a main role in the calculations. Schematically, these equations are drawn in Figure 2 at values
of K =20, 15, and 10 cm when the B and a values approach to zero. The decreasing ratio of X with
increasing H is determined in theory as a slope of -0.5235 representing an angle of 152.5°, which is
entitled deformity angle of the outlined breast. The changing ratio of X against H has a constant
amount under all situations. The scattering and absorption cross sections decreased with the X

reduction in the CR sketch, and concomitantly the ADR decreased.
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Figure 2. The cube length of X versus cone height of H, a) with the nipple width for K =20 cm
and o = 0.1, b) the sum of the cone heights for K = 10, 15, and 20 cm while « and £ values come

near to zero.
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The Monte Carlo N-Particles code version X (MCNP-X) [10] is modified to obtain a history from
the contributions of each of the positrons towards producing the ADR. This code is very applicable
due to accessible and more controllable on all parameters included in computations and tractable
particle detections based on the different nuclear cross sections as well as having potential estimate
of the flux, dose and Kerma [10,11]. The library that was here utilized for MCNPX simulations was
ENDF/B-VI1.0 [12]. The breast volume was in the range of 400 to 1500 cm?® [13].

The amount of positron source energy is 511 keV as mono-energetic and propagated to the front
and end of the breast. The equivalent tissue density is defined by 104E-2 g/cm?®. For CR shape,
12x12x6.55 cm® geometrical dimensions were outlined. On the other hand, the CT outline is as a
small cylinder (D =1.2 cm, H=1cm), acone (D =12 cm, H = 10 cm), and a large cylinder (D = 12
cm, C =5 cm). Also, the source was located at distances of 0.5 and 15.5 cm from the nipple on the
right breast away from the heart to reduce possible risks to the heart. For the simulation, the
trajectories of 1E+7 photons were calculated using the workstation of F4 tally and cards of dose

function and energy by Q-factor of 1, and the mean error was estimated.
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3. RESULTS AND DISCUSSION

The alterations of the CR height versus the cone height of CT outline and the size of breast nipple
have been shown in Figure 2a, for K = 20 cm and a = 0.1. When the cone height enlarged, the CR
height reduced meaningfully at a distinct slope, that is, the minimum deformity occurs while the part
of the cone part at the CT outline is unimportant rather than that of the cylinder. Subsequently, the
sizeable breasts have the smallest height for the CT outline, and then the most dose amount is
absorbed rather than the CR outline. The cube height (X) as a function of cone height (H) whereas
the entire cone height is at a distinct value at a = 3 = 0 is indicated in Figure 2b (unit in terms of cm).
While the nipple size is negligible, there is a constant slope, namely the deformity angle. However,
with the variation of this size, the angle is varied. Subsequently, whilst the tumor is located in the
nipple, the calculations are deviated as trivial. The CR, CT, and CT-CR outlines were simulated by
MCNPX code, as shown in Figure 3. The ADR value decreased in CT outline at 0.5 cm distance of
the nipple due to increasing depth and decreasing the number of particles as a function of depth.

Figure 3. The modelled breast deformity via MCNPX simulator, a) cubic- rectangular (CR), b)

cylindrical-taper (CT), ¢) CR and CT outlines.

The ADR amounts are different in CT outline in both left and right breasts. While the positron
source is close to the right breast, the ADR value at the right barest (RB) is more than that of the left

breast (LB) for the reason that the attenuation value was increasing with the increase in distance from
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the source and depth, according to Figure 4. The relative difference between absorbed dose ratio
(ADR) as the depth function is also demonstrated for the LB and RB in CT outline. This disparity is

raised in the lesser depths and reduced with the increase of depth as exponential function by 22E-3

MeV/(g.cm) gradient and moved towards zero more than 18 cm depth.

Figure 4. The simulated absorbed dose ratio as a function of the depth in the left and right
breasts (LB and RB) for CT (top) and CR (bottom) outlines at Z distances of 0.5 and 15.5 cm of the
nipple (left). The relative difference at ADRs in the RB and LB for CT and CR outlines (right).
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The ADR values in both left and right breasts also were different in CR outline of deformed breast.

While the positron source was close to the right breast, the ADR value was more independent of the

defined depth rather than CT outline, and the differences between them were unimportant by raising

the depth, as shown in Figure 4. The relative difference amounts between the ADRs for the LB and
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RB in CR outline as the depth function is also demonstrated. Again, this disparity was elevated in the
lower depths, and decreased by increasing the depth in the form of a linear function by 5E-3
MeV/(g.cm) slope.

Table 1 indicates the pileup ADRs in the RB and LB of CT and CR outline at distances of 0.5 and
15.5 cm from the nipple, respectively. At these distances, these accumulated ADRs in CT outline
were 98% and 95% more than that of CR outline, respectively. As a result, the normal breast should
be located in the CR outline for treatment planning, as there is a high likelihood of the formation of

tumors in the nipple.

Table 1. Accumulated dose ratio (Sv/h) by Q-factor of 1 at LB-CR and RB-CT outlines.

Source location from

) Cube (Deformed LB) Taper (RB) Difference
right breast (cm)

15.5¢cm 1.633E-09 3.432E-08 95.24%

0.5cm 1.616E-09 1.022E-07 98.42%

When planning treatment, one can take into account the amount of absorbed dose into the other
tissues. There are generally many factors that influence the qualification of images as well as absorbed
radiation dose, one of which is the scattered rays. These rays cab be attenuated by the grids.
Inaccuracies in grids design and breast geometry configuration design lead to an increase in absorbed
dose in the breast due to their flexibility. Recently, Buonanno et al. [14] have demonstrated a
possibility of utilizing low energy X-ray spectra rotationally by 150 kV that the dose distribution in
phantom revealed a skin-to-tumor dose ration of 34% for a dedicated lesion at 5.25 cm from cylinder
axis in comparison to megavoltage radiotherapy.

The simulated ADR value at 511 keV in CT outline decreased locally with increasing the depth
as the energy of the rays decreased. At dissimilar depths, the ADR values were approximately
constant in the CR rather than the CT, but the probability of interaction enlarged in the CT outline by
virtue of large solid angle. The smaller the solid angle, the lower the likelihood of interactions, so the
ADR amount decreased because the generation and interaction of rays followed a random model.

Here, the total error in dose calculations was less than 5%. While some abnormal tissues are
irradiated, the others inevitably absorb the dose of scattered rays. For instance, the nontarget and
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adjacent tissues absorb an average of 14.3% of the dose in the breast [15,16]. However, due to the
statistical oversights and variability, there was a slight discrepancy between the reported and the
calculated amounts [17,18]. The deformity angle presented in Eq. (5) is a firm principle and does not
alter under different conditions. There is a small error in the results as the breast cannot be precisely
traced by the CR outline due to the curvature of the edges and boundaries.

In general, although x-ray and gamma sources are used for treatment and diagnosis [19-22],
positron sources are primarily used to diagnose diseases [23-27]. Therefore, in this research, positron
energy was utilized for treatment procedures. In future researches, the energies of combined sources

can be used to achieve higher and better treatment estimates.

4. CONCLUSIONS

In this investigation, a new technique was proposed based on the breast deformity in order to
diminish the dose in nearby normal tissues. This deformation on the breast is possible in the CR
outline due to the greater flexibility. The results revealed that at the low energy of the positron source,
these amounts diminished by increasing the depth, depending on the source position. The ADR
amounts at disparate depths were almost constant in the CR outline rather than the CT, but the
likelihood of interactions increased in the CT outline due to the large solid angle of deformity. The
lower the solid angle, the lower the interaction probability becomes, so the ADR amount diminished
because the generation and interaction of rays involves a random model. In summary, deforming

breast geometry can help avoid of further damages in treatment and imaging problems.
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