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Robotic Radiosurgery : From frame-based to
frame-less image guidance

Lmewmawmwssm WanAned, a1a1stwaainy ﬁ"’mnvjmﬁm
mmfa‘ﬂﬂi“mﬁ ardlsziiiana

e fAFnEuazNzISanen

MABENRIEINEY ALITUNNEANARTIINENLNAT NN TR

Abstract

Stereotactic radiosurgery is a non-invasive procedure that utilizes precisely targeted
radiation as an ablative surgical tool. Conventional radiosurgery devices, such as the Gamma
Knife and X-Knife, rely upon skeletally attached stereotactic frames to immobilize the patient
and precisely determine the 3D spatial position of a tumor. A relatively new instrument, the
Robotic Radiosurgery also called CyberKnife (Accuray, Inc., Sunnyvale, CA), makes it possible
to administer radiosurgery without a frame. The CyberKnife localizes clinical targets using a
very accurate image-to-image correlation algorithm, and precisely cross-fires high-energy
radiation from a lightweight linear accelerator by means of a highly manipulable robotic arm.
CyberKnife radiosurgery is an effective alternative to conventional surgery or radiation therapy
for a range of tumors and some non-neoplastic disorders.

The preliminary result of hepatocellular carcinoma treated with

CyberKnife : A case report

snunun  suzlas, wa WINSTU  ENANARDME, . N
Manthana Dhanachai, M.D'  Pornpan Yongvithisatid, M.Sc'

NANTTU WanAwad, wa.'
Putipun Puataweepong, M.D',
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Abstract

CyberKnife is a frameless image-guided
robotic system for stereotactic body radio-
therapy. It can delivery the accurate and
concentrated radiation beam to intracranial
and extracranial targets for benign, malignancy
and some non-neoplastic conditions. Since
Ramathibodi hospital is the first CyberKnife
center in Thailand. We report the initial result
of hepatocellular carcinoma treated with
CyberKnife in our hospital.

Keyword: Stereotactic body radiation therapy,
Radiosurgery, CyberKnife, Hepatocellular
carcinoma
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Patient set up using 4D moving laser
and conventional simulator

ANANTLUANTITIU  UIRINATY
A F A uaruzsanen Traneunaginasnsm

UNARER

Taquiuladimalulagdlunnsinmydaaln
NZL?Q%QHL%ﬁﬁﬂLLUUiﬁSJﬂ Andwhluanunsg
InSanmsedanianialusenianaasney
NtL%QMgﬂLgﬂ\iﬂ;ﬁl'}tﬁ’lﬁm unFesTugmiy
n19aneALian e nsdaeensenesed (n13da
myLhe) waznsTaauLAANTE LIRS SaRLY
fagiiag sandannavhgUnanidasselnmanzas
lunsimauuanseuansfdzesyianana
Fa@ s uazusisanen Tanenaqiiaansnddl
2 mATiA Aa Angle Moving Laser #9naLiansy
muzmm VLm@’m Eclipse Treatment plannlng

wae CT Simulator LVIﬁuﬂ‘ﬂﬂLL‘LI‘LI‘VI‘H,Q Af ﬂ’]ﬁ‘slﬁ]

84 u15033cuU NsansaLIAUSHASNIALISOINENIKDUSINAING

D o7 15 auuA’ 2 nsnAw - SuorAL 2552

3899188938 9R ?qﬁ@Léﬂm§uﬁmmﬁm
15@'m Eclipse Treatment Planning Lm'urﬁ’u 08l
Ansla Moving Laser aqnngzaqnganiialu
NN3TALAL TDLINATIA Une1AaziliAINAANA
AR DAY NNTTALAL AN LAIBITIABINNIRNESA
¥l 41A1I0ATINABLYN Isocenter LAz
TAULAALDIFIUMIIANTIRANNNN x-ray Tae)
muﬂa‘ﬂumﬂu 1NN DRR ”l,mﬂmmﬂmm
Luug NN Aatulunisinauansaiday
wansreyagaed lavnisTaauuansey
nsnSadeaeanailn Lﬁ@@mmmmﬂgm

PTARNAUIINIERIN AT AT



On Board Imaging (OBI):
How Much Have We Missed The Target?

Nantakan leumwananonthachai, Satjah Chaikreng,
Khammook Krongyuth,

Division of Radiation Oncology, Faculty of Medicine, Siriraj Hospital, Mahidol university

Knowing where exact position of the target
volume during treatment is the challenge in
the field of radiation therapy. This issue has
become more important with modern radiation
therapy delivery techniques like intensity
modulated radiation therapy (IMRT), healthy
tissue is spared by using tight margins around
the tumor. These tight margins leave very
small room for patient setup errors. The use
of an imaging modality in the treatment room
as a way to localize the tumor for patient set
up is generally known as "Image Guided
Radiation Therapy" or IGRT. The IGRT
comprises all techniques enabling checking
and correction of patients position directly
before or during an irradiation session.

This presentation deals with a form of
IGRT using a traditional linear accelerator
equipped with kV imaging devices called as
On Board Imaging (OBI) currently in use at
Siriraj Hospital to decrease the geographical
misses. Using this kilovoltage (kV) imaging
unit allows matching of kV images to planning
digitally reconstructed radiographs (DRRs).
And OBJ also allows reconstruction of volumetric
kilovoltage cone-beam computed tomography
(kV-CBCT) for tumor volume data and detailed
anatomical information. CBCT is one of the

more promising ways of bringing image guidance

for 3D patient positioning. This article presents
the steps followed in order to clinically
implement this system, as well as some of the
quality assurance tests suggested by the
manufacturer and some tests developed in
house. We describe the clinical introduction
of such a system in our hospital and a number
of image guided protocols we have been
developing since April 2009. Patients were
positioned by the radiation therapy technologists
; orthogonal images were then obtained with
the OBI unit. We quantified and evaluated the
significance of calculated deviation from the
intended isocenter. Couch shifts were made,
aligning bony anatomy or implanted gold
markers to the initial DRRs or simulation
images. Then the 3D CBCT images were
acquired, it allows for the use of volumetric
online imaging to account for setup variation
and organ motion by providing multiple
anatomical views of the patient during the full
course of RT treatment.

Currently, we are routinely applying bony
anatomy based protocols for all patients
treated on one of our treatment machines
equipped with OBI, and soft-tissue based
corrective strategies for selected cases, such

as prostate, head and neck, and lung patients.
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"EXPERIENCE IN IMPLEMENTATION AND CLINICAL
APPLICATIONS OF VOLUMETRIC INTENSITY
MODULATED ARC THERAPY (VIMAT)"

RICKY MING-CHUN CHAU, PH.D., MICHAEL KOON-MING KAM, F.R.C.R,,
SING-FAI LEUNG, M.D., KWOK-HUNG YU, F.R.C.R., AND

KIN-YIN CHEUNG, PH.D.

Department of Clinical Oncology, Prince of Wales Hospital, Hong Kong, SAR, China

Introduction

RapidArc (Varian Medical Systems, Palo Alto, CA) is a novel aperture-based algorithm for
treatment planning, where intensity-modulated dose distributions can be delivered during a
single arc of 360 degree rotation of the gantry. The planning algorithm [1] uses progressive
sampling optimization by simultaneously changing the shape of the multileaf collimator (MLC)
aperture, output dose rate, and rotation speed of the gantry. RapidArc (RA) achieves several
objectives: (1) irradiation of the entire target volume in a single rotation with a highly conformal
dose distribution, (2) time efficiency to increase the clinical throughput and patient's comfort
during treatment, (3) reduction of treatment machine unit (MU) and less integral dose to body.
Since conventional fixed fields Intensity-Modulated Radiation Therapy (IMRT) has been widely
used in clinical application for various carcinomas, there are excellent reviews and publications
for treatment outcome and major toxicity pattern. Therefore, IMRT was used as a benchmark in
evaluation the performance of this novel treatment technique. Among various cancers, head
and neck is an ideal cancer for assessment of its conformal-adequate dose coverage in  multiple
targets and its achievement in sparing of organs-at-risk (OARs).

Implementation of RapidArc treatment planning

RapidArc (RA) was first installed in our Eclipse treatment planning system in version 8.5
platform in November 09. Since dose calculation can only be performed with Anisotropic
Analytical Algorithm (AAA) algorithm after optimization, commissioning of AAA dose calculation
algorithm has to be performed before the implementation of the RA. The optimization algorithm
of RA in this version did not allow for simultaneous optimization of two arcs. Therefore, all the
investigation studies [2-4] were planned with single arc RA ( RA1).

Our center aims to use RA to treat head and neck cases and therefore, nasopharynx,
hypopharynx and thyroid carcinomas patients that previous treated with IMRT were selected for
the investigation. Same dose constraints parameters used in IMRT plan were applied to RA1
plan during optimization. Quantitative evaluation of plans between RA1 and IMRT was

performed by means of Dose-Volume-Histogram (DVH) and dose distribution in axial, coronal
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and sagittal plans. The result showed although both plans met the clinical acceptance criteria
in terms of target coverage ( >95% target volume received prescribed dose and<20% volume
received 110% of prescribed dose), greater dose inhomogeneity within the Planning Target
Volumes (PTVs) was found in RA1 plan (4 Gy higher than the prescribed dose) when compared
with the IMRT plans ( 2 Gy higher than the prescribed dose). It is difficult to reduce the dose
inhomogeneity within the targets by adjusting the dose constraints in RA1 optimization. It also
found that dose to critical organs such as spinal cord and brainstem was higher in RA1 plan
although the dose limits were not exceeded. As a result, IMRT plan was far better than RA1 plan
and oncologists were reluctant to switch to RA technique.

Furthermore, there is no option for planners to continue their optimization from the previous
result. If RA1 plan cannot meet the acceptance criteria, planner has to start over again from
step one. The modified dose constraints from previous optimization may disturb the optimizer
and the result may be worse than the previous optimization. Consequently, many trials have to
be made and the planning time is much longer. With this version of RA, it is difficult to obtain a
plan with the result that comparable to that of IMRT plan for any head and neck cases.

An improved version of RA was commercial available and installed in our center in May 09.
This revised version of RA was performed in Eclipse treatment planning version 8.6 platform
and dose calculation has to be performed in AAA algorithm version 8.6.15. Option for selection
of optimization from the previous result is included also in the new version and other extra
features such as exclude structures that are not use in optimization were also added. With this
version, highly conformal dose distribution can now be delivered in either a single arc RA1 or
multiple arcs (RAn) of maximum total arc length <1000 degrees when field size is 15x15cm”.

Various studies [5-6] have been performed using this new version and the result was promising.

Methods and materials

Several cancers sites of head and neck patients were selected for the evaluation of the new
version of RA and they are (1) edpendymoma, (2) tonsil, (3) larynx, (4) ethmoid, (5) hypopharynx,(6)
nasopharynx and (7) thyroid. Each patient was first planned with fixed (6 to 7 fixed fields) IMRT
plan and obtained the best optimal plan with maximal target coverage and minimal organs-at-risk
(OARs) dose. These results in terms of DVHs and dose distribution became the reference benchmark
for RA2 plan. Same set of dose constraints for IMRT plan was used as the kick-off dose
constraints in RA2 optimization. Adjustment of the dose constraints for the target and critical
organs is often required during RA2 optimization in order to obtain a result that comparable to
IMRT plan. Moreover, optimization time, dose calculation time, number of MU given and treatment

delivery time were recorded and compared between two plans.
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Results

Figures 1-7 show the differences in DVHs and dose distribution between RA2 plans and

IMRT plans of the following cancer sites (1) edpendymoma, (2) tonsil, (3) larynx, (4) ethmoid,(5)

hypopharynx, (6) nasopharynx and (7) thyroid, respectively. In order to be able to distinguish

each individual DVH corresponding to which structure between RA2 plan and IMRT plan when

all DVHs were plotted together on one figure, targets and OARs of most concern were selected

and plotted. Only one set of axial, coronal and sagittal plans with visual difference in dose

distribution between two plans were chosen and shown in figures. The difference in optimized

time, treatment time and number of MU given between RA2 plans and IMRT plans were summarized

in Table 1.

TABLE 1: Comparison of the optimized time, treatment time and number of
MU given between RA2 plans and IMRT plans.

Tumor sites Technique Optim.time(min) MU Txt. time(min) No. of fields
Brain IMRT 7 963 5.5 Co-planar 6F
RA2 40 338 3 ARC1: 170-190 ccw
IMRT/RA2 0.2 2.8 1.8 ARC2: 190-170 cw
Ethmoid IMRT 5 958 5.5 Co-planar 6F
RA2 18 342 1.5 ARC1: 35-270 ccw
ARC2: 270-35 cw
IMRT/RA2 0.3 2.8 3.7
Hypopharynx IMRT 10 2120 15 Co-planar 7F
RA2 52.5 547 3 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.2 3.9 4.0
Tonsil IMRT 10 1867 12 Co-planar 7F
RA2 51.3 661 3 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.2 2.8 3.7
Larynx IMRT 10 1738 15 Co-planar 7F
RA2 44 620 3 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.2 2.8 3.7
Thyroid IMRT 10 1202 15 Co-planar 7F
RA2 40 417 21 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.3 2.9 5.0
NPC IMRT 11 2027 14 Co-planar 7F
RA2 48 681 3 ARC1: 170-190 ccw
ARC2: 190-170 cw
IMRT/RA2 0.2 3.0 3.9
Range 0.2-0.3 2.2-39 1.8-5.0
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Discussions
A. Planning procedure

Setting up a standard IMRT plan is much easier than a RA2 plan. Once a template consists
of seven fixed fields loaded from the plan library, isocenter is determined based on a simple
protocol and then optimization can be started right away. The collimators sizes will be adjusted
automatically during optimization in order to allow maximum dose coverage of the target
volume. But for a RA2 plan, the setting of the isocenter co-ordinates is more complicate than
IMRT plan. There is no simple protocol but trial-an-error method. The isocenter of a single arc is
usually located at the center of the tumor. But for double arcs, the setting of isocenter depends
on the extension of the tumor in lateral direction and the limitation of the physical length of the
MLC. It is recommended not to set the opening of MLC exceeding a length of 20cm for this will
reduce the power and efficiency in modulation of the dose intensity during optimization due to
the physical limitation in length of the MLC. In order to keep the tumor inside the opening of the
field most of the time during gantry rotation, sometime it required isocenter to be off-set from the
center of the tumor in RA2 plan. Therefore, skill and experience are required in determining the
isocenter and collimators sizes in setting up a RA2 plan.

RA2 consisting of two coplanar arcs were optimized simultaneously but rotated in opposite
rotation (clock- and counter clock-wise). The application of two coplanar arcs aims to increase
the modulation factor during optimization. Since each individual arc is limited to a sequence of
maximum 177 control points, the application of two independent arcs, simultaneously optimized,
could allow the optimizer to achieve higher target homogeneity and lower doses to OARs, but at
a cost of doubling the optimization time as well as the treatment time. But the number of MU
given is independent from the number of arc. In RA optimization, progressive sampling optimizer
was used and the optimization has to go through 5 levels in order to complete the optimization
process. The time to go through 5 levels varies in a range of 18-52.5 minutes, which depends
on the arc angle and the complexity of the plan. For IMRT plan, the optimization time is in the
range of 5-11 minutes, which is 20% to 30% of that of the RA2 plan. Therefore, the optimization
time required for RA plan is significantly longer than the IMRT plan. But this would not affect the

throughput of the treatment machine.

B. Dosimetric comparison

For RA1 plans, both dose inhomogeneity of the targets and sparing of the critical organs
were inferior to RA2 plans and IMRT plans in most of the head and neck cases. Therefore, it is
not recommended to use a single arc technique to treat these cases although the treatment
time is the least among three techniques. The dose homogeneity of targets in IMRT plans is
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slightly better than RA2 plans in most cases. Great effort has to be made during optimization to
reduce the dose inhomogeneity in targets for RA plans in order to obtain a comparable result
with the IMRT plans. When performing on-line adjustment of the dose constraints, the responsiveness
in changing the shape of DVHs is worse in RA2 optimization. The cold spots of the PTV in RA2
plans were found in the regions of 1) peripheral of PTV near the surface of the body, 2) first two
slices of PTV in the superior region, and 3) last two slices of PTV in the inferior region. To
improve dose coverage in these cold regions, additional structures were needed to be added
to represent these cold regions and attention have also to be made in contouring PTV such that
there is enough build up tissues below the body outline.

In all the studied cases, the dose limits of all the critical organs were not exceeded in both
the RA2 plans and IMRT plans. However, the means dose to spinal cord is significantly higherin
the RA2 plans. Our experience told us that not matter how hard you tried, it is difficult to reduce
spinal cord dose to the same dose level as that of the IMRT plans for hypopharynx and
nasopharynx cancers. It is also found that the DVHs of the brainstem in RA2 and IMRT plans
were cross over one another. The low dose region of the brainstem in RA2 plan was lower than
IMRT plan but vice versa in the high dose region of the DVH.

C. Quality assurance

RA quality assurance (QA) program is an extension of IMRT QA program and will test and
ensure the reliability of the delivery capabilities that are incremental to those of the IMRT. Ling
[7] recommended three important elements that must included in the RA QA program which are
checking the accuracy of the dynamic MLC position, precise dose-rate control during gantry
rotation, and accurate control of gantry speed. The pre-treatment QA procedure for RA plan in
our center is similar to that of the IMRT plan. Absolute point dose measurement and relative
dose map measurement were performed for each patient before treatment. The acceptance
criteria for absolute point dose measurement is <3% discrepancy between the measured dose
and planned dose. For the relative dose map measurement, the acceptance criteria allows 3%
discrepancy of the isodose line in the uniform region and 3mm discrepancy in high dose gradient

region.

Conclusions

There is a significant improvement in dose homogeneities inside targets and sparing of
critical organs in the revised version of RapidArc. In combining with the short delivery time and
smaller number of MU, RA becomes more attractive and promising in treatment for head and

neck cancers.
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FIGURE 1: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for edpendymoma cancer.
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FIGURE 2: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for tonsil cancer.
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FIGURE 3: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for larynx cancer.

FIGURE 4: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for ethmoid cancer.
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FIGURE 5: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans

between RA2 plans and IMRT plans for hypopharynx cancer.
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FIGURE 6: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans
between RA2 plans and IMRT plans for nasopharynx cancer.
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FIGURE 7: Comparison of the DVHs and dose distribution in axial, coronal and sagittal plans

between RA2 plans and IMRT plans for thyroid cancer.

a

ERIT0

References

1.

KARL OTTO, "VOLUMETRIC MODULATED ARC THERAPY: IMRT IN A SINGLE GANTRY
ARC", MED. PHYS. VOLUME 35, ISSUE 1, PP. 310-317 (JANUARY 2008)

FRANK J. LAGERWAARD, M.D., PH.D., OTTOW. M.,ET AL, "VOLUMETRIC MODULATED ARC
RADIOTHERAPY FOR VESTIBULAR SCHWANNOMAS", INT. J. RADIATION ONCOLOGY
BIOL. PHYS., VOL. 74, NO. 2, PP. 610-615, 2009

ANTONELLA FOGLIATAA, ALESSANDRO CLIVIOA, ET AL, "INTENSITY MODULATION WITH
PHOTONS FOR BENIGN INTRACRANIAL TUMOURS: A PLANNING COMPARISON OF
VOLUMETRIC SINGLE ARC, HELICAL ARC AND FIXED GANTRY TECHNIQUES",
RADIOTHERAPY AND ONCOLOGY 89 (2009) 254-262

WILKO F. A. R. VERBAKEL, PH.D.,ET AL, "VOLUMETRIC INTENSITY-MODULATED ARC
THERAPY VS. CONVENTIONAL IMRTIN HEAD-AND-NECK CANCER: A OMPARATIVE
PLANNING AND DOSIMETRIC STUDY", INT. J. RADIATION ONCOLOGY BIOL. PHYS., VOL.
74, NO. 1, PP. 252-259, 2009

EUGENIO VANETTI A, ALESSANDRO CLIVIO, ET AL, "VOLUMETRIC MODULATED ARC
RADIOTHERAPY FOR CARCINOMAS OF THE ORO-PHARYNX, HYPO-PHARYNX AND
LARYNX: ATREATMENT PLANNING COMPARISON WITH FIXED FIELD IMRT" RADIOTHERAPY
AND ONCOLOGY 92 (2009) 111-11

ALESSANDRO CLIVIO A, ANTONELLA FOGLIATA,ET AL, "VOLUMETRIC-MODULATED ARC
RADIOTHERAPY FOR CARCINOMAS OF THE ANAL CANAL: A TREATMENT PLANNING
COMPARISON WITH FIXED FIELD IMRT", RADIOTHERAPY AND ONCOLOGY 92 (2009) 118-124
C. CLIFTON LING, PH.D.,*Y PENGPENG ZHANG, PH.D., ET AL, "COMMISSIONING AND
QUALITY ASSURANCE OF RAPIDARC RADIOTHERAPY DELIVERY SYSTEM", INT. J.
RADIATION ONCOLOGY BIOL, PHYS., VOL 72 NO2. PP575-582, 2008.

06 WISLITCUU 0NSANSALIAUSHASNENALISOINENIKOUSINAINE

_ 0 15 auui’ 2 nsngAu - sucAU 2552





