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Abstract
Objective: To analyze the reduction of the dose to the organs at risk between the

institutionalmodified voluntary DIBH (mv-DIBH), conventional voluntary DIBH (cv-
DIBH), and Free Breathing (FB).

Methods: 60 Left-sided breast cancer patients received adjuvant Radiotherapy and
were retrospectively analyzed. Treatment plans are generated between mv-DIBH, cv-
DIBH and Free Breathing (FB) Computed Tomography (CT) scans. The treatment
planning was performed with the conformal tangential field using a 6 MV photon field.
The treatment schedule was 40Gy in 15 fractions over 3 weeks Hypofractionation
schedule along with or without a sequential boost to the tumor bed. The Dose Volume
Histogram (DVH) was compared between all three arms. For the comparison, we
considered cardiac and Ipsilaterallung doses and volumes. Quantitative statistical

analyses of plans dose differences were generated

Results: In this study, there was a 40% reduction in heart Dmean in mv-DIBH compared
to FB (5.07Gy in FB and 3.08Gy in mv-DIBH) with a p-value <0.0001. the mv-DIBH
techniqueshowed a significant reduction in Heart V5Gy, V10Gy, and V30Gy with 47%,
46%, and 49%in comparison with the FB technique. Pulmonary dosimetric parameters
such as Ipsilateral Lung Mean dose and V20Gy in the mv-DIBH group showed a
significant reduction compared with the FB and cv-DIBH techniques. Total Lung Dmean
in the mv-DIBH technique showed an average relative dose reduction of 18% compared
to FB groups and 16% with the cv-DIBH technique.

Conclusion: Our findings confirm the literature data about the DIBH technique
advantage interms of dose reduction of cardiac and pulmonary doses for tangentially
treated left-sided breast cancer patients. This was a retrospective study, further
prospective study with larger samples is warranted to evaluate the long-term clinical

implication of our institutional mv- DIBH technique and its relevant dosimetric results.
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Introduction

Breast cancer is the second most common cancer in the world and most common cancer to affect women
globally (1). Worldwide it is the leading cause of cancer mortality in women. In India, it is the most common
cancer among females (1). It is a complex disease and it has many clinical, molecular, genetic and
morphological features. Radiotherapy is an essential component in the multimodality treatment of breast
cancer (2). All the patients who have undergone breast conservative surgery and modified radical
mastectomy with risk factors such as T3 lesions and above, node positive disease requires adjuvant
radiotherapy (3,4). Breast conservative surgery (BCS)is equivalent treatment outcomes compared with
mastectomy with good cosmetic results (5). After BCS adjuvant radiotherapy to the whole breast is
mandatory (5). Post mastectomy patients who receive adjuvant Radiation owing to high-risk features have
an improved overall survival and better locoregional control (6).

Radiotherapy treatment of left sided breast cancer increases risks of radiation related late toxicities.
Postoperative radiotherapy in patients with left-sided breast cancer is characterized by exposure of
significant portion of the heart volume to high doses of irradiation (7). Adjuvant radiotherapy increases the
risk of cardiac disease (ischemic heart disease) and lung disease pneumonitis .For left sided breast cancer,
coronary arteries and left lung tend to be co- irradiated due to their proximity to the target
volume(8).Pathophysiology of radiotherapy induced cardiac toxicity involves damage of blood vessels and
interstitial fibrosis, leading to coronary artery disease, valvular abnormalities, myocardial dysfunction
,pericardial disease and conductive disturbances (8). Reports shows that an increase of mean dose 1 Gray

to the heart results 7.4% relative increase in the risks of major coronary events (9).

The main aim is to avoid irradiating (or) reduce doses of Radiation to organ at risk without compromising

coverage of target volume in left sided breast cancer.

Various radiotherapy techniques like prone position radiotherapy, DIBH, Partial breast irradiation (PBI)
and Gating, spares the heart and decreases the cardiac doses. Among these techniques, DIBH is one of the
better ways of heart sparing (11). DIBH minimizes heart volume and increases the distance between the

chest wall and the heart, thereby decreasing the cardiac volume in the radiation field (11,12).
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Different Breath hold methods have been used in modern radiotherapy. The major dominant methods are
(i) Conventional Voluntary DIBH (cvDIBH)
(i) Spirometry-based Active Breathing co-ordinator (ABC) system, [ Elekta, Stockholm, Sweden].

(ii)) Audio or Video-based Real Time Positioning Management (RPM) System [ Varian Medical
System, Palo Alto, CA]. Voluntary DIBH (vDIBH) takes less time and it is simple in comparison to
active breathing control DIBH (ABC DIBH) and RPM mvDIBH (15).

The main disadvantage we experience in the day-to-day cvDIBH technique is it's very hard to observe or
assure whether patient holding their breath while radiation. With that in mind in our institution, we created
a modified setup with the presence of a touch sensor, light, and alarm in place these will help us to confirm

the breath hold while treatment.

This study compares dosimetric differences in Heart, LAD, and left Lung doses in Institutional Modified
Voluntary DIBH [mvDIBH] with the Free breathing [FB] technique and Conventional Voluntary DIBH
[cvDIBH]. Hypothesis of this study to find out “How much difference in OAR doses in patients treated

using Institutional mv-DIBH compared with the Free Breathing and cv- DIBH”

Aims and Objectives
Aim:
To assess the dosimetric difference in terms of organs at risk between Free

Breathing (FB) technique, Conventional VVoluntary Deep Inspiratory Breath Hold (cvDIBH) technique, and
Modified Voluntary Deep Inspiratory Breath Hold (mvDIBH)]

Objectives:

To compare the Lung, Heart, and Left Anterior Descending Artery [ LAD] dose of mvDIBH with FB,
cvDIBH.
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OAR PARAMETERS TO BE SEEN

Cardiac Dose Mean Dose V5Gy V10Gy V30Gy
LAD Dose Mean Dose | Maximum Dose V5Gy

Ipsilateral Lung Mean Dose V5Gy V10Gy | V20Gy
Combined Lung Mean Dose V20Gy

Materials and Methods

Study Area: This study was conducted in the Department of Radiation Oncology, Ruby General Hospital,
Kolkata

Study Population: All female patients, with left-sided breast carcinoma, who got treated between 2020 to
2022 in the Department of Radiation Oncology, Ruby General Hospital for adjuvant radiotherapy either
after Modified Radical Mastectomy (MRM) or Breast Conservation Surgery (BCS).

Study Design: A Retrospective observational dosimetric study.

Sample Size: Total of 60 patients dosimetric data in 3 arms with each arm consisting of 20 patients.

Inclusion criteria:
1. Female patients with left-sided breast cancer
2. Biopsy proved Left-sided Breast cancer, non-metastatic.
3. Age > 18 years but <70years.

4. After Breast Conservation Surgery (BCS) or after Modified Radical Mastectomy (MRM), if

adjuvant Radiotherapy is indicated.
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5. Able to hold breath for greater than 15 seconds.

Exclusion Criteria:

1. Patients who are not able to perform cvDIBH due to medical issues or difficulty in following the

command
2. Patients treated with other than Hypofractionation (40Gy/15fr/3 weeks)
3. Patients with metastatic disease.
4. Patients who require axillary nodal radiation Internal mammary nodal radiation or both

5. Any congenital deformity of the chest wall

Methodology and Statistical methods
Methodology:
Structure of the Institutional Modified Voluntary DIBH:

» The initial setup is made in the SBRT bridge (GVLO Body Pro-LOK ONE) with an abdominal
compression plate used while SBRT treatment. We modified the abdominal compression plate by
placing a 4-touch sensor fixed in the bottom of the flat surface of the plate with a circuit connection

to each sensor with the 4 LED lights and one alarm all connected to the 9V Battery.

Y W —

Image 1: SBRT Bridge setup in Vac-Lock Immobilization

Dr. Kannan Maharajan (2023). Retrospective Observational Study Comparing Organs at Risk Doses in Left Sided Breast
Cancer Patients Receiving Adjuvant Radiotherapy in Free Breathing, Voluntary Deep Inspiratory Breath Hold Technique and
Institutional Modified Voluntary Deep Inspiratory Breath Hold Technique. MAR Oncology & Hematology (2023) 6:1.



Dr. Kannan Maharajan, MAR Oncology & Hematology (2023) 6:1. Page 7 of 25

Image 2: Touch Sensor Image 3: LED Light with Alarm

Image 4: Image showing the appearance of light when the touch sensors activated
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Image 5: Image showing the full setup with the patient.

e The Bridge was placed at the level of Abdomen four light corresponds to the four sensors and a
common alarm was set for audio visual confirmation to achieve the threshold level of breathing.

(Image 5)

e The advantage of using this setup as a monitoring device is it has variable height adjustment (21.6
cm to 46.3 cm) which can used for set the threshold height of individual patients based on their

breath holding capacity and duration.

e When patient’s abdomen touches one of the sensors, light and alarm gives signal. Beam on and off

is done manually this gives the advantage over conventional voluntary DIBH (cv-DIBH).

Patients were selected based on the inclusion criteria. They were explained about the process of mvDIBH
technique and its advantages. Patients were trained for voluntary breath hold and advised to do breathe
holding practice at home. (To hold the breath after taking a comfortable inspiration for at least 15 to 20
seconds). All patients were prescribed hypo-fractionated regimen (40Gy in 15 fractions @2.67Gy /
fractions, once daily,5 days a week for total of 3 weeks) for adjuvant radiotherapy to the left chest wall or
left sided breast.

RT Planning: CT simulation Done for all patients in presence of clinician, medical physicist and

radiotherapy technologist.
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Positioning and Immobilization conventional DIBH:

All patients were simulated in head first and supine position.

Patients were positioned on a carbon fiber immobilization breast board, both arms abducted and
externally rotated above head by 90 degrees or in a comfortable position for the patient and elbows

were kept in flexed position, holding a central pole overhead for FB and cv- DIBH patients.

Radio opaque lead wires were used to mark anatomical boundaries  Radio opaque lead wire was
kept over mastectomy scar and BCS scar.

Patient was made comfortable and relaxed. Then she was given instruction to take a deep breath and
to exhale for 1st time and then again to take a deep breath and hold it for at least 15 seconds. For

each patient, the time of breath hold was noted in the set-up form.

The CT isocenters of both free breath (FB) and cvDIBH and mv-DIBH were tattooed with the use
of Indian ink after doing the CT simulation.

CT Simulation:

All the CT simulations were done with kilo-voltage computed tomography(kV-CT)

CT images were taken in free breath and deep inspiratory phase of respiratory cycle as continuous
spiral CT scan with 3 mm slice thickness.

From the vertex to the umbilicus were taken in CT.

Contouring

CT image sets (both FB, cvDIBH, mv-DIBH) were imported in the Eclipse treatment planning
system (Version13.1) for contouring and treatment planning.

The body, clinical target volume (CTV) and organs at risk (OAR)including Heart, Left Anterior
Descending artery (LAD), Ipsilateral and contralateral Lung, contralateral breast, esophagus, spinal
cord were contoured on each CT slice as per the following guidelines for both the image sets (FB
and vDIBH) for each patient.
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Target volume
LEFT CHEST WALL or LEFT BREAST:

Contouring of left chest wall or left breast Clinical target volume (CTV) was done according to RTOG
guideline (13,14).

Breast:

Borders

Cranial Clinical reference + second rib insertion

Caudal Clinical reference + loss of CT apparent breast

Anterior Skin

Posterior Excludes Pectoralis muscles, chest wall muscles, ribs

Lateral Clinical reference/midaxillary line typically, excludes Latissimus dorsi
Medially Sternal rib junction
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Borders
Cranial Caudal border of the clavicle head
Caudal Clinical reference + loss of CT apparent contra lateral breast

Anterior Skin

Posterior Rib—pleural interface (includes Pectoralis muscles, chest wall muscles, ribs)

Lateral Clinical reference/mid axillary line typically ,excludes Latissimus dorsi

Medially Sternal rib junction

Organ at Risk:

Heart: Heart was contoured along with pericardial sac, superiorly from the level of inferior aspect of the

pulmonary artery passing the midline and inferiorly till the apex of the heart.

LAD coronary artery: Left anterior descending (LAD) artery was contoured according to cardiac
contouring atlas. Proximal part of the artery was contoured from the end of the left main coronary artery
passing anteriorly behind the pulmonary artery. The middle part of artery was contoured descending antero-
laterally in the anterior inter ventricular groove. The distal part of the artery was contoured along
interventricular groove till the apex of the heart (15).
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Lungs: Lungs were contoured separately using pulmonary window. Inflated, collapsed, fibrotic,
emphysematous lungs were included in the contour whereas hilum, trachea and main bronchus were

excluded from the contour.

The contouring was approved by Radiation Oncologist for treatment.

Dose Prescription:

« For all patients, prescribed dose to target volume as 40Gy in 15 fractions (2.67Gy daily fraction), 5
days a week for total of 3weeks.

« For BCS patient additional tumor bed boost was given by clinical planning with electron beam,

energy selected on the basis of depth of lumpectomy cavity.

« If Supraclavicular irradiation was indicated we prescribed dose of 40Gy in 15 fractions (2.67Gy
daily fraction),5 days a week for total of 3 weeks clinically. For target volume, 90% isodose was

prescribed to cover at least 95 % of target volume.

For OARs specific dose constraints were given as tabulated below Constraints for OARs:

Organ at risk Constraint
Heart Mean heart dose<3Gy
LAD No specific constraint given

Mean dose and Maximum dose were only

documented/reported

Ipsilateral lung IpsilateralV20<30%

» Butdose coverage for target volume was never compromised to achieve the dose constraint for OAR

and minor deviation was allowed.
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Technique: 3D Conformal Radiotherapy
Energy: Linear accelerator with 6 MV photon

Treatment Planning: Computerized 3D radiation treatment planning system (RTPS) Eclipse (version 15.1,

Varian Ag, USA) was used for treatment planning.
Dose Calculation:

Dose calculation was performed using anisotropic analytical algorithm (AAA) version 10.028 with

heterogeneity correction.

Plan Evaluation and Dosimetric Analysis:

In plan evaluation, target volume coverage was assessed carefully, and then the doses to Organ at risk were

checked according to guideline.
Plans were accepted when 90% of the target volume was covered by at least 95% of the isodose line.

Hotspots (area of 15 cc volume outside target volume receiving >107% dose) were avoided.

Statistics:

Calculation of mean, median and percentage were done using Microsoft Excel 2021 to analyze the data.
Data were also compiled in SPSS26 for analysis. The variables with normal distribution were analyzed
using two tailed student t-test with independent variables. Results were calculated at p<0.05 with 95%

confidence interval.

Observation and Results:

Descriptive statistics:

Total 60 patients retrospectively selected between 2020 to 2022 who were diagnosed as left sided breast
cancer patients received Adjuvant Radiotherapy using Free Breathing technique, Conventional VVoluntary
DIBH and Modified Voluntary DIBH technique in Ruby General Hospital.
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Patient Characteristics:

Features Free Breathing | cv-DIBH mv-DIBH
Total Number of 20 20 20
Patients
Age (years)
Mean 57 yrs. (31-80) 57 yrs. (33-76) 46.45 yrs. (25-69)
Performance
Status
0 8 (40%) 10(50%) 12(60%)
1 12(60%) 8(40%) 8(40%)
2 0 2(10%) 0
Surgery
MRM 14(70%) 13(65%) 17(85%)
BCS 6(30%) 7(35%) 3(15%)

Results

As reported In the Tables below, we found a statistically significant reduction in doses of some of the
variables of cardiac and Pulmonary doses using mv-DIBH techniques in comparison between Free
Breathing and v-DIBH groups. We also reported the mean reductions of V5GyHeart, V10GyHeart,
V30GyHeart, V5GyLAD, V5Gy I/L Lung, V10Gyl/L Lung, V20Gyl/L lung, and V20GyTotalLung and

their significance.

Cardiac Dosimetric comparisons between Free Breathing and mv-DIBH groups:

Average Heart Dmean reduced from 5.07Gy to 3.08Gy in FB and mv-DIBH respectively. The average
relative reduction in Dmean was 40% which is statistically significant with p <0.0001. Heart Max dose
between the FB and mv-DIBH has no significant reduction. Average Mean LAD dose reduction from
17.86Gy to 17.17Gy in FB and mv-DIBH respectively.
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The average relative reduction in LAD Dmean was 4% which is statistically insignificant (p 0.737). LAD
Dmax between the FB and mv-DIBH has no significant reduction.

Mean Dose Mean Dose Mean Dose
Technique (Gy) SD Difference (Gy) Reduction (%) p Value
FB 5.07 1.95
Dﬂﬂmﬂﬂlﬁ mv-DIBH 3.08 1.155 1.99 40.24 0.00001
FB 39.65 6.5
D»‘lnﬂnﬂ mv-DIBH 40.06 2.11 -0.42 -1.02 0.787
FB 17.86 6.56
D.\lr-nllr\D mv-DIBH 17.17 6.44 0.7 39 0.737
FB 37.517 8.32
Dyasiap  mv-DIBH 38139 635 0.62 1.65 0.792

Table 1: Heart and LAD Dmean and Dmax in FB and mv-DIBH techniques.

The average V5Gy heart was 18% in the FB group and 9.41% in the mv-DIBH group with an average
relative volume decrease of 47% with a p 0.0001. The average V10Gy Heart was 13.5% in the FB group
and 7.3% in the mv-DIBH group with an average relative volume decrease of 46% which is statistically
significant (p = 0.002). The average V30Gy Heart was 6.7% in the FB group and 3.42% in mv-DIBH with
an average relative volume reduction of 49% which is statistically significant with p = 0.0008. The average
V5Gy LAD was 60.51% in the FB group and 53.73% in mv-DIBH with an average relative volume decrease
of 11.2% which is statistically insignificant (p=0.206).

Mean Mean Volume Mean Volume

Technique Volume (%)  SD Difference (%) Reduction (%)  p Value
FB 17.77 7.8

Viseyeart  my-nDIBH 9.41 4.32 8.36 47 0.0001
FB [3.5 7.2

Vst my-DIBH 7.3 3.88 6.21 45.93 0.002
FB 6.7 474

Vicsteart  mv-DIBH 3.42 223 3.26 48.96 0.008
FB 60.51 18.05

Vieyan  mv-nDIBH 53.73 15.17 6.78 11.2 0.206

Table 2: Heart and LAD Volumes in FB and mv-DIBH techniques
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Pulmonary Dosimetric comparisons between Free Breathing and mv-DIBH groups:

The mean and p-value of the mean Ipsilateral lung dose and Ipsilateral lung volume receiving 5Gy, 10Gy,
and 20Gy are reported in the table. The mean dose reduction of 16% in Ipsilateral Dmean was observed
with a p-value of 0.018. The mean dose reduction of the total lung of 18% in the Dmean total lung was

observed with a p-value of 0.012.

Mean Dose Mean Dose Mean Dose
Technique (GY) SD  Difference (Gy) _Reduction (%)  p Value
D . FB 9.46 2.36
'L Lung
Mean Dose mv-DIBH 7.92 1.5 1.54 16.27 0018
5 26
Dhlcan Total FB 48 k.26
Lung mv-DIBH 3.74 0.67 0.84 18.34 0.012

Table 3: Ipsilateral Lung and Total Lung Dmean in FB and mv-DIBH techniques

The Ipsilateral Lung V5Gy was reduced from 35.5% to 29% in the FB group and mv-DIBH group

respectively with an average relative reduction of 18.5% which is statistically significant with a p-value of

0.035. The average ipsilateral lung V10Gy was reduced from 27% to 22% with an average relative reduction
of 20% which is statistically significant with a p-value of 0.038. The average ipsilateral lung V20Gy was
reduced from 21% to 16% with an average relative reduction of 21% which is statistically significant [ p
<0.00001].

Mean Mean Volume Mean Volume
Technique  Volume (%)  SD Difference (%) _Reduction (%) p Value
V* . FB 355 12.35
SGyIL
Lung mv-DIBH 28.93 541 6.57 18.5 0.035
FB 27.5 10.7
V""‘-.“'"”ﬂl mv-DIBH 21.93 453 5.57 20.25 0.038
V,m. ‘ FB 20.87 6.85
20GyIL
Lung mv-DIBH 16.36 345 4.51 21.61 0.0001
VZO(;yToIaI FB L 3.51
Lung my-DIBH 8.22 2.24 1.57 15.93 01

Table 4: Ipsilateral Lung and Total Lung Volumes in FB and mv-DIBH techniques
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Cardiac Dosimetric comparisons between Conventional Voluntary DIBH and Modified Voluntary -
DIBH:

The dosimetric comparisons between the cv-DIBH and mv-DIBH groups showed no significant reduction
in all the heart dosimetric parameters such as Heart Mean and Max dose, LAD Mean and Max Dose, Heart
V5Gy / V10Gy / V30Gy, and LAD V5Qy.

Mean Dose Mean Dose Difference Mean Dose Reducation
Technique  (Gy) SD {Gy) (%) p Value

cv-DIBH 2.98 106

D“"n““" mv-DIBH 3.08 1.16 0.15 -5 0777
c¢v-DIBH 3098 2.17

D“’““"" mv-DIBH 40.06 2.11 0.08 -0.2 0.907
cv-DIBH 14.46 7.63

Dsasian my-DIBH 17.17 6.44 271 187 0.232
cv-DIBH 3482 8.56

D“-llAD myv-DIBH 38.14 6.35 3.22 -9.55 0.172

Table 5: Heart and LAD Dmean and Dmax in cv-DIBH and mv-DIBH techniques

Mean Mean Volume Mean Volume
Technique  Volume (%)  SD _ Difference (%) Reducation (%) p Value
. cv-DIBH 88 39

V SGyHeart mv-DIBH 94 4.32 0.61 -7 0.642
cv-DIBH 6 3

\/"N-‘.v“-m mv-DIBH 73 39 1.28 -21 0.242
cv-DIBH 3 2

VJU‘:‘! Heart mv-DIBH 342 223 .5 -16 0.534
cv-DIBH 5432 19.16

Vioan  wy-niBH $3.73 15.17 0.6 I 0915

Table 6: Heart and LAD Volumes in cv-DIBH and mv-DIBH techniques
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Pulmonary Dosimetric comparisons between Conventional VVoluntary DIBH and Modified Voluntary
- DIBH:

Average Ipsilateral Lung Dmean reduced from 9.15Gy to 7.92Gy in cv-DIBH and mv-DIBH with the
average relative reduction in Dmean was 14% which is statistically significant with a p-value of 0.0037.
The average total lung Dmean reduced from 4.46Gy to 3.75Gy in cv-DIBH and mv-DIBH with the average
relative reduction in Dmean was 16% which is statistically significant with a p-value of 0.016.

Mean Dose Mean Dose Difference Mean Dose Reducation

Technigque (Gy) SD (Gy) (%) p Value
D Mean Dose cv-DIBH 9.18 2.13
VL Lung mv-DIBH 7.92 1.5 1.2§ 13.7 0.037
ev-DIBH 4.46 107
Dtean Total Lung  mv-DIBH 3.75 0.67 0.72 16 0.016

Table 7: Ipsilateral Lung and Total Lung Dmean in cv-DIBH and mv-DIBH techniques:

The ipsilateral lung volume V5Gy was reduced from 32.5% to 29% with an average relative reduction of
26% though which is statistically insignificant. Ipsilateral lung volume V10Gy was reduced from 25% to
22% with an average relative reduction of 30% which is also statistically insignificant. The ipsilateral
V20Gy was reduced from 16% to 9.5% with an average relative reduction of 38% which is statistically
significant with a p-value of 0.015. The total lung V20Gy was reduced from 9.54% to 8.23% with an average

relative reduction of 14% which is statistically insignificant.

Mecan Mean Volume Mean Volume
Technique Volume (%) SD Difference (%) Reducation (%) p Value

cv-DIBH 325 7.33

VFG.\' UL Lung mv-DIBH 28.93 54l 36 26.2 0.088
> ¢v-DIBH 25.04 6.45

Viseyiwrae  my-DIBH 21.93 4.43 3.11 29.75 0.086
2 cv-DIBH 20.1 5.58

V 206Gy L1 Lung mv-DIBH 16.36 145 373 38.12 0.015
2 cv-DIBH 9.54 2.71

\i Gy Total Lung _ mv-DIBH 823 2.24 131 14 0.104

Table 8: Ipsilateral Lung and Total Lung Volumes in cv-DIBH and mv-DIBH techniques
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Line diagram : 1 showing the Heart Dmean and Dmax in all three different techniques
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Discussion

Radiotherapy (RT) is an integral component of multimodality management of breast cancer the
effectiveness of which was shown in numerous randomized trials and meta- analyses in improving
locoregional control and survival. (16 ,17). However, the risk of radiation therapy (RT) associated with
cardiovascular and pulmonary disease in women with breast cancer has been a concern for decades. (17)
Since then, many techniques were being analyzed to reduce heart and LAD doses in left-sided breast

carcinoma patients that require adjuvant radiotherapy of which the DIBH technique is one among them.

Our study is in concordance with the other study that showed the benefit of DIBH techniques over the
conventional Free Breathing technique in reducing Heart dose in cases of Left-Sided Breast Carcinoma.
There are various techniques of DIBH currently practiced all over the world among them most commonly
practiced is Forced Voluntary DIBH in which patients are asked to hold their breath while treatment. The
main disadvantage of this method is it's very difficult to assure patients' breath hold while treatment. To
avoid this in our institution we created the modified voluntary DIBH technique with the presence of touch
sensors, light, and alarm in place it is very easy to monitor the patient while treatment, and patients are also

avered of it.

Analysis from our study showed a significant reduction in mean heart dose, V5Gy, V10Gy, and V30Gy
heart in patients treated using the mv-DIBH technique compared to the conventional Free Breathing
technique. Our study not only analyzed reduced cardiac doses but also analyzed the reduction in the

ipsilateral lung mean dose, V5Gy, V10Gy, and V20Gy of Ipsilateral Lung and Total Lung mean dose.

Darby et al. [18] have reported that the risk of heart disease and coronary events is estimated to increase
linearly with Dmean heart by 7.4% for each 1 Gy. In our study, the value decreased by 40% using the mv-
DIBH technique almost similar to Hayden et al (42%) [19]. The results implied that the dose of the heart in
the DIBH group was significantly lower than that in the FB group. Furthermore, some cardiac structures
such as the LAD because of the anatomical position may receive a higher dose of left tangential radiotherapy
[20,21]. Therefore, LAD related myocardial infraction tends to lead to more severe clinical outcomes than
infraction related to major coronary arteries. [22] Nowadays, definitive dose-volume constraints for this
branch are difficult to determine.[23] A recent review highlighted that LAD Dmean (12.4Gy) observed in

80 left-sided breast cancer treatment sessions was considerably higher than the Hear Dmean(3.6Gy).
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Additionally, in the literature search, a wide range (1.9 to 40.8Gy) of LAD mean dose has been reported.[24]
In our group of patients, the LAD Dmean is 17.17Gy in the mv- DIBH group which is 4% lesser than the
Free Breathing group. In our study, we also recorded a significant reduction in the Heart V5Gy, V10Gy,

and V30Gy 47%, 46%, and 49% respectively in the mv-DIBH group in comparison with Free Breathing.

Lung irradiation induces pneumonitis or fibrotic reaction, especially for patients affected by previous

respiratory disorders [25]. To reduce radiation pneumonitis risk to <20%, Marks et al. recommended using

V20Gylung < 30-35% and Dmeanlung < 20-23 Gy [26].

Additionally, research conducted by Gokula et al. and Kasmann et al. implied that Locoregional

radiotherapy increased the mean lung dose, and ipsilateral lung volume receiving 20 Gy (V20)

>30% have been identified as risk factors for RP [27,28]. In our study, ipsilateral lung dosimetric indicators
(Dmean, V20, V10, and V5) were recorded. We observed an Ipsilateral Lung Dmean of 7.9Gy in mv-DIBH

with an average relative reduction between Free Breathing of 16%.

Lastrucci et al [29] have obtained a mean reduction of 23.6%. We also observed in the mv-DIBH technique
an overall mean ipsilateral lung V5Gy, V10Gy, and V20Gy of 28.9%, 20.87%, and 9.79% respectively with
an average relative reduction of 18.5%, 20.25%, 21.6% compared to FB. Vikstrom et al. [30] reported a
mean volume reduction of 18% between the two techniques. We can conclude that mv-DIBH technology
may reduce the incidence of RP by reducing the mean Ipsilateral lung dose, V20Gy, V10Gy, and V5Gy.

In our study, we also compared the cardiac and pulmonary doses of the conventional voluntary DIBH with
the modified voluntary DIBH. Among the cardiac dosimetric parameters, we didn’t find out any significant
difference between the two techniques. In pulmonary dosimetric parameters, we found a significant relative
dose reduction in the Ipsilateral Lung Mean dose of 13.7% in the mv-DIBH technique compared with the
cv-DIBH technique which is statistically significant (p-value =0.037). We observed in the mv-DIBH
techniques an overall mean ipsilateral lung V20Gy of 16.36% with an average relative reduction of 38.12%
compared to cv-DIBH which is statistically significant (p-value=0.015). The Total Lung Dmean in the mv-
DIBH technique has an overall Dmean of 3.75Gy with an average relative reduction of 16% compared to

the cv-DIBH technique which is statistically significant(p-value=0.016).
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The potential limitation that exists in this study may be due to different surgical interventions that the patient
underwent either with Modified Radical Mastectomy or Breast Conservative Surgery. Even though we
achieved a significant dose reduction in the Heart Dmean in the mv-DIBH technique, the LAD mean and
max dose reduction difference is insignificant it may be due to one the reasons such as different age groups,

less sample size, or anatomical variation.

Conclusion

Heart complications could compromise the benefits of adjuvant left breast radiotherapy in improving local
control and survival. The modern techniques such as DIBH allows a better sparing of the heart and ipsilateral
lung. Our findings confirm the literature data about the DIBH technique advantage in terms of dose
reduction of cardiac and pulmonary doses for tangentially treated left-sided breast cancer patients. This was
a retrospective study, further prospective study with larger samples is warranted to evaluate the long-term

clinical implication of this institutional mv-DIBH technique and its relevant dosimetric results.

References

1) Globocan 2022
2) Taghian, A., Smith, B.and Erban, J., 2010. Breast Cancer. New York: Demos Medical Pub.

3) Cadrona FC, Machado AK, Montano MA. Overview of locally advanced breast cancer: A huge challenge
toscience. Int J Womens Health Wellness. 2017;3(1):448

4) Fisher B, Anderson S, Bryant J, Margoloese RG, Deutsch M, Fisher ER, et al. Twenty-year follow-up of
a randomized trial comparing total mastectomy, lumpectomy, and lumpectomy plus irradiation for the
treatmentof invasive breast cancer. N Engl J Med 2002; 347: 1233-41.

5) Calle R, Pilleron JP, Schlienger P, et al. Conservative management of operable breast cancer: ten years’
experienceat the Foundation Curie.Cancer 1978;42(4):2045-2053.

6) Early Breast Cancer Trialists’ Collaborative Group. Effect of radiotherapy after mastectomy and axillary
surgery on 10-year recurrence and 20-year breast cancer mortality: meta-analysis of individual patient data
for 8135 women in 22 randomised trials. Lancet 2014; 383: 2127-35.

Dr. Kannan Maharajan (2023). Retrospective Observational Study Comparing Organs at Risk Doses in Left Sided Breast
Cancer Patients Receiving Adjuvant Radiotherapy in Free Breathing, Voluntary Deep Inspiratory Breath Hold Technique and

Institutional Modified VVoluntary Deep Inspiratory Breath Hold Technique. MAR Oncology & Hematology (2023) 6:1.



Dr. Kannan Maharajan, MAR Oncology & Hematology (2023) 6:1. Page 23 of 25
7) Taylor CW, Brgnnum D, Darby SC, Gagliardi G, Hall P, Jensen MB, et al. Cardiac dose estimates from
Danish and Swedish breast cancer radiotherapy during 1977-2001. Radiother Oncol 2011; 100: 176-83. doi:
10.1016/j. radonc.2011.01.020

8) Darby SC, Cutter DJ, Boerma M, et al. Radiation-related heart disease:current knowledge and future
prospects. Int J Radiat Oncol Biol Phys 2010;76(3):656-665.

9) Darby, S., McGale, P., Taylor, C. and Peto, R. (2005). Long-term mortality from heart disease and lung
cancer after radiotherapy for early breast cancer: prospective cohort study of about 300 000 women in US

SEER cancer registries. The Lancet Oncology, 6(8), pp.557-565

10) Duma MN, Baumann R, Budach W, Dunst J, Feyer P, Fietkau R, Haase W, Harms W, Hehr T, Krug D,
PirothMD, Sedimayer F, Souchon R, Sauer R; Breast Cancer Expert Panel of the German Society of
Radiation Oncology(DEGRO). Heart-sparing radiotherapy techniques in breast cancer patients: a
recommendation of the breast cancer expert panel of the German society of radiation oncology (DEGRO).
Strahlenther Onkol. 2019 Oct;195(10):861-871. English. doi: 10.1007/s00066- 019-01495-w. Epub 2019
Jul 18. PMID: 31321461.

11) Register S, Takita C, Reis I, Zhao W, Amestoy W, Wright J. Deep inspiration breath-hold technique for
left-sidedbreast cancer: An analysis of predictors for organ-at-risk sparing. Medical Dosimetry. 2015 Mar
1;40(1):89-95.

12) Dell'Oro M, Giles E, Sharkey A, Borg M, Connell C, Bezak E. A Retrospective Dosimetric Study of
Radiotherapy Patients with Left-Sided Breast Cancer; Patient Selection Criteria for Deep Inspiration Breath
Hold Technique. Cancers (Basel). 2019;11(2):259. Published 2019 Feb 22. doi:10.3390/cancers11020259

13) White J, Tai A, Arthur D, Buchholz T, MacDonal S, Marks L. Breast cancer atlas for radiation therapy
planning: consensus definitions. RTOG radiation therapy oncology group web site. BibTeX EndNote
RefMan RefWorks.

14) www.rtog.org

15) Duane F, Aznar MC, Bartlett F, Cutter DJ, Darby SC, Jagsi R, Lorenzen EL, McArdle O, McGale P,
Myerson S, Rahimi K. A cardiac contouring atlas for radiotherapy. Radiotherapy and Oncology. 2017 Mar
1;122(3):416-22.G.

16) Early Breast Cancer Trialists' Collaborative Group. Effect of radiotherapy after breast- conserving

Dr. Kannan Maharajan (2023). Retrospective Observational Study Comparing Organs at Risk Doses in Left Sided Breast
Cancer Patients Receiving Adjuvant Radiotherapy in Free Breathing, Voluntary Deep Inspiratory Breath Hold Technique and

Institutional Modified VVoluntary Deep Inspiratory Breath Hold Technique. MAR Oncology & Hematology (2023) 6:1.



Dr. Kannan Maharajan, MAR Oncology & Hematology (2023) 6:1. Page 24 of 25

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. The Lancet. 2011 Nov 12;378(9804):1707-16.

17) Early Breast Cancer Trialists' Collaborative Group. 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
randomised trials. The Lancet. 2005 Dec17;366(9503):2087-106

18) Darby SC, Ewertz M, McGale P, Bennet AM, Blom-Goldman U, Brgnnum D, Correa C, Cutter D,
Gagliardi G, Gigante B, Jensen MB, Nisbet A, Peto R, Rahimi K, Taylor C, Hall P (2013) Risk of ischemic
heart disease in women after radiotherapy for breast cancer. N Engl J Med 368:987— 998

19) Hayden AJ, Rains M, Tiver K (2012) Deep inspiration breath hold technique reduces heart dose from
radiotherapy for left-sided breast cancer. J Med Imaging Radiat Oncol 56(4):464-472

20) Lorenzen EL, Taylor CW, Maraldo M, Nielsen MH, Offersen BV, Andersen MR, O’Dwyer D, Larsen
L, Duxbury S, Jhitta B, Darby SC, Ewertz M, Brink C (2013) Inter-observer variation in delineation of the
heart and left anterior descending coronary artery in radiotherapy for breast cancer: a multicentre study from
Denmark and the UK. Radiother Oncol 108(2):254-258

21) Hooning MJ, Botma A, Aleman BM et al (2007) Long-term risk of cardiovascular disease in 10- year
survivors of breast cancer. J Natl Cancer Inst 99(5):365-375

22) Schuster EH, Griffith LS, Bulkley BH (1981) Preponderance of acute proximal left anterior descending
coronary arterial lesions in fatal myocardial infarction: a clinicopathologic study. Am J Cardiol 47:1189—
1196

23) Nielsen MH, Berg M, Pedersen AN, Andersen K, Glavicic V, Jakobsen EH, Jensen I, Josipovic M,
Lorenzen EL, Nielsen HM, Stenbygaard L, Thomsen MS, Vallentin S, Zimmermann S, Offersen BV, on
behalf of the Danish Breast Cancer Cooperative Group Radiotherapy Committee (2013) Danish Breast
Cancer Cooperative Group Radiotherapy Committee. Delineation of target volumes and organs at risk in
adjuvant radiotherapy of early breast cancer: national guidelines and contouring atlas by the Danish Breast
Cancer Cooperative Group. Acta Oncol 52(4):703-710

24) Drost L, Yee C, Lam H, Zhang L, Wronski M, McCann C, Lee J, Vesprini D, Leung E, Chow E (2018)

A systematic review of heart dose in breast radiotherapy. Clin Breast Cancer 18(5): e819—e824

25) Willner J, Jost A, Baier K, Flentje M (2003) A little to a lot or a lot to a little? An analysis of pneumonitis

Dr. Kannan Maharajan (2023). Retrospective Observational Study Comparing Organs at Risk Doses in Left Sided Breast
Cancer Patients Receiving Adjuvant Radiotherapy in Free Breathing, Voluntary Deep Inspiratory Breath Hold Technique and

Institutional Modified VVoluntary Deep Inspiratory Breath Hold Technique. MAR Oncology & Hematology (2023) 6:1.



Dr. Kannan Maharajan, MAR Oncology & Hematology (2023) 6:1. Page 25 of 25

risk from dose-volume histogram parameters of the lung in patients with lung cancer treated with 3-D
conformal radiotherapy. Strahlenther Onkol 179(8):548- 556.

26) Marks LB, Bentzen SM, Deasy JO, Kong FM, Bradley JD, Vogelius IS, ElI Naga I, Hubbs JL, Lebesque
JV, Timmerman RD, Martel MK, Jackson A (2010) Radiation dose-volume effects in the lung. Int J Radiat
Oncol Biol Phys 76(3 Suppl):S70-S76.

27) Gokula K, Earnest A, Wong LC. Meta-Analysis of Incidence of Early Lung Toxicity in 3- Dimensional
Conformal Irradiation of Breast Carcinomas. Radiat Oncol (2013) 81-12. doi: 10.1186/1748-717x-8-268

28) Kasmann L, Dietrich A, Staab-Weijnitz CA, Manapov F, Behr J, Rimner A, et al. Radiation- Induced
Lung Toxicity - Cellular and Molecular Mechanisms of Pathogenesis, Management, and Literature Review.
Radiat Oncol (2020) 15 (1):1-16. doi: 10.1186/s13014-020-01654-9

29) Lastrucci L, Borghesi S, Bertocci S, Gasperi C, Rampini A, Buonfrate G, Pernici P, De Majo R, Gennari
PG (2017) Advantage of deep inspiration breath hold in left-sided breast cancer patients treated with 3D
conformal radiotherapy. Tumori. 103(1):72-75

30) Vikstrom J, Hjelstuen MH, Mjaaland I, Dybvik KI (2011) Cardiac and pulmonary dose reduction for
tangentially irradiated breast cancer, utilizing deep inspiration breath-hold with audio-visual guidance,

without compromising target coverage. Acta Oncol 50:42-50

Dr. Kannan Maharajan (2023). Retrospective Observational Study Comparing Organs at Risk Doses in Left Sided Breast
Cancer Patients Receiving Adjuvant Radiotherapy in Free Breathing, Voluntary Deep Inspiratory Breath Hold Technique and

Institutional Modified VVoluntary Deep Inspiratory Breath Hold Technique. MAR Oncology & Hematology (2023) 6:1.



