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ARTICLE INFO ABSTRACT

Affile-’ history: Irradiating a tumor bed with boost dose after whole breast irradiation helps reducing the probability of
Received 17 October 2019 local recurrence. However, the success of electron beam treatment with a small area aiming to cover
Accepted 20 January 2020 a superficial lesion is a dual challenge as it requires an adequate dosimetry beside a double check for

Available online 22 January 2020 dose coverage with an estimation of various combined uncertainty of tumor location and losing lateral

electron equilibrium within small field dimensions.

Keywords: Aim of work: this work aims to measure the electron beam fluence within different field dimensions and
Electron beam . ) . .

Boost dose the deviation from measurement performed in standard square electron applicator beam flatness and
Small field symmetry, then to calculate the average range of the correction factor required to overcome the loss of

lateral electron equilibrium.
Material and method: the electron beam used in this work generated from the linear accelerator model
ELEKTA Precise and dosimetry system used were a pair of PTW Pin Point ion chambers for electron beam
dosimetry at standard conditions and assessment of beam quality at a reference depth of measurement,
with an automatic water phantom, then a Roos ion chamber was used for absolute dose measurement,
and PTW 2Darray to investigate the beam fluence of four applicators 6, 10, 14 and 20 cm? and 4 rect-
angular cutouts 6 x 14, 8 x 14, 6 x 17 and 8 x 17 cm?, the second part was clinical application which
was performed in a precise treatment planning system and examined boost dose after whole breast
irradiation.
Results: revealed that lower energy (6MeV and 8MeV) showed the loss of lateral electron equilibrium
and deviation from measurements of a standard applicator more than the high energy (15 MeV) which
indicated that the treatment of superficial dose with 6MeV required higher monitor unit to allow for the
loss of lateral electron equilibrium and higher margin as well.

© 2020 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.

Whole breast irradiation

1. Introduction

Clinical need for electron beam therapy still exists even with the
fast development of photon therapy, this is because of its ability
to avoid exposing the deeper tissues while providing high dose to
the superficial region. Clinical application of electron beam is very
widespread in external beam radiotherapy for skull cancer injury in
elderly patient' boost or chest wallirradiation after breast surgery,?
And treatment of mycosis fungoid or skin cancer with total skin
electron irradiation.?,*

Electron beam dose distribution was first calculated by an algo-
rithm which sums the dose distribution of individual pencil beams
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as described by the Fermi-Eyges theory then with sector integration
method (SIR)°> which was suggested for output calculations with
irregular electron cutout considering changes in electron fluence,
scatter from the edge of cutout shield and side scatter equilibrium.

Another dosimetric concern was the lateral build-up ratio (LBR)
LBR data for a small circular field are utilized to extract radial spread
of the pencil beam, depth and energy. The adapted method was
more tested using a small triangular field, the maximum difference
was 4.8 %.5

The quantity of scattered radiation was expected to be reliant
on the design of applicator and also the electron beam formation
in the treatment head. Therefore, the scattered radiation decreases
slightly with increasing field size and spreads regularly over the
aperture.’

The practical regards for electron beam treatment with small
field size are specified to superficial lesions adjacent to critical
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structures, as the eye, which may need tight limits, nonstandard
distances of treatment and small megavoltage fields. When the
field size is smaller than the practical range of electron beam, dosi-
metric measurements should be performed to give a suitable beam
flatness and penumbra. This is achieved by coning down the inci-
dent beam to a small field size, and adding a single lead sheet to
the skin surface of patient. The space of sheet is required to be
more than 2 x 2 cm? in size and must be cut properly to adequately
limit the treatment area.® Experimental verification of (LBR) on 4-
MeV electron beam reported the need for suitable matching within
range?10

Another method for calculating dose per monitor unit (dose
/M.U.) calculated PDD and output factors from the measured elec-
tron beam PDD curves and output factors for circular fields. This
method results were more accurate for the change in lateral scatter
with a small field size. Therefore, it provides more accurate val-
ues of dose /M.U. at different depths for all types of field shapes
and beam energies. For beam energies in the range of (6-21) MeV,
differences between measured and calculated dose/M.U. values, at
different depths, were +1.0 %.!!

The usual practical technique for breast cancer after tumor
resection is to receive either chemotherapy or hormonal therapy
and whole breast radiation therapy which classically includes two
peripheral fields either with a total dose of 50 /25 Gy fraction or
40/15 in daily mode, then more boost dose which has a role to
control the tumor bed.'2,!3

Various models of Monte Carlo simulation give further accu-
rate calculations and allow for different atypical conditions which
in turn decrease the uncertainty in the calculated dose to a few
percent,'* combine those models to more accurate dosimetry and
increase the treatment accuracy, too.

The irradiation technique for boost is not standard, whether
electron, photon or remote after loading brachytherapy.!> Boost
dose is used in brachytherapy either alone or combined with WBI
in women with early-stage breast cancer treated with breast main-
taining therapy. However, for early stage breast cancer, electron
is preferred after 3D conformal radiotherapy (3DCRT) to avoid
increasing dose to the heart and contralateral lung.'® Local recur-
rence is not found to be affected by the technique of direct electron
compared to intensity modulated radiotherapy (IMRT)!7 or even
electron versus volumetric modulated radiotherapy (VMAT). Mod-
ification of electron beam is suggested to increase dose conformity
with better sparing of healthy surrounding tissues.'® Better clinical
and cosmetic outcomes were also observed in cases that received
boost dose in electron beam within the 15t year and for twelve years
of follow up.'?

When high electron energies are selected, care should be taken
as the coverage at depth is more difficult to uphold in the clinical
setting.2? Monte Carlo (MC) evaluation of electron beam suggested
the addition of electron degraders (ED) for breast boost irradia-
tion to achieve uniformity in dose distribution in water using ED at
9MeV.?!

Another delivery mode of electron is intraoperative radiother-
apy (IORT); in which boost dose is delivered prior to whole breast
irradiation (WBI) and with single doses around 10 Gy. Compared
to other boost methods, it has evident advantages of direct visual-
ization of a tumor bed during surgery which guarantees a precise
dose delivery with direct tissue exposure without expansion by
hematoma/seroma.22-23 This technique is also used when further
re-irradiation is needed.>*

In this work, the target is to measure the electron beam fluence
within different field dimensions and the deviation from mea-
surement performed in standard square electron applicator beam
flatness and symmetry, then to calculate the average range of the
correction factor required to overcome the loss of lateral electron
equilibrium.

2. Materials and methods

The study was performed in two separate steps; dosimetric
measurements followed by clinical application on the electron
boost.

2.1. Dosimetric section

The dosimetric section included the measurements of PDD
curves and beam profiles at standard conditions, then the effect
of different field dimensions on each energy was examined using
PTW 2d array for beam profiles and PTW Roos ion chamber for
absolute dose measurement.?> The clinical application of boost
dose received by electron after whole breast irradiation included
patients who first underwent sonography to define the perimeter
of tumor bed localization on the breast skin with a marker and
reported depth, then the CT scan simulation to receive adjuvant
WBI therapy. The electron boost field was delineated with a 2cm
border perimeter of the demarcated area on the breast skin as the
tumor bed. Then a lead wire marker compatible with CT scan was
located on the borders. In the next step, the patient was taken
under the CT scan simulation in the radiation treatment position
on a breast board (CT scan model: Siemens, SOMATOM Sensation
14). The patient position was supine, with both arms up. The CT
scan images were imported to ELEKTA precise treatment planning
software (version 6). Localization of the tumor bed was performed
with assistance of a radiopaque marker placed on the breast skin
on the borders of the clinical delineation. Then, patients were sub-
jected to CT simulation and the electron boost volume was made
by contouring the tissue underlying the marker.

After importing CT images, treatment planning was performed
for whole breast irradiation using two tangential photon fields with
3D-Conformal radiotherapy of 50 Gy in 25 fractions. Then, for boost
radiotherapy, radiopaque markers (lead wire on the breast skin) in
CT images was contoured as an electron boost field with assistance
of clips, if present, and post-surgical seroma. Clinical target volume
(CTV Boost) was contoured by adding 1 cm around it. Boost plan-
ning target volume (PTV) was obtained by adding 1 cm around the
CTV. Electron treatment planning was made with a 2-cm border
and the optimum energy was chosen for covering the depth of PTV
boost depth by isodose 90 %. Then, isodose coverages were exam-
ined and the treatment planning data, including field size, energy,
the dose covering 95 % of PTV and the volume receiving 90 % dose
V90 %, and 50 % dose V50 % of PTV Boost, were recorded.

Electron beam dosimetry was performed with an automatic
water phantom PTW 2d array 729 to measure beam fluence in
rectangular fields and square fields.

PTV was generated usinga 1-cm margin around the CTV. An elec-
tron beam treatment plan was generated for each technique using
the FOCUS three-dimensional treatment planning system. Dose-
volume histograms (DVH) were created to determine the fraction
of the PTV getting 90 % of the specified dose if treatment was con-
veyed using the EBV. Furthermore, DVH analysis was done to limit
the excess volume of normal tissue irradiated when using the EBV.

2.2. Clinical application

For clinical application, twenty breast cancer patients were
planned to receive localized boost dose after whole breast irradia-
tion. The tumor bed was defined and delineated with the guidance
of preoperative mammography, surgical clips, if present, seroma
and post-operative changes. The planning system was PRECISE
ELEKTA and the electron beam was generated from ELEKTA lin-
ear accelerator and measured with PTW Markus ion camper for
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Table 1

Electron beam characteristics from the measured PDD curve, app 10, SSD=100 cm.
Parameter 6MeV 8 MeV 10MeV 15MeV
Mean energy (MeV) 6.01 7.86 9.63 15.22
Epo (MeV) 6.68 8.62 10.38 16.19
R100 (mm) 15.00 18 21 28
R90 (mm) 19.19 25.41 31.33 48.56
R50 (mm) 25.78 33.74 41.33 79.85
R (mm) 20.36 26.72 33.21 51.89
Rp (mm) 32.48 42.19 50.96 42.44
Zre (cm) 1.4 1.9 24 3.8
Ko 0.934 0.927 0.920 0.9

absolute electron dose measurement and PTW 2d Array for beam
fluence and to evaluate flatness and symmetry.26

2.3. Time and place of study

This study was performed at the Radiation Oncology depart-
ment, at the hospital for patients with breast cancer, from 2017 to
2018.

2.4. Inclusion criteria

Patients with breast cancer subjected to breast conserving
surgery were eligible after twenty days of surgery.

2.5. Statistical method

The sample volume was determined for 24 patients based on
former studies and formula for calculating the sample size. The
obtained results were analyzed using the software (SPSS Vr20.0)
and the hypothesis was tested using t-test.

2.6. Medical ethics

Use of the above method was approved depending on the previ-
ous dosimetric studies. Routine and standard treatment was done
for all patients and no one was deprived of it.

3. Results
3.1. Dosimetric measurements

Table 1 illustrates the electron beam characteristics from the
measured PDD curve, 10 x 10 applicate, SSD = 100 cm (at energies 6,
8,10 & 15 MeV). The measurements showed that the depth of max-
imum dose, surface dose as well as the practical range increased
with energy; however, the highest energy, 15 MeV, reached 50 % of
incident dose at 8 cm depth, which made electron a suitable treat-
ment option for superficial treatment sparing the deeper tissues.
These findings agree with the study of Aghili et al. that examined
electron at different energies at 100 cm SSD and 10 x 10 field size.?5

Depending on Z..s for each energy, with its beam quality fac-
tor, absolute dose was measured at different field dimensions and
compared with dose calculated by the treatment planning system
PRECISE ELEKTA as illustrated in Table 2.

In addition, the electron beam fluence was measured at SSD
100 cm and at different field dimensions. Profiles of different beams
were collected to be compared with the nominal standard profile
in Fig. 1 showing the difference between fields due to minimized
dimensions, which indicates the ability of high energy to keep lat-
eral border equilibrium.

Analysis of profiles, as illustrated in Table 3, revealed the most
valuable differences in the measured parameters (central axis devi-

Table 2
Absolute dose at different field dimensions comparing with dose calculated by treat-
ment planning system PRECISE ELEKTA.

Energy factor Field size Calc. dose/100MU Measured (ROOS
IC) (mean 4 SD)

6 MeV 6x6 78.9 85

8x8 99.7 99

10 x 10 94.4 102

14 x 14 94.4 100+0.3

6x 14 94.4 100+0.5

8x14 95.62 102

6x17 95.62 100+0.2

8x17 95.62 100+0.3
8 MeV 6x6 86.3 85.5

8x8 99.4 100

10x 10 96.3 99.7

14 x 14 96.3 99+0.5

6x 14 96.3 100.6+0.5

8x 14 96.5 100

6x17 96.5 98+0

8x17 96.5 100+0
10MeV 6x6 84.1 93

8x8 99.9 100

10x 10 94.9 99

14 x 14 94.9 96

6x 14 94.9 99

8x 14 94.2 98

6x17 94.2 96

8x17 94.2 99
15MeV 6x6 95.6 98

8x8 99.8 100

10 x 10 95.4 99

14 x 14 95.4 98

6x 14 95.4 100

8x 14 94.7 98

6x17 94.7 99

8x17 94.7 100

ation (CAX Dev), point distance and target coverage factor (F80 |
F90)) with the 4 different energies.
From Table 3, we noticed the following:

I At 6 MeV, the central axis deviation of dose is higher with appli-
cators 14 and 20; however, the measured dose, flatness and
symmetry did not show such a significant variation, One expla-
nation of such a lower effect is the design of Elekta applicators
which was approved to cause less scatter effect when compared
to other treatment machines.’

Il There is a small difference between the reference field size and
the irregular lead cutout for low electron energy. Also, profile
parameters for the small lead cutout differ from the reference
field size when one of the field dimensions is smaller than the
practical range of the electron energy used. The difference in the
output factor for rectangular lead cutouts and its valent square
field size decreases with the increase of field dimension.?’

Ill 8 MeV is characterized by relatively higher surface dose and
deeper practical range and dose symmetry, which make it more
adequate to irradiate tumors within 2:2.5 cm depth. Dose distri-
bution was examined for different applicators and 4 rectangular
fields, as shown in Fig. 1; in irregular fields the flatness was
lower because of the electron contamination from the cerrobend
cutout. Penumbra is the middling distance which separate 80 %
and 20 % of isodose lines. The electron field penumbra (20 %-80
% intensity) increased at lower energies and decreased for higher
energies (inversely proportional to the energy).

IV At 10 and 15MeV, the beam is more forward dispersed, with
smaller lateral dissipation, giving rise to a narrow penumbra.
This is expected because high-energy electrons are subject to
less scattering. These results show an agreement with another
dosimetric study examined at electron of 6 and 20 MEV.28
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Fig. 1. Collected profiles for each energy, the red dashed circle highlights the effect of field dimensions among the different energies (6, 8, 10 & 15 MeV).

Table 3
Electron beam Characteristics for different fields.
Energy = Measured parameters  App 6 App 10 App 14 App 14 App 14 App 20 App 20 App 20
6.0x6.0cm?> 10 x 10cm? 14 x 14 cm? 14 x 6 cm? 14 x 8 cm? 20 x 20 cm? 20 x 6 cm? 20 x 8 cm?
CAX Dev. [mm] —0.65 -0.22 -0.3 -0.54 —2.64 -1.54 0.15 —-4.87
6MeVv  PointDistance [mm]  11.36|10.52 12.82]1221 13.93|13.17 1527|1555 17.38]15.49 15.76113.85 15.72]15.89 17.37]|16.92
F80 | F90 [mm] 9.4419.72 9.19]9.60 8.5719.13 9.85/10.76  709.62|710.16 7.42|8.06 8.56 | 9.08 11.94]12.89
CAX Dev. [mm] -0.79 -0.38 —-0.43 0 —-2.12 -1.48 0 0.43
8MeV  Point Distance [mm]  11.80]|10.66 1292|1225 1426|1348 1591|1591 16.51|15.11 1579|1430 16.18]16.18  16.20 | 16.30
F80 | F90 [mm] 9.7319.99 9.04]9.42 8.669.17 4926149.78 38.57|39.06 7.2317.93 62.95]63.92 51.98]52.65
CAX Dev. [mm] 0.15 0.33 0.29 -1.03 0.87 —0.42 243 5.63
10MeV  Point Distance [mm]  11.97|11.43 12.66]12.58 13.96|13.69 14.50|14.02 15.26 | 15.40 16.48|14.99 1424|1520 15.01|14.37
F80 | F90 [mm] 9.83|10.63  9.29]9.69 8.88]9.41 4924149.65 37.49|38.09 7.61]8.51 64.25|64.67 55.10|56.45
CAX Dev. [mm] -0.13 0.26 0.17 0 2 -0.97 0 -1.79
15MeV  Point Distance [mm| 1176|1155 13.03|12.73 14.48|13.77 13.89]|13.89 14.53|14.30 16.73|14.66 1517|1517  14.91]14.25
F80 | F90 [mm)] 9.3819.71 8.8619.31 8.49]9.11 4751|4804 37.17|37.79 5696.71 62.05]62.66 50.73|51.38

V Finally, Tumor bed irradiation in standard conditions applied
within 2 cm margin was adequate within standard conditions
of irradiation. Extra margin was required with a field width
smaller than 0.8E. The same energy was taken when high elec-
tron energies were selected because of the higher stability of
energy. However, other studies considered, the high electron
energy coverage at depth is more difficult to maintain with breast
curvature.?!

3.2. (Clinical application

In the clinical part, twenty cases of breast cancer received con-
servative surgery and chemotherapy followed by whole breast
irradiation. The regional tumor bed was delineated by an oncol-
ogist based on pathology report to receive 10 Gy in five fractions as
a boost course, Fig. 2.

The average size of measured dose and the energy required for
uniform radiation dose distribution are illustrated in Table 4.

From Table 4, the difference between the measured and cal-
culated data of D95 % (the depth of 95 % dose coverage) indicated
number of findings: The planning system did not include the corre-
sponding variation due to the addition of block and external cutouts

must be calculated and considered throughout the calculation. The
addition of cutouts is most effective as field width decreases more
than 6 cm, where electron beam loses lateral electron equilibrium.
The difference remains within the same range for low and high
energy, which means that correction factor must be added to allow
for the difference. Each energy was examined with cone 10 x 10,
and different field dimensions. The measured output factor was
compared to the calculated one in the treatment planning.2° The
calculated dose was under-estimated where the measured values
found to be over-estimated. This clear evaluation of dose delivery in
electron applicator help providing better cardiac sparing as well.26
The relation between dose coverage and energy of electron
beam is illustrated in Fig. 3. Selection of beam energy to irradi-
ate boost dose depends mainly on the position and depth of it.
Dose coverage per energy shown in Fig. 3 for the selected sample
declared that 10 MeV is the energy that provides suitable coverage
with minimal effect on the field borders as shown previously.

4. Conclusion

This study displayed the electron beam characteristics com-
bined with inaccuracies to determine the accurate location tumor
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Fig. 2. Breast case with tumor bed (dark orange), breast is defined for irradiation.

Table 4
Dose statistics for electron boost dose.
Pt percentage Stage Boost field (cm?) Prescribed depth (cm) Energy D1gox (mm) Dosy (mm) Dsoy% (mm)
10 1 6x6 Dmax 6 6 3.5 9.6
30 2 6x11 Dmax 8and 10 15 and 23 25 and 34 12 and 50.8
8x11 3
40 3 8x 14 Dmax 10 23 34 50.8
14 x 14
20 4 14x 14 Dmax 10 23 34 50.8
45 Informed consent
4 Informed consent was obtained from all individual participants
35 involved in the study.
3 Ethics committee approval
=) o
S 25 The reported measurements performed in this study on the
0 . . . .
s patients were made based on the ethical standards of the insti-
8 tutional and/or national research committee and with the 1964
15 Helsinki declaration and its later amendments or comparable eth-
ical standards.
1
05 Financial disclosure
0 None declared.
6MeV 8MeV 10MeV 15MeV

ELECTRON BEAM ENERGY.

Fig. 3. electron boost dose in breast cancer radiotherapy: relation between energy
of electron beam and V90 %.

bed. The measurements showed that the low-energy electrons may
be unable to provide adequate coverage while high-energy elec-
trons may increase the dose received by organs at risk. In case of
a field border lower than practical range, it's recommended that
either 10 or 15MeV because they achieve the smallest deviation
with narrow field borders. Limitation of electron boost treatment
field within the practical range of energy will serve as a guide in
the development of intensity modulated electron therapy.
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