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Abstract

Purpose: To investigate the cardio-pulmonary doséseen Deep Inspiration Breath Hold (DIBH) andeFBzeathing
(FB) technique in left sided breast irradiation.

Materials & Methods: DIBH CT and FB CT were acqdifer 10 left sided breast patients who underwembles breast
irradiation with or without nodal irradiation. Therdields single isocenter technique were used &iepts with node
positive patients along with two tangential confatrfields whereas only two tangential fields weied in node
negative patients. All the critical structures llkegs, heart, esophagus, thyroid, etc., were éafed in both DIBH and
FB scan. Both DIBH and FB scans were fused with Diom origin as they were acquired with the sanieob
coordinates. Plans were created in the DIBH scarafdose range between 50 Gy in 25 fractions. cafistructures
doses were recorded from the Dose Volume Histodoarnoth the DIBH and FB data set for evaluation.

Results: The average mean heart dose in DIBH v&v&813.18 Gy vs 6.97 Gy, (p = 0.0063) significantith DIBH
as compared to FB technique. The relative redudtiaverage mean heart dose was 47.12%. The eeM&weduced
by 14.70% (i.e. 34.42% vs 19.72%, p = 0.0080), Ydduced by 13.83% (i.e. 27.79 % vs 13.96%, p =TBROV20
reduced by 13.19% (i.e. 24.54 % vs 11.35%, p =@BPOV30 reduced by 12.38% (i.e. 22.27 % vs 9.89%,0.0073)
significantly with DIBH as compared to FB. The aage mean left lung dose reduced marginally by G#313.73 Gy
vs 12.30 Gy, p = 0.4599) but insignificantly withBH as compared to FB. Other left lung paramet¥s /10, V20
and V30) shows marginal decreases in DIBH planspeoeto FB plans.

Conclusion: DIBH shows a substantial reduction afdéac doses but slight and insignificant reductiérpulmonary
doses as compared with FB technique. Using the IsirdpBH technique, we can effectively reduce thedic
morbidity and at the same time radiation inducedjlpneumonitis is unlikely to increase.
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Introduction

Breast cancer is the most common cancer
worldwide. It is estimated that more than 1.7 roillinew cases
of breast cancer occurred among women worldwid@Gh2
(most recent data available) [1]. Breast canceidance rates
around the world vary a great deal. In general,eliped
countries have higher rates than developing casitriThe
main types of treatment for breast cancer are syrgadiation,
chemotherapy, hormone therapy, targeted therapye-bo
directed therapy. In most instances, the local eegional
extent of disease is treated by surgery and/oatiadi therapy
(RT). The distant disease risk is treated by systeherapy
including chemotherapy, endocrine therapy, biolddierapy,
or any combination of these agents.
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in women

Radiotherapy to the breast cancers reduces thedowrences
and improves overall survival [2]. Left sided breaad chest
wall radiotherapy results in considerable dose @arty lung
and coronary arteries. Radiation therapy is aasetiwith an
increased risk for cardiovascular disease, whicluded heart
disease such as pericarditis, ischaemic heart sisead
myocardial infarcation long after radiotherapymiay happen
many years or decades after the initial exposuaéedRof major
coronary events increased linearly with the measedo the
heart by 7.4% per gray, with no apparent thres[gjldChemo-
therapy is an integral part of the systemic therapyreast
cancer; Cardio-toxicity is one of the most impottadverse
reactions of chemotherapy, leading to an imporitacrease of
morbidity and mortality [4, 5].
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Different breath hold techniques were used to redtlwe
cardiac and pulmonary toxicity during breast radukoapy, few
common methods were the real time position manageme
(RPM) system (Varian Medical Systems, Palo Alto,)Gé&d
the spirometry based active breathing coordinathBQ)
system (Elekta, Sweden). During the deep inspmaboeath
hold, the patients need to hold the breath ford2a sec on
several occasion, during the breath hold process ctirest
expands and push heart down away from the chest thid
process will enable us to minimize the doses tohtsart and
lung during radiotherapy.

A reproducible position of deep breath hold is ae
superior compared to free breathing in thoracic disn
because of its advantage in reducing the respyratiomor
motion and varies the internal critical structuneai way it is
often protected from the radiation beams [6].

Materials and Methods

Patient demographic

Ten patients with left breast cancer treated in eamter with
deep inspiration breath hold (DIBH) were included this

study. The median age of the 10 patients withdifed breast
cancers included in this dosimetric analysis is/&ars (range:
32 — 67 yrs). 60% patients were treated with breasserving
surgery followed by whole breast radiotherapy a@#4inder-
went mastectomy and chest wall and nodal radioplyer@he

common co-morbidities are hypertension, chronictrolstive

pulmonary disease (COPD) and heart disease.

CT Simulation

All the patients underwent a Computed tomographyl)(C
simulation (GE Discovery 600 PET-CT) in supine fiosi
with arms above the head. A radio opaque brasswaekept
around the breast surface for the landmark ideatiftn. CT
slices with 2.5 mm thickness were acquired usingeei‘T’
grip wing board or MT-350 Breast board (M/S Civti§A) as

a positioning device depends upon the patient’s ybod
geometry. Wing board was preferred, if the patigmst was

Table 1. Age, Sex, status of surgery and associateatmorbidities
of selected patients

S No. Age Sex Surgery Co-Morbidities
1 44 F Lumpectomy Hypertension
2 62 F Mastectomy COPD
3 48 F Lumpectomy Heart Disease
4 53 F Mastectomy
5 65 F Lumpectomy Hypertension
6 32 F Mastectomy COPD
7 51 F Lumpectomy Heart Disease
8 67 F Mastectomy
9 49 F Lumpectomy Heart Disease

10 59 F Lumpectomy
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flat without slope on a flat surface, otherwisedsteboard with
10 to 30 degree angle was used to make an entast ¢at.
All the ten patients underwent DIBH and free bresgh(FB)
scan approach using a common Dicom origin. Reak tim
position management (RPM) equipped with infra-rednera
and 6 dot reflective markers, which are integratétth the GE
CT was used for all the patients to obtain the DIBt&ns
(Figure 1). The DICOM images from the CT control console
were transferred to the treatment planning systEm. images
were imported in the Eclipse treatment planningesws(M/S
Varian Medical System, Palo Alto, USA).

Target and organ and risk delineation

All the target volumes and critical structures likeart, left
lung, right lung, thyroid, esophagus and spinaldcevere
delineated in both DIBH and FB CT datasets indigitiu
Entire left breast were delineated for breast comden
surgery patients and left chest wall were delindéta the
mastectomy patients as a clinical target volumeBV(C An
additional margin of 5 mm isotropic margin was giveround
the CTV to generate planning target volume (PTWV)V®oost
volume for the lumpectomy patients were delineatéth the
aid of surgical clips, cavity and other radiologiead clinical
information available for the patients. A PTV bowestume has
been created by giving additional 5 mm isotropicrgma
around the CTV boost volumé&igure 1 illustrates the target
and OAR delineation in different planes.

Treatment Planning

Two plans one with DIBH data set and other planrhviB
dataset were created using 3DCRT technique. In pjamvo
tangential fields plus/minus supraclavicular figldre used to
produce adequate dose coverage for the left bnezlsine
(PTV). Critical organs were shielded using MLC waitth
compromising PTV coverage. Beam weights were agijlust
until the optimum coverage and acceptable hot spase
achieved.
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Figure 1. CT simulation of breast patient with RPM.



Raj Mani et al: Deep Inspiration Breath Hold in Left Breast

a) Deep inspirationBreath Hold technique
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b) Free breathing techniqu¢

Figure 2. Dose colors wash between the (a) Deep inspiratiBreath Hold technique and (b) Free breathing techique.
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Figure 3. Deep Inspiration Breath Hold example for data
acquisition and dose delivery with upper and lowecutoff.

Left breast set to receive at least 95% of theqoitesd breas
dose. Three fields using single isocenter technigese usel
for patients with node gsitive along with two tangenti
conformal fields whereas only two tangential fieldsre use(
in node negative patients. Enhanced dynamic wedge
used in all tangential fields to compensate fortitesast surfac
and field in field technique also ubseavhenever necessary
reduce the hot spots. Boluses were used for alteti@sny
cases to increase the dose to the chest wall.hAllptans fo
DIBH were planned with the dose rate of 600 MU/miith a
combination of 6 MV and 10MV were used dependsthe
requirements. Normally with 600 MU/min dose ratpadient
with breath hold of 20 Sec is enough to complete fidad. The
belowFigure 2 shows the sample of breath hold pattern of
patient for the CT scan acquisition and dose defivAll the
patients were planned with Eclipse treatment planniygjesn
and the dose calculation were done using anisatrapalytic
algorithm (AAA) ver.11.0.

Planning Evaluation

ICRU 83 report [6] released in 2010 used differearicepts o
plan evaluation parametets evaluate the plans. To comp.
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the DIBH and FB plans, we used the ICRU 83 definitio

determine the dose conformity and RTOG definititarsdose
homogeneity. Dose conformity and homogeneity adeper-

dent specifications of the quality of the absed dose distri-
bution. Dose conformity characterizes the degreehich the
high dose region conforms to the target volume e&®rdos
homogeneity characterizes the uniformity of theoabsd dost
within the target volume.

Homogeneity Index (HI)

~ Dogy,

. D
Homogeneity Index (HI) =—2£ Eg. 1

50%
Where Dy, Dogy, and DBy are theare the doses received by
2%, 98% and 50% of the PTV volumes respect. HI = 0
(zero) is ideal value.

Conformity Index (ClI)

In 1993, Radiation Therapy Oncology Group recommael
conformity incex (Cl) as a ratio of the reference isod
volume to the target volume.

VRI

Clgros =

TV

Where \k, is reference isodose volume, and TV is the ta
volume.

Eq. 2

Statistical Analysis

The statistical data were presented as the average of all the
patients followed by the standard deviation (X + oX). Both
DIBH and FB technique results were compared usimg
paired sample test performed using the MicrosoExcel
version 2010 with p-Vae < 0.05 considered as signific:
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Results and discussion

Both right and left lung volume of all the ten patis were
measured and tabulated in fhable 2 which shows the mean
volume = standard deviation xocX) and range for right lung,
left lung and heart volumes in FB and DIBH, respety.
Both lungs volume increased to almost double simend
DIBH, whereas the mean heart volume were relatisslgne
which shows that there is a good consistency in hbart
delineation within the FB and DIBH data delineation

TheTable 2 clearly illustrates that there is a relative e
of 1.8 and 2.0 fold increases in the right lung aeftl lung
volume in the DIBH data compared to FB data set.

Conformity index & dose homogeneity index

The treatment plan quality has been compared udivge
conformity and dose homogeneity parameters of two
techniques are performed using conformity index) (&hd
homogeneity index (HI). The calculated HI and Cltleé PTV

for both two techniques DIBH and FB are tabulatedthe
Table 3. The average conformity index (CI) @& oX) values
were 1.88 + 0.38 for FB, 1.81 + 0.29 for DIBH.

As shown inTable 3, the average minimum dose to PTV
decreased (44.74 Gy vs 44.72 Gy, p =0.286) infogmtly
with DIBH as compared to FB. However, there is ighdl
increase in maximum dose (54.76 Gy vs 55.50 Gy0dl84)
to the PTV. As compared to FB, average mean dodeTi
decreased (51.30 Gy vs 50.980 Gy, p=0.465)
insignificantly with DIBH technique. Also averageodal dose
decreased (51.72 Gy vs 50.05 Gy, p = 0.06) slightlipIBH.
Likewise average medial dose also decreased (5GypW¥s
51.05 Gy, p=0.322) slightly and insignificantly witDIBH.
The conformity index is similar (1.88 in FB vs 1.BLDIBH,
p = 0.587) for both the techniques. Homogeneityeinds
slightly better (0.11 in FB vs 0.13 in DIBH, p 0Q4) for FB
as compared to DIBH but they are comparable. Salcéhe
dosimetric parameters including conformity index dan
homogeneity index for both the techniques do naiwsta
significant change with techniques, FB and DIBH are
comparable.

but

Heart FB and DIBH plans dosimetric data
comparison

Figure 4 compares FB and DIBH Dose Volume Histograms
(DVHSs) for heart of a left breast mastectomy cds®m the
figure, it is obvious that higher relative volumgtbe heart is
getting same dose in FB as compared to DIBH. Thimore
pronounced in low dose volumes that at higher dosgisns.

As shown inTable 4, the average heart mean dose reduced
by 6.21 Gy (13.18 Gy vs 6.97 Gy, p = 0.0063) sigaiitly
with DIBH as compared to FB technique. The averaigtive
reduction in average heart mean dose was 47.12&oréelative
V5 reduced by 14.70% (i.e. 34.42% vs 19.72%, pOo&0),
V10 reduced by 13.83% (i.e. 27.79 % vs 13.96%,000873).
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V20 reduced by 13.19% (i.e. 24.54 % vs 11.35%,000669),
V30 reduced by 12.38% (i.e. 22.27 % vs 9.89 %,(00873)
significantly with DIBH as compared to FB.

Left Lung FB and DIBH plans dosimetric data
comparison

It is obvious from the~igure 5 that higher relative volume of
the left lung is getting the same dose in FB aspared to
DIBH. This is more pronounced in low dose volumeattat
higher doses regions.

As shown inTable 5 the average mean left lung dose
reduced slightly (13.73 Gy vs 12.30 Gy, p = 0.45%8it
insignificantly with DIBH as compared to FB. Thesalute
reduction in left lung average mean dose is 1.43 R&ajative
V5 decreased by 1.26% (37.95 Vs 36.69, p = 0.07498)
insignificantly with DIBH as compared to FB. Similg
relative V10 decreased by 2.71% (30.20 vs 27.4901®539)
but insignificantly with DIBH. Likewise relative W2
decreased by 3.14% (26.05 vs 22.91, p=0.4451) but
insignificantly with DIBH. Relative V30 decreaséy 2.9%
(23.75 vs 20.85, p = 0.4585) but insignificantitmbDIBH.

Table 2. Mean volume in cc and the range for rightung, left lung
and heart during free breathing (FB) and deep inspition breath-
hold ( DIBH) for all 10 patients.

FB(cc) DIBH(cc) Relative

R'(?_(h: "‘f)”g 971.92 + 133.46 1765.41£206.25 o«

* O [755.95 - 1241.54]  [1405.23 - 2095.84]

[Range]

"f,(ﬁér"é’r”g 754.49 + 88.83 1515124 £222.25 (oo
(x* o) [577.68-872.42]  [1182.19-1849.11] °
[Range]

(;f"’(‘f) 469.09 + 93.48 4683949184 oo
* O [349.42 - 654.10] [353.79 - 646.16]
[Range]

Table 3. Comparison of Dosimetric Parameters (Min Dge, Max
Dose, Mean Dose, Modal Dose, Median Dose, Conforgnindex &
Homogeneity index) during free breathing (FB) and dep
inspiration breath-hold ( DIBH) for all 10 patients

Dosimetric

FB(X £ 0%)

DIBH(X * 0y)

Parameters [Range] [Range] p-value
Minimum Dose (Gy) [:'g gj_i%'??] [:'f 1702 -it%%] 0.286
o Dose G 5705 SDLIE T o100
MeanDose (&) 15 ‘spr0) aooa-srey 045
odaDose Gy LSS SOITEL% T o0
edn oose (o) SL0 1L SLITOEL oz
Conformity Index [igg igfg] []1.?3% 1222??] 0.587
Homogeneity Index [g%ﬁigfj] [g%)gigfg] 0.024
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Table 4. Heart Mean dose, in Gy and relative V5, V10, V20 a
V30 during free breathing (FB) and deep inspirationbreath-hold
(DIBH) for all 10 patients.
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Table 5. Left Lung Mean dose, in Gy and relative V5, V10, V2
and V30 during free breathing (FB) and deep inspirtion breath-
hold (DIBH) for all 10 patients.

Heart FB (Gy) DIBH (Gy) p-value Left Lung FB (Gy) DIBH (Gy) p-value
Mean Dose 13.18+5.31 6.97+3.08 0.0063 Mean Dose 13.73+4.62 12.30+3.00 0.4599
(% + 0y) [Range] [3.64 -20.98] [2.12 - 11.16] : (% o) [Range] [3.85 - 20.376] [5.61- 15.98] .

_ V5 34.42 £12.91 19.72 +8.09 0.0080 _ V5 37.95+11.61 36.69 + 10.08 0.0798
Relative V10 27.79+12.15  13.967.02 0.0073 Relative V10  30.20+10.60 27.49 +8.61 0.0539
Volumes Volumes
X0 V20 2454 +11.56  11.35+6.42 0.0069 (X +03) V20  26.05+10.01 22.91+7.79 0.4451

V30 2227 +10.99  9.895.87 0.0073 V30 23.75+9.53  20.85+7.43 0.4585

Heart (FB)

Figure 4. FB and DIBH heart DVHs comparison.

Discussion

In this study, DIBH technique significantly reductitt mean
heart dose and V5, V10, V20 and V30 volumes contpame
FB technique, on the other hand, there is slighirmignificant
reduction in the left lung mean dose and V5, V1@0\and
V30. The DIBH mean heart dose decreased significant
6.21 Gy from 13.18 Gy as compared to FB technidimi-
larly relative V5, V10, V20 and V30 of the heargadeased
significantly by 14.70%, 13.83%, 13.19% & 12.38%
respectively. It implies that the risk of radiatiomuced
cardiac morbidity may reduce using the DIBH techeiq
However, the DIBH mean left lung dose decreaseghtji and
insignificantly by 1.43 Gy (12.30 Gy vs 13.73 GyF©.4599)
as compared to FB, relative V5, V10, V20 and V3Qhef left
lung also decreased but insignificantly by 1.26%71%,
3.14% and 2.9% respectively. Hence the risk of atami-
induced pneumonitis is unlikely to increase usimg DIBH. It
has been demonstrated in several studies that hbrgat
adaptation techniques can be used to reduce Huiated heart
and lung volumes, primarily by utilizing lung inflan which
dilutes the amount of lung tissue in the radiatfaids and
spatially separates the heart from target. Althotinghabsolute
left lung volume appeared to have increased wittBHDI
proportionately less of the left lung was irradéht&vhile lung
volume may increase with deep inspiration, the |degsity
may decrease, resulting in irradiation of a redutadtion of
normal lung mass [7]. Therefore, implementing théBID
technique using RPM system for all patients reogjvieft-
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Lung (FB)

y. Lung (DIBH)

Figure 5. Comparison of FB and DIBH Dose Volume Histograrr
(DVHSs) of left lung for a left breast mastectomy cse.

sided breast radiotherapy was feasible, becauseehefits
were obvious for patients undergoing 3DCRT.

The reported heart doses may be influenced bylbiity in
the method used to contour the heart between studie
However, several reports have documented the tmlityaand
inter-fraction reproducibility of the DIBH technigufor supine
position while with acceptable reproducibility bimstability
for prone position [8, 9]. We attempted to maintedémsistency
of volume measurements by employing the same iadiat
oncologist to perform all contouring. Even so, somaor
variations in all contours may have occurred duestgation in
the anatomy of the heart and lung between FB argHDI
scans. Our data are consistent with those of gbhbtished
reports demonstrating significant reduction in theses to the
heart with DIBH technique using active breathingntcol and
RPM systems. However, several factors may limit garnsons
between studies.

In our experience to reduce the cardiac doses, RBDC
utilizing DIBH technique with RPM system is relagly easy
to achieve compare to 3DCRT utilizing FB technigios
treatment of left breast cancer patients. AltholldRT has
been favored as an alternative method to reduadiacaend
lung doses, it could only avoid high dose regiortslavthe
volume of low and medium cardiac, pulmonary and
contralateral breast doses increase. Moreovera-fraction
and inter-fraction positional accuracy studies haweved
DIBH to be highly reproducible. Meantime, DIBH comnfity
index & homogeneity index being similar to thatk8 Cl and
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HI confirmed the comparability of both techniquigeping in
view all of these observations, 3DCRT utilizing BB
technique is found to be better than FB techniqusparing
cardiac morbidity and reducing late complicationsluding
pneumonitis slightly after irradiation of left bsgacancer
patients.

Conclusion

Our study demonstrates that DIBH is an effectivahoe to
reduce cardiac doses and pulmonary doses is unlitel
increase. In case of heart, low and medium dosenves
decrease significantly while treating the left kste@ancer
patients under 3DCRT techniques. However, in cdskfo
lung, these volumes decrease, but insignificagsed on the
review of the studies, the reduction in mean doskeiart and
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low dose volumes are likely to result in reducedghterm
cardiac risks. However, it's yet not clear abow¢ tienefit in
reducing the risks to the left lung because althotigere is a
reduction in mean dose to left lung, it is smalll dme change is
insignificant. However, it is unlikely to increasiee radiation
risks to the left lung. Moreover, DIBH technique is
substantially reproducible and stable during ifitaction and
intra-fraction treatments. The limitations inheretd this
dosimetric study with expected errors during exatiation
delivery and clinical practice indicate the need fature
research. It is important to explore the assoaiatind degree
of dependence between dose volume parameters agddom
cardiac and pulmonary morbidity and mortality.
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