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Stereotactic RadioSurgery

¢ Cranial (Head & Brain) (SRS, SRT)
¢ Extra Cranial (lung, liver, pancreas, spine)
(SBRT, SABR)

«— Cranial —
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TapLE II. Monthly.

Procedure

Dosimetry

X-ray output constancy
Electron output constancy
Backup monitor chamber constancy

Typical dose rate® output constancy

Photon beam profile constancy
Electron beam profile constancy
Electron beam energy constancy

Mechanical
Light/radiation field coincidence”
Light/radiation field coincidence® (asymmetric)

Distance check device for lasers compared with
front pointer

Gantry/collimator angle indicators

(@ cardinal angles) (digital only)
Accessory trays (ie., port film graticle tray)
Taw position indicators (symmetric)®
Jaw position indicators (asymmetric)?®
Cross-hair centering (walkout)
Treatment couch position indicators®
Wedge placement accuracy
Compensator placement accuracy’
Latching of wedges, blocking tray®
Localizing lasers

Safety

Laser guard-interlock test

Respiratory gating

Beam output constancy

Phase. amplitude beam control
In-room respiratory monitoring system
Gating interlock

a4z, Klein et al,

Teapre NI Annual.

Machine-type tolemnce

Procedure Mon-IMET MMET SRE/SBRT
Drosimetry
X-ray flatness changs from baseline 1%
X-ray symmetiy change from baseline 1%
Election Hatness change from baseline 1%
Electron symmetry change from baseline +1%
SRS ame rotation mode MA NA Monitor units set va delivesed:
{range: 05-10 MUideg) L0 MU ar 2% {whichewver s greater)
Ganlry arc set va delivered:
L0 ar 2% (whichever iz greater)
M-rayfelectron output calibration  (TG-51) = 1% (ahszolute)
Spot check of field size depandent 2% for fieM size <4x4 cm®, 1% =4dx 4 em?
output factors for @ ooy
(o o more FSa)
Crutput factors for electron applicators +2% from baseline
(spot check of one applicatorfenergy )
X-ray beam quality (DD or TMREE) =1% from baseline
Electron beam quality {Fap) =1 mm
Phiysical wedge transmission =%
factor constancy
X-ray monitor undt Linearity =20 =5 MU =50 (24 MU, =2% =5 MU =50 (24 ML),
[output constancy) +20 =5 MU
Election monitor unit linearity =% =5 MU
[outpuat constancy)
X-ray output constancy ve dose mate +2% from baseline
X-ray oulput constancy ve gantry angle =% from baseline
Electron cutput constancy vs +1% from baseline
gantry angle
Electron and x-ray off-axis factor +1% from baseline
constancy va gantry angle
Age mode {expected MU, dogrees) =1% from baseline
TBUTSET mode Functicnal
PO ar TME and OAF constancy 1% (TBI) or 1 mm PO shift (TSET) from taseline
TBEUTSET output calibration 2% from haseline
TBLUTEET accessanas 20 from bassline
Mechanical
Collimator soltation isocen ter =1 mm from baseline
Gantry rotafion iscoenber =1 mm from baseline
Couch rotation isocenter =1 mm from baseling
Electron applicator interlocks Functional
Coincidence of radiation and =2 mm from =2 mm from baseline =1 mm from kaseling
mechanical isccenter bazeline
Table top smg 2 mm from taseline
Table angle 1
Table travel maximum rang: =2 mm
movemnent in all directions
Sterectactic accessores, lockouts, etc. MA MNa Functional
Safety
Follow marmfactirer’s test procedures Functional

Respiratory gating

Beam energy constancy

Temporal accuracy of phasefamplimde
gate on

Calibration of surrogate for respiratony
phasa/am plituds

Interlock testing

2%
100 ma of expacted

100 ma of expacted

Functional
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Accuracx

SRS => 1-2 mm
SBRT=>2-5mm
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Deliver Sstems

Gamma Knife

1JDas, (6) Tomotherapy Proton Beam


http://sharepoint/Departments/Marketing Communications/collateral/Suite photos/VSI/Image Library/VSI suite_doc_patient.jpg

Treatment Schematic Harvard/MGH SRS system o
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Gamma Knife SRS

Plug sizes

4 mm, 8 mm,
14 mm, 18 mm

v
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Linac Based SRS

SECOMDARY
" COLUMATOR

Cone Sizes

5-40 mm at an
Interval of 5 mm

1JDas, (9)
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JOURNAL OF APPLIED CLINICAL MEDICAL PHYSICS, VOLUME 12, NUMBER 1, WINTER 2011

A quality assurance method with submillimeter accuracy
for stereotactic linear accelerators

Jimm Grimm, '@ Shu-Ya Lisa Grimm,? Indra J. Das,? Yunping Zhu,’
Inhwan Yeo,? Jinyu Xue,! Larry Simpson,* Dayee Jacob,* Abhirup Sarkar?
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BrainLab Novalis, SRS/SRT/IMRS

Novalis Head rings BrainLab Cone: 4mm-20mm diameter

1JDas, (11)



Cyber Knife Based SRS

 Robotic treatment
e |IGRT

* Intra-treatment imaging
e Orthogonal kV Imaging

Cone Size from 5 mm to 60 mm

IJDas, (12)
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SBRT

High dose of radiation delivered in a hypofractionated
regimen (single fraction or 3-5 fractions)

High target accuracy

m Stereotactic reference - target is localized relative
to a known 3D coordinate system through the use
of external fiducial markers

m Patient immobilization Is important
Rapid dose falloff (sharp dose gradient)
m  Multiple conformal beams

m Coplanar or Non-Coplanar

Chang et al, Clin Trans Oncol 15(9), 720-724, 2013



Systems for SBRT

«* Linear Accelerator Based SBRT
m Rapid Arc
m [rue Beam

m Body Frame with linear accelerator
e FElekta
e Varian
e Pro-Lock System

N/

*» Dedicated Delivery Systems
m Gamma Knife

Novalis, Brain Lab

Tomotherapy

Cyber-Knife

Proton beam

1JDas, (14)



Stereotactic reference

Conventional radiotherapy Stereotactic radiotherapy

Patient set up based on anatomic reference Patient set up based on stereotactic reference

Kavanagh B, Timmerman R. “Stereotactic body Radiation Therapy”, Lippincott Williams & Wilkins 2005 i
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Elekta Stereotactic Body Frame
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Different Systems

Elekta Stereotactlc body frame CIVCO Body Pro-Lok™ system

% Small box frame system tightly {\g?ggl'f/‘lr dslfgﬁgtzeesn Plghly adaptable

restricts patlent motion

<  Stereotactic reference systemto **  Isocenter setup relies on skin

localize target marks/tattoos
s Can not be indexed to treatment <  Indexed to treatment couch
couch
. . «» Respiration compression plate and
¢ Respiration compression plate beltp P P

I\]DaS, (17) INDIANA EI\TIHSI'I'E



Multi Modality Imaging

Regular CT

1JDas, (18) Erdi et. al. Radiotherapy and Oncology 62 (2002) 51-60



— Full respiratory cvele
End-inspiration 4 -

A £
¥ SEC o

CT Raw Data/ . .
Respiration i
I mag es ﬁ p End-expibation

Signal _ . CT Image Sorting Program

CT Acquisition
Software
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Phase & Amplitude Binning

Volumetric Ratios of AMP-ITV and PHASE -
ITV

| m Phase Binning
I . mAmplitude Binning
1 F. 3 4 5 ] 7

(a) Data Acquired Based on Seven Respiratory Waves (b) Data acquired based on the seven respiratory waves

Surface Distortion Values of AMP-ITV
and PHASE-ITV

0.6
0.5
04 1
03

0.2 < m Phase Binning
01 1 i i i i B Amplitude Binning
0.1

1 2 3 4 5 6 7

: ; o o
O W= oM now ln o

Volumetric Ratio

Surface Distortion

=

Volumetric Overlap Ratio
between AMP-ITV and PHASE-ITV

Volumetric Overlap Ratio

(c) Data acquired based on the seven respiratory waves

1JDas, (20) Li et al, Med Phys, 39(2), 922-932, 2012 -




Amplitude Binning

\

W

X

Phase-binned MIP Amplitude-binned MIP
BR:22 bpm

Scan details:

Mean BR 16
1 12 13 WS ———— gy 18 19 |

The patient’s respiratory wave with very shallow breathing occurring over several cycles.

lJDas, (21) Li et al, Med Phys, 39(2), 922-932, 2012



Planning and Beam Deliver




Plan Evaluation

&

L/

®

» Target coverage
» Target dose heterogeneity
* Normal tissue constraints

» Conformity indices
m High dose spillage
m Low dose spillage

&

L/

®

0

&

L/

®

RTOG 0236
AAPM TG-101
1JDas, (23) Timmerman R. Semin. Radiat. Oncol. 18: p215-222. 2008



Treatment Planning — Isocenter Coordinates

Kiso = Xmeasure T 89
Yiso = Ymeaasure
Li,=72 +n x 100

meaasure

[
I\] DaS, (24) INDIANA UNIVERSITY



Treatment Da

s» Patient setup in frame according to
simulation parameters

¢ Isocenter setup by stereotactic
reference system

» Image acquisition and treatment

verification
¢ Online correction through couch
adjustment »%%-"l .

s  Treat

IJDas, (25)




Image Guided Treatment Verification

®

»» Purpose: to verify patient position on
the treatment day Is the same as the
planned and to provide correction
guidance If deviation Is discovered

L/

* IGRT systems

m Fixed or rotating kV and MV Imagers
(2D 1maging)

m 3D volumetric imaging

IJDas, (26)



Onboard Imager (OBI) system

KV x-ray source

Solid state detector

Source to 1socenter distance: 100cm

Detector to isocenter distance: 50cm

1JDas, (27) e
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2D Orthogonal Image Match

Varian® OBI system

compare

ﬁ Planning reference Images

1JDas, (28) i
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Rotational Issues iIn SBRT

Evaluation of Rotational Errors in Treatment Setup
of Stereotactic Body Radiation Therapy of Liver Cancer

. ———— ~——=1D, FACR, FASTRO,

iginia R. Cardenes, MD, PhD
Original

napolis, Indiana
- ‘Rotated

8 A5 —pd4() 2012
YEOTI 3 . pp- e435—e440, 2012
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Histograms of inter-fractional couch
COrTections of NVer patient secap

Pro-lok System Elekta System
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For large couch corrections, repeated CBCTs are often performed to verify the correction. For

Pro-lok system, 40.7% of all the fractions ended up with repeated CBCT. Only 13.6% of fractions
have repeated CBCT when Elekta body frame was used

1JDas, (30) .



Frequency [%0]

1JDas, (31)
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2 SBRT Systems

Prolock © VIt

B [at

0 1 2 3 45 6 7 8 9

10 11 12 13 14 15 16

ELEKTA

B Vrt

W [at

0 1. 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16

Shift [mm]

Errors more than 5.0 mm[%]
Vrt Lng Lat
20.0 37.5 25.0

Errors more than 10.0 mm[%]
Vrt Lng Lat
7.5 15 2.5

Errors more than 5.0 mm[%]
Vrt Lng Lat
12.5 25.0 20.0

Errors more than 10.0 mm[%]
Vrt Lng Lat
5.0 0.0 2.5

Ueda Y, Das |J, Cardenes H, Teshima T, Int J Radiat Oncol Biol Phys 90(1S) S836, 2014



Linac vs CyberKnife

—&— 10mm Linac |

--®--20mm Linac |

~--A--30mm Linac |
10mm CK
20mm CK
30mm CK

—&— 10mm Linac
--®%--20mm Linac
-~ 30mm Linac

10mm CK
20mm CK
30mm CK

&0 7o &0 100 Isodose (%)
lsodose (%)
1JDas, (32) Ding et al, Med Phys, 40(5), 051705, 2013 .
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PTV Prescrigtion

s Gamma Knife 50%
» CyberKnife 50-70%

Lung (40-48%) Dingetal, 2013
Liver (67-77%) Dingetal, 2013

&

®

®

&

®

®

** Novalis 7/0-80%
¢ Accelerator 380%
s 3DCRT 95-100%
 IMRT 100%

[
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Dosimetric Accuracy In CyberKnife Lung Treatment

1JDas, (34)

Collimator Diode SFD Diode Dose | Ray Tracing | Monte Carlo | Ray Tracing . Monte Carlo

Size (mm) reading (nC) (cGy) Dose (cGy) | Dose (cGy) Error Error
5.0 995.2 554.4 648.4 546.5 17.0% -1.4%
7.5 1196.0 666.2 764.1 6/76.5 14.7% 1.5%
10.0 1266.0 705.2 804.3 712.8 14.1% 1.1%
12.5 1322.0 736.4 838.7 739.0 13.9% 0.4%
15.0 1355.0 754.8 860.6 750.1 14.0% -0.6%
20.0 1384.0 770.9 888.6 767.6 15.3% -0.4%
25.0 1402.0 781.0 900.8 785.8 15.3% 0.6%
30.0 1419.0 790.4 911.3 800.6 15.3% 1.3%
40.0 1444.0 804.3 925.5 820.4 15.1% 2.0%
60.0 1480.0 824.4 947.6 836.1 14.9% 1.4%
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Summary

SRS/SRT/SBRT/IMRS is now widely used for hypo-
fractionated treatment world wide with good outcome

Image guidance for treatment planning and treatment
verification is very critical to the success of SBRT
radiation therapy

Quality assurance and Small Field dosimetry as well as
continuous monitoring of the QA and process Is critical

For SBRT, image-guided localization techniques shall be
used to guarantee the spatial accuracy of the derived dose
distribution

For thoracic and abdominal targets, a patient-specific
tumor motion assessment Is also recommended

AAPM has Task Group report on each of the SRS
Modalities that can be referred.
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