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ABSTRACT

Background: Radiotherapy is a successful therapeutic strategy to limit cancer
metastases and control tumor grow locally. However, the cancer lesion could
be displaced due to the intrinsic movement of an alive patient. Modern
LINAC with onboard imaging system could possibly provide real-time
information for observation of these variations during treatment process.

Purpose: To analyze the sensitivity of an on-board imaging system with cavity
generation method.

Methods: An Arc Check system from Sun Nuclear company was used as
pseudo patient, the Arc CHECK system has two inserts which are the inner
plug, and the larger water equivalent outer plug. Three scenarios were
generated with all plugs inserted, inner plug being out, and no plugs insert
to the Arc CHECK system, And the megavoltage panel at onboarding
imaging system was extended for receiving radiation dose passing through
the Arc Check patient. Then a Volumetric Modulated Arc Therapy (VMAT)
plan was delivered to the ARC CHECK System, and the onboarding was used
to record the delivery dose, and the plan recorded dose were analyzed with
portal dosimetry software from Varian Medical System. The permutational
evaluation variables included distance to agreement, dose difference, and
resolution.

Results: In the permutational combination orders, which were comparison of
recorded images with both plugs in to inner plug out, both plugs in to both
plugs out, and inner plug out versus both plug out, and the gamma value for
portal dosimetry system were 95.35%, 71.10%, and 72.4% at 2% dose
difference and 2.0mm distance to agreement setting.

Conclusions: An offline experimental strategy was developed with a quality
assurance equipment in radiotherapy with cavity generation method; and this
initial study provided operational experience in using onboard imaging
system in real time tracking the therapeutical procedure in radiation oncology
department. Moreover, the easy usage of the onboard imaging system in this
study suggests that the clinical application plausibility of cancer radiotherapy
for therapeutical outcome improvement; Furthermore, the imaging clinical
resolution improvement could be a future radiotherapy direction when
multiple onboard imaging modalities system are available.

Keywords: Cavity Generation Method, Radiotherapy, Cancer Treatment,
Linear Accelerator, Quality Assurance, Onboard Imaging System.
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1. Introduction

Radiotherapy is an effective therapeutic approach
for limiting cancer metastases and controlling local
tumor growth and has evolved from late-19th-
century radium and orthovoltage x-rays to
megavoltage linear accelerators, conformal
planning, image guidance, and modern particle
(ion-beam) therapy—reflecting more than a
century of technical and clinical advances'3. Early
practice (1895-1939) established foundational
techniques and indications?, comprehensive
reviews summarize the 20th-century transition to
megavoltage and fractionation!, and historical
accounts trace the development of proton and
heavy-ion therapy'. Away from historical point of
view mentioned above, Radiotherapy’s clinical
value is firmly established by large individual-
patient meta-analyses demonstrating substantial
reductions in local recurrence and disease-specific
mortality across key breast cancer settings®®. Yet,
indicates  that

population-level utilization still falls short of need,

evidence-based  modeling
with ~50% of patients expected to benefit when
guideline-concordant indications are applied,
highlighting persistent implementation gaps*’. In
parallel, documented barriers to evidence-based
practice within clinical radiography underscore the
importance of systematic QA, education, and
workflow redesign to translate evidence into
consistent care®. In vivo verification provides a
practical bridge between planning and delivery:
EPID-based dosimetry offers a mature, widely
reviewed framework for detecting deviations
during treatment’, while the advent of MRI-guided
radiotherapy enables real-time, soft-tissue-based
adaptation at the linac’®. Complementary motion-
management imaging—such as respiratory-
correlated cone-beam CT—further contextualizes
intra-fraction anatomy, supporting safer, more
consistent dose delivery''. Despite different variety
of the improvement directions especially during
the process of treatment course, tumor positioning
may also have different types of variation in
different scales and surrounding environment due

to the natural movements of a living patient. With
the availability of the resource, which is onboard
imaging system mounted on modern linear
accelerator systems, our facility has the potential to
provide real-time data, allowing for continuous
monitoring of these variations throughout the
treatment process. As cavity structures exist widely
in different part of human body'', we developed
a cavity generation method to observes these
variations with controllable adjustments. More
specifically, in this study, our objectives majorly
include following initial studies. Firstly, we are
going to develop a new pre-treatment quality
assurance application of megavoltage imaging
system for Volumetric Modulated Arc Therapy
(VMAT) and secondly, we will evaluate the
efficiency and effectiveness of multi-fraction
radiotherapy treatment consistency; and thirdly, to
investigate the clinical feasibility of using an
onboard megavoltage imaging system for real-
time tracking of dose distribution variations during
radiotherapy delivery; finally, we tried to provide
small field dosimetry simulation improvement
directions with the scale and sensitivity of the
onboard imaging system analysis.

2. Materials and Method

An Arc Check system from Sun Nuclear company'®
was used as pseudo patient, the Arc Check system
has two inserts which are the inner plug, and the
large water equivalent outer plug. And figurel
shows the Arc Check system hardware. The left
side of the figure 1 is the Arc Check equipment
without the inner plug at center, and this inner plug
is showed in the middle of the figure. And the right
side of figure 1 are both of inner plug and outer
plug, they were place together for physical scale
comparison.
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Authors’ own images

Figure 1 Arc Check System with 2 plug insets from Sun Nuclear Company.

With this apparatus, three scenarios were generated
with 1) all plugs inserted, 2) inner plug being out,
and 3) no plugs inserted to the Arc Check system.
Then, an MLC delivery pattern was selected based
on an anonymized patient plan shows in figure 2,
which displays a 2 Arcs VMAT plan. In this figure,
the dose distributions around the treatment target
were showed in 3 different views from a patient
computed tomography (CT) image set. The right-

Authors’ own images

side image is a 3-dimensional view. The two Arcs
were modulated with the target volume shape. To
implement the dose requirement, both delivery
aperture and delivery speed were controlled with a
complexity of multi-leaf collimator, optimal
operation of the gantry rotation and varying dose
rate provided by a modern linear accelerator
(LINAC), which is a TrueBeam LINAC manufactured
by Varian Medical System.

Figure 2, Trement plan dose delivery pattern selected for this study.

And the megavoltage Electronic Portal Imaging
Device (EPID) was extended for receiving radiation
dose passing through the Arc Check device. The
onboard EPID was on a TrueBeam Linac from
Varian Medical System. And the Linac and its
onboard imaging system is showed in figure 3. In
this study, the treatment plan was delivery to the

Arc Check system, which was placed on the couch.
Simulated target condition was changed with
different inserts. And each Arc fields was delivered
3 times with the same alignments and the MV
imaging panel was extended. Therefore, total 6
images were attained for this analysis.

Authors’ own images

Figure 3 A TrueBeam Linear Accelerator equipped with KV and MV onboard imaging system.

After the Volumetric Modulated Arc Therapy
(VMAT) plan was delivered to the ARC Check

system and the EPID was used to record the
delivered dose. And the recorded images in 3
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scenarios are showed in figure 4 at below. In this
figure, the left image was generated at condition
1, middle image was generated by condition 2 and
right-side image was generated at condition 3.

Authors’ own images

Figure 4. Recoded Portal doseimetry images for 3 conditions.

To evaluate these images, there are different
methods such as structure similarity index, learned
perceptual image patch similarity, and so on. One
of solution is to find the similarity level of these
images were with Portal dosimetry Software from
Varian Medical system. A gamma index [4] was
used as compared these three images with
permutational combinational order. The formula of
the gamma index [5] s
convenience as following:

redescribed for

!
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* where
— D(r): Dose at position r in the reference image.
— D’(r'): Dose at nearby position r’ in the evaluated image
— AD: Dose difference criterion
— Ad: Distance to agreement criterion

In the formula, the gamma index value was unified
with dividing dose difference by dose different
criteria, and divided geometry distance with
distance to agreement criterion. And these
approaches make gamma index value into a
number without units, which is purified into
quantities of different physical value into a
combined number. Philosophically, this unit
unifying method can be expanded to different
clinical practice, however, the correlation between
the actual outcome and the value of this
mathematical number needs more investigated.

Obviously, to distinguish of the difference of these
images is relatively challenge, therefore, special
tool is required to evaluate and compare these

images.

3. Results

In the permutational combination orders, which
were comparison of recorded images with three
combinations which were 1) both plugs in to inner
plug out; 2) both plugs in to both plugs out, and 3)
inner plug out versus both plugs out

Following Gamma analysis results were obtained:
at condition 1) Gamma values were 95.35%, at
condition 2) 71.10% and at condition 3) 72.4% at
2% dose difference and 2.0mm distance to
agreement settings.

A detailed data collection information is showed in
table 1. And in table 1, the two arc fields F1 and F2
were attained by megavoltage imaging panel and
expresses as portal dosimetry for the images being
caught including both geometry and dose
information for an appropriate calibration of the
imaging panel. Two criteria of gamma index were
computed and shows in table 1. The dose
difference selection was 1% and 2%, and distance
to agreement was 1.0mm
Accordingly, the pass rates in percentage for the
gamma less than 1.0 were different. More

and 2.0 mm.

specifically, the percentage difference between
the inner plug out versus outer plugs out was at the
level of 10%. However, for inner plug out
condition, the difference is only about 1.0%. And
these data showed the non-linear characteristics of
the gamma index.

Table 1 Gamma<1 pass rate at different Dose difference and distance to agreement

GAMMA < 1 Pass Rate

No. Systems Gamma Setting

1 Portal Dosimetry F1 2% 2.0mm

Both plugs inserted vs  Both plugs inserted vs  Inner plug out vs
Inner plug out

95.50%

outer plug out

70.80%

both plugs out
71.90%
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2 Portal Dosimetry F1 1% 1.0mm

3 Portal Dosimetry F2 2% 2.0mm

4 Portal Dosimetry F2 1%, 1.0mm
2% 2.0mm

Average F1 and F2
1% 1.0mm

4. Discussion

Firstly, an offline experimental strategy was
developed using quality assurance equipment in
radiotherapy with cavity generation method. And
this step includes simulation parameter import and
model calibration setting'. Then, a commissioning
procedure also carried out to confirm the system
satisfies the requirement the IMRT or VMAT quality
assurance requirement suggested by American
Association of Physics in Medicine.

Secondly, this initial study provided operational
experience in utilizing an onboard imaging system
for real-time tracking of therapeutic procedures in
the radiation oncology department. As we know,
the images catching is accomplished by the electronic
scanning process frame by frame. Therefore, by
shorting the frame taken temporal period, the real
time tracking may become plausible.

Thirdly, this cavity system sensitivity to radiotherapy
dose delivery was evaluated with gamma index
computation. There could be different ways to
magnify the effect of cavities based on recently
study in reciprocal space method'’, which checking
the image similarity in different dimensions. This
method through Fast Fourier Transformation of
acquired images, then images was compared in
reciprocal space. And the result showed
significantly magnification of image signals.
Moreover, the ease of use demonstrated in this
study suggests the clinical feasibility of onboard
imaging for enhancing therapeutic outcomes in
cancer radiotherapy, which means this application
of the onboarding imaging system could be
utilized for clinical request purpose.

Furthermore, improving imaging resolution could
be a future direction for radiotherapy, especially
with the integration of multiple onboard imaging
modalities. Tracking the imaging process in different
scale and improve model accuracy still need both
research efforts and clinical data support.

Conclusion

94.40% 60.20% 61.90%
95.20% 71.30% 72.90%
94.20% 60.70% 63.70%
95.35% 71.05% 72.40%
94.30% 60.45% 62.80%

A Cavity Generation Method was introduced, and
initial study had been carried with On board
imaging system in tracking the radiation variation
due to cavity effect.
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