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Abstract

Background: In the context of left breast cancer radiotherapy, long term cardiopulmonary toxicity has been
well-documented, significant efforts have been undertaken to mitigate such toxicity by using 4D gating, deep inspiration
breath-hold(DIBH) and active breath control(ABC) techniques. Purpose: To evaluate and compare the cardio-
pulmonary radiation doses incurred during postmastectomy radiotherapy (PMRT) in two distinct breathing conditions
such as DIBH and Free Breathing (FB), with a specific focus on the left chest wall with comprehensive regional nodal
irradiation. Materials and methods: A prospective dosimetric study was conducted on 15 patients who received adjuvant
loco-regional radiotherapy of chest-wall (CW), supraclavicular fossa(SCF), and internal mammary region(IMC), with
or without axilla. Two sets of planning CT scans were taken in DIBH and FB conditions. The dosimetric difference
between DIBH CT and FB CT plans analyzed using Wilcoxon signed-rank test, employing SPSS software version 21.0.
Results: Comparison of DIBH and FB parameters for target coverage revealed a statistically significant advantage
with DIBH in SCF(D,, V,, p<0.017) and IMC(D,,, V,, & V, p<0.03). Dosimetric characteristics of heart and LAD
exhibited statistically significant lower doses with DIBH (V,, V_,, and D__ , p<0.001) compared to FB plans. Lung
doses were similar with no discernible advantage of one technique over the other. Other OARSs such as contralateral
breast (p=0.027) and esophagus (p=0.001) received lower doses with the DIBH technique while the spinal cord (p=0.691)
and thyroid(p=0.496) showed no significant difference. Maximum heart distance (p= 0.001), central lung distance
(p=0.011) and Haller index (p= 0.001) exhibited statistical significance between the two techniques, whereas chest
wall separation showed no significant statistical difference (p=0.629). Conclusion: DIBH demonstrates a substantial
reduction in cardiac and LAD doses compared to the FB technique. This study underscores the efficacy of DIBH as a
viable strategy for mitigating cardiac and LAD radiation doses in left-sided breast cancer patients undergoing PMRT
of chest wall with comprehensive regional nodes.
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there are also known long-term cardiac sequelae, in
patients who have received radiation therapy for left-
sided compared to right-sided breast cancer. During
radiotherapy for the left-sided breast cancer, a significant

Introduction

Breast cancer is the most frequently diagnosed cancer
worldwide and the leading cause of cancer death among

women. According to GLOBOCAN 2022, 2.296 million
(23.8%) new breast cancer cases are diagnosed worldwide,
and in India, the incidence rate is 192,020 (26.6%) cases
per year [1]. Radiotherapy (RT) is an integral part of breast
carcinoma management after modified radical mastectomy
or breast conservation surgery as an adjuvant treatment.
Postoperative radiotherapy for breast cancer reduces the
risk of local recurrence and improves long-term survival
[2]. Alongside improvements in breast cancer outcomes,

dose is delivered to part of the anterior heart, including
the left anterior descending coronary artery (LAD) [3].
The mean heart dose correlates with a proportional
increase in the rate of major coronary events per Gray [4].
A pivotal study by Darby et al. observed that patients with
breast cancer undergoing adjuvant radiotherapy exhibited
a relative 7.4% rise in the rate of major coronary events
per 1 Gy increase in mean radiation dose to the heart [5].
Breath-adapted radiotherapy takes advantage of the
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change in the patient’s anatomy during the respiratory
cycle. In the Deep Inspiratory Breath Hold (DIBH) adapted
delivery technique, as opposed to free breathing (FB),
patients receive radiation only during deep inspiration,
when the lungs are inflated, thereby maximizing the
distance between the chest wall and heart. This movement
causes the heart to shift posteriorly and inferiorly,
effectively moving it out of the radiation field [6].

It is essential to ensure that radiation treatments for
breast cancer patients are tailored to minimize dose to
cardiovascular structures while ensuring adequate dose
to the tumor volume and regional lymph nodes [2]. The
extent of benefit is not well quantified or understood
when comprehensive nodal irradiation, encompassing
the internal mammary region with or without axilla,
along with the supraclavicular region. The purpose of
the study is to evaluate cardiac and lung doses between
DIBH and standard FB techniques in patients undergoing
postmastectomy radiotherapy (hybrid) for carcinoma
of the left breast with comprehensive regional nodal
involvement, without compromising on the target
coverage.

Materials and Methods

Patient demographics

This hospital-based observational prospective study
was conducted from March 2018 to August 2019 on
patients diagnosed with left-sided carcinoma breast
receiving adjuvant loco-regional radiotherapy after
modified radical mastectomy (MRM), i.e., chest wall
(CW), supraclavicular fossa (SCF), internal mammary
region (IMC) with or without axilla. Fifteen patients were
recruited for the study. All are postmastectomy patients.

Women with left-sided breast carcinoma who had
undergone MRM and required adjuvant radiotherapy to
the left chest wall and internal mammary chain, along
with other nodal regions, were included in the study. The
inclusion criteria included a performance status score of
ECOG 1-2, the ability to reproduce breath-holding for
>20 seconds, and willingness to consent. Patients with
right-sided breast carcinoma, a history of previous RT
to the breast, and known comorbidities (cardiac disease,
COPD, Interstitial lung disease, bronchial asthma) were
excluded from the study.

CT simulation and image acquisition

All the patients had a Computed tomography (CT)
Simulation in a supine position over the Breast Board
with the angle position, which brings the chest wall
parallel to the treatment couch and the arm placed over
the arm support with appropriate angle, ensuring there
is no axillary fold. All the patients were trained to hold
deep breaths for 20-30 seconds using an RPM (Real-time
position monitoring) device. The respiratory cycle was
tracked by placing the localizer box. Two sets of planning
CT images in the treatment position, one during normal
breathing (free breathing, FB) and the other during deep
inspirational breath hold (DIBH) were acquired with 2mm
slice thickness from the level of the 2™ cervical vertebra to
the upper border of adrenals with field of view of 700mm
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using the Somatom Definition AS Open CT simulator
(Siemens Medical Solutions, Germany).

Target Volume Delineation and Treatment Planning

The target (chest wall, supraclavicular region, internal
mammary region, and axilla when indicated), OARs
(Organs at risk- ipsilateral lung, contralateral lung, heart,
LAD, and contralateral breast) and other organs such as
oesophagus, liver, thyroid, and spine were delineated as
per the RTOG contouring guidelines. The single isocenter
3D conformal field in field (FiF) treatment plans were
generated in the Eclipse TPS for both FB and DIBH
images. Two conformal tangent beams for the chest wall
and one direct anterior beam for the supraclavicular region
were added and the FiFs were created in the tangential
fields. Both 6MV /15MV photon beams were used for the
chest wall and supraclavicular regions respectively. The
standard fractionation prescription regimen of 50Gy in 25
fractions to target volume over 5 weeks was used for all
the patients requiring comprehensive nodal irradiation.
Target volume coverage parameters considered were V.
05 /0> Dy o %0, V. <10%, D__of heart <4 Gy.
Dosimetric evaluation

All the plans were evaluated by analyzing dose
distribution and dose volume histogram (DVH).
Figure 1 shows a dosimetric comparison between DIBH
and FB techniques. For the target volumes, the dosimetric
parameters such as D) %, D,%, D%, V , V,., V,,, and
D, were obtained from the cumulative DVH, and the
comparison was made between the DVH of the FB and
DIBH plans using Eclipse TPS. The parameters evaluated
for the heartare V, V., V. . V., and mean dose, and for
the lung V, vV, ,and V,.

The homogeneity and conformity indices (HI and CI)
of'the FB and DIBH plans were determined and compared.
The homogeneity index was calculated by the following
formula recommended by the International Commission
of Radiation Units and Measures (ICRU, report 83). In
addition, the chest wall separation (CWS) (Figure 2A),
central lung distance (CLD) and maximum heart distance
(MHD) (Figure 2B) were measured as defined by Das et

al. [7] (Table 1).

Statistical analysis

Data was summarized as Mean and SD or Median
(Inter Quartile Range - IQR) for continuous variables
and categorical variables were reported by using numbers
and percentages. The difference in parameters between
baseline CT scan and DIBH CT, Wilcoxon-signed rank test
was used. A p value of <0.05 was considered statistically
significant. All the analyses were done by using SPSS
software version 21.0

Results

Patient characteristics

All 15 patients received radiation therapy to their left
chest wall, left supraclavicular region, and left internal
mammary with or without axilla. The mean age of the
patients was 48.6 years (range: 33-67 years). Ten out of
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Figure 1. Dosimetric Comparison between A) Deep inspiration breath hold and B) Free breathing technique.

Table 1. Measurement Indices of Various Breast Treatment Parameters [7]

Parameter Definition

Maximum heart distance =~ The maximum distance of the cardiac silhouette perpendicular to the longitudinal edge of the treatment field.

(MHD)

Central lung distance The perpendicular distance from the edge of the tangential field to the posterior part of the anterior chest
(CLD) wall in the middle of the field.

Chest wall separation Defined as the non-divergent posterior field edge from the sternum to the lateral exterior aspect of the chest
(CWS) wall.

Defined as the ratio between transverse diameter of the chest and shortest distance between sternum and
vertebrae. The Haller index is measured at the deepest aspect of the thoracic curve, with a normal Haller

Haller index

index ratio calculated as 2 or less.
Conformity index (CI)

Homogeneity index (HI) HI=D,-D,/D__ .

(PTV) respectively.

Conformity index (CI)= VI/TV, where, VI = Reference isodose volume and TV = Target volume.

where D, and D, are the doses received by 2% and 98% of the planned target volumes

15 patients had a BMI >25, and the mean BMI was found
to be 25.9 (ranging from 21.5 to 31.2).

Thirteen patients were in stage IIIB, and one patient
each was in IIIC and stage IV respectively. In 8 patients
tumor was located in the upper outer quadrant, followed
by 3 in the lower inner quadrant, and others, the tumor
involved more than one quadrant. Comorbidities include
diabetes mellitus (4 patients), hypertension (6 patients),
combined diabetes and hypertension (3 patients), and no
comorbidities in 8 patients.

Treatment characteristics

Among 15 patients, 8§ received RT to the chest
wall, supraclavicular fossa, internal mammary region
& axilla, and 7 to chest wall, supraclavicular fossa &
internal mammary region with a radiation dose of 50Gy
in 25 fractions over 5 weeks. All 15 patients received
perioperative chemotherapy with anthracyclines, taxanes,

Trastuzumab, and hormones based on ER, PR, and
HER2neu status.

Maximum heart distance (MHD), central lung distance
(CLD), chest wall separation (CWS), and Haller index
were analyzed for free breathing and DIBH (Table 2).
The mean of the MHD, CLD, CWS and Haller index in
free breathing technique was found to be 2.57 cm (range
1.93-3.13cm), 2.59 cm (range 1.15-3.51lcm), 21.60 cm
(range 18.89-25.22cm) and 2.32 cm whereas in DIBH
technique, it was noted as 1.57cm (range 0.87-2.17cm),
3.06 cm (range 2.18-4.00cm), 21.90cm (range 19.47-
25.40cm) and 2.16cm respectively.

Maximum heart distance (p= 0.001), central lung
distance (p=0.011), and Haller index (p= 0.001) showed
statistical significance between the two techniques,
whereas chest wall separation showed no significant
statistical difference (p=0.629).

Table 2. Patient Anatomical Parameters and Dosimetric Correlation (cm, centimeter)

Parameter Free breathing Deep inspiratory breath hold p value
Mean+SD Median (IQR) Mean+SD Median (IQR)
Haller index 2.324+0.19 2.2(2.1,2.4) 2.16+0.18 2.1 0.001
Maximum heart distance 2.57+0.36 2.6(2.3,2.9) 1.57+0.36 (2.0,2.3) 0.001
Central lung distance 2.59+0.57 2.6(2.3,2.9) 3.06+0.46 1.6 0.011
Chest wall separation 21.60+1.94 20.9 (20.3, 23.6) 21.9+1.78 (1.2,1.8) 0.629
Conformity index 1.19+0.15 1.2 (1.0, 1.3) 1.20+0.16 1.1 (1.0, 1.3) 0.615
Homogeneity index 0.23+0.14 0.1(0.1,0.2) 0.13+0.02 0.1(0.1,0.1) 0.002

Asian Pacific Journal of Cancer Prevention, Vol 25 3303



Swathi B et al

s
u

B
| it

T
R R B e e e R o +4+
\

A X[0tnce 260

X[ortince 40y
\ 4 LAl
|
— e ————— "‘X . +

Figure 2. Measurement Indices: A) Chest wall separation (CWS); B) Central lung distance (CLD) and maximum heart
distance (MHD)

Table 3. Dosimetric Characteristics of Heart, Left Anterior Descending Artery (LAD) and Lungs (Gy- Gray)

Region Parameter Free breathing Deep inspiratory breath hold p-value
Mean£SD Median (IQR) Mean+SD Median (IQR)

Heart V, 37.38+12.77 33.5(29.7, 46.6) 37.40+22.19 31.5(17.0, 56.3) 0.776
Vi, 17.87+6.23 16.9 (13.1,21.7) 14.26+14.31 8.9 (7.4,16.3) 0.053
V,, 12.83+3.53 13 (10.5, 15.3) 6.15+2.77 5.7(4.0,7.3) 0.001
V., 11.90+3.46 12.0 (9.6, 14.4) 5.17+2.37 4.7(3.4,6.1) 0.001
D, 8.69£1.65 8.9 (7.58,9.75) 5.73+1.41 5.82 (5.16, 6.06) 0.001

LAD D, 51.68+1.65 51.34(50.73,52.31)  46.91+9.90  49.16 (47.67,51.23)  0.006
D . 29.05+7.38 29.08 (22.90,32.93)  20.95+7.65  23.10(12.22,25.97) 0.001

Left lung V, 56.324+9.93 54.9 (49.3, 58.2) 58.31+11.49 56.1(49.6, 67.4) 0.394
Vi 40.04+6.14 39.9 (36.5,42.9) 38.86+6.48 37.2(35.2,44.1) 0.307
vV, 30.08+4.31 29.7 (27.0, 32.7) 28.07+4.08 27.9(25.8,31.4) 0.078

Right lung V, 0.324+0.35 0.1 (0.0, 0.6) 0.95+3.14 0.1 (0.0, 0.3) 0.096

Conformity index (CI) and homogeneity index (HI) conformity index was similar for both FB and DIBH

The DIBH technique allowed more homogenous  techniques (p=0.615). Figure 3A shows a dosimetric
distribution with HI values of 0.23+ 0.14 and 0.13+0.02  box plot of homogeneity index and Figure 3B shows
for FB and DIBH techniques respectively (Table 2) and  dosimetric box plot of conformity index.
the difference was statistically significant p=0.002. The

Table 4. Dosimetric Characteristics of Left Supraclavicular Region (SCL) and Internal Mammary Nodal (IMN)
Region (Gy- Gray)

Region Parameter Free breathing Deep inspiratory breath hold p-value
Mean+SD Median (IQR) Mean+SD Median (IQR)
SCL Voo 93.75+2.85 94.30 (91.5, 96.7) 95.67+2.09 96.20 (94.0, 97.2) 0.017
Vs 86.16+7.62 88.50 (82.7,90.9) 88.77+5.94 88.90 (84.5, 93.6) 0.307
Vi 59.97+15.36 64.20 (53.8, 70.5) 61.01+15.13 59.90 (50.2, 73.0) 0.733
D, 53.22+0.76 53.09 (52.86,53.50) 52.39+2.49 53.05 (52.62,53.59) 0.363
Dy, 43.62+2.82 44.43 (42.57,45.92) 47.61+8.45  45.72 (44.26,46.75) 0.02
D, 38.03+4.54 38.16 (33.90,42.02) 41.74+5.16  42.72 (38.12,43.83) 0.027
IMN Voo 57.33+23.09 52.70 (49.3, 69.7) 82.39 84.9 (69.5, 95.0) 0.008
Vs 44.03+£23.65 38.20 (20.5, 58.7) 63.82 67.5 (50.0, 76.9) 0.015
Vi 25.42+19.72 21.80 (6.6,40.2) 30.57 26.2(13.0,43.3) 0.307
D, 52.59+2.11 52.66 (50.75,53.64) 52.2 51.96 (51.45,53.35) 0.82
Dy, 29.07+12.20 33.56 (17.82,35.20) 37.19 43.17 (35.88,45.12) 0.053
D, 25.87+11.35 30.35(15.38,32.39) 34.97 41.1(30.18,43.89) 0.031
42.51£7.03 44.23 (39.75,46.71) 47.1 48.03 (46.32,48.77) 0.041

mean
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Figure 3. Dosimetric Box Plot of Deep Inspiration Breath Hold and Free Breathing: A) Homogeneity index with
significant p value (p=0.002); B) Conformity index with no significant p value (p=0.615).
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Figure 4. Dosimetric Box Plot of Deep Inspiration Breath Hold and Free Breathing: A) Dosimetric box plot of V20 of
Heart with significant p value (p=0.001); B) Dosimetric box plot of Dmean of heart with significant p value (p=0.001);
C) Dosimetric box plot of V , of Internal mammary node with significant p value (p=0.008). (FB, Free breathing;
DIBH, Deep inspiration breath hold)
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Table 5. Comparative Studies of Dosimetry of Heart and Left Anterior Descending Artery (LAD) (Gy- Gray)

Study Region  Parameter Free breathing Deep inspiratory breath hold P value
Mean+SD Median (IQR) Mean+SD Median (IQR)
Knochelmann et Heart Dmean 2.64+1.26 -- 1.39+0.47 -- <0.001
al. (2022)[13] V5 10.6 + 12.4 - 6.6+8.5 - <0.001
V10 3.21£3.03 - 1.26+1.21 - <0.001
V25 2.20+3.63 - 0.67+0.80 -- <0.001
LAD Dmax 12.43+12.18 - 11.0549.18 -- >0.05
Dmean 5.68+5.24 - 3.88+2.59 -- <0.001
Darapu et al. Heart A4 21.44+09.43 - 15.74£9.15 - 0
(2017)[6] VIO 12.42%05.65 - 7.7245.98 - 0
V25 9.12+04.71 - 4.85+5.21 -- 0
V30 8.43+4.48 - 4.71+04.57 -- 0
Dmean 6.827+2.69 - 4.775+02.59 -- 0
LAD V5 25.24 £53.47 - 41.3+19.81 -- 0.03
V1o 39.52+24.61 - 19.94+15.43 -- 0.002
V25 31.91+24.47 - 12.48+15.74 -- 0.002
Dmean 17.84+10.73 - 9.66+6.454 -- 0.001
Al-Hammadi N et Heart Dmean 6.1£2.5 - 3.2+1.4 -- <0.05
al. 2018)(11] Dmax 511+ 14 - 48.546.8 -
V50 0.7+1.1 - 0.2+0.6 --
V40 6.2+3.5 - 2.1£1.9 --
V30 7.8+4 - 2.842.3 --
V25 8.5+4.2 - 3.242.5 --
V20 9.2+4 4 - 3.6+2.7 --
V15 10+4.6 - 4.1+£29 -
V10 11.245 - 4.9+3.2 --
LAD Dmean 23.0+6.7 - 14.847.6 -- <0.05
Dmax 49.7£3.4 - 44.3£12.2 --
D50 20.4£17.6 - 8.4+11.1 --
Present study Heart V20 12.834£3.53 13.0 (10.5, 15.3) 6.15+2.77 5.70 (4.0, 7.3) 0.001
V25 11.90+£3.46 12.0 (9.6, 14.4) 5.17+2.37 470 (3.4,6.1) 0.001
Dmean 8.69+1.65 8.9 (7.58,9.75) 5.73+1.41 5.82 (5.16, 6.06) 0.001
LAD Dmax 51.68+1.65  51.34(50.73, 52.31) 46.91£9.90 49.16 (47.67,51.23)  0.006
Dmean 29.05+7.38  29.08 (22.90, 32.93) 20.95£7.65 23.10(12.22,25.97)  0.001

Dosimetric characteristics of the heart and left anterior
descending artery (LAD)

FB and DIBH plans were evaluated using parameters
like V, V,, V,, V,,and D__to the heart (Table 3). V,
corresponds to a low dose spread to the heart in percentage.
Statistical analysis showed a significant reduction in dose
to heart in the DIBH plans for the parameters (V,, V,, and
D_...)as compared to FB plans with significant difference
(p-value 0.001).

V,, and D__of heart with DIBH 6.15+2.77 and
5.73+1.41 compared to FB were 12.83+£3.53 and
8.69+1.65 respectively. Figure 4A shows a dosimetric
box plot of V., of heart and Figure 4B shows dosimetric
box plot of D of heart.

LAD doses were evaluated in FB and DIBH plans
with two different volume parameters (Dmax and D _ ).
Delineation of LAD was restricted due to the slice
thickness, and motion artifacts (DIBH). A significant

reduction in doses to the LAD in the DIBH plan was
3306 4sian Pacific Journal of Cancer Prevention, Vol 25

observed in comparison to the FB plan (Table 3).

Dosimetric characteristics of left and right lungs

The mean of V., V, , and V, of the left lung showed
only a small difference in DIBH in comparison with the
FB plan, they were found to be statistically insignificant
(p-value>0.05) (Table 3). There was a statistically
insignificant difference between the FB and DIBH plans
for V, of the right lung (p-value 0.096) (Table 3).

Dosimetric characteristics of supraclavicular region
Among the V, V., V, .. D,, D, and D , parameters,
Vo> Dy, and D, showed statistically significant
advantages with DIBH in comparison to FB, whereas V.
\Y%

95°

10> @nd D, showed no statistical significance (Table 4).

Dosimetric characteristics of the internal mammary nodal
region (IMN)

Among the parameters analyzed, V., V., D ., and

90° 95° 98>
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D, ... showed a statistically significant advantage with
DIBH in comparison to FB, whereas V, 0, D,, and D,
showed no statistical significance (Table 4). Figure
4C shows higher dosimetric coverage of IMN V
(median-85: IQR-70,95) in the DIBH technique compared
to the Free breathing technique (median 52.7; interquartile

range:49.3,70).

Dosimetric characteristics of organs at risk (OAR)

The D parameter showed a lower dose with the
DIBH technique for the right breast (FB vs DIBH,
0.76+0.42 vs 1.13+0.57, p-value 0.027) and oesophagus
(FB vs DIBH, 10.60+3.17 vs 8.24+3.03, p-value 0.001).
However, the spinal cord (D, _; FB vs DIBH, 33.19+3.72
vs 31.3046.64, p-value 0.691) and thyroid (D ; FB vs
DIBH, 29.00+5.80 vs 29.2448.60, p-value 0.496) showed
no statistical difference.

Follow up

The follow-up ranged from 6 to 67 months (median
48 months). Four patients had disease progression in the
entire cohort. One died of brain metastases at 6 months
post-treatment, while three patients are alive with
progressive disease (liver metastases at 5 and 25 months,
lung metastases at 41 months) at 12, 35 and 50 months
post-treatment, respectively. The remaining 11 patients
were alive with no evidence of disease

The follow-up of cardiac and lung monitoring was
disrupted due to the covid pandemic for most of patients.
Twelve patients at 12 months, two at 24 months and 3 at
36 months showed no significant difference in ejection
fraction in ECHO, FEV1 and FVC levels in spirometry
compared to baseline.

Discussion

The study was performed to evaluate the efficacy of
the DIBH technique and its dosimetric advantages over the
free breathing technique when regional nodes including
IMN were treated in left-sided post mastectomy with FiF
conformal radiotherapy.

The effect of BMI

The mean age of patients in our study was 48.6 years
(range: 33-67). Ten out of 15 patients had BMI >25 and
the mean BMI was found to be 25.9 (ranging from 21.5 to
31.2) which was similar to a study done by Darapu et al.
[6], where the mean age was 50 and the mean BMI was 26.

According to Tanguturi et al. [8] a beneficial effect was
favored by younger age, greater body mass index (BMI),
and larger inspirational lung volume changes which act
as independent predictors for D, heart between DIBH
and FB plans.

There is no significant correlation between BMI and
mean heart dose (MHD). BMI negatively correlated
with mean lung dose. Lung volume change from FB to
DIBH showed a significant correlation with BMI (1=0.31,
P<0.001). In patients with high BMI, the lungs expand
more than those of low-BMI patients, resulting in a higher
dose-sparing benefit [9]. Similarly in our study, patients
with high BMI had higher dose-sparing benefits compared

to patients with low BMI.

Haller index

According to Lowanichkiattikul et al. [10], the median
lung volume was 3160.5cm3 (1830.8— 4754.0) and the
median Haller index was 2.43 (1.92-3.56). There was
no significant effect of the type of surgery, BMI, lung
volume, and the Haller index on the distances of chest
wall movement.

In our study, the median of the Haller index is 2.2 in
free breathing compared to 2.1 in DIBH. Even though the
difference in the median was 0.1, it showed itself to be
statistically significant (p-value 0.001).

Heart radiation doses

In a study by Darapu et al. [6], there was a significant
reduction in dose to the heart in the DIBH plans compared
to the FB plans, with statistically significant p values for
the V, V , V., V,,and D dosimetric parameters.

Al-Hammadi N et al. [11], showed voluntary DIBH
resulted in a significant reduction of mean cardiac dose
from 6.1£2.5 to 3.2+1.4Gy (p < 0.001), the maximum
cardiac dose from 51.1£1.4 to 48.5+6.8Gy (p=0.005) and
cardiac V,.Gy from 8.5 + 4.2 to 3.2 + 2.5% (p< 0.001)
when compared with FB. Heart volumes receiving
high (30-50Gy) and low (10-20Gy) doses were also
significantly reduced. The mean dose to the left anterior
coronary artery was 23.0 £ 6.7Gy and 14.8 = 7.6Gy on
FB and V-DIBH, respectively (p< 0.001).

In a study by Vuong et al. [12], DIBH and FB plans
showed a significant decrease in mean and maximum
heart doses in all the patients with individual mean heart
doses decreased by an average of 1.12Gy. The average
mean heart dose for DIBH plans was significantly lower
when compared to FB plans (1.02 vs. 2.12Gy; p <0.0001).
Maximum heart dose was significantly lower in DIBH and
decreased by an average of 11.88Gy when compared to
FB plans (28.33 vs. 43.7Gy; p=0.0001). In another study
by Kndchelmann AC et al. [13], the mean dose of heart
was significantly reduced by DIBH from 2.64 Gy to 1.39
Gy (p<0.001), and the mean dose to the LAD was also
significantly reduced from 5.68 Gy to 3.88 Gy (p<0.001).

In our study, statistical analysis showed a significant
reduction (mean difference of FB and DIBH doses in V20,
V,sandD__ were 12.83-6.15=6.33, 11.90-5.17=6.73 and
8.69-5.73=2.96 respectively) in dose to heart in the DIBH
plans for the parameters (V,, V,;and D__ ) as compared
to FB plans with statistically significant difference
(p=0.001). V,, V.., and D__ parameters for heart
volume support the DIBH technique for left-sided breast
cancer patients to reduce the dose to the heart without
compromising the target coverage when comprehensive
nodal region is treated.

Dosimetric characteristics of LAD showed statistically
significant low dose with DIBH ([D__, FB vs DIBH,
51.68+1.65 vs 46.91£9.90; p=0.006] [D_ . FB vs DIBH,
29.05+7.38 vs 20.95+7.65; p=0.001]) as compared to FB
technique. Table 5 shows comparative dosimetry of Heart
and LAD in left breast cancer with other studies.

Joo et al. [4] in their study observed the dosimetric
parameters of heart [(D__ (cGy), V,;, V,;, Vi, V,;, VS0
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and MHD (cm)], lung [D,__ (cGy), V,, V,, and CLD
(cm)] and LAD [D,__ (cGy) and Dmax (cGy)] showed
significant reduction when compared DIBH with FB
techniques. Al-Hammadi N et al. [11], demonstrated
that there was no statistical difference in cardiac dose-
volume histogram parameters among patients receiving
left supraclavicular fossa radiotherapy and patients treated
with breast/chest wall radiotherapy alone. Mean dose to
the left lung and lung volumes receiving V,, V,, and
V,,» were statistically significant in the subgroup with
the inclusion of supraclavicular fossa both in voluntary
DIBH and FB treatment plans respectively.

Inour study, V,, D, and D, of supraclavicular region
showed statistically significant advantage while treating
with DIBH in comparison to FB, whereas V., V- -and
D, showed no statistical significance.

95°

IMN irradiation and DIBH

Whelan et al. [14] demonstrated a reduced recurrence
rate of breast cancer, improved disease-free survival,
and distant disease-free survival after irradiation of the
locoregional lymph nodal system in node-positive and
node negative patients with risk factors. In another study
[15], treatment of the IMN lymph nodes of right-sided
disease compared to left-sided disease where IMNs were
not treated showed a 3.7% 8-year OS benefit. In our study,
patients with T4b and N2 disease received prophylactic
IMN radiation. In our study, IMN coverage was better
with DIBH than in the FB technique. Heart dose was
reduced with DIBH than in FB technique even when
IMN was treated.

Nguyen et al. [16] in their study, reviewed 49 patients
who received nodal irradiation, either to a supraclavicular
field (SCF) and IMN (16) or to the SCF alone (33) and
compared mean heart dose and dose volumes between
free breathing (FB) and DIBH treatment plans. DIBH
significantly reduced the average mean heart dose
(p<0.001) in both the IMN-treated group from 6.73Gy
to 2.79Gy (—56.4%) and the IMN-untreated group from
4.77Gy to 1.55Gy (—63.7%). There was a discrepancy
of 7.3% difference in relative reduction between IMN-
treated and non-treated groups which was not statistically
significant (p=0.216). Relative reductions in heart dose
volumes were all significantly lower for IMN-irradiated
patients (p<0.012), with the greatest separation in relative
heart sparing at low doses (V,, difference = —20.5%,
p<0.001) that gradually diminished with increasing dose
(V25).

Gaal et al. [17] observed that, among 130 patients
enrolled in the study, 88 patients received 3DCRT under
DIBH, MHD was reduced by >50%, the heart V ; Gy
by >80%, the LAD mean dose by >60% and the LAD
maximum dose by about 50% as compared to that under
FB. Among the WBI cases, at least one heart/LAD dose
parameter was more favorable in the prone or the supine
FB plan in 15 and 4 cases, respectively. Nodal doses
in a cohort of 30 WBI cases under FB vs. DIBH. WBI
with DIBH delivered significantly larger doses to the
interpectoral and internal mammary nodes, but a lesser
dose to the level 1 axillary lymph nodes than WBI under
FB.
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In our study, the dosimetric parameters V,, V.,V

D,, Dy, Dy, and D were analyzed for tgfle igriten]l(g)l
mammary nodal region and compared between FB and
DIBH plans. Among these parameters, V,, V., D, and
D, ... showed a statistically significant advantage with
DIBH in comparison to FB, whereas V., D,, and D,

showed no statistical significance.

100°

Dose to contralateral breast and esophagus

Dumane VA et al. [ 18] demonstrated lower heart doses
with DIBH and also V, and V, of the contralateral breast/
implant. Organs at risk doses for oesophagus, thyroid,
and brachial plexus showed a statistically insignificant
difference between the FB and DIBH plans.

In our study, we evaluated the D parameter of the
contralateral breast, which showed a lower dose with the
DIBH technique(p=0.027). Similarly, oesophagus also
received a lower dose with the DIBH technique (p-value
0.001). However, the spinal cord and thyroid showed no
statistical difference.

Toxicity

Darby et al. [5] reported that radiation-related
coronary heart disease (CHD) usually occurs after 10-20
years of completion of radiation therapy, and the relative
risk of CHD increases with higher RT doses. Hooning
et al. [19] studied the treatment-specific incidence of
cardiovascular disease in 4,414 patients who had survived
10 years after treatment and showed that patients who
received radiation to the internal mammary nodes as part
of their treatment had an increased risk of myocardial
infarction (HR 2.55), congestive heart failure (HR 1.72)
and valvular dysfunction (HR 3.2) compared to patients
with no radiotherapy to IMN.

Radiation pneumonitis is one of the long-term sequelae
that will manifest atleast 5-6 years after radiotherapy.
Lind Parm and Hardenberg et al. [20] demonstrated an
increasing trend of radiation pneumonitis of 4%, 6%,
and 14% with average of superior and inferior mid lung
distance (ALD) values of 3cm, respectively, though not
statistically significant.

Hence, reducing heart and lung doses are pertinent.
DIBH should be considered for left-sided breast cancer
when the patient can hold their breath as required.
Dosimetric parameters for IMN compared between
FB and DIBH showed that V , V., D, and D__
had statistically significant advantages with DIBH in
comparison to FB, whereas V. D,, and Dy, showed no
statistical significance.

IMN coverage also was better with DIBH than with
FB technique. V,, Dy, and Dy, showed a statistically
significant advantage while treating the supraclavicular
region with DIBH in comparison to FB, whereas V,
V.o @nd D, showed no statistical significance. DIBH
technique is largely reproducible and stable during intra-
fraction and inter-fraction treatments. It is important to
explore the degree of dependence and association between
dose-volume parameters and long-term cardiac and lung
morbidity and mortality.

Studies showed in patients where dose constraints
were not met in the supine 3DCRT+DIBH plans; these
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patients received irradiation using an alternative technique
with improved dose parameters such as WB/CW+nodal
IMRT, WB/CW-+nodal 3DCRT and IMRT/prone [17].
Multiple techniques exist for sparing cardiac dose,
including prone positioning, lateral decubitus positioning,
and proton therapy, which can be used independently or
in conjunction with DIBH.

If treating the regional lymph nodes without the
inclusion of the IMC, cardiac sparing can be achieved
using the prone technique. Continuous positive airway
pressure (CPAP)with 10 cm H20 pressure has been shown
to have similarity in both geometric and dosimetric aspects
with DIBH and is currently being evaluated for those who
are unable to hold breath adequately [21]. The dosimetric
analysis demonstrated that for women receiving whole
breast irradiation and regional lymph node irradiation,
DIBH significantly decreased cardiac dose for protons
and photons. However, due to the physical properties
of protons, range uncertainty and variations of RBE
and LET remain a challenge that can lead to increased
toxicity. Customising planning techniques may help
reduce uncertainties, but it may limit plan quality and
clinical implementation [22]. The present study is limited
by small sample size. A larger study with long follow-up
duration is needed to validate the toxicity.

In conclusion, DIBH is an effective method to reduce
cardiac and LAD doses while treating the left breast
cancer patients under the Forward planning FiF (Field in
Field) technique. DIBH showed a substantial reduction of
cardiac and LAD doses, but an insignificant reduction of
ipsilateral lung doses as compared with the FB technique
when regional nodes including IMC are treated. DIBH
technique requires appropriate patient selection, training,
and technical expertise which can effectively reduce
cardiac morbidity without compromising chest wall target
coverage and improving regional node coverage including
IMN. DIBH should be considered for left-sided breast
cancer when the patient can adequately hold breath.
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