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Abstract

Background: Quality Assurance (QA) in radiotherapy is
an important studying issue in order to test the performance
of medical Linac machine and verify the delivering accuracy
of patient treatment plan.

Aimof Sudy: Clinical validation of using compass system
in VMAT QA for abdomen site pediatric patients.

Material and Methods: Ten VMAT neuroblastoma plans
were created using Monaco TPS.

CT images, RT Structures, RT Plans, and RT doses for
all cases were exported to COMPASS system through DICOM
network then COMPASS computations were performed using
collapsed cone algorism for all patients with a calculation
grid resolution of 2mm from the imported DICOM RT plans.
Finally, a comparison was performed based on dose difference
and all VMAT plans were measured at two matched linear
accelerators.

Results: The mean dose of PTV and D99% for the ten
cases were measured.

The comparison between the Monaco dose calculation,
compass computed dose and compass reconstructed dose
showed a good agreement within maximum deviation 4% for
the PTVs and critical organsin point doses and volume doses.

Conclusions: Compass system is areliable effective
system to perform 3D dose verification of VMAT plans for
neuroblastoma patients. So Compass QA system can be used
as an effective tool before VMAT treatment. The variations
of dose between TPS and Compass were due to mode of
calculation (Compass algorism uses dose to water for calcu-
lation while Monte-Carlo algorism uses dose to medium).
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Introduction

THE main purpose of radiation therapy isto deliver
atherapeutic dose of radiation to kill tumor cells
while limiting the side effects caused by delivering
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the dose to surrounding tissues and vital organs or
organs at risk (OAR) [1,2,3] . So, high precision
treatment planning is required to deliver prescribed
dose to tumor target. There are various techniques
to deliver complexity of these treatment planning
techniques such as three dimensional conformal

radiotherapy (3DCRT) or intensity modulated ra-

diation therapy (IMRT) and volumetric modul ated
radiation therapy (VMAT). The complexity of
VMAT technique required pre-patient specific QA
tool. That's why patient specific QA measurements
are recommended by both American Association
of Physicistsin Medicine (AAPM) Task Group
(TG) 119 and TG 218 to make sure that the treat-

ments are provided as planned [4,5] . Both VMAT
and IMRT are frequent treatment modalities with

highly conformal dose distributions [6-] .

Compass system is an effective device for 3D
patient verification [9-13] .

The aim of the present work isto validate
Compass QA device as a 3D pretreatment QA
system using Monaco TPS at two matched linear
accelerator.

Material and M ethods

Material:
Linear accelerators:

Thiswork was carried out at children cancer
hospital (CCH) which has two matched linear
accelerators: Elekta VersaHD (Elekta, Stockholm,
Sweden). Linear accelerator includes agility head
with 160-leaf (5mm wide) at isocentre with dy-
namic leaf guide, multileaf collimators (MLCs)
with aleaf speed of 3.5cm/s and flattening filter-
free (FFF) photon beam delivery. Beamsinclude
all of the available photon energies (6, 10, 6 FFF
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and 10 FFF MV), as well as the six electron energies
commissioned for clinical use (4, 6, 8, 10, 12 and
15 MeV) and the maximum field size is 40 x 40cm?,

Treatment planning system:

Planning was performed at Monaco treatment
5.11.02 (Elekta CM S, Maryland Heights, MO,
USA) with Monte Carlo, Pencil beam, Collapsed
Cone algorithmsto deliver highly accurate 3D,
IMRT, VMAT & SRS plans. Monaco allows users
to quickly access important plan information in-
cluding beam or structure spread sheets, prescrip-
tion and IMRT constraints. It offersthe XVMC
Monte Carlo dose engine for electron and photon
as a continuous arc calculation for a single beam
rather than dose approximations that occurs with
many discrete gantry angle positions (control
point). All plans were calculated by Monte Carlo
algorithm.

MatriXX:

Matri X X Evolution js an jonization chamber based
array detector from IBA consist of 1020 ion cham-
bers with volume 0.08cm3 that covers an active
area of 24.4 x 24.4cm?. The distance between ion
chambersis 7.619mm [14].

COMPASS

COMPASS is 3D dosimetry QA system (8-12),
which consists of 3D anatomy-based dose verifi-
cation software. It works in conjunction with
Matri XX Evolution (serial number 25731) (IBA
Dosimetry, Schwarzenbruck, Germany) and with
gantry angle sensor. The measurement was obtained
with Compass software. Patient specific QA was
measured (reconstructed) and computations were
obtained with the IBA MatriX X Evolution gystem.
It uses Collapsed Cone agorithmsin calculation
of dose and measures actual treatment beam angles
using the gantry mounted MatriXX detector (SSD
=76.2cm) array for patient QA.

Methods:

Calibration of MatriXX:

The project at the Children's Cancer Hospital
(CCH) 57357 at 2019.

The absolute calibration (cGy/MU) was meas-
ured by using field size geometry calibration step
with an open field size of 10 x 10cm  for 6MV
with 200 MU delivered

Validation of MatriXX:

To prepare the installation of COMPASS sys-
tem, we need some information and data for the
COMPASS beam modeling. For beam model com-

missioning, depth dose curves on the central axis,
profiles and output factor were needed. All the
measurements should be provided at the same SSD
and all the data should be provided for different
field size 2cm x 2cm, 3cm X 3cm, 5cm x 5cm,
10cm x 10cm, 15cm x 15cm, 20cm x 20cm, 30cm
x 30cm and 40cm x 40cm.

All commissioning data had been sent to IBA
company to send own machine and other linac
parameters that had been measured to improve the
quality of initial beam model.

Flattering filter position (distance from the
bottom of the flattering filter to the sourcein cm.
X Jaws position (distance from the bottom of the
flattering filter to the sourcein cm), X Jaws trans-
mission, Y Jaws position (distance from the bottom
of the flattering filter to the sourcein cm, MLC
position (distance from the bottom of the flattering
filter to the source in cm), Transmission of MLC
Tonge, Groove [cm], Leaf Tip [cm] and Collimator
calibration offset [cm] (also known as leaf gap)
were measured.

Before using of Compass system, we made a
CT scan of Matri XX with multicube phantom and
then import the MatriXX at TPS with open field
size 20cm x 20cm at SSD89 with gantry angle O
degree for 6 MV energy where MU 238 and dose
200cGy then applied these steps at linac for cali-
bration of MatriXX to measure the dose.

To validate the Compass for clinical use, two
plans (One Head & Neck case and one Prostate
case) were measured with compass system and
exported to IBA Company to create amodel for
each machine to be used in the present work. These
plans (consist of the complete of CT data, RT Plan,
RT Structure Set and RT Dose Dicom files) should
be complied with the DICOM standard.

For clinical validation, ten cases of neuroblas-
toma were studied at two matched linear accelera-
tors Elekta versaHD to compare TPS, Compass
Computed (CC) and Compass Reconstructed (CR)
Doses.

Results

Abdominal Cases [Neuroblastoma (NB)]:

Ten cases of neuroblastoma were treated with
VMAT technique according to the protocol used
with dose range 2160-4500cGy taking into consid-
eration tumor stage and patient age, while fractional
dose is 180cGy. The results show the differences
in PTV mean dose, D99 and D2 between TPS, CC
and CR (Table 1).
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From Table (1), it was found that the range of
dose differences for CC were 0.4-2.2, 0.1-3.8 and
0.2-2% for PTV mean, PTV D99 and PTV D2,
respectively. While those for CR were 0.3-3.3, 0.8-
4.1 and 0.3-4.7% for PTV mean, PTVD99 and
PTVD2, respectively.
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The average difference CC vs. TPS were 1.28,
1.93 and 1.15 for PTV mean, PTVD99 and PTVD2,
respectively. While those of CR vs. TPS were 1.65,
2.04 and 1.97 for PTV mean, PTVD99 and PTVD?2,
respectively.

Table (1): Differences of PTV mean dose, D99 and D2 for TPS, Compass Computed and Reconstructed Dose.
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All differences didn’t exceed 2% except for
CR PTVD99 and PTVD2 (>2.1%).

These differences indicate good agreement
between TPS and dose calculated (CC) and meas-
ured (CR) with Compass system.

According to the study of Pimthong et a., [3]
the percent disparity between the COMPASS meas-
ured and Eclipse TPS calculated dose was less than
3%, which is consistent with our findings.

Table (2) shows the differences in dose of
different critical organs for neuroblastoma cases
(Rt. Kidney mean, Lt. Kidney mean, Liver mean,
Spinalcord mean and Spinal cord D1) for TPS, CC
and CR.

Table (2): Differences of mean dose and D1% of different
critical organsfor TPS, CC and CR.

Average Average
Critical organs differences differences

Cc dose% Cr dose%
Right kidney mean (cGY) 12 3.8
Left kidne mean (cGY) 11 6.7
Live mean (cGY) 0.9 51
Spinal cord mean (cGY) 1 4.3
Spinal cord D1 (cGY) 12 3.2

From Table (2), it was observed that the average
difference of CC for critical organswas 1.2, 1. 1,
0.9, 1 and 1.2 for Rt. Kidneymean, Lt. Kidney
mean, Liver mean, Spinal cord mean and Spinal
cord D1, respectively.

Whilethat of CRwas 3.8, 6.7, 5.1, 4.3 and 3.2
for Rt. Kidney mean, Lt. Kidney mean, Liver mean,
Spinal cord mean and Spinal cord D1, respectively.
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It was noticed that the mean differences between
TPS and CC were less than 2% for RT kidney and
Lt. Kidney due to different algorithmsin dose
cal culation between Monaco and collapsed cone
at Compass. While the mean differences dose
exceed 3% for Rt. Kidney and Lt. Kidney between
TPS and CR. These differences may be due to high
dose gradient at which both kidneys overlapped
with the target.

For Liver and Spina Cord, the mean differences
doses between TPS and CC were less than 1%.
While, D1% of spinal cord exceeds 1%.

The mean dose differences and D 1 % between
TPSwith CR exceeded 3%. Spinal cord D1 is kept
in range less than 4% that is accepted due to cord
small volume. The standard deviation dose differ-
ence and D1% between TPS and CC was less than
19% for liver and spinal cord. On the other hand,
the standard deviation dose differenceand D 1 %
between TPS and CR exceeded 6% for liver and
spinal cord.

The differences in standard deviation dose and
D1 were high. Because the dosage disparities at
critical organs were significant, so Compass beam
model should be upgraded to improve low dose to
enable this modelling and provide a higher score.
Compass beam model should be enhanced for
dosage determination in the low dose zone and the
low dose components of the energy spectrum [14].

Example of DVH of a NB case patient number
7 Fig. (1). lllustrates an example of DV H/static
plot of Volume [%)] Vs. Dose [% of 7747cGy] PTV
for NB case.

DVH

60 70 80 90 100 110

Dose (% of 2295.4 cGy)
Fig. (1): Example of DVH of PTV for neuroblastoma case (dashed line refers to TPS dose and solid line refersto CC/CR).

Discussion

The DVH showed that there is no significant
difference in dose between TPS dose and CC/CR.
Asthework of Subramani Vikraman et al., [16]
showed that Compass can be used as a sensitive
and meaningful quality assurance tool whichis
consistent with the findings of this study in small

deviation dose of PTV between TPS and CC/CR.
Thisfinding isin good agreement with the finding
of Vikraman et a., [15] . That show small deviation
dose of PTV between TPS and CC/CR.

Fig. (3) illustrates an example of DVH plot for
different critical organsfor aNB case which were
represented in set of different colorsin Fig. (2).
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Fig. (2): Set of colors represents different critical organs for aNB case number 7.
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Fig. (3): Example of DVH plot of critical organs for NB case (dashed line refersto TPS dose and solid line refersto CC/CR).

The figure shows a small deviation in dose
calculated at TPS and Compass system because
the different in dose cal culation between Monaco
and collapsed cone algorithms. So, Compass system
is an effective device for evaluated critical organ
inplan.

Matching between two linac:

Table (3) shows the difference % in PTV mean
for six cases at two linac for neuroblastoma.

Table (3): Difference of reconstructed mean dose for PTV %
measured at two machine for six cases (head and
neck, neuroblastoma and prostate).

Patient number NB mean Diff%

0.3
0.3
0.4
0.6
0.8
0.1

P1
P2

P4
P5
P6

The results showed that the diff % didn’t exceed
1% between the two machines, so we can treat any
case at two matched Linacs. This clinical experi-
ment lead to the use of Compass as atool for check
matching procedure among many different linear

accelerators that would help in clinical usein
different scenarios.

Compass system is an effective tool for patient
specific QA tool for VMAT plans, it give 3D dose
reconstruction on patient CT. COMPASS calculate
the plan by a collapsed cone algorithm dose (com-
puted dose) to make a second check of dose calcu-
lation by the TPS. The variations of dose between
TPS and Compass are due to mode of calculation,
Compass agorithm uses dose to water for calcula-
tion while that of Monte-Carlo uses dose to medium
[15-18] .

By comparing compass dosage computation
with Monte Carlo-cal culated dose distributions for
five prostate patients, Boggula and his collagues
reported that MatriXX-dose calculation showed a
great agreement with Monaco while, Zamo and
his collagues compared point dose from TPS and
COMPASS for 10 real VMAT plans for prostate
and head and neck. They found that the mean
differences were below 1% for the target. On the
other hand, swamy's team measured 10 head and
neck (H&N) and pelvis VMAT plans using COM-
PASS system along with MatriX X Evolution the
average dose difference between Eclipse treatment
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planning system (TPS) calculated and COMPASS
measured (homogenous medium) in normalization
region, inner region, penumbra region and buildup
region was less than £2% which is consistent with
the findings of this study [10,14,16] .

Conclusion:

Prior to treatment, patient-specific quality as-
surance (QA) should be carried out to ensure that
cancer patients receiving radiation therapy employ-
ing cutting-edge methods such as IMRT and VMAT
receive correct and safe care. In this research, we
assessed the fundamental accuracy and calibration
of reconstructed dose distributions and computed
dose of the system COMPASS with a MatriXX
detector. The precision and spotting ability of the
COMPASS system's delivery doses were verified
showing effectiveness for clinical work.

The variation in dose between the TPS and
Compass system in CR and CC in different cases
measured in our study isvery low so, the Compass
systemisvalidin clinical use. The result showed
that there was no significant difference between
reconstructed dose measured at two machines.
Compass act as atool to check the similarity be-
tween two matched linear accelerators.

Compass system is useful to usein our routine
because it doesn’'t gave only 3D dose distribution
in PTV but also give information about dose re-
ceived for different critical organs.
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