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NEDEN SRS/SBRT ?
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Cyberknife Genel Bakis

JdTemel mantik-1 o
07240

6 eksenli robot /.

Py - ] -

2051

 Ortogonal goruntd alma L]
kapasitesi

- CT DRR/ Gergek DRR ol [N
karsilastirmasi " ;

« Tedavi suiresince Iginin l?‘ﬂ? i ijqﬁ
olugsan sapma kadar . R

yeniden hedeflenmesi
‘Sagligin Merkezi’ ANADO LU

13.02.2014 5 JnHN:m:a;;:INE MEDICINE



Cyberknife Genel Bakis

Jd Temel mantik-2

Node

Tumor

Sagligin Merkezi’

13.02.2014 6



Cyberknife Genel Bakis
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Cyberknife Genel Bakis

1 Nereden basglasak?

AAPM Report #54 - Stereotactic Radiosurgery

AAPM Report #91 - The Management of Motion in Radiation Oncology (TG
76)

TG 68 - Intracranial Stereotactic Positioning Systems

TG 101 - Stereotactic Body Radiotherapy

TG 104 - kV Localization in Therapy

Efforts In Progress

TG 117 — Use of MRI in Treatment Planning and Stereotactic Procedures

TG 132 - Use of Image Registration and Data Fusion Algorithms and
Techniques in Radiotherapy Treatment Planning

TG 135 — QA for Robotic Radiosurgery

TG 147 - QA for Non-Radiographic Radiotherapy Localization and
Positioning Systems

TG 155 - Small Fields / Non-Equilibrium Condition Photon Beam Dosimetry
TG 176 — Task Group on Dosimetric Effects of Immobilization Devices
TG 178 — Gamma Stereotactic Radiosurgery Dosimetry and QA

TG 179 - QA for Image-Guided Radiation Therapy Utilizing CT-Based

: Technologies N H|
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Cyberknife Genel Bakis

dBasladik ya sonra?

Saglig

IFRACTICE GUIDELINE TOR THE FPERFORMANCE OF STEREOTACTIC

BODY BEADIATION THEEAPY

The medical physicist 15 responsible for the technical
aspects of radwsurgery and must be availlable for
consultation throughout the entire procedure: (MAging,
treatment  plannmg, and dose delivery. Those
responsibilities  shall be cleardy defined and should
include the following:

. Acceptance testing and eommissioning of the

SBRT syerem, thoreby asguring its geometric and

dosimerric  precision  and  oecuroey. This

ineludes

i.  Localization devices wused for aceurate
determinstion of marget coordinates.

b. The image-based 3D sandior intensity-
rmodulated treanment planning system,

¢, The SBET external beam delivery unit.

Implementing and manazing a quality control

(OO program for the SBRT svstem to_menitor

and assure proper functioning of

a.  The SBET external beam delivery unit.

b,  The mmage puidance system as well as all
other imaging devices used for SBET.

¢. The image-based 3D andior intensity
modulzied reaument planning system,

3. Esteblishing & comprehensive (O checklist that
acts as a detailed guoide to the entine treatment
Process.,

!'_'l
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Cyberknife Tedavi Metodlar

Skull tracking
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Cyberknife Tedavi Metodlari

Fiducial tracking

Crmrtay of Images A Couch Comreations

Curreis Mode
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Cyberknife Tedavi Metodlari

Gercek zamanh Tumor Takibi

(A) Static Pattern (B) No-tracking Pattern (C) Tracking Pattern
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Saghdin Merkezs’ From Yaxi Liu, Astro 2008 ANADOLU"
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Cyberknife Tedavi Metodlari

A Dose Difference % B Dose difference exceeding +10% Red
Dose difference exceeding -10% Blue

Static vs
Tracking(-)

Figure 9 (A) Dose differences over the resulting mradiation field, and (B) film areas with 10% or more dose difference

from subtracting dose maps of No-tracking from that of Static uradiation fields.

Siutlin Mevkeet From Yaxi Liu, Astro 2008 ANADOLU®

In Affliation with
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Cyberknife Tedavi Metodlari

A Isodose Line Overlay B Dosedifference

10+

20 4

30
Static vs real |
time tracking

&[] -

- -""--......__..--""‘#

Dash Line: Tracking, Solid Line: Static
i ® 0 mm 10 20 30 40

Figure 10 (A) Isodose line comparisons between real-time fumor Tracking (dashed line) and Static (solid line)
situations, (B) Dose differences over the uradiation field resulting from the subtracting dose maps of real-time tumor
Tracking from that of the Stafic 1rradiation field.

Saghgin Merkezi’ From Yaxi Liu, Astro 2008 ANADOLU®
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Cyberknife Tedavi Metodlari
Synchrony Respiratory Tracking

Camera Image A
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Cyberknife Tedavi Metodlari
Synchrony Respiratory Tracking
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Cyberknife Tedavi Metodlari
X Sight Spine/Lung/Optimized Lung

DRR goruntisi Gercek zamanli goruntu

------

‘Sagligin Merkezi’ a3 i ANADOLU
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Cyberknife Tedavi Metodlari

Camera Image &4 (&)
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« Her cift goruntu basina yuzey dozu

Cyberknife Tedavi Metodlari

kvp mA mAS Dose (mGy)
100 100 100 10 (.15
100 320 100 3 050
120 100 100 10 0.24
120 320 100 3 0.80
150 100 100 10 0.38
150 320 100 3 .14
Sagligin Merkezi’ ANADOLU i
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Cyberknife Tedavi Metodlari

 IGRT karsilastirma/Hipofraksiyon
(Head)

CyberKnife MV porta

# images E (m5v) £ images E (m5v) #images E (mSv) #images E (m5v)
19-22 0.24 | 1 | Mo data ‘ 1 | 3.0 |
2} nnatm:l (3 fractions) Lung SBRT
Iﬁ L CyberKnif MH:nrtal
(Chest) e
#images E (m5v) # images E (m5v) #images E (m5v) #images E (m5v)
] | 5.8-64 | 138 | 3.56 | 3 | 258 ‘ 3 | 243 |
3) Hypofractionated (4 fractions) Prostate SBRT
berKnife MV portal y
ﬂmgn Guidance image-based set-up CBCTbased set-up
#Images E (m5v) # images E (mSv) #images E (mS5v) #images E (m5v)
1 82-114 ‘ 196 ‘ 16 ‘ 4 ‘ 5.3 ‘ 4 ;ﬁ Eﬁﬁ
‘szgi rgin Merkezr A N A DOUOLU

In AfRL
JOk l‘\‘?EllﬁPh '\q MEDICINE
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Cyberknife Tedavi Metodlari

 IGRT konvansiyonel

4) Conventionally Fractionated (N=40) Prostate IMRT

Cyberknife MV portal CBCT set-up + MV portal

#images | E(mSv) | #images | E(mSv) | #images | E(mSv) | #images | E(mSv) | #images | E(mSv)
120 828
10{CBCT)
U lsena| o0 | me | w0 | s | 4 |lovd) | (ondos
020 MEFD) 283
(standard) (standard)
Sagligin Merkezi’ AN A DOLU =
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Cyberknife Tedavi Metodlari

 IGRT konvansiyonel

4) Conventionally Fractionated (N=40) Prostate IMRT

Cyberknife MV portal CBCT set-up + MV portal
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Cyberknife Tedavi Metodlari

e GOruntuleme dozu

‘Sdgglg??i drany e a0

The management of imaging dose during image-guided radiotherapy:

Report of the AAPM Task Group 75

Martin J. Murphy
Deparmwent qf Radiarion Onealagy, Freina Commaomeenlrh Universiny, Riclomond, Firpinig 23208

James Balter
Deparment of Radiarion Onoslagy, Universigy of Michipan, Anm drdor; Michizan 48109

Stephen Balter
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Famg-Famg *in
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Cyberknife Tedavi Metodlari

Takle 7. Clinical accuracy results for the &I skull tracking. fiducial tracking and Xsight spine
tracking al gorithms of our CyberEnife systen.

a0 LR S0 Accuracy
Trial {rrum) { ) ) ()

6 skull tracking—<clinical accurac

1 .25 —i.52 —i0.1a

2 .23 0.0 —i004

3 .24 —i.25 —i0.19

4 .20 LS —i0.3AA

5 .20 .11 —01&

Average .24 —i —ia s

Sy 3 0.5 o.11

Fiducial tracking—aclinical accur

1 17 —ih.22 —0.07

! Soe  ove oo End to End Test
3 — i3 .11 003

4 .31 —i. 14 —i0.07

5 —i. 13 — i s —i0.29

Average LN — 0T —01&

Sy .17 .12 0.17

MBS spine tracking—-clinical accurs

1 —ih. 42 027 —i0.22

2 — —0.57 —0. 12

3 DIRE | —i.24 —004

4 il —ial 00

5 .13 025 —i0.59

Average — s —0 18 —0. 18 .53

S 21 043 .25 0. 1a

el W 3 . m
Sagligin Merkezi C.Antypas et.al. Phys.Med.Biol. 53,2008 ANADOLU
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dCyberknife Genel Bakis

dCyberknife Tedavi Metodlari
Qintrakraniyal Cyberknife Uygulamalari
dEkstrakranial Cybernife Uygulamalari

dAvantaj ve Dezavantajlariyla Cyberknife
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Intrakraniyal Cyberknife Uygulamalari

« Meningioma

T o,
Mo i e
I
eorn |
.=
r

il

IiNEEEEEEN
T
: S e
A S
' 'I ]

F

13.02.2014 27 TOHNS HOPKINS MEDICINE



Intrakraniyal Cyberknife Uygulamalari

e Optik Sinir Meningioma

Sa gﬁz G171 Merkezi’ A N AD 0 LU
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Intrakraniyal Cyberknife Uygulamalar

e Optik Sinir Meningioma

e TUmOr hacmi 3.1 cc
e D0z:%75/25 Gy/5 fx
e CI:11.3

e 9095.7 kapsama

« 170 1SINn

e 10 mm kolimator

Sagligin Merkezi’
L. -
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Intrakraniyal Cyberknife Uygulamalari

e Optik Sinir Meningioma
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Sagligin Merkezi’ ANADOLU =
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Intrakraniyal Cyberknife Uygulamalari

e Optik Sinir Meningioma

‘Sagligin Merkezi’ A DOLU =

In Adfiliation wi
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Intrakraniyal Cyberknife Uygulamalar

« Kavernoz Sinir Meningioma

22 Gy/3 fx

Sagls gin Me rkezi’
o

13.02.2014 32 ' JOHNS HOPKINS MEDICINE



Intrakraniyal Cyberknife Uygulamalar

« Kavernoz Sinir Meningioma

Beyin sapi
max doz:11 Gy

ﬂz{{z’ 1gin Me rkezi’
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Intrakraniyal Cyberknife Uygulamalari

Turk Onkoloji Dergisi 2009;24(4):159-165
Klinik Calisma - Aragrma / Original Arficle

Goz cukuru ve g6z ici timérlerinin CyberKnife® ile
tedavisinde basit hir sabitleme ve izleme yontemi

A simple fixation and monitoring method for treating choroidal and orbital tumors
using the CyberKnife® system

Sagligin Merkezi’ ANADOLU =

In Affliation with
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Intrakraniyal Cyberknife Uygulamalari
Orbital timorler
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Intrakraniyal Cyberknife Uygulamalar
Orbital timaorler

MultiPlan® System
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= | I i - iz
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Intrakraniyal Cyberknife Uygulamalari
Orbital timorler

L
0
o
R
s

e S— U

In Affliation with
13.02.2014 37 JOHNS HOPKINS MEDICINE



Intrakranyal Cyberknife Uygulamalar
Orbital timorler

Sekil 5. Tedaviye baslamadan Snce kontrol odasindak: mona-
tor izernne yerlestirilen saydama c¢izilen hasta lensi-
Sag nin gorintisi. OLU"
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Intrakranyal Cyberknife Uygulamalar
Renal tumor Beyin mtz.

‘Sagligin Merkezi’ A N AD O LU
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Intrakranyal Cyberknife Uygulamalar
Renal tumor Beyin mtz.

e TUMOr hacmi 5 cc
e D0z:%85/18 Gy/1 fx

e Cl:1.36

* 9095.6 kapsama
90 1SIn

e 25 mm kolimator

‘Sagligin Merkezi’
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'szg! 1gin Me rkezi’ ANADOLU -
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Ekstrakranial Cybernife Uygulamalari

e Nzf niks

‘Sagligin Merkezi’ - | ANADO LU

nnnnnn
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Ekstrakranial Cybernife Uygulamalari

e Nzf nuks

o 27 Gy/3 tx/%78

184 1SIn s
Sagligin Merkezi’ ANADOLU

In Affiliation with
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Ekstrakranial Cybernife Uygulamalari

e Spinal tumaorler

Pl ams (2]

e 5 mm,

e 13 Gy

* %80 izodoz hatti

e Max doz SC 10,5 Gy

Sagligin Merkezi’
L. -

40 80

e T e =, pird ol

a0

100
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Ekstrakranial Cybernife Uygulamalari

« Akciger

7 Alan Tomoterapi

In Affliation with
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Ekstrakranial Cybernife Uygulamalari
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Ekstrakranial Cybernife Uygulamalari
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Ekstrakranial Cyberknife Uygulamalari

 Karaciger metastazlari

ROBOTIC RADIOSURGERY FOR LIVER METASTASES

Kayihan Engin®, Nadir Kucuk®, Murat Dokdok”®, Tayfun Enunlu®, Kezban
Berberoglu®, Hande Ayata®, Cemile Ceylan®, Ayhan Kilic?, Metin Guden®

"Radiation Oncology, bRadi::ulu::gv,ﬂ, ‘Statistic Department, ‘Nuclear Medicine,

Anadolu Medical Center, Kocaeli, Turkey

www.cureus.com

Sagligin Merkezi’ ANADOLU =
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Karaciger
metastazlari

‘Sagligin Merkezi’

Ekstrakranial Cyberknife Uygulamalari

Table 2. Fatients and tumor characteristics

13.02.2014 49

Characteristic Value
# of Patients 55
# of treated lesions 854
LSingle lesion 37 pts [&7%)
2 lesions 7 pis {13%)

Sender

Time from primary diagnosis
to First metastasis

Tirme from first liver
metastasis to rSBRT

Mletastases except liver
during rSBERT

Received chemotherapy
during rSERT

Tumeor wolume

3 lesions

Al al=
Femals

FAedian
Pl=an
Ranmnge

FA=dian
Ranmnge

rA=dian
Ranmnge

Mone
PAultiple (=2 different
sites)

Lumg

Bone
Other sites (single
locatiom)

MA=an
Ranmnge

11 pts (20% )

32 pts (SE%)
23 pts (42%)

55 years

B0 F years
22-H& years

17 monmths
O-151 maomthis

& months
0-15 months
33 pts (&0%E)

4 pis [ TR

S pts [172%)

o pks [9%)

4 pis [ TR
dd prs (B0%)
11 pis (20%])

40,48 cc
3.8 oc-336 oc

LU”



Ekstrakranial Cyberknife Uygulamalari

« Karaciger
metastazlari

Table 4. Dose-volume characteristics of rSBRET

Characteristic Value
Total liver valume
Table 3. Dose constraints for OARs _ ) Mesn 151 Ac
Collimator size
— - Median 20 mm
Critical Structure  Dwose Constraint Range 10 mim-35 mm
. Prescription dose
Liver 2700 cc 15 Gy Median 45 Gy
Eidneys V5% 75, Dmax<15 Gy Range 24 Gy-45 Gy
Spinal cord Dmax< 18 Gy # of fraction
Stomach V20<%5, Dmax<25 Gy Median
Duedenum V20<%5, Dmax<25 Gy Range 3-6
Bowel V20<%5 Dmax<25 G'h" Prescibed isodose line _
Lungs V15<%5, Dmax< 18 Gy Median - B0%
Heart Dmax<25 Gy o Range  70%-25%
- Conformality index
Vn-Organ volume that receives a dose of n Median  1.22
Gy or less, Range  1.06-1.94
Dmiax- Maximum point dose in the organ Homogenity index
kedian 1.25
Range 1.18-1.43
‘SJngg"zﬂ ME?‘:‘%EZI" RINALIVLY =
In Affiliation with
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Sagligin Merkezi’

13.02.2014 51

(c)

Figure 1. An example of CR with continuwed local control in a patient with
mietastatic colorectal cancer [a) axial view of lesions in PET before rSBRT, (b]
treatment planning showing dose distrubition, (cj PET image after & months

from rSERT
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« Karaciger

Cwvarall Survival %]
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10 in 3

Time [months) after rSBRT
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)
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REFOETS OF FRACTICAL ORDOLOGT ARD RADIDTHERAPY [5 (?010) 1Br-18g

X ONOOLDIGY &

avallable at www_sclencedirect.com RADSOITHER AM

g
».* ScienceDirect

FT SFVIFR Journal homepage: http:ffwww.rpor.eu/f

Original article
Dosimetric and physical comparison of IMRT and

CyberKnife plans in the treatment of localized
prostate cancer

Cemile Ceylan*, Nadir Kucuk, Hande Bas Ayata, Metin Guden, Kayihan Engin

Anodolu Medical Center, Rediation Onoology, Ancdolu Ceddesi, Wo. 1 Gebze, 41400 Koogeli, Turkey
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In Affliation with
13.02.2014 53 JOHNS HOPKINS MEDICINE



Ekstrakranial Cyberknife Uygulamalari

e Prostat

Struchire Type Rank Objective Dose (oGy) Volume (%) Wieight Power
FTV Target 1 Max 550 0 100 2.4

Min TaATY 100 200 2.5
Bladder CAR i Dose voleme SO00 - L 100

Doss volume 3100 50 100 IMRT
Rectum OAR 3 Dioss woheme SO00 17 ilxa] 2

Dioss woheme 3104 kL 100
Right femoaral heads OAR d Max 5004 a 100 i
Left fermaral heads OAR 4 Max L= a1 100 T
Patient QAR 5 Max 4504 0 100
Tahle 2 - An sccepied IMET plan index PTV and 0AR's scconding to defined criteria.
FTV Eladder Rectum Right femoral Laft femoral Global max Sagment

head head of the plan number

Max Dose (Cyj 75.40 77.45 TE 44 3571 3943 75.40 &7
Min Diose (Cy): 7198 052 111
Mean ose |Gyl 75.63 012 A=
Cl: 0972 *MCYVTE =7 Cy VTR
HE 091k

* OI: conformity index of plans according to Eg- {1).
B Hr homogeneity index of plans according to Eq- 7).

Structure Type Objective
PFTV Tarzet Max Dose [cly): 48
CK Min Diose- 35 75
e .3 Bladder OMR Max Dose [y 32
Sagligin Merkezi (=i -
< Rectumn OAR, Max Dose [Cyr 32 2

13.02.2014 54 Urethra LR Max Dose [Lyc 41E5
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e Prostat

10

£

Table 4 — Median percent doses for bladder and rechum
volumes in a1l patients. V10, V33, V50, V&6 and V100
denote percentage volumes of organs that 10%, 33%,

50%, 66% and 100% of wolomes, respectively. Table

presents CI, HI and maximom and minimum doses for

PTV as a percent of prescription dose.

Rectum CK
TR )
} il Rectum IMRT ! — il {181
E [} ) Tiksihoni b rkmii 1
& Hoouni MRS
] |
I.E .I, Hemmil ylerkmle|
! 4 l". = FIV KT
WA — FIV ik
. .
Mesane IMRT ~
Bl T
Mesane
OIS DTN A0 3% 0 A% MIO8% R A% NP T: RIDORS KD oWy AE IS
B Yooime

Fig. 7- DVH comparison of the Cyberkinife and IMRT plans for a patient.

Sagligin Merkezi’
L. -

Madian doses p Valus
IMAT CK
%Eladder volume
L e 35.35% 7 B =001
W3 J3.75% 23.75% .07
W= 5.20% 13 432
WS 3458 H.O5% 0128
W10 0.85% 0.1 ELEF
%Rectum nofwme
L e 3530 5705 =001
LEE Rl 35. 10 <0001
L 38.48% 27 A5 0.3
WEs 12 73 20.95% 0.7
W10 2.05% 1608 ELE
=TV
= | 0.94 1.23 <0001
Hl 1.08 1.33 <0001
Maximum percentage dose 108% 133%
Minimum percentage doss 95.30% BE%W

ANADOLU®
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« Cyberknife Prostat IMRT, Cleveland

« GTVdozu>84 Gy

e CTV=SV+3mm
Ap/Pa,5 mm lateral

e CTVdozu=70
Gy/%70 PD/28 fx

- SIB

Dosimetric parameter Current case Cleveland Clinic'*

Mean prostate dose 80 Gy 75 Gy

Mean urethra dose 75 Gy Mot reported

Rectal V70Gy 1.7 cc 8 cc

Bladder V70Gy 4cc ] cc

Sagligin Merkezi’ ANADOLU®

In Affiliation with
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« Cyberknife Prostat IMRT, Cleveland
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SONUC

e Cyberknife SRS ve SBRT tedavilerinde doz
hedeflemesini mukemmel yapan yazilimlara
sahiptir.

« Hareketli organlarda gercek zamanh tUumor
takibi yapabilmektedir.

 Bircok vakada OAR korumasi ¢cok daha iyidir.

e« Son donemde vyeni konsepti ile IMRT
tedavilerine olanak saglanmistir.

Sagligin Merkezi’ ANADOLU -

In Affiliation with
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SON SOZ

e Bu sunum icin ilgili firmadan hicbir
maddi veya manevi destek alinmamistir.

 FiIrma tarafindan slayt onerisi
yapilmamis ve slayt surimuinden
haberleri olmamistir.

Sagligin Merkezi’ ANADOLU -

In Affiliation with
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