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Abstract
The advantages, in terms of heart dose sparing, resulting from using a breath-hold technique when treating supine left 
breast radiotherapy patients are widely accepted, and increasing numbers of radiotherapy departments are implementing 
breath-hold techniques. However, due to differences in patient setup and treatment planning protocols between radiotherapy 
departments, it is important to assess the benefits of using a breath-hold technique within each department, before or dur-
ing implementation. This study investigated the use of retrospective analysis of past patient treatment plans, as a means to 
identify the potential for breath-hold techniques to benefit patients. In-house “Treatment and Dose Assessor” code was used 
to complete a bulk retrospective evaluation of dose-volume metrics for 708 supine and 13 prone breast and chest wall radio-
therapy treatments, that were planned using the same clinical protocols, which did not utilise a breath hold technique. For 
supine patients, results showed statistically significant differences between heart doses from left and right breast treatment 
plans, in the absence of significant differences between lung doses from left and right breast treatment plans, confirming 
the potential benefit of using a breath-hold technique for supine left breast radiotherapy patients. Fewer than 1% of the right 
breast treatment plans showed heart doses high enough to suggest a possible benefit from using a breath-hold technique. 
Approximately 50% of the prone left breast treatment plans included very low heart doses without intervention, and may 
therefore have shown no noticeable dosimetric benefit from the use of a breath hold. This study demonstrated the extent 
of information that can be obtained using retrospective data analysis, before or instead of obtaining multiple CT images of 
patients and completing a process of dual planning and prospective dose evaluation.
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Introduction

Radiotherapy is an effective component of the breast cancer 
treatment process, capable of decreasing 10 year recurrence 
rates by approximately 50% compared to surgery alone [1] 
and significantly reducing breast cancer mortality [1, 2]. 
Despite this success, concerns about organ at risk (OAR) 
doses and development of methods to reduce OAR doses 
remain a focus of breast radiotherapy research [3–7]. In par-
ticular, the position of the heart directly posterior to the chest 
wall on the left side, where the pericardium can be partially 
irradiated by tangent beams during radiotherapy treatments 
of the left breast, negatively affecting long-term cardiac 
outcomes [8, 9], has led to the development of breath-hold 
techniques that effectively move the heart away from the 
chest wall and reduce the heart dose [10–14].
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A growing number of clinical radiotherapy departments 
are implementing breath-hold and respiratory monitoring 
techniques, when treating patients with left breast cancer 
[14–17]. Often, this implementation involves prospec-
tive dual planning of a cohort of left breast radiotherapy 
patients, using two computed tomography (CT) images 
of each patient; one free or shallow breathing CT and one 
breath-hold CT [10–12, 18–20]. This dual planning assess-
ment, which may be completed before or during breath-hold 
implementation, provides each local department with an 
indication of the effectiveness of the intervention, for their 
particular treatment setup, planning protocol and patient fea-
tures. The use of dual planning also provides the department 
with indications of the suitability of their chosen breath-
hold, respiratory monitoring and/or bio-feedback systems, in 
terms of accuracy, consistency, patient comfort and patient 
compliance.

Local assessments of the relative advantages of using 
breath-hold techniques during breast radiotherapy are neces-
sitated by the costs (time, equipment and patient discom-
fort) associated with different techniques [6, 13, 20], which 
may be offset by the benefits of the treatment (heart dose 
minimisation, long-term patient health) to varying degrees, 
depending on local factors.

The achievable organ-at-risk (OAR) sparing during 
breast radiotherapy can vary between radiotherapy depart-
ments, depending on the specific patient setup and treat-
ment planning protocols used [5, 6, 21–23]. For example, 
for breast radiotherapy patients treated in the prone position, 
a consistent rotation (roll) around the craniocaudal axis can 
improve sparing of the contralateral breast, but this requires 
a modification of the conventional breast board design [21]. 
For supine patients, a change in treatment planning method 
from manually optimised forward-planned (field-in-field) 
intensity modulated radiotherapy (IMRT) using tangent 
beams to multi-field, inverse-planned IMRT can result in 
an increase in mean heart dose and mean contralateral breast 
dose [22], wheras the use of inverse-planning to produce 
IMRT beams with a conventional tangent arrangement can 
result in reductions to some lung and heart dose metrics [5]. 
Even a subtle change in treatment planning protocol, such 
as systematically adding an extra 1 cm of multi-leaf collima-
tor shielding over the region of the left anterior descending 
coronary artery, can substantially improve the sparing of 
cardiac structures, for some patients [6].

Such differences between departmental treatment setup 
and planning protocols mean that the relative benefits of 
introducing a substantial intervention such as a breath-hold 
technique need to be assessed locally, by individual radio-
therapy departments. This study provides an example of the 
use of retrospective data analysis to assess the relative ben-
efits of introducing a breath-hold technique during breast 
radiotherapy, without using dual planning or other methods 

to test the intervention on patients. Specifically, a retrospec-
tive analysis of treatments planned without breath-hold was 
undertaken in order to evaluate the need for improvement in 
cardiac sparing, for patients with cancer of the left or right 
breast who were treated in the prone or supine position.

This work does not obviate the need to test the suitability 
of breath-hold techniques and equipment prior to implemen-
tation, or the need to assess the ability of each patient to 
achieve a sufficient breath-hold after implementation. The 
techniques described in this work should, however, provide 
guidance for radiotherapy departments struggling with the 
initial question of whether or not a breath-hold technique or 
other intervention might be dosimetrically advantageous for 
their patient cohort. The overall method used in this work 
should also stand as a useful example for departments need-
ing to investigate the potential dosimetric improvements that 
may arise from other proposed interventions, for treating 
other anatomical sites.

Method

The in-house “Treatment and Dose Assessor” (TADA) code 
[7, 24] was used to complete a bulk retrospective evalua-
tion of dose-volume metrics for 1,137 breast and chest wall 
radiotherapy treatments planned across five treatment cen-
tres operated by one institution between 2013 and 2015. The 
resulting data were post-processed and filtered to exclude 
boost treatments and to ensure that only plans with struc-
ture names containing the text “ptv”, “heart” and “lung” 
were included [25]. This process resulted in a cohort of 721 
cases, for which the DICOM data exported from the treat-
ment planning system contained the information needed to 
complete this study.

All treatments were planned to conform to the same clini-
cal protocol, using forward-planned (field-in-field) IMRT 
beams in a conventional tangent arrangement [26, 27]. The 
planning protocol did not distinguish between left and right 
breasts. None of the treatment plans utilised a breath-hold 
technique. Other aspects of the treatment planning process, 
including planning target volume (PTV) contouring and 
OAR dose constraints, have been described in a previous 
retrospective study of 151 treatment plans from the same 
institution [7].

Of the 721 plans used in this study, 13 cases were identi-
fied as involving patients in the prone position, who gener-
ally had large breasts that would have fallen laterally to an 
extent that excessive lung doses would have been delivered if 
they had been treated supine. While this small proportion of 
prone patients (1.8% of the total) is similar to the proportion 
of prone treatments identified in a recent survey of European 
radiotherapy centres [15], the selection of prone patients 
within the cohort used for this study should not be regarded 
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as indicative of the selection of prone patients in other radio-
therapy departments. All of the prone patients identified in 
this study were treated by the same three oncologists, while 
the remaining 14 oncologists who prescribed breast treat-
ments at this organisation [7] used supine positioning only, 
regardless of patient anatomy.

The 708 supine treatment plans were evaluated in bulk, 
using statistical techniques. The small number of prone cases 
allowed the results of the TADA analysis of the prone treat-
ment plans to be qualitatively re-evaluated, on a case-by-
case basis.

The TADA analysis of the treatment plans included evalu-
ations of the dose delivered to specific volumes of heart and 
lung tissue, such as D(98) the dose delivered to 98% of the 
organ’s volume (also known as the near-minimum dose), 
evaluations of the percentage volume of the heart or lung 
receiving specific doses, such as V(25) the percentage of 
the organ’s volume receiving a dose of 25 Gy. V(25) was 
evaluated for the heart, in particular, due to the QUANTEC 
recommendation that no more than 10% of the heart should 
receive a dose of 25 Gy, to limit the risk of cardiac mortality 
15 years after treatment to less than 1% [28, 29].

Results

Figure 1 summarises the lung doses planned for the prone 
and supine patients, with data stratified between left and 
right breast treatments. These results show no significant 
differences between the lung doses from the left and right 
breast treatments for patients positioned at each orientation, 

confirming the conclusion of our 151 patient study [7], that 
using a breath-hold technique for the left breast treatments 
would not result in an unacceptable increase in the lung 
dose.

Figure 2 summarises the results of the heart dose evalua-
tion. There is an obvious difference between the heart doses 

Fig. 1   Summary of clinically relevant lung dose-volume metrics

Fig. 2   Summary of clinically relevant heart dose-volume metrics
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from the left and right breast treatments, for the supine 
patients, confirming the frequent observation that the heart 
receives substantially higher doses from radiotherapy treat-
ments of supine left breast patients than supine right breast 
patients, due to anatomical asymmetry [7–11, 13]. For prone 
treatments, the results in Fig. 2 are more equivocal.

Figure 3 shows V(25) for the heart, the percentage of the 
heart volume receiving a dose of 25 Gy, in all left breast 
treatment plans. (In the right breast treatment plans, the 
heart V(25) was equal to zero for more than 99% of the 
supine cases and 100% of the prone cases.) Data in Fig. 3 
show that the QUANTEC recommended heart dose limit 
of V(25) ≤ 10% [28, 29] is exceeded in none of the prone 
left breast cases and a small proportion of supine left breast 
cases. A fit to the data for the supine cases suggests that the 
volume of heart receiving 25 Gy generally increases with 
the PTV volume, but this trend is not statistically significant. 
For the prone cases, there is a change from zero to non-zero 
values of V(25) as the PTV volume increases above 1200 cc.

The bimodal distribution of heart doses from the prone 
left breast cases is especially apparent when the maximum 
heart doses are examined. Figure 4 shows the maximum 
heart doses from all treatment plans, plotted as histograms. 
Whereas the maximum heart doses from all right breast 
treatment plans are consistently low and the maximum 
heart doses from the supine left breast treatment plans are 
consistently high (skewed towards the 50 Gy prescription 
dose), the maximum heart doses from the prone left breast 
treatment plans are split between low and high. In some 
cases the maximum heart doses from the prone left breast 
treatment plans are as low as the maximum heart doses from 
the right breast treatments, but in other cases the maximum 
heart doses from the prone left breast treatment plans are 
close to the 50 Gy prescription dose.

Qualitative re-evaluation of the prone left breast plans 
provided an explanation for the distribution of the heart 
doses from these treatments, as shown in Fig. 5. Substan-
tial cardiac sparing was achievable for the prone left breast 
radiotherapy patients when the PTV was designed to cover 
breast tissue only. In cases where the chest wall needed to 
be included and the PTV was extended posteriorly, partial 
irradiation of the heart became geometrically unavoidable.

Discussion

The consistently low heart doses resulting from the treat-
ments planned for the right breast suggest that heart dose 
minimisation strategies are likely to be useful for a very 
small proportion (around 1%) of right breast treatments. 
Examination of the 3 (out of 361) right breast plans that 
included heart doses greater than 20 Gy and non-zero heart 
V(25) values suggested that the partial irradiation of the 
heart resulted from internal anatomical features (size and 
location of heart relative to PTV) that could not have been 
predicted before treatment simulation and planning. While 
breath-hold techniques may be useful during right breast 
radiotherapy treatments, to reduce dose to the liver [18] and 
minimise the dosimetric effects of respiratory motion [19, 
30, 31], the results of this study do not support the use of 
breath-holds to minimise heart dose from right breast radio-
therapy, for the cases, setups and planning protocols that 
produced the data examined in this study.

For supine patients, presence of statistically significant 
differences between heart doses from left and right breast 
treatment plans (Fig. 2), in the absence of significant differ-
ences between lung doses from left and right breast treat-
ment plans (Fig. 1), confirms the results of our previous 

Fig. 3   Percentage volume of heart receiving a planned dose of 25 Gy, 
from all supine (open plot symbols) and prone (closed plot symbols) 
left breast treatments. Horizontal dotted line indicates V(25) = 10%. 
Diagonal dotted lines show linear fits to the data

Fig. 4   Maximum heart doses in all prone treatment plans, presented 
as histograms
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study of 151 cases [7]. The use of breath-hold techniques 
during left breast radiotherapy treatments, to increase the 
volume of lung tissue between the heart and the chest wall, 
and thereby make the irradiated anatomy more similar to that 
encountered in right breast radiotherapy treatments, could 
have resulted in increased heart sparing without excessive 
lung dose, for the cases examined in this study.

The results for the prone patients are more equivocal, 
but also confirm previous observations [32]. The bimodal 
distribution of heart dose identified in the treatment plans 
for prone breast radiotherapy (Fig. 4) is an obvious con-
sequence of the treatment fields overlapping the heart in 
some cases but not in others, and is similar to the bimodal 
distribution that can occur in supine left breast treatments 
with breath-hold, where the heart may move entirely out of 
the field in some cases but not others. Chino and Marks have 
reported that “prone positioning causes the heart to be dis-
placed anteriorly within the thorax”, with a reduced volume 
of lung between the heart and the chest wall, so that cardiac 
sparing may compromise coverage of chest wall or poste-
rior breast tissue [32]. Our retrospective analysis of prone 
left breast radiotherapy treatment plans supports Chino and 
Marks’ observation, showing that substantial cardiac sparing 
was achievable for prone left breast radiotherapy patients 
only when the chest wall was not included in the target (see 
Figs. 4 and 5).

The use of breath holds during breast radiotherapy treat-
ments of patients in the prone position has produced promising 
results [12]. However, the adoption of a breath hold technique 
has associated costs [13, 20] and these costs may be increased 
when breath hold is used in the prone position (prone treat-
ments generally take longer to set up than supine treatments 
and commercial biofeedback systems are generally designed 
for use by supine patients [14]). For the prone positioning 
method and treatment planning protocol that was used to cre-
ate the treatment plans examined in this study, it is therefore 
useful to know that adopting a cardiac sparing intervention 
may be clinically beneficial only in cases where no nodal or 
chest wall irradiation is prescribed. Furthermore, while the 
results of this study may justify further investigation of the 
use of a breath-hold technique when treating prone left breast 
patients for the institution concerned, this result also suggests 

that an alternative treatment position (prone with a roll around 
the cranio-caudal axis, supine with a breath hold, supine with 
an alternative treatment technique such as volumetric modu-
lated arc therapy, et cetera) may also provide improved cardiac 
sparing for patients where the left chest wall is included in the 
target volume.

The above observations may not be generalisable for use by 
radiotherapy departments that are treating breast radiotherapy 
cases using different setups and planning protocols than those 
that produced the data examined in this study. For example, 
departments that routinely use wide tangent fields for nodal 
irradiation may observe elevated heart doses from supine right 
breast treatments that might justify investigation or adoption 
of a breath-hold technique for right breast patients. The use 
of different methods or devices for positioning prone patients 
may have substantial effects on local results and the broad 
applicability of these results is also limited by the small num-
ber of prone cases and the particular patient selection methods 
used by the doctors involved.

Clearly, there are important aspects of breath hold use that 
cannot be evaluated via a retrospective evaluation of heart dose 
in patients treated without a breath hold. This study provides 
no information on patient compliance or comfort when using 
the chosen breath hold system, or on the ability of different 
patients in different positions to hold their breath; these vari-
ables can only be assessed through use of the intervention 
during patient simulation and treatment. Ideally, the analy-
sis described in this study should be followed by a period of 
patient testing and dual planning, so that the potential improve-
ments in heart dose sparing implied by the retrospective anal-
ysis could be evaluated in terms of clinically achievability. 
Nonetheless, this study provides a demonstration of the level 
of information that can be obtained using retrospective data 
analysis, before commencing a process of obtaining multiple 
CT images of patients for dual planning and prospective dose 
evaluation.

Fig. 5   Examples of planned dose distributions for prone left breast treatments where (left three images) the chest wall is included in the target 
and (right three images) the chest wall is excluded from the planning target volume and heart tissue is spared
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Conclusions

Due to differences in patient setup and treatment planning 
protocols between radiotherapy departments, it is important 
to assess the benefits of using a breath-hold technique during 
breast radiotherapy treatments within each department, before 
or during implementation. This study provides an example of 
the use of retrospective clinical data analysis to investigate 
the potential for dosimetric improvements, for a cohort of 721 
breast radiotherapy cases, and shows that heart dose sparing 
in these treatment plans varies with patient setup and treated 
anatomy such that the use of a breath-hold technique (a) is 
likely to benefit supine left breast patients, (b) may benefit 
some prone left breast patients, and (c) is likely to have a neg-
ligible overall benefit for right breast patients.

Departments considering the implementation of a breath-
hold technique (or other heart dose sparing intervention) for 
use during breast radiotherapy could use a similar process of 
retrospective data analysis of treatments planned without a 
breath hold to answer questions such as: What levels of heart 
dose are our breast radiotherapy patients currently receiving? 
Under what circumstances (treatment site, patient setup, et 
cetera) are heart doses already low enough to be acceptable 
without intervention? Under what circumstances are heart 
doses high enough to justify intervention, given local con-
straints? Are there any patient cohorts for whom breath-hold 
should be implemented immediately, without further testing? 
Are there any patient cohorts for whom breath-hold should be 
implemented before/after a period of patient testing via dual 
planning?

For cohorts where the heart dose is found to be minimal 
without the intervention, the need for adoption or further 
evaluation of the intervention may be obviated, whereas for 
patient cohorts where excessive or undesirable heart doses are 
identified, the results of this analysis can be used to justify the 
adoption or further evaluation of the intervention.

This study used heart dose from breast radiotherapy to pro-
vide an example of how local treatment planning data can be 
retrospectively analysed to assess the possible benefits of a 
proposed change in treatment practice, before the change is 
introduced or abandoned. Completion of such a process of 
evaluating existing treatment plans should provide valuable 
clinical and administrative data, and thereby help to minimise 
the need to test new interventions on future patients.
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