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Introduction: The risk of radiotherapy-associated cardiovascular disease has been a concern for decades in
breast cancer survivors. The objective of our study is to evaluate the dosimetric benefit of Deep Inspiratory
Breath-hold technique (DIBH) on organs-at-risk (OAR) sparing in left-sided breast cancer radiotherapy and
to find out pre-treatment predictors of cardiac doses for guiding patient selection for DIBH.
Material and methods: Pre-radiotherapy planning CT scans were done in Free Breathing (FB) and in DIBH
[using Active Breathing Coordinator system (ABCTM)] in 31 left sided breast cancer patients. 3DCRT plans
were generated for both scans. Comparison of anatomical and dosimetric variables were done using paired
t test and correlation was evaluated using Pearson correlation. Linear regression was used to get indepen-
dent predictors of cardiac sparing and Receiver Operating Characteristic (ROC) curve analysis was done to
find out the specific threshold of the predictors.
Results: There was a 39.15% reduction in mean heart dose in DIBH compared to FB (2.4 Gy vs 4.01 Gy)
(p < 0.001), 19% reduction in maximum Left Anterior Descending (LAD) dose and a 9.9% reduction in ipsi-
lateral lungmean dose (p = 0.036) with DIBH. A significant correlation was observed between reduction in
Heart Volume in Field (HVIF) and Maximum Heart Depth (MHD) with reduction in mean heart dose.
Reduction in HVIF (DHVIF) independently predicted cardiac sparing.
Conclusion: DIBH leads to significant reduction in OAR doses and is suggested for all patients of left-sided
breast cancer undergoing radiotherapy. However, HVIF andMHD predicted for cardiac sparing and thresh-
old criteria of DHVIF and DMHD may be used by centres with high workload to select patients for DIBH.

� 2021 The Authors. Published by Elsevier B.V. on behalf of European Society for Radiotherapy &
Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Adjuvant radiotherapy improves locoregional control and sur-
vival in breast cancer patients both after breast-conservation sur-
gery [1] and mastectomy [2]. With increase in survival, long term
radiation toxicity becomes a major concern. The heart is the most
important organ at risk in breast cancer radiotherapy and cardiac
irradiation is associated with long term cardiac co-morbidities par-
ticularly coronary artery disease. A study by Darby et al [3] has
shown that rates of major coronary events increase linearly by
7.4% per Gray mean dose to the heart, with no apparent threshold.
Apart from the mean dose to the heart, there are also several other
factors contributing to the cardiotoxicity. These are: dose of radia-
tion, fraction size, Left Anterior Descending (LAD) coronary artery
dose and left ventricular doses [4–5]. Studies have also shown that
left-sided breast cancer patients have an increased risk of radiation-
related cardiotoxicity compared to right-sided cancers [6–7].
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Dose to the LAD is an important factor in the development of
RT-related cardiotoxicity [8]. Therefore, for the past few years,
the focus has been on reducing the mean heart dose and LAD dose
with the use of modern radiotherapy techniques. Different strate-
gies like cardiac shielding [9], partial breast irradiation [10],
breath-hold technique [11] are used for reducing heart doses with-
out compromising target coverage or other organ-at-risk. Deep
Inspiratory Breath-hold (DIBH) technique is one of the most well
studied techniques. The separation between the heart and the
chest wall/breast increases with deep inspiration and if radiation
is delivered in this phase, it decreases the heart and LAD doses.
DIBH can be achieved by using Elekta Active Breathing Coordina-
torTM (ABC) or by Varian RPM system. The UK HeartSpare [12] ran-
domized study compared the two techniques and reported that
they are comparable in terms of positional reproducibility and nor-
mal tissue sparing.

Though several studies [13–16] have shown dosimetric benefit
of the DIBH technique on cardiac sparing, it requires intensive
patient coaching and tends to increase departmental workload.
The routine use of this technique in a center with high patient load
may lead to an increase in patient waiting time. A survey con-
ducted by van der Laan et al [17] reported that breath-hold radio-
therapy technique was used only in 19% of the European
Organization for Research and Treatment of Cancer (EORTC) Radi-
ation oncology group-affiliated institutes for treating breast cancer.
Another recent study by Desai et al [18] has reported the nation-
wide trends in heart-sparing techniques utilized in breast cancer
radiotherapy in United Kingdom. Results of this survey, based on
530 responses from radiation oncologists, have shown that though
DIBH is the most common cardiac sparing technique used, only
43% of the physicians have used it frequently for cardiac sparing
(in more than three-fourth of their breast cancer patients). When
asked about the reasons for not offering DIBH, 15% of the respon-
dents mentioned increased planning and treatment time. This
reflects that this technique can be more labor intensive, which
may deter some physicians from using it routinely [18]. With this
background our study was conducted not only to assess the dosi-
metric benefit of the DIBH technique in our patient population
but also to quantify the dosimetric benefit and correlate the
changes in patients’ anatomical parameters with the changes in
dosimetric parameters, to enable selection of patients who would
benefit more from this technique.
Materials and methods

From October 2017 to May 2019, 31 consecutive patients of
left-sided breast cancer who received adjuvant radiotherapy to
the breast or chest wall with DIBH technique using ABC were
prospectively analysed. The inclusion criteria were, left sided
breast cancer patients who have undergone Breast Conservation
Surgery (BCS) and those who had high-risk factors after Modified
Radical Mastectomy (MRM) [T3-T4 and/ or lymph node positive
disease or high risk as per Cambridge score]. Pregnant women,
patients treated previously with breast or chest wall radiotherapy
and those who had difficulty holding their breath for more than
10 s were excluded. Informed consent was obtained from all the
patients before the study. This study was approved by the institu-
tional ethical committee before initiation.
Simulation and treatment planning procedure

Before simulation patients were extensively trained for breath-
hold technique. Depending on the performance, the threshold of
breath-hold volume and duration was determined for individual
patient. All patients were scanned in the supine position, lying
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on a breast board with both arms abducted at 90 degrees. Patients
who required supraclavicular nodal irradiation had their faces
turned to the side opposite to the affected side. The breast tissue
and tumor bed scar or chest wall scar were marked with radiopa-
que wire. A simulation CT scan was performed for each patient in
Siemens Somatom Emotion 16 slice CT scanner and 2 sets of
images were taken, one in free breathing (FB) and another in DIBH.
The Active Breath Coordinator (ABCTM) system from Elekta was used
for monitoring respiratory breath-hold where the predetermined
threshold of breath-hold volume and duration was set for every
individual patient and CT data was acquired without contrast using
3 mm slices (this slice thickness was chosen in accordance with the
cardiac contouring atlas developed by Duane et al) [19]. The FB and
DIBH CT scan images were then transferred to our treatment plan-
ning system.

The treatment planning was done using Monaco TPS v.5.11 soft-
ware of Elekta Versa HD machine. The target volume and organ at
risk structures were delineated on both CT scans sets by the same
physician as per Radiation Therapy Oncology Group (RTOG) con-
touring atlas [20] to reduce inter-observer variation. The heart
and the LAD were contoured according to the validated University
of Michigan cardiac contouring atlas [21]. In the University of
Michigan cardiac atlas development and validation study, use of
intravenous contrast did not make any difference to inter-
observer variation in dose reporting, while thecardiac contouring
atlas developed by Duane et al is also based on the non-contrast
CT planning scan [19]. We, therefore, did not use contrast for our
planning CT scans. 3DCRT plans were generated on both the image
sets using tangential photon beams. with a field- in- field tech-
nique. Cardiac shielding with multileaf collimator was used to keep
the cardiac doses as low as possible. For the Supraclavicular Fossa
(SCF), a single direct anterior field angled 5–10 degrees was used
and asymmetric jaws were used for matching tangential and SCF
portals. Bolus was used in chest wall cases in half of the fractions
(i.e. first seven fractions) and in all the fractions wherever there
was skin involvement as per institutional protocol. The patients
were prescribed 40 Gy in 15 fractions over 3 weeks for whole
breast/ chest wall irradiation and a tumour bed boost dose of
12.5 Gy in 5 fractions over 1 week for patients undergoing breast
conserving surgery. Tumour bed boost was delivered using elec-
tron beam of specific energy depending on the depth of the tumour
bed. The plan acceptability criteria were kept as the follows: 95% of
the breast planning target volume (PTV-breast) or 90% of PTV-chest
wall should be covered by at least 90% isodose and volume covered
by 107% isodose, should be less than 2 cc. Both the plans should
have a comparable target coverage.

Anatomical and dosimetric parameters

Eleven anatomical parameters were calculated and recorded for
FB and DIBH CT scans for each patient and the change in these
parameters between the two scans were also documented. Defini-
tion of all these anatomical parameters are given in Table 1 and is
based on a study by Register et al. [22].

Dose Volume Histograms (DVHs) were generated for both the
plans (FB and DIBH) and the following dosimetric parameters were
noted – percentage of volume of planning target volume (PTV) cov-
ered by 90% and 95% of prescribed (PTV_V90, V95), heart and LAD
mean dose (Dmean), maximum dose (Dmax), ipsilateral and bilat-
eral lung mean dose, percentage volumes of heart receiving
doses � 5 Gy (V5), 10 Gy (V10), 30 Gy (V30) , percentage volumes
of LAD receiving doses � 5 Gy (V5), 40 Gy (V40) of LAD, percentage
volume of ipsilateral and bilateral lung receiving doses � 5 Gy (V5),
12 Gy (V12), 20 Gy (V20) were recorded.

Each approved plan was subjected to Quality Assurance using
the iMatrixx phantom (an ion chamber array), Octavius 4D phan-



Table 1
Definition of the anatomical parameters [22].

Anatomical parameters Definition

Heart Volume (HV) Volume of contoured heart in cc
Lung Volume (LV) Volume of contoured bilateral lungs in cc
Heart Chest Wall Length (HCWL) The maximum length of contact between the heart and chest wall
Heart Height (HH) The distance from the superior to inferior extent of the contoured heart
Chest Separation (CS) Maximum separation between medial edge and lateral edge of 50% isodose line along the central axis of beam
Chest Depth (CD) The anterior-posterior thickness of the chest at the level of the maximum chest separation
Heart Chest Wall Distance (HCWD) The distance from the maximal heart point to the chest wall
Maximum Heart Depth (MHD) The maximum distance from the field edge to the heart border
Heart Volume in Field (HVIF) The heart volume encompassed by the 50% isodose line
Lung Orthogonal Distance (LOD) The maximum distance from the field edge to the lung-chest wall interface at the level of maximum cs
Central Lung Distance (CLD) The distance between the midpoint of the posterior field and the edge of chest wall
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tom and Qasar phantom, keeping the gamma value = 3% for accep-
tance. Treatment was delivered in all patients using ABC-DIBH
technique in Elekta Versa HD Linear accelerator. For image-
verification, daily kilovoltage cone beam CT was used, and online
correction was also carried out. Whenever there was a systemic
error, appropriate action was taken.
Statistical methods

The data was analysed using the IBM SPSS� software version 22.
The descriptive data was represented as mean, median, standard
deviation or percentage. The paired t test was used for continuous
numerical variables, to test whether the DIBH technique differed
from FB technique with respect to particular anatomical or dosi-
metric parameters. For each anatomical and dosimetric parameter,
the mean difference between FB and DIBH scans was recorded and
correlations of differences in between relevant dose metrics with
patient related parameters were analysed using Pearson’s correla-
tion. Unpaired t-test was used to compare between BCS and MRM
groups. Linear regression analysis was done to find out indepen-
dent predictors of cardiac sparing. Receiver Operating Characteris-
tic (ROC) analysis was performed to find out the threshold value of
the predictor of cardiac sparing which may help in selecting the
Table 2
Patient and treatment characteristics (N = 31).

Patient/Treatment Parameters Number

Median Age 49 yrs (32-75
Median BMI 28 (19.8–39.9
Tumour stage

Stage I
Stage II
Stage III

Location of the tumour
Upper outer q
Upper inner q
Lower outer q
Lower inner q
Central tumo

Node positive disease present 17
Type of surgery done

MRM
BCS

Regional nodal irradiation (RNI)
Yes
No

Chemotherapy received
Yes
No

Received anthracycline based chemotherapy 21
Mean breath-hold volume 1.1 L
Mean duration of breath-hold 15sec

MRM-Modified Radical Mastectomy, BCS- Breast Conservation Surgery

27
patient for DIBH. A p value � 0.05 was considered statistically
significant.
Results

Patient and treatment characteristics

Sixty-two CT scan data of 31 left sided breast cancer patients,
who met the selection criteria, were analyzed. Patient and treat-
ment characteristics are presented in Table 2. Majority of the
patients underwent BCS (61.3%). 54.8% of the patients had node
positive disease and 64.5% received Regional Nodal Irradiation
(RNI) to SCF. 77.4% of the patients received chemotherapy of
whom, 21 patients (67.7%) received anthracycline based
chemotherapy. The mean breath-hold volume was 1.1 L and mean
duration of breath-hold was 15 s.

Comparison of anatomical parameters between FB and DIBH scans

The changes of the anatomical parameters with DIBH is sum-
marised in Table 3. With DIBH, as the lung expanded and the heart
moved away from the chest wall, we observed a significant reduc-
tion in mean Heart Volume (HV) (p = 0.01), mean Heart Chest wall
Percentage

yrs)
)

3 9.7%
19 61.3%
9 29%

uadrant 14 45.1%
uadrant 6 19.4%
uadrant 4 12.9%
uadrant 3 9.7%
urs 4 12.9%

54.8%

12 38.7%
19 61.3%

20 64.5%
11 35.5%

24 77.4%
7 22.6%
67.7%



Table 3
Anatomic and planning characteristics compared between Free Breathing (FB) and Deep Inspiratory Breath-hold (DIBH) scans (N = 31).

PARAMETERS FB DIBH D (Difference) D% (percentage of difference) p value

Measured on Treatment Planning Scans
Mean HV (cc) 496.90 478.27 �18 �3.6 0.010
Mean HCWL (cm) 7.7 6.8 �0.9 �11.6 <0.001
Mean HH (cm) 8.71 8.87 0.16 1.83 0.139
Mean LV (cc) 2320.62 3451.17 1130.55 48.71 <0.001

Measured after tangent fields set
Mean CD (cm) 20.21 21.04 0.8 3.96 <0.001
Mean CS (cm) 22.66 22.64 0 0 0.0978
Mean HCWD (cm) 1.18 1.84 0.66 55.9 <0.001
Mean MHD (cm) 2.01 1.07 �0.94 �46.7 <0.001
Mean HVIF (cc) 26.58 7.02 �19.56 �73.8 <0.001
Mean LOD (cm) 2.57 3.11 0.54 21 <0.001
Mean CLD (cm) 2.37 2.95 0.53 22.3 <0.001

HV-Heart Volume; HCWL- Heart Chest Wall Length; HH– Heart Height; LV- Lung Volume; CD- Chest Depth; CS- maximum Chest Separation; HCWD- Heart Chest Wall
Distance; MHD- Maximum Heart Depth; HVIF- Heart Volume in Field; LOD- Lung Orthogonal Distance; CLD- Central Lung Distance

Table 4
Dosimetric comparisons between Free Breathing (FB) and Deep Inspiratory Breath-hold (DIBH) scans (N = 31).

PARAMETER FB DIBH D (Difference) D% (percentage of difference) p value

Mean Heart dose (Gy) 4.0 2.4 �1.5 �39.1 0.00
Mean LAD dose (Gy) 12.6 8.7 �3.8 �30.1 0.00
Max Heart dose (Gy) 39.4 31.5 �7.8 �19.8 0.00
Max LAD dose (Gy) 31.9 25.8 �6.0 �18.9 0.00
Heart V5 (%) 14.2 7.6 �6.6 �46.5 0.00
Heart V10 (%) 8.9 3.4 �5.5 �61.8 0.00
Heart V30 (%) 2.9 0.4 �2.4 �82.7 0.00
LAD V5 (%) 52.5 52.6 0.1 0 0.97
LAD V40 (%) 0.6 0.4 �0.1 �21.7 0.83
Mean total lung dose (Gy) 7.1 4.7 �2.4 –33.8 0.17
Total Lung V5 (%) 19.6 17.4 �2.1 �10.9 0.24
Total Lung V12 (%) 13.9 11.7 �2.1 �15.3 0.02
Total lung V20 (%) 11.1 9.1 �1.9 �17.4 0.00
Mean Left Lung dose (Gy) 10.2 9.2 �1.0 �9.9 0.03
Left lung V5 (%) 38 37 �0.8 �2.2 0.67
Left lung V12 (%) 27.6 24.9 �2.7 �9.7 0.05
Left lung V20 (%) 22.3 19.4 �2.9 �13.2 0.01

LAD- Left Anterior Descending Artery.
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Length (HCWL) (p < 0.001) and an increase in mean Chest Depth
(CD) (p < 0.001), mean Heart Chest Wall Distance (HCWD)
(p < 0.001), mean Lung Volume (LV) (p < 0.001), mean Lung
Orthogonal Distance (LOD) and mean Central Lung Distance
(CLD) (p < 0.001).

The DIBH technique resulted in 46.7% reduction in Maximum
Heart Depth (MHD) (2.01 cm in FB scans vs 1.07 cm in DIBH scans)
(p < 0.001), and 73.8% reduction in Heart Volume In Field (HVIF)
(26.58 cc in FB scans vs 7.02 cc in DIBH scans) (p < 0.001).

Dosimetric comparison

The dose-volume parameters are summarized in Table 4. Target
coverage was comparable in both the scans. In MRM cases, PTV
V90% was 90.8% in FB scan and 90.01% in DIBH scan. In case of
BCS, PTV V90% was 94.0% in FB Scan and 94.9% in DIBH Scan. DIBH
significantly decreased the mean heart dose (39.15%) from 4.01 Gy
in FB to 2.4 Gy with DIBH. 64% patients had > 20% decrease, 29%
patients > 50% decrease in mean heart dose. Maximum LAD dose
was reduced to 25.8 Gy in DIBH scans compared to 31.9 Gy in FB
scans (p < 0.001). V30, V10, V5 of the heart was also significantly
reduced. DIBH also resulted in significant improvement of lung
doses. V20 and V12 of total and ipsilateral lung reduced signifi-
cantly (p values are 0.006 and 0.02 respectively) and there was also
a reduction in ipsilateral lung mean doses (p = 0.03).

Though MRM patients had a larger reduction in mean heart
dose (Dmean heart dose) than BCS patients (difference of FB mean
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heart dose and DIBH mean heart dose was 2.1 in PMRT patients
and 1.2 in BCS patients), it was not statistically significant
(p = 0.22). Similarly, there was no significant difference in
improvement of other dosimetric parameters between the MRM
and BCS group (supplementary table 1). There was also no signifi-
cant difference of cardiac sparing in patients receiving regional
nodal irradiation to SCF versus those who did not (p = 0.25).

Correlation and predictors of cardiac sparing

The correlations between the changes in anatomical and dosi-
metric parameters are shown in Table 5. The change in three
anatomical parameters with DIBH significantly correlated with
improvement in cardiac doses. They were Dmean CD, DMHD and
DHVIF. Dmean CD and DHVIF correlated significantly with some
of the dosimetric parameters of the heart (mean heart dose, V5,
V10 and V20), but did not show any correlation with LAD doses
except for DHVIF which showed significant correlation with mean
LAD dose. DMHD significantly correlated with the reduction in V5,
V10 and mean heart dose but not show any correlation with other
heart and LAD dose parameters. No other correlation was observed
in between the anatomical and dosimetric parameters of cardiac
sparing.

The linear regression analysis showed that DHVIF and Dmean
CD were independent predictors of reduction of mean heart dose
(p < 0.001, ANOVA). DMHD did not predict for Dmean heart dose
in our study (p = 0.53). None of the parameters predicted a reduc-



Table 5
Correlations between anatomic and planning characteristics and doses to OAR (N = 31).

Dosimetric parameter Anatomical parameters

DHVIF p value Dmean CD p value D MHD p value

HEART
Max Heart Dose(Gy) �0.18 0.31 0.023 0.901 0.03 0.83
Mean Heart Dose(Gy) 0.89 0.000 0.72 0.000 0.35 0.05
V5 (%) 0.78 0.000 0.68 0.000 0.45 0.01
V10 (%) 0.84 0.000 0.69 0.000 0.39 0.02
V30 (%) 0.87 0.000 0.59 0.000 0.17 0.36
LAD
Max LAD Dose(Gy) 0.27 0.13 0.15 0.39 0.20 0.26
Mean LAD Dose(Gy) 0.65 0.000 0.31 0.08 0.20 0.28
V5 (%) 0.09 0.60 0.26 0.15 0.07 0.69
V40 (%) 0.22 0.23 0.21 0.25 0.29 0.11

LAD- Left Anterior Descending Artery; D- Difference of the dosimetric parameters between FB and DIBH scans; HVIF- Heart Volume in Field; CD- Chest Depth; MHD-
Maximum Heart Depth.
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tion in LAD max dose. In the regression model, the dependent vari-
ables analyzed were Dmean heart dose and DLAD max dose and
the independent variables were Dmean CD, DMHD and DHVIF,
based on the correlation seen.
Fig. 1. ROC curve for DHVIF predicting for >20% reduction in mean heart dose: AUC
was 0.91 (p = 0.001; 95% CI-0.81–0.98) with a cut-off value of 6 cc.
Discussion

Our study is a prospective one which showed the dosimetric
benefit of the DIBH technique over free breathing technique in
reducing OAR doses (heart, LAD and lung). Analysis from our study
showed a significant reduction in mean heart dose, maximum
heart dose, V5, V10 and V30 of the heart Also, significant reduction
in mean and maximum LAD doses were observed. These results are
in concordance with other published studies. A systematic review
by Smyth et al [23] on cardiac dose sparing benefit of DIBH, which
included 10 studies, showed a statistically significant reduction in
mean heart and LAD dose with the DIBH technique in all studies.
The mean heart doses ranged from 2.3 Gy to 6.9 Gy in FB scans to
1.3 Gy to 3.9 Gy in DIBH scans. DIBH reduced the mean heart dose
by up to 3.4 Gy and LAD max dose by up to 14.1 Gy [23].

Most of the studies published highlight the reduction in heart
and LAD doses but there are few studies that comment on lung
doses. Our study showed not only a reduction in heart and LAD
doses but also a reduction in V20, V12 of total lung and ipsilateral
lung mean dose, V20 and V12. Zurl et al [24] reported that the
mean dose to the ipsilateral lung was significantly reduced by
15% with DIBH. In our study, there was significant reduction of
both the mean dose to ipsilateral lung (10%, p = 0.03) and V20
(13%, p = 0.01). A study by Yeung et al. [25] showed that a greater
reduction in mean heart and LAD dose was possible with DIBH, in
patients receiving RNI, including Internal Mammary Chain (IMC)
nodal irradiation, compared to the patients not receiving RNI. As
per our institutional protocol, we irradiated the IMC chain only if
it was radiologically or pathologically positive, which was not
the case in any of the patients analysed.. Therefore, our cohort of
patients receiving RNI (only to the SCF group) did not show any
cardiac sparing benefit with DIBH over patients not receiving RNI.

Though there are many studies reporting dosimetric benefit of
DIBH in breast cancer radiotherapy, few studies have analysed pre-
dictors of cardiac sparing with DIBH. We tried to assess around 11
anatomical parameters in both the CT simulatory scans, before and
after tangent fields are set, in order to assess the patients who will
benefit more with DIBH. There are several predictors reported in
the literature. A strong correlation between the mean heart dose
and MHD was observed by Taylor et al [26] who reported that
for every 1 cm increase in MHD, the mean heart dose increased
by 2.9% on average. Therefore, MHD on free breathing scan of
>1 cm has been used as a criterion for selecting patients in other
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studies [27]. In our study we have also observed that DMHD signif-
icantly correlated with the reduction in V5, V10 and mean heart
dose.

We performed ROC curve analysis which showed that esti-
mated mean area under the curve (AUC) for DHVIF predicting
for > 20% reduction in mean heart dose was 0.91 (p = 0.001; 95%
CI-0.81–0.98) with a cut-off value of 6 cc (illustrated in Fig. 1)
and DHVIF predicting for > 50% reduction in mean heart dose
was 0.84 (p = 0.002; 95% CI-0.69–0.98) with a cut-off value of
13 cc. The AUC for DMHD predicting for > 20% reduction in mean
heart dose was 0.768 (p = 0.15; 95%CI 0.58–0.95) with cut-off value
of 7 mm (illustrated in Fig. 2) and AUC for DMHD predicting
for > 50% reduction in mean heart dose was 0.69 (p = 0.23; 95%CI
0.42–0.85) with cut-off value of 1 cm. Out of 10 patients who
had < 20% reduction in mean heart dose, 9 had DHVIF less than
6 cc and DMHD < 7 mm. Whereas, 3 patients whose DHVIF was
below the threshold, achieved dosimetric benefit. Therefore, from
the ROC curve analysis we can conclude that patients with DMHD
of >1 cm are likely to have > 50% reduction in mean heart dose with
DIBH.



Fig. 2. ROC curve for DMHD predicting for >20% reduction in mean heart dose: AUC
was 0.768 (p = 0.15; 95%CI 0.58–0.95) with cut-off value of 7 mm.
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Another dosimetric predictor reported in the literature is the
heart volume in the field (HVIF). A study by Wang et al. [28]
reported that mean heart dose increases by 0.67 Gy per 1-cc
increase in HVIF. Another retrospective study similar to our study,
looking at predictors of cardiac sparing by Register et al [22], also
found a strong correlation of DHVIF and DMHD with Dmean heart
dose, though they did not suggest any threshold value. In our
study, we have found that DHVIF is a strong and independent pre-
dictor of cardiac sparing and have also reported a cut-off of DHVIF,
which means that a patient with a reduction of HVIF > 6 cc is likely
to have a reduction in mean heart dose by > 20%. These are the can-
didates who are going to benefit more with DIBH. We cannot rec-
ommend a routine use of these threshold values as absolute
criteria for selection of patients for DIBH, as, in our study, there
were patients who benefitted from DIBH despite having a reduc-
tion in HVIF, by less than 6 cc. This cut-off can be used along with
DMHD as a relative criterion for selecting patients for DIBH in cen-
tres with high patient load. A study by Czeremszyńska et al. [29]
tried to find out the threshold of dosimetric predictors but con-
cluded that the anatomical characteristics’ thresholds could not
be used to select patients for whom DIBH-RT will not be consid-
ered. They have not included HVIF in their study. The disadvantage
of this method is that it requires two scans for a particular patient,
and also coaching of the patient for DIBH but selecting patients
with this method can lead to a reduction in the longer treatment
time slots required for DIBH and therefore, less waiting time for
other patients. While performing our study, we have seen that
treatment planning does not take extra time for DIBH scans com-
pared to FB scans, but as ABC-DIBH requires the patient to actively
breathe-in to a predefined threshold volume before every treat-
ment field delivery, their coaching and respiratory co-ordination
during treatment requires some extra time. In our study, average
time taken for breath-hold training before CT simulation was
20 min. Despite of this training, during the initial fractions of radio-
therapy, treatment time was longer compared to later fractions of
radiotherapy, because the patients required some time to get used
to the breath-hold technique.

Few studies have reported Cardiac Contact Distance (CCD) as a
predictor of cardiac sparing with DIBH. [29–30] In a study by
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Rochet N et al. [30], CCD was measured in both axial (CCDax)
and parasagittal plane (CCDps) of planning CT and concluded that
FB-CCDps is potentially a very good predictor for cardiac exposure.
In our study, HCWL is the CCDax and we have not found any cor-
relation between this predictor and heart doses. We have not anal-
ysed for CCDps.

Study by Tanna et al [27] suggested an upfront selection crite-
rion for selecting patients for treatment with DIBH so that two
radiotherapy planning scans can be avoided. These upfront selec-
tion criteria were tumours in the lower part of the breast or
tumours extending across more than one quadrant, should be
selected for DIBH. By using this criterion, they reported that almost
2/3rd patients would have been over selected for DIBH.

In our study we had 10 patients who had < 20% reduction in
mean heart dose and out of them 9 had DHVIF < 6 cc and
DMHD < 7 mm. Therefore, out of the total 31 patients in our study,
we could select 9 patients i.e. 29% of the study cohort who will be
less benefitted from DIBH.

There are several limitations to our study. First, our study
cohort size is small but is comparable to most of the published
DIBH case series. Second, we have not reported any clinical out-
come or Normal Tissue Complications Probability (NTCP) in our
study. Third, we have not analysed for clinical predictors like Body
Mass Index (BMI), age, preexisting heart disease etc. Fourth, two
sets of CT scan images were taken for each patient, one in free
breathing and other in DIBH, so a concern may arise regarding
the additional dose of radiation exposure from one extra CT scan.
McCollough et al. [31] stated that the effective doses of radiation
from diagnostic CT scan ranges from less than 1 mSv to around
10 mSv (CT chest around 7 mSv). Even if one extra scan is taken,
the doses would still be 10 to 100 times lower than the dose levels
that have been reported to increase the risk of secondary cancer.
Conclusion

From the dosimetric comparisons depicted in our study, we
conclude that when compared with free breathing scans, there is
a significant reduction in heart, LAD and lung doses with DIBH,
which may lead to reduction in late cardiac toxicity. We found a
significant correlation of reduction in Heart Volume in Field and
Maximum Heart Depth with a reduction in mean heart dose.
DHVIF is an independent predictor of cardiac sparing. Most of
the left-sided breast cancer patients are likely to benefit and
should be treated with DIBH. However, HVIF and MHD predicted
for cardiac sparing and threshold criteria of DHVIF and DMHD
may be used by centres with high workload to select patients
who will benefit more with DIBH. Though this would require two
simulation scans and coaching time, it will decrease treatment
duration in some patients and waiting time in the radiotherapy
department.
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