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Abstract
Objectives: In breast radiotherapy, the proximity of the target to sensitive structures together with the uncertainty introduced by

respiratory movement, make this treatment one of the most studied to increase its effectiveness. Dosimetric and physical variables

play an important role and the study of their correlation and impact on treatment is fundamental. This retrospective study aims to

highlight the dosimetric differences of 2 different clinical data sets of patients receiving left-sided breast irradiation in free breathing

(FB) or breath hold (BH). Methods: A total of 155 left breast carcinoma patients receiving whole-breast irradiation in FB (73

patients) and BH (82 patients) were enrolled in this study. The dosimetric parameters of the target, heart, left and right lung

and right breast were evaluated and compared, and possible correlations were studied in both groups. Results: No significant dif-

ference (P> .05) was found in the target dosimetry; a clear advantage in BH for both high and low doses received by the heart, with

reductions of the dosimetric parameters between 27.1% and 100% (P< .003); for the left lung reductions decreased with increasing
dose (−22.4% and−13.4% for doses of 5 and 20 Gy, respectively, P< .003).Conclusion: Significant correlations for BH treatments

were registered between the volumes of the target and left lung, and the dosimetric parameters of the heart and left lung. BH treat-

ment brings significant dosimetric advantages to organs at risk for a wide range of patients with different anatomy, target volumes

and lung capacity, with additional benefits for small-sized breasts and important lung capacity.
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Introduction
Among women, breast cancer is the most commonly diagnosed
cancer worldwide: the last edition of the Chinese cancers statis-
tic released in 2019 by the Chinese National Cancer Center,1

reported breast cancer as the first for incidence with 304,000
new cases diagnosed in 2015 representing 17.05% of the
female incidence; the ranking in the United States, based on
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modelled projections, estimated 276,480 breast cancers for the
female population by 2020, representing 30% of the total
number of female cancers occurred this year.2 The standard of
care includes conservative surgery or mastectomy as appropriate,
followed by adjuvant radiotherapy. Adjuvant radiotherapy for
breast cancer improves locoregional control and overall survival
rates, however, it is unavoidable to irradiate the surrounding
healthy tissues mainly, the heart, lungs, and contralateral
breast with a significant number of non-cancer-related deaths.3

Increased risk of fatal cardiac events, pneumonitis, as well as of
a second primary cancer of the breast has been largely reported.4,5

Given the occurrence of this disease even at a young age and the
increased life expectancy, it is essential to limit long-term compli-
cations as much as possible. Currently, for women who must
undergo radiotherapy to the left breast, all the various techniques
available are examined to limit the dose to the heart. Efforts are
being made to move the heart away from the radiation field
through prone positioning of the patient, coordination of the res-
piratory cycle, using advanced technologies such as intensity-
modulated radiotherapy, the use of proton beams, accelerated
partial irradiation on smaller volumes, and intraoperative radio-
therapy. Shah et al6 provided an updated review of these contem-
porary techniques for avoiding cardiac protection showing that,
although promising from a dosimetric perspective, there are
limited data on late cardiac events due to the difficulties of long-
term follow-up. Several studies pointed on the fact that the
motion of the thorax can have a crucial impact on heart dose in
left-sided breast cancer patients;7 Quirk et al8 analyzed chest
wall respiratory motion using an external surrogate that could
potentially be considered closer to reality for the early breast
cancer patient population because the trajectory of the tumor
will be more faithful to the trajectory of the external surrogate;
they recorded a significantly lower maximum chest amplitude
during normal breathing than during deep breathing.

Breath hold (BH) in left breast treatment increases the dis-
tance between the target and the heart allowing to minimize irra-
diation of nearby organs at risk while maintaining an adequate
target dose coverage9–11 and has become the gold standard in
clinical practice in many institutions.12–14 Patients who can toler-
ate deep inspiration BH (DIBH) may yield a benefit from it as
reported by Conroy et al15 who focused their investigation on
cardiac positioning instead of cardiac dose evaluation while irra-
diating left-sided breast tumor in voluntary DIBH.

Breast cancer treatment has historically been performed with
2 opposing non-divergent isocentric tangent fields, using 6 MV
photon energies, with the addition of beam modifiers to homog-
enize the dose within the target;16,17 recently tangential
field-in-field (TFiF) technique, also referred to as forward
intensity-modulated radiation therapy is used as an alternative.
Several groups have compared the dosimetry in free breathing
(FB) versus BH for the left breast treatment; many studies per-
formed the comparison using a single cohort of patients scanned
twice, once in FB and again in BH;18–20 while other studies12,21

considered different clinical datasets for both FB and BH,
focusing on specific dosimetric parameters of the heart and
lung, mainly the mean dose to the heart and lung and 1 or 2

significant points of the dose-volume histogram as also reported
by the meta-analysis published in 2020.22

This study compares the dosimetry of the planning target
volume (PTV), the heart, the left and right lung, and the right
breast for a large clinical series of left-sided breast cancer patients
treated with forward intensity modulated radiation therapy with
different delivery modalities (FB or BH). In addition to the
mean and maximum dose, different dosimetric cut-off points
along the dose volume histogram (DVH) of the heart and ipsilat-
eral lung were analyzed, as well as the mean and maximum dose
to the right breast and contralateral lung, enriching with valuable
data to the existing FB and BH statistics; moreover, the possible
correlation between physical parameters such as target size, left
lung volume with heart and left lung dosimetric parameters,
were investigated for both delivery techniques.

Materials and Methods
BH for post-operative left-sided breast cancer patients became
part of the standard radiotherapy treatment offered by our depart-
ment from April 2019, nevertheless, its use remains at the discre-
tion of the physician treating the patient. At the beginning of the
year 2020, a 3-dimensional (3D) surface tracking system has
been introduced in the daily clinical routine of breast treatment,
and this has renewed the interest in the use of the BH technique
due to the simplicity and rapidity of monitoring the correct setup
of the patient during the positioning and delivery phase.

This retrospective study included 155 early-stage left breast
carcinoma patients consecutively admitted to our hospital in
2020 and referred by physicians for whole breast radiation
therapy in FB (73 patients), and BH (82 patients). The inclusion
in the study was interrupted once reached about half of the cases
treated annually in our department.

The research was approved by the Institutional Ethics
Committee of Sichuan Cancer Hospital and Research Institute
(Approval Number No. SCCHEC-02-2021-026). The patients
gave oral consent to the use of data regarding their radiation
treatment for research purposes; data were anonymized before
use and patient details de-identified. The reporting of this
study conforms to STROBE guidelines.23

Treatment Preparation: Simulation, Contouring,
Treatment Planning
The patients were immobilized with a WingStep (IT-V,
Innsbruck, Austria) breast board in the supine position. CT
scans were acquired with 3 mm slice thickness with a 16-slice
Brilliance Big Bore CT scanner (Philips Medical Systems,
Cleveland, OH). The CT scans were performed in FB or BH
for their use in FB or BH treatment, respectively, following the
indication of the referring physician. Patients to be treated in
BH were previously instructed by the doctor on how to hold
their breath and were invited to practice at home. On the day of
the CT scan, the procedure was repeated to them, and after a
few attempts, the technician assessed whether the patient could
hold her breath for more than 25 s and whether she could
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reproduce a stable BH position, according to an internal protocol
of our department, described in detail in a previous publication.24

Imaging datasets were imported to MIM Version 7.0.5
(MIM Software Inc.) for contouring. Target volume and
organs at risk were outlined by experienced radiation oncolo-
gists of the breast department. Clinical target volume (CTV)
of the residual breast included all mammary tissues as visual-
ized on the CT scans; the contouring was aided by a copper
wire placed along the palpated breast tissue during simulation.
The PTV was generated as an isotropic expansion of the CTV
with a 3 mm margin in all directions; the first 5 mm inside
the body external contour were excluded both from the CTV
and from the PTV; the organs at risk (OARs) delineations
were performed according to the breast cancer atlas for the radi-
ation therapy planning consensus definitions.25

CT images and radiotherapy structures were imported to
Pinnacle 3TM Version 9.10 (Philips Medical Systems) treat-
ment planning system. All plans were based on TFiF technique
with a 6 MV photon beam energy of an Elekta Infinity (Elekta)
LINAC. TFiF consisted of 2 opposing tangential fields with
gantry angle between 300° and 315° for the medial beam and
120° and 135° for the lateral beam, each including 3 to 5 sub-
segments. Patients were treated with a prescribed dose (Dp)
of 50 Gy in 25 fractions, 1 fraction per day. The plan was opti-
mized to achieve a minimum of 95% of the PTV covered by
95% isodose line and a mean dose (Dm) to PTV equal to the
Dp; hotspots should not exceed 107%, although they were con-
sidered acceptable if 2 cm3 of the target received 110% of the
Dp. For OARs standard dose limits were used26 aiming at
keeping less than 15% of the left lung receiving less than
20 Gy (10), and heart Dm under 2 Gy for BH treatments, and
as low as achievable for FB treatments. The plan was calculated
using the full collapsed cone convolution algorithm and a grid
calculation size of 3 mm. Patients were treated with a median of
6 segments per treatment (range 4-8).

Surface Guided Treatment
At the LINAC, the patient’s surface (limited to the chest area)
was acquired by a 3D real-time surface tracking system,

AlignRT (Vision RT, Ltd). The real-time surface position was
compared with the surface acquired at the planning CT (refer-
ence surface) for the patient positioning and during the beam
delivery. AlignRT reports the real-time deltas for 3 translational
and 3 rotational directions, and through the automatic gating
function, the accelerator stops irradiating if the 2 surfaces
deviate beyond the defined tolerance thresholds. The thresholds
set up in our department for breast treatments are ±3 mm in the
translational directions and ±3° in the rotational directions. This
procedure is used for both FB and BH treatments. During BH
treatments, patients have a visual tool helping them to maintain
the breath within the tolerance level guiding them through
inspiratory inconsistency.27

Data Analysis
DVH endpoints were used to compare the dosimetry of the FB
and BH left-sided breast radiotherapy treatments; for the PTV,
the volume, D95, D98, D2, Dm, V95%; for the heart and the left
lung, the volume, V5, V10, V20, V30, Dm, Dmax; for the right
lung and the right breast Dm, and Dmax. Dx represented the
dose (in Gy) received by x% of the volume, Vy the volume
(in percentage) receiving y Gy, Vx% the volume in % receiving
x% of the dose prescribed to the target, Dmax the maximum dose
(dose received by a volume of 0.01 cm3), and Dm the mean
dose. Datasets were compared using the Wilcoxon Cox test.
A P-value of less than 0.05 was considered statistically signifi-
cant; correlations between physical factors and dosimetric
parameters were determined by Pearson’s correlation coeffi-
cient (r). A P-value < .01 indicates statistically significant dif-
ferences. All statistical analysis were completed using SPSS
version 19 software (SPSS Inc).

Results
Patient and tumors characteristics of the FB and BH groups are
shown in Table 1. The 2 groups present no significant differ-
ences in age and body mass index (BMI) (P= .654, P= .703,
respectively), neither in the tumor grading and pathological
tumor node metastasis stage (P= .452, P= .543, respectively).
Furthermore, from the frequency analysis, 153 out of 155 of
the patients included in this study had a BMI in a standard
range (18.5-24.9) kg/m2 as defined by WHO (World Health
Organization), and 80% of the patients had a left breast
volume of less than 837 and 778 cm3 for the BH and FB
groups, respectively. The target and OARs DVH representative
dosimetric parameters for FB and BH groups were reported in
Tables 2 and 3, respectively. The BH percentage difference
was calculated as (BH−FB)/FB in percentage.

Comparing the dosimetry of the heart, significantly lower
values for patients in the BH group were recorded; particularly
heart median value Dm and Dmax were decreased by 3.6 Gy
(67.9%) and 10.3 Gy (27.1%), respectively; heart volumes
receiving doses in BH between 5 and 30 Gy are decreased
more than 80% of the corresponding FB endpoints.
Moreover, analyzing the frequencies of the Dm datasets, we

Table 1. Patient and Tumor Characteristics.

FB BH

Number of patients 73 82
Median age, year (range) 46.5 (24.0-69.0) 47.0 (22.3-70.0)
Median BMI kg/m2 (range) 20.8 (17.4-24.1) 21.0 (18.1-25.0)
Grading, n (%)
G1 25 (34.20) 27 (32.9)
G2 34 (46.60) 36 (44.0)
G3 14 (19.20) 19 (23.1)

pTNM n (%)
T1aN0M0 6 (8.2) 6 (7.3)
T1cN0M0 53 (72.6) 60 (73.2)
T1cN1M0 6 (8.2) 7 (8.5)
T2N0M0 8 (11.0) 9 (11.0)
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found that 75% of patients in the BH cohort received a Dm <
2.63 Gy compared with a Dm <7.34 Gy received by patients in
the FB group. For what is concerning the left lung, the doses
received are significantly lower in BH groups than in FB group
for V5 (−22.4%, P= .003), V10 (−17.3%, P= .003), V20

(−13.4%, P= .002), Dm (−7.0%, P= .035); slightly lower but
not significantly different for V30 (−2.5%, P= .695), and Dmax

(−1.6%, P= .060). No significant differences were found for
Dm and Dmax of the right breast and the right lung. The advantage
induced by BH treatments on the dosimetry of the heart and left
lung are shown as an example in Figure 1; the plotted points
(heart Dm; heart V5) and (Lung left V5; heart V5) for BH treat-
ments, remain almost all confined to the lower left quadrant,
showing a containment of the doses received when compared
to the group of patients treated in FB for whom these points
are scattered over the 4 quadrants. Table 4 shows the results of
the Pearson coefficient and its significance in assessing
whether the volume of the target or the volume of the left
lung, have any influence on the dosimetry of the heart and left
lung. We focused our analysis on the dosimetric parameters
V5, V20, and Dm has representatives of the dose received.

We found that an increase in the volume of the target gives
rise to a positive Pearson coefficient indicating a corresponding

increase in the value of the dosimetric parameters of both heart
and lung in both groups; this increase is only significant for the
BH group. Similarly, we can observe that an increase in the
volume of the left lung tends to decrease (negative Pearson
coefficient) the value of the dosimetric parameters in both
groups, but this decrease is again only significant for the BH
group; The dosimetry trends of the heart and lung, which are
positively correlated in the case of an increased target
volume, and negatively correlated in the case of increased left
lung volume, are shown in Figures 2 and 3, respectively for
the BH group as they are statistically significant.

Discussion
In recent years, radiotherapy techniques such as volumetric
modulated arc radiation therapy, and TFiF forward intensity-
modulated radiation therapy, have been introduced as an
alternative to classic opposing tangential fields as a treatment
strategy to improve the homogeneity of the target coverage
while reducing the doses to OARs; moreover, several studies
showed a significant reduction in cardiac exposure in case of
left-sided breast treatments by implementing respiratory man-
agement methods in radiation delivery, such as voluntary,

Table 2. Planning Target Volume Dosimetric Parameters in FB and BH.

FB (n= 73) Median (range) BH (n= 82) Median Δ(BH− FB) % Difference P

Volume (cc) 586.2 (209.3-1356.2) 572.9 (206.0-1411.0) −2.3 .482
D95 (Gy) 48.8 (46.5-50.8) 48.5 (46.0-49.9) −0.8 .234
D98 (Gy) 47.7 (43.2-49.3) 47.6 (44.7-50.0) −0.1 .764
Dm (Gy) 50.9 (49.8-52.6) 50.9 (50.0- 53.3) 0.0 .329
D2 (Gy) 53.7 (51.6-56.4) 53.4 (52.2-56.0) −0.6 .394
V95% (Gy) 98.0 (94.0-100.0) 98.4 (93.5-100.0) 0.0 .650

Table 3. OARs Dosimetric Parameters Comparison for FB and BH Treatments.

FB (n= 73) Median (range) BH (n= 82) Median (range) Δ(BH− FB) % Difference P

Heart Volume (cc) 568.5 (334.3-791.6) 537.5 (342.0-839.9) −5.8 .045
V5 (%) 26.0 (0.6-56.0) 3.7 (0.0-9.9) −85.8 .000
V10 (%) 9.0 (1.0-22.0) 1.8 (0.0-9.1) −80.0 .005
V20 (%) 3.2 (0.0-8.1) 0.4 (0.0-6.5) −86.7 .002
V30 (%) 1.0 (0.0-7.0) 0.0 (0.0-2.4) −100.0 .003
Dm (Gy) 5.3 (2.1-10.7) 1.7 (0.0-3.9) −67.9 .003
Dmax (Gy) 38.0 (16.4-50.2) 27.7 (3.4-37.8) −27.1 .001

Left lung Volume (cc) 1008.1 (659.0-1605) 1806.5 (959.9-2556.0) 79.2 .008
V5 (%) 38.0 (24.8-58.0) 29.5 (17.1-41.2) −22.4 .003
V10 (%) 22.5 (8.0-38.0) 18.6 (9.2-27.9) −17.3 .003
V20 (%) 15.7 (7.0-22.8) 13.6 (5.8-21.6) −13.4 .002
V30 (%) 8.0 (1.2-14.5) 7.8 (2.2-13.0) −2.5 .695
Dm (Gy) 8.6 (5.3-11.7) 8.0 (4.2-11.5) −7.0 .035
Dmax (Gy) 51.0 (45.0-54.7) 50.2 (46.5-52.1) −1.6 .060

Right breast Dm (Gy) 0.3 (0.0-1.6) 0.2 (0.0-1.5) −33.2 .654
Dmax (Gy) 2.5 (0.0-7.9) 2.5 (0.0-7.4) 0.0 .739

Right lung Dm (Gy) 0.1 (0.1-1.1) 0.1 (0.0-0.9) 0.0 .896
Dmax (Gy) 2.2 (0.2-15.5) 2.1 (0.0-17.7) −4.5 .760

Note: P-values < .05 are highlighted in bold.
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DIBH, active breath control.9,10,13 In this study, we included
radiotherapy treatments of the left side of the breast after con-
servative surgery, performed with the TFiF technique in a BH
or FB setup and using a real-time guided 3D surface monitoring
system. The groups of patients treated in BH or FB, were found
to be homogeneous in terms of age, body conformation and size
of the target to be treated. The radiation doses to cardiac and left
lung parameters were significantly reduced with the BH techni-
que; a positive moderate correlation in FB and BH between the
target volume and heart Dm, V5, and V20, and a negative corre-
lation between the lung left volume and the heart and left lung
Dm, V5, V20 were registered; these correlations are significant
only for the patients of the BH group.

Regarding the mean dose to the heart, its median value in BH
is 1.7 Gy and is 3.6 Gy (67.9%, P= .003) lower than its value in
FB. A systematic review by Smyth et al28 in the benefit of
cardiac dose sparing including 10 studies showed a statistically
significant reduction of the mean dose to the heart with the
DIBH technique by up to 3.4 Gy when compared to a free-
breathing approach; this decreased value is in line with our
results. Quirk et al29 conducted a retrospective study of a
large cohort of left-sided breast cancer patients treated in
DIBH and found a median dose to the heart of 1.0 Gy; similarly,
Yeung et al30 analyzed twenty patients undergoing CT simula-
tion in both FB and BH and found a dosimetric benefit from
DIBH treatments registering a median dose of 1.1 Gy in BH,
values in line with the median dose value we assessed, under-
lining the importance and effectiveness of using breath

control methods. The results of the meta-analysis by Lai
et al22 including 12 observational studies each with total
number of cases greater than or equal to 40, reported, as for
our research, statistically significant lower heart and left lung
doses in BH when compared to FB.

Most of the published studies show a reduction in the mean
dose to the heart and left lung. Our work evaluates in addition to
these values, several significant points of the DVH (V5, V10,
V20, V30), and Dmax highlighting a significant percentage
decrease of these parameters in BH compared to FB, ranging
for the heart from a maximum of 100% (V30, P= .003) to a
minimum of 27.1% (Dmax, P= .001); similarly, for the ipsilat-
eral lung, from a maximum of 22.4% (V5, P= .003) to a
minimum of 1.6% (Dmax, P= .006); in addition, the mean
and maximum doses for the breast and contralateral lung are
also assessed but show no significant differences between FB
and BH.

Considering that Darby calculated a linear increase in excess
relative cardiovascular risk of 7.4% per Gy of mean cardiac
dose (95% confidence interval, 2.9% to 14.5%; P< .001),
these differences in doses can be considered clinically signifi-
cant. The decrease in the heart dose in BH compared with the
FB is maintained at all points of the dose-volume histogram,
from high to low doses, particularly the heart volume receiving
doses between 5 and 30 Gy is reduced between 80% and 100%
in BH. The increase in cardiovascular deaths appears to be
mainly due to high-volume irradiation to the heart.31

In the left-sided breast treatments, frequently, the apex of the
heart is close, or even within the radiation field, resulting in a
maximum dose exposure of the heart of up to >20 Gy; this is
the case of our study for the FB group with a heart Dmax

median value of 38.0 Gy; nevertheless, for the patients in the
BH group, due to the increased lung volume, the heart is par-
tially or completely moved out of the high-dose region,32 result-
ing in our research in a reduced Dmax median value of 27.7 Gy.
Moreover, from the percentile analysis, we can see that only
14.4% of patients treated in FB receive a maximum dose to
the heart below 30 Gy compared to 86% of patients treated in
BH; this result is potentially important considering that at
doses above 30 Gy, radiation-related heart disease may occur
within a year or two of exposure and risk increases with
higher radiotherapy dose, younger age at irradiation, and the
presence of conventional risk factors.33

The volume of the left lung registered for patients in the BH
group is as expected significantly increased (+79.2%, P= .008)
compared with the volume obtained for patients in the FB treat-
ment group. It is well known that the lung is sensitive to ioni-
zation radiation and side effect may arise, as acute or
subacute pneumonitis and late lung fibrosis; the risk for acute
and chronic RT-induced lung morbidity is also influenced by
irradiated lung volume.34 The filling of air in the lung allows
the heart to be moved away from the target in favor of lung
volume occupying the space left free. This mechanism may
reduce the percentage of lung volume receiving given doses.
In our research we highlighted that comparing BH and FB
groups DVH endpoints, the reduction in the volume of the

Figure 1. Heart and left lung representative dosimetric parameters for
FB and BH treatments.
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left lung receiving given doses in BH compared to FB,
decreases as the dose increases: ΔV5 =−22.4%, ΔV10 =
−17.3%, ΔV20 =−13.4%, ΔV30 =−2.5%, nevertheless for
high dose (30 Gy) this difference is not statistically significant
(P= .695). Compared to the FB situation, more lung volume
is located adjacent to the target and is, therefore, more suscep-
tible to receive high doses. Similarly, the maximum dose is
reduced but not significantly (P= .060).

Following this study, patients with small breast volume
treated in BH seems to more benefit from the heart and left
lung dose reductions. Focusing on heart Dm and V5 and their
correlation with the target volume portrayed in Figure 2A and
B, respectively, the Pearson analysis showed a middle strength
correlation, statistically significant in BH for Dm (r= 0.602, P=
.001) and V5 (r= 0.393, P= .001), while this behavior is not
confirmed for FB treatments for which Pearson coefficient
shows a lower strength correlation not statistically significant,

between Dm and V5 and the target volume (r= 0.213, P=
.063 and r= 0.175, P= .129, respectively). Similarly, for FB
treatments, an increased left lung volume does not correlate
with a decrease in dosimetry of the heart and the left lung,
while in the case of BH treatments, these correlations are of
medium strength and are statistically significant as can be
seen in Table 4. Walston et al35 found a moderate positive cor-
relation between percentage left lung increase and mean heart
dose. Other authors investigated the impact of further physical
factors as lung expansion, relative lung volume and lung mass
on the heart and lung dosimetry;36 Wang et al37 found a reduced
advantage of DIBH for patients with very small (<0.8 L) BH
volumes, while Ferdinand et al38 found a significant correlation
between reduction in heart volume in field with reduction of
mean heart dose.

Our study had some limitations. A power analysis of the
sample size was not performed, and the number of patients

Table 4. Pearson Correlation Coefficients and P value (in parenthesis) for FB and BH Treatment Parameters.

FB BH

PTV volume Lung left volume PTV volume Lung left volume

V5 Heart 0.175 (0.129) −0.051 (0.660) 0.393 (0.001) −0.625 (0.000)
Lung left 0.256 (0.105) −0.045 (0.699) 0.376 (0.000) −0.317 (0.003)

V20 Heart 0.132 (0.198) −0.168 (0.165) 0.275 (0.018) −0.354 (0.001)
Lung left 0.105 (0.389) −0.233 (0.052) 0.279 (0.009) −0.309 (0.004)

Dm Heart 0.213 (0.063) −0.205 (0.074) 0.602 (0.001) −0.523 (0.000)
Lung left 0.167 (0.147) −0.174 (0.129) 0.314 (0.003) −0.367 (0.001)

Figure 2. Correlation between the target volume and the heart
representative dosimetric parameters for breath hold treatments.

Figure 3. Correlation between the left lung volume and the heart
representative dosimetric parameters for breath hold treatments.
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used in the 2 cohorts is too small to have any claim to strong stat-
istical significance. Moreover, the results were obtained using the
patient data derived from the clinical practice of our department
using a defined treatment technique; the research does not have
the value of a multi-institutional quality-assurance program,
therefore the results cannot be generalized. Moreover, patients
included in this study had a BMI in a standard range and left
breast small sized. Further investigations with a cohort of patients
with a wider range of physical characteristics and using different
radiation techniques are desirable. Long term follow-up is needed
to establish the clinical differences between FB and BH delivery
techniques.

Conclusion
Findings from this observational study suggest that BH techni-
que for left-sided breast treatments may reduce the dose to the
heart and left lung compared to FB; increased dosimetric advan-
tages for small-sized breasts, and large left lung volumes may
be considered in choosing treatment strategies.
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