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Introduction: Volumetric Modulated Arc Therapy (VMAT) is an advanced method of radiation therapy with
increased flexibility in intensity modulation. The study aims to compare the dosimetric outcomes of VMAT
treatment plans generated using Pareto and Constrained modes of optimization for left breast cancer with
breast-conserving surgery (BCS).

Material and Methods: We carried out a retrospective study of twenty female patients who underwent BCS
for left breast cancer. VMAT treatment plans were generated using two optimization modes, Pareto and
Constrained, on the Monaco (version 5.11.03) treatment planning system (TPS), with a single arc of 6MV x-
ray photon beam from Elekta Versa HD linear accelerator (linac). The prescribed dose was 42.56 Gray (Gy)
in 16 fractions to the PTV. Dosimetric parameters, such as the target volume coverage, organs at risk (OARS)
doses, homogeneity index (HI), as well as conformity index (CI), were studied and compared between the
two modes of optimization using the Wilcoxon signed-rank test (Jamovi 2.3.26).

Results: The study showed that the Pareto mode of optimization within VMAT gave superior outcomes, with
increased coverage of the target and comparable OAR doses. However, there is a slight increase in the
volume receiving 107% of the prescribed dose (V107), maximum dose (Dmax) Within the target volume, and
monitor units (MU); the HI and CI show excellent performance.

Conclusion: This study suggests that Pareto mode optimization in VMAT is a preferable and superior

approach for left breast cancer patients undergoing BCS.
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Introduction

Carcinoma of the breast is a configuration of cancer
that originates on the tissues of either of the two breasts
or both breasts [1]. It is the leading form of cancer in
women, but even men can be affected. Globally, it ranks
as the second most common cause of cancer-related
fatalities among women [2], [3]. It comes up mainly in
the cells that line the lobules in the glandular tissue of
the breast that produces the milk, or the small channels
called ducts that protrude from the lobules and transport
milk to the nipple [4]. The diagnostic tests carried out
for the detection of the tumor include mammography,
ultrasound of the breast, magnetic resonance imaging of
the breast, and biopsy [5]. The patient's breast cancer
type and stage, along with their overall health status and
treatment preferences, all influence the choice of a
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particular course of action [6]. The patient either
undergoes BCS or modified radical mastectomy (MRM)
as the initial step in medical intervention [7]. There are
several adjuvant therapies for breast cancer following
surgery, such as radiation therapy that includes
brachytherapy and external beam radiation therapy
(EBRT), chemotherapy, hormone therapy,
immunotherapy, and so on [8, 9].

The EBRT technique allows for precise radiation
targeting of the tumor while minimizing damage to
healthy tissues [10]. Three-dimensional conformal
radiation therapy (3DCRT), IMRT, and VMAT are the
techniques practiced in radiotherapy to treat breast
cancer [11], [12]. According to research, IMRT and
VMAT are the most advanced radiation therapy
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techniques used for treating breast cancer patients [13],
[14]. VMAT comes up with a more rapid treatment than
static field IMRT [15], [16]. Radiation therapy treatment
planning is crucial in reducing radiation exposure to the
contralateral breast, the ipsilateral and contralateral
lungs, and the heart [17]. For patients with left breast
cancer, it is recommended to consider Voluntary Deep
Inspiration Breath Hold (V-DIBH) as it can effectively
reduce the doses to the heart and ipsilateral lung when
compared to Free Breathing (FB). However, not all
patients are able to undergo V-DIBH due to varying
levels of support [18]. VMAT helps determine an
efficient plan for delivering an even dose to the target
volume while minimizing radiation exposure to OARS
[19]. This is accomplished through a linear accelerator
(linac) when the radiation beam continuously rotates
around the patient, enabling precise adjustments in beam
intensity, gantry movement, and multi-leaf collimator
(MLC) positions. Radiation is thus distributed
uniformly, reducing the possibility of adverse effects
[20].

VMAT offers two optimization modes, Pareto and
Constrained, to help generate treatment plans [21]. In
the Pareto mode, the system prioritizes coverage of the
target before trying to satisfy the constraints of the
OARs, while in the Constrained mode, the system
achieves OAR constraints prior to attaining the target
coverage [22]. There are limited studies that directly
compare the performance of the Pareto and constrained
modes of optimization within VMAT. In contrast to the
studies that focus on organs like the heart and the
ipsilateral lung as potential OARs to treat left breast
cancer, we have expanded our analysis to include other
vital structures, such as the right lung, the right breast,
as well as the spinal cord. These OARs were chosen
because of their proximity to the volume of the target.
The main goal of this study is to compare the dosimetric
results of the treatment plans that were optimized using
both modes.

Materials and Methods

Twenty female patients who had left-sided breast
cancer and underwent BCS were selected
retrospectively for this study. During the image
acquisition, the patients were positioned head-first
supine on a flat couch with their arms raised. They were
immobilized with a thermoplastic mask called ORFIT to
ensure a stable position throughout the procedure. The
CT images of the patient were acquired using a Philips
Brilliance Big Bore 16-slice CT scanner with a slice
thickness of 5mm. The Monaco (version 5.11.03) TPS
was used to analyze the reconstructed images and
delineate the target volumes and OARs according to
RTOG guidelines [23]. The tumor's size and location,
suspected to be present, are known as the Gross Tumor
Volume (GTV). The Clinical Target Volume (CTV) is
determined, including the GTV and any visible
extensions of the tumor and any microscopic spread to
nearby internal mammary nodes. To ensure that the
radiation dose is received only by the tumor and not by
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healthy surrounding tissue, a margin of 3 to 5 mm was
added around the CTV to create the Planning Target
Volume (PTV). Also, the OARs were delineated, and
the constraints were set such as, for each lung, with the
volume getting 20 Gy not to exceed 20% and the
volume receiving 25 Gy for the heart not to exceed 10%,
the mean dosage to the contralateral breast was kept at
less than 5 Gy, and the maximum dose that the spinal
cord could receive was limited to less than 46 Gy. These
limits were put in place to minimize radiation exposure
to vital structures and mitigate any possible adverse
effects [24].

Treatment Planning System

Monaco TPS (version 5.11.03), developed by Elekta,
was used to generate the treatment plans of the selected
patients for VMAT by using two different optimization
modes, constrained and Pareto [25]. VMAT employs the
Monte-Carlo algorithm for dose calculations [26], [27].
Monaco employs a two-step process for achieving
optimal dose distribution: fluence beam optimization,
followed by beam segmentation [28]. The plans for
treatment were developed using a single arc of 6MV x-
ray photon beam with 80 pairs of multileaf collimators
of Elekta Versa High Definition (HD) linac, for the
prescribed dose of 42.56 Gray (Gy) in 16 fractions to the
PTV. The gantry start angle ranged between 300°-310°,
with an arc span ranging between 180°-200°, setting the
arc in a clockwise direction, and the grid size to 0.3cm
for dose calculation. To optimize the target dose,
biological cost functions were defined using the target
equivalent uniform dose (EUD), quadratic overdose, and
target penalty terms. The prescribed target dose was
expressed in terms of EUD in the IMRT constraints tab.
The specific cost function and maximum dosage were
applied to the structure of the patient's body, together
with the "optimize over all voxels in volume" option, in
order to reduce the high dose volume in the patient's
body and the target volume. The lowest acceptable
criterion for both treatment schemes needed at least 95%
coverage of the PTV by 95% of the prescribed dose.

Plan Evaluation

The optimal treatment plans generated using both
optimization methods for each patient were assessed by
comparing various dosimetric parameters for the target
and OARs. The Dosimetric parameters obtained and
evaluated were volume receiving 95% of the prescribed
dose (Vgs), volume receiving 107% of the prescribed
dose (V1o7), Dmax within the target volume, Dmean for
contralateral breast, volume receiving 20Gy (V) for
the ipsilateral lung as well as the contralateral lung,
volume receiving 25Gy (V2s) for the heart, Dmax to the
spinal cord, HI, Cl and MU delivered.

Homogeneity Index

The HI is a parameter in radiation therapy treatment
planning to assess the uniformity of dose distribution
within the target volume. An HI value of 1 is considered
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ideal as an indication of absolute homogeneity.
However, HI values above 1 signify deteriorating
homogeneity in the plan.

The formula to calculate the HI is given by:
HI=(Ds%-Dgs%)/Dpres 1)

Here, Dsy is the minimum dose in 5% of the target
volume, Dgse is the minimum dose in 95% of the target
volume, and Dyres is the dose prescribed [29].

Conformity Index

The Cl is a tool used in radiation therapy treatment
planning to assess the coverage of the target volume.
The ideal value for CI is 1, which indicates that the
prescribed dose is delivered only to the target volume. If
the CI is greater than 1, it means that the volume of
tissue receiving the prescribed dose exceeds the volume
of the target.
The formula to calculate the CI is given by:
Cl= (Vgs% / VpTv) X (Vgs% / T|V95%) (2)

Here, Vprv refers to the volume of PTV, and TIVgsy

refers to the total irradiated volume of the body covered
with 95% of the recommended dose [29].
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Results

The dose distribution to the target and OARs, along
with their dose volume histograms (DVH) for both
optimization modes, is shown in Figures 1 and 2
respectively.

To compare the outcomes of the two optimization
modes, a non-parametric statistical test called Wilcoxon
signed-rank analysis was performed (Jamovi 2.3.26). Table
1 presents the mean and standard deviation values for the
different dosimetric quantities, along with their significant
(p) values, providing a summary of their respective
statistical measures. The results of the test indicate whether
there is a significant difference between the outcomes of
the two optimization methods. The statistical findings of
the analysis have been examined and evaluated.

Graphs were developed to visually represent several
planning parameters, making the dosimetric study easier to
comprehend and interpret. As shown in Figure 3, in the
Pareto mode of optimization, the Vg of the PTV was
measured to be 92.200+4.780, while in the Constrained
mode, it was 90.800+4.220, however, these values had no
statistically significant difference, with a p-value of 0.475,
also, the relative volume of the PTV encompassed by
107% of the prescribed dose differed significantly between
the Pareto and Constrained modes. In the Pareto mode, it
was 1.757+1.328, whereas, in the Constrained mode, it was
0.450%z+0.731%, with a p-value of less than 0.001.

SO SScr W CONSTRANID ~ MaxDose: 46733 <Gy O 53

Figure 2. DVH of Pareto and Constrained modes of optimization
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The Dmax received by the PTV varied in the Pareto
mode, ranging from 4622.500 cGy to 5017.600 cGy, with
an average of 4833.000+106.000 and in the Constrained
mode, it ranged from 4468.100 cGy to 5019.300 cGy, with
an average of 4727.000+121.000 is represented in figure 4.
These differences were statistically significant, with a p-
value of less than 0.001. The mean dose (Dmean) to the
contralateral breast in the Pareto and Constrained modes of
optimization were 417.000+£137.000 and 425.000+121.000,

Table 1. Ranking of plan parameters based on p-value

respectively. Still, again, there was no statistically
significant difference, with a p-value of 0.430, as
represented in Figure 5. Figure 6 shows the Vo values for
the left lung that were found to be 16.600+5.330 in the
Pareto mode and 16.600+2.860 in the Constrained mode,
with no statistically significant difference (p-value = 0.674)
and the right lung with the values to be 0.190+0.356 in the
Pareto mode and 0.272+0.485 in the Constrained mode,
with a p-value of 0.193.

Parameters Pareto

Constrained

Mean £ SD Mean + SD p-value
Vo7 for PTV (%) 1.757+1.328 0.450+0.731 <0.001
Maximum Dose within PTV (cGy) 4833.000+106.000 4727.000+121.000 <0.001
Monitor Units (MU) 1338.000+281.000 1160.000+225.000 <0.001
Conformity Index 0.838+0.058 0.813+0.071 0.053
Homogeneity Index 0.131+0.059 0.118+0.048 0.165
Vy, for Contralateral Lung (%) 0.190+0.356 0.272+0.485 0.193
Mean Dose within Contralateral Breast (cGy) 417.000+137.000 425.000+214.000 0.430
Vs for PTV (%) 92.200+4.780 90.800+4.220 0.475
Vy for Ipsilateral Lung (%) 16.600+5.330 16.600+2.860 0.674
Vs for Heart (%) 2.670+2.360 2.610+2.000 0.756
Maximum Dose within Spinal Cord (cGy) 1551.000+584.000 1559.000+648.000 0.898
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Figure 3. Vs of PTV (p-value = 0.475) and V47 of PTV (p-value = 0.001)
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Figure 4. Maximum Dose within PTV (p-value < 0.001)
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Figure 5. Mean Dose within Contralateral Breast (p-value = 0.430)
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Figure 6. V5 for Ipsilateral Lung (p-value = 0.674) and V4, for Contralateral Lung (p-value = 0.193)
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Figure 7. V5 for Heart (p-value = 0.756)

Figure 7 shows that the Vs of the heart values were
2.670+£2.360 in the Pareto mode and 2.610+2.000 in the
Constrained mode, but this difference was not statistically
significant, with a p-value of 0.756.

The Dmax received by the spinal cord was
1551.0004584.000 in the Pareto mode and
1559.000+648.000 in the Constrained mode as represented
in Figure 8, which is not statistically significant (p-value =
0.898). Figure 9 shows that the MU delivered in the Pareto

Iran J Med Phys., Vol. 22, No. 3, May 2025

and constrained modes were 1338.000+281.000 and
1160.000+£225.000, respectively, and it is statistically
significant with a p-value of less than 0.001. Figures 10 and
11 say that the HI and Cl for the Pareto mode were
obtained as 0.131+0.059 and 0.838+0.058, respectively,
while for the constrained mode, they were 0.118+0.048 and
0.813+0.071, respectively. The p-value for the HI was
0.165, and for the ClI, it was 0.053.
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Figure 11. Conformity index (p-value < 0.053)

Discussion

The results of the current study support the idea that
using the Pareto mode for optimizing VMAT treatment
plans might be a good option for treating breast cancer
that is left-sided with BCS, as it achieves very good
target coverage with comparable doses to OARs.
However, it is to be observed that the Vig7 in the PTV is
slightly higher in the Pareto mode. The radiation doses
are less to the ipsilateral and contralateral lungs,
contralateral breast, and also to the spinal cord in Pareto
mode. Incredibly, the dose to the heart is identical in
both optimization modes. Furthermore, the Pareto mode
has a slightly higher maximum dose to the PTV, Vg7 for
the PTV, and higher MU. Also, the Pareto mode
demonstrates superior HI and Cl compared to the
Constrained mode, indicating better dose distribution
and coverage.

These findings suggest that when plans are generated
for VMAT using the Pareto optimization mode, the
target receives excellent dose coverage with minimal
OAR dosages. This further reduces the risk of acute or
long-term toxicities, resulting in a better treatment
option for the patients

These findings support the study conducted by
Srivastava AK et al. that compared Pareto and
Constrained modes of optimization for VMAT treatment
plans generated for post-operated left breast cancer
patients, with two arcs for 6MV x-ray photon beam
from Elekta Infinity linac. Dosimetric quantities such as
Vs, V107, Dmax t0 the target volume, Dmean for the heart,
V30, Va0, and Vs for the left lung, and delivered MU
were analyzed. Incredibly, the dose for the heart is
similar in both optimization modes. Additionally, the
Pareto mode has a slightly higher Dmax in the PTV,
Vo7 in the PTV, as well as the MU. Also, the Pareto
mode witnessed superior HI and Cl when compared to
the constrained mode, which indicates greater coverage
and distribution of doses [30].

Singh P et al. compared the dosimetric results of
doses to the OARs in the treatment plans of
conventional radiation therapy, IMRT, and VMAT for
post-operated breast cancer patients. They found that

Iran J Med Phys., Vol. 22, No. 3, May 2025
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VMAT plans, which were generated using the
constrained mode of optimization, contributed in lesser
doses to OARs as compared to the other two. They
found that the doses received by Vo of the ipsilateral
lung, V25 of the heart, Dmean to the contralateral breast,
and Dmax to the spinal cord were 29.6+3%, 5.4+4.9%,
4.1£0.9%, and 28.416.5% respectively [31]. Whereas
our study found the Pareto mode of optimization to have
given fewer dosages such as 16.6+£5.33, 2.67+2.36,
417+137cGy, and 1551+584cGy to Vo of the ipsilateral
lung, V25 of the heart, Dmean to the contralateral breast,
and Dmax to the spinal cord, respectively.

Pyshniak V et al. compared the VMAT treatment
plans with biological and physical cost functions for
prostate cancer using the Pareto mode of optimization,
where they found that the Pareto mode provided good
target coverage with reduced doses to the OARs. Also,
the median dose to the bladder was reduced with
increased conformity to the target is appreciable because
of the usage of biological cost functions [32]. This study
aligns with the study of Pyshniak V et al. in the means of
Vg5 of the PTV, comparable OAR doses, especially the
lungs and heart, and better conformity of the target
volume.

The sample size of twenty patients could be a
limitation in this study. Conducting further research
with a larger sample size could lead to enhancing the
reliability of the findings.

Conclusion

The findings of our study have shown that the Pareto
mode optimization in VMAT treatment plans for
radiation therapy is superior to the constrained mode.
The Pareto mode results in better coverage of the target
volume and minimal OAR dosages, which makes it the
most effective option. Even though there is a slight
increase in the hotspot, Dmax within the PTV and MU,
the HI and ClI have exceptional outcomes. These
impressive findings conclude that the Pareto mode of
optimizing VMAT treatment plans could be the most
beneficial approach for patients undergoing BCS for left
breast cancer.

200



Pareto vs. Constrained VMAT Optimization

fpp

Fiza Mohammed Aslam Syed, et al.

References

1.

10.

11.

12.

13.

14.

15.

201

Feng Y, Spezia M, Huang S, Yuan C, Zeng Z,
Zhang L, et al.. Breast cancer development and
progression: Risk factors, cancer stem cells,
signaling pathways, genomics, and molecular
pathogenesis. Genes Dis. 2018 May 12;5(2):77-106.
Mattiuzzi C, Lippi G. Current Cancer Epidemiology.
J Epidemiol Glob Health. 2019 Dec;9(4):217-222.
Ansari, M. Shahanawaj, Khan, M. Ziyauddin,
Sharma, S. Dutt, Yadav, N., Zope, M. Kumar, et al.
Analysis of Dose-Distribution in Left-Lung and
Heart as Increasing the Number of Beams in Left-
Sided Breast Irradiation. Iranian Journal of Medical
Physics, 2024; 21(1): 1-7.

Zucca-Matthes G, Urban C, Vallejo A. Anatomy of
the nipple and breast ducts. Gland Surg. 2016
Feb;5(1):32-6.

Sree SV, Ng EY, Acharya RU, Faust O. Breast
imaging: A survey. World J Clin Oncol. 2011 Apr
10;2(4):171-8.

Wang L. Early Diagnosis of Breast Cancer. Sensors
(Basel). 2017 Jul 5;17(7):1572.

Farhood, B., Mahdavi, S. R., Emranpour, M. H.,
Mohammadi Asl, K., Nekoui, N., Knaup, C. et al.
Skin Reaction in Radiation Therapy for Breast
Cancer. Iranian Journal of Medical Physics, 2014;
11(4): 316-321.

Burguin A, Diorio C, Durocher F. Breast Cancer
Treatments: Updates and New Challenges. J Pers
Med. 2021 Aug 19;11(8):808.

Zeinali Rafsanjani, B., Mosleh-Shirazi, M. A,
Faghihi, R., Mosalaei, A., Omidvari, S., Hadad, K.,
et al. Breast Cancer and its Radiotherapeutic
Methods. Iranian Journal of Medical Physics, 2012;
9(2): 75-85.

Koka K, Verma A, Dwarakanath BS, Papineni RVL.
Technological Advancements in External Beam
Radiation Therapy (EBRT): An Indispensable Tool
for Cancer Treatment. Cancer Manag Res. 2022 Apr
11;14:1421-1429.

Das Majumdar SK, Amritt A, Dhar SS, Barik S,
Beura SS, Mishra T, et al.. A Dosimetric Study
Comparing 3D-CRT vs. IMRT vs. VMAT in Left-
Sided Breast Cancer Patients After Mastectomy at a
Tertiary Care Centre in Eastern India. Cureus. 2022
Mar 28;14(3):e23568.

Ahmad A, Das S, Kharade V, Gupta M, Pandey VP,
K V A, et al.. Dosimetric Study Comparing 3D
Conformal Radiotherapy (3D-CRT), Intensity
Modulated Radiotherapy (IMRT) and Volumetric
Modulated Arc Therapy (VMAT) in
Hypofractionated One-Week Radiotherapy Regimen
in  Breast Cancer. Cureus. 2022 Nov
24;14(11):e31860.

Chang JS, Chang JH, Kim N, Kim YB, Shin KH,
Kim K, et al. Intensity Modulated Radiotherapy and
Volumetric Modulated Arc Therapy in the
Treatment of Breast Cancer: An Updated Review. J
Breast Cancer. 2022 Oct;25(5):349-365.

Balaji K, Subramanian B, Yadav P, Anu Radha C,
Ramasubramanian V. Radiation therapy for breast
cancer: Literature review. Med Dosim. 2016
Autumn;41(3):253-7.

Quan EM, Li X, Li Y, Wang X, Kudchadker RJ,
Johnson JL, et al.. A comprehensive comparison of
IMRT and VMAT plan quality for prostate cancer

16.

17.

18.

19.

20.

22.
23.

24,

25.

26.

27.

28.

29.

30.

treatment. Int J Radiat Oncol Biol Phys. 2012 Jul
15;83(4):1169-78.

Sun H, Wang N, Huang G, Liu X. Dosimetric
comparison of fixed field dynamic IMRT and
VMAT techniques in simultaneous integrated boost
radiotherapy  of prostate  cancer. Medicine
(Baltimore). 2022 Dec 16;101(50):e32063.

Ghaznavi H, Jafari A. Risk of Heart Disease in Left-
Sided Breast Cancer Radiotherapy:  With
Considering Baseline Risk of Heart Diseases. Iran J
Med Phys 2022; 19: 275-281.

Sharma, D., Marjara, N., Goel, V., Loganathan, N.
Dosimetric Study of Voluntary Deep Inspiratory
Breath-Hold (V-DIBH) Vs Free Breathing (FB)
Technique on Organ Doses for Left-Sided Breast
Cancer. Iranian Journal of Medical Physics, 2022;
19(6): 329-333.

Adeneye S, Akpochafor M, Adedewe N, Habeebu
M, Jubril R, Adebayo A, et al. A Dosimetric
Comparison of Volumetric Modulated Arc Therapy
and Intensity Modulated Radiotherapy in Patients
Treated with Post-Mastectomy Radiotherapy. Eur J
Breast Health. 2023 Jan 1;19(1):92-98.

Rashid A, Ahmad Z, Memon MA, Hashim ASM.
Volumetric Modulated Arc Therapy (VMAT): A
modern radiotherapy technique - A single
institutional experience. Pak J Med Sci. 2021 Mar-
Apr;37(2):355-361.

Kodama T, Kudo S, Hatanaka S, Hariu M, Shimbo
M, Takahashi T, et al. Algorithm for an automatic
treatment planning system using a single-arc VMAT
for prostate cancer. J Appl Clin Med Phys. 2021
Dec;22(12):27-36.

Clements M, Schupp N, Tattersall M, Brown A,
Larson R. Monaco treatment planning system tools
and optimization processes. Med Dosim. 2018
Summer;43(2):106-117.

White, J.,, Tai, A., Arthur, D., Buchholz, T.,
Macdonald, S., Marks, L., et al. (2009) Breast
Cancer Atlas for Radiation Therapy Planning:
Consensus Definitions Collaborators. Breast Cancer
Atlas for Radiation Therapy Planning, 73, 944-951.
Attallah H, Hamed R, Abdelkader H, Abdallah M,
Mahmoud A, Haggag I, et al. Radiotherapy to the
left breast with 3DCRT, IMRT or VMAT:
International Medical Center experience. J Cancer
Ther. 2021;12(2):107-115.

Dsouza RN, Sharan K, Sukumar S, Chandraguthi
SG, Rao S, Lewis S, et al. Comparison of treatment
planning  for  stereotactic  radiosurgery and
stereotactic body radiation therapy techniques with
2.5mm and 5mm multileaf collimator (MLC): A
pilot study. F1000Res. 2025 Mar 17;13:290.

Paschal HMP, Kabat CN, Papaconstadopoulos P,
Kirby NA, Myers PA, Wagner TD, et al. Monte
Carlo modeling of the Elekta Versa HD and patient
dose calculation with EGSnrc/BEAMnrc. J Appl
Clin Med Phys. 2022 Sep;23(9):e13715.

Bedford, J.L. (2009), Treatment planning for
volumetric modulated arc therapy. Med. Phys., 36:
5128-5138.

Sikora M, Muzik J, S6hn M, Weinmann M, Alber
M. Monte Carlo vs. pencil beam based optimization
of stereotactic lung IMRT. Radiat Oncol. 2009 Dec
12;4:64.

Iran J Med Phys., Vol. 22, No. 3, May 2025



Fiza Mohammed Aslam Syed, et al. ; g Pareto vs. Constrained VMAT Optimization

31. Kumawat N, Shrotriya AK, Heigrujam MS, Kumar
S, Semwal MK, Bansal AK, et al.. The Composite
Planning Technique in Left Sided Breast Cancer
Radiotherapy: A Dosimetric Study. Eur J Breast
Health. 2020 Apr 1;16(2):137-145.

32. Srivastava AK, Bharati A, Rastogi M, Mishra SP,
Khurana R, Hadi R, et al.. Evaluation of dosimetric
implications of Pareto and constrained mode of
optimization for Monaco TPS generated VMAT
plans in post operated carcinoma of the left breast.
Polish Journal of Medical Physics and Engineering.
Sciendo, 2021;27}(1): 11-18.

33. Singh P, Kaur J, Garg C, Petro K, Kumawat N.
Dosimetric evaluation of organs at risk by
conventional, IMRT and VMAT techniques for post
operative radiation therapy in breast cancer. J
Cardiovasc Dis Res. 2022 [cited 2025 Sep 15];13(2).

34. Pyshniak V, Fotina |, Zverava A, Siamkouski S,
Zayats E, Kopanitsa G, et al.. Efficiency of
biological versus physical optimization for single-
arc VMAT for prostate and head and neck cases. J
Appl Clin Med Phys. 2014 Jul 8;15(4):4514.

Iran J Med Phys., Vol. 22, No. 3, May 2025 202



