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Image Guided RT in SBRT

Christian Fiandra
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IGRT provides the finest level of localization for inter-fraction
uncertainty

MV EPID kV Fluoroscopy + markers Ultrasound kVCT
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reduce the spatial uncertainty
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Image Guided RT in SBRT

Considerations to the treatment-planning process

» geometric performance in terms of achievable accuracy

» Application to spine, lung, liver and prostate SBRT

»replanning based on information gained
from image guidance
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patient 1 patient2 patient 3 patient 4
fraction 1 0.5 0.0 0.2 0.7
fraction 2 0.6 -0.5 0.3 0.2
fraction 3 0.9 0.2 0.2 -0.4
fraction 4 153 -1.1 0.3 -0.1
mean -0.4 0.1 e
sd 06 0.1 05 __| B

To cover the CTV for 90% of the patients with the
isodose (analytical solution) :

PTV margin=2.5% + c

van Herk et al, JROBP 47:1121-1135, 2000
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SBRT Without IGRT @ University of Torino

Regionsl Progression-free Sunival
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Ricardi, Lung Cancer 2010
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IGRT uncertainties

¢ Target volume definition
¢ Inadequacy of surrogate used for IGRT

e Motion that cannot be corrected

e Too fast

¢ Too complex

IGRT uncertainties

SBRT+ daily IGRT

V UNIVERSITA’ DEGLI STUDI DI TORINO
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1. Delineation uncertainties

The British Journal of Radiology, 85 (2012), e654-e660

Interobserver delineation variation in lung tumour stereotactic
body radiotherapy

Conclusions

This is the first study to perform a systematic cross-
sectional analysis of delineation wariation for peripheral
lung tumours treated with SBRT and quantified as SD to
use for margl.n mmputatlon We found a very small

2. Intrafraction uncertainty
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3. Base-line shift uncertainty

Longitudinal
Height

' DEGLI STUDI DI TORINO

Very clear lung tumor: IGRT hypo

all in cm systematic errors squared randomerrors squared

delineation 0.2 0.04 0

organ motion 0.1 0.01 0.1 0.01

setup error 0 0

Intra-fraction motion 0.15 00225 0.15 00225

respiration motion 0" 0.7 0444444

(0.33A)

total error 027"  oo7 0.69 0476944

times 2.5 difficult equation
non-linear
error margin 0.67 0.22
total error margin 0.89

Using hypo-fractionation, prescription at 80% isodose line in lung

Courtesy of M. Van Herk

UNIVERSITA’ DEGLI STUDI DI TORINO




%TEREOTACT[C 24/25 OTTOBRE 2014

ot @ RADIATION Onrstd degh St o oo
UNIVE ||.'§|I Ih:l: ::\:‘l STUN e T H E RAPY Vi Lumgy Margicpol 25 (Auka Magna),

Midane: (A442 Prola)

Ry e g

IGRT for.....

* SPINE SBRT

* LUNG SBRT
* LIVER SBRT
* PROSTATE SBRT

D,
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Spine SBRT

16 Gy / 1 fraction @ 95% isodose
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Spine Stereotactic Body Radiotherapy Utilizing
Cone-Beam CT Image-Guidance With a Robotic Couch:
Intrafraction Motion Analysis Accounting for all Six
Degrees of Freedom

Derek Hyde, Ph.D.,*"' Fiona Lochray, M.R.T.,* Renee Korol, Ph.D.,*
Melanie Davidson, Ph.D.,* C. Shun Wong, M.D.,* Lijun Ma, Ph.D.," and
Arjun Sahgal, M.D.*""

of Radiation Oncology, Health Sciences Centre, University of Toronto, Ontario, Canada; 'British
Columbia Cancer Agency, The Sindi Hawkins Cancer Centre for the Southern Interior, Kelowna, Canada; ‘Department of
Radiation Oncology, University of California San Francisco, San Francisco, CA; and "Department of Radiation Oncology,
Princess Margaret Hospital, University of Toronto, Toronto, Canada
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Summary of translational and rotational residual errors, based on all 307 image registrations, according to the initial setup
correction verification cone-beam CT (CBCT: verify), the intrafractional CBCT (intra). and the posttreatment CBCT (post). There were no
statistically significant differences between each direction, so the absolute errors for each direction have been binned together for simplicity.
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Spine SBRT

For the entire cohort (307 image registrations), the translational
and rotational errors_in_patient positioning were found to be
relatively small, where 90% were within 1 mm and 97% within 1°,

However, there were occasional larger positioning errors observed

with 1.6% and 0.8% of the registrations indicating =2 mm and

>2° deviations in position, respectively. These data are in good

agreement with those reported in the literawre for patients treated
with spine SBRT and immobilized in the BodyFIX system (12, 15,

Therefore, we are confident in our current practice of applying
a 1.5-mm margin to the clinical target volume and spinal cord to

form the PTV and cord PRV, respectively (2, 16).

Conclusion

formed in all 6-DOF.

We report the ability to maintain the position of a spine SBRT
target to within 1.2 mm a_nd 0.9° (95% oonﬁgence) when Eaﬁems
are immobilized in a near-rigid body immobilization device, setup
is based on CBCT image guidance, intrafraction CBCT images are
acquired at approximately 20-min time intervals, a threshold of 1

mm and_1° is_used for repositioning; and comections are per-
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RTOG 0631 Protocol Information

Phase II/III Study of Image-Guided Radiosurgery/SBRT for Localized Spine Metastasis---RTOG CCOP Study

Protocol Documents
Protocol Current Version Daté

Informed Consent
Summary of Changes
Track Amendments/ Update

Case Credits/Reimbursement Info

Principal Investigator: Samuel Ryu, MD

Primary Objective:

Phase I Component: Determine the feasibility of successfully delivering image-guided radiosurgery/SBRT for
metastases in a cooperative group setting.

Phase III Component: Determine whether image-guided radiosurgery/SBRT (single dose of 16 Gy) improves
measured by the 11 point NRPS) as compared to conventional external beam radiotherapy (single dose of 8 Gy).

2 mm margin from CTV to PTV
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Overview |Detailed 40 information
T (cm) Ty fcrm) Tz (cm) FPx(deg) PFyi(deg) Rzideg) W

Cliphox 0.30 -0.36 -0.41 1.0 3E7.9 0.1

Mask (Mean) 0.31 -0.33 -0.36 1.0 3579 01

Mask (50 0.01 012 0.04 0o 0o 0.0

Mask (4] 0.04 0.29 0o 0o 0.0 0.0

Mask; Framne 0 0.32 -0.19 -0.41 1.0 3579 0.1 10

Mask; Frame 1 0.33 -0.22 -0.40 1.0 357.9 01 10

Mask; Frame 2 0.33 -0.27 -0.41 1.0 357.9 01 9

Mask; Frame 3 0.31 -0.39 -0.38 1.0 3579 0.1 10

k;i b Frarma 4 na 48 24 10 k74 n in Llll
Register Cliphox Registar Mask Corraction Chverview
= = CENY fE 1 1 |
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PHYSICS CONTRIBUTION

FRAMELESS STEREOTACTIC BODY RADIOTHERAPY FOR LUNG CANCER USING
FOUR-DIMENSIONAL CONE BEAM CT GUIDANCE

Jan-JakoB Sonke, PH.D.,* MappaLena Rosst, R.T.T..* Jocuem WoLTtHaus, M.Sc..* MARCEL vaN
Herk, Pu.D.,* EvGene Damex, Pu.D.,* anp Jose BeLbersos, M.D., Pu.D.*

# Department of Radiation Oncology, The Netherlands Cancer Institute-Antoni van Leeuwenhoek Hospital,
Amsterdam, The Netherlands

4D-CBCT guidance. The group mean, systematic, and ran-
dom localization errors (i.e., discrepancies between planned
apdeactual tumor position after corrections applied) were

for each directions, whereas the group meg
tematic, and random intrafraction variability werd
despite the absence of aggressive immobilization. In"Con-

Table 4. Amplitudes and PTV margins of the 10 patients used in the Monte Carlo errgr sigalaiion

Amplitude (mm)

/ Margin (mm) \

Patient No. Left-right Craniocaudal Anteroposterior Al—righl Craniocaudal Anteroposterior
1 1.6 2.1 1.7 5.8 5.8 6.4

2 2.4 2.6 1.2 5.8 5.9 6.3

3 1.0 4.0 2.9 5.8 5.9 6.4

155 UNIVERSITA’ DEGLI STUDI DI TORINO
i
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Liver SBRT

U Tumor dose often limited by normal tissue
tolerances:

» Volume liver irradiated
»  Proximity to luminal Gl organs

U Strong motivation for reduced PTV

U Need for advanced technologies + IGRT

Unbewrsitd degll Studl of M
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Liver SBRT
Baseline shift in Liver position

Shift in Liver position
relatve to vertebral
bodies

Liver SBRT
Baseline shift in Liver position

Change of Position of Spinal Cord
Relative to Liver Detected

Planning CT, with liver, cord and GTV contours

+ Liver-liver match "
led to higher spinal / . m
cord dose, /&, _ .
requiring replan R e il !

Cone beam CT, with contours from planning CT

‘ y

Sl €

DUHN=._ &,

Courtesy of Dr. L.Dawson
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Liver SBRT

KV CBCT — Breathing Motion

Free Breathing

»
't

—
325 Projections
120 kVp
2.6mAs/projection

Expiration Sorted Breath hold

y

'

:

68 Projections 327 Projections

(Amplitude sorted <10%) (4 breath-holds)

120 kVp 120 kVp
2.6mAs/projection 2.6mAs/projection g
Courtesy of Dr. L.Dawson

Liver SBRT

Non-Breath Hold Liver Shifts

Sup/inf Liver Relative to Vertebral Bodies

inter-Fraction

* Inter-fraction shifts >

R

a4 acton Charge (e

l l|i "'I '||

Intra-Fraction

Y2 Nacuon Change (men)

intra-fraction shifts

* 314 respiratory sorted CBCT from 29 pts, 6 fraction SBRT, non-breath hold
* Intra-fraction time [min:sec]: Mean 12.16 (4:56 — 25:37) Py

Courtesy of Dr. L.Dawson
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LIVER SBRT
Surrogates for repositionin

For all imaging techniques, the tumor is often difficult, if not
impossible, to visualize, leading image guidance techniques
to rely on surrogates for positioning the liver tumor

‘ X
»_fiducial markers t
» Calcifications
» Surgical clips /Xs
Poor High Quality Surrogate
Surrogate > Large vessels

> Entire liver or individual lobes

3D US imaging for liver lesions

Clarity 3DUS system (Elekta)

Courtesy of Maastro Clinic

Unbwrsitd degll Stud o Miano
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Prostate SBRT

Table & Repocted mucgin size. PTN constralors, and type of machin:
Invittion Michine: Mg size PV comiriion
Virginia Mason Comventionsd finear -5 mm from proscare 1o Wk edge 100 % sscsnter
Mol Center scelerace proate cavered by

0% suriore

Sunfoed University — Cyberkife GIV = prostue and peuximal 1 em of 93 % of PTV covered
‘and Naples Raation seminal vesice
Oncology CTV = GTV 4 3 mm soscriaely and

Stereotactic Body T S e Vs e
Radiation Therapy

Friodnd  Noples Radinton TV = Pt and eosil | < o€
cal Onology
(200
Kaizctol Winihoop-Universty  Cyberkaide 96 % of PTV cavered
o) ot igh by prescripgcn done
ek = Prostate + Balf of semisal
vesile
PIV foe low, imermedane
sk = GTV 43 mim posieriody st
3 men il o dimsticas
PTV for bigh rk = GTV 43 mm
posteriody. § mm ivolved sde, § mm
all o dincisons.
S etolo Hosptal. ~ CyberKaide GTV = Prosate 95 % of FIV conered
Tl PIV = GTV + 3 mm posesiody sad by peescriptcn done
3 e al cher dirctions
vesF Cyberkiife CIV = Proste sscmimal vsicke  HDR-ike plaing

tate SBRT. Generally, a PTV margin of 3-5 mm is i it il il ol
used for prostate SBRT. It is noteworthy that most Mo Comty Conmemiont ot PTV = €TV 1 3 i
e
institutions use real-time motion tracking system Geoeetown Cyberkaite GIV = Prose 5% o PTV coneed
A . . A 1. University CTV = Prostuse +proximal semiml by peescription dose
provided by the CyberKnife system (“CyberKnife 2 e TN+ oy o
System™). Larger margin may be needed if no real- T

AL e
N N . . . University by cripton doe
time motion tracking is available. s -

CybarKife v onerioely 95 % of FTV covered

UNIVERSITA’ DEGLI STUDI DI TORINO

Prostate SBRT

1

N Y]
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Prostate SBRT

Real time tracking 2

Calypso 4D

Localization System Infrared
cameras

Linear accelerator ||
delvers radiation)

UNIVERSITA’ DEGLI STUDI DI TORINO

Prostate SBRT

Prostate: 25> + 0.7 o
Now add IGRT

all in cm systematic errors squared random errors squared

delineation
organ motion
setup error

total error

error margin

total error margin

intrafraction motion

times 2.5

0.25 o0.0625

0 0
0

0.25 oo0s 0.10

times 0.7

0.63 0.07

0
0 0 0
0
N

0 Rasch et al, Sem. RO 2005
0 van Herk et al, IJROBP 1995
0 Bel etal LIROBP 1995

0.01

0.01

Engels et al (Brussels, 2010) found 50% recurrences using 3 mm margin with marker IGRT

Courtesy of M. Van Herk
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IGRT not able to solve this problem...

Courtesy of J-J Sonke

Volumetric IGRT images may be used also for determination of
accumulated delivered dose versus planned dose:

IGART

It is a common practice in adaptive radiotherapy to collect Cone-
Beam Computed Tomography (CBCT) on a daily basis throughout

the course of treatment

Image Guided Adaptive RT
IGART
necessary to register daily images with planning images
and to deform contours and doses in order to monitor the
actual dose delivered to the organs

¥

Dose Accumulation

Hybrid Registration

il e oo
- Deformation  Recalculation
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Stereotactic radiotherapy for prostate cancer

* 5 patients
Treatment PLAN:

- IGRT/IMRT
-37,5 Gy (7,5 Gy per fraction)

DAILY IMAGING: 5 CBCTs

Contant lsts availabl at ScienceDirect
Radiotherapy and Oncology
journal nomepage: wiwnw.h al.com

Stereotactic body radiotherapy for localized prostate cancer: Pooled W
analysis from a multi-institutional consortium of prospective phase Il
trials ™7

Phase I trial

Christopher R. King ", Debra Freeman *, Irving Kaplan , Donald Fuller, Giampaolo Bolzicco®, Sean Collins',
Robert Meier*, Jason Wang®, Patrick Kupelian®, Michael Steinberg®, Alan Katz"
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Re-Optimization
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Dose tracking Vs Re-Optimization

20

=
T

Planned - Delivered (%)
3 O

-20

p=0.09

p<0.01

q];;

p=0.284

1 L 1 L L L T 1

Dy Dgs Dsg Dy Ds Dy Dy Ds
Dosimetric Parameters

Planned - ReOpt (%)

100 T T T T T T T T
&
<& ol
50| & .
@
U D é Q é |
p=0.264
p<0.05 p<0.05
50 1 | 1 1 1 1 1 |
Dis Dy Dsg Dy Dy Dy Dy Ds

Dosimetric parameters
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Conclusions

Daily on-line IGRT corrections recommended for SBRT
treatments

In spite of different system of IGRT there are still
uncertainties that need to be covered by safety margins

If the patient’s anatomy changes, IGRT images should be
evaluated also for Adaptive Planning

IGRT and ART increase the precision of radiotherapy and
thus have the potential to increase the therapeutic
window

oY
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