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Abstract
Introduction: In this study we compared radiation dose received by organs at risk (OARs) after breast
conservation surgery(BCS) and mastectomy in patients with left breast cancer.
Materials and methods: Total 30 patients, 15 each of BCS and mastectomy were included in this study.
Planning Computerised Tomography (CT) was done for each patient. Chest wall, whole breast, heart, lungs,
LAD, proximal and distal LAD, and contra lateral breast was contoured for each patient. Radiotherapy plans
were made by standard tangent field. Dose prescribed was 40Gy/16#/3 weeks. Mean heart dose, LAD,
proximal and distal LAD,mean andV5 of right lung, andmean, V5, V10 andV20 of left lung, mean dose and
V2 of contra lateral breast were calculated for each patient and compared between BCS and mastectomy
patients using student’s T test.
Results: Mean doses to the heart, LAD, proximal LAD and distal LAD were 3.364Gy, 16.06Gy, 2.7Gy,
27.5Gy; and 4.219Gy, 14.653Gy, 4.306Gy, 24.6Gy, respectively for mastectomy and BCS patients. Left lung
mean dose, V5, V10 and V20 were 5.96Gy, 16%, 14%, 12.4%; and 7.69Gy, 21%, 18% and 16% inmastectomy
and BCS patients, respectively. There was no statistical significant difference in the doses to the heart and left
lung between mastectomy and BCS. Mean dose to the right lung was significantly less in mastectomy as
compared to BCS, 0.29Gy vs. 0.51Gy, respectively (p = 0.007). Mean dose to the opposite breast was
significantly lower in patients with mastectomy than BCS (0.54Gy Vs 0.37Gy, p = 0.007). The dose to the
distal LAD was significantly higher than proximal LAD both in BCS (24.6Gy Vs 4.3Gy, p = <0.0001) and
mastectomy (27.5Gy Vs 2.7Gy, p = <0.0001) patients.
Conclusion: There was no difference in doses received by heart and left lung between BCS and mastectomy
patients. Mean doses to the right lung and breast were significantly less in mastectomy patients.
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1. Introduction

During radiation delivery to breast or chest wall a part of the dose is also received by heart. Mean doses of
radiation to the heart from radiotherapy for breast cancer are typically about 1-2Gy for disease of the
right breast. For disease of the left breast the doses are usually higher but vary widely and for somewomen
including those in whom the distance of the heart to the thoracic wall is small and those who require
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internal mammary radiation, the mean doses may be around 10Gy (Darby et al., 2013). Majority of
studies reported in the literature are with conventional fraction (Aznar et al., 2011; Correa et al., 2008; Jin
et al., 2013; Krueger et al., 2004;Mulliez et al., 2013;Muren et al., 2002;Nilsson et al., 2012; Remouchamps
et al., 2003; Stewart et al., 2008; Swanson et al., 2013; Taylor et al., 2004). Hypofractionation is becoming a
new standard in breast cancer irradiation. Hypofractionation is well established in WBI but it’s
acceptance in PMRT is still very low. There is a concern that heart may receive more dose after
mastectomy than BCS in patients with left breast cancer and it is one of the reasons for low acceptance
of hypofractionation after mastectomy. The dose to the LAD artery is greater than the dose to the whole
heart. Left sided breast cancer had a statistically significant increase in rate of stenosis in the coronary
artery branches on the left anterior surface of the heart [mid, distal and distal diagonal branch of the LAD
coronary artery].

In this prospective study we compared dose to the heart, LAD artery, and bilateral lungs and opposite
breast betweenmastectomy and BCS in patients with left sided breast cancer with hypofractionation. The
null hypothesis was that OARs receive higher dose after mastectomy in patients with left breast cancer.

2. Methods

A total of 30 patients of left side breast cancer after mastectomy or BCS, 15 each were included in the
study. Inclusion criteria were the primary cancer of the left breast of any histological type, age 20–
70 years, no metastasis and total mastectomy/BCS with resection margin free of tumour. Exclusion
criteria were any history of prior malignancy, history of prior irradiation to the chest, pregnant or
lactating women and collagen vascular disorders.

A CT based three dimensional planning using 100 ml of IV contrast was used to reconstruct
radiotherapy target volume for treating breast/ chest and loco regional lymph nodes. The patients were
positioned supine on a breast board with arm abducted above the head on arm rest in planning CT in
radiotherapy department. CT axial cuts were taken from the level of larynx to upper abdomen, including
both the lungs with a scan thickness and index of 3 mm. CT images were transferred to the Treatment
Planning system (TPS). The chest wall or whole breast, heart, bilateral lungs and opposite breast were
contoured using RTOG contouring guidelines. For LAD contouring, left coronary artery was identified
and its course was followed. LADwas contoured from the placewhere it branches away from themain left
coronary artery, and then runs towards the front and down towards the heart apex. It was divided in to
proximal and distal parts. Distal LAD was the part which lies very near to the chest wall toward the apex
of the heart. No additional margin was given to LAD.

The treatment parameters, patients and OARs outlines were exported to computerised TPS and plans
were made using standard tangent fields (Figure 1a & b). Dose prescribed was 40Gy/16#/3 weeks both in

Figure 1a. Axial CT showing planning of patient after mastectomy
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BCS and mastectomy patients. Heart, bilateral lungs, LAD artery and opposite breast dose volume
histogram were generated (Figure 2). From these, estimate of mean doses to heart, LAD, proximal LAD,
distal LAD, bilateral lung and opposite breast, V5 of right lung, V5, V10 and V20 of left lung and V2
opposite breast were calculated and compared between BCS and mastectomy patients using student’s ‘t’
test.

3. Results

Mean age of the patients was 45 years(22–67 years). Total 15(50%) patients were premenopausal. Obesity
was present in 5(16.6%) patients and 12(40%) patients were overweight. 15(50%) of patients had locally
advanced disease and 17(57%) patients had positive nodes. Chemotherapywas given to 27(90%) patients,
anthacyclins in 2(7%) and anthacyclins and taxanes in 25(93%) patients. Oestrogen receptor(ER) and

Figure 1b. Axial CT showing radiotherapy planning of BCS patient

Figure 2. DVH showing dose received by different volume of OARs (70% of distal LAD is receiving 100% dose, white arrow)
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progesterone receptors(PR) were positive in 12(40%), 7(23%) were only ER positive. 7(23%) were Her2-
neu positive and only one received trastuzumab.

Mean doses to the heart, LAD, proximal LAD and distal LAD were 3.364Gy, 16.06Gy, 2.7Gy, 27.5Gy;
and 4.219Gy, 14.653Gy, 4.306Gy, 24.6Gy, respectively for mastectomy and BCS patients (Table 1). There
was no statistical significant difference in the doses to the heart between mastectomy and BCS patients.

Left lung mean dose, V5, V10 and V20 were 5.96Gy, 16%, 14%, 12.4%; and 7.69Gy, 21%, 18%, 16% in
mastectomy and BCS patients, respectively. These were also not statistically different between the two
techniques (Table 2).

Mean dose to the right lung was significantly less in mastectomy as compared to BCS patients, 0.29Gy
vs. 0.51Gy, respectively(p = 0.007).

Mean dose to the opposite breast was significantly higher in patients with BCS than mastectomy
(0.54Gy Vs 0.37Gy, p = 0.007) as shown in Table 2.

Similarly V2 to the right breast was also higher in BCS 1.43% as compared to 0.26% in mastectomy
patients but it was not statistically significant[(p = 0.07)Table 2].

The dose to the distal LADwas significantly higher than proximal LADboth in BCS (24.6GyVs 4.3Gy,
p = <0.0001) andmastectomy (27.5GyVs 2.7Gy, p = <0.0001) patients (Table 3). It can be seen in Figure 2
that 70% of distal LAD is receiving 100% dose (white arrow).

4. Discussion

In this dosimetric comparative study between BCS andmastectomy patients with left breast cancer there
was no significant difference in dose to the heart, LAD, proximal LAD and distal LAD. Mean dose to the
heart was 3.364Gy and 4.219Gy for mastectomy and BCS patients, respectively. In this study we used
hypofractionated radiotherapy schedule of 40Gy/16#/3 weeks both in BCS and mastectomy patients.

Cardiac dose due to breast radiotherapy has been reported in many studies (Table 3) (Arenas et al.,
2014; Awad et al., 2013; Borca et al., 2012; Darby et al., 2013; Gursel et al., 2011; Pili et al., 2011; Schubert
et al., 2011; Tan et al., 2011; Yavas et al., 2012). In majority of these studies conventional fractionation of
50Gy/25#/5 weeks with or without boost was used (Arenas et al., 2014; Awad et al., 2013; Borca et al.,
2012; Gursel et al., 2011; Khullar et al., 2014; Schubert et al., 2011; Tan et al., 2011; Yavas et al., 2012) with
few studies with hypofraction (Pili et al., 2011).We did not come across any study in the English literature
where a comparison has been done for doses to the OARs between mastectomy and BCS in patients with
left breast cancer. Mean dose to the heart was comparable between mastectomy and BCS. The reason for
comparable dose in the present study could be the contouring guideline and different structures included
for the whole breast irradiation(WBI) and chest wall irradiation(CWI) in these patients. For WBI the
entire breast volume is contoured excluding 3-5mmof the skin and pectoralmuscles to constitute clinical
target volume(CTV). For CWI skin, pectoral, chest wall muscles and ribs are included in the CTV. So
heart and the left lung are very close to the CTV. For contouring whole breast, the breast borders are
variable and depend on the extent of the breast. These variable borders invariably lead to a variable
radiation volume to be treated in case ofWBI and variable dose to theOARs.Whereas in PMRT, the chest
wall borders or land marks are well defined and volume of irradiation is also well defined.

Cardiac RT dose reported in the literature vary with techniques, prescribed dose and the period in
which patients were treated. Higher mean cardiac dose reported by Darby et al. was due to the inclusion
of the patients from 1960–70s and retrospective analysis of dose on the basis of CT scans of a patient of
typical anatomy (one size for all) which may not be representative of all population (Darby et al., 2013).
Higher mean cardiac doses of 7Gy in 1970s and 5Gy in 1980s were reported by Hooning et al. (2007) and
Taylor et al. (2007) (10.5Gy in 1970s). These were due to the older technique of radiation from1950–1980
and compulsory internal mammary irradiation at that time. Capezzali et al. reported lower cardiac dose
(1.71Gy) in their study. It was due to lateral decubitous treatment position in which the breast falls away
from the chest wall (Capezzali et al., 2013). This treatment technique is not generally followed because of
set up uncertainty. Higher doses to the OARs in other studies were due to the higher prescription dose to
the PTV (50–62.4Gy) (Assaoui et al., 2012; Awad et al., 2013; Guan et al., 2015; Ma et al., 2015; Pierce
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et al., 2002; Tan et al., 2011; Yavas et al., 2012). We planned all our patients in supine position on breast
board and used hypofractionation in all our patients. Some of the studies have also included patients with
internal mammary irradiation which also contribute to higher doses to the OARs (Hjelstuen et al., 2012;
Khullar et al., 2014; Zhang et al., 2015). We did not plan internal mammary radiation in this study. Since
these older techniques and conventional schedules are not followed now so there was a need to know the
doses to the OARs with hypofractionation which is becoming standard of care in adjuvant breast/chest
wall irradiation.

Because of its anatomical location, LAD artery is likely to remain within the high dose volume from a
tangential field arrangement even at low irradiated heart volume and is most prone for atherosclerosis
(Figure 2). Few studies has reported dose received by LADwhere it ranged from0.1 to 46Gy (Gursel et al.,
2011; Ma et al., 2015; Muren et al., 2002; Taylor et al., 2004; 2007; Yavas et al., 2012). In our study dose to
the LADwas 14.6Gy and 16Gy in patients with BCS andmastectomy, respectively. Very few studies have
reported dose to the proximal LAD, where it ranged from 12–17.8Gy (Aznar et al., 2011; Krueger et al.,
2004). Only one study had reported dose to the distal LADwhere it was 31.52Gy (Krueger et al., 2004). In
the present study doses to proximal and distal LAD were lower as compared to other studies. It might be
because of lower total dose used in our study with hypofractionation. With hypofractionation the total
dose is reduced to compensate for high dose per fraction but it is biologically equivalent to the
conventional fractionation. So with this equally effective dose, the dose to the OARs is reduced. A very
low dose to the whole LAD artery seems to be associated with very low dose to the heart but the reverse
statement is not true. That is why the whole LAD artery should be contoured as a risk organ along with
the whole heart and should be used prospectively for plan optimism in left sided breast cancer. In our
study dose to the distal LAD was significantly higher than the proximal LAD in both BCS and
mastectomy patients (Fig 2). Distal LAD dose may be of paramount importance as it may contribute
to the late effects on the heart. So it is important to report dose received by distal LAD artery.

In our study, there was no difference in mean dose, V5, V10 and V20 of left lung between BCS and
mastectomy patients. It also confirms that hypofractionation can be practiced in patients with mastec-
tomy for left breast cancer without concerns for late effects because these patients are likely to develop late
toxicity comparable to those with WBI for which hypofractionation is well established. In a study by
Remouchamps et al. (2003) V20 to left lung was 17.1 to 22.3%, which is higher than our and the other
studies reported in the literature where itmostly ranged from 8.2 to 14.8% (Borca et al., 2012; Gursel et al.,
2011; Schubert et al., 2011; Ng et al., 2012).

In the present study no volume of right lung received 5Gy in both BCS and mastectomy patients
because plans were made using standard tangent fields, so the chances of dose going right lung were very
remote. Only two studies have reported mean dose to the right lung where it ranged from 0.1 to 0.8Gy
(Schubert et al., 2011; Tan et al., 2011). In the present study, mean dose to the right lung was 0.51Gy and
0.29Gy in patients with BCS andmastectomy, respectively. This is comparable to those reported in other
studies.

Mean dose to the contralateral breast was higher in patients with BCS as compared to mastectomy in
the present study. Rather et al. reported dose to the contra lateral breast of 5.34–6.40% of the total dose for
tangential fields and it was 1.2–1.75% of the dose for supraclavicular fields in their study (Rather et al.,
2014). Larger dose to contra lateral breastmay be because of short perpendicular distance from the contra
lateral breast surface to the geometric beam edge. Short perpendicular distance can be caused by shallow
medial gantry angle or large pendulous breast. Higher mean dose to the right breast in our study can be
explained by scattering from wedges used for compensation in BCS patients.

Limitation of the present study are small sample size for very variable patient group, bias inherent to
the trial’s design, conclusions only apply to the specific technique used, variety anatomical background of
the heart, and absence of clinical outcomes as this being only a dosimetric study. Boost in cases of BCS
patients was not planned in the present study, which may also contribute doses to the OARs.

Based on the present study and other studies from the literature it can be concluded that the dose to the
OARs varies from patient to patient depending upon the patient anatomy, indication (post mastectomy/
BCS), contouring guidelines for various volumes and organ at risks (OARs), radiation technique, volume
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of treatment, dose and nature of study (prospective/retrospective). However, as hypofractionation is
going to be the standard for breast radiotherapy, therefore if same dose fractionation is used in patients
with BCS or after mastectomy doses to the OAR may not vary.

5. Conclusion

In the present study there was no difference between dose received by heart, LAD, proximal LAD and
distal LAD; mean dose, V5, V10 and V20 of left lung between BCS and mastectomy patients. Mean dose
to the contra lateral breast was higher in BCS patients. Therefore hypofractionation may be safely
delivered in patients with left side breast cancer after mastectomy. It will contribute to increase the
utilization of hypofractionation in PMRT setting.
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