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The new function of 3DVH software for dose calculation inside the patient undergoing TomoTherapy treatment
by applying the measured data obtained by ArcCHECK was recently released. In this study, the dosimetric
accuracy of 3DVH for the TomoTherapy DQA process was evaluated by the comparison of measured dose
distribution with the dose calculated using 3DVH. The 2D diode detector array MapCHECK phantom was used
for the TomoTherapy planning of virtual patient and for the measurement of the compared dose. The average
pass rate of gamma evaluation between the measured dose in the MapCHECK phantom and the recalculated
dose in 3DVH was 92.61+3.5%, and the error was greater than the average pass rate, 99.0+1.2%, in the gamma
evaluation results with the dose calculated in TomoTherapy planning system. The error was also greater than
that in the gamma evaluation results in the RapidArc analysis, which showed the average pass rate of 99.3t
0.9%. The evaluated accuracy of 3DVH software for TomoTherapy DQA process in this study seemed to have
some uncertainty for the clinical use. It is recommended to perform a proper analysis before using the 3DVH
software for dose recalculation of the patient in the TomoTherapy DQA process considering the initial application

stage in clinical use.
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Introduction

Delivery quality assurance (DQA) for the verification of the
dosimetric accuracy of intensity modulated radiation therapy
(IMRT) and volumetric modulated arc therapy (VMAT) has
been investigated in various studies.” A conventional basic
procedure for DQA is the measurement of dose distribution in
a phantom structure. The dosimetric errors are then analyzed
by comparing the measured data with the calculated dose in a
treatment planning system (TPS).

The conventional DQA process has some limitation as it

measures and analyzes the dose in a phantom material and not
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within the body of the patient.*” In order to overcome this
limitation, special softwares were developed for calculation of
the dose distribution in the patient’s body using the measured
data in the DQA process.6'13) A 3DVH software (SunNuclear,
Melbourne, FL) is used to calculate the dose inside the pa-
tient’s body with two different methods based on the type of
treatment and measurement device. One method is for the
IMRT with individual fixed beams that requires per-field
measurement data by using a two-dimensional (2D) diode de-
tector array such as a MapCHECK2 (SunNuclear, Melbourne,
FL). The other method is for the VMAT based on the meas-
urement data from three-dimensional (3D) diode detector array
such as an ArcCHECK (SunNuclear, Melbourne, FL).

The dosimetric accuracy of 3DVH was analyzed in various
studies and showed appropriate accuracy for the IMRT with
separate fixed gantry angle and for the VMAT, such as a
RapidArc (Varian Medical Systems, Palo Alto, CA).

The function of 3DVH for dose calculation inside the pa-

tient undergoing TomoTherapy (Accuray, Sunnyvale, CA) treat-
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ment by applying the measured data obtained by ArcCHECK
was developed and recently released. Therefore, little study on
the accuracy of 3DVH in the TomoTherapy DQA process has
been performed. A specific analysis of the function of 3DVH
for dose calculation with the Tomotherapy measurement data
should be performed before applying to clinical cases.

In this study, the dosimetric accuracy of 3DVH for the
TomoTherapy DQA process was evaluated in order to verify
the accuracy in the application of clinical cases. For this study,
the real dose distribution was measured during the Tomo-
Therapy treatment and compared with the dose calculated us-
ing 3DVH. In addition, the accuracy was evaluated with the
comparison results of the 3DVH application in the RapidArc
DQA process.

Materials and Methods
1. Preparation of the TomoTherapy plan

The 2D diode detector array MapCHECK (SunNuclear, Mel-
bourne, FL) was inserted in a water-equivalent MapPHAN
phantom (SunNuclear, Melbourne, FL) and was used for the
measurement of the TomoTherapy treatment dose, as shown in
Fig. 1. After acquisition of a computed tomography (CT) im-
age of the MapCHECK combined with the MapPHAN, a total
of ten TomoTherapy plans (five prostate and five head plans)
were prepared based on the CT images. The virtual target and
organ at risk (OAR) were contoured differently in each plan
(Fig. 2), and the TomoTherpy plans were prepared according

to the dose prescription, as shown in Table 1.

&

2. Dose calculation with 3DVH

The DQA plans of the prepared TomoTherapy plans were
made for the acquisition of measured dose data by using the
ArcCHECK device. After the DQA measurement by using the
ArcCHECK, as shown in Fig. 3, the error compared with the
calculated dose in the TomoTherapy planning system was
evaluated using the gamma evaluation method with a 3% dose
difference and 3-mm distance-to-agreement criteria. The meas-
ured dose data by using the ArcCHECK was imported to
3DVH, and the 3D dose distribution in the MapCHECK phan-
tom was recalculated. The calculated 2D coronal dose dis-
tribution at the level of diode detector array was exported in
order to compare it with the dose distribution measured in the
MapCHECK detector array during the TomoTherapy treatment

beam delivery.

Fig. 1. MapCHECK combined with MapPHAN phantom for the
dose measurement in TomoTherapy treatment.

AL PR A e

Fig. 2. Example of the contours for target and OARs delineated on the MapCHECK phantom. (a) Prostate plan, (b) Head plan.
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Table 1. Dose prescription for the planning of TomoTherapy

and RapidArc.

Prostate Plan

CTV Vo ey >95%
Viso Gy >95%
Dmax < 210 CGy, V140 Gy < 40%
Dmax < 210 CGy, V140 Gy < 40%
Dnax <120 CGy, Voo Gy <20%

Pelvic lymph node
Bladder

Rectum

Femoral head

Head Plan

GTV Voo cy>95%
CTvV Viso ecy>95%
Spinal cord Dinax<110 cGy
Parotid gland Dinean <65 ¢Gy
Thyroid gland Dinean <90 cGy

£ TomoTherapy

/ HI-ART
l/
=
@

Fig. 3. Dose measurement with ArcCHECK for the TomoTherapy
delivery quality assurance (DQA).

3. Analysis on the dosimetric accuracy of 3DVH

The dose difference between the measured and calculated
dose in 3DVH was evaluated using the gamma evaluation
method with a 3% dose difference and 3-mm distance-to-
agreement criteria.

The additional ten RapidArc plans were prepared with the
same MapCHECK phantom, target, OARs and dose pre-
scription as used in the TomoTherapy plans. The DQA plans
were prepared for dose measurement by using the ArcCEHCK.
After the DQA accuracy was confirmed, the measured dose
data by using the ArcCHECK was imported to 3DVH for 3D
dose calculation in the MapCHECK phantom. The calculated
2D coronal dose distribution at the level of MapCHECK diode
detector array was exported, as in the case of the Tomo-

Therapy analysis. The dose difference between the dose meas-
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Fig. 4. MapCHECK combined with MapPHAN phantom for the
dose measurement in RapidArc treatment.

ured during RapidArc beam delivery and dose calculated in
3DVH was evaluated using the gamma evaluation method with
the same criteria of the TomoTherapy case.

The Novalis Tx linear accelerator (Varian Medical Systems,
Palo Alto, CA) was used, as shown in Fig. 4 and the RapidArc
plans were prepared using the Eclipse (Varian Medical Sys-
tems, Palo Alto, CA) planning system. The photon energy was
6MV, which is similar to the photon energy in the Tomo-
Therapy plans, and a single arc was used in all the RapidArc
plans.

The evaluated 3DVH accuracy in the RapidArc DQA proc-
ess was compared with the results in the TomoTherapy case
and the suitability of the 3DVH application in the Tomo-
Therapy DQA was examined.

Results

The calculated pass rate in the gamma evaluation of Tomo-
Therapy DQA by using the ArcCHECK is shown in Table 2.
The average pass rate was 98.3+1.2%, which proved to be the
acceptable agreement between the calculated dose and the
measured dose in TomoTherapy.

The results obtained by comparing the calculated dose at
level of 2D diode detector array in the TomoTherapy planning
system and the measured dose distribution in the MapCHECK
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Table 2. The pass rate calculated by a gamma evaluation in TomoTherapy DQA process using ArcCHECK (prostate plan:
A~E, head plan: F~J).

Patient A B C D E F G H I ] Average

Pass rate (%) 98.5 99.2 98.4 99.9 99.0 97.9 98.3 98.6 97.2 95.7 98.3+1.2

Table 3. The pass rate calculated by a gamma evaluation between a measured TomoTherapy dose in MapCHECK and a
calculated dose in TomoTherapy planning system (prostate plan: A~E, head plan: F~J).

Patient A B C D E F G H I ] Average

Pass rate (%) 99.7 99.7 97.9 99.7 100.0 100.0 973 96.9 99.6 98.9 99.0+1.2

Table 4. The pass rate calculated by a gamma evaluation between a measured TomoTherapy dose in MapCHECK and a
calculated dose in 3DVH (prostate plan: A~E, head plan: F~J).

Patient A B C D E F G H I ] Average

Pass rate (%) 98.3 95.7 91.2 87.2 95.7 87.2 92.0 93.0 92.7 93.3 92.6+3.5

Table 5. The pass rate calculated by a gamma evaluation in RapidArc DQA process using ArcCHECK (prostate plan: A~E,
head plan: F~J).

Patient A B C D E F G H 1 ] Average

Pass rate (%) 98.7 98.8 99.3 97.8 99.2 99.8 100.0 99.7 99.8 99.7 99.3+0.7

Table 6. The pass rate calculated by a gamma evaluation between a measured RapidArc dose in MapCHECK and a calculated
dose in Eclipse planning system (prostate plan: A~E, head plan: F~J).

Patient A B C D E F G H I ] Average

Pass rate (%) 98.8 99.6 100.0 99.6 99.6 99.0 100.0 99.3 98.6 100.0 99.5+0.5

Table 7. The pass rate calculated by a gamma evaluation between a measured RapidArc dose in MapCHECK and a calculated
dose in 3DVH (prostate plan: A~E, head plan: F~J).

Patient A B C D E F G H 1 J Average

Pass rate (%) 99.2 98.0 975 100.0 99.6 99.0 100.0 100.0 100.0 100.0 99.3+0.9

phantom are shown in Table 3. The average pass rate of the 3.5%, and the error was greater than that in the gamma evalu-

gamma evaluation was 99.0+1.2%, which was in good agree-  ation results with the dose calculated in TomoTherapy plan-

ment with the calculated dose by using the TomoTherapy  ning system.

planning system and the measured dose. The results of gamma evaluation in the RapidArc DQA
The results of gamma evaluation between the measured dose  process are shown in Table 5, Table 6, and Table 7. The aver-

in the MapCHECK phantom and the recalculated dose in  age pass rate was 99.3+0.7% in the RapidArc DQA process

3DVH are shown in Table 4. The average pass rate was 92.6+ using the ArcCHECK and was in good agreement. The aver-
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1 Original plan dose
I 3DVH dose
100.0

98.0
96.0
94.0
92.0
90.0
88.0
86.0
84.0

82.0 T 1
TomoTherapy RapidArc

Average pass rate (%)

Fig. 5. Comparison of the average pass rate calculated in a
gamma evaluation between a measured dose in MapCHECK
and a predicted dose in each dose calculation tool.

age pass rate was 99.5t0.5% when the measured dose dis-
tribution in the MapCHECK phantom was compared with the
calculated dose distribution in the Eclipse planning system.
The average pass rate was 99.3+0.9% when the measured dose
was compared with the recalculated dose in 3DVH, which was
in good agreement and similar to the dose calculated in the
Eclipse planning system.

The graph in Fig. 5 compares the evaluated results, and the
increased error can be seen in the TomoTherapy dose calcu-

lated by 3DVH compared with other good agreement results.

Discussion

The 3DVH software can recalculate the dose distribution in-
side the body of the patient subject to a delivered treatment
beam and overcome the limitation of a conventional IMRT
DQA process with the phantom material. The evaluation of
3DVH in the RapidArc DQA process revealed its high accu-
racy in this study. Similar results in many other studies were
obtained to confirm the accuracy of 3DVH in the DQA proc-
ess of the IMRT and VMAT.

In this study, we mainly evaluated the dosimetric accuracy
of a recently released 3DVH software for dose verification of
the patient in the TomoTherapy treatment, which should be
confirmed before application in real clinical cases. The eval-
uated results in this study showed that the accuracy of 3DVH

in the TomoTherapy DQA process was not good compared
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with the accuracy in the RapidArc DQA process. Although the
average pass rate in gamma evaluation was greater than 99.0%
in all the RapidArc analysis, the average pass rate in 3DVH
evaluation in the TomoTherapy analysis was 92.6+3.5%. The
average pass rate in this case is significantly lower (p<10 °)
than the pass rate, 99.0+1.2%, in gamma evaluation with a
calculated dose in the TomoTherapy plan. The inaccuracy of
3DVH in TomoTherapy was considerably large, and the devia-
tion of the accuracy varied in each plan, which makes it diffi-
cult for applications in clinical cases.

The inaccuracy of 3DVH for TomoTherapy evaluated in this
study could not be analyzed in comparison to that in other
studies, because the 3DVH software for TomoTherapy had
been developed and released recently and there is not enough
data for evaluation. The cause of inaccuracy can be estimated
with several factors. The dose calculation algorithm of 3DVH
for TomoTherapy seems to be imperfect to combine the meas-
ured dose data from the ArcCHECK and TomoTherapy plan
considering the large deviation in each plan. The complication
of the TomoTherapy beam delivery process that integrates the
movement of a treatment table and binary multi-leaf collimator
(MLC) with the helical rotation of a linear accelerator (LINAC)
might not be completely considered in the dose calculation al-
gorithm of 3DVH. The accuracy of 3DVH in TomoTherapy is
expected to increase as the data from many users is accumu-
lated and a corrected dose calculation algorithm is established.

Although the evaluated inaccuracy of 3DVH in TomoTherapy
might be limited to this study, it can occur in any other sites
that consider insufficient application data because of the newly
developed software and the lower number of TomoTherapy
sites compared to the sites using a generalized LINAC based
IMRT and VMAT. Therefore, it is better to perform a proper
analysis before using the 3DVH software for dose recalcula-
tion of the patient in the TomoTherapy DQA process. The fur-
ther study on the error analysis will be done with the addi-
tional phantom measurements data in order to find the proper
method to apply the 3DVH in TomoTherapy DQA.

Conclusion

The 3DVH software for the dose recalculation inside the

body of the patient in the TomoTherapy DQA process is esti-
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mated to have some uncertainty like the results in this study

considering the initial application in clinical cases. A proper 6
verification study on the dosimetric accuracy should be per-
formed by comparing the recalculated dose in the 3DVH soft-
ware with the measured dose before application to a real clin- 7
ical case.

8
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