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Desired Capabilities

- Fast imaging verification at treatment position with good
Image clarity

Simplified process for ease of use in a busy department by all
therapists

Visualization of internal structures eliminating skin shift

Detection and compensation for internal organ movement

Reproducible, allowing for tight margins for dose escalation
and IMRT

Patient-friendly and not time-consuming

Real-time monitoring

_ A
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ExacTrac X-Ray 6D

Key Components

* Reflective Body Markers

Visible in CT data
Positions of your choice

Individual Marker Configuration E

/

e

* Infrared Camera Technology ¥ |

Detection of patient position PA
Permanent patient monitoring '
Tracking accuracy 0.3mm v '

® System Hardware
Touch screen in Linac Room
Flat screen in Linac Control
Room

* Vacuum Cushion & Patient Tray
Carbon Fibre Patient Tray for
stable immobilization, individual
vacuum cushion for reduction
of skin shift to 2mm
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ExacTrac X-Ray 6D

Precise final patient positioning using Infrared Tracking

acTrac 3.0beta ASTRO 2002 Copyright ©2002 BrainlAB AG  spin
File OptsPPI ning Advanced Settings  Info

'F‘
Calibration

* Incorporation of
correction shift as
defined by Image

Prags
Zredbls Buttyy

Patient
ISOCENTER I 1

Fusion @
« Fine-tuning of — el PO Necessary
patient position | " " shift

Longitud. l -098.49

with manual or
automatic couch
movement

Long. An gl [oonor R LMnglg =__I 00012"
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ExacTrac X-Ray 6D

Precise final patient positioning and Treatment delivery
using Infrared Tracking

o Automatic patient
positioning using the
ExacTrac infrared
tracking technology

e Second X-ray
procedure possible for
verification and
documentation

* Treatment Delivery
with permanent
tracking of patient’s
position and movement
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ExacTrac X-Ray 6D
Key Aspects

Set-up accuracy 2mm12

3 min for imaging and correction shift3

May be used daily for all patients

Integrates into existing clinical routine
without Radiation Oncologist
involvement

Combines precision, stability and
certainty of patient set-up

1) Image-Guided and Intensity-Modulated Radiosurgery for patients with Spinal Metastasis. Ryu S, et al.; CANCER April 15, 2003 / Volume 97 /
Number 8: 2013-2018

2) A Technique for Intensity Modulated Radiosurgery (IMRS) for Spinal Tumors. Yin F-F, et al.; Med. Phys. 29 (12), December 2002: 2815-2822

3) Automated Patient Set-up using stereoscopic x-ray imaging and real-time infrared. Verellen D, AAPM Scientific Presentation ZOOK \!ﬁj
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ExacTrac X-Ray 6D

X-Ray Components

* Flat Panel System
Ceiling mounted a-Si detectors
for high quality digital images
Resolution: 512 x 512 Pixels
Receptor area: 20.4 x 20.4 cm? ’
Accuracy: £ 0.2 mm y 4

e X-Ray Sources

Recessed 50cm into the floor
Voltage: 150 kV

Nominal focal spot: & 0.6 mm
Radio-translucent covers
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ExacTrac X-Ray 6D

Positioning based on internal structures

Allows for most accurate target
localization prior to each treatment

 Bony structures

* Implanted radio-opaque markers

e Eliminates inaccuracies caused by
skin shift that occur with traditional
external markers
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ExacTrac X-Ray 6D

Procedure

e Acquisition of first X-ray
image

e Acquisition of second
X-ray image

o S
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ExacTrac X-Ray 6D

Procedure

J 4 ExacTrac4.0beta CdFu

Fi File Options Pre-Planning  Ady

 DRRs from treatment
planning CT in identical
plane to X-Ray Images
are compared to live
X-Ray images

* Automatic image
fusion and
detection of shift
(set-up error)

* No definition of . Windoing T
anatomical A sat [ sm2 [ | fl =
landmarks e
required e
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ExacTrac X-Ray 6D
3D vs 6D Fusion

4+ ExacTrac 4.0beta Copyright © BrainLAB AG HFH2003_PM

Fusion

_Overlay Mode

et i
& Amber/Blue
" Subtract

DRR " Spyglass

—1

- Fusion

Auto 30 | Vertical I 6.90
Autto 6D | Longitudinal -4.74
Manual... | Lateral -1.51

1t shift based on:
View Windowing utomatic Fusion _ """'“"“‘"l l%
'om atic usion
Q Set 1 Set 2 | [ DRR | Reset |

Set Parameter |

60 Fusion: 30, shift: lo: -4.739619, la: -1.514640, v: 6.901303; angle: lo: 2.675864, la: 2.211825, £ -0.671121

» 3D Fusion for determination of xyz set-up error

* 6D Fusion taking rotatlon Into account for better match k;é?gﬁg
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ExacTrac X-Ray 6D

3D vs 6D Fusion

Detected Positioning Errors

Automatic 6D Fusion I

I~ Veritication Run

» Display of 3D shift corrected for by automatic table movement

QS

« Display of 6D angular shift around isocenter

Dr. R. Mini; Abteilung fir Medizinische Strahlenphysik Inselspital - Universitat Bern (Schweiz) www.ams.unibe.ch -13-



Medizinphysik II: Moderne Bestrahlungstechniken der perkutanen Strahlentherapie

Clinical Results

Study on positioning accuracy

Segmented Phantom (fusion) - no rotations

Segmented phantom, positioning

based on bony structures I 4

3

* Accuracy for each axis: ’ l 2 -
- Average error 0.4mm g

- Standard deviation 0.5

Longitudinal

Quality assurance of a system for improved target localization and patient set-up that combines
real-time infrared tracking and stereoscopic X-ray imaging. Verellen, D. et al. Radiotherapy and
Oncology 67 (2003) pp.129 — 141

NS
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ExacTrac X-Ray 6D

Implanted Marker Fusion

Implanted Markers

 Markers in soft
tissue (prostate)
allow detection of
current organ
position

« Alternative to bony
anatomy

. x Yert. Shift: IW
¢ AUtomatIC Marker anﬁmﬂml fl:w | ol\lfext:: | Automat | Lona. St l_lﬂ

Detection &

St whole ptter e | O o

? e Define CT' Marker | Fuse [arker | 0K
W [ |
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Clinical Results

Study on positioning accuracy

Seg mented P hantom, Segmented Phantom (markers) - no rotations
positioning .
based on implanted markers " .

* Accuracy for each axis: m 3 ]
- Average error 0.5mm

- Standard deviation 0.3

Lateral

* Implanted markers allows 2]
precise positioning of the 3]
actual target volume
eliminating daily organ shift N
relative to skeletal frame!! Longitudinal

4 |

Quality assurance of a system for improved target localization and patient set-up that
combines real-time infrared tracking and stereoscopic X-ray imaging. Verellen, D. et al.

Radiotherapy and Oncology 67 (2003) pp.129 — 141 Q\I ﬁS
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Clinical Rationale

Greater set-up reliability and accuracy =reduced margin for uncertainty

Original margin

* Reduced margin

- AN
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ExacTrac X-Ray 6D

ExacTrac Settings E

Real 'TI m e M O n ItO rl n g Wiew  Accuracy | Patient konitaring I ¥ray Settings I Ultrazound Range I Drocumentation |

_Positioning Accuracy

* Patient monitoring during
treatment

e User-defined thresholds

Reduced Low
ACCuracy Agcuracy

e Visual indication on Linac

0.5 i’mm
Console IW'"’" to

I =30 mm
<3.0 j’mm

0K | Cancel

- _ I
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ExacTrac X-Ray 6D

Integrated Procedure

Virtual Simulation to

Patient Monitorin
J CT-visible Body Markers

during beam-on time

Target shift
calculation,
Table movement

Skeletal Frame or
Implanted Markers

Automated
Patient Positioning

Automated Verification

using X-Ray imaging - 4@ ?hﬁs
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ExacTRACK@Y®"
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Zusammenfassung CyberKnife

, Paradigmen-Wechsel“ in der Strahlentherapie

Mensch == Maschine Maschine =) Mensch

ON-BOARD IMAGER ACCESSORY
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System CyberKnife

Behandlungstlsch

A-Si Detek ~/ K
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—_———

non-koplanare & non-isozentrische
Bestrahlung (1)

100 Strahlpositionen (“nodes”)
12 Strahlrichtungen pro node

verschiedene Behandlungs-"Pfade”
(paths):

= f{r intra- und extracraniale
Bestrahlung

» einfache und zusammengesetzte
Pfade (versch. Kollimatoren)
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non-koplanare & non-isozentrische
Bestrahlung (2)
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CyberKnife:
Radiochirurgische Prazision und Konformitéat

TS

Dr. R. Mini; Abteilung fir Medizinische Strahlenphysik Inselspital - Universitat Bern (Schweiz) www.ams.unibe.ch -26-



Medizinphysik II: Moderne Bestrahlungstechniken der perkutanen Strahlentherapie
—_— e

Radiochirurgische Prazision
mittels komplexer Strahlverteilungen

Dosis-Verteilung, erzeugt
durch ca. 150 unabhangig
applizierte “pencil beams”

 Extaunis der Universi ca ALY
Mit Erlaubnis der University of Texas Southwestern Medical Center - \_
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CyberKnife “single fraction treatment”

Strahlentherapie

Stereo-
Rdéntgenbild
(A & B)

Diagnose & Bestrahlungs-N\y automatische < B‘Z"’_‘m' 3’5;{9'95@ mitd
Lokalisation planung Positionierung OO lnElE s (CT)un
aus Plan laden LINAC-Korrektur

Bestrahlung
Beam Nr.
HtH

L=

bis zu 100 Beam-Positionen (,nodes")

bis zu 12 Beam-Richtungen je Position
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Synchrony™
Dynamische Positionskorrektur beli bewegtem Zielvolumen

1. gleichzeitiges Messen der Oberflachen-
Bewegung durch IR-LED-System und
Bestimmung der inneren Organbewegung
mittels Rontgen-System A & B

2. Berechnung eines Korrelations-Modells:
Interne vs. externe Bewegung

3. kontinuierliche Bestrahlung des be-wegte
Organs durch Verfolgen der externen
Bewegung durch LEDs

4. iterative Korrektur der Korrelations-
funktion durch systematisch wiederholte
Rontgenaufnahmen
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C-formiges
Rezidiv (Gliom)

Referenz - Isodose:

Isodosen bei 10% - 70%

qulwl & |ROI eoioa | [1sodose: 95 % § 2‘; i o
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Adenocarzinom der Lunge

IMRT (CI = 2.6) Cyberknife (Cl = 1.3), 1 x 30 Gy
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Prostata - Tumor
IMRT (Cl = 1.8) Cyberknife (Cl = 1.3), 3 x 10 Gy

eqgilone TurHoralie " e
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| IMRT - Szenario 2005

» schnelleres & genaueres Patienten-Setup

 100% Gantry-basierte Systeme (6 MV)

| i‘  Genauigkeit ca. 2.5 mm (nur bei Setup)

» keine bildgefiihrte Korrektur
(Unterbrechung der Bestrahlung notw.)

* nur koplanar und isozentrisch

HIArt TemaTherupy

OIS
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geometrische
Schwierigkeiten
bei dezentralen
Lasionen
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SRS - Szenario 2005

" non-isozentrisch & non-koplanar

» gesamte klinische Genauigkeit <1.0 mm

= 100 % real-time bildgefiihrte Korrektur
= kont. Bestrahlung bewegter Organe

» Einzel- & Hypofraktionierung

» automatisches Patienten-Setup

= 100 % rahmenlos

- as
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Tomo Integration: one system from plan,
to image guidance, to treatment delivery.

Tomo Image
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6MV High Dose Source
Ej (800MU/min, 1.5mm point source)

Primary Collimator
(0to 5.0 cm)

Binary MLC
(64 leaves, ea @ 0.61cm)

85 cm Gantry Aperture
Approximate 85¢cm /

40 cm VRCT FOV

Approximate 50cm

5]

Video Clip

VRCT Detector System ﬂ NS
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HI-ART Tomotherapy Unit

J.,E%:Hr\-l_‘ —ML — —nm’:

TomoTherapy Open Transverse Profiles

Ve i T ™

—— Depth=10cm

| —
|

—— Depth=15cm

Relative Value

Distance (mm)

- as
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HI-ART
TomoTherapy Unit
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TomoTherapy HI-ART System

@ MRT Delivery
%

g

-~ as
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TomoTherapy HI-ART System

TomoCT Scdn/IMRT Deliver

- as
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TomoTherapy HI-ART System

* 85 cm Opening

e 40 cm X 1.6 m IMRT Treatment Field @ Isocenter @ﬁs
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CT TomoCT 2cGy

Image 4
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Dental Fillings

TomoCT
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Image Registration CT to TomoCT

[ TomoTherapy Operator Station -- University of Wisconsin

ratient: Tenn Prostate FV What's Next User: system user
DOB: Sex: Unknown Plan: Plan_01 Manual Registration =]
a . = foul
1D: 03-0197-3 Plan status: Approved - D Use manual controls to aligh the target volumers) @ =i r\
Plan date: Jul 11, 2003 4:17:54 PM DOA plan: o Click Accept = = 15
Oncologist: Patient position: HFS ® gty @ T \;
™

( Scan r Register r Treat

Translational Adjustments (/mm)/_\

| Bane Technique ~| @ coarse N Fine
Lateral {IEC )| 228
Longitudinal {IEC T -37.53| Reset
‘ Standard Resolution =4 | 4! {
Vertical {lEC Jz)| 2082
[v] Incomplete Field of View » |::> Rotational Adjusyments (degrees)
Pitch 0 CeEE
Translations onhy hd @ @ Rall 0| Reset [l stare [_] Export
~
Yaw J ViewPrint Repart |
Tomolmage Correlated Images
Orientation
@ Transverse
(Z: Coranal Switch

) Sagittal

Tomolmage Component

Color ’—

Composition

Balance Iﬂ:l
Checker I:Ctl

Reference Image

Reference Image Component

[ Isodose

[C] ROIS

["] Lasers 45

35

RN il | Doose| su0/ v 25 \ £
[ il | [ weanesday, October 15,2003 | [ 11:21:17 “~
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The Tomo Process Delivery:
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H Iamn b apy Flanneng Skabnn Hneseesaty nf Wiseonsim
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Flan date: Mar 20, 2003 4:5547 PM Patiant poeition: HPS
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: rPatient rmge s

Dose Display

[¥] Isodose

I ]] Thuradey, Mnrch 70, ZIE13 ] [ 1:-:12.5.2” g qms
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rDose-Yolume Histogram - Cumulative Mode Relative
100
05
o0
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0 & W0 15 20 25 330 3F 4 4 S0 55 60 6 70 75 B
Dose (Gy)
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Conventional 5 Field IMRT Plan

ref pnt X{cm) : 3.76
Y {cm) : 28.56
Z{cm) 3.72
dose (cGy) : 56.5

local max{cGy) :8107.8

Isovalues (cGy)

Maximized : 21.26{cm) Scale=1: 1.25
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