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Aim: To determine the energy and dose dependence of GafChromic EBT3-V3 film over an
energy range 0.2 mm Al HVL to 6 MV.
Background: The decay scheme of a brachytherapy source may be complex and the spec-
trum of energy can be wide. LiF TLDs are the golden standard recommended for dosimetric
measures in brachytherapy, for their energy independence, but TLDs could be not available
in some centres. An alternative way to perform dose measurements is to use GafChromic
films, but they show energy dependence.
Methods and materials: Films have been irradiated at increasing dose with three
different beams: 6MV beam, TPR20, 10=(0.684+0.01), HVL=(2.00+0.01)mmAl and
HVL=(0.20+0.01)mmAl. Calibration curves were generated using the same dose range (0cGy
to 850cGy) for the three energies. Using the 6 MV calibration curve as reference, the film
response in terms of net optical density (OD) was evaluated.
Results: The difference in the calibration curve obtained by irradiating the film with 6 MV and
2mm Al HVL energy beams is less than 3 %, within the calibration uncertainty, in the dose
range 500-850cGy. The OD of EBT3-V3 film is significantly lower at 0.2 mmAl HVL compared
to 6 MV, showing differences up to 25 %.
Conclusion: Within the range 6 MV-2mm Al HVL and dose higher than 500cGy, GafChromic
EBT3-V3 films are energy independent. In this dose range, films can be calibrated in a sim-
ple geometry, using a 6 MV Linac beam, and can be used for brachytherapy sources dose
measures. The use of EBT3 films can be extended to reference dosimetry in Ir-192 clinical
brachytherapy.

© 2019 Greater Poland Cancer Centre. Published by Elsevier B.V. All rights reserved.

1. Background

The energy of photon beams used in radiotherapy varies
widely. Typical brachytherapy sources (as Ir-192 or Pd-103)
have gamma energy ranges within 0.1-1.1MeV.! Also in exter-
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nal beam treatments, the range is wide and includes low
energies, such as 50kV of intra-operative radiation therapy
(IORT), up to 10MV Linac produced beams. AAPM TG-
43! highly recommends the use of LiF TLDs detectors for
brachytherapy sources, for their low energy dependence. Nev-
ertheless, the use of TLDs can be time-consuming, several
uncertainties can arise from the TLD positioning and TLDs
could be not available in some centres.
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Ashland Specialty Ingredients (Bridgewater, NJ) manufac-
tures a variety of radiochromic films, known commercially as
GafChromic films, for a range of radiotherapy and diagnostic
applications. EBT3-V3 film, the third generation of the Exter-
nal Beam Therapy line commercially available from August
2013, contains an active layer that is relatively water equiv-
alent. This new generation of film is composed of C (51.1 %),
O (32.8 %), H (8.8 %), Al (6.7 %) and Li (0.6), showing an effec-
tive atomic number of Z,; = 7.26, close to water Zys = 7.42.2
Compared to TLD, films are fast to process and error position-
ing is much lower. These features make the films attractive
for dose measurements with brachytherapy sources. Never-
theless, measurements of the film calibration curve with the
brachytherapy sources can be challenging due to the source
high gradient of dose and the positioning uncertainties of the
source relative to the film. Calibrating a film on a linac at an
MV energy in a standard square field geometry is simple and
avoids many of the positioning uncertainties. However, a ques-
tion remains as to how valid a film calibrated in 6 MV been
linac is when applied to brachytherapy measurements.

The photoelectric effect, that has a cubic variation with the
effective atomic number, dominates photon attenuation up to
energy of 30keV in water equivalent materials® and affects
film dose measurements. Small component of the photoelec-
tric effect is still active and above 30kV may affect the film
dose measurements.

Brown et al.® have investigated the energy dependence
with monochromatic beams and a previous generation of
EBT3 films. They found a weak energy dependence over a
range 25keV -4 MV. Hammer et al.? have investigated the dosi-
metric intrinsic energy response of GafChromic films on 15
beam qualities within the 500—7002 mGy range and suggested
energy correction factors. Due to the wide energy spectrum of
a brachytherapy source, these factors are not easy to apply in
practice.

2. Aim

The aim of this work is to investigate over which range the
film is energy and dose independent, in dose range 50-850cGy.
The practical benefit of selecting a range of energy indepen-
dence for GafChromic films is to calibrate them in a simple
geometry and to use them for HDR brachytherapy sources dose
measurements, without the energy correction factors.

In order to understand at which energies the film calibra-
tion obtained with the Linac irradiation is still valid, EBT3-V3
is investigated in the range 0.2 mmAl HVL - 6 MV, with poly-
chromatic beams.

3. Methods and materials

Three dose response curves at three different beam energies
were obtained from the same GafChromic EBT3 film box. For
each calibration, eleven 5 x 5cm? pieces of the film were cut
from a single sheet with a small marker on each piece indi-
cating the orientation of the original. One piece of the film
was not irradiated to provide the background of the OD. The
pieces of the film were irradiated at increasing dose by: 6 MV
beam (TPR2 = 0.684 +0.01) generated by an Elekta Precise
Linac; HVL = 2.00 +£0.01 mm Al beam and very-low-energy

beam (HVL = 0.20 + 0.01 mm Al) both produced by a Gulmay
Orthovoltage unit.

The Elekta unit was calibrated with PTW 30010 Farmer
chamber (volume 0.6 cm?), following the IPEM Code of Prac-
tice for MV beams (2003).* Films were placed at 5cm depth
in a water-equivalent phantom (WEP), 100 cm SSD, and were
irradiated by a 10 x 10cm? 6 MV beam.

The 2mmAl HVL beam was calibrated with PTW 30004
Farmer chamber (volume 0.6 cm?), following the IPEM Code
of Practice for kilovoltage beams® and the addendum.® Films
were placed at the surface of a water tank and irradiated at
20cm SSD, by a 6 cm diameter circular applicator.

The 0.2mmAl HVL beam was calibrated with PTW
TN34013A Ionization Chamber (volume 0.005 cm?), following
the German standard.” Films were placed at the surface of a
water tank and irradiated at 30cm SSD, by a 3cm diameter
circular applicator.

To ensure the calibration equivalence of the two different
protocols, both were compared using a2 mmAl HVL beam. The
GafChromic EBT3 film was irradiated in water using a 6cm
circular applicator, 30 cm SSD, for IPEM protocol and a 3cm
circular applicator, 20 cm SSD, for the DIN6809-4 standard. The
film OD versus dose were compared and the differences found
were less than 3 % (coverage probability 95 %, k =2), within the
calibration uncertainties.

The protocol followed to scan the film is proposed by
Ashland™ triple channel analysis. All irradiated films were
digitized using an Epson Expression 10000 XL scanner at
150dpi spatial resolution, at least 24 h after irradiation. The 12
films irradiated at the same energy were centred on the scan-
ner bed, in a position easily reproducible to repeat the scan at
each energy irradiation. The TIFF images were analysed using
Film QA Pro software, red channel. The density colour and the
standard deviation was measured using a circular ROI of 2cm
diameter centred in each piece of the film and, using Film QA
Pro software, density colour was plotted versus dose.® The plot
curve was extracted and the density colour converted in OD
using the unexposed film. In order to check the stabilization
of the colour, a second scan was performed after 72h. The
differences founded were within the standard deviation.

3.1. Uncertainties

The first and higher source of uncertainty is the system-
atic error associated with the calibration coefficient from
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Fig. 1 - Optical density versus dose. The film was irradiated
at 6 MV (squares), 2mm Al HVL (triangles) and 0.2 mm Al
HVL (thombus).
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the calibration certificates of NPL and PTW laboratories. The
uncertainties are:

e 1.4 % by NPL certificate for 6 MV beam calibration;

e 1.2 % by NPL certificate for 2mmAl HVL beam calibration;

e 2% by PTW certificate for 2mmAl HVL beam and 0.2 mm Al
HVL beam.

The second source of uncertainty is the systematic error
introduced by the inverse square law factor (ISL) used to cal-
culate the output at the film position in respect to the chamber
position. For the Linac beam and low-energy beam this uncer-
tainty can be ignored because it is lower than 0.01 %, but for the
2mmAl HVL beam Ortovoltage unit beams cannot be ignored
for the short SSD. The ISL was measured using a PTW 34001
Roos Chamber with uncertainty in the position of 0.6 % (NPL)
and 1.2 % (German protocol). The last two sources of uncer-
tainty are the pressure and temperature correction factor (0.3
%) and the ion recombination factor (0.1 %). The film irradia-

tion was done just after the devices calibration, checking the
output reproducibility less than 0.1 %. The uncertainty in the
OD was derived irradiated the films at 500 cGy, 6 MV four times
and calculating the standard deviation of average. The uncer-
tainty from the film noise is 1.3 %. The total dose uncertainty
up,, is calculated using the error propagation theory':
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where Np , and un,, ,, are the calibration factor and the related
uncertainty; kis; and uy,, are the inverse square law factor and
the relative uncertainty; kr p and ug,, are the temperature and
pressure calibration factor and the related uncertainty; ks and
Uy, are the ion recombination correction factor and the related
uncertainty; ODgjy and uop,,, are the OD of the film and the
related uncertainty.

The calculated total uncertainty is: 1.9 % for NPL 6 MV
calibration, 1.9 % for NPL 2 mmAl HVL beam, 2.7 % from Ger-
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Fig. 2 - Percentage difference of optical density versus dose irradiating the films with (4) 6 MV, square markers, and 2 mmAl
HVL, triangles, and (b) 6 MV, square markers, and 0.2 mm Al HVL, rhombus. Dotted lines show the percentage difference of

optical density. Error bars are reported at 500 cGy.
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Table 1 - Comparison of optical density with beam

energy increasing dose. The percentage difference is
related to 6 MV energy irradiations.

Dose (cGy) Optical density/% difference
6 MV 2mm Al HVL 0.2mmAl HVL

50 0.061 0.059/3.2% 0.046 /24 %
100 0.114 0.110/4.0 % 0.088/23 %
150 0.161 0.154/4.1 % 0.125/23 %
250 0.238 0.229/3.7 % 0.188/21 %
400 0.328 0.318/3.1% 0.265/19 %
550 0.399 0.388/2.9 % 0.327 /18 %
700 0.456 0.444/2.5% 0.378/17 %
850 0.502 0.491/2.2% 0.421/16 %

man Protocol 2 mmAl HVL beam, 2.5 % from German Protocol
low-energy beam. This uncertainty is based on a standard
uncertainty multiplied by a coverage factor k=2, providing a
coverage probability of approximately 95 %.

4, Results and discussion

Fig. 1 shows plots of the OD versus dose for 6 MV, 2mmAl HVL
and 0.2mm Al HVL beams. The OD of the EBT3 film is sig-
nificantly lower at 0.2 mmaAl HVL compared to 6 MV. Higher
differences are shown at lower dose and gradually decrease
with increasing dose, with 24 % at 50 cGy and 16 % at 850cGy.
OD is lower at 2mmAl HVL compared to 6 MV but in the dose
range 500-850cGy the differences are within the uncertainty
of measures, with a confidence level of 95 %. In the range
50-500 cGy at 2mmAl HVL there is a slightly increased differ-
ence of up to 4.1 %, outside the uncertainties of measurement
of 3 %. However, for 0.2 mmAl HVL, this difference increases
from 19 % to 24 % below 400 cGy.

Percentage difference of OD versus dose is shown in Fig. 2.

Table 1 summarises the OD and the differences with beam
energy increasing the dose.

In the investigated range of 2 mmAl HVL- 6 MV, a small OD
variation was detected, that is within the uncertainty of mea-
sures in the dose range 500-850 cGy. The increasing difference
in the OD as energy decreases can be attributed to photoelec-
tric changes due to small differences in Zeff between EBT3-V3
and water.

5. Conclusions

An energy dependence of GafChromic EBT3-V3 is visible with
low energy beam (0.2 mm Al HVL). Accordingly, film dosimetry
for any photon beams in this energy range should be carefully
used. Ir-192 has a very complex scheme of decay butitis within
the range of 0.1-1.1MeV. The standard treatment requests a
dose per fraction in the range 500-700 cGy. In this dose range,
films can be calibrated in a simple geometry, using a 6 MV
Linac beam or an Orthovoltage beam, and can be used for
brachytherapy sources dose measures, with 3 % uncertainty
(k=2). Under this circumstances, GafChromic EBT3 films can
be suitable for dose measurements because in this range the
OD shows a variation within uncertainty.

Pd-103is a source used in low dose rate (LDR) brachytherapy
and it has characteristic x-ray with mean energy of 20.7 keV,!
where the films are energy dependent.

Literature shows,? %12 studies of films used in many fields.
Our study shows that the use of EBT3 Gafchromic films can be
extended to reference dosimetry in Ir-192 clinical brachyther-
apy, at dose >5Gy. The measurement results are associated
with an overall uncertainty below 3 % (k=2) and are dose-rate
and energy independent.
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