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ABSTRACT

Background: Radiation therapy techniques as Intensity Modulated Radiotherapy
(IMRT), rapid arc have been used for treatment of cancer with high accuracy.

Objective: Verification of planned and delivered dose distribution is important,
therefore current study aims to analyse quality assurance (QA) results of IMRT by
Electronic Portal Imaging Device (EPID) and IMatriXX in head and neck Carcinoma
(Ca H&N) patients.

Material and Methods: In this experimental study, performance of an EPID
and IMatriXX was assessed with dose measurements using ionization chamber. Cali-
brated IMatriXX and EPID are used for pre-treatment patient specific quality assur-
ance (PSQA), for 122 patients’ plans of Ca H&N with IMRT treatment technique on
linear accelerator. Dose images were acquired and compared with gamma evaluation

(3% /3 mm) and three scalar parameters, named average Y (Yavg)’ maximum Yy (Y
and area gamma <1, were analyzed in the region of interest.

max)

Results: They correlation comparisons yielded average correlation of 0.990 and
0.982 for IMatriXX and EPID respectively. Maximum value of gamma is 0.998,
while minimum gamma is 0.872 for IMatriXX and 0.953 for EPID. For students,
unpaired ‘t’ test analysis is applied for comparison to two data sets. P-value was set at
0.005 which, for this study, was computed 0.001, showing good correlation between
measured data with IMatriXX and EPID.

Conclusion: The EPID and IMatriXX have significantly improved dosimetric
properties, resulting in more sensitive, accurate measurements before actual treat-
ment. The result shows EPID can be replaced with other dosimetry method and ion-
ization chamber measurements. Portal imager is an efficient, accurate and sensitive
dosimetry tool and is also the basis of pre-treatment quality assurance protocol.
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Introduction
n Radiation therapy, some new techniques are evolved like IMRT,
image guided radiotherapy (IGRT). These techniques require exten-
sive and accurate dose verification methods that one of such method
is the use of Electronic Portal Imaging Device (EPID). This method uses
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the portal imager mounted on LINAC, which
acquires images for dose verification and ac-
cording to the studies, these portal images
contain information related to dosimetry.

The dose-response characteristics have been
described in prior studies, that portal images
are useful for dosimetric verification [1-6].
The results of these studies show that the pixel
signal given by portal imager is linear with
dose. This signal may be converted to abso-
lute dose. This requires the measurement of
response over the range of various parameters.
The response of the EPID varies by about
+0.5% with time if there is no failure in elec-
tronic components [7].

Intensity modulated radiotherapy plans are
very complex and dose distribution needs do-
simetry verification using tools in two dimen-
sions. Earlier dosimetry films were used for
dose verification. EPID and IMatriXX have
the advantages over films for dose verification
in IMRT plan. Performing EPID and IMatriXX
dose measurement is simple, requiring very
less set-up time. These measurements can be
done in a repetitive way and data is obtained
in digital format very quickly, but dosimetry
films need more time for processing and digi-
tizing data. Also, for dosimetry films, the film
batch requires to generate a calibration curve
before its use for dosimetry.

Recording and storage of PSQA measure-
ments are organized effectively when images
are available in digital form. Radiation therapy
departments require medical data to be avail-
able in digitized format, hence film dosimetry
has become more scant and thus alternative
devices are needed for radiation therapy do-
simetry [8].

The EPID is mounted to the LINAC gantry
and has advantage of easy setup with greater
resolution. Thus, it does not require additional
hardware for imaging and dosimetry and can
also be used in various ways to verify a treat-
ment plan before its actual delivery. The lin-
ear accelerator (LINAC), Varian Clinac DBX
(Varian Medical Systems Palo Alto, USA)

with 6 MV photon energy was used in this
study. EPID and IMatriXX were calibrated us-
ing 0.6 cc ionization chamber [9].

Earlier studies showed that the detector can
be placed inside a phantom and measurements
can be done [10], but EPID dose images can
be measured at the detector plane. These por-
tal dose images (PDI) are used to generate the
dose in a plane or within the patient volume or
in a phantom. Studies have reported the possi-
bility of PDI, used in verification of treatment
fields in IMRT [11-14].

The commissioning of LINAC and treat-
ment planning system (TPS) - Eclipse version
11.0 for clinical use with a new inverse treat-
ment planning method IMRT for H&N can-
cer patient were clinically implemented in this
rural cancer center. Most of advanced 3D do-
simetry equipment was not available to verify
the delivered dose in IMRT plan with accurate
and efficient means. The study was designed
to demonstrate and evaluate how IMatriXX
and EPID dosimetry system can be used effec-
tively for routine pretreatment PSQA in H&N
cancer patients which is demand of the clinic.
Further to study, the sensitivity of gamma cri-
teria and results of study can be used to set the
baseline values for routine pretreatment IMRT
plan verification.

Material and Methods

Patient plans

In this experimental study, IMRT treatment
plans were analyzed for the 122 H&N cancer
patients planned with treatment planning sys-
tem (TPS) - Eclipse version 11.0 (VMS, Palo
Alto, USA). For all 122 patients, treatment
plan was generated with a five, seven or nine
field dynamic IMRT technique with prescrip-
tion given to various target volumes like Gross
Tumor Volume (GTV), PTV and subsequently
treated for H&N cancer cases.

The treatment plans were generated with
various optimizing methods to achieve pre-
scribed dose to PTV and better sparing of Or-

692 \

J Biomed Phys Eng 2020; 10(6)



Pre-treatment Quality Assurance with EPID

gans at Risk (OARSs) such as parotids, spine,
oral cavity etc. IMRT plan with seven to nine
fields was generated with appropriate OAR
and target priorities. The dose grid of 0.25
cm’ resolution is used for plan optimization.
The maximum dose, prescribed to the PTV is
74 Gy, which is delivered in 37 fractions and
IMRT treatment plan were delivered with 6
MYV energy photon beams.

EPID & IMatriXX dosimetry

Verification plans are generated for each
treatment using EPID a-Si 1000 (VMS, Palo
Alto, USA) and IMatriXX ion chamber array
device (IBA Dosimetry GmbH, Germany).
The gantry angle was set to 0° for both IMa-
triXX and EPID measurements and phantom
position is fixed for all measurements.

The IMatriXX device uses 1020 vented ion
chambers, arranged in grid of 32 x 32 array,
with active area of 24.4 x 24.4 cm?. The lat-
eral spacing between two ion chambers is 7.62
mm, more details specifications are tabulated
in Table 1.

All portal images were taken with a flat pan-
el imager a-Si 1000 (Varian Medical Systems,
Palo Alto, USA). It has a 30 x 40 cm? detection
area with 768 x 1024 pixels, phosphor screen,
1.0mm Cu build-up layer and hydrogenated a-
Si:H photodiode array [15]. The special reso-
lution of EPID is 0.391 mm.

The conversion of PDI pixel values to the
dose in Gray (QGy), at the plane of reconstruc-
tion and its calibration procedure are described

in earlier studies [16-17].

The TPS reconstructs the dose in the mid
plane of medium i.e. the phantom, and only
dosimetry phantom are used in this study. At
all gantry angle, mid-plane is at the isocenter,
normal the beam axis. Within sensitive ma-
trix at mid plane, the pixel values are used to
convert absolute dose images. This sensitivity
matrix is used to account the variation in the
response of pixel values over the complete ac-
tive area of EPID panel.

The verification plan created in TPS were
compared with the planned 2D dose distribu-
tion in ‘X’ and ‘Y’ plane. EPID dose images
were compared with the verification plan cre-
ated in TPS in two dimensions at the plane
intersecting the isocenter, perpendicular to the
beam. For each plan, the plane of measure-
ment corresponds to the reconstruction plane
for EPID. Dose images reconstructed at mid
plane for each field correspond to all segment
dose image. In comparison with gamma im-
age, 3% / 3 mm criteria was performed with
absolute dose profiles in both planes.

Comparing gamma images was done with
3% / 3 mm criteria, and absolute dose profiles.
Plans were considered acceptable if, for veri-
fication field, Voe = 0:50, v, = 3.5, and area
gamma<I > 95% as tolerance limits and IMa-
triXX correlation > 95%. The combination of
these above parameters provides detailed and
informative summary of the overall agreement
between planned and measured 2D dose dis-
tributions for these 122 patient plans. If we

Table 1: The detailed specifications of Electronic Portal Imaging Device (EPID) and IMatriXX.

Particulars /Dosimetry Devices EPID IMatriXX
Detector material a-Si1000  a-Si 1200 lon Chamber Array
Irradiated area (cm?) 30 x40 43 x43 30 x 30
Active area (cm?) 30 x 40 40 x 40 244 x24 4
Resolution / Pixel size (mm) 0.391 0.336 7.62
Active dosimetry matrix 768 x 1024 1190 x 1190 1020 lon Chambers

a-Si: Amorphous Silicon
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choose different y criteria, other than 3% / 3
mm, rescaling of these values would be done
as per new criteria selected.

Method of Dose Comparison

The portal dosimetry software was used for
the evaluation of dose distribution which is
one of workspace ECLIPSE TPS version 11.0,
and IMatriXX - OmniPro version 1.7 IBA Do-
simetry. With the software, we can compare
obtained dose difference values with EPID,
IMatriXX, and values obtained from the veri-
fication plan created from treatment planning
system. The evaluation is based on the dose
difference values at a point and in ‘X’ and ‘Y’
profiles 2D distributions. Comparison is main-
ly based on the use of dose difference images,
correlation and the gamma evaluation criteria
as described in earlier studies [18-19].

For these evaluations, region of interest
(ROI) is drawn for each field and used the cri-
teria of the combination of scalar parameters.
The analysis and quantification performed
within the ROI i.e. IMatriXX -correlation,
average gamma (yavg), area gamma < 1 i.e.
percentage of points with y<1 and maximum
(v, are studied and recorded [20-21].

In 2D evaluations, 3% global dose difference
gamma criteria and 3 mm distance to agree-
ment (DTA) were chosen, relative to maxi-
mum field dose. We used these criteria for re-

sults of some test cases performed using 2% /
2 mm criteria [22-23] and extended to 3% / 3
mm for the clinical practice. The uncertainty
can be due to calibration of the EPID and IMa-
triXX, reproducibility of measurements, reso-
lution of dosimetry devices used in measure-
ment and TPS calculation accuracy.

Results

Total 122 patients with H&N cancer were
selected for treatment and IMRT treatment
plan were verified using EPID and IMatriXX.
Out of these 122 patients, 88 were males and
34 females. The head and neck site were sub-
divided in to five other sub-sites such as oral
cavity, pharynx, larynx, paranasal sinus and
other (parotid, ear etc.), as shown in Figure 1.

Maximum number of patients are from age
group of 61- 70 years old, and maximum dose,
planned for treatment is of 74 Gy for carci-
noma of pharynx as in Figure 2. IMRT treat-
ment plans for 122 H&N cancer patients were
verified at the isocenter plane using aSi-1000
EPID measurements and IMatriXX measure-
ment and analyzed using software ECLIPSE
and OmniPro, respectively.

When we observe the values for cancer of
Pharynx, 98.425% of points are seen in 3%
and 3 mm criteria i.e. area gamma < 1 equals
98.425%, maximum gammay__ equals 1.925,
and average gamma Vo ©quals 0.183 point to-

53 Site wise distribution
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Figure 1: Site wise distribution of patients with maximum patients in the category of oral cavity

in this rural setup.
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Figure 2: Maximum planned dose with Intensity Modulated Radiotherapy (IMRT) treatment
technique. The maximum dose, planned for Pharynx (74 Gy) and minimum dose was for Larynx

(66 Gy).

ward improved overall agreement with IMa-
triXX correlation of 99.0% as seen in Table 2.

2D dose distributions from EPID and IMa-
triXX for total 122 patient plans were verified.
With the applied criteria of 3% / 3 mm for all
points and image sets, these planned and mea-
sured distributions agreed well within toler-
ance withy, = 0.192(0.048 SD), vy, =2.19
and area gamma <l = 98.18% as recorded.
These values can be set as baseline values for
this center during patient specific quality as-
surance. It is observed that as the value of area
gamma <1 decreases, the value of Vave andy_
increases, showing that there is poor agree-
ment between planned and measured 2D dose
distribution with decreased IMatriXX correla-
tion.

Some over response is observed in the doses

measured for various field sizes at EPID and
IMatriXX. Spatial resolution has a great im-
pact on the response for comparing dose dis-
tributions in steep dose gradient area.

The Figure 3 shows that both the EPID and
IMatriXX correlation can be compared in clin-
ical setting for head and neck cases. Compari-
sons of gamma criteria 3% / 3 mm and dose
profiles (absolute values) are done, as seen in
Figure 4.

Disagreement is observed in 3 plans out of
the 122 verification plans. These 3 plans fail in
high dose gradient area, and errors exceeded
the acceptance criteria. The IMatriXX cor-
relation and area gamma < 1 are found to be
81.5%, 91.6% and 87.2% which are less than
acceptable limits of 95.0%. The IMatriXX
slightly overestimates the gamma correlation

Table 2: Details of the gamma analysis with acceptable criteria and the actual analysis.

Site / Diag- No. of IMatriXX-  IMatriXX- Area Gamma Max Gamma Avg Gamma
nosis Patients Correlation Histogram <1 (Tol=95%) (Tol=3.50) (Tol = 0.5)
Oral Cavity 53 0.992 92.420 98.108 2.323 0.197
Pharynx 33 0.990 92.922 98.425 1.925 0.183
Larynx 16 0.986 90.193 98.067 2.143 0.190
Paranasal Sinus 8 0.983 88.005 97.713 2.605 0.208
Other (Parotid,
er (Parof 12 0.991 95.318 98.317 2128 0.197
Ear etc)
695
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Figure 3: Ratio of Electronic Portal Imaging Device (EPID) / IMatriXX versus site, reflecting that
both the methods are equivalent for the plan comparison in a clinical setting.
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Figure 4: Comparison of predicted dose and measured dose with portal dosimetry workspace

in ECLIPSE treatment planning system.

as it has resolution of 7.62 mm and interpo-
lates values between missing measurement
points in dose image (TG-218) [24].

The line profiles of these 3 plans with dis-
agreement revealed that there may exist high
dose gradient regions, leading to lower val-
ues of gamma passing. The variation of about
3.4% - 13.5% were observed which is lower
than the reference tolerance value of 95%. For
these cases, the treatment plan was performed
again with modified plan parameters, reducing
high dose gradient regions in the dose distri-

bution and planned and measured dose distri-
butions shows overall improved agreement.

Discussion

With the advanced treatment technique like
IMRT, the requirement for QA in the radio-
therapy clinic has rapidly increased than ear-
lier conventional technique. EPID dosimetry
has been focused in the majority of studies
and reported on various verification methods,
the dose response characteristics and various
algorithms applied. Purpose of EPID dosim-

\
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etry method in the ‘clinical application’ is to
directly influence accuracy in the radiation
dose delivery to cancer patient with the intent
to improve correctness in treatment, resulting
in benefit to the patients.

Pre-treatment evaluation for large patient
groups has been reported by other authors us-
ing film dosimetry not EPID. Stock et al., [25]
reported as average gamma Vovg — 0.45 + 0.1
when using 3% global dose 3 mm criteria. The
results of our study are comparable with the
study of Stock et al., [25] proving the sensitiv-
ity of gamma criteria for IMRT plan verifica-
tion. The results of this study using 3% global
dose 3 mm criteria for evaluation shows the
average gamma is 0.214 = 0.024 with EPID,
in carcinoma head and neck patient. These re-
sults are comparable to earlier published stud-
ies.

Chang et al., [26] compared IMRT prostate
fields’ of 25 patients’ dose profiles and dose at
the central axis using portal imager and TPS
designed dose distributions. The measured
agreement was within 2%, nearby the errors
related to image acquisition. It was accom-
plished that the portal dosimetry system is an
efficient authentication tool for IMRT pretreat-
ment plan verification.

The aim of the study is to reveal the sensi-
tivity and correctness of portal dosimetry sys-
tem as a PSQA means. We establish EPID and
IMatriXX dosimetry to be more responsive,
sensitive and competent, providing the similar
information and high accuracy in both EPID
& IMatriXX dosimetry systems.

The time taken for dose measurement varies
based on methods, depending upon the equip-
ment and software used. It is observed that
acquisition of digital portal dose image is all
the time more rapid than the other dose images
measurement technique.

Conclusion

We revealed how portal dose back-pro-
jection dosimetry technique is able to verify
clinical IMRT plans for head and neck cancer

patients prior to actual treatment. It is con-
cluded from the results of 122 patients that the
portal imager can substitute other dosimetry
systems used in pretreatment plan verification
and PSQA. EPID has advantage over other do-
simetry devices like IMatriXX because of its
high resolution of 0.391 mm.

There exists close agreement between dose
measured using ion-chamber at isocenter
plane and portal dose measurement for the
pretreatment plan verification, thus portal do-
simetry can replace routine ion-chamber mea-
surements.

The results of portal dosimetry for 122 pa-
tients are used to precisely confirm the planned
distribution in 2D plane and also extended to
setup the baseline values for our center.

EPID dosimetry also called as ‘Portal do-
simetry’ is an efficient, precise and sensitive
dosimetry tool for IMRT plan verification and
the basis of pre-treatment quality assurance
protocol.
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