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Introduction

Abstract

Introduction: When irradiating the left breast, a small portion of the heart and
left anterior descending coronary artery (LAD) are often included in the
treatment field. Deep inspiration breath-hold (DIBH) techniques reduce dose
to coronary structures, but are resource intensive and may not be tolerated by
all patients. The aim of this study was to evaluate a simple multi-leaf
collimator (MLC) modification technique with respect to target coverage and
organ-at-risk sparing. Methods: Forty nine patients with left-sided breast
cancer, planned with a simultaneous integrated boost technique were
retrospectively replanned with additional shielding of the LAD. Dose to the
target volumes (whole breast and boost) and organs at risk (heart, ipsilateral
lung and LAD) were assessed on both plans. Results: Significant dose
reductions were observed for all organs at risk when LAD shielding was
introduced, with a reduction in mean LAD dose of 7.0 Gy, mean LAD
planning risk volume (PRV) dose of 5.9 Gy, maximum LAD dose of 12 Gy and
mean heart dose of 0.73 Gy. Target volume coverage was clinically acceptable
for 96% of patients, using the left anterior descending coronary artery shielded
plan (LADSP). No difference was observed between the standard plan (SP) and
LADSP in nine patients (18%). Conclusions: For selected patients, the
implementation of a simple MLC shielding technique can reduce the dose to
cardiac structures, whilst maintaining breast and boost volume dosimetry. This
technique is simple to implement and may be used as an alternative to DIBH
for those patients who are unable to fulfill the selection criteria, or departments
who are not resourced to perform DIBH.

51% higher rate of cardiac stress test abnormalities
compared to patients with right-sided breast cancer, and

Breast-conserving surgery, including radiotherapy improves
local control and overall survival for women with invasive
breast cancer.'! When treating left breast cancer with
radiotherapy, a small portion of the heart is often included
in the radiation treatment field due to the anatomical
relationship between the breast and heart. Studies have
demonstrated a 25% increased risk of late cardiac effects
including ischaemic heart disease in patients receiving
radiotherapy for left-sided breast cancer.””” With respect to
coronary artery disease, left-sided breast patients have a

70% of those abnormalities occurred in the left anterior
descending coronary artery (LAD), with stenosis rates at
the mid and distal LAD significantly increased.®’
Therefore, techniques to reduce the dose to the heart and
LAD are desirable and should be considered in these
patients.

Deep inspiration breath hold (DIBH) has been shown to
reduce the dose to cardiac structures by increasing the
volume of lung between the breast tissue and heart,
therefore removing the heart from the radiation fields.' *?
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Voluntary DIBH relies on the patient’s ability and
compliance to achieve breath-hold, and may not be
achievable for all patients. Active DIBH utilises specific
equipment and therefore has associated cost and training
implications for a radiotherapy department. DIBH
techniques increase overall planning and treatment time, as
an additional computed tomography (CT) scan is
performed, and several breath-holds are required to
complete a treatment fraction.'"* For these reasons, the
uptake of DIBH techniques internationally has been slow,
with 19% of EORTC institutions using some form of
DIBH technique in 2010."

An alternative method to reduce heart dose is the
modification of tangential field beam angles,'® or the
introduction of multi-leaf collimator (MLC) shielding of
the heart from the treatment fields.'”” In this study, we
compared standard tangential breast radiotherapy, using a
integrated boost (SIB) technique, to
tangential breast radiotherapy with an LAD-shielded
technique, where the LAD is selectively shielded from the
tangential fields. The aims of this study were to
1: Compare dose to the following organs at risk: LAD,

simultaneous

heart, left lung; 2: Compare dose to the clinical target
volume (CTV) and planning target volume (PTV) boost,
and whole breast CTV and PTV; and 3: Investigate any
factors that could affect PTV coverage when
implementing an LAD-shielded technique, compared to a
standard plan (SP).

Method

This retrospective, ethical review board approved study
was conducted to examine the dosimetric effect of
introducing additional MLC shielding to reduce LAD
dose. Forty-nine consecutive left-sided breast cancer
patients were identified as having undergone whole breast
and SIB radiotherapy between 2012 and 2014. The
prescription dose was 45 Gy in 25 fractions at 1.8 Gy per
fraction to the whole breast with tangential beams, and
60 Gy in 25 fractions at 2.4 Gy per fraction to the
tumour bed, using a three-dimensional, conformal
photon SIB technique.

Target and organ at risk delineation

All patients were simulated supine, on an inclined
breast stabilisation board, with arms above head.
Patients underwent a free-breathing, non-contrast CT
scan of the thorax. Target volumes were delineated
according to previously published methods'® and
included the whole breast CTV (CTVyeas), including
the glandular tissue of the left breast, excluding the ribs
and constrained to 5 mm within the skin surface; the
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SIB CTV (CTVpeost), including the seroma or other
surgical-induced tissue changes and surgical clips. Whole
breast (PTVpyeasr) and SIB PTV (PTVy,os) Were created
as 5 mm expansions of the CTVpise and CTVyges
respectively. For dose-volume histogram (DVH) analysis,
evaluation (Eval) structures (PTVy et Eval and PTViyg o
Eval) were created, constrained to 5 mm within the skin
to account for the build-up of dose in this region. The
heart and LAD were delineated according to guidelines
by Feng et al.'” Due to the known uncertainty in
delineation and movement of the LAD,* an LAD
planning risk volume (PRV) was created with a 5 mm
expansion of the LAD contour. Target volumes and the
LAD were contoured by a breast radiation oncologist,
and heart and lung contours were completed by a
radiation therapist to eliminate inter-observer variability
in delineation.

Planning process

Two treatment plans were created for each patient, the SP
and the LAD shielded plan (LADSP), with additional MLC
shielding of the LAD. To create the SP, the PTVy e Was
planned with tangential fields, angled to maximise coverage
of PTVyeasrr While minimising dose to ipsilateral lung and
heart. A 1 cm margin of MLC field shaping on PTVy e
was used, except where it was necessary to reduce the
maximum depth of the lungs in the field to a maximum of
2 cm (Fig. 1). Wedges, weightings and sub-fields were used
to optimise dosimetry to PTVieasie The PTVygos was
planned with a 3D conformal photon technique utilising
2-4 beam angles, optimised for PTVy,.s coverage, and
minimisation of dose to ipsilateral lung and heart where
possible, using MLC field shaping. To create the LADSP,
additional MLC shielding was introduced to the tangential
fields to selectively shield LAD (Fig. 2). No other changes
were made to the plan.

Data analysis

A comparison of the dosimetric values was performed
between the SP and LADSP. From the DVHs of the SP
and LADSP, comparisons were made for the following
organs at risk: heart, LAD, LAD PRV and left lung.
Comparison of dose for each of the following target
structures was also performed: CTVyieaso CTVpooso
PTVyreast Eval and PTVy,,0s Eval. For this analysis, at least
95% of the PTVy,east Eval receiving 95% of the prescribed
dose was considered an ideal plan, with coverage of
greater than 90% considered acceptable. Investigation was
undertaken to determine any factors that could affect
PTV coverage when using the LAD-shielded technique.
Statistical analysis included a paired ¢ test, and linear
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PTV BREAST

Figure 1. Beam's Eye View demonstrating tangential field shaping
using multi-leaf collimators with a 1 cm margin on the breast
planning target volume.

PTV
BOOST)

PTV BREAST

Figure 2. Beam’'s Eye View demonstrating selective shielding of the
left anterior descending coronary artery (yellow) from the tangential
field.

regression, with a P <0.05 considered statistically
significant, using GraphPad (GraphPad Software Inc,
La Jolla, CA).

B. Welsh et al.

Results

Of the 49 patients, the SP and LADSP were identical for
nine patients (18%) as the LAD was outside of the
tangential fields in the SP.

Organs at risk

As shown in Table 1, statistically significant reductions
were seen across all measured dose outcomes for heart,
LAD, LAD PRV and left lung, for the LADSP compared
to SP.

Target volumes

The target volume isodose coverage (90%, 95% and
100%) for all targets (CTVpreaso CTViooso PTVpreast Eval
and PTVy,os Eval) was also evaluated (Table 2).

As expected, introducing LAD shielding resulted in a
significant reduction in CTVipee and PTVye.se Eval
isodose coverage between the two plans across all isodoses
evaluated. The 95% isodose coverage of CTViye.se Was
reduced by 0.39% (range —0.2-3.7%), PTVy, case Eval was
reduced by 1.33% (range 0-5.66%), and PTVy.s Eval by
0.3% (range —2.0-2.6%). No significant difference was
observed in coverage of CTVyos-

Given that a reduction in PTV isodose coverage is an
unwanted consequence of this technique, further analysis
was undertaken to examine this effect. Of the 49 patients
in this study, the SP produced isodose coverage of <95%
of the PTVyease Eval receiving 95% of the prescribed dose
in 15 cases (30%) with 1 case (2%) <90% coverage, due
to the limitation of no more than 2 cm of lung within
the tangential fields. Introduction of the LAD shielding
produced plans with <95% coverage of the PTVy, .. Eval
by the 95% isodose line in further 11 cases (22%),
including a reduction to <90% coverage in one additional
case. Therefore, maintenance of an ideal plan in which at
least 95% of PTVy,est Eval is covered by 95% of the
prescribed dose was observed for 23 cases (47%), and an
acceptable plan in which at least 90% of PTVy e, Eval
covered by 95% of the prescribed dose was observed in
47 cases (96%), using this technique. The dose to the
CTVioost Was maintained with the introduction of LAD
shielding.

Regression analysis was undertaken to examine whether
any patient variables were related to PTVye,s Eval
coverage, using the LADSP. The variables tested were
whole  breast (CTVpreast) boost
(CTVpoost), maximum heart depth in field, volume of
heart in field, percentage of heart in field and whether the
heart abuts the chest wall (Yes or No). None had a
significant effect (P > 0.05) on PT Ve, Eval coverage.

volume volume
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Table 1. Comparison of dosimetric data of organs at risk between the standard plan (SP) and left anterior descending coronary artery — shielded
plan (LADSP).

SP LADSP Difference (Range) P value

Dmax (Gy) 43.7 39.7 4.0 (0.0-13.28) <0.0001

V20Gy (%) 3.4 1.5 1.9 (0.0-7.14) <0.0001

>
o

Mean (Gy) 15.5 8.5 7.0 (0.0-20.5) <0.0001

V5Gy (%) 71.2 68.3 2.7 (-0.14-16.15) <0.0001

V30Gy (%) 21.5 0.0 21.5 (0.0-72.04) <0.0001

Dmax (Gy) 411 35.5 5.6 (0.0-12.5) <0.0001

V10Gy (%) 32.0 13.4 (0.0-33.43)

—
o
-
c
>
(e}

Mean (Gy) 6.5 6.2 0.3 (0.0-0.94)

V5Gy (%) 24.9 24.4 0.5 (—0.49-2.02)

SP, standard plan; LADSP, left anterior descending coronary artery — shielded plan; PRV, planning risk volume.

Table 2. Comparison of target volumes isodose coverage (%) between the standard plan (SP) and left anterior descending coronary artery —
shielded plan (LADSP).

SP (% volume) LADSP (% volume) P value

95% isodose coverage 97.61 97.22 0.0005

CTVpoost 90% isodose coverage 99.97 99.97 0.3223

100% isodose coverage 59.13 59.13 0.9851

3
g
o
j 73
a
m
<
58

90% isodose coverage 98.7 97.69 <0.0001

100% isodose coverage 79.1 77.41 <0.0001

95% isodose coverage 95.56 95.26 0.0096

Dmax (Gy) 61.96 61.98 0.0441

SP, standard plan; LADSP, left anterior descending coronary artery — shielded plan; CTV, clinical target volume; PTV, planning target volume.

et al.” a mean heart dose (MHD) of 6.6 Gy was reported

Discussion

in left-sided breast irradiation, with 7.4% increased risk
Irradiation of the left breast has been demonstrated to of major coronary events with every 1 Gy increase in
increase the risk of late cardiac complications 15-20 years MHD with no apparent threshold for cardiac

following treatment.>>® When compared with right-sided complications. This increased risk was shown to begin at
breast irradiation, cardiovascular mortality is increased by =~ 5 years after irradiation and continue for at least
25%.> A history of smoking,” and prior diagnosis of 20 years.’ Cardiac angiography and cardiac stress testing
ischaemic heart disease have been shown to further in patients with previous radiotherapy treatment for
increase this risk.’ In a population-based study by Darby ~ breast cancer demonstrate a higher rate of abnormalities
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in the LAD coronary artery.>’ In left-sided patients, 85%
of stress test abnormalities occurred in the LAD.®

Following implementation of this simple LAD shielding
technique, a statistically significant reduction in MHD,
mean LAD dose and max LAD dose was observed.
Thirty-three percent of patients showed a reduction of
>1 Gy in MHD and >10 Gy reduction in mean LAD
dose, using this technique. It has been reported that the
use of DIBH results in 1.5-3 Gy reduction in MHD'!!
and a reduction in mean, median and maximum LAD
and LAD PRV dose.'"'? Mast et al. reported a reduction
in mean and max LAD dose to 9.6 Gy and 25.2 Gy,
respectively, using DIBH, which is comparable to our
LAD shielding technique giving 8.5 Gy and 22.5 Gy,
respectively. Previous studies have demonstrated a
potential benefit from cardiac-sparing techniques with
Bartlett et al. reporting MHD of 0.8 Gy and mean LAD
dose of 6.7 Gy when selectively shielding the heart, using
MLCs and Vivekanandan et al. reporting a 42% reduction
in LAD V5 Gy and a 37% reduction in LAD V30 Gy
when the tangential beam angles were optimised to spare
the LAD.'*>"

However, we note that caution must be used in
comparison of heart and LAD doses due to contouring
variability. A non-contrast CT is standard practice in our
department for breast Non-contrast CT
results in poorer visualisation of the atria, ventricles and
coronary arteries, particularly when cardiac and
respiratory motion are considered.”> We employed several

irradiation.

methods in this study to maintain delineation accuracy,
including the wuse of a heart contouring
delineation by one specialist breast radiation oncologist

1
atlas,"

and one radiation therapist to eliminate inter-observer
variability, and the creation of a PRV on the LAD.
However some delineation uncertainty remains.

DIBH techniques, when implemented, have generally
been used for all patients with left-sided breast cancer
who are able to maintain an adequate breath hold,
however in doing so, a substantial increase in planning
and treatment time and workload is required.'"'*'*
Results of this study indicate that DIBH techniques
would have no benefit in 18% of cases, as the heart lies
outside the radiation fields and similar cardiac sparing
can be achieved for some patients with a simple
modification of the tangential field shape. However,
introduction of this LAD-sparing technique reduced
the 95% isodose coverage of PTVy,e.s Eval, due to the
introduction of additional MLC shielding over the
PTVpreast Eval. Due to the tangential field arrangement,
the reduction in coverage is primarily in the medial and
lateral portions of the PTV (Fig. 3). A small reduction in
PTVyreast Eval coverage, with excellent PTVy,o Eval
coverage, using the SIB technique, may be an acceptable

B. Welsh et al.

PTV BREAST

Figure 3. Medial and lateral portions of PTVpeast Eval shielded in
LAD Shielded Plan.

alternative to DIBH to achieve reductions in cardiac
doses in some cases. However, a limitation of this study
was the use of a free-breathing CT scan, which may
under- or over-estimate the dose to targets and organs at
risk as motion due to respiration is not accounted for.

One study has implemented selection criteria of >10 cc
of heart within the tangential fields as a minimum for use
of DIBH.?' Our results did not demonstrate a correlation
between irradiated heart volume and a reduction in
PTVipreast Eval coverage with the introduction of LAD
shielding. The difference in our results compared to that
of Wang et al. may be attributable to our technique
specifically shielding LAD, which although is generally
located in close proximity to the breast target volume,
may not correlate well with the irradiated heart volume
in all cases. Indeed, it appears that a complex relationship
exists between irradiated heart volume, LAD position and
breast tissue.

Conclusion

This study has demonstrated that in some cases,
implementation of a simple MLC shielding technique can
produce ideal dosimetric outcomes for patients with left-
sided breast cancer, whilst reducing cardiac doses. This
technique requires no additional specialised equipment
and is suitable for those patients who are unable to
achieve breath hold or where such techniques are

unavailable.
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