CyberKnife ve Uygulamalari
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1990 Accuray John Adler

1994 Prototip Cyberknife Stanford Uni.
1994 FDA gozetimi Klinik deneyler(IKT)
1999 FDA gozetimi Klinik deneyler(EKT)
2001 FDA onay1
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CyberKnife

Robot teknigi ile non-izosentrik & non-coplanar isinlama
Tedavinin basinda ve tedavi siiresince otomatik hasta setup’i

Yiiksek konformaliti, riskli organlarin & saglikli dokunun

maksimum korunmasi
Organ hareketini gozoniine alarak 1sinlama
Hizl1 doz diisiisii
1 mm altinda hata ile 1sinlama

Bir veya birden fazla fraksiyon









Robotun Ozellikleri

® 6 aksli sanayi robotu
® 65-100 cm SSD

® 1525 kg agirlik (LINAK
dahil)

® 208-480 V, 54kW, 50/60 Hz
® Calisma sicakligi: 0-45 °C
® relatif nem: <75 %

® Calisma alani: 400 cm x
490 cm




HIZLANDIRICI

* Kompak 6 MV linak

®* Doz hizi: 400cGy/min

® 1200 farkl1 dogrultudan 1sin verebilme
® Dmax=15 £ 2 mm

® <0.1% si1zint1

* Ikincil kolimatorlerin caplari:

5.0 mm 15.0 mm 35.0 mm
7.5 mm 20.0 mm 40.0 mm
10.0 mm 25.0 mm 50.0 mm

12.5 mm 30.0 mm 60.0 mm






AXUM Tedavi Masasi (1)

® Karbon fiber masa iistii

® maks. Hasta agirligi: 159 kg
® Otomatik hasta ayarlama

® 5 serbestlik dereceli disaridan hareket
kontrolu:

on-arka

asagi-yukari

sag - sol

Sag-sol donme

One-arkaya egilme



AXUM Tedavi Masasai (2)

on - arka

maksimum hasta agirlig:1 160 kg



Dedektor paneli

-Amorf silikon
panel

-512x512 pixel
-20x20 cm FOV

-Imaj merkezi cihaz
Izosentir’na ayarli




X-1 1n1 tupu

-Iki diagnostik X-1sin1 kaynagi
-Iki géruntii dedektorii

-Gercek zamanli hasta
goruntuleme

-DRR’lar ile karsilastiriima




-Ozel TPS

-Forward ve inverse
planlama

-MRIPET,Angio,CT |
aktarimi ve fiizyonu

-QA araclari




Tedavi Planlama Sistemi
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TPS Dose Hesabi

shape

voxels [N

arb. ACCURAY 1 Plan Display Region Model Parameters Imaging Paths
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TPS doz hesabi

Diger noktalarda:

RAD/MU = OCRgy(cOll, Ry, Deay)*(800/SAD)2*TPR(field size, D,q)*DM(field size)

oy
800 mm
-TPR ve output faktor
hesaplarinda SAD
dlizeltmesi yapilmakta




Tedavi sirasinda robot hareketi




Tedavi sirasinda robot hareketi

-3 Paths veya tek path
modeli

-100-120 nod

-Nod basina 12 1s1n
dogrultusu

-Yaklasik 1200 1s1n

-Kafa 1sinlamalar1: 65,80
SAD

-Viicut 1sinlamalar1:90-100
SAD




Hedef bir¢cok sanal izosentirdan olusur ve miimkiin her
yonden 1sinlanabilir.

Sanal izosentir

Isin yonii




2. Hastanin hazirlanmasi:
termoplastik maske,vakum
yatak vs.

5 3. BT taramasi
Gerekirse fuzyon igin
MR, Angio vs.

5. Isinlama



fRegion: Tumor Site -l

R —

Region
TumorsSite (cGy) >=
TumorsSite (cGy) <=

SoftBound (cGy) <=

Left Eye (cGy) <=
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tam1 &
lokalizasyon
goriintilleme

CyberKnife tedavi stireci

tedavi Otomatik
planlamasi pozisyonlama

100 1s1n pozisyonu (nodes)

Her pozisyona 12 1s1n yonii

(A&B) x-151n1
goriintiisii
eldesi

Plana gore 151n DRR (BT) ile
koor. karsilastirma ve
yiiklenmesi linak diizeltmesi

Isin
numarasi
#H##

Tedavi
bitimi




Tedavi

E Treatment Data

Name: Bicron_Fiducial, P = Site Total: 0.00 ¢cGy Pat Pos: HFS
I Acquire l Comrelate I Previous
Medical ID: 021202 Plan Total: 0.00 ¢cGy Time: 02/13/02 17:21:59
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CyberKnife
Gortintii Giidiimlii R adyasyon Tedavisi AIGRT)




TEDAV MODELLER
1. Kafatasi izleme yontemi
2. “Fiducial” izleme yontemi
3. Hareket izleme (Synchrony) yontemi

4. Iskelet izleme yontemi



Lokalizasyonun Dogrulugu

Altin markir kullanildiginda
lokalizasyon dogrulugu 0.5-1 mm’dir.
(“fiducial tracking”) (SD = 0.15 mm)

Kafatas1 goriintiisii kullanildiginda
lokalizasyon dogrulugu 0.5-1mm’dir.
(“skull tracking”) (SD = 0.15 mm)

(-18.8_11.86)




Synchrony™
hareketli organlarin dinamik izlenmesi (1)

)
External position sensor
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Internal fiducial




Synchrony™
hareketli organlarin dinamik izlenmesi (2)







Conventional RT

Hata Marjlarinin Karsilastiriimasi

Conformal/IMRT



file:///D:/CK Overview/compare_02.avi

CyberKnife
Radyocerrahi dogruluk




Konformalite Indeksi (CI)

CI = referans izodoz volyumu/hedef volyum

ideal tedavi planai: uygulamada:

Hedef

«—— Referans Izodoz —

f] CI>1

CI

Il
ol







Uygulama 1: Akciger Adonekarsinomu

Cyberknife: 30 Gy tek fraksiyon
IMRT (CI = 2.6) Cyberknife (CI = 1.3)
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Uygulama 2: Akciger Kanseri

Cyberknife: 30 Gy 3 fraksiyon
Cyberknife (CI
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Pankreas kanseri

Uygulama 3

Cyberknife: 27 Gy 3 fraksiyon

crknife (CI = 0.9)

C

= 1.0

IMRT (CI




Uygulama 4: Karaciger Metaztazi
Cyberknife: 33.75 Gy 3 fraksiyon
Cyberknife (CI = 0.9)

“an

IMRT (CI = 2.6)




Uygulama 5: Prostat Kanseri
Cyberknife: 30 Gy 3 fraksiyon

IMRT (CI = 1.8)

95 %
75 %

50 %

25 %




CyberKnife® : Sonuclar

68 yasinda bayan hasta: akciger adenokarsinomu metaztazi
22 Gy, tek fraksiyon

Scé A
SEM
SL8

FH -1 feet
Tedaviden 6nce 3 ay follow-up

Courtesy of San.Bortolo Hospital - Vicenza - Italy



CyberKnife® : Sonuclar

69 yasinda erkek hasta: orbit sarkoma not-resectable
22 Gy, 2 fraksiyon

Tedaviden once 4 ay follow—up

Courtesy of San.Bortolo Hospital - Vicenza - Italy



CyberKnife® : Sonuclar

C2-C3 Spinal AVM Ekstrakranial tedavi

Tedaviden 6nce 4 yil Follow-up

Courtesy of Stanford University — California (USA)



CyberKnife® : Sonuclar

Ekstrakranial tedavi : Akciger Kanseri
15 Gy tek fraksiyon

2000.10.31
#cq: 2, Image: 25

Tedaviden 6nce Tedaviden sonra

Courtesy of Boudler — Colorado (USA)



Son 12 ay Stanford CK tedavisi

toplam hasta 389

9% oY%
4% @ Intrakranial - 315
B Extrakranial Head - 16
H Spine - 36

H Body - 22

81%



2004 Georgetown CK tedavisi

Toplam hasta - 251

O Intrakranial - 116

B Extrakranial Head - 9
B Spine - 65

H Body - 61

46%

26%

4%



Boulder (USA) CK tedavisi

Toplam hasta - 171

O Intrakranial - 127

B Extrakranial Head - 3
H Spine - 16

H Body - 25

15%
9%

2%

4%



Ik 19 ay KCC CK tedavisi

Toplam hasta - 445

30% )
O Intrakranial - 132

B Extrakranial Head - 63
l Spine - 56
H Body - 194

43%

14%

13%



Ik 5 2y ASM CK tedavisi

Toplam Hasta - 40
@ intrakraniyal-30

B pankreas-5
B spine-3

g5 3 3%

W akci er-1
O prostat-1

74%



ASM Cyberknife uygulamasi

CYRIS mview"

W=255 L=1072

>

W=255L=1072

Patient Name
Deringoz"Hesna |

Patient ID
1141 |

Dataset A CT/RTSS
Dataset B MR

h 4
| <l 264

CyRIS™ InView™ Version 1.1.0. Copyright© 2004, Accuray Inc. | X:264 Y:334 Z:128 Value:1034 |




ASM Cyberknife uygulamasi

CY‘R l S" InView™ Load Fuse Contour

Patient Name

Atanasov:Georgi
Patient ID
1543
Dataset A CT/RTSS |
b & MR 761 L 600 f 11200 1800 2400 3000 3600
ataset oy A A b
CyRIS™ InView™ Version 1.1.0. Copyright© 2004, Accuray Inc. |




CY‘R l S" InView™

Options

Patient Name
Aydin*Bayram

L L L L

DR

Patient ID
1933

Dataset A CT/RTSS
Dataset B MR

CyRIS™ InView™ Version 1.1.0. Copyright© 2004, Accuray Inc. X:228 Y:353 Z:194 Value:1013




ASM Cyberknife uygulamasi
Pancreas tm: 2 fx toplam 25 Gy CI:1,38 HI: 1,25

arb. Plan Display Region Model Parameters
shape
voxels

Imaging Paths s

a75 egion: TumorSite

888

Do
Window & Level

{ Show Center: 1
1 Collimator: mm 20.0

1 Center wrt CT: mm

208.98 | 202.34 | 164.00

Soft Tissue DVH

0 10 20 30 40 50 &0 80 90 10
DVHs of regions in the VOLUME cube
| 100% Dose (cGy) 2999.78

Conformal Shape

¢ 100% = Max Dose
Preset 100% Dose

100 %
Dose - |2999.76 cGy

Max.
Dose 2999.78 cGy

QuickCal Calculate

Isodose: 80 %
Threshold: 500 |
Beams: 1

Display Options




ASM Cyberknife uygulamasi

Pancreas tm 2 fx toplam 25 Gy CI 1,38 HI: 1,25

l Dose Volume Histogram | = |[]

shape ACCURAY
voxels On-Torget TPS
10 20 30 40 50 60 70 80 90 100~7

| Show Cente , - 40 50 60 70 80 90 100%

Collimator: mm 20.0

Center wrt CT:mm s

208.98 | 202.34 | 164.00 — . =
d 10 20 30 40 50 60 70 80 90 100%
W 2 'e' i DVHs of reqgions in the VOLUME cube
1| 100% Dose (cGy) = 3000.00
Multiple Center N {[2osex  megion volme (ewbic mm)
3 Timor Regs
@ 23882 2052
5 23882 101865 235960

“ 100% = Max Dose
+~ Preset 100% Dose

100 % _
Dose - | 3000.00 CcGy
: Method: Coverage |

Max. _
— " Dose 3000.00 cGy
Prescription Isodose Pct.: | g0 —

Quickcal| | Calculate

Tumor Volume: 23882 mm*3

ed: 23116 mm*3 Critical Covered: 0 mm*3
Tissue Covered: 6179 mm”*3

Pct. Covered: 96.79 %

lodose: 80 % == Prescribed Iso Vol.fTumor Iso Vol.:
Display Optlo""nreshold T ] e p—

= e TumorVol* PIVI(TIV)"2:
Beams: 1 |1 1

Max Dose/Prescribed Dose:

Status:

r: 9
: CT(244.5 I75.5 158.0), Slice(333 233 I58), Patient(-56.2 —12.1 3.0), RoDo¥{36.3 33.1 —41.3)




ASM Cyberknife uygulamasi
Hipofiz tm: 2 fx toplam 18 Gy CI:1,53 HI: 1,25

arb. :
shape ACCURAY

voxels On-Target TPS

Tumor Regions OVH
Window & Level

\ ) ¢ 2 R, Dos
° Show Center: 1 — | |33 . 4 ; X ] '1.0 20 30 40 50 60 70 80 90
| Collimator: mm

| Center wrt CT: mm

itical Regions DVH

Dos
70 80 90 100%

134.27 | 154.01 | 150.78

Conformal Shape 1

4 100% = Max Dose

~~ Preset 100% Dose ———
o
10035;" 2250.00 €Gy
Coronaf View
Max.

Dose 2250.00 cGy

QuickCal| Calculate

Isodose: 80 %

Display Options -
L Threshold: 500 |

Beams: 1



ASM Cyberknife uygulamasi
Hipofiz tm: 2 fx toplam 18 Gy CI:1,53 HI: 1,25

| Patient: Avseren 13619 Pfan:Avseren 160805 kef Site dose:2i87.06 cGy Type: head Saved: 37 August 2005, 4:12 p.m.

arb. C " Plan Display Re Model Parameters Imaging Paths
shape ACCURAY
voxels On-Target TPS —F

Sagittal View =| Dose Volume Histogram [l

1024

Window & Level

| Show Center: 1 4 1 J . f 1 10 20 30 40 50 &80 70 80 90 1

1 Collimator: mm 12.5

| Centerwrt CT:mm o S \ I e andl g R Ak .. Critical Regions DVH

134.27 |154.01 |150.78 50 60 70 S0 90

; Soft Tissue DVH
: Confonmal Shape —
_— 10 20 30 40 50 60 70 S0 90 100%
DVHs of regions inr the VOLUME cube
00% Dose (cGy) = 2250.00
100% = Max Dose

»~ Preset 100% Dose

o
100 % | 225000 cGy

| Coronaf Vie
Max.

Dose 2250.00 cGy

QuickCal| Calculate

Isodose: 80 %
| Threshold: 500
Beams: 1

Slice 290 Display Options



CyberKnife® ASM

Erken Sonuclari

Bayindir, Deniz A a 95% Bayindir"Deniz A a 95% &
ID:13724 i D:13724

DoB:1989-10-17 ANADOLU SAGLIK MERKE: DoB:1989-10-17 ANADOLU SAGLIK MERKEZI
2005-08-10 Avart 2005-08-31 Avarto
16:27:45 12:30:10

No. 93 MNo. 83

RF H RF :l H
|
GR GR
TR:9 TR:9
TE:3.98 TE:3.98
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SL p C: 86 SL:A p C: 765

Ch: Wi 180 Chi: W 1581

- Tedavisonrasi
Tedavi oncesi 20.giin



CyberKnife® ASM
Erken Sonuclar

Tedavi oncesi Tedavi sonrasi 20.gun
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Diinya genelinde 9000’den fazla hasta tedavisi
Giinde 7-8 hasta tedavi etmek miimkiin

Toplam klinik dogruluk 0.95 mm’den az.

%75 beyin lezyonu

%25 spine ve viicut lezyonu

Ortalama fraksiyon sayisi 2.4

Uygulama alanlarinda hizli artis



