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Purpose

o familiarize Rad Onc PG students on
the availability of newer conformal
Radiotherapy equipments-Cyber Knife

0 know about Cyber Knife-Definition,
Components, principles, advantages,

limitations, clinical applications, future
directions.



CyberKnife

* Image guided Robotic Radio surgery
system that uses a compact Linear
accelerator mounted on robotic arm to
deliver concentrated beam of radiation to
the targeted tumor from multiple positions

and angles.



CyberKnife:

Frameless,
Fractionated/Single,
Image Guided,
Tracking,

Stereotactic,

(whole) Body Radiotherapy/Radio surgery
(SBRT/SRS)

All in one
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Radiobiology- Hypoxic model

Ooxygen
« Migration

Oxic

« Density of cells > Vascularization




Radiobiology-MTMT model of cancer therapy
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Dose/fraction

TDF equivalent
Conventional

4.8 Gy/5f (24.00
Gy)

40 Gy

5.1 Gy/5f (25.50
Gy)

45 Gy

6.1 Gy/5f (30.5
GY)

60 Gy

7.5 Gy/5f (37.5 Gy)

76 Gy




CyberKnife® Accuracy

Sub-millimeter accuracy
Treats all parts of the body

Treats lesions that were previously
untreatable

So accurate, head and body frames are
not required




CyberKnife ® Conformality

Non-Coplanar Beam Delivery, Non-Isocentric Beam Delivery

Highly collimated beams, Non-convergent beams
Automatically minimizes entrance/exit beam interactions
No patient or linac re-positioning required

Superior conformality while
maximizing homogeneity

Do

ACCURAY

Accuray Confidential



CyberKnife ® Treatment Overview

Do

ACCURAY




1. Patient Consult
2. Patient Setup
3. Image Acquisition
4. Treatment Planning
5. Treatment Delivery

ACCURAY

Accuray Confidential



CyRIS ™ MultiPlan ™ Treatment Planning

Benefits
*Fast, multi-modality image fusion
«Simplified contouring

*Supports forward and inverse
planning methods

*Achieves desired plan results
quickly and efficiently

«Streamlines overall planning
process

Maximize the capabillities of
CyberKnife System

Do

ACCURAY

Accuray Confidential
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H.G

adding life to years

+

Intra Cranial

Metastasis
Glioma

Meningioma
Pituitary adenoma
Pineal region tumor
Craniopharyngioma

AVM
Trigeminal neuralgia
Functional disorders




H.G

g ey 28 yrs/M/AVM

- ® v
MultiPlan® System / Load Fuse Contour Align  Plan  Visualize / Plan QA  Seftings  Help

Setup Isocentric Conformal Sequential Finetune

| Dose Calculafion : [ DVH Properties =~ Active DVH: [ CTV
Algorithm | .
Resolution [Figh |8 b 100

-

g
Calculate o0

= 80
Prescription

70

Prescription
60

Reference Point

, 50
B Use max dose point

Dose (cGy) | 180321 — o : 40

30

Volume(%)

Point [ Go to >>
[ 18.48,-45.71,-172.00 |

Set to Cross-hair Point

Save Plan ’ - , ~ 40 50 60 70 80 90 100
Dose(%)

Save Plan

Nodes| 80| TotalMU| 1451390 |
Beams 135 | Min MU[ 5.89 |

Max Dose (cGy)| 2500.00 | Max MU | 388.19 |

Dose Statistics Table

VoI ‘ Min ‘ Mean ‘ Max Cl | nCli HI | Coverage
(cGy) (cGy) (cGy)

1 Inner Shell 64809 1881.41 250000 100 152 139 65.80%

I Outter Shell 19539 883.41 149599 n/a n/a n/a n/a

A & ; » CcTv 158591 206368 250000 146 148 139 98.69%

Standard 5 ] ’ W I Critical 11 12490 584.30 939.57 n/a n/a n/a n/a

 Standard BRI Rt EYE 7122 7568 8667 nia nla na na

Y A ¥ A sy 2 HELTEYE 7408 7829 10784 n/a nfa nla n/a

Patient Air s Al ; W OPTIC CHAISM 10960 41362 95460 n/a n/a n/a n/a
(UMAR S ' 2 W RT ON 7885 9027 34985 n/a nla nla nla
WLTON 8202 9819 18982 na n/a nla n/a
SRS X S W PITUITARYFOSS 11620 57635 170447 n/a n/a n/a n/a
I - M BRAINSTEM 8305 46823 175154 n/a nla nia n/a




Acoustic Neuroma

An acoustic neuroma, also known
as a vestibular schwannoma, is a

benign growth that occurs along

the 8th cranial nerve




22yr/m/B/L Ac schwannoma

CyberKnife : ‘

MultiPlan aluate e
DVH Properties | Active DVH:  GTVMRLT

Algonithm  Ray-Tracing

Resolution  High v

l Calculate ‘

I Prescription ‘

[JUse max dose point

Dose (cGy) 2499 07

Point | Goto>> |

0.89,-24.99,-91.00

| Setto Cross-hair Point |

Dose(%)

I Save Plan ‘ Nodes 116 Total MU 71192.55
Beams 349 Min MU 2559
Max Dose (cGy) 3289.47 Max MU 397.41

OBV LWEVOLE ©BLVB.J

Dose Statistics Table

(Q |
2853.42 3289.47 364 394 132 92.50%

[ B GTVMRLT 1613.64

B GTVMRRT 2111.17 285893 3283.00 215 219 132  97.79%
Outer Rt 38358 114841 1810.60
1. : Outer Lt 370.83 1064.02 1637.68
[Standard[Display OAR 25253 737.90 1856.48
B Rt _Lens 2404 6195 12554
Patient Lt Lens 1275 4747 11771
SALDANA DENZIL oar1 256.69 713.80 1455.78
RE709 oc 10807 24937 38032
BRAINSTEM 14215 612.80 2554.48
Plan B RTORBIT 2093 10684 27697
6DSkull_Planfinal LT ORBIT 10.84 7741 23978

2010-03-22 04:19:45

Rx
76%, 2500.00 cGy




Radiosurgical Rhizotomy for Trigeminal Neuralgia

Linac-based & GammakKnife (GK) SRS are well
established treatment options

Primarily a replacement for other “destructive” lesions
(Gycerol, RF, etc.)

Not a substitute for Micro Vascular Decompression!!




Patient Selection

CyberKnife radiosurgical rhizotomy was
offered to medically-refractory TN
patients that failed or refused surgery or
were not suitable candidates for MVD

due to age or medical contraindications.




SRS for Trigeminal Neuralgia
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High Grade Glioma — Supratentorial:
3 months Post CK — No Uptake

Post-CK




72yrs/M/Recurrent GBM

Contouring
Manual Auto
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Right-drag fast scroll

%
Localize  Copy  Zoom/Pan _

CT Jul.13,2009
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H G 72yrs/M/Recurrent GBM

adding life to years ] ] ] ]
/ Load Fuse Contour  Align Plan Visualize / Plan QA  Settings Help

Setup Isocentric Conformal Sequential Finetune

T

Dose Calculation "DVH Properties = Active DVH: [ GTVPET
Algorithm Ray-Tracing :
Rosolton

90

Calculate
== 80
Prescripiion
70
Prescription
60

Reference Point
50
B Use max dose point ’

Volume(%)

40

Dose (cGy) 2400.41 ‘

. —_—— 30
Point Go to >>

~ 7.33,13.07,-175.25 |

Set to Cross-hair Point

Save Plan | " . Z 40 50 60
; Dose(%)

an; I_3Ian

Nodes | 97 Total MU| 4029725 |

]

Beams| 161 MinMu| 5358

Max Dose (cGy)| 3428.57 | Max MU | 59641 |

‘ Dose Statistics Table

’ VoI ’ Min Mean ‘ Max Cl ‘ nCl ‘ HI | Coverage
(cGy) (cGy) (cGy)

‘ GTVPET 2298.43 2872.15 342857 181 182 143 99.59%

CTV 2014.40 2807.22 342857 124 128 143 97 .58%

‘ ‘ [ Outer Shell 1091.80 1908.25 2710.53 n/a n/a n/a n/a

Standard |DiSpiay s AL ; y [ REye 126.34 13360 156.06 n/a n/a n/a n/a

- T . ; Il Outer_shell2 370.14 104527 1771.02 n/a n/a n/a n/a

o ‘ LEye 11761 133.72 15465 n/a nla n/a n/a

BRAINSTEM 16260 31643 104461 n/a n/a n/a n/a

Patient




Contouring

Manual

2D Brush 2D Brush

v

Freehand Move Remove

ZoomiPan

Left Drag to zoom
Right Drag to pan

e
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Localize Copy  2oomsPan
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H G Pituitary adenoma

adding life to years a -
ViU J Fuse Contour Align Plan  Visualize / Plan QA Settings Help

Isocentric Conformal Sequential Finetune

Dose Calculation ; LA A il [fDVH Properties | Active DVH: | BRAIN STEM

Aigorithm = . / 4
Resolution [High | - )L o 100

Calculate
Prescripiion
Prescription

Ee;erence I;(;iﬂt

M Use max dose point

Volume(%)

Dose (cGy) |  2110.86

Point Go fo >>

[ -9.21,-84.91,-177.00 |

i Set to Cross-hair Point

Save Plan 5 ) p 3C 50
Dose(%)

Save Plan ‘ : 7
Nodes| 110 Total MU|  42625.02 |

Beams| 192 MinMU| 4546
Max Dose (cGy)| 3000.00 | Max MU | 517.27 |

Dose Statistics Table
VOI ‘ Min Mean ’ Max ‘ fol] ‘nCI HI | Coverage

(cGy) (cGy) (cGy)
1 ‘ M GTV inner 79043 225384 3000.00 1.11 154 143 71.90%
W GTV outter 287.43 85796 2166.35 n/a n/a n/a nia
‘ ‘ HLEye 9590 28423 73124 n/a n/a n/a n/a
Standard |Display \ ] ¢ | | WGTV 1576.75 236320 2959.12 148 172 143 85.84%
! 7 AL [ GTV2 717.69 1568.38 253220 157.03 280.16 1.43 12.27%
1 : ¥ | W GTV2outter 367.91 84275 232895 n/a n/a n/a n/a
Patient e ! \ W GTV_2inner 49851 129553 253491 61.98 937.00 1.43 6.62%
\ B f [ Critical 13 186.86 586.02 146111 nfa n/a n/a n/a
b ‘! | I BRAIN STEM 151.25 566.03 2370.70 n/a n/a n/a n/a
W RT EYE 97.32 31957 857.72 n/a n/a n/a n/a
| OPTIC CHIASM 49851 1128.76 2360.68 n/a WIE] n/a IE]
RT ON 161.41 75439 2544 11 n/a n/a n/a
; LT ON 166.54 63370 169224 n/a n/a n/a




H.G

adding life to years 69Yrs/F/Ca Lung with Brain mets

= ® :
MultiPlan® System //Load Fuse Contour Align  Plan  Visualize /PIanQA Settings ~ Help

Setup Isocentric Conformal Sequential Finetune

"DVH Properties = Active DVH: | GTV1

Dose Calculation
Algorithm [ Ray-Tracing
Resolton :

Calculate

100 -

Prescription

Prescription

Reference Point

Volume(%)

¥ Use max dose point

Dose (cGy) 2800.00 |

Point | Goto>>
-48.88,-72.71,-139.25 |

sel to Cross-hair Point

Save Plan

Save Plan | -
Nodes 49 Total MU | 12547.33 |

Beams | 81 | Min MU | 41.70 |

Max Dose (cGy)| 280000 Max MU | 534.25 |

Dose Statistics Table

‘ Min Mean Max cl ‘ nCl ‘ HI ‘ Coverage
(cGy) | (cGy) | (cGy)

GTV1 1796.13 233125 280000 139 155 133 89.94%
GTV 2 44 .48 4563 4657 000 000 133 0.00%
I : W outer_1 7964 61578 192469 n/a n/a n/a n/a
| standard [Bi ] R Nl I Outer_2 41.83 4491 49.39 n/a n/a n/a n/a
| Standard |Display oy i : 1 RT EYE 3576 4162 5157 n/a na na n/a
n ! ) LT RYE 38.62 4270 4960 n/a n‘a nfa
Patient : L e oy _ad I BRAIN STEM 47.21 5877 17791 n/a nfa na
: 1 J - W PIT OPTIC CH 46.40 49.19 58.62 n/a nfa n‘a

VoI

Plan




H.G

Y —— CK Indications Head/Neck

m Head and Neck

Nasopharyngeal tumor
Primary and metastatic cancer
Glomus jugular tumor,
Chondrosarcoma

Ocular melanoma




Nasopharynx




Nasopharynx




Contouring

Auto

Regi T
Sao" PETEdge Body

A) (%) &M

Absolute  Percent Atlas
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Left-click triangulate
Left-drag continuously
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Right-drag fast scroll

B %

Localize Copy Zoom/Pan
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e
{Click for
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PT Apr.19, 2010

WB_3D_AC

W 7. cTv
{Click for
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| Auto-hide

85yrs/M/Ca tongue T2NO
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= O
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H.G

adding life to years

-

MultiPlan® System

Dose Calculation

Ray-Tracing
2

Algorithm
Resolution

Calculate

Prescription

35yrs/M/Recurrent Lt middle ear SCC

/ Load
y

Fuse

Contour

Align

Setup

Plan

Isocentric

Visualize

Conformal

Sequential

Evaluate

=]

/ Plan QA  Settings Help

Finetune

Prescription

Reference Point

B Use max dose point

Dose (cGy) \

Point Go to >>
[ 30.41,-54.37,-175.25

Set to Cross-hair Point

Save Plan

Save Plan

Standard  Display

Patient

"DVH Properiies | Active DVH: [GIVPET

100
90
80
70
60

E 50
40

30

——

40 50 60 70
Dose(%)

Max Dose (cGy)-

Nodes

Beams |

3000.00 |

41861 .24
50.32 |

Max MU 575.97 |

108 | Total MU
228 Min MU |

Dose Statistics Table

VOI

I Outter
B Out2
GTVPET
H Rt Eye
W Lt_eye
[ inner shell
[ Brain
[ Critical 10
I SPINE
B CEREBELLUM

Min
(cGy)
889.22
421.38
1798.40
129.27
124.70
1164 .48
120.94
127.81
250.13
144.47

Mean | Max Cl ‘ nCl \ Hi | Coverage

(cGy) (cGy)

134709 202829 n/a n/a n/a n/a
841.16 1978.76 n/a n/a n/a n/a

254302 300000 112 132 125 84.36%
136.24 144 .66 n/a n/a ] n/a
135.09 202.56 n/a n/a n/a n/a

236649 300000 100 185 125 54 .00%
282.15 1300.71 n/a n/a n/a n/a
548 17 1141.86 n/a n/a n/a n/a
807 54 250895 n/a n/a n/a
628.10 2597.57 n/a n/a n/a
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MultiPlan® System

Dose Calculation
Algorithm | Ray-Tracing
Rosobin

-

Calculate
Preseription
Prescription

Reference Point

M Use max dose point

Dose (cGy) 2399.95 |

r Go to »>

10.03,-76.05,-114.75 |

Point

" Set to Cross-hair Point
Save Plan

Save Plan

| Standard | Display

Patient

Plan

40yr/m Chondrosarcoma recurrent

/ Load fFuse  Contour  Align

Setup

Plan

Isocentric

Visualize

Conformal

Sequential

Evaluate

/ Plan QA Settings  Help

Finetune

[DVH Properties = Active DVH: | GTVPET

Volume(%)

50
Dose(%)

Nodes _.
Beams |

Max Dose (cGy)'

115 |
257 |

342857 | Max MU

Total MU |
Min MU |

46217.23
2964 |
568.94 |

Dose Statistics Table

VoI

I Outer Shell
GTVPET

M GTVMR

™ out2

W OAR

M RTEYE

H LTEYE

W LTON

M RTON

EoC

W BRAINSTEM

Mean

(cGy)
1101.42
2686.72
2590.30
112352
52660
581.14
384.87
841.96
1911.56
1173.82
776.13

Max
(cGy)
2328.78
3428 57
3428 57
2574.86
1762.38
1547.95
927.80
1142.94
2864 60
2655.93
2706.85

n/a n/a
124 132
n/a n/a
nfa nla
n/a n/a
n/a n/a
nfa nla
nla nla
n/a n/a
n/a n/a
n/a n/a

n/a
1.43
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a

‘ cl ‘nCl | HI |Coverage

n/a
94.25%
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a
n/a



H.G

adding life to years

Cyberknife Stereotactic Radiosurgery for
Disease of the Spine




H.G

adding life to years

Metastatic
Benign lesions
Post irradiated

Sacral sarcoma
Pediatric tumors




H.G

SRS |ndications for Spinal Radiosurgery

= Metastases which
recurred after
conventional radiation
(renal, colon, lung) or
surgery

Patients with isolated
lesions, potentially long
life expectancy and the
likelihood of re-
treatment in the same
area (solitary
plasmacytoma, renal,
breast)




H.G

g |ndications for Spinal Radiosurgery

= Cancers which are not
sensitive to radiation in
doses tolerated by the
spinal cord (renal,
sarcoma, melanoma)

Patients in whom
shortening the duration of
treatment would be
advantageous

Patient with a short life
expectancy or significant
co-morbidity




H.G

Edications for Spinal Radiosurgery

= Definitive treatment of
primary spinal tumors in
patients in whom definitive
surgery would not be
tolerated

Any tumor but especially
benign tumors which would
require extensive surgery
or a difficult approach for
treatment (hemangioma,
schwannoma, meningioma,
desmoplastic fibroma)




Xsight ™ Spine Tracking System

e An alternative that eliminates
risk for patients

» Sub-millimeter accuracy with
non-rigid registration

« Utilizes the bony anatomy of
the spine:
— Cervical
— Thoracic
— Lumbar
— Sacrum

Do

ACCURAY

Accuray Confidential



65yr/M/Rec spinal ependymoma
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65vyr/M/Rec spinal ependymoma

CyberKnife

MultiPlam

DVH Properties | Active DVH: | GTVMR

Algorithm
Resolution  High v

IH Calculate J

l Prescription ‘

[1Use max dose point

Dose (cGy) 2002.72

Point ‘ Goto>> |
15.09,-22.73,-236.00

l_ Set to Cross-hair Point ‘

50 60 70 80
Dose(%)

Save Plan | Nodes 93 Total MU 63818.54
Beams 360 Min MU 5.01
Max Dose (cGy) 2531.65 Max MU 285.39

Dose Statistics Table

B GTV Copy ] .08 65 138 147 127 9386
W GTVSAG 164527 223381 253165 139 146 127  9514%

I Outer1 11253 813.38 1530.11
1 M Outer 2 5296 466.36 1101.62
|Standard [Display | I SPINALCORD 2009 65244 229218
outer_last 4354 36349 98554
Patient oar 7363 562.87 1021.39
JAIN MAGILAL Critical 21 26.69 336.75 1099.58
RC271 M GTVMR 502.44 211536 253165 291 387 127 75.09%
OAR 18415 618.42 1664.55
Plan
XSight_Planfinal
2010-03-02 07:08:32
Rx

79%, 2000.00 cGy
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Stereotactic Radiation Surgery: Lung

m Patient of carcinoma lung T1(or T2) NO MO, <5
cm In size, peripherally located, medically
Inoperable/ surgery not feasible
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Synchrony ™ Respiratory Tracking System

e Synchrony camera
e Synchrony tracking markers
* Fiber optic sensing technology

o Tracks patient’s respiratory
motion

.
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CyberKnife ® Treatment with Synchrony

Synchrony’s Benefits:

e Patient breathes normally

* Lesion tracked throughout treatment
o Sub-millimeter tracking accuracy*
 Minimal irradiation of healthy tissue

\XJ *Reference: Dieterich S, Taylor D, Chuang C, Wong K, Tang J, Kilby W, Main W. The CyberKnife Synchrony Respiratory Tracking
ACCERAT System: Evaluation of Systematic Targeting Uncertainty

Accuray Confidential



Respiratory Tracking
System

m Delivers radiation
throughout the
respiratory cycle

without gating or
breath-holding

= Instantly adapts to
variations in
breathing patterns




Stereotactic Radiation Surgery: Lung

m Hoopes DJ et al, 2007 24 to 72Gy/ 3 f Stage | NSCL

m LC —-74.8%. Nodal rec. 10%. 3 YOSR — 48.9% PET
activity may persist for 2 Y

= Aokl M et al, 2007, early lung cancer 54 Gy/9 f
(11 to 22 days)

m LC - 95%, Survival 9.4-39.5 (median 17.7) mo.
2YSR- 89.5%

= Ongoing RTOG trial 20 Gy x 3 f
m Present option: Radiation surgery 16 Gy x 3 fr
| >5 cm lesions cyberknife 7 Gy X 5 1/ Artiste IGRT]
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Hepato -Cellular Carcinoma

= Not Suitable for surgery
= Not Suitable for RFA (close to vessel)




CARCINOMA BREAST, 4 MTASTASES LIVER
- complete response after CK at 6 months

R, T g e,

Before 6 months later

Amazing precision




H.G

adding life to years

CK Inoperable
Carcinoma Pancreas




Stereotactic Radiation Surgery: Pancreas

m Patient of Carcinoma Pancreas with local
Infiltration-Inoperable/surgery not feasible

= Conventional option:
m Radio-Chemotherapy
m Clinical trial
m Poor GC — Best supportive care




Internal fiducial gold seeds or
Coils (Viscicoil©)

Fiducial gold seed markers
with applicators
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Before, 3 mo., 6 mo.

AFTER CK




Stereotactic Radiation Surgery: Pancreas

m Chang ST et al, 2007

Treated with cyberKnife radiosurgery, 25 Gy In
single fraction

— local control of 90%

Present option (even with poor GC) :
Cyberknife +/- Chemotherapy

[larger lesions cyberKnife therapy with 35 Gy/ 5
fractions]
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Prostate — Low & intermediate risk

m Surgery not feasible
= Is also an option instead of surgery
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Locally advanced Ca Prostate — High risk
IGRT + CyberKNife + HT

bl =

PSA 30, SV +




Renal Cell Carcinoma
— Inoperable
- Bilateral

=

3 months Later




Clinical Benefits

o Staged/Fractionated Radiosurgery
— 1-5 fractions/stages
— Larger lesions
— Lesions next to critical structures/organs at risk

 Improved Patient Quality of Life

— Short treatment course: 1-5 days CyberKnife vs. 6-8 wks
Radiotherapy
» Optimal for patients
» Optimal for patients with limited life expectancy
* Increased convenience
— No infection risk
— No general anesthesia

— Minimal to no recovery time, as compared to open surgery

Do
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Limitations Future

«Availability/Cost *Movable Collimation
Treatment time e[ncreased dose rate
Robotic couch movement

Do

ACCURAY
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CYBERKNIFE-1YR

30/05/09-13/08/10
Total — 395
Extracranial-224
Intracranial-171

INTRACRANEAL ®EXTRACRANEAL

42%




INTRACRANIAL
+ METS

GLIOMA
PITUITARY
PINEAL

SCHWANNOMA
MENINGIOMA
EPENDYMOMA
AVM
CHORDOMA
VASCULAR




EXTRACRANIAL
T oo

LIVER

HEAD AND NECK
GYNECOLOGY
CHOLANGIOCARCINOMA
COLORECTAL

STS
NEUROENDOCRINE
VASCULAR

RCC

PROSTATE
LYMPHOMAS




