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ABSTRACT

Regarding the increasing use of small-field photons in clinical treatment, in this study, we investigate the use of
small-field electron beams in clinical treatment. This study aimed to evaluate small-field electron beam dosimetry
of the nasopharyngeal, thyroid, and ethmoid sinus carcinoma cases. Dose measurement was done using EBT3 film.
In nasopharyngeal cases with a homogenous area and irregular surface, the dose discrepancies for 6 MeV energy
were unpredictable except for the 5x5 cm? field size. For all energies in 5x5 cm? field size, the dose discrepancies
were less than 3%. In these cases, we found that a smaller electron beam field will increase the percentage of the
dose discrepancy. This is caused by the effect of the lateral scatter disequilibrium in a small field electron beam. For
ethmoid sinus cases, dose discrepancy depends on the field size and inhomogeneity of bone and tissue organ. Based
on the evaluation of doses on the spinal cord, chiasm, and larynx, it can be seen that these organs received a very
small dose. From this result, a small field electron beam is recommended for cases with a homogeneous target.
However, in cases with a heterogenous target, further investigation is needed.
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ABCTPAKT

B cBfI3W C pacTylmUM MCIO0Jb30BaHUEM MaJIONO/NbHbIX (OTOHOB B KJIHWHUYECKOM JIeYEHHWH, B J[JaHHOM
HCC/IeIOBAaHUM Mbl M3y4aeM MCIOJIb30BaHHE MaJIONOJIbHBIX 3JIEKTPOHHBIX MYyYKOB B KJIMHUYECKOM JIeYEHHUH.
llesbl0 JAaHHOTO HCCIAEZ0BaHUSI OblIa OlleHKA JO3WMETPUU MAaJIONOJILHOTO 3JIEKTPOHHOTO My4YKa B C/AydYasx
KapIMHOMbI HOCOTJIOTKH, I[UTOBUJHOH >XeJjie3bl U 3TMOHWJHOrO CHHyca. VMiaMepeHue [103bl MPOBOJAMJIOCH C
ucnoJsib3oBaHueM miaeHkd EBT3. B ciyyasix HOCOTJIOTKH C OJTHOPOJHOUM 06JIaCThI0 U HEPOBHOU MOBEPXHOCTHIO
Pacxo/eHus 103 [Jisl IHEepruu 6 MaB 6blM HelpeAcKasyeMbIMH, 3a UCKJIIOYeHUEM pa3Mmepa mnoJs 5x5 cm2. s
BCEX JHEPrUH NpU pa3Mepe MoJis 5x5 CM2 pacxokJeHHUs B Z03e cocTaB/siiu MeHee 3%. B 3Tux ciaydasix Mbl
06HaPYKUJIH, YTO MEHbIIIEe [0JIe 3JIEKTPOHHOI0 MyYKa yBeJIMUMBAET MPOLEHT PAaCX0XKAeHHUs B /j03€. ITO BbI3BAHO
3¢ dexkTOM HepaBHOBeCHSI GOKOBOTO pacCesiHUs B 3JIEKTPOHHOM MyYKe C MaJIbIM MoJieM. B citydae ¢ aTMouAaIbHbIM
CUHYCOM HECOOTBETCTBHUE /I03bl 3aBHUCUT OT pa3Mepa IMOJII U HEOJHOPOJHOCTU KOCTHOW TKaHU M opraHa. Ha
OCHOBaHUWHU OL[€HKH /103 Ha CHUHHOW MO3T, XHa3My U TOPTaHb BU/IHO, YTO 3TU OPraHbl OJYYUIH 0Y€Hb MaJIEHbKYI0
no3y. Ucxo/is U3 3TOTO pe3yJbTaTa, 3JIEKTPOHHbBIH JIy4 MaJIOTO M0Jisl PEKOMEH/IYEeTCS UCMOJIb30BaTh B CAYYasix C
OJIHOPOZIHOM MuUIIIeHbI0. OIHAKO B CJIy4asix C HEOJHOPOAHOM MHUIIIEHbIO HEO6X0AUMO ZlaIbHelIIee uccaejoBaHHe.

KnwueBsble cj10Ba: JyeKTpoH; radpxpowm; miaeHka EBT3; netOD
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INTRODUCTION

Radiotherapy for superficial targets has
been using high-energy electron beams for
more than 50 years.! An electron beam was
chosen because it has a uniform distribution
of dose, hence the dose falls off with
increasing depth sparing the organs in a
deeper position.?

Currently, small-field techniques in cancer
treatment are rapidly developing. The
techniques have proven to increase the dose
on the cancer target and minimize the dose on
the organ at risk (OAR), achieving the
therapeutic ratio of radiotherapy. However, a
small-field electron beam causes a lack of
lateral to scatter equilibrium.3 Dosimetry
accuracy in the verification of small-field
electron is one aspect that needs to be
developed related to the success of delivering
radiotherapy methods* which normally use
Radiochromic films for dose measurement.*
One of the films with many advantages and
mainly used in radiotherapy is the Gafchromic
EBT3 film. The Gafchromic EBT3 film has an
equivalent density with tissue, high spatial
resolution, and sensitivity.

The implementation of the small field
electron beam is commonly used in the
treatment of nasopharyngeal, thyroid, and
ethmoid sinus cancers. Within undelivered
total dose from treatment using photon beam,
the purpose of radiotherapy has not yet
achieved since the dose in OAR is beyond the
tolerance limit around the target.5 Therefore,
this study enquires small field electron beams
chosen to increase the dose at the surface
target and minimize the dose in the spinal
cord and chiasm (OAR). The aim of this study
was to evaluate small field electron dosimetry
in target volumes and OAR using Gafchromic
EBT3 films.

MATERIAL AND METHODS
Irradiation of Gafchromic EBT3 films was
performed using an applicator with a 6 x 6
cm? frame size on EBT3 film and 2x2 cm?
frame size at maximum depth, measured in a
blue water phantom for each field size (Figure
1) with a varied electron beam energy of 6

MeV, 12 MeV, and 15 MeV. Each beam has
various dose ranges (0-250 cGy). The
calibration of EBT3 film was conducted on
dmax- The previous study was done by Ulya et
al. (2016), that recommended the use of curve
calibration for small electron beam using
every field size.6 The variation of each energy
electron beam was done using a radiation field
of 5x5,3%x3,2x2,and 1 x 1 cm?.

Digitalization was performed using V700
flatbed scanner with 72 dpi in 48 bit RGB. In
order to analyze the pixel value readout,
Image-] software was used. The red channel
was used to analyze since it has the highest
netOD. The netOD value was calculated by
subtraction the pre-scan OD value from the
corresponding post-scan OD value.

Rando phantom was scanned using
Toshiba CT Simulator and GE Bright Speed CT
Simulator (Figure 2). Image CT was
transferred to the Treatment Planning System
(TPS) and was delineated by the radiation
oncologist to determine the target volume and
OAR.

Treatment planning for small-field
electron beam on ethmoid sinus,
nasopharyngeal, and thyroid cancer volume
targets was carried out by medical physicists
using the TPS Eclipse 13.6, shown in Figure 3
and TPS Precise Plan Release 2.16 - 28.76.
This planning was created with field size
variation of 1x1 cm?, 2x2 cm?, 3x3 cm?, and
5x5 cm?for 6,12, and 15 MeV electron beams.

The planning data result from the TPS
Eclipse was sent to the Varian Trilogy Linear
Accelerator (LINAC) for the purposes of
irradiation using an electron beam and the
setup position of which is shown in Figure 4.
Treatment planning data from TPS Precise
Plan was sent to Synergy Platform LINAC.

Measurements on nasopharyngeal
carcinoma volume targets were taken on 270°
gantry with 102 cm source-skin-to-distance
(SSD), with 1x1 cm?, 2x2 cm?, 3x3 cm?, and
5x5 cm? field sizes. The measurement of OAR
dose in the spinal cord was done using EBT3
film with the planar setup. This was carried
out to evaluate the range of the electron beam
dose in the target and OAR.
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Figure 1. Calibration setup of the EBT3 film using small field electron beam

In the ethmoid sinus volume target,
measurement was taken using 100 cm SSD
and 0° gantry. In this case, we used EBT3 film
with a length of 10 cm to reach the distance of
the OAR (chiasm) which is at a depth of 9 cm
from the surface. This irradiation technique
used an applicator with 6x6 cm? size and
varied sizes of electron beam fields such as
1x1 cm?, 2x2 cm?, 3x3 cm?, and 5x5 cm?. The
radiation image was analyzed using Image-]
by drawing a line from the surface to the range
of the OAR.

The thyroid volume target was measured
using 102 cm SSD and 0° gantry with EBT3
film in a planar setup ranged until the isodose
line 70% from the prescribing dose. Another
evaluation using the EBT3 was conducted to
describe the dose coverage of the larynx as the
OAR. For this case, 100 cm SSD cannot be
achieved for the nasopharyngeal and thyroid
case because of the difference in the irregular
shape of the head and neck anatomy.

Evaluation of the therapeutic planning
results was done by comparing the dose of
TPS Eclipse and Precise with the results of
measurements on EBT3 films in each field.
This evaluation has been done for 100%

isodose of the nasopharyngeal carcinoma and
ethmoid sinus cases. However, the clinical
electron beam dose evaluation of other
isodose in 90%, 80%, and 70 % is needed. The
prescription dose in this method used 200 cGy
dose prescription in each case. The value of
the dose discrepancy can be shown in
equation [1].

Discrepancy (%) = M x 100% [1]
plan

with Dmeasure is the dose read on EBT3 and Dpian
is a dose calculation of TPS Eclipse.

In this method, we evaluated the
nasopharynx, thyroid, and ethmoid sinus as a
target. Each case has its own unique
characteristic. A nasopharyngeal case has a
homogeneous density of soft tissue but has an
irregular surface and the existence of a
vertebra at the depth of 5 cm from the surface.
The thyroid case has an inhomogeneous
target of soft tissue and air cavity. While
ethmoid sinus case has an inhomogeneous
density that comes from the soft tissue and
bone.
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i

Figure 2. Scanning of Rando Phantom using CT Simulator Toshiba

(c)

Figure 3. Treatment planning of the (a) ethmoid sinus, (b) nasopharyngeal, and (c) thyroid
case cancer targets using TPS Eclipse
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(b)

Figure 4. (a) EBT3 film setup (b) irradiation of small field electron beam of the ethmoid sinus
case

RESULT

The calibration curve for the small field
electron beam of the EBT3 film calibration and
the netOD value was analyzed on each
calibration equation of energy. The plot of the
calibration curve was generated using the
polynomial equation. The calibration curve of
each electron beam field size and each energy
is linear, with an R-value close to 1. That
means the increase of netOD on the EBT3 film
is directly proportional to the dose delivery
(Figure 5).

The dose evaluation of small electron
fields in the nasopharyngeal carcinoma cases
using an electron beam was performed in
various field sizes ranging from 5x5 cm? to
1x1 cm?. Each field used variations of electron
beam energy of 6, 12, and 15 MeV on the
Varian Trilogy and Elekta Platform LINAC. The
area chosen for small field technique in
nasopharyngeal cases is a homogenous area

with an irregular surface, shown in Figure 3b.
Figure 6 shows the isodose line 100% in
nasopharyngeal carcinoma case. The higher
energy of small field electron, the dose
discrepancies is more consistent. However,
especially for the Varian Trilogy Linac on the
15 MeV, the dose discrepancies are invariable.
The dose discrepancies for 6 MeV energy are
unpredictable except for 5x5 cm? field size.
This is appropriate according to Aubry et al.
(2011).7 For all energies in 5x5 cm? field size,
the dose discrepancies were less than 3%.8
Therefore, the higher the energy, the lower
the dose discrepancy will be. Based on the
result of the analysis of dose discrepancies
between dose measurement with dose
calculation on the TPS, we could find that a
larger field size of the electron beam would
results in a smaller percentage value of the
discrepancies (see Figure 6).
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Figure 5. Calibration curve of 12 MeV energy of 1x1 cm? field size
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Figure 6. Dose discrepancies evaluation of nasopharyngeal carcinoma in the isodose line
100%

In the ethmoid cases, the 1x1 cm? field size
shows a smaller discrepancy, due to the
homogeneous area target in this field size. Yet,
there is a high discrepancy in 3x3 cm? and 2x2
cm? field size which can be seen in Figure 7,
mostly caused by the inhomogeneity of the
ethmoid. In these cases, internal factor
heterogeneities are noted and such for non-
equilibrium side scatter which is caused by
lateral discontinuities of the skin surface and
internal anatomy. Similarly, these notions are

concluded in the research done by Palta et al
(1983).0

The lower discrepancy is due to a small
effect of lateral scatter and lower surface
irregularity in 5x5 cm? field size. Meanwhile,
in the 3x3 cm? and 2x2 cm? field sizes, the
discrepancy value of the dose is greater than
the 5x5 cm? field size (Figure 7). High surface
irregularity in these fields could explain the
high dose discrepancy. In the 1x1 cm? field,
the surface irregularity is low while the lateral
scatter is high, causing low dose discrepancy.
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Figure 7. Evaluation of dose discrepancies of ethmoid sinus cancer in the isodose line 100%
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Figure 9. The dose discrepancies of the 6 MeV in the thyroid case with isodoses line 100, 90,
80, 70%

62| DOI: https://doi.org/10.33533 /jpm.v17i1.5848 Vol 17 No : 1 (2023)



https://doi.org/10.33533/jpm.v17i1.5848

S.Ulya, D. Ryangga, W.E. Wibowo, N.Nasution, S.A. Pawiro

204

i
(&)
1

Dose Discrepancy (%)
5
1
n

(&)
1

4 preonm
©
S

[ R 2

T
Ix1 2x2

3x3 5x5

Field Size (cm?)

Figure 10. Ethmoid sinus case dose discrepancies in the 12 MeV energy electron with isodoses
line 100, 90, 80, 70%

DISCUSSION

From the result of the nasopharyngeal
cases using 12 MeV energy, we can see that
the greater depth affected the higher dose
discrepancies (Figure 8). Increasing depth
from the electron beam source has made
dose measurement more unpredictable due
to the contribution of the electrons scattered
from lateral sides surrounding the cavity to
the on-axis electron fluence, the energy of
which is decreasing.10 Besides that, other 5x5
cm? field size shows that the dose
discrepancies are more than tolerance. This
is because the small field of the electron has
the effect of lateral scatter disequilibrium
which causes the output factor of this small
field to decrease in dose.8

The dose discrepancies of the thyroid
cases of the 6 MeV energy are shown in
Figure 9. From these results, the smaller the
isodose is affected, the higher the dose
discrepancies will be. This is because in the
70% isodose, there is an inhomogeneity due
to the existence of the air -cavity.
Inhomogeneity in electron beams is affected
by changes in electron scattering, electron
beam penetration, and interface effects. 11

The dose discrepancies of the 12 MeV
energy on the ethmoid sinus cases have a
small discrepancy in the 100% isodose line.
However, the 90, 80, and 70 isodoses have
unpredictable dose discrepancies (see Figure
10). These ethmoid sinus cases have an
inhomogeneity due to the existence of bone.
So, the attenuation from the electron beam is
higher. Higher dose discrepancy suggests
that the TPS Eclipse -calculation have
difficulty in predicting the delivered dose in
cases with an inhomogeneous target.

Figure 11 shows the dose discrepancies
decrease with the decreasing of the electron
beam energy and field size, owing to the
higher electron energy which has more
scatter and constant energy. In carcinoma
cases, the area of the target volume is a
relatively homogenous soft tissue. There is a
small inhomogeneity at the target surface.
The nasopharyngeal cases result describes
that the depth of the dose influences the
uncertainty. In addition, the 6 MeV energy
has higher dose discrepancies for the
decreasing of measured dose from
prescription dose, particularly seen at 70%
isodose.

For thyroid cases, 1x1 cm?2 field size has the
highest dose discrepancies for all electron
beam energy, shown in Figure 12. According
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to Sharma, et al (1984) small field electron
beam has a lateral scatter disequilibrium
effect that causes the output factor of this
small field to decrease in dose.12 On the other
hand, inhomogeneity from the air cavity in the
thyroid case made a high discrepancy in the
higher electron energy, prominently for 12
MeV and 15 MeV. In these cases, the depth of
the air cavity, which is located 1.8 cm from the
surface, affected the high dose discrepancies
to became higher in deeper isodose and
increasing energy.

40 -

Figure 13 shows the result of the dose
discrepancies of the ethmoid sinus case. The
inhomogeneity of the target which is due to
the bone existence and surface irregularity
contributes to the dose discrepancy.
Otherwise, an electron beam field size of
more than 2x2 cm? has hot areas lateral to
the central axis generated by the air-skin
interface. Correspondingly a cold area is
generated beneath the nose.
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Figure 11. The discrepancies dose of the nasopharyngeal carcinoma case in the 6 MeV, 12 MeV
and 15 MeV electron energy of the small field technique
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Figure 12. The dose discrepancies of the thyroid case in the 6 MeV, 12 MeV and 15 MeV
electron energy of the small field technique
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Figure 13. The discrepancies dose of the ethmoid sinus case in the 6 MeV, 12 MeV and 15 MeV
electron energy of the small field technique
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Figure 14. The dose discrepancies of the larynx (OAR) of the thyroid case

The analysis from the nasopharyngeal,
thyroid, and ethmoid sinus cases
demonstrates the need to continue the
investigation of the ability of the TPS
algorithm to correct for inhomogeneity,
irregularity on the skin surface, and
interaction in deeper depth that is less than
80% isodose.

In addition to the dosimetry evaluation
of nasopharyngeal carcinoma volume
targets, this study also analyzed the value of
dose discrepancy in the spinal cord (OAR)
located 5.5 cm from the surface. This
evaluation used a film of 8 cm in size

extending from the irradiated surface to the
location of the spinal cord. The electron beam
field size varied from 1x1 cm? to 5x5 cm?2.
The low-energy electron beam and small
field produce a dose in the spinal cord and the
chiasm receives a small dose because the
electron range does not reach the chiasm
which is 9 cm from the surface.

This study also evaluated the larynx
dose, with a 1.8 cm depth from the surface. It
was found that when we used 12 MeV and 15
MeV energy, the dose discrepancy of the
larynx was low. However, in evaluation using
6 MeV energy, the dose discrepancy result
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was high (Figure 14). Based on these results
it can be seen that the use of small electron
beams in cancer treatment of
nasopharyngeal, ethmoid sinus, and thyroid
cases can increase the dose at the target
while keeping the OAR safe, except in thyroid
cases for 12 MeV, 15 MeV of electron beams.

Currently the research concerning
electron beam in radiotherapy that use Very
High Energy Electrons (VHEEs) and ultra-
high dose rate (FLASH) irradiations are
expensively  discussed.1314  Thus, the
characteristic of the small field electron in the
high dose rate electron needs to be
investigated further.

CONCLUSION

Larger dose discrepancy correlates with
smaller field size (lack of lateral scatter
disequilibrium), smaller energy, greater
depth, and low homogeneity. From this
research, we found that the effect of
inhomogeneity caused by the air cavity
(ethmoid sinus) contributes to higher dose
discrepancy far more than the discrepancy
caused by the bone.

In the evaluation dose in the spinal cord
and chiasm, it can be seen that these organs
approximately receive a small dose. However,
the larynx receives a high dose of higher
energy and field size. It could be concluded
from this research that a small field electron
beam is recommended for cases with a
homogeneous target. In a case with a
heterogeneous target, further investigation is
needed. In the small field electron with an
irregular target surface or in the presence of
the inhomogeneous target, more caution is
needed in the treatment.
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