THIEME

@O

ACCESS

Original Article

A Prospective Study on the Use of Deep
Inspiration Breath-Hold Technique in External
Beam Radiotherapy for Breast Cancer

Nijo Jose!* Jayashree N. P.'® Shirley Lewis"*
Anshul Singh'  Shreekripa Rao? Shambhavi C2
Srinidhi Chandraguthi3

TDepartment of Radiotherapy and Oncology, Manipal Comprehensive
Cancer Care Center, Kasturba Medical College, Manipal Academy of
Higher Education, Manipal, Karnataka, India

2Manipal College of Health Professions, Manipal Academy of Higher
Education, Manipal, Karnataka, India

Krishna Sharan! Umesh Velu'
Rachel Nisha? Sarath Nair® Jyothi Nagesh?

Anusha Reddy’

Address for correspondence Jayashree N. P., MD, Department of
Radiotherapy and Oncology, Manipal Comprehensive Cancer Care
Center, Kasturba Medical College, Manipal Academy of Higher
Education, Manipal 576104, Karnataka, India

(e-mail: jayashree.np@manipal.edu).

3 Department of Radiotherapy and Oncology, Kasturba Medical College,
Manipal Academy of Higher Education, Manipal, Karnataka, India

South Asian ] Cancer

Abstract Background Breast cancer is the most common cancer and the leading cause of death in
women. The deep inspiration breath-hold (DIBH) technique helps reduce the dose received by
the heart and lungs in breast cancers during adjuvant radiotherapy (RT). We present the
dosimetry of heart and lungs with DIBH technique, reproducibility, and ease of execution.

Materials and Methods This is a prospective study among breast cancer patients
planned for adjuvant RT following either breast conservation or mastectomy. Patients
received adjuvant RT to a dose of 42.5 Gy/16 Fr to the chest wall/whole breast followed
by a boost of 10 Gy/5 Fr for breast conservation surgery patients with either three-
dimensional conformal RT or volumetric modulated arc therapy technique. The
dosimetric parameters such as lung mean dose, heart mean dose, and V25 Gy were
compared between DIBH and free-breathing (FB) scans. Data were analyzed using SPSS

software, and p-value <0.05 was considered statistically significant.

Jayashree N. P.

Keywords Results The study was conducted from September 2018 to August 2020, and 32 patients
= breast cancer were included. The compliance to the DIBH technique was good. The dose received by
= adjuvant ipsilateral lung V20 (17 vs. 25%) and mean dose (9 vs. 12 Gy) were significantly lowerin DIBH

radiotherapy
= deep inspiration

compared with FB (p < 0.001). The V5 (31 vs. 15%), V25 (9 vs. 2%), and mean dose (7 vs.
3.3 Gy) to the heart were much higher in FB compared with DIBH (p < 0.001).

breath hold Conclusion DIBH-based RT treatment delivery for breast cancer patients requiring
= radiation adjuvant RT showed good compliance and offers a significant reduction in radiation
= toxicities dose to the heart and lung.
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Introduction

Carcinoma of the breast is the commonest cancer in women
worldwide and its incidence in India is steadily increasing.1
Adjuvant radiotherapy (RT) is a standard treatment for breast
cancer and significantly improves local control up to 8% in
postmastectomy for locally advanced breast cancers and up
to 25% in women undergoing breast conservation surgery
(BCS).Z‘4 The incidence of breast cancer is on the rise in
younger women. Patients with breast cancers are long-term
survivors and as a result, live with various treatment-related
toxicities such as radiation pneumonitis due to lung fibrosis
and radiation-induced cardiac disease.>™'°

Cardiac toxicity, particularly those receiving radiation for
left-sided breast cancer, is associated with risks of cardiac
mortality and coronary events.!™'? The toxicity is strongly
correlated with the mean heart dose. It is estimated that for
every 1Gy increase in mean heart dose, the risk of ischemic
heart disease increased by 4 to 7%."> Hence, reducing the mean
heart dose during radiation planning is essential. Various
methods include intensity-modulated RT, prone position,
protons, and deep inspiration breath-hold (DIBH) technique.'*

DIBH is a recent technique that helps reduce the dose
received by the underlying heart and ipsilateral lung during
RT treatment delivery. During the inspiratory effort, the
heart is displaced downward and backward, distancing itself
from the chest wall and thereby helps reduce the volume of
heart receiving radiation without compromising the dose
distribution to the breast or chest wall.'>~'® Several studies
have shown beneficial cardiac sparing with DIBH, and the UK
consensus statement on postoperative RT for breast cancer
recommends using the breath-hold technique for maximal
cardiac sparing.'?"%2

The routine implementation of DIBH is resource intensive
and is not uniformly adapted across all institutions.?>%* In the
present study, we report on our initial experience of imple-
menting DIBH for breast cancer in terms of dosimetry compar-
ing free-breathing (FB) and DIBH techniques, reproducibility,
compliance, ease of execution, and acute toxicities.

Materials and Methods

This is a prospective study conducted at a tertiary cancer
hospital and approved by the institutional ethics committee
(IEC no.: 632/2018). Patients who presented to the RT OPD
following either BCS or mastectomy requiring adjuvant RT,
able to comprehend and follow the instructions that are
required to execute a DIBH treatment, and willing to provide
informed consent were included in the study. Patients with
preexisting lung or heart pathology that prevents the patient
from adequately holding her breath in inspiration for the
reasonable time required (around 20seconds) to execute
DIBH, metastatic disease at presentation, and prior RT for
breast cancers or other cancers of the thoracic region were
excluded from the study.

Patients satisfying the inclusion criteria underwent trial
runs where they were assessed for their ability to hold breath
in inspiration, at least 20 seconds at a stretch. The patients
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then underwent a planning computed tomography (CT) scan
where two sets of CT images were acquired for all patients, one
during FB and the other one in DIBH (= Fig. 1). The planning CT
images were transferred to the Monaco planning system. The
clinical target volume (CTV) and organs at risk (OAR), heart,
lungs, and spinal cord were delineated on the CT images. CTV
delineation was done using Radiation Therapy Oncology
Group (RTOG) guidelines, and the left anterior descending
(LAD) artery was contoured with the help of cardiac contour-
ing guidelines for RT by Duane et al and heart atlas by Feng
et al.>>?% The treatment planning was done using either the
three-dimensional conformal RT (3DCRT) technique or volu-
metric modulated arc therapy (VMAT) technique on the
treatment planning system. Patients were planned for the
total RT dose of 42.5 Gy/16 Fr for postmastectomy and 42.5 Gy/
16 Fr followed by 10 Gy/5 Fr boost in breast conservation
cases. The planning target volume (PTV) for the FB technique
was taken as 1 cm (as per institutional protocol), and the PTV
margin for DIBH was taken as 0.5cm. In the event of any
breathing difficulty, the patient is equipped with a safety
button which on activation can terminate the treatment cycle.
As a safety measure, the treating physician also monitors that
patient’s breathing from the console.

Demographic data and clinical details were collected from
the outpatient records of the patients. RT treatment details,
including volumes of lung and heart irradiated, adequacy of
tumor volume coverage, OAR parameters such as lung mean
dose, lung V20 Gy, heart mean dose and V25 of heart, and LAD
artery mean dose and maximum dose were recorded. The
patients were monitored for acute toxicities (typically, radia-
tion dermatitis, acute dysphagia, and hematological toxicities)
during treatment as per routine practice. On follow-up, they
were assessed for any evidence of recurrence, treatment
toxicities, specifically radiation pneumonitis, and other tox-
icities that might have potentially occurred due to RT.

Data collected were entered in MS Excel, analyzed using
the trial version of Statistical Package for Social Sciences
(SPSS) software and a p-value <0.05 was considered statisti-
cally significant. All quantitative variables were expressed as
mean and standard deviation (SD) and qualitative variables
as percentages. The distribution of dose-volume parameters

Fig. 1 An overlay to compare lung and heart volume between free-
breathing and deep inspiration breath-hold techniques.
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was tested for normality. If normally distributed, parametric
test such as paired t-test was applied, and if not normally
distributed, a nonparametric test was used. Pearson’s corre-
lation was done to test the association between the categori-
cal variables.

The sample size was calculated using formula,

N = 2(z1—%+dzz1—13)2a2'

With 5% alpha error, 80% power of the study, and a clinically
significant difference of 1.5 Gy in the dose received by heart
with the use of DIBH, the sample size calculated was 32.

Results

The study was conducted from September 2018 to August 2020,
and 32 patients were included. The demographic variables are
shown in ~Table 1. The mean age of patients was 49.5 years
(SD+11.3). Three percent of our patients had a history of
bronchial asthma which was mild and did not require any
treatment; 81% of patients had left-sided breast cancer. The
most common stage at presentation was stage Il (65%) followed
by stage III (26%). While majority of the patients underwent

Table 1 Demographic variables of patients
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upfront surgery (72%), 28% patients received neoadjuvant che-
motherapy prior to surgery, and 31% underwent BCS.

Patient Compliance

The compliance rate was high with 93.5% patients complet-
ing the entire radiation course with the DIBH plan. About
6.5% could not continue DIBH plan, and had to be changed to
treatment in FB. Of the 6.5% (two patients), one patient had
difficulty in comprehending the technique and usage of the
spirometer. In contrast, the second patient understood the
technique but could not achieve the breathing threshold
during treatment. An interesting observation was that both
the noncompliant patients were older than 65 years. The
average breath-holding time for all patients was 27 seconds
(range 20-36). The breath-hold parameters are summarized
in =Table 2.

As treatment progressed, there was an overall improve-
ment in total time taken for completion of the cycle by 25%
(7-40%), that is, patients required 25% less time toward the
completion of treatment as compared with the first week. On
assessing the mean time during the first and the last weeks of
treatment, the mean time and the number of breath-hold
cycles required for each treatment decreased toward the

Characteristics Categories (%) Categories (%)
Age <40y >40y
8 (25%) 24 (75%)
Education < Metric > Secondary education
4 (12.5%) 28 (87.5%)
Occupation Homemaker Employed
27 (84.4%) 5 (6.3%)
Comorbidities Nil Diabetes mellitus/hypertension/
hypothyroidism
24 (75%) 8 (25%)
Cardio/respiratory None Bronchial asthma
illness 31 (97%) 1(3%)
Personal habits None Pan chewers
30 (94%) 2 (6%)
Tumor laterality Right sided Left sided
6 (19%) 26 (81%)
Quadrants Outer Inner and central
22 (68.75%) 10 (31.25%)
Histopathological grade Grade I—1 (3%)
Grade 11—23 (72%) Grade 1118 (25%)
Histopathological type Infiltrating ductal carcinoma Metaplastic carcinoma
31 (97%) 1(3%)
Hormone status Luminal A—4 (12.5%) Luminal B Her2 —ve—10 (31.3%),
Her2 +ve—8 (25%)
TNBC/basal like—4 (12.5%) Her2 enriched—6 (18.8%)

(Continued)
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Table 1 (Continued)
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Characteristics

Categories (%)

Categories (%)

Clinical stage I—3 (9.37%) > 111—-8 (25%)
1121 (65.6%)
Pathological stage 0—4 (12.5%) I—8 (25%)
I—14 (43.75%) > 11—6 (18.75%)
NACT Upfront surgery NACT
23 (71.875%) 9 (28.125%)
Lymph nodes dissected Adequate < 10 nodes
24 (75%) 8 (25%)

Nodal status

NO—13 (41%)

N1—6 (18.8%)

N2—4 (12.5%)

N3—2 (6.3%)

pNx—3 (9.3%)

PNO(i +)—4 (12.5%)

Extracapsular extension No Yes
30 (94%) 2 (6%)
Margin status Positive Negative
1 (3%) 31(97%)
Treatment details BCS MRM
surgery 22 (69%) 10 (31%)
Chemotherapy 4AC—4 Taxol 9 (28%) 4AC—12 paclitaxel + trastuzumab

—maintenance trastuzumab 13
(40.8%)

4AC—12 paclitaxel 7 (22%)

No chemo/stopped chemo—3 (9.3%)

Radiotherapy

42.15 Gy/16 Fr—10 (31.3%)

40 Gy/15 Fr f/b boost—1 (3%)

42.5 Gy/[16 Fr f/b 10 Gy/5 Fr
boost—21 (65.6%)

Treated areas

Breast only—11 (34%)

Chest wall only—3 (9.4%)

Breast + SCF—11 (34%)

Chest wall + SCF—6 (18.8%)

Chest wall + SCF + IMN—1 (3.1%)

RT technique

3DCRT

VMAT

25 (78%)

7 (22%)

Abbreviations: 3DCRT, three-dimensional conformal radiotherapy; AC, adriamycin + cyclophosphamide; BCS, breast conservation surgery; f[b,
followed by; IMN, internal mammary node; MRM, modified radical mastectomy; NACT, neoadjuvant chemotherapy; RT, radiotherapy; SCF,

supraclavicular fossa; TNBC, triple-negative breast cancer; VMAT, volumetric modulated arc therapy.

Table 2 Breath-hold parameters

Breath-hold parameters Mean +SD Range
Breathing threshold (L) 1.08+0.11 0.8-1.2
Breath-hold seconds (s) 27.42 +3.71 20-36
Breath-hold cycles to complete treatment 5.78 +1.17 4-8
Minimum time taken (min) 15.5+£6.21 10-45
Maximum time taken (min) 29.6+10.2 20-60
Mean time taken (min) 18.91+6.58 14.2-51.4

Abbreviation: SD, standard deviation.

South Asian Journal of Cancer © 2024. MedIntel Services Pvt Ltd. All rights reserved.
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completion, indicating better compliance after the initial few
fractions of RT. The mean time taken for delivery of 3DCRT
was 18.46 seconds and 23.7 seconds for VMAT.

The mean ipsilateral lung volume in DIBH was significant-
ly higher than FB (1,312.74 +239.24 vs. 954.28 + 150.74 mL).
Lung expansion had a positive correlation to breathing
threshold with patients with good lung expansion having
good breathing threshold and breath-hold time in seconds.
There was a moderately positive correlation between age and
mean time taken (p =0.09).

Dosimetry

Target Volume

The mean values of V95 of the CTV in FB (88.26 4-4.56%) and
DIBH (89.53 +4.65%) were comparable (p = 0.196). The mean
values of D95, D2, and D98 were comparable, with no
significant difference between the two techniques.

Organs at Risk
The ipsilateral lung V20 and mean lung dose were signifi-
cantly higher in FB (p <0.001). The contralateral lung V20
and mean dose in FB were not significantly different. The V5,
V25, and mean heart dose were significantly higher in FB
compared with DIBH (p < 0.001). The mean dose received by
LAD was significantly higher in FB compared with DIBH, with
an average difference 0f 12.276 Gy (p < 0.001). LAD Dy,,ax in FB
was higher with a difference of 11.95 Gy (p < 0.001), and the
LAD planning organ at risk volume (PRV) D.x dose was
higher in FB. The dosimetric parameters for OARs in FB and
DIBH are tabulated and compared in =Table 3. For patients
undergoing VMAT, mean heart dose was 10.9 Gy in FB plans
versus 6.2 Gy with DIBH.

With increased lung expansion, there was a decrease in
ipsilateral lung mean and LAD mean doses (~Fig. 2). For

every percentage increase in lung expansion, the ipsilateral
lung mean dose reduces by 12%, and the LAD mean dose
reduces by 15%. The acute toxicities consisted of dermatitis
and dysphagia; 86.7% developed grade 1 dermatitis, while
13.3% developed grade II. Grade I dysphagia was seen in only
30%, while rest were asymptomatic. Of these nine patients,
seven received RT to supraclavicular fossa. The average mean
dose to esophagus was 8.7 + 1.4 Gy and mean D,;,,x dose was
26.76 4 14.28 Gy. However, the esophageal mean (p = 0.045)
and Dpax (p=0.249) doses did not correlate significantly
with dysphagia.

Discussion

The present study aimed to assess the dosimetric benefit of
DIBH compared with FB, compliance, and toxicities. We
found that DIBH showed a significant decrease in ipsilateral
lung and heart mean dose and volume parameters. DIBH was
well tolerated, with a compliance rate of 93.5%, and patients
completed treatment faster in the last week of treatment.
The acute toxicities were minimal.

In the present study, we found that DIBH contributed to a
significant dose reduction in the heart. There was reduction
inV5,V25, and mean heart dose. This was in agreement with
studies done by Bruzzaniti et al, where the mean dose to the
heart was significantly lower in DIBH, and another con-
ducted by Darapu et al, where 46% reduction in V25 for
heart was seen as compared with the FB plan.?’-* Mean dose
to the heart in DIBH in their study was much higher (4.78 Gy),
whereas we achieved a mean heart dose of 3.3 Gy similar to
the study by Swamy et al.>°

The LAD artery is in the anterior most part of the heart and
is at direct risk of developing radiation-induced ischemic
heart diseases as it is maximum exposed to radiation while
using the tangential fields. Bruzzaniti et al reported

Table 3 Dosimetric parameters of organs at risk with free breathing and DIBH

Organ/parameter | Free breathing | DIBH Mean difference (SD) | p-Value
Ipsilateral lung
V20 (%) 25.96 +8.03 17.44£5.03 8.50+7.57 <0.001
Mean dose (Gy) 12.06+£3.14 8.9+2.29 3.14+£2.76 <0.001
Contralateral lung
V20 (%) 0.09+0.23 0.06+0.26 0.03+0.35 0.615
Mean dose (Gy) 1.41+1.88 1.28+£1.94 0.13+1.94 0.326
Heart (for left-sided tumors only)
Mean dose (Gy) 7.01+3.76 3.34+3.16 3.68+2.33 <0.001
V25 (%) 9.24+5.62 1.88+2.66 7.36+4.72 <0.001
V5 (%) 31.25+27.17 15.98 +24.55 15.26 +£15.32 <0.001
Left anterior descending artery
Mean dose (Gy) 23.96 +7.27 11.68 £6.85 12.28£7.36 <0.001
Dmax (Gy) 42.2+4.82 30.24 +10.51 11.96 +£9.27 <0.001
PRV Dpmax (Gy) 43.67 £2.69 36.88+7.13 6.79+5.97 <0.001

Abbreviations: DIBH, deep inspiration breath hold; PRV, planning risk volume; SD, standard deviation.
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Fig. 2 Correlation of lung expansion with left anterior descending (LAD) artery mean dose.

reduction in heart and LAD dose by 78% with DIBH and
normal tissue complication probability (NTCP) values for
pericarditis were zero. In our study, we found that LAD
mean dose, Dyax, LAD PRV D, all to be statistically signifi-
cantly lower in DIBH compared with FB. These studies also
report significantly lower lung mean doses, 16% in the study
by Bruzzaniti et al, 15.7% lower in the study by Darapu et al
and Swamy et al. The present study also showed a statisti-
cally significant difference in lung mean dose and V20 doses.
Many similar studies have shown dosimetric benefit of DIBH;
however, they lack information on compliance and breath-
hold parameters.3%3" A systematic review and meta-analysis
by Lu et al analyzed 41 studies with 3,599 left-sided breast
cancer patients comparing DIBH with FB. They found that
DIBH significantly reduced heart dose (Diean, Dmax, V30, V10,
V5), LAD dose (Dyean, Dmax), ipsilateral lung dose (D pean, V20,
V10, V5), and heart volume.3?

Although there is significant dosimetric benefit of DIBH in
breast cancer, its implementation in routine practice varies.
A survey among European Organization for Research and
Treatment of Cancer-affiliated institutions in 2010 showed
only 19% implemented DIBH.>* However, a recent survey
conducted in the United States by Desai et al showed that 73%
used a cardiac-sparing technique with DIBH accounting for
43%.23 They also found patient tolerance to be the most
important determinant for DIBH in left-sided breast cancer.
Our study found majority of the patients to be compliant
with the DIBH technique. The patients who were unable to
continue the DIBH-based treatment were aged more than
65 years. This was in agreement with the study conducted by
Latty et al and Nissen and Appelt.>*3> Desai et al also found
23% of physicians using DIBH for right-sided breast cancer
patient with lung and heart sparing. Demiral et al showed

South Asian Journal of Cancer © 2024. MedIntel Services Pvt Ltd. All rights reserved.

DIBH for right-sided breast cancer patients resulted in de-
crease in mean lung, heart, and liver dose.3® In the present
study as well, six right-sided patients were treated wherein
DIBH resulted in lung sparing.

We analyzed the correlation between various breath-hold
parameters such as breathing threshold and breath-
hold seconds with lung expansion and found that lung
expansion had a good correlation concerning breathing
threshold and breath-hold seconds. With lung expansion,
there was decrease in lung and LAD mean dose. This is
consistent with the results published by Cao et al.>” Vuong
et al reported inverse correlation with increase in DIBH left
lung volume and inspiratory volume with maximum heart
dose and lung v20.*8

This study explores routine implementation of DIBH in
clinical practice for left- and right-sided breast cancer
patients with good compliance. Our study was limited by
sample size, lack of long-term toxicities, and clinical impact
of reduced normal tissue doses. We did not report the setup
reproducibility of DIBH compared with FB.

Conclusion

The use of DIBH for delivering adjuvant RT can significantly
reduce dose exposure to critical OARs such as heart, lung,
LAD especially in left-sided breast cancers and should be
implemented in all patients who are compliant with the
technique.

Authors’ Contribution

There is equal contribution from both first authors hence,
put as first coauthors. As well as, equal contribution from
both corresponding authors, hence as corresponding



Deep Inspiration Breath Hold for Breast Cancer Radiotherapy

coauthors. N.J. and K.S. conceptualized, designed, and
analyzed the study. J.N.P. and S.L. prepared the manu-
script. All authors reviewed the manuscript.

Note

This study was performed in line with the Declaration of
Helsinki; approval was obtained from the Institutional
Ethics Committee (IEC no.: 632/2018).

Conference Presentations
WALTCON 2023.

Informed Consent
Informed consent was taken from the participants for
participation in the study.

Funding
None.

Conflict of Interest
None declared.

References

1

Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA
Cancer J Clin 2023;73(01):17-48

Clarke M, Collins R, Darby S, et al; Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) Effects of radiotherapy and of
differences in the extent of surgery for early breast cancer on
local recurrence and 15-year survival: an overview of the ran-
domised trials. Lancet 2005;366(9503):2087-2106

Fisher B, Anderson S, Bryant ], et al. Twenty-year follow-up of a
randomized trial comparing total mastectomy, lumpectomy, and
lumpectomy plus irradiation for the treatment of invasive breast
cancer. N Engl ] Med 2002;347(16):1233-1241

Darby S, McGale P, Correa C, et al; Early Breast Cancer Trialists’
Collaborative Group (EBCTCG) Effect of radiotherapy after breast-
conserving surgery on 10-year recurrence and 15-year breast cancer
death: meta-analysis of individual patient data for 10,801 women in
17 randomised trials. Lancet 2011;378(9804):1707-1716

Lind PARM, Marks LB, Hardenbergh PH, et al. Technical factors
associated with radiation pneumonitis after local +/- regional
radiation therapy for breast cancer. Int ] Radiat Oncol Biol Phys
2002;52(01):137-143

Blom Goldman U, Wennberg B, Svane G, Bylund H, Lind P.
Reduction of radiation pneumonitis by V20-constraints in breast
cancer. Radiat Oncol 2010;5(01):99

Fitzmaurice C, Akinyemiju TF, Al Lami FH, et al; Global Burden of
Disease Cancer Collaboration. Global, regional, and national
cancer incidence, mortality, years of life lost, years lived with
disability, and disability-adjusted life-years for 29 cancer groups,
1990 to 2016: a systematic analysis for the global burden of
disease study. JAMA Oncol 2018;4(11):1553-1568

Raghunathan D, Khilji MI, Hassan SA, Yusuf SW. Radiation-induced
cardiovascular disease. Curr Atheroscler Rep 2017;19(05):22
LinL,YanL, LiuY, YuanF Li H, Ni]. Incidence and death in 29 cancer
groups in 2017 and trend analysis from 1990 to 2017 from the
Global Burden of Disease Study. ] Hematol Oncol 2019;12(01):96
Sardaro A, Petruzzelli MF, D’Errico MP, Grimaldi L, Pili G, Portaluri
M. Radiation-induced cardiac damage in early left breast cancer
patients: risk factors, biological mechanisms, radiobiology, and
dosimetric constraints. Radiother Oncol 2012;103(02):133-142

11

20

21

22

23

24

25

26

27

28

Jose et al.

Henson KE, McGale P, Taylor C, Darby SC. Radiation-related
mortality from heart disease and lung cancer more than 20 years
after radiotherapy for breast cancer. Br ] Cancer 2013;108(01):
179-182

Rutqvist LE, Johansson H. Mortality by laterality of the primary
tumour among 55,000 breast cancer patients from the Swedish
Cancer Registry. Br ] Cancer 1990;61(06):866-868

Darby SC, Ewertz M, McGale P, et al. Risk of ischemic heart disease
in women after radiotherapy for breast cancer. N Engl ] Med 2013;
368(11):987-998

Bergom C, Currey A, Desai N, Tai A, Strauss JB. Deep inspiration
breath hold: techniques and advantages for cardiac sparing
during breast cancer irradiation. Front Oncol 2018;8:87

Nemoto K, Oguchi M, Nakajima M, Kozuka T, Nose T, Yamashita T.
Cardiac-sparing radiotherapy for the left breast cancer with deep
breath-holding. Jpn ] Radiol 2009;27(07):259-263

Borst GR, Sonke J], den Hollander S, et al. Clinical results of image-
guided deep inspiration breath hold breast irradiation. Int ] Radiat
Oncol Biol Phys 2010;78(05):1345-1351

Lee BM, Chang JS, Kim SY, Keum KC, Suh CO, Kim YB. Hypofractio-
nated radiotherapy dose scheme and application of new techni-
ques are associated to a lower incidence of radiation pneumonitis
in breast cancer patients. Front Oncol 2020;10:124
Remouchamps VM, Letts N, Vicini FA, et al. Initial clinical experi-
ence with moderate deep-inspiration breath hold using an active
breathing control device in the treatment of patients with left-
sided breast cancer using external beam radiation therapy. Int ]
Radiat Oncol Biol Phys 2003;56(03):704-715

Locke I, Drinkwater K. Implementation of Royal College of Radi-
ologists Consensus Statements and National Institute for Health
and Care Excellence Guidance: Breast Radiotherapy Practice in
the UK. Clin Oncol (R Coll Radiol) 2021;33(07):419-426

Krauss DJ, Kestin LL, Raff G, et al. MRI-based volumetric assess-
ment of cardiac anatomy and dose reduction via active breathing
control during irradiation for left-sided breast cancer. Int ] Radiat
Oncol Biol Phys 2005;61(04):1243-1250

Sixel KE, Aznar MC, Ung YC. Deep inspiration breath hold to
reduce irradiated heart volume in breast cancer patients. Int ]
Radiat Oncol Biol Phys 2001;49(01):199-204

Remouchamps VM, Vicini FA, Sharpe MB, Kestin LL, Martinez AA,
Wong JW. Significant reductions in heart and lung doses using
deep inspiration breath hold with active breathing control and
intensity-modulated radiation therapy for patients treated with
locoregional breast irradiation. Int ] Radiat Oncol Biol Phys 2003;
55(02):392-406

Chatterjee S, Chakraborty S, Moses A, et al. Resource require-
ments and reduction in cardiac mortality from deep inspiration
breath hold (DIBH) radiation therapy for left sided breast cancer
patients: a prospective service development analysis. Pract Radiat
Oncol 2018;8(06):382-387

van der Laan HP, Hurkmans CW, Kuten A, Westenberg HAEORTC-
ROG Breast Working Party. Current technological clinical practice
in breast radiotherapy; results of a survey in EORTC-Radiation
Oncology Group affiliated institutions. Radiother Oncol 2010;94
(03):280-285

Feng M, Moran JM, Koelling T, et al. Development and validation of
a heart atlas to study cardiac exposure to radiation following
treatment for breast cancer. Int ] Radiat Oncol Biol Phys 2011;79
(01):10-18

Duane F, Aznar MC, Bartlett F, et al. A cardiac contouring atlas for
radiotherapy. Radiother Oncol 2017;122(03):416-422
Bruzzaniti V, Abate A, Pinnaro P, et al. Dosimetric and clinical
advantages of deep inspiration breath-hold (DIBH) during radio-
therapy of breast cancer. ] Exp Clin Cancer Res 2013;32(01):88
Darapu A, Balakrishnan R, Sebastian P, Hussain MR, Ravindran P,
John S. Is the deep inspiration breath-hold technique superior to

South Asian Journal of Cancer © 2024. Medintel Services Pvt Ltd. All rights reserved.



Deep Inspiration Breath Hold for Breast Cancer Radiotherapy

29

30

31

32

the free breathing technique in cardiac and lung sparing while
treating both left-sided post-mastectomy chest wall and supra-
clavicular regions? Case Rep Oncol 2017;10(01):37-51

Swamy ST, Radha CA, Kathirvel M, Arun G, Subramanian S.
Feasibility study of deep inspiration breath-hold based
volumetric modulated arc therapy for locally advanced left sided
breast cancer patients. Asian Pac ] Cancer Prev 2014;15(20):
9033-9038

Vishwanath L, Mandal SK, Sunil RA, et al. Gated radiation therapy
for patients with breast cancer to reduce the dose to the lung and
heart: a comparative cross-sectional study. Cancer Res Stat Treat
2023;6(02):01-08

Nagpal P, Pruthi DS, Shanmugam P, Pandey MB, Singh H. Predic-
tors of cardiac dose sparing in deep inspiratory breath-hold
technique for radiation of left breast cancer patients. ] Cancer
Res Ther 2023;19(03):573-578

LuY, Yang D, Zhang X, et al. Comparison of deep inspiration breath
hold versus free breathing in radiotherapy for left sided breast
cancer. Front Oncol 2022;12:845037

South Asian Journal of Cancer © 2024. MedIntel Services Pvt Ltd. All rights reserved.

33

34

35

36

37

38

Jose et al.

Desai N, Currey A, Kelly T, Bergom C. Nationwide trends in heart-
sparing techniques utilized in radiation therapy for breast cancer.
Adv Radiat Oncol 2019;4(02):246-252

Latty D, Stuart KE, Wang W, Ahern V. Review of deep inspiration
breath-hold techniques for the treatment of breast cancer. | Med
Radiat Sci 2015;62(01):74-81

Nissen HD, Appelt AL. Improved heart, lung and target dose with
deep inspiration breath hold in a large clinical series of breast
cancer patients. Radiother Oncol 2013;106(01):28-32

Demiral S, Sager O, Dincoglan F, et al. Evaluation of breathing-
adapted radiation therapy for right-sided early stage breast
cancer patients. Indian J Cancer 2021;58(02):195-200

Cao N, Kalet AM, Young LA, et al. Predictors of cardiac and lung
dose sparing in DIBH for left breast treatment. Phys Med 2019;
67:27-33

Vuong W, Garg R, Bourgeois DJ, Yu S, Sehgal V, Daroui P. Dosimet-
ric comparison of deep-inspiration breath-hold and free-breath-
ing treatment delivery techniques for left-sided breast cancer
using 3D surface tracking. Med Dosim 2019;44(03):193-198



