Robotic Radiosurgery

From frame-based to

frame-less image guidance
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1. Dedicate machine using a cobalt-60
source and rigid skeletal fixation (Gamma
Knife™, Elekta Inc., Sweden)

2. Modified gantry-based devices using
either rigid fixation or image-guided
techniques including Novalis (BrainLab,
Inc., Germany, Sweden), Trilogy ( Varian,
Inc., USA), Axesse (Elekta, Inc.) or particle
beam devices

3. Modified linear accelerator (LINAC) using
robotics and image guidance

(CyberKnife system)

Technical characteristics
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Figure 1. CyberKnife image-guided robotic

radiosurgery system
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Clinical experience
Intracranial radiosurgery
Metastatic brain tumors
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Acoustic neuroma
Chang uazAnz® s1ea1ugdae 61 s1afia
unilateral acoustic neuroma laUN1seNe53
Pt CyberKnife 7 Stanford Tagly dose 18-21
Gy/3 fractions ‘Vl 70- 80% |sodose line (Figure 2)
m@mmmumﬁﬂmm 31l ‘W‘Llfm tumor control

rate 98% LAzl hearing perservation rate 74%

Taglunuanilaaudadnfzesautl szamiay
AuANNNsRNesa
Ishihara LazARE® s Un"TLT Cyber
Knife §/ﬂHWB§1JIQﬁ acoustic neuroma 38 718
‘W‘LI'JIW local control rate 94% uazil hearing

preservation 93%

Figure 2. A radiosurgical plan
for a left acoustic neuroma,
involving the left internal
auditory canal and
cerebellopontine angle cistern;

the prescription dose for this

three session procedure
is 18 Gy with a Dmax of 21.7 Gy.
The dose distribution has been

specifically contoured to

minimize irradiation of the

cochlea and brain stem.

Perioptic tumor

Mehta uaz amz"® laseaiugandd
lesions involve anterior visual pathway Imlsl%
multisession CyberKnife 31 718 Tm‘ﬂ% dose
25 Gy/5 fractions 21Gy/3 fractions WAL 20
Gy/2 fractions LN@ follow up ‘Vl 18 Lﬁ@uwum
Nﬂfm 4 518 § improvement 184 visual acuity
wae visual field Lmeﬂﬂ’]ii’]m’miuwqu
AsaLA L aev3adl tumor progression
Fat
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Adler uazanee! @w\mumﬂw perioptic
tumors 49 918 Vlvl,m‘]_lﬂ’]’af'mf;ll.l,@\‘im& Cybeerfe
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AN35NET 49 A8, visual field Tufinnsulasu
wiag 38 T18(16%) fnnaueaiufiasy 3 ¢
(6%) LL@tLLE]l@\i 3 918 (6%) TpeIfl tumor local
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Trigeminal Neuralgia
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@Wﬂﬂ’]??ﬂ‘tﬂ‘ﬂuj H¥NN9RN85RT trigeminal
nerve Tnel13u10u597 60- 65 Gy # 70- 80 %
isodose line (F|gure 3) ‘W‘]_I'J’] 85 % %wﬂ')ﬂ
ummiﬂqmmwmva 1981 5.2 mwmmm ila
AARTNNANITENEAR 14.7 1Aau WUl ua
ANTNEATEAUALNN 72% 72FUR 24% uazlalle
ua 4% Taegianiidnsmaes facial numbness

Na97859R N0 15%

Figure 3 Treatment planning of trigeminal neuralgia

treated with CyberKnife

Spinal radiosurgery

CyberKnife system A8 NI AN 7L
spine tracking ﬁL?ElﬂCJIW Xsight? Vfﬂﬂ;vlﬁiﬂo%ﬂu
pasla fiducials 13190 spine

%@ﬁd%ﬁ‘wummmmm spinal radiosurgery
R spinal metastasis. Gerszten LAz Az
mﬂmumﬂqwu spinal metastases Wim?‘l_lﬂﬂ?
’;‘ﬂ‘]:r’wm'l?;l CyberKnife 500 lesions Tu 393 38l
wmmﬂfmummiﬂqmmu 86% uazdl tumor
control rate 90% Iuaﬂaﬂﬂm radiosurgery 1w
primary treatment

Spinal radiosurgery ?Tﬂ%vl;slu benign spinal
tumors(Figure 4).7nel Dodd wazmniz™” 9181911
r:;iﬂ'fm 51 918 ‘ﬁlfl benign extramedullary spinal
tumor 55 lesions ﬁ*m:r'w;fm CyberKnife W‘Llfalﬂ
#i 2 tumor control rate 100% 81N151AAARY
ﬁﬁzﬁmiuéﬂw meningioma A% schwannomas
Yenannii Sinclair LAz Az a1 Stanford 1o
m&mumﬂm CyberKnlfe MN‘]J'DH mtramedullary

spinal cord AVMs WUAN mﬂfm 21 3¢ Ierlm

Figure 4. A radiosurgical plan for a right L4-5 neural
foramina nerve sheath tumor prior to targeting with the
fiducialess Xsightf) system. The marginal prescription
dose was 16 Gy in one session.
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dose 15-21 Gy TLM -5 fractions MAINIAARIN
wam?aﬂmmmmu AVM & partial obliteration
4 378 WAz complete obliteration 3 918 1NWU
niigLhei AVM rupture wisannlasinnsane e

Head and neck tumors
Nasopharyngeal cancer
?ﬁﬁ\iﬂuﬁ;ﬂﬂﬂ 45 718l ﬁL‘]ju
NzFanaalngsayn azaei 2-4 ielasy External

Le wazauz!™

beam radiation 66 Gy, conventional fraction
memgfm CyberKnife boost 7-15 Gy single
fraction 17'1' nasopharynx W‘U’Jlﬁﬁ 3 year local
control 100% progression-free survival rates
71% Taad rate of freedom from distant
metastasis 69% Wa< progression-free survival
71%. WAzIRANATNIAENANSAlaLN transient
cranial nerve weakness 4 71¢l, radiation-related
retinopathy 1 918 LLAL asymptomahc temporal
Iobe necrosis 3 71¢ Tmﬂmﬂfmwmmmﬂmm

quLﬂﬂﬂs\l intracranial tumor extension.

Glomus Jugulare Tumors
nnssnunlaesialidaas Glomus jugulare
tumors AN microsurgical resection, vascular
embolization, conventional fractionated EBRT,
YRR 1‘;§quﬁuwawa3'§ma‘1€;§q§ﬁ@ﬂm‘iuLﬂu
@ﬂvm\m@ﬂuuw‘ﬂ\ima‘mmLum@mjumu
LLG]I@EINVL‘J?HG]’]N esannuistesiasen
mumuuﬂ%@gm yilstnnsla stereotactic frame
¥inla@n1nn Fatis CyberKnife 1T frameless
radiosurgery ¥ lMa1un70 5 E L asanain
TannnTu Lim uazAme®” 31e91unan1sinen
EJ:J‘]JIQEI 13 398 & 16 glomus tumors lngle
CyberKnife 14-27 Gy single fraction W‘Llfalﬂfl
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Lung tumors

Le uazmme® %:ﬁmmmﬁm:m;ﬂw
non small cell lung cancer (NSCLC) wag solitary
lung metastasis Taeila CyberKnife I
593 15-30 Gy single fraction (Figure 5) 5114[5‘1}3?1
NSCLC ‘W‘LI'JI’]ﬁ 1 year freedom from local-
progression 91% lejﬂqaﬁvl,;i“u dose 14NN
20 Gy WaY 54% Tumﬂwﬂmu dose < 20 Gy
Imﬂum‘ﬂfm NSCLC N’ﬂﬁlﬁﬂ’]iﬁ"ﬂmﬂquv}@\i
mwﬂqmﬂu lung metastasis Thedl 1 year
overall survival 85% WAy 56% AINA1AL Lag
mﬂmamuwmlﬁﬁc;ﬂ'qmﬁm pneumothorax
annnnsld fiducial 6 9181 & radiation related
complication Tuﬁjﬂfaﬂﬁig dose > 25 Gy VLL;LLﬂI
grade 2-3 pneumonms 4 3181 WAL pleural effusion
1918l LL@"‘W‘LI']’]NN‘]J‘)EI 3 ?’WEIL’&EI‘H’)[FI

Figure 5. This radiosurgical plan was designed to

ablate in a single session a squamous cell carcinoma of
lung with Synchronyq respiratory tracking. The marginal
dose is 25 Gy as prescribed to the 69% ; the corresponding
Dmax is 39 Gy.



Hepatocellular carcinoma (HCC)
and liver metastasis

Choi lazpnuz® mmméﬂfm hepatocellular
carcinoma 31 91¢ "?ﬂ‘]:r’]gqa CyberKnife Im‘ilsh;
UTu1uied 30-39 Gy/3 fractions i 70-85%
isodose line ‘W‘Ll'al’]ﬁ overall response rate
71.9% uazd median survival for small HCC
and advanced HCC W1y 12 1Aau uaz 8
Beumuasy InelunuanSnagnaA s Ay

FULINTATY

Pancreatic tumors

Koong lazanz® ?

718814 phase | Wae
phase |l dose escalation trial Tu locally
advanced pancreatic oancer‘l:mf;lsl% CyberKnife
15-25 Gy single fraction W‘qulﬁt:;ﬂfmﬁio;i"ﬁ
25 Gy 1 100% 2984 local control Iaal median
overall survival 11 1ABUINNLANTHAT 19T
FPauazann phase Il study Tnels CyberKnife
boost wé<la IMRT 45 Gy W17 éﬂqa 61116
318f Gl toxicity grade 2 ¥aaNANNIN uAZE]

local control 100%

Prostate cancers

King hazmnie® ﬁﬂﬂ'ﬁﬁﬂméﬂfm low-risk
early stage CA prostate 41 918l Tmfﬂ% CyberKnife
36.25 Gy/5 fractions ‘171' 70-80% isodose line
(Figure 6) M3seenuid sanumuan iy g
i PSA failure Tagl 78% & PSA nadir </=0.4
ng/ml uazlinuaniinaanadsdusuusaingu
INN19TNB

Figure 6. This radiosurgical plan was delivered to a
patient with early-stage prostate adenocarcinoma. The
prescription dose is 36.25 Gy at the 87% isodose line in
5 fractions.
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?:M'ﬂl’]\i image-guidance technology Wae
computer-controlled robotic system 51‘1?ﬂ1?
FnE UL Frameless Whole body Radiosurgery
‘1/';?\1 single fraction Wwag multiple fractions Tu
112911l clinical experience dsaulunisn
CyerKnife anla3nm c;ﬂfm;fa iesenuazzide
fanasuarladuvds, wudenluanesiialng
(AVM), Trigeminal neuralgia, NELFINAI NG
yn, Nzian, ui3esL, wﬁwi@mnmmn [
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