Analysis of using the ArcCHECK Diode Array for
Verifying Tomotherapy HDA™ Patient-specific Delivery Quality Assurance
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Abstract
Background: The ArcCHECK cylindrical diode array, which is real time analysis and reusable tool,
has been introduced as a patient QA device for Tomotherapy plan.
Objective: The aim of this study was to investigate the dosimetric characteristics of ArcCHECK for
Tomotherapy including the clinical usage as a dose verification tool.
Materials and Methods: The dosimetric characteristics of the ArcCHECK in terms of short-term
reproducibility, dose linearity, field size dependence, including sensitivity of cylindrical diode
array to variation of the Tomotherapy planning parameters i.e., field width (FW) and pitch were
investigated. The clinical tests were used on twenty prostate cancers. The measured dose
distributions using ArcCHECK and dose measurement from EBT3 films were compared with dose
calculation from Tomotherapy treatment planning. The results were evaluated following
the gamma criteria of 3%/3mm. The clinical action level was established by given a higher
percentage of gamma passing than (100-CL) while CL was [(100-mean) + 1.960C].
Results: The sensitivity of diode showed linearity with dose delivery in the range from 5s to 300s
(R2=1) and the variations of repeatedly measured in the short-term period was within +1.52%.
The field size dependence exhibited the same response as the ionization chamber (CC13) except
for 1 cm field width; the diodes exhibited 14.81% over-response when compared with the CC13,
which may result from volume averaging of the CC13. The influence of planning parameters on
sensitivity of ArcCHECK showed no difference of gamma passing rate with higher passing rate than
97% for all various FW and pitch plans. For clinical plans, ArcCHECK measurements
demonstrated in the similar trend of EBT3 films analysis with a moderate positive correlation
(r=0.59). The clinical action level of our institution was found 97% when using ArcCHECK as a
verification tool.
Conclusion: The detector achieves the efficient dosimetric characteristics and ArcCHECK
response is independent of Tomotherapy planning parameters. The percent gamma passing for
patient-specific QA evaluation shows moderate positive correlation with the film. The ArcCHECK
system can be considered as a reliable and an effective QA tool for patient verification of the
Tomotherapy.
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Introduction

Helical Tomotherapy is a modality that
was developed to deliver intensity-modulated
radiation therapy (IMRT) in radiation oncology'.
A linear accelerator is attached to a ring-shaped
gantry that allows the delivery of the intensity
of radiation beam and modulated the beam
by a binary multi-leaf collimator to a patient
while the couch is moving through the gantry

[1]

rotation™”. The sophisticated and complexities

Journal of Thai Association of Radiation Oncology
Vol. 26 No.2 July - December 2020

delivery technique make this possible delivery
errors?, i.e., mismatches between delivered
and planned doses. To minimize an inaccuracy
of dose delivery, the pre-treatment patient
verification is strongly recommended for each
helical-IMRT patient plan.

Currently, most Tomotherapy users perform
delivery quality assurance (DQA) using the
radiochromic film (EBT3)” “. The EBT3 film is a

gold standard for performing as a plan verification



tool with its high spatial resolution, less energy
dependence, almost dose rate independence,
and near tissue-equivalent features®".
However, the EBT3 film shows that its measure-
ment protocol is still time-consuming. The
scanning of post-irradiation EBT3 film has to be
waiting for the film darkening to stabilized,
generally scanned at least 24 hours after

exposure®™

! This has led to a necessity to
implement an effective pre-treatment verification
protocol. The real-time dose-distribution
detector such as diode or ionization chamber
array has been introduced to use for more
effectively™" %,

The performances of the ArcCHECK cylindrical
diode array (Sun Nuclear, Melbourne, FL)
are related to an ideal detector array for the
verification of radiotherapy as followings; it
shows dose linearity response and dose rate
independence, it is a robust system, which has
good short-term reproducibility. Moreover, it is
easy to calibrate and it can perform real-time
measurements and provides instant results'”.
Therefore, the ArcCHECK has been widely used
for verifying the VMAT plan that delivered by
LINAC-based for a decade"**.

Previously, few studies intended to evaluate
ArcCHECK cylindrical diode array to use for
Tomotherapy patient-specific DQA® ™. Yue Q.
et al. (2014) evaluated the necessary functional
characteristics test of the ArcCHECK, including
short-term reproducibility, linearly diode
response, and dose per pulse dependence.
The ArcCHECK provided stable and consistent

measurement outcomes with helical

Tomotherapy. Hence it is considered as an
accurate device, which was implemented
clinically for Tomotherapy DQA?. More recently,
in 2016, Bresciani S. et al. supported Yue Q.
et al. that the ArcCHECK could be used as a
pre-treatment verification tool for Tomotherapy
with the following recommendation: new
agreement criteria of the percent gamma passing
rate needed to be established"”.

This study aimed to validate the dosimetric
characteristics of the ArcCHECK diode array
and implement the device for Tomotherapy
HDA™ plan verification. The proper evaluation of
a QA dosimeter could inform the variations and
response in dose measurement, minimizing the
errors and building the user’s confidence before
using the device for QA properties. In order to
achieve accurate measurement protocol and
ensure that ArcCHECK is suitable as a pretreat-
ment verification tool for Tomotherapy HDA™,
the plan parameters effect and retrospective of
20 prostate cancer patients who treated by
Tomotherapy HDA™ at Ramathi-bodi hospital
were investigated. The gamma passing rate of
retrospective patients was also evaluated,
including finding a suitable gamma criteria and
action level for Ramathibodi hospital Delivery
Quality Assurance (DQA)

Materials and Methods

A three-dimensional array of 1,386 N-type
diode detectors (0.019 mm3) has been
developed by Sun Nuclear Corporation
(Sun Nuclear, Melbourne, FL). All diode detectors

are arranged in a spiral pattern around PMMA
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phantom surface (2.9 cm thickness or 3.3 cm
water equivalent depth) with 10 mm spacing
and 10 mm distance from each detector. The
ArcCHECK phantom geometry is cylindrical with
21 cm diameter and array length.

Before performing any test, the absolute
dose calibration of ArcCHECK detector was

carried out against the CC13 ionization chamber

(IBA Dosimetry GmbH, Schwarzenbruck, Germany)
inserted in solid water phantom (Gammex, Inc.,
Middleton, WI). The setup condition was followed
the Sun Nuclear Corporation’s recommendation,
as shown in Figure 1. Finally, the absolute dose
calibration data file was added in Sun Nuclear
patient software and set as the default dose

calibration.

A3om

ArcCHECK Setup

Figure 1 The configuration of ArcCHECK and the solid water phantom setup for dose calibration.

The dosimetric characteristics test

The dosimetric characteristics of the
ArcCHECK were examined in terms of short-term
reproducibility, dose linearity, and field size
dependence. All tests were performed with the
Tomotherapy HDA™ system (Accuray, Sunnyvale,
CA), which provided a flattening filter-free 6 MV
photon energy, 870 MU/min dose rate and

equipped with a binary 64 multileaf collimator.
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The central of the ArcCHECK was aligned to the
isocenter of the machine, 85 cm SAD geometry.
Besides, the CC13, 0.13 cm3 was inserted in the
central cavity within the cavity plug of the
ArcCHECK in order to monitor the stability of
photon beams output (Figure 2).

The short-term reproducibility test was
purposed to ensure that ArcCHECK could be

performed consecutive dose measurements. The



Figure 2 a) The experimental setup of the ArcCHECK combination for the Tomotherapy HDA™ system.
b) The insertion part of the ArcCHECK (with the CC13 inserted).

measurements were conducted with a 5x10 cm’
field size (reference field size for Tomotherapy™®)
for ten times consecutive measurements with
less than a minute interval. The beam on time
was set at 10 seconds. The readings form the six
central diodes were averaged, and then the
short-term reproducibility of ArcCHECK was
evaluated by calculating the standard deviation
(SD).

The dose linearity test was performed by
varying delivery time from 5, 10, 15, 20, 30, 40,
60, 120, 180, 240, and 300 seconds based on
clinical application in order to prove that
ArcCHECK readings were directly proportional to
the actual dose with a linear function. The
measurements were conducted with a 5x10 cm?
field size. The six central diodes readings were

averaged.

Field size dependence test was purposed to
quantify the response of ArcCHECK diodes which
are known to provide the over-response to
low-energy scattered photons, so that the diode
readings may deviate from the reading of the
ionization chamber®. This test was done by
measuring beam deliveries of varied field width
(Y) of 1, 2.5, 5 cm with different X of 5, 10, 15,
20, 30, 40 cm. The measurements were
conducted with 10 seconds of beam-on time.
Due to the small field width of 1 and 2.5 cm
covered only the two central diodes on Y-axis,
the two central diodes readings were averaged
for all field sizes in order to simplify the
comparison of diode ability between each
field size. Finally, the measured ArcCHECK
dose were compared with the measured dose

by the CC13, which inserted in slab solid water
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phantom a 3.3 cm-thick (relate to diode detec-
tors depth) and irradiated under the same
conditions including field size and beam-on time

setting.

The planning parameters dependence test
The planning parameters affecting the
sensitivity evaluation test was done by creating
15 treatment plans of 5 cm diameter sphere PTV,
which simplified to the prostate size. The plans
optimized using different parameters by varying
the FW of 1, 2.5, 5 cm for fixed jaw, and FW of
2.5 and 5 cm for dynamic jaw for each pitch
selected, i.e., 0.215, 0.287, and 0.43. For all
created plans, the PTV was prescribed with a
dose of 2 Gy per fraction and then optimized
100% dose for 95% PTV. Finally, the pitch and
FW dependence were evaluated by determining
the gamma passing rate of gamma analysis, which
provided on Sun Nuclear patient software (Sun
Nuclear, Melbourne, FL) and calculated a
one-way ANOVA to statistically analyze the data.
According to AAPM TG No.119 and No.148 report,
the gamma passing rate of at least 90% with 3%
DD/ 3mm DTA with 10% threshold was set as a

criterion.

The clinical-used test

Routinely, the DQA of Tomotherapy HDA™
in Ramathibodi hospital was performed by
using EBT3 film. The film was positioned
between two semi-cylinders of cheese
phantom while performed measurement.
The Extradin A1SL ionization chamber (0.053 cm?)

was also inserted below the film for point dose

R48 Journal of Thai Association of Radiation Oncology
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measurement. After DOA process, the film needs
long time for processing, especially post
irradiation waiting time (usually at least 24
hours) for being stabilized. After that, the film
was scanned. All data was collected in the film
analysis software, including film calibration file,
film-measured file and calculated-plan file.
Finally, the film was analyzed by the gamma
analysis for a comparison between measured
dose and calculated plan.

In the clinical-term, 20 retrospectives of
prostate cancer patients who treated using
Tomotherapy HDA™ at Ramathibodi hospital
were randomly selected including both only
prostate gland cases and prostate with node
cases. The averaged PTV size of all plans was
6.06+3.39 cm (3.10-18.00 cm).

The gamma passing rate of at least 90%
using 3% DD/ 3mm DTA with 10% threshold
was set as a criterion following AAPM TG
No.119%” and No.148%" report. The gamma
passing rate of each DQA plan was analyzed by
the correlation analysis to find the strength of a
correlation between ArcCHECK-measured analy-
sis and the retrospective data of EBT3 films
measurement analysis. Finally, the clinical action
level was established by following: the treatment
plan DQA must be given a higher percentage of
gamma passing than (100-CL) as the confidence
limit was obtained using the equation of CL =
[(100-mean)+ 1.96061%.

It should be noted that the relative dose
measurement mode was used for ArcCHECK
measurement in this study. In addition, the

global normalization was used for the dose



difference normalization of the ArcCHECK
measurement since the global normalization is
suitable for more clinically relevant than local

normalization™.

Results
The dosimetric characteristics test

The short-term reproducibility of Arc
CHECK on the Tomotherapy HDA™ system was
178.39+1.52% as shown in Figure 3.
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Figure 3 The short-term reproducibility of average six central diodes of the ArcCHECK with error bars of

+1SD.

The dose linearity was presented as a straight
function graph of a relationship between
ArcCHECK dose measurements (cGy) and
varying beam on time (s). For beam-on time
increments from 5s to 300s, the dose linearity
response with a straight function (R2=1), as shown
in Figure 4, which indicated that the diodes
readings were proportional to the actual dose.

The field size dependence of the ArcCHECK
is shown in Figure 5a). The diodes exhibited the
same response with the CC13 by increasing
response with increasing field size and the
sensitivity variations deviated from the CC13
within £0.71% and +0.24% for all different X and
field width of 2.5, and 5 cm, respectively.
For field width 1 cm, the diodes exhibited

higher response than the CC13, which deviated
within £14.81%. The percent differences between
ArcCHECK readings and CC13 readings are shown
in Figure 5b)

The planning parameters dependence test

The field width and pitch dependence are
shown in Table 1. The fifteen plans optimized
with various pitches, which performed measure-
ments by ArcCHECK, obtained similar results.
The percent gamma passing rate (%GP) of the
plans were more than 97% (98.80-100.00%).
The average percent passing rate of 3%/3mm
criterion for each pitch and all FWs used were
99.73+0.60%, 99.71+0.84%, and 99.86+0.24%
for 0.43, 0.287, and 0.215, respectively.

_Res)
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Figure 4 The Dose linearity response of ArcCHECK. The SDs of all diodes readings are too narrow to

show on this chart.
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Table 1 The percent gamma passing rate for each field width and pitch dependence plan with criterion

of 3%/3mm.

Field width (cm) Pitch
0.430 0.287 0.215
1.048 99.93 99.73 99.43
2.512 Dynamic 99.93 100.00 99.90
2.512 Fixed 99.97 100.00 99.97
5.048 Dynamic 99.97 100.00 100.00
5.048 Fixed 98.83 98.80 100.00

Average 99.73+0.60 99.71+0.84 99.86+0.24
The clinical-used test Discussion

For the clinical-term, according to the
experience of the AAPM TG-148 report
established QA for helical tomotherapy supports
the AAPM TG No.119 with the recommended
gamma passing rate of at least 90% with 3%/3mm
criterion, the percent gamma passing of all
plans in this study was higher than 95% (96.10-
100.00%) gamma passing of 39%/3mm criterion.
The average percent gamma passing in this study
was 99.46% + 1.09. Our study also reported the
correlation between the percent gamma passing
rate of ArcCHECK measurement and retrospective
data of the measurements of the EBT3 film,
which was a positive correlation, as shown in
Figure 6.

The absolute value of correlation coefficient
(r) was 0.59, which between 0.40-0.59; this r
indicated that this correlation was moderate.
The strength of the correlation was described

by using the guide that Evans suggested™.

The critical dosimetric characteristics of the
ArcCHECK in the Tomotherapy HDA™ system
was evaluated and provided satisfactory results.
For field size dependence test, the diodes
exhibited 14.81% higher response than the CC13
for field width 1 cm due to volume averaging
of the CC13. Although the CC13 did not
appropriate to use for small field measure-
ment® it was selected with a limitation of
chamber holder for the ArcCHECK cavity plus.
However, the CC13 was proper to use for clini-
cal-used test of the averaged PTV size (6.06+3.39
cm).

The results of each pitch and all FWs used
for planning parameters dependence test were
non-significant difference since P-value is greater
than 0.05 (P-value = 0.84). Hence, it is indicated
that there is no significant difference between
each pitch with all FWs. Therefore, the results of
this study could also be supported that the
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Figure 6 The correlational relationship between the percent gamma passing rate of ArcCHECK-measured

analysis and the retrospective data of EBT3 films measurement analysis

ArcCHECK is accurate for any pitch and FW of the
Tomotherapy treatment plan while using
3%/3mm criterion which use as a criteria for
clinical patient verification.

In term of clinical-used, the analysis results
of percent gamma passing cannot be directly
compared between two devices (ArcCHECK vs.
EBT3 film) owing to differences configuration,
resolution, and number of detectors per area””.
However, we determined the moderate correla-
tional relationship between the ArcCHECK and
EBT3 films, which is the gold standard and also
used as a routine measurement device in
Ramathibodi hospital.

Previously, Yue Q. et al. recommended every
institutes to investigate their own action level,
which related to the universal agreement
criteria[2]. Based on the statistical analysis for
the twenty cases analyzed with 3%/3mm

criterion, the suggested clinical action level of
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our institution is 97%. Nevertheless, more data
collection was also recommended.
Consequently, all ArcCHECK performances
evaluated in this study demonstrated that this
detector device is suitable to perform as a
patient-specific QA verification tool for the

Tomotherapy HDA™ system.

Conclusion

The detector achieves the efficient dosime-
tric characteristics and the ArcCHECK responses
are independent of Tomotherapy planning
parameters.

As a results of percent gamma passing for
evaluate patient-specific QA in this study that
show moderate positive correlation with
the EBT3 film, the ArcCHECK system can be
considered as a reliable and an effective QA tool
for patient verification of the Tomotherapy
HDA™.



Further study will be considered on the suitable
action level of gamma passing rate for each

clinical region use in Ramathibodi hospital.

Acknowledgments
We wish to express my sincere appreciation to

my advisor, co-advisor, and all staffs from the

References

1. Mackie TR, Holmes T, Swerdloff S,
Reckwerdt P, Deasy JO, Yang J, et al.
Tomotherapy: A new concept for the
delivery of dynamic conformal radio-
therapy. Med Phys. 1993;20:1709-1719.

2. Yue Q, Duan J, Li R, Yang J. Systematic
Analysis of the ArcCheck Diode Arrays
for Tomotherapy Delivery Verification. Int
J Med Phys Cli Eng Rad Oncol. 2014;3:
218-225.

3. Sterpin E, Dumont D. Application of
GAFchromic™ films for TomoTherapy®:
Role and Applications in Radiation
Dosimetry. 2017: 227-232.

4. Tessonnier T, Dorenlot A, Nomikossoff
N. Patient quality controls with
gafchromic EBT3 for tomotherapy HI-ART
2: Analysis of the calibration’s condition
to achieve an absolute dosimetry. Phys
Medica. 2013;29:e45.

5. Devic S, Tomic N, Lewis D. Reference
radiochromic film dosimetry: review of
technical aspects. Phys Medica. 2016;32:
541-556.

division of Radiation Oncology, Department of
Diagnostic and Therapeutic Radiology, Faculty of
Medicine, Ramathibodi Hospital, who provided
me the invaluable assistance during my study.
This thesis is partially supported by the Graduate

Studies of Mahidol University Alumni Association

6. Massillon-JL G, Chiu-Tsao S-T,
Domingo-Murioz I, Chan MF. Energy
dependence of the new Gafchromic EBT3
film: dose response curves for 50 kV, 6
and 15 MV x-ray beams. Int J Med Phys
Cli Eng Rad Oncol. 2012;1:60-65.

7. Hussien M. Evaluation of detector array
technology for the verification of
advanced intensity-modulated radio-
therapy: PhD Thesis, University of Surrey.
2015.

8. Low DA, Moran JM, Dempsey JF, Dong L,
Oldham M. Dosimetry tools and tech-
niques for IMRT. Med Phys. 2011;38:
1313-1338.

9. Niroomand-Rad A, Blackwell CR, Coursey
BM, Gall KP, Galvin JM, MclLaughlin WL,
et al. Radiochromic film dosimetry:
Recommendations of AAPM Radiation
Therapy Committee Task Group 55. Med
Phys. 1998;25:2093-2115.

10. Shimohigashi Y, Araki F, Maruyama M,
Nakaguchi Y, Kuwahara S, Nagasue N,
et al. Evaluation of a single-scan protocol
for radiochromic film dosimetry. J Appl
Clin Med Phys. 2015;16:412-424.

Journal of Thai Association of Radiation Oncology
Vol. 26 No.2 July - December 2020



11.

12.

13.

14.

15.

16.

17.

Bladh-Johansson C. Patient-specifc
quality assurance for helical tomo-
therapy An evaluation of two different
detector systems. PhD Thesis, Lund
University. 2010.

Myers P, Stathakis S, Gutiérrez A,
Esquivel C, Mavroidis P, Papanikolaou N.
Evaluation of PTW Seven29 for tomo-
therapy patient-specific quality
assurance and comparison with Scandi-
Dos Delta2012. 72-80

Breslin AJ. Guidance for air sampling
at nuclear facilities. Energy Research and
Development Administration; 1976.
ArcCHECK & 3DVH [Internet]. Sun
Nuclear Corporation. Available from:
https://www.sunnuclear.com/documents/
datasheets/arccheck3dvh.pdf.
Chaswal V, Weldon M, Gupta N,
Chakravarti A, Rong Y. Commissioning
and comprehensive evaluation of the
ArcCHECK cylindrical diode array for
VMAT pretreatment delivery QA. J Appl
Clin Med Phys. 2014;15:212-225.
Létourneau D, Publicover J, Kozelka J,
Moseley DJ, Jaffray DA. Novel dosimetric
phantom for quality assurance of
volumetric modulated arc therapy. Med
Phys. 2009;36:1813-1821.

Li G, Zhang Y, Jiang X, Bai S, Peng G, Wu
K, et al. Evaluation of the ArcCHECK QA
system for IMRT and VMAT verification.
Phys Medica. 2013;29:295-303.

Journal of Thai Association of Radiation Oncology

| Vol. 26 No.2 July - December 2020

18.

19.

20.

21.

22.

23.

Thiyagarajan R, Nambiraj A, Sinha SN,
Yadav G, Kumar A, Subramani V, et al.
Analyzing the performance of ArcCHECK
diode array detector for VMAT plan. Rep
Pract Oncol Radiother. 2016;21:50-56.
Bresciani S, Dia Amalia D, Maggio A, Cutaia
C, Miranti A, Infusino E, et al. Tomo-
therapy treatment plan quality assurance:
The impact of applied criteria on passing
rate in gamma index method. Med Phys.
2016;40:121711.

Thomas S, Aspradakis M, Byrne J,
Chalmers G, Duane S, Rogers J, et al.
Reference dosimetry on TomoTherapy:
An addendum to the 1990 UK MV
dosimetry code of practice. Phys Med
Biol. 2014;59:1339-52.

Feygelman V, Zhang G, Stevens C, Nelms
BE. Evaluation of a new VMAT QA device,
or the “X” and “O” array geometries. J
Appl Clin Med Phys. 2011;12:146-68.
Gary A, Ezzell JWB, Nesrin D, Thomas J,
LoSasso, James G, et. al. IMRT commis-
sioning: Multiple institution planning and
dosimetry comparisons, a report from
AAPM Task Group 119. Med Phys. 2009;36:
5360-5372.

Moyed Miften PD. AAPM TG218: Measure-
ment Methods and Tolerance Levels for
Patient-Specific IMRT Verification QA.
2016 AAPM Annual Meeting; Alexandria,
VA: AAPM; 2016.



Journal of Thai Association of Radiation Oncology
Vol. 26 No.2 July - December 2020



