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Background: Inaccuracies in treatment setup during radiation therapy for breast cancers

may increase risks to surrounding normal tissue toxicities, i.e. organs at risks (OARs), and

compromise disease control. This study was planned to evaluate the dosimetric and iso-

centric variations and determine setup reproducibility and errors using an online elec-

tronic portal imaging (EPI) protocol.

Methods: A total of 360 EPIs in 60 patients receiving breast/chest wall irradiation were eval-

uated. Cumulative doseevolume histograms (DVHs) were analyzed for mean doses to lung

(V20) and heart (V30), setup source to surface distance (SSD) and central lung distance (CLD),

and shifts in anterior-posterior (AP), superior-inferior (SI), andmedial lateral (ML) directions.

Results: Random errors ranged from 2 to 3 mm for the breast/chest wall (medial and lateral)

tangential treatments and 2e2.5 mm for the anterior supraclavicular nodal field. System-

atic errors ranged from 3 to 5 mm in the AP direction for the tangential fields and from 2.5

to 5 mm in the SI and ML direction for the anterior supraclavicular nodal field. For right-

sided patients, V20 was 0.69e3.96 Gy, maximum lung dose was 40.5 Gy, V30 was 1.4e3 Gy,

and maximum heart dose was 50.5 Gy. Similarly, for left-sided patients, the CLD (treatment

planning system) was 25 mme30 mm, CLD (EPIs) was 30e40 mm, V20 was 0.9e5.9 Gy,

maximum lung dose was 45 Gy, V30 was 2.4e4.1 Gy, and maximum heart dose was 55 Gy.

Conclusion: Online assessment of patient position with matching of EPIs with digitally

reconstructed radiographs (DRRs) is a useful method in evaluation of interfraction repro-

ducibility in breast irradiation.
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Introduction

Patients with breast cancers who have undergone either

breast conservation surgery (BCS) ormastectomywill undergo

radiation therapy as part of the treatment. Large treatment

fields are required to encompass the whole breast (chest)

volumes. Any inaccuracy in treatment setup increases the risk

of surrounding normal tissue toxicities, i.e. organs at risk

(OARs), namely the heart and lung later after radiation treat-

ment. This may also affect disease control. Hence, there is a

dire need to generate data about setup reproducibility during

treatment of locally advanced breast cancer (LABC) patients in

our population. This study is planned to evaluate the dosi-

metric and isocentric variations and determine setup repro-

ducibility and errors in a cohort of 60 (1 male and 59 females)

breast cancer patients treated with mega voltage radiographs

using an online electronic portal imaging (EPI) protocol.
Material and methods

This study is a hospital-based cross-sectional observational

study that was carried out on approximately 60 patients (1

male and 59 females) with LABC and divided into two groups

as Group ‘A’ (30 right-sided) and Group ‘B’ (30 left-sided) breast

patients aged between 25 and 75 years (mean age of 50 years)

for external beam radiotherapy (EBRT) treated during a period

of 1 year between August 2014 and August 2015 at a tertiary

care oncology centre. Assuming the standard deviation as

5 mm, we needed a sample of 170 measurements to estimate

the true deviationwith precision of 1mmand 99% confidence.

A total 360 EPIs (180 right and 180 left sided) were obtained and

analyzed in these 60 patients.

Patient inclusion criteria

Pretreatment evaluation including detailed history and

physical examination, routine hematological and biochemical

investigations, chest radiograph, and mammography to

assess local spread and to rule out distant metastasis was

carried out in all patients. Contrast-enhanced computed to-

mography (CECT) chest and Positron emission tomography-

computed tomography (PET-CT) scans/bone scans were

advised on clinical suspicion of metastases. Clinical staging

was completed as per tumor nodal metastases (TNM) staging

system. A total of 60 patients (30 right- and 30 left-sided breast

[mean age 50 years]) with biopsy-proven breast cancer who

had given consent for radiotherapy andwere being considered

for treatment with external beam radiation therapy (EBRT) as

per existing standard protocols for breast cancer treatment

were prospectively enrolled in the study protocol approved by

the institute's ethics committee.

Treatment scheme/protocol

Sixty patients underwent virtual 3D CT simulation and plan-

ned on a treatment planning system (TPS) (Oncentra, version

4.3; Elekta) using two opposed tangential fields (medial and

lateral) with 6MV photons as per international guidelines, and
treatment was executed by the existing linear accelerator

(Primus Hi; Siemens) to a total dose of 50 Gy in 25 fractions, 5

days in a week for 5e6 weeks. Electron boost to the local site

(10e16 Gy/5e8 fractions) was used in patients with BCS. A

total 360 EPIs (180 right and 180 left sided) were obtained and

analyzed in these 60 patients.

Treatment simulation and treatment planning method

All patients were immobilized on a commercially available

inclined breast board in treatment position for virtual CT

simulationwith the armon the affected side of the body raised

above the head and scanned in supine position with free

breathing on a 4 slice CT scanner (Siemens) in the Department

of Radio Diagnosis. Immobilization devices (thermoplastic

molds) were used for patients with large pendulous breasts.

Patients were clinically marked for breast/chest wall field

borders and supraclavicular field for nodal irradiation with

fiducial radiopaque point-sized (lead) ball markers. Three

markerswereplaced at the central axis of thebreast/chestwall

field, and CT lasers were matched with this central axis. Two

straight lines meeting the superior-inferior (SI) and medial

lateral (ML) field borders and joining the central marker were

drawn, and four reference markers were placed, one each at

the midline of this SI and ML field borders. Distances from

upper, lower, and lateral borders with respect to this central

marker were noted as SI and ML distance [Fig. 1]. Slice thick-

ness, KVp, and mAs were selected as per the institutional

protocol. The whole breast was scanned with a margin of at

least 5 cm in cranio caudal direction. This CT image data set of

the patient is then imported in Digital Communication in

Medicine format to contouringworkstation andTPS (Oncentra;

Elekta) for contouring structure sets and critical OARs (lung

and heart) and planning target volume on each CT slice for all

these patients and for three-dimensional (3D) treatment

planning. A blanket value of 0.2 was used by TPS to correct

isodose plans for lung tissue in homogeneity.

On TPS, a 3D-approved treatment plan was generated for

all patients. Two coplanar conventional tangential fields at

two gantry angles (usually for right side between 60 and 240�

and for left side between 120 and 300�) were chosen by mini-

mizing the dose to the OARs for treatment on a linear accel-

erator machine (Primus HI; Siemens) [Fig. 2]. Cumulative

doseevolume histograms (DVHs) for mean doses to volume of

lung receiving 20 Gy (V20), volume of heart receiving 30 Gy

(V30), and linear measurements, namely setup SSD (distance

of the perpendicular drawn from isocentre to the upper skin

border and named as AP, and SI and ML distances) with

respect to central marker and central lung distance (CLD) on

isocentric slice were calculated for each case on this 3D ref-

erenceeapproved treatment plan [Fig. 3].

This 3D-approved plan along with the reference DRR image

generated by the TPS Oncentra was exported to Primeview 3i

workstation for EPI with Optivue 500 (amorphous silicon flat

paneldetector; Siemens), EPI device (EPID)attached to the linear

accelerator machine for both medial and lateral tangential

fields on the first day and 2 subsequent days thereafter for each

patients, and the reference DRR image was superimposed on

the EPIs to verify deviations in setup reproducibility in all the

three directions (AP, SI, andML) and deviations in CLD and lung
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Fig. 1 e Markers and field borders on a patient undergoing irradiation after mastectomy for a left breast cancer.

Fig. 2 e Electronic portal images (EPIs) of left-sided chest wall (after mastectomy) irradiation (medial and lateral tangential

fields).

Fig. 3 e 3D plan and portal image showing deviations of central lung distance (CLD) of a patient who has undergone

conservative breast surgery for a left-sided breast cancer.
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involvement for the tangential fields at two different gantry

angles of the coplanar tangential fields. The shifts in super-

imposed EPIs and the DRR images generated on the TPS 3D

treatment plan were evaluated and noted as setup errors, and

the dosimetric variations for OARs due to these setup errors

were also calculated on TPS Oncentra [Fig. 4].

Definitions of setup deviations

Statistical analysis of the data generated was carried out on a

total of 60 patients enrolled in this hospital-based cross-

sectional observational dosimetric analysis. Two types of

setup deviations were analyzed, one characterized as random

deviation was related to the patient (motion while breathing

or shift in arm position), and the second systemic deviation

was due to the equipment (matching of treatment fields or

coordinates). Mean and standard deviations (SDs) were used

to characterize these setup deviations. They were calculated
in accordance with previously published definitions by

Troung et al12 Random deviations [s] were defined as varia-

tions between fractions during a treatment series. This was

calculated by estimating the deviations between fractions for

each patient, calculating the mean of these readings, plotting

the spread (1 SD) around the correspondingmean, followed by

calculation of the average of these SDs for the whole group.

Systematic deviations [s] were defined as deviations between

the planned position and the average position over the treat-

ment course. These were obtained by estimating the de-

viations between the plan DRRs and the EPIs and calculating

the spread (1 SD) of the individual means of these deviations.
Results

Demographic profile is shown in Table 1.
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Fig. 4 e 3D reference plan on treatment planning system (Oncentra™).
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Random and systematic errors

Isocentric variations

The deviation range in setup SSD and displacements in all

three directions (AP, SI, and ML) for both sided patients on 3

consecutive treatment days is shown (Table 2).

Analysis of Group ‘A’ patients showed that the shift in

setup SSD (shift in AP direction) was from 5 to 7 mm and

from 5 to 10 mm for Group ‘B’ patients, and a shift of

2e3 mm was noted for both SI and ML directions. These

isocentric deviations for all 60 patients regarding shifts in

AP, SI, and ML directions have been statistically analyzed as

random and systematic errors in all three directions (Table

3). The random errors ranged from 2 to 3 mm for the

breast/chest wall (medial and lateral) tangential treatments
Table 1 e Demographic profile of patients.

Age in years 21e30 3 (5%)

31e40 6 (10%)

41e50 24 (40%)

51e60 18 (30%)

61e70 6 (10%)

71e80 3 (5%)

Sex Male (M) 1

Female (F) 59

Surgery (laterality) After mastectomy (right-sided

breast)

27 (45%)

After mastectomy (left-sided

breast)

27 (45%)

BCS (right-sided breast) 3 (5%)

BCS (left-sided breast) 3 (5%)

Stage T1 stage 3

T2 stage 30

T3 stage 26

T4 stage 1

N0 stage 6

N1 stage 36

N2 stage 18

M1 stage NIL
and from 2 to 2.5 mm for the anterior supraclavicular nodal

treatments. Systematic errors ranged from 3 to 5 mm in the

AP direction for the tangential fields and from 2.5 to 5 mm in

the SI and ML direction for the anterior supraclavicular

nodal field.

Dosimetric variations

Deviations in CLD and dose variations in OARs due to setup

errors: In the analysis of 360 EPIs and DRRs for deviation in

CLD and dose variations in OARs due to aforementioned

setup errors measured on TPS in all the three directions as

per DVHs for tangential breast/chest wall fields of all the 60

patients, the CLD actually measured on TPS was between 20

and 25 mm for Group ‘A’ patients and CLD measured on EPIs

was between 25 and 30 mm, showing variation of 5 mm, and

the corresponding mean total lung dose V20 was between

0.69 and 3.96 Gy, maximum lung dose was 40.5 Gy, mean

heart dose V30 was between 1.4 and 3 Gy, and maximum

heart dose measured is 50.5 Gy. Similarly for Group ‘B’, the

CLD actually measured on TPS was between 25 and 30 mm,

and CLD measured on EPIs was between 30 and 40 mm,

showing variation of 10 mm, and the corresponding mean

total lung dose V20 was between 0.9 and 5.9 Gy, maximum

lung dose was 45 Gy, mean heart dose V30 was between 2.4

and 4.1 Gy, and maximum heart dose measured is 55 Gy.

Dosimetric variations are shown in Table 4.
Discussion

Radiation therapy has been used in the treatment of carci-

noma breast since early days.1e3 Recent advances in CT-based

and intensity-modulated radiotherapy (IMRT) planning have

potential to spare normal tissues, particularly the OARs.4e7

The use of CT scans for planning of these patients enables us

to virtually simulate the gantry angles of the linear accelerator

(LA) and select the optimum gantry angles. Combining this

with EPID images at the time of treatment delivery further

smoothes theworkflow in the department and ensures proper
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Table 2 e Deviation range in setup SSD and displacements in three directions for breast cancer patients on 3 consecutive
treatment days.

Patient groups Nos. of EPIs
evaluated on 3

days

Setup SSD
(actual on TPS

plan)

Setup SSD
(measured on

EPIs)

Deviation in
anterior-posterior

(AP)

Deviation in
superior-inferior

(SI)

Deviation in
medial-lateral

(ML)

A (30 right sided) 180 20e65 mm 25e72 mm 5e7 mm 2e3 mm 2e3 mm

B (30 left sided) 180 15e70 mm 20e80 mm 5e10 mm 2e3 mm 2e3 mm

EPIs, electronic portal images; TPS, treatment planning system.

Table 3 e Shifts in AP, SI, and ML directions during breast radiotherapy for LABC (random and systematic errors).

Types of errors Anterior
supraclavicular

nodal field

Medial tangential
breast/chest wall

field

Lateral tangential
breast/chest wall

field

SI ML SI AP SI AP

Random errors (mm) 2.0 2.5 2.5 3.0 2.0 2.0

Systematic errors (mm) 2.5 5.0 2.5 3.0 2.5 5.0

SI, superior-inferior; ML, medial-lateral; AP, anterior-posteriorl; LABC, locally advanced breast cancer.

Table 4 e Range of deviation in CLD and mean dose variations in OARs for both sided patients on 3 consecutive treatment
days as per doseevolume histograms (DVHs).

Patient groups No. of EPIs
and DRRs

CLD (actual on
TPS plan)

CLD
(measured on

EPIs)

Mean total lung
dose V20 (Gy)

Mean heart
dose V30 (Gy)

Max lung
dose (Gy)

Max heart
dose (Gy)

A 30 (right sided) 180 20e25 mm 25e30 mm 0.69e3.96 1.4e3 40.5 50.5

B 30 (left sided) 180 25e30 mm 30e40 mm 0.9e5.9 2.4e4.1 45.0 55.0

CLD, central lung distance; EPIs, electronic portal images; TPS, treatment planning system.
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positioning and reduction in daily treatment setup errors.8e10

Thus, implementation of the increasingly complex tech-

niqueswarrants efforts to evaluate setupverification to ensure

accuracy and reproducibility in delivering the planned ther-

apy. However, certain limitations are inherent in the process.

Because we used the diagnostic CT available in our hospital,

the bore of the CT scanner (65 cm) precludes the imaging of all

patients in the treatment position with the shoulders abduc-

ted. Hence, we routinely image patients with the ipsilateral

arm abducted beyond 90�. This leads to a change in arm po-

sition during the treatment of the supraclavicular field, if

indicated.

The random and systematic errors in the tangential portion

of LABCpatients reported inour studyare consistentwith those

in the literature.9e27 Lung and heart doses in these patients are

estimated using the International Commission on Radiation

Unit and Measurement (ICRU 50 and 62) guidelines.11 Studies

have shown that random setup errors in CLD measured by

EPIs are due to displacements in three SI, ML, and AP directions

for the 3D-planned treatment, and in 90% of all patients, the

variation of CLD was less than 10 mm on 3D-simulated plan,

and it is the largest setup error noted.12,13 There is a paucity of

information on deviation in doses for OARs due to setup

errors.14e16 Usingonline EPID imaging, the correction of patient

position is improved significantly.17,18

The doses to the OARs are correlated with toxicity associ-

ated with radiation therapy and tolerance tables that have
been published for various organs. The tolerance dose TD (Gy)/

volume (%) parameters to the lung and heart, i.e. volume

receiving 20 Gy (V20) of lung should be �30% and volume

receiving 30 Gy (V30) of heart should be�46% for symptomatic

radiation pneumonitis and pericarditis (cardiac failure),

respectively. However, the mean and maximum doses to

these organs have also been correlated with toxicity. Mean

doses of 7e27 Gy to the lung have been found to correlate with

a rate of symptomatic pneumonitis between 5e40%, and

mean dose to the pericardium (heart) <than 26 Gy has also

been found to correlate with rates of pericarditis of less than

15%.27 In another study of estimating heart dose, Kong et al

noted for left-sided breast cancer that the mean heart dose

varied from <1e8 Gy and maximum dose from 5 to 50 Gy and

for right-sided breast cancer that the mean heart dose was

always <1 Gy andmaximum dose to be < 5 Gy. They have also

suggested that CLD is also a measure of TD28, and when CLD

variation was �5 mm, the formulae by Lorenzen et al showed

a mean lung dose increase of no more than 2 Gy with <5%
variation at the 20 Gy dose level due to APmovement.29,30 Our

data correlated well with the those of published literature

with mean lung dose V20 (Gy) between 0.69e3.96 Gy for right

side (5.8%) and 0.9e5.9 Gy for left side (7%) and mean heart

doses V30 (Gy) between 1.4e3 Gy for right side and 2.4e4.1 Gy

for left sidewith CLD variation between 5mm (right sided) and

10 mm (left sided). Hence, CLD is an acceptable surrogate to

the total volume of the lung and heart receiving high doses
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and hence for long-term toxicity associated with radiotherapy

to the chest wall and thoracic cavity.

The present study was planned to evaluate dose to OARs

due to setup errors during EBRT of breast to generate data for

our patient population. This report is among the first in our

setup to document the magnitude and directions of setup

deviations in LABC for breast cancer in the era of CT-based

planning using defined protocols of patient immobilization

and EPI.
Conclusion

Online assessment of patient position with matching of EPIs

with DRRs is a useful method in evaluation of interfraction

reproducibility of tangential fields in breast irradiation,

thereby improving on the quality of treatment delivery for

our patient population. This simple technique will help to

minimize toxicities associated with irradiation of the OARs

(heart and lung) as this can be a useful surrogate for the

volume of OAR being irradiated. Image-guided radiotherapy

protocols including daily imaging and breath-holding tech-

niques as well as the use of advanced techniques of radiation

delivery such as IMRT will help to further decrease the long-

term toxicities associated with radiotherapy for breast can-

cers. However, long-term follow-up of these patients is

advocated.
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