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Abstract:

Background & Method: The aim of the study is to compare dosimetry of 3DCRT versus VMAT in post
mastectomy left sided carcinoma breast patient. The plan was created using a mono-isocentric technique. The
chest wall was irradiated using two opposing tangential beams in 3DCRT technique. A single anterior field with
an angle of 10° away from the spinal cord was used to treat the SCF and axillary apex. Dose prescription was
done to isocentre. To ensure adequate PTV coverage and reduce hotspot to less than 107%, the Field-in-Field
technique with MLCs was used with multiple subfields. The dynamic weightings used in this study were chosen
to maximize PTV dose coverage and homogeneity. The prescription was given at the point for the nodal dose but
was normalized to reduce hotspots to less than 107% isodose line. The algorithm used was Collapsed Cone and 6
MYV photons with a dose rate of 600 MU/min were used for the chest wall, whereas 10MV energy was used for
nodal areas.

Conclusion: VMAT better than the standard method as far dosimetry of high dose volumes was considered.
Inverse planning methods that worsened performance were the low dose irradiation of the heart, lung, contralateral
breast, and integral dose to the body. It would be prudent to conclude that VMAT was superior to 3DCRT if only
target volume and high dose irradiation were prioritized but worse when low dose irradiation was brought into the
picture.
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1. Introduction

Breast cancer is the leading cause of cancer among females in developing countries, with most cases presenting
in a locally advanced stage. It constitutes the highest number of patients seen on an outpatient basis in a developing
country like India, with 178,361 new cases diagnosed in 2020, constituting 26.3% of all cancer cases [1].
Mastectomy has remained the standard of care for locally advanced breast cancer (LABC).

Even with the myriad options available to oncologists worldwide, radiation plays a pivotal part in multimodality
treatment to prevent local recurrences leading to improved overall survival. EBCTCG meta analysis [2] and other
trials had demonstrated that post-mastectomy radiotherapy (PMRT) provides a survival advantage to patients
undergoing mastectomy even when they had at least one positive lymph node. The MA-20 trial helped determine
who would benefit from Comprehensive Nodal Irradiation (CNI) along with chest wall irradiation [3]. The benefit
of radiotherapy comes at the expense of the heart [4], lung, and secondary breast cancer risk [7]. The heart is one
of the most vulnerable organs for radiation for left-sided breast cancer, with increasing cardiac dose linked to
higher mortality. Compared to three dimensional conformal radiotherapy (3D-CRT), intensity-modulated
radiotherapy (IMRT) has been widely used in the last decade, allowing optimal dose distribution according to
individual anatomy. It improves dose homogeneity within the irradiated breast with heart and lung sparing. A
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newer technique called volumetric modulated arc therapy (VMAT) was introduced by Otto [5] in 2008. The
intended dose could be delivered in a single gantry rotation and decrease the treatment time compared to IMRT.

2. Material & Method

This observational study was conducted at Maharishi Markandeshwar Institute of Medical Sciences and Research,
Mullana, Ambala.The source of study was outpatient and inpatients breast cancer patients registered in the
Department of Radiation Oncology between January 2021 to December 2022. Total 50 patient of left sided breast
carcinoma post mastectomy were included in this study. Clinical target volume (CTV ) contoured as target and
ipsilateral lung, heart , LAD, contralateral lung and contralateral breast as organ at risk (OAR) as per guidelines.
Dose prescribed 40Gy/15#/ 3weeks. Both plan VMAT and 3DCRT were developed for each patient. Left lung
mean, V5, V10,V20 and for heart mean,V20, V25 ,LAD mean, D max and right lung V5 and right breast mean
were calculated for each patient and compared between VMAT and 3DCRT technique.
The plan was created using a mono-isocentric technique. The chest wall was irradiated using two opposing
tangential beams. Dose prescription was done to isocentre. To ensure adequate PTV coverage and reduce hotspot
to less than 107%, the Field-in-Field technique with MLCs was used with multiple subfields. The dynamic
weightings used in this study were chosen to maximize PTV dose coverage and homogeneity. A single anterior
field with an angle of 10° away from the spinal cord was used to treat the SCF and axillary apex. The prescription
was given at the point for the nodal dose but was normalized to reduce hotspots to less than 107% isodose line.
The algorithm used was Collapsed Cone and 6 MV photons with a dose rate of 600 MU/min were used for the
chest wall, whereas 10MV energy was used for nodal areas.
Inclusion Criteria: 1.Histopathologicaly proven carcinoma breast patient.

2.Post Mastectomy.

3. Irradiation site: Chest wall, axilla and SCF.

Exclusion Criteria: 1. Irradiation site chest wall only.
2.Post BSC.

Fig 1: VMAT 95% COVORAGE

Fig 2: 95% 3DCRT COVERAGE
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3. Results
Table No. 1:
Parameters VMAT 3DCRT P Value
PTV V95% (%) 91.44+6.15 | 7455+ 14.72 | <0.001*
Conformity Index (Cl) 0.92+0.14 0.78 £ 0.09 <0.001*
Homogeneity Index (HI) 0.205+0.05 | 0.132+0.08 | <0.001*
Dmean 15.18 + 9.56 28.37 £ 6.79 <0.001*
Left lung Vs (%) 84.62 +£15.77 | 58.13+£9.32 | <0.001*
V1o (%) 49.15+9.64 | 34.22+7.19 | <0.001*
V20 (%) 31.69+4.50 |51.74+8.67 | <0.001*
Right lung Vs (%) 41.95+18.75 | 5.77 £3.16 <0.001*
Heart Dwmean 1542+492 | 13.76 £5.24 | 0.1057#
V25 (%) 13.68+7.55 | 31.56 +9.84 | <0.001*
LAD Dmean 15.09 + 3.79 2456 + 591 <0.001*
Dmax(Gy) 27.57+7.62 | 33.93+5.73 | <0.001*
Right Breast Dmean 574+ 2.18 3.05+£1.75 <0.001*
Spinal cord Dmax(Gy) 21.46+457 | 39.78+6.95 | <0.001*

4. Discussion

The management of invasive breast cancer has changed substantially over the past few decades. A larger
proportion of such patients, especially in developed nations, is now treated with breast-conserving surgery rather
than mastectomy, with increasing numbers of patients receiving systemic therapy[6]. Two different postoperative
radiotherapy techniques are used for patients after breast-conserving surgery and radical mastectomy. Patients
undergoing breast-conserving surgery are at earlier stages and need only whole breast irradiation, whereas patients
with locally advanced stages typically require modified radical mastectomy and irradiation of the ipsilateral chest
wall and supraclavicular region[7]. In our study, to manage the dose uncertainty of mega-voltage beams in the
build-up region, as well as the CTV displacement resulting from intrafraction movements and setup errors, we
added a 1.0-cm thick tissue equivalent compensator to the surface of the chest walls in order to cover the farthest
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CTV displacement border[8]. A “skin flash” could be avoided because a tissue equivalent compensator that was
at least 0.3 cm thick was maintained on the surface of the chest wall despite the CTV displacement.

We found that 5F-IMRT plans exhibited advantageous dosimetry compared with the 3DCRT-FinF and 2P-VMAT
plans in PMRMRT for left-sided breast cancer. The PTV coverage, dose homogeneity and conformity of IMRT
were enhanced compared with the 3DCRT-FinF plans. Moreover, the 5F-IMRT plans exhibited better heart and
ipsilateral lung sparing compared with the 2P-VMAT plans[9]. However, whether the dosimetric advantages of
5F-IMRT leading to significant clinical benefit remains unclear and warrants further study. The IMRT plans had
an average MU number per fraction equal to 1021 (corresponding to 10.21Gy), which was more than 5 times the
number for a 2 Gy/fraction prescription. These plans would require longer periods for treatment and for pre-
treatment dosimetric verification compared with the 3DCRT-FinF and 2P-VMAT plans[10].

5. Conclusion

VMAT better than the standard method as far dosimetry of high dose volumes was considered. Inverse planning
methods that worsened performance were the low dose irradiation of the heart, lung, contralateral breast, and
integral dose to the body. It would be prudent to conclude that VMAT was superior to 3DCRT if only target
volume and high dose irradiation were prioritized but worse when low dose irradiation was brought into the
picture.
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