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Abstract

Background : To compare and evaluate the dose distribution of post-mastectomy radiotherapy (PMRT)
targeting the left chest wall using three-dimensional conformal radiation therapy (3DCRT) and volumetric
modulated arc therapy (VMAT).

Materials and Methods: 30 patients were randomised for PMRT into 3DCRT (n=15) and VMAT (n=15). A
total dose of 50 Gray in 25 fractions was administered to all patients. Planning target volume (PTV)
parameters—Dnear-max (D2 ), Dnear-min (D98 ), Dmean , D95,homogeneity index (HI), and conformity index
(Cl) were compared. The mean doses of lung and heart, percentage volume of heart receiving 5 Gy (V5 ), 10 Gy
(V10),20 Gy (V20 ),30Gy (V30) and 45 Gy (V45 ), Left ventricle maximum dose (Dmax) and mean dose ( D
mean), Left coronary artery — volume , mean dose , maximum dose and 0.1cc dose, Right coronary artery -
volume , mean dose , maximum dose and 0.1cc dose were compared from dose-volume histograms.

Results: PTV parameters like D95%, maximum dose, and mean dose are statistically better with VMAT than
3DCRT. The conformity index (0.86 vs 0.75, p < 0.05) and homogeneity index (0.13 vs. 0.15, p = 0.006) are
also significantly superior with VMAT. VMAT significantly reduced high-dose volumes to the heart compared to
3DCRT (V45: 47.67 £ 4.99 vs. 50.43 £ 5.69, p = 0.027). However, VMAT resulted in higher mean doses to the
heart (1342.37 £704.51 vs. 1080.66 + 503.22, p < 0.001) and increased low-dose volumes: V5 (323.98 + 67.31
vs. 166.83 £24.22, p = 0.018)and V20 (124.18 + 20.41 vs. 96.63 + 12.81, p = 0.019). The Dmax received by
LAD (p<0.001), RCA (p<0.001) and left ventricle (p=0.04) were significantly lower in 3DCRT than VMAT.
Conclusion: VMAT excels in PTV coverage and high dose volumes but 3DCRT excels in minimizing low-dose
volumes.
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I. Introduction

According to the Global Cancer Observatory, breast cancer is the second most common cancer
worldwide and the most prevalent cancer in India.(1) Unlike in the Western world, where early detection
through mass screening programs is more common, most patients in India present with advanced-stage breast
cancer due to limited screening programs and awareness. As a result, modified radical mastectomy (MRM) is
performed more frequently than breast-conserving surgery (BCS).

For decades, post-mastectomy radiation therapy (PMRT) has been a critical component of breast
cancer treatment alongside surgery. PMRT is employed to eradicate any hidden or microscopic residual disease
following surgery, aiming to lower the risk of loco regional recurrence and enhance overall survival (OS).(2)

According to the current National Comprehensive Cancer Network (NCCN) guidelines, post
mastectomy radiation therapy (PMRT) should be considered for patients with the following conditions: positive
lymph nodes, tumors larger than 5 cm, positive or close surgical margins (with re-excision preferred), centrally
or medially located tumors, or tumors larger than 2 cm that have other high-risk features such as young age or
extensive lympho vascular space invasion (LVSI).(3)

PMRT often targets regional lymph nodes, such as the internal mammary nodes (IMN) and
supraclavicular nodes (SCN). This targeting requires larger irradiation fields and volumes, leading to significant
radiation exposure to organs at risk (OARs) such as heart and lung .This increases the likelihood of acute and
late toxicity, particularly the risk of ischemic heart disease.(4)

Therefore, it is crucial to utilize advanced radiotherapy technology that provides adequate dose
coverage to the target area while minimizing the radiation exposure to the surrounding normal tissues.
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Techniques such as 3D conformal radiotherapy (3DCRT) with tangential fields have been used in the
clinical practice for more than a decade now .(5) To enhance target dose homogeneity and conformity while
reducing toxicity to normal tissues, other techniques such as intensity-modulated radiation therapy (IMRT) and
volumetric modulated arc therapy has evolved in clinical practice. However, while IMRT improves dose
homogeneity and conformity, these benefits are affected by target motion and extended treatment times, hence
diminishes the clinical effectiveness of the therapy.(6)

VMAT is an arc-based technique that provides highly conformal dose distributions by utilizing beam
fluence modulation, variable dose rates, and gantry speed. VMAT has been shown to achieve similar or better
planning target volume (PTV) coverage and organ-at-risk (OAR) sparing compared to IMRT in case of PMRT.
Its major advantages include fewer delivered monitor units (MUs) and reduced total treatment time.(6,7) For
post-mastectomy patients with regional node involvement, the conventional approach uses an isocentric
technique with tangential beams for the primary site and a parallel-opposed pair for the supraclavicular/axillary
nodes.

Due to the thin chest wall, ensuring adequate dose coverage for the planning target volume (PTV) can
be difficult, often leading to significant PTV heterogeneity and increased radiation exposure to nearby organs
like the ipsilateral lung and heart. This potentially elevates the estimated risk of secondary tumors and radiation-
induced pulmonary and cardiac toxicity.(8,9). The lack of extensive literature comparing VMAT with 3DCRT
prevents clinicians from reaching a definitive conclusion on the best practice.

II. Aim
In this study we conducted a dosimetric comparison of planning target volumes (PTVs) and organs at
risk (OARs) using two methods: 3D conformal technique and VMAT. Our goal was to determine if VMAT
offers dosimetric advantages for chest-wall sites over the 3DCRT.

II1. Materials And Methods
Our study focused on 30 female patients aged 18 and above who had been diagnosed with left-sided
breast cancer at stages IA to IIIA and had undergone modified radical mastectomy without any secondary
metastases. These patients had also received adjuvant chemotherapy.

Treatment Protocol:

Patients were immobilized in the supine position using a thoracic immobilization device, such as a
thermoplastic orfit or breast board, on a flat couch. CT simulation was performed from the mandible to the L3
vertebral body with a slice thickness of 1.5 mm using a 6-slice CT scanner. Intravenous contrast IOHEXOL)
was administered at a dose of 1-2 cc/kg body weight. The resulting DICOM format images were then
transferred to the Monaco treatment planning systems . To maintain consistency in contouring patterns, a single
radiation oncologist contoured all patients.

The target structures included the clinical target volumes (CTV) for the left chest wall, left axillary ,
and left supraclavicular fossa (SCF) lymph nodal regions, as outlined by the Radiation Therapy Oncology
Group (RTOG) guidelines (10). An isotropic margin of 5 mm was added to the CTV to create the planning
target volume (PTV) for the chest wall and the PTV for the supraclavicular fossa (PTV SCF). To avoid high
skin doses caused by the build-up effect, the PTV chest wall was created by cropping 3 mm from the skin
surface. The final target volume used for planning, known as the planning target volume for evaluation (PTV
eval), was then established.

The Organ at risk (OAR) such as lung and spinal cord were delineated on each slice of axial images.
The heart was contoured along with the pericardial sac beginning at the level of the inferior aspect of the
pulmonary artery and up to the apex of the heart(11,12).

Following the contouring atlas by Duane et al. (11), the left anterior descending artery (LAD) was
delineated from the end of the left main coronary artery to the inter ventricular groove, extending towards the
cardiac apex. The right coronary artery (RCA) was delineated from the anterior aspect of the ascending aorta to
the acute heart border, extending posteriorly along the posterior inter ventricular groove to the apex.

30 patients were divided into two arms of 15 patients each. One arm were planned with 3Dconformal
technique(3DCRT) and other with volumetric modulated arc therapy (VMAT). All patients received a dose of
50Gy in 25 fractions with 2 Gy per fraction, 1 fraction per day for 5 days a week. The beam arrangements are
shown in figure 1& 2
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Figure 2. Beam arrangemet of Volumetric modulated arc therapy

Planning target volume (PTV) parameters such as dose received by 2 % of volume ( D2) , dose
received by 95 % of the volume (D95),D 98 , Dmean, D max , homogeneity index (HI), and conformity index
(CI) were compared. The mean doses of lung and heart, percentage volume of ipsilateral lung receiving 20 Gy
(V20 ) and that of heart receiving 5 Gy (V5 ), 10 Gy (V10 ),20 Gy (V20) ,30 Gy (V30)and 45 Gy (V45), Left
ventricle maximum dose (Dmax) and mean dose ( D mean), Left coronary artery — volume , mean dose ,
maximum dose and 0.1cc dose, Right coronary artery - volume , mean dose , maximum dose and 0.lcc dose
were extracted from dose-volume histograms and compared.

HI was defined as the difference between the near-maximum and near-minimum dose normalised to
the median dose and An ideal HI value is zero. This value indicates the better dose distribution within the
PTV. Conformity index (CI) was defined as the ratio of the volume of tissue receiving at least 95% of the
prescribed dose to the volume of the planning target volume (PTV) . The ideal value closer to one denotes the
conformity of the plan.

Statistical Analysis

For statistical analysis, all data were recorded on Microsoft Excel and Statistical Package for Social
Sciences (SPSS) version 20.0 (IBM Corp., Armonk, New York, USA). The t-test and ANOVA were used for
comparison between two groups and the p-value of 0.05 was used to assess statistical significance

IV. Results

30 patients with carcinoma left breast were recruited between age of 43-65 years with median age of
53 years. Patients treated with 3DCRT technique received a mean dose of 44.64 + 20.9 Gy and with VMAT
49.86+ 19.8 Gy. Table 1 represents the dosimetric comparison of PTV parameters. It is evident that PTV
parameters, such as D95%, maximum dose, and mean dose, are statistically better achieved with VMAT
compared to the 3DCRT technique. Both the conformity index (0.86 + 0.13 vs 0.75 £ 0.31, p< 0.05)and
homogeneity index (0.13 £ 0.03 vs 0.15 + 0.02,p = 0.006) are superior with VMAT than 3DCRT and
statistically significant.

Table no 1 Dosimetric analysis of the Tumor volumes
PARAMETER 3DCRT VMAT pVALUE
PTV Dmax 54.45+ 20 54.79 + 39.2 0.008
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PTV D mean 44.64 =20.9 49.86 + 19.8 0.004
PTV D95 47.50 £ 14.50 47.94+ 189 <0.001
HI 0.15+ 0.02 0.13 +0.03 0.006

CI 0.75+ 0.31 0.86+0.13 <0.05

Values are depicted as Mean + Standard deviation .PTV — Planning target volume ,3DCRT- 3D
conformal radiotherapy, VMAT — Volumetric modulated arc therapy,,Dmax — maximum dose of the PTV, D
mean- mean dose of PTV, D95 — dose delivered to 95 % of PTV, HI — Homogeneity index, CI — Conformity
index

The beam arrangements and isodose color wash are shown in figure 1& 2. The dosimetric parameters
of the organ at risk (OAR) are enlisted in table 2. For the heart, VMAT significantly reduced high-dose
volumes compared to 3DCRT. (V45 - 47.67+4.99 vs 50.43+ 5.69,p = 0.027). In contrary when VMAT
compared with 3DCRT the mean dose to the heart (13.4 + 7.04 vs 10.8+ 5.03, p<0.001), low dose volumes of
the heart V5 ( 323.98467.31 vs 166.83+24.22p =0.018 ), V 10 ( 206.78 +35.21 vs 118.71+ 23.99,
p=0.002),V20( 124.18 + 20.41 vs 96.63 = 12.81, p = 0.019 ) were significantly higher. Furthermore cardiac
substructures such as maximum dose of LAD (p<0.001),maximum dose of RCA (p<0.001) and maximum dose
of left ventricle (p=0.04) were significantly lower in 3DCRT than VMAT. The mean dose received by the Left
anterior descending artery (LAD) table - were 3DCRT 36.35 £10.33 and VMAT 32.9 + 19.81 ,p=0.08 and the
right coronary artery (RCA) 2.92 + 0.98 and VMAT 7.4+ 4.1 , p < 0.001. The dose received by the 0.1 cc
volume of LAD were 3DCRT arm 51.2 £ 20.1 and VMAT 51.7 £ 23, p <0.001 . The 0.1cc of RCA were 8.14 +
2.1 and 13.4+3.9 ,p<0.001.

Table No 2 Dosimetric analysis of the Organ At risk (OAR)

PARAMETER 3DCRT VMAT p- VALUE
HEART V5CC 166.83 + 24.22 32398+ 67.31 0.018
HEART V10CC 118.71 +£23.99 206.78 = 35.21 0.002
HEART V20CC 96.63 + 12.81 124.18 = 20.41 0.019
HEART V30CC 81.85+ 10.11 88.87+ 12.39 <0.001
HEART V45CC 50.43 £ 5.69 47.67+ 4.99 0.027
HEART D mean GY 10.80+ 5.03 13.4+ 7.04 <0.001
LT VENTRICLE Dmax 48.1 2.1 50.7£2.2 0.04
LAD Dmax 51.2+20.04 51.7+£23 <0.001
0.1CC LAD 50.6 + 28.8 504+ 24 0.006
LAD Dmean 36.3+10.33 33+ 19.81 0.08
RCA Dmean 232+109 223+ 13.84 <0.001
0.1CCRCA 8.14+2.09 13.38+ 3.9 <0.001
RCA Dmean 2.92+ 0.98 7.40 = 4.08 <0.001
LUNG RT Dmean 0.65+0.36 3.09+2.6 0.005
LUNG LT Dmean 14.83+ 2.9 14.84+ 2.7 0.49
SPINAL CORD Dmax 3.94+ 0.98 11.19+ 3.06 <0.001

Values are depicted as Mean + Standard deviation .,3DCRT- 3D conformal radiotherapy, VMAT —
Volumetric modulated arc therapy, Dmax — maximum dose , D mean- mean dose,V5 cc — Volume of heart
receiving 5 Gy& respectively,0.1 cc — Dose received by 0.1cc volume.

For the Lung the mean dose received by the right lung were significantly lower in comparison of
3DCRT with VMAT. Although not much difference were noted in the mean dose received by the left lung. The
maximum dose received by the spinal cord were higher in case of VMAT than in 3DCRT and it is statistically
significant
(p<0.001).

V. Discussion
With advancements in cancer research leading to increased longevity of cancer survivors, concerns
about treatment-related toxicities have become more prominent. The purpose of this study is to compare the two
planning techniques to achieve better tumour control and reduce the normal tissue complication rate. In our
study we found that the D95 of PTV coverage is better with VMAT plans (47.94 + 18.9) as compared with
3DCRT(47.50 £ 14.50 ) which is statistically significant(p<0.001). Our results are consistent with few studies
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by Das majumdar et al (15) ,who stated that VMAT plans offer a better dosimetric coverage than 3DCRT
(13,14,15)

The conformity index in this study was higher in VMAT (0.86 + 0.13) than 3DCRT (0.75 + 0.31) and
statistically significant. The value range closer to 1 denotes greater conformity. It’s evident that VMAT has
better conformed plans than 3DCRT. Sudha et al. (14) also noted that the effectiveness of VMAT (0.97+0.017)
was higher compared to 3D-CRT (0.95+0.025).This is also confirmed by Das majumdar et al (15) ,who also
found the VMAT (0.96+0.22) is more conformal than 3DCRT(0.66+0.11).

The homogeneity index of this study was lesser in VMAT (0.13£0.03) than 3DCRT (0.15 +0.02)(p =
0.006). A lower value closer to zero indicates that VMAT plans offer a more homogeneous dose distribution,
resulting in better coverage and reduced acute skin reactions. Das majumdar et al (15) also stated a similar
result of 0.2340.05 for 3D-CRT vs 0.11+0.01 for VMAT. In contrast, Sudha et al. (14) stated that VMAT plans
are more inhomogeneous than 3D-CRT due to the anatomy of the chest wall, making it challenging to achieve
the OAR dose constraints.

The Left lung mean dose received were 14.83+ 2.9 3DCRT and 14.84 = 2.7 in VMAT and found no
significant difference between 3DCRT and VMAT (p =0.49). Although comparison studies done by Sudha et
al (14) and Das majumdar et al (15) demonstrated significantly higher mean left lung dose with VMAT than
3DCRT plans. Efforts were made to minimize the dose to the contralateral right lung to the lowest level
reasonably achievable. We observed that the Right lung mean dose received with VMAT was 3.09+2.6 vs
3DCRT 0.65 £0.36 (p = 0.005). This is similar to the above mentioned study (15) , who achieved 0.89+0.36 in
the 3D-CRT arm and 6.63+1.13 in the VMAT arm. The low dose in the 3D-CRT arm can be attributed to the
angle of the tangential beams, which results in minimal dose spillage to the contralateral lung. Additionally, the
lower PTV coverage in 3D-CRT further reduces the dose to the contralateral lung and With VMAT planning,
the arc angle of the beam led to a substantial exit dose passing through the contralateral lung.

The mean heart dose values in each arm were 3DCRT 10.81 = 5.03 and VMAT arm 13.42 + 7.05.
This coincides with Das majumdar et al (15), who also stated that the mean dose received in the 3DCRT arm
(11.89£3.29) is much lesser than the VMAT arm (12.35+ 3.55).The volume of heart receiving 45 Gy (V45)
were 50.434£5.69 in 3DCRT arm and 47.67 £4.99 in VMAT arm(p=0.027). This indicates that the high-dose
volumes are significantly lower in VMAT compared to 3D-CRT. Similarly , the low dose volumes (Table -- )
such as V5 (3DCRT 166.83+ 24.22 vs VMAT 323.98 + 67.31,p = 0.018 ), V10(118.71+ 23.99 vs 206.78
+35.21, p 0.002), V 20( 96.63 £ 12.81 vs 206.78 £35.21,p = 0.019 ) .This is quite similar to those of Xu et al
(16) and the above mentioned studies (14,15). The mean dose received by the Left anterior descending artery
(LAD) table - were 3DCRT 36.35 £10.33 and VMAT 32.9 + 19.81 ,p=0.08 and the right coronary artery
(RCA) 292 +0.98 and VMAT 7.4+ 4.1, p <0.001. The dose received by the 0.1 cc volume of LAD were
3DCRT arm 51.2 £20.1 and VMAT 51.7 + 23, p <0.001 . The 0.1cc of RCA were 8.14 + 2.1 and 13.38 £ 3.9,p
<0.001. Even Tyran et al (17) demonstrated that the low dose received by the left coronary artery (LCA)
(D2%(LCA) = VMAT 34.4 Gy vs 3DCRT 40.3 Gy, was significantly lower in VMAT than 3DCRT.Even the
maximum dose received by the spinal cord was significantly lower in 3DCRT ( 3.94+ 0.98) than VMAT (11.19
+ 3.06) p< 0.001.Another advantage of VMAT is the time required to generate the treatment plan, which is 45
minutes, compared to at least 120 minutes for 3DCRT.

In these cases, VMAT showed its advantage by adequately covering the tumor volume and reducing
the treatment planning time . However, it was noted that better PTV coverage in VMAT came at the cost of
higher doses to the low-dose volumes of the heart and lungs. This example shows that while VMAT may not be
beneficial for most left chest-wall patients, there is a subgroup for whom 3D-CRT fails to provide sufficient
PTV coverage. The final decision relies on the clinician's thorough assessment of each individual patient.

The drawback of this study was the shorter follow up period ,hence the clinical outcomes and
treatment related toxicities were not mentioned. A randomized trial with a larger sample size and longer follow-
up period would help assess the survival rate and toxicity profile, ultimately evaluating the quality of life.

VI. Conclusion:

It is evident that VMAT plans are better than 3DCRT in terms of PTV coverage and coverage of high
dose volumes. Although this at the cost of low dose irradiation of the heart ,lung and the spinal cord .Hence
VMAT has to be prioritize by the treating clinician after thorough assessment of the individuals. Further studies
are required to determine the survival rates based on the tumor coverage , techniques and the treatment related
toxicities.
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