NMISONESOASOUWNQ
TulsAuSLIWSNSDIEILNEONS:QNAURED
Stereotactic Body Radiotherapy (SBRT)
for spinal metastases
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711 uaznni 1 %qéﬂwﬁﬁmim grade 0 uaz 1 1oefl
138 mechanical instability g1unsadansaun linsinen
saessdidusuduusnls aenslsta lunsiives grade 1c
a1afiansudennisaeadizenisindaume 1
@'wéﬂmﬁﬁa‘ﬂﬂim grade 2 uaz grade 3 AAsLATUNNT
FndaLiaARENNINATUALAIEN1aeed aniduly
nstimenBannaassenlsalaiaied iy hematologic

Journal of Thai Society of Therapeutic Radiology and Oncology : 63
Vol. 21 No. 2 July - December 2075'



malignancies 138 germ cell tumors 21aNANTOUINTT
anefadnau

an4m Ryu wazany Tlauasyuunistlsvidudae
2 MRI fauiueannnmnessuulszany Fandn dual
grading system © giq LaasluRNgT 2 Lz 2 el
nsfnEsemaiiannsane s d@sauina (stereotactic

body radiotherapy, SBRT) apiduntadanilmvunza
A miudihenliddanuiiadnfinieszuulszam vzl
ANNRALNRREaANTIeewiNTie (neurological grade a
- ¢) daugfilaefdl neurological grade d uax e ATLATL
nsfnNEARaNTgENFA iNaAananTInATIiLYaY l1dunaA
i 5
waruyanamaszuulszaminasongn

m‘iwﬁ 1 Grading system of metastatic epidural spinal cord compression (MESCC) 284 Bilsky et al. ©

Radiographic Description Recommendations
grade
0 Spinal bone involved only
1a Epidural impingement, without deformation of the thecal sac Radiotherapy (RT)
1b Deformation of the thecal sac without spinal cord abutment
1c Deformation of the thecal sac with spinal cord abutment but without Radiotherapy or Surgery
cord compression
2 Spinal cord compression with cerebrospinal fluid(CSF) visible around
the cord Surgery followed by
postoperative RT
3 Spinal cord compression without CSF visible around the cord
A B

Adapted from Bilsky MH. Reliability analysis of the epidural spinal cord compression scale.

Neurosurg Spine. 2010,13:324-8.

2R 1 uansszdunsnaiuladunds 284 Bilsky et al. ©
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Gl’l‘i"lsﬂﬁ 2 Grading system of metastatic epidural spinal cord compression (MESCC) @4 Ryu et al. ©

Radiographic Description

grade

Recommendations

0 Spinal bone involved only

| Thecal sac impingement

Radiotherapy (RT)

Il Thecal sac compressed, or £50% of spinal canal compressed at

cauda level
il Spinal cord impinged Radiotherapy or Surgery
[\ Spinal cord displaced, CSF visible between cord and tumor, or
> 50% of spinal canal compressed at cauda level Surgery followed by
postoperative RT
\ Spinal cord compressed, CSF not visible between cord and tumor
Radiographic Description Recommendations
grade
a No abnormality
b Focal minor symptom (pain, radiculopathy, sensory change )
ymp (P pathy v ge) Stereotactic body
c Functional paresis with 24/5 muscle power radiotherapy

Nerve root sign (involved functional muscle)

Spinal cord sign (ambulatory,functional upper extremity)

d Non-functional paresis with <3/5 muscle power

Nerve root sign (involved functional muscle)
Spinal cord sign (non-ambulatory, non-functional upper extremity)

e Paralysis and/or incontinence

Tapuzfe i lddensdanidlendeulm sidedinsiia
suaaenszandunas LazrialaNRnlnAnINTTLL
‘ﬂa‘m'mLﬁﬂﬁm?mﬁmﬁnﬂmﬁmix@ﬂﬁwﬁq" 7 uay
TaRmnszuuns AT Spine Instability Neoplastic
Score (SINS) Iaalduanaiadelunisdsvifiu lawn
Fumitresserlsn dnuuzaruan dnmzseslsnd
NIzAN NIBTENFNBINTTYNAUNAT N9WNELIBINIZHN
Funds uaznisqgnanvessesisalldidaundsans
NIEANAUNAY fonanslumeadt 3 9 wnpzuuudile
Wiy 0-6 Lmmﬁ\ammﬁummmmz@nﬁwﬁa AZLUL
7-12 wansteannzanuTundlaidaian (indeterminate
or impending instability) LATAZLWU 13-18 LAALD
ﬂfmﬂﬂﬁummmmz@nﬁwﬁa Taauuztinldgne
weundaanssalunsdiiflfnzuuu SINS faus 731l ©

Surgery followed by

postoperative RT

Adapted from Ryu S. Radiosurgical decompression of metastatic

epidural compression. Cancer. 2010;116:2250-7.

MNA 2 wansszdunisnaiuladunds 209 Ryu et al, ©

Journal of Thai Society of Therapeutic Radiology and Oncology : 6
Vol. 21 No. 2 July - December 2015| ©9



4. nsdsziingniazisalangsqn (Systemic (medical comorbidities) Tatladewaiiuamanig
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m‘iwﬁ 3 The Spine Instability Neoplastic Score (SINS) classification

Factors Description Score
1. Location Junctional (occiput-C2, C7-T2, T11-L1, L5-S1) 3
Mobile spine (C3-6, L2-4) 2
Semirigid (T3-10) 1
Rigid (S2-5) 0

Spine location is scored based on global variations in the spinal architecture. Junctional regions include occipitocervical
(C0-2), cervicothoracic (C7-T2), thoracolumbar (T11-L1), and lumbosacral (L5-S1) regions. Mobile segments include
those not in the junctional regions and those that do not articulate withthe rib cage (C3-6, L2-4). Semi-rigid segments are
nonjunctional segments in the thoracicregion that articulate with the rib cage (T3-10). Rigid segments are parts of
thenonjunctional sacral spine (S2-5).

2. Pain Yes 3
Occasional pain but not mechanical 1
Pain-free 0

Mechanical or postural pain is scored. Relief with recumbency supports a structural or mechanical component.

3. Bone lesion Lytic 2
Mixed (lytic/blastic) 1
Blastic 0

Computed tomography (CT) scan is the best modality for defining this characteristic.

4. Radiographic spinal segment Subluxation/ translation 4
De novo deformity (kyphosis/scoliosis) 2
Normal alignment 0

This category is meant to describe spinal alignment between motion segments that are affected by tumor. Scoring of de
novo deformity such as kyphosis and/or scoliosis requires knowledge of prior imaging or may be assessed with upright
compared with supine radiographs.

5. Vertebral body collapse >50% collapse 3
<50% collapse 2
No collapse with > 50% body involved 1
None of above 0

Presence and extent of vertebral body height collapse are used to assign a contribution of the score to the anterior and
middle columns.

6. Posterolateral involvement of spinal Bilateral 3
elements

Unilateral 1

None of above 0

The posterolateral elements of the spine include pedicles, facets, and costovertebral joints. Bilateral involvement is
scored as greater than double the contribution of unilateral involvement because of the destabilizing nature of its effects.
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Low-grade ESCC
No myelopathy

High-grade ESCC
+/- myelopathy

—

Radiation

SRS

v
A

Able to tolerate

> Stabilization

surgery

Unableto tolerate

Systemic

surgery

Adapt from Laufer . The NOMS framework: approach to the treatment of spinal metastatic tumors. The oncologist. 2013;1 89:744-51.

mwﬁ 3 Schematic depiction of NOMS decision framework
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curettagelumjmﬁiﬁﬂmuu 4-5; palliative surgery 16in

spinal cord decompression with spinal stabilization T
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WATNIIHFAKLIL palliative operation Wasaun lugtlag
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ANEUAZININEaIBY YRS primary site of cancer WU
. ROy A P o .
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expectancy 783filae nannfa filaefiAzuuw 0-8,9-11
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A1397 4 uaz 5 agliladauaydsnistsudiunig
nensndlealugias spinal metastases $9NNsTEZIA"
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AN97199 4 Prognostication of various scoring systems for spinal metastasis

Median/mean

Prognostic variables Score Treatment group )
survival (months)
Bauer score 1-year survival
1. Absence of visceral metastases 0-1 Bad 0%
2. Absence of pathologic fracture
2-3 Intermediate 25%
3. Solitary skeletal metastasis
4. Not primary lung cancer
4-5 Good 50%
5 Primary tumor breast, kidney, lymphoma or myeloma
Modified Bauer score
1. Absence of visceral metastases 0-1 No surgery 4.8
2. Solitary skeletal metastasis 2 Dorsal 18.2
3. Not primary lung cancer
3-4 Ventral-dorsal 28.4
4. Primary tumor breast, kidney, lymphoma or myeloma
Tomita score
. Wide or
. . Visceral Bone :
Points Primary tumor . . 2-3 marginal 38.2
metastasis metastasis .
excision
1 Slow growth NA Solitary or 4-5 Marginal or 21.5
isolated intralesional
excision
2 Moderate Treatable Multiple 6-7 Palliative 10.1
growth surgery
4 Rapid growth Untreatable NA 8-10 Supportive care 5.3

Abbreviation: NA=not applicable
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M1519% 5 Prognostication of various scoring systems for spinal metastasis

Prognostic variables

Median/mean survival
Score Treatment group (months)

Tokuhashi score (revised)
Characteristics

1. General condition (performance
status, PS)

Poor (10-40)
Moderate (50-70)
Good (80-100)

2. Number of extraspinal bone
metastases foci

>3
1-2
0

3. Number of metastases in the vertebral
body

>3

2

1
4. Metastases to major internal organs
Unremovable

Removable

No metastases
5. Primary site of cancer

Lung, osteosarcoma, stomach,
bladder, esophagus,
pancreas

Liver, gallbladder, unidentified
Others

Kidney, uterus

Rectum

Thyroid, breast, prostate, carcinoid
tumor

6. Palsy
Complete
Incomplete

None

Score

o A~ W N

0-8 Conservative treatment 4.9

9-11 Palliative surgery 9.5

12-15 Excisional surgery 19
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b3
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spinal stabilization Tae/ld instrumental fixation 8Ll
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progressive deformity WA neurologic deficit
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significant neural compression) a1NTWNTLAN
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American Society for Therapeutic Radiology and
Oncology (ASTRO) guideline ”lﬁmgﬂ%@ﬂq%‘lumﬂhﬁm
WU surgical decompression $aufiU postoperative
radiotherapy (RT) g 7
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spinal instability
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expected survival 490097 3 LAY
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5) finsndunniflugnnevdiannnisanssad
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TnenanlAwn anefadaiumen 8 1ngsl, a1e1593 20 1nael
115 A, @1e598 30 w9l 10 AS, @ne59d 37.5 1nael
11 15 P59 LAazaNesad 40 N9l 20 A5 T9LAAZWUL
aziilss@nsnnsnunisaauaneinslanliuansineiy
wAdRINITALANTIAlUITELENILATERIINNTIN T

Y . - . o v
sanveamaNAAnszaninYTey U lunguNlAFULENN0

18-21

Fdnnndrazananlungunlaiufddes 2 lunag
UfiAnsanafdnldiesgaaa 30 nadlu 10 A 9
Tunstlenafedetnuneouazars NAETUNAIAR
nMs¥nEnsaennsena SRR 138 Stereotactic
Body Radiotherapy (SBRT) stnilufiind1anylunig
Wauwalulaginisenad TainannsuanNauiu
dd‘ ’6’ o v o v 1 v
1aamatulagnatadelunng du duldun dau
AANALART FUNINENeNIeTaE i MRI TarinlElEnn
% @ o o dl o v
gaafaunzifuazdulsranladundandaian fA1u
gunsnins¥asaedte (immobilization devices) finu
a v a o % o U = s
matAanrensfaada InddanislfunnudiuvEediu
PANN922981 798 LAZAUNNTATIAAR LA LM TR
filauasfounziFeiounayszndenisenaied (image-
guidance radiotherapy, IGRT) fatiuazifiudn SBRT
UNUMEANTR U oligometastatic diseases 11 NTWNT
nszanalilfivtlen fiu uaznsvandunas huuneaaenis
$ne spinal metastases #ael SBRT LouA n13U93inn
anstlaauazilaaiuniazunsndauniessuutlssani
21AAATUANLNAER LN T8 RAWLIL CEBRT WH
Judunisiiunisaauanlansrazeng LaTNITLN
aa o 2 9 A Al - X
AUNNTIRTesRLoY saNisanNadaAtianali Aty
AINNNITNEAIY MANUNNTANEIN retrospective WAL
prospective studies lauansliiunalsz@naninuay



AnndaanielunnsinEniae spinal metastases #ag)
WmAlA SBRT

ASTRO Task Force liiuuainauainnaidanduas
Anaand 1 SBRT i spinal metastases 7 13fan1s14
‘7‘1' 6 @91 The breast cancer expert panel of German
Society of Radiation Oncology (BEGRO) guideline Al
wuzth3ean1sanefadiftenssiniennis dmdunisuns
nszanalildenszgnuay MESCC Tugilaalsnnzifasin
unusldléinaafisunuvnaes SBRT @ a14m American
college of Radiology (ACR) IAAUBLUINIINNTINEN
spinal metastases fan1sanesed Iaglauwuzrinldld
SBRT lunsdiniseneisdan daulunsdl MESCC thild
Aansuuse T Tnaassegluanddn @ aenglsf
A nsanesaRdnamaiiafiastelaa 1y SBRT, Intensity
modulated radiotherapy (IMRT) A proton therapy i%u
Ao sl dadeunsise Tnadninsunoy
N@”Lﬂﬂ\ifa'mqvﬂnqmmi@uq Taae1efisz@nsnn
TaNUI T2 NIy mmmﬁ@mmmiumﬂfmwu

oligometastasis i

Jamvavnisanasvodnosinadn SBRT Taun

1) AuA@nd (Physical aspects) AALAUIBINIT
efAmumaila SBRT lAun dazasaunguianis
Fafaunziia (high conformality) uazfiAaugnaas
wawen (accuracy and precision) 49 Lﬁ’a\‘ifmﬂsl%’
walulagnnranaseduuulfuainudy v3e IMRT sau
fuszLURIadUALIs e UL aRTiAIaz B AT
AOULAYSTMI1IN9275eR Pl Tanansn fisn Bunnused
ldfefanunzielfgennn lunnisiifunniisan feu
anaeatn9mas M ledeazdnidiareslAiusedes
1N FouAmantTRE SBRT avléfumuaulafluatig
wnlunnsiuninEniag spinal metastases Wmeiian
uzfainaglndvisedafaiudulseamladunas denns
28598 cEBRT luianansovauidedld 1Bnausdiily
flafaunzifalunisany cEBRT Asgnaningng spinal
cord constraint vaalaiiesnasianisaaugalsaly

srelzenn taglannsusNNAasa g

2)  A1uTann (Biological aspects) ANEHEULLAL

o o

FdnAryethaniliresniseneisdfnemaiia SBRT Aenns
sl%ﬂ??mm%ﬁﬁ@.aﬂdﬁﬂﬂﬁﬁi@mimﬂLwi@m%\i uazlng
aldazanaidfins 1-5 a%s denaldBunniedausyaia
N'&[ﬁimﬁmﬁﬂ 38 biological equivalent dose (BED) 44
Adnns BN nuEsRszduing Ae 1.8-2 insdania en
faetnaidy BED lufeunziiafiansdaaimnaiia SBRT
16-24 1nsflluniaiiien vite 24-27 13l 3 A axilen
Winfu 41.6-81.6 Gy, Lﬂ?ﬂm%uﬁﬂummﬂﬂ
conventional RT 8 Lmﬂ‘lumqmm vide 30 13Tl 10 AFe
azil1 BED Lien 14.4-39 Gy, FatAanTadnFunns
NZWI'&\‘I‘?J“LJ,@“’@\‘IBJ@1‘1/1@91?’1?1’]?[51@‘1_12‘114@\1LLZ‘) AILAN
TspuSafindugan vanani n1seneisddaeiunns
Fiapseqe dadanarisessiefiaeied u melanoma waz
RCC #ngl

athslafimu gaanldlunsAnuan BED vialu Tdun
linear-quadratic model (LQ model) %'\uﬂumimam
‘Emjﬁqmmmmﬁmmmmfuxﬁqﬁgﬂﬁwmmm DNA
breaks %38 chromosome aberrations wi’]‘tz'u 11&“11&43171'
nMANETRatARNEIFa NI e SeAfeImnATiA SBRT
ﬁﬂ@'ﬁ’ﬂéujﬁéwﬁméwﬁw ViU MABAREAYNTINAIEAIN
547 (vascular or endothelial cell damage) RISETT
W ABeaNIALe LaziAnnsAauulaedds
wondanNeLasuiSs Safuiniaiunsinuses
m?ﬁmmu‘l,ui'wnmﬁﬂfmmwi@ tumor antigens N1 194
wammi pro- |nﬂammatory cytokines 'ﬂ'ﬂﬂm LN

Iaaduy Li\‘mﬂm@wmﬂw (24:20)

wananni ffinns
AnmeAdtnatuayuINIIIBTeaRN IS A0eE
wianid (indirect cell death) lslléeelugnaniadiuans
#ael LQ model fatiunnsld LQ model anasinliilsziiu

mimwm‘[mmmﬁmwmﬂu@iq 26,20

3)  AuAANN (Clinical aspects) Nanefa@siae
mATlA SBRT wananniiaussimiannisandifiaan
spinal metastases 1§@ﬂ1\1ﬁﬂ?$§w%ﬂﬂwLL&'QQ/QSQW;J/Q
L‘ﬁ@Lﬁumimu@mﬁmmemm%mﬁmmnmﬁﬂm
WARANNsANEHALNINFausTznafaTiTaeniiadann
Wumailadeudelud @ atnalsfaiin1sAnensusau
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ATenaneT Ul ATl A AnE A nuazA9y
Uaensureanaiiaiiednosieiies Tnaddmnanispaunx
TsauaznizatuanaInslanraudinegs Ae 84-96.8%
uazfidnmmaniauadiadoeiiguusdlais 5o @
wananNE MsaneFiEvAEnAndaeimalia SBRT fdae
anlanannatia instrument failure lédnedladeyusy

. S
nMFaNEfAAEmMATAAILAN

o PRy X ~ )
duaefinnay spinal metastases @1aAN1TUNS
o o P ' 9 A '

nazangldeadanrdur sandae visalanindanie
faune dadinaliliainisanumAanisinEsaang
Hfmle fanduuieenamelffunisens faaLsnn
NTTANAUNAINIIDY fariunnsanefa@snenatian SBRT
=2 9 P o o o aan v r P
AadunTunumdAymudednilanataun desand
AN ULNUENG anunrnanFunusedlldadenzddny
P Yo o o ! o o o o A & o
Aaelaiused inneauls wazdndlunisinunludidusi
Y 10 v Y o o |
gilagldaniusiaadniunisinenlulssmenunavian
gnaay au1snanefasuuglaauantd Tneldinan
dszanns 1 dlanif uazdlsanansainleluszudnedidilae
flsag luszuinssaunislieafiiinge Iaglddaniuses
wgmenLA wananil nsanesdsasmatiatidedan iy
fnenlanszgnitiasanaauwanisenafeadauiaidn

o 1 aa Y| =< o
praLAquIaNIzAIwedsasTsn fiasRanunsaiy
o v al o o ] ] AI U al 1
As¥nensasseitntnselalas ldiinaadnaReaLs
ag19le

TuudreaAsegIus neae i maia SBRT €
Taiflanuduriilediuuiu cEBRT 7l 100,000 per
quality-adjusted life years (QALYs) gained willingness-
to-pay (WTP) threshold ﬂﬂL%u‘Luﬂitﬁ‘f"; median survival
>11 months N17818 SBRT aziisAn <1 00,000 USD per
QALY gained dinfupnsiimadnidendiaefiundniunis
snndaamaiiaifasnamanzas “© eenelsiia Anldang
Tunsanafeddaamaiia SBRT lulsvinalnaligs
wiwﬁumm’m?"\iﬁLmu;ﬁLaﬂuﬂixmmﬁgﬂm’%m A
ladanunsoldiaaeindeanndssmaanizawsnils

da1i9ml1un195nN1®IN19T spinal metastases #agl
WMARANNIANL59A SBRT

fnanaraAsfauiulszilulasfiansnnnisiinem
dvdugiausiazae Insendedeyanipatinvegile
waranenizaassalsalludAny yailEnsAnsannang
iﬁmumu%’@m%m:LmeN‘Lumﬁm:mQﬂqa spinal

metastases Tnaiagulifanngan 6 7.2 20984142

A599 6 Anwaglinusins@enduazAneand iunisinesamaila spine SBRT

Characteristics Inclusion criteria Exclusion criteria
Patient 1) Age=18y 1)  Active connective tissue disease such
as scleroderma
2) KPS >40-50 2)  Worsening or progressive neurologic
deficit
3)  Medically inoperable 3) Unable to lie flat on table for SBRT or
tolerate treatment
4)  Patient refused surgery 4)  Patient with < 3-month life expectancy
Disease 1) Histologic proof of malignancy or 1)  Radiosensitive tumor such as MM

biopsy-proven spinal lesion

2) Solitary or oligometastatic or 2) Extraspinal disease not eligible for

bone-only metastatic disease

3) Radioresistant tumors

i U:I8033AN DsansauIASLASHBIA:L:ISVINMioUs:NFAINg
72 un 21 adun 2 nsniAu - SUDIAU 2558

further treatment

3)  Significant or progressive neurologic
deficit

4)  Spinal instability or neurologic deficit
resulting from bony fragments



Characteristics

Inclusion criteria

Exclusion criteria

Radiographic

Previous Treatment

1) Spinal or paraspinal metastases by
MRI

2)  No more than 2 consecutive or 3
noncontiguous spine segments
involved

1) Failure of prior EBRT (total <45 Gy) or
surgery to that spinal level

2)  Gross residual disease or high risk for
recurrence after surgery

Spinal MRI cannot be performed with
any reasons such as pacemaker

2)  Malignant epidural spinal cord
compression or cauda equine
syndrome

3)  Spinal canal compromise >25%

4)  Unstable spine requiring surgical
stabilization

5)  Tumor location within 5 mm of spinal
cord or cauda equina

1)  Previous SBRT to same level

2)  EBRT within 90 days before SBRT

mstinlulBnivuaaln (Clinical applications of spine
SBRT)

AM9ANEINIIAATNNNAENTANE LA TN 89U
Use@nEnmaeeniauid spine SBRT g4l 77%-
100% Iagannisilansinaaulunan 2-4 dlansindanis
. (42-59) oSlawe|e ‘L I a
Fnn wariszazinanlunisacuanlsrvzaainig

45, 47, 54, 55,

Uantszanns 6.5-13.3 thau ¢ " anmauegtluuy
AIANBLVAINNIRNE5E spine SBRT A 1gun 1) A9
ﬁf\Gﬁ‘ummﬂi:@ﬂ%umulnﬁlﬁmﬁiﬂlé’%ﬁﬁ (untreated
adjacent bone) L pedicles Way posterior elements
LAY 2) N19N1ELTeY epidural space douiimndu
Uszanvladumds Fahu Bl ausedluBunnd
FndnsdnEesnsaz 1 fetleatudiulsyamladumds
15 191Au tolerance lngIlaNNTaENITaMINsEEZ1Ng
Y194 planning target volume (PTV) Wa¥ neural

29, 52

structures Haandn 1w, ©* % lunwemseiudan ns
SnndneSdmaTaRaN nALLTisT Guﬁmx@n
SmdaFnndndideaiies 5% windu “ andayad
nan9 Sahgal wazAnzasliuuzinlinsauAgunIzen

S de v o o o Ao .
ﬁuﬂ']u‘ﬂlﬂ@Lﬂﬂ\iﬂﬂﬂi‘zﬂﬂ@uﬂ@\iﬂﬂﬁ‘ﬂﬂiﬁ‘ﬂ [ %)

3) Chemotherapy within 30 days before
SBRT

4)  Systemic radionuclide delivery within
30 days before SBRT

adjacent posterior elements #agl Wi liaTuspsae

AQNNTZANAUNAILANDEAAN L

N17a785938 spine SBRT anunsaudsaanlsidy 4

aneiy Inautiamuaneuzresgilee n195ne uazka
- P
n3fne Al

1)  N19a1259& spine SBRT "lu;j’ﬂ'nﬂﬁ'lsimﬂ
TAsusa@unau (Primary treatment in unirradiated
patients) Taaidatiasunandlunnmed 6 4198w eua
N133NIN1E spinal metastases sluﬁjﬂqamjuﬁmuiw
A HdnanisatuAnlsAvTaaInIslen 90-100% “* 7
filasdoulnnginudansed Tdd neurological deficit ust
fvsunnzladundsn i sise MESCC i Lmtnnaes
spine SBRT flalsidnauuazdaulunjegluaniddamis
ARTiN Tunnsfiansanidendanisineimanyans iy
AaalsziiuAINTUILI92413ARINEINTTUALEINAT
wanedlae faNALNIN MR (miwﬁl 1 LAY 2) N9
Anwnaes Ryu wazane Tugilae MESCC aMuau 62 318
Fl45un1ssnuEdae SBRT 12-20 tnsd (median dose 16
RE) Tuniaden Tnagihannaefinisdeuusaiias (24/5
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muscle power; neurological grade a-c) WU31 mean
epidural volume ARAIAY 65% Tisveiziann 2 IABUMAS
nsFNEN WAy 35% N complete disappearance 1nel
thecal sac patency ﬁ’%u@ﬂ'wﬁﬁﬂzﬁﬁﬁm&mnmﬁﬁ
uaNaNT eMITasTILLsT A ART UL © Faty
radiosurgical decompression aﬁmmﬂum\uﬁ'ﬂﬂﬁﬁd
Tun135nE spinal MESCC

@ A | o ey - o oy
NgLfN‘VlWE][5]@ﬁ‘\‘i@ﬂllﬂﬂ?ziﬂsﬂuqqﬂﬂqi'ﬂqﬁ?\ﬁﬁﬁmﬂ

Tnnureniagenay BED *71'23\1 %QLﬂu@mmuﬂﬁmm
wATlA SBRT aNNM3An®11e9 Gerszten wazanse 1
FINUNANITAILANDINNTUIAGIT 89%-96% Tudjile
RCC uaz melanoma filéFunisinmfian SBRT 17.5-25

o :I/ = (58, 59) sL o a o o =
LNTEATILALID UNTUBILALINWNLNITANHIUD

Chang wazAmeAldsaautlszansnnialung
pauAnaInIslanlugian primary ey metastatic
spinal sarcoma R1&3UNN7a"859AAE SBRT16-45 1nsel
T3 1-3 ks Foenduing ©

NN9ENFTA salvage surgery NMENAINIIRNLSIAB1A
RENABNNTNANIIZUNINTAUNAINFA 111 WAL
Wedn wAg1nsuNsenefed@saematia SBRT 1y N
AAN19N19da898159R@na8fiFnNa (multi-directional

A 2 oo o o P
beam arrangement) anvisdlanaitilileafumisnisen
Tendsaganiulu inliFunnssdntomlsiasunnide

il P o o Ay A ¥ oa 4 P
WiaumeuiuniserafNas e mAtiafaAN T9asd
PFunnuiidganRomilaFfuamadieesanfd duans
Tunni 4

N7 4 WFauieutBunnsedng
)

rlannadneeednFad aannisanasadsae

WATA SBRT (a) Az conventional RT (b)

2) nsaneseddrlugilaaninalasusadann
nau (Salvage treatment in reirradiated patients) Ngl
NAINN95N11 spinal metastatases AEIN17RNL5IA 214
- X o ide e D a4 e Ca
nnreelsprulvdnluawmbamnvirantwmdslud Ing

u”ﬁmimmﬂﬂm@ﬂimsmmmm (in-field recurrence)

gl 2.5-11% wazainiinludeg 2-40 heundsnisane

6162 ¢)ana7nil TunieinelsaNLBaU19AI LI

.
9@
L e . . v e o Y
MuNzISeATEELara1Ae @1 i ladunaslunToniiy
1a5u59R lU T Humila Teunnsiugau (overlap) AUNN3
efedlunfsilaqiiu unndasfessziinsziaiuatneds
mazBunnuiedasaniladundanunninuldeana i
AN radiation-induced myelopathy (RM) Lt faifu
lufiranguilonafiansaunnisineidaanisiisanew

n1rane59d anduldevinueesnisiidn

. [TESVieie 0} 91SASAIAUSLASNHIAZ: 1SuaneivUs:nAng
74 Ui 21 avui 2 nsnIAU - SUNAU 2558

ag19lsAinnn AuananisAnealasneeu
UszAnsnnaeanisinesae spine SBRT Tugtlaangs
1gaDia 77-100% “***"459 Hamilton wazAny \ungu
wINNIEULIEEANTNMABIN1T M linear accelerator
(LINAC)-based spine SBRT lugtlogianuau 5 318 waz
1 = d‘d (46) 1 al o =
wugwnaeinisacuaNlsana “ dumsaiunisdne
289 Milker wavanszdaldmaiia IMRT Taglununiog
% ¥ (7) =
unsndauianss “0 waznnsAneNUea Gerszten WAy
AN 14 Cyberknife IGRT Tugftlagianuan 393 312 (500
spinal lesions) Tneglag 68.8% taelaiunisanaied
1 (53) o al Z’ o o % o =
wnnew @ lunnrene f98a1 wnndRasneaasieeaiile
aunnisaRazaninladunas (accumulated spinal
cord dose) U3nNnusa@nazle (current total dose) bay

1Bu1usa@ransasae (dose per fraction) liveanlanna



= = a X @ -
NITINANINY RM sﬂ\ﬂ@’]@lﬂﬂsﬂuéluﬁ‘gﬂgmﬂqLﬂuLﬂﬂu'ﬂ?@

Wdlnandsnisana g © 2 e

3) nmsanasediasauasanngilaglasunig
NIARA (Adjuvant treatment after surgery) ATANENURY
Patchell wazAnilduanslidiutagss lemives adjuvant
EBRT (30 3¢l 10 A9) ugiloy MESCC Tnaiiia
ambulation rate A0 57% W 84% WAZANNERIING

aa v (65) ' 1 ol o o 1
sendandae @ aenglafif Kieklamp uazAmznUdINIg
Snunsiaedad delldnsnisrinFuleniigeat nanafe
69.3% 71 1 1 uaz 96% 4 T naansinm @ uanalsi

< 1 o a a 2‘/ a v o a a
Wiwinnseneidmaiianunusofinnidlngena
lalaunsomaunulsanzseluszazenald

NAEINNIANEN LHTENULFE AN NINURINT95NHA
Aot SBRT N1EUAINIIHIFA Wud1dmsn1sasuanisn
904 81-94.4% “O % qn systematic review W91
FLRIZIIANTENINNNTRNE59R SBRT FUNTHGIA A23UN
duat19iae 1 dlaiivaanlanianisiianning
unInFauaadunanisia ¢ % fafundisvezinansanat)
UnAninenssa@foematinfaain Aa 2-4 dlanof viail
LHa9anNTNI S ZNRauITaa NN aA AN ATlA
SBRT tatindnseilinanaunnas waaenalsfia nnamad

e - . o o 4, N
nasisinetaiinislagunsnindulansiedanalinmdg
THa1nnnsanaasnsanasednaiely (metallic artifacts
in computed tomography (CT) simulation or MRI
distortion) B lluiau1s0RMuAR wMaRdALALTRa
Wulsvanladundanaysiseteunzifalfasnautiugn
f9ilis CT myelogram asanadilselamdlunstiil wanann
tnnefigunenimidulansludadlaslusiumdanii
wnaleel feanarinlminalymidunisatualEuam
59R6ine (dosimetric error) N3ANHUD Wang bazAndy

' a 9y . X = '
nudnlavzntenldAa titanium rod NAINUWILUL
Windu 4.5 g/em® dennliTunufaduiinnsesse
321979 water phantom fiulane @;ﬁu 6% ANNHATLAY

electron backscattering wazlunnauiu Wi
nasselanzaziiunnuiadanas 7% 1iegaann photon
attenuation LANNIRNL5IAAAE IMRT BIHAANIIN17LEN

o o a a k73 a o v dl
gaeansedanataaniLas MmnatAn sUFuANEND

dudeu wudmnldanunuiuliuaednszgn (bone
density) Tawiniu 1.82 g/em® Wnldunui (override)

#nx130a0 dosimetric error Wle ©

& mFun1az MESCC nsanfindiunmuiadnlyda
saalsmiznnmeglndnudutlszamladunas anasinli
AanmsinBuenzIauulH ARl fBENNIWNGR
WU “separation surgery” TGN Moulding wazanue 16
asunansenARaneueiiddunnsensnianaenis
naviuganiuldgUnsnfinaduaanuudenslitunszgn
d1U1A9 (posterolateral decompression and
instrumentation for epidural tumor decompression and
spinal fixation) TnaddngiszasAiiesialinscayiia
seudnefiaunzIseiy spinal cord inldanunsnldFedly
o Y (=3 % ] =3 Q; 10 | Y % <
fafaunzisdlaadnausiui Inglaidniusaaenfauuzide

(56) JL" X. L] i
aanunn ¥ wazldseaunanisinelugiey spinal
metastases 9712 21 :eRUFALLL separation
surgery AMNAAE SBRT #aan196n5in 18-24 tnael Naman
nnELeNIEAn 1 Twintu 9.5% (6.3% & iy 24
insel ey 20% dusudTunuidniteandn) Tnewy
Wes 1 g1effinnazunsndauguuse Aa grade 4

L Aa o @ v Vo
esophagitis NNgNey (fistula) wazaniusasladiunig
HNFR aanAdasiuNanIsAnE1es Laufer wazAnde lu
o Ao o a Aa A 0 o
gilae 186 98 wudmIINeiGURNIENN 1 Ty
16.4% (9% AT 24 1ngeflu 1 AFS; 4.1% A i 24-30
ingelu 3 AR 22.6% 413U 18-36 1ngeflu 5-6 ATq) 7

u‘ﬂﬂﬂ’m‘ﬁ Iuéﬂﬂﬂﬁﬁ focal, osteolytic spinal
metastases RldaNNNs0INIENENsENFRIEeaNE T
1§ Fafinnasnendaeds thermal ablation Ineldaau
mmﬁ'ﬁm (radiofrequency, RF) aawlulasian
(microwaves) M?‘@ﬁzdﬂlul,gmm’mﬁ@\i (high-intensity
focused ultrasound, HIFU) &1wduussmnannisilan Tae
nsldannafauge 60oc viteunndiesingaduzids
Mdi@mﬂ%mwLf’ju@mugﬁrﬁ'ﬁﬂdw -20° e l3#Aim tumor
necrosis M3INTY cryotherapy denisldAnnadaudae
WANA image-guided RF thermal ablation (RFTA) ‘&u
Lﬂuﬂﬁj‘%‘/ﬂﬂﬁﬂﬂlwﬁ‘fi\?ﬁﬁﬁ§ui?ﬂtﬁﬂd@ﬂﬂﬂdﬂ?z@ﬂ |
osteoid osteoma uazluilaqiuiedniduniadenuils
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Tun1sfnEINIsuNg nezaENfINIzgNIUIALANTH
a1n13tamsae 7 Groneneyer wazmniy LAFNmAReRE
image-guided RFTA lufilag 10 918 Wud1418130
pauaNaInislanls 90% Taelinunadiahesiyuuss
a1nn135nE 72 Deschamps wazAne LAs e unanis
fnu16iaedt thermal ablation viaesuwuLluilee 89 318
3 % =3 dld =3 1
(122 bone metastases) WL NALUNZLINVINAUIALANNAN
2 gu. wazlaiin1guwes cortical bone lunguAEnIg
a o o o v Add?/ =
NeNIdleAn WNNZANUTUNNIINENANEAEE uaziNG
dnalAEeaInNnsiNEn grade 3 Wie 3% suldwn bone

necrosis Wag nerve root injury ¥

inAdnlunisanesod (Radiotherapy techniques)

s:uulASavaeSOd 2 3 3T

1) Linear accelerator (LINAC) system Tnesld
multileaf collimators (MLCs) lun1s1/5ugils1auazaana
898 59R FouAUIEA A nvanefiAnnaiaszny
Reniuuarneszuny a4 598 7-11 Aemnadog
wAlA IMRT %38 volumetric arc modulated radiotherapy
(VMAT) 2-4 arcs uazanaiuunsanaiedlnald inverse
planning algorithm NsenelfaddeinATiatiantnsavlé
wanesesdaematiafiupnansiueenty 14un

a. Novalis TXTM (BrainLablnc, Munich,
Germany) Usenau@ag built-in microMLC waz
IGRT system kit ExacTrac 1178 Novalis Body

b. Varian’s Trilogy system LLa¥ Varian's RapidArc
technology (Varian Medical System, Palo
Alto, CA, USA) 19 MLC fauriu IGRT system

fingl integrated kilovoltage (KV) cone beam
CT (CBCT)

c. Elekta Syngery (Elekta, Stockholm, Sweden)
14 MLC fanfiu KV CBCT iuieniu

2) TomoTherapy System (HI-Art Helical
Tomotherapy, Madison, WI, USA) Iaelld helical fan-
beam CT-based rotational radiotherapy $281u binary
MLC “

3) Cyberknife system (Accuray, Sunnyvale, CA,
USA) luszuudild non-isocentric, robotic arm-
controlled LINAC system lagfig15e@azuinu
fixed-diameter circular collimators 4110 0.5-6 DN, LAY
gnafgaINuaeiAN19NIY compact LINAC ﬁ@fguu
uwauiueus wsildinisUFuaanaiduaesan 3 vinliikg
peaupguiiaunzialiR (conformity) watFNEEly
Faulaiadane (heterogeneity) dleiauiuntsld
MLC-based LINAC system

n1sv1aavnisa1gsvd (Simulation and
immobilization)

NN7ANABINNIBNLTIRSE computed tomography
(CT) simulation W slice thickness Winfiu 1-2.5 mm 394
fiu immobilization device 1FUN19ARAYINNINTBIF e
luapmazld skeletal fixation under anesthesia weitilu
aaa P . o 2 o R g umal
FanAoudng invasive Aariuluilaqriuasldas frameless,
non-invasive positioning method Imﬁé’ﬂ’m%gﬂﬁmiﬁ
agluvimsimnnzantazaune Waldagluvianig

WAEaundu (reproducibility) wazannisadiulusydng

mwﬁ 5 Spine SBRT immobilization devices: evacuated cushion (a), vacuum body fixation device (b), and thermoplastic mask (c)

Adapted from Li W. Impact of immobilization on intrafraction motion for spine stereotactic body radiotherapy using cone beam computed

tomography. Int j radiatonco boil phys. 2012,84:520-6.
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A13218593 (intrafraction motion) “© As@nE1a8Y Li
wazAnzlanngay immobilization devices system 3
wuy 1fun evacuated cushion, vacuum fixation, Lag
thermoplastic mask Fauanslunmd 5 wuganagld
near-rigid body immobilization with vacuum fixation q
intrafraction motion fi’ﬂf;l‘ﬁlzgm A 2 uu. auwuzin

A1 2 3. Wil margin 413U setup error siald 7

1aNaNK N9 MRI spine fataelFunne5ad
FNENATUNINNUUATA LI ATBNAUNZITS 79091 spinal
cord waz cauda equina ladaiau vinlannraanesd
ludlsfeunzidalazuauman critical neural structure 16
atusugn atalsfagilaaunemaladaunsnin MRI

Y 4 oy aAa A Y o = o @ v
16 i e Piesesnseauiala isanaanuay s
~Na o | o oA A

wazlunsinnanasnisufaldiAsasda instrument
fixation NA4NARBAN MRI (MRI image distortion) gilae
waNHenafia1saingin CT myelogram el neural
structures 11 spinal canal AL wananil lusemdng
n1391 MRI filaaaqsetluimishaatiuiuaeuwin CT
simulation Tag/a1a%11 MRI LtRewLg wazdavingilae
g . . . . 2 4 o o o
A8 immobilization device TULALINUNLUABUNNT CT
Weam fusion error AN misaligned spinal curvature
AN l#aInnn99in CT simulation WAz MRI
(gadolinium contrast T1-weighted and T-2 weighted
image) ¥138 CT myelogram 1M lun1sivuareLm
1R9iaUNTITuATedEITAAT T

nsimuAvBUIUANBUL:ISD (Target delineation)

lunsinvunzeunesiauniieTiy $35U50R
A0 U TALA 389 (1) NIRIMUATALLIRAITNABLNZIE
= 1 =l = =<
LWENBEINNLAEIY AR gross target volume (GTV) BNNEn
Y c d o Cvost (55 54 Tl ,
Aaunzianiuannanane 5938 A8 planning

47,53, 54

target volume (PTV) 1aWiniy GTV ) yigaasne

48, 51, 63,

2 Wi, — 1 6. 98U GTV ¢ ' LAz (2) N1IRUUA
gauanred GTV aziiluldludnsuzifaniu watinng
o L. 1%
NINUAABLILUAADBN clinical target volume (CTV) A2eiRN
, , C uasy & aad 9

potential anatomical extension TN UADAAND
AUN19ANEN989 Patel WazAMEAITMINa TN
GTV ’Qtﬁtﬂﬂ’]ﬂﬂqi‘ﬂﬁuLﬂueﬁWL’ﬂW’]ZﬁN’mﬂ’jqﬂ’]i’ﬂ’m
WL whole vertebral body 7 uanannil €43l guideline
984 Radiation Therapy Oncology Group (RTOG) 0631
= . ., = = .

wﬂu ongoing trial V]ﬂm:f’]L‘]_E‘EI‘LILV]EIU??JMQW\‘IH’]?@’]EI
FeRlsanzifanunsnszananndanszgndundssoamaiia
SBRT 16-18 1naef fiunnsenafanuuadAn 8 inedlu

:l/ a (77) I n’L o ¥ 1 ¥ 1 . .

AIILAE ALILNEUTN LLINITAALIN tALLN solitary spinal
metastasis; 2 contiguous spine levels involved;
maximum of 3 separate sites; multiple small metastatic
lesions, each of which less than 20% of vertebral body;
epidural compression with >3-mm gap between spinal
cord and edge if the epidural lesion Lkas <5-cm
paraspinal mass Tng/lfl@ueisnsinnuazeuen CTV

sananalun1ni 6 na1aAe involved vertebral body kaz

(a)

(b)

(c)

N9 6 Diagram of spinal metastasis and target volume: GTV (LL@LMZ&%W) way CTV (Lz’ﬁuﬁmmnﬁuﬂ?x)

Adapted from Ryu S. RTOG 0631 phase 2/3 study of image guided stereotactic radiosurgery for localized (1-3) spine metastases: phase 2 results.

Practical radiation oncology. 2014,4(2):76-81.
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'
aaa

left and right pedicles TuNIUNRULE vertebral body
lesion (mwﬁl 6a) davlunsaifiisesland pedicle 391
finel CTV A19ATALAYN vertebral body LAz left and
right pedicles Wy (Kurlaxlunndi 6b) viauds
anterior and posterior elements eI Lol (Lﬁuﬁuluﬂﬁw
7l 6b) %u@fgﬁunﬁi@ﬂmmm‘[mLmﬁmimmﬁmmm
wnndiinm wazunnilsenlsnfl posterior element Liien
ag19LAEa CTV Ap spinous process and laminae
(mwﬁ' 6¢c)

u'ﬁm@’m‘ﬁ International Spine Radiosurgery
Consortium @lsznaudnadiasioydiu SRS a1n
paneanntulAiaue consensus guidelines for target
volume definition in spine SBRT "® Tneiuiis vertebral
body A1« anatomy aanili 6 sectors m“umm‘l,umwﬁ'
7 'l#uA sector 1 A8 vertebral body, sector 2 An left
pedicle, sector 3 A8 left transverse process Lay
lamina, sector 4 e spinous process, sector 5 Ao right
transverse process WAL lamina, LAY sector 6 e right
pedicle Tae GTV Munaia gross tumor %ﬂi@ﬂcﬂmﬁ
ep|dura| LAY paraspinal components d9u CTV 1®LLﬂ
GTV 1’]\1‘1/1&161 spinal sector uuLL@“ﬂNLﬁEN ﬂ\‘iﬁl’]i’]\ﬂ’l 7
ﬁ"JN‘VN abnormal marrow signal wmmmw microscopic
invasion LAY bony expansion ‘ﬁlfl subclinical spread
Taemaniaes circumferential CTV Alaudensauid
Uszamladunds endulunsaindsenlsalunn sector
YRR epidural disease REERT spinal cord ?ﬁlx‘i PTV
ATRLARN GTV wag CTV ‘1}11/\‘1‘1)11191 Tnaiaaaeng margin

16049 3w, sa17 CTV wazsesliviudeuduidulszam
ladunaa Tag margin enadsuilaauldivelsiideadng
7211979 dura WY adjacent critical structures WAABS

> X = o Y oA
ﬂﬁ‘ﬂuﬂ@}l GTV ™/NUNA UaNANL W‘me‘s“ﬂ@mﬂwﬁ’m
paraspinal tissue 1#3719 5% " gaiulunsding
paraspinal muscle involvement A97181¢8 margin 5 NN,

9017 five

fusunnsls SBRT mundsnssindiatiu GTV Ae
faunzSaiivaeeyflulunnde S Avaenn dou
CTV asauAqH GTV LAy tumor bed Tati@nAanneng
mefadneurifnsanfuAsTinmaanuszwinesinge Tag
vinl1lsinlsisas cutaneous WAE subcutaneous surgical
scar ?ﬁq'mgﬂu conventional EBRT portal mnﬁu UEINE
PTV margin 1.5-2 8. 72U CTV Lﬁ'ﬂ@mﬁ*ﬂ setup error,
image fusion errors, contouring uncertainty, potential
intrafraction motion, Wag mechanical errors a7N IGRT

system *?

n1snuavauivnlla:uSuruSvaddmsuadeo:-d1arny
0101A8Y (0ARs delineation and dose constraints)

RTOG 0631 ™ uazy AAPM TG 101 @ 1&asuna
L'ﬁ'mﬁumﬁﬁwum@umeﬁmxﬁﬁﬁmsﬁwﬁﬂ\mm
Bunniisdgegatipasldiuetneandon el AAPM
TG 101 16ina1a0is SBRT dose constraint &145u 1, 3
Waz 5 fractions Fauanslum1snefl 8 421 Quantitative
Analysis of Normal Tissue Effects in the Clinic (QUAN-
TEC) study AlAuuziingnlunranefadmaamaiian SBRT

Cervical

Thoracic

Lumbar

AINA 7 International Spine Radiosurgery Consortium anatomic classification system for consensus target volumes for spine

radiosurgery lagnmuamNATLULsaITanlsA

Adapted from Cox BW.International Spine Radiosurgery Consortium consensus guidelines for target volume definition in spinal stereotactic

radiosurgery.Int j radiatoncolbiol phys. 2012;83:€597-605.
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miwﬁ 7 International Spine Radiosurgery Consortium guideline for spine SBRT CTV delineation

GTV involvement

CTV recommendation

Sector Description

1 Any portion of the vertebral body

1 Lateralized within vertebral body

1 Diffusely involves vertebral body

1,2 Vertebral body and unilateral pedicle
1,2,3,5,6 Vertebral body and bilateral pedicles/

transverse processes

2 Unilateral pedicle
) Unilateral lamina
4 Spinous process

Sector Description
1 Entire vertebral body
1,2,3 Entire vertebral body and ipsilateral

pedicle/transverse process

1,2,3,5,6 Entire vertebral body and bilateral pedicles/
transverse processes
1,2,3 Entire vertebral body, pedicle, ipsilateral
transverse process and ipsilateral lamina
1,2,3,5,6 Entire vertebral body, bilateral pedicles/
transverse processes and bilateral laminae
2,3 ¢1 Pedicle, ipsilateral transverse process and
ipsilateral lamina * vertebral body
2,3,4 Lamina, ipsilateral pedicle/transverse
process and spinous process
3,4,5 Entire spinous process and bilateral

laminae

Adapted from Cox BW.International Spine Radiosurgery Consortium consensus guidelines for target volume definition in spinal stereotactic

radiosurgery.Int j radiatoncolbiol phys. 2012,83:€597-605.

prsaiaTnsAgegaindulsvanladunaslainug
¥ =

13 1n3el druunnsanaaiunen wazladifiu 20 ingdflu
nseeiad 3 Ak @ delndiAeeiu RTOG 0631 77,
AAPM TG 101 Laznns@nenaad Sahgal % faugna
Tup19797 8 uaz 9 wananil AlEnsinun dose
constraint @195 partlal splnal cord volume (spinal
cord segmentmu‘w mummwmmﬁ target 5-6 QJN ) uay
conventional spinal cord ?QQJ‘VN OARs @‘w] L
esophagus, trachea/larynx 13698 Tnauwuzsinldanm
OARs luszeir 10 om wilesdauazAng target volume
s Busidludesunnmaniildegnnelui
fruua wenaniunsanituldaens margin 115U
OARs Lﬁluaﬂ 1.5-2.0 mm #iagl (Funan planning organ
at risk volume (PRV) Lﬁﬂlﬂu setup error margin L
ey PTV margin

TunranefadgniuasiaslinudAyatiamnn
o/ o dd‘ Y Qo o v =<
AuFunusadndulszamladundmuld aannis@nen

ludnimaaasuaraindayalunysd wudnladundasign
o a = ] ¥ ] lﬂ‘ ]

ﬁ‘mmuﬁﬁ‘ﬂmmﬁﬂmLL%N%UN@Q%LN@LQ@’W’WM
6 171 Aune 2 1 (partial repair of radiation-induced
subclinical damage) ®" Nieder WazAUY 129 TUERIN
n191AA radiation-induced myelopathy (RM) UL
11 918 “\']ﬂ&lﬂ'ﬂﬂ 40 ?qﬂmimﬁuﬂqi‘ﬂqﬂi\?ﬂsﬁq ﬁﬂLﬂu

®) LN risk of RM

27.5% mqmmﬂﬂ 11 months
Lﬁ’ﬁ)ﬁﬂ 1) BED spinal cord 794 <135.5 Gy2(2-Gy
equivalent) 2) BED spinal cord LLﬁi@"’ﬂg"\i <98 Gy2 lLaz
3) qvely aWAINNsRNEieRRRaieu 26 Haw ©
Tuanued Sahgal wazaneldFnmRauieu B
Sofludaeiil #505edendne SBRT waziin RM S1uau
5 318 \uALELeRldiRn RM 14 98 Taen ey
anmufedgeganifetiudulszamlagiumgs (dose to
thecal sac Pmax) wazuustiiuuaniglunisnivua

1BH10u5aR Fail
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1) thecal sac Pmax retreatment dose of <25.5
Gy2/2 (2-Gy equivalent with 0L/3=2)

2) thecal sac Pmax total/ cumulative dose of <70
Gy2/2

3) ratio of thecal sac Pmax retreatment dose to
thecal sac Pmax total/ cumulative dose of <0.5

4) minimum interval time to reirradiation of =5

months ©

@918 uzin reirradiation SBRT doses to the thecal
sac Pmax Iagiansaunannisunnusadasanan salu
A37497 9

msAimMuAUSUruSvafnauL:1So
(Dose prescription)

N13RMUALTNNTR (dose prescriptions) g
flaunzifasnenaiia SBRT Avanauuy nflanlaun 16-
24 \n3sipfaLien (BED 41.6-81.6 Gy@), 24 1n3e ki 2 AT
(BED 52.8 Gy ), 24-27 wnseflu 3 s (BED 43.2-51.3
Gy, ) uaz 30-35 N3¢l 5 A5 (BED 48-59.5 Gy,) {laqgl
Ay o & = Y . _a Y = o o o w
NdneAnTlans Toun slnaesiauuziie adaazdAydna
Ae LaztFunnusdnegldfuunnen Tne RTOG 0631
IAuuzindnaenatias 90% 1@ PTV Aagl@su prescription
dose lunuzipaaiuliunuidesadaazdAnydne

al v 1 a dl (3 U ?‘I/ éa‘l =®
wressasllifuinuuasg BeilannnisAneaes
Yamada wazansy liuansliviuindnsnisaaunulsn
AuiuBunusadnldlunisinmsaemnaiia SBRT lu
spinal metastases IagwudngiloeNlFzusg > 23-24

cao A ay o ve

el Admsnisasuanlsaanizigendngiloanlaiy
Paunnufadnndil Inaladddiaamaladia RM

N1s21VIWUN1SN8SVE (Treatment planning)

Iuﬂﬂﬂuﬁ treatment planning systems (TPSs)
= ° o al

PANLTTUUN M NN TIN LR UL A AU TN W9 A T
AM3RNE5IRMEATIA SBRT AMNN19ANE1189 Gallo LAy
Ansy IAWFauiiey HI-Art TPS (TomoTherapy), iPlan
TPS (Vero), Eclipse TPS (TrueBeam) La MultiPlan TPS
(Cyberknife) Tneein9@e dose constraints A1 RTOG
0631 WUINANNLANFANTB9LFNN USRI sazAn ins

i U:I8033AN DsansauIASLASHBIA:L:ISVINMioUs:NFAINg
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3INTIL 1.5% iadndat ion chamber measurement
NAA8 2.2%, 3.2%, 1.4%, 3.1%, WAz 3.0% Amil
TomoTherapy, Vero, TrueBeam (flattening filtered-free,
FFF), TrueBeam (flattened beam), az CyberKnife f1d
a1mu Tnedl beam-on delivery times %ﬂLLﬁiﬁﬂﬂﬁZﬁﬂﬁﬂ
4.4 w9 493U Truebeam, FFF Tilaufia 46 un?l 4 miu
Cyberknife

nN1snsoDdaunaun1sa18sud (Treatment verication)

sruuN1TaNefN@aanniiniD w3e Image-
guidance radiotherapy (IGRT) ﬁmwz\?’lﬁtyﬂﬂwéﬂu
n3ae5eA@naemATia SBRT T1aqiiu 52U in-room Lag
on-board imaging system 15W®4uﬁ%uLﬁ@LﬁNmmgﬂ
FaausiudnlunsinunsumiaesteunziSatanoy
Bunseneieduazluszminannsenssed (interfraction

WAy intrafraction) Fautisaantily

1) Stereoscopic x-ray-hased system
a. Electronic portal imaging device (EPID) atl
1dan5a@3adu megavoltage (MV) x-ray aanaiazes
o a dl Yy ] = o al
aefAnan wlurnegliauauag iRt ieg
9 A o N v '
(treatment couch) dapAagu1saRnladny dxmaan 1y
P = ¥ 9y iy oA A A v o
osnaauinadilos wadeidaran winldiamninen
b. Kilovoltage (KV) x-ray source Tng/l¥a1 598 KV
da o4 d ¥, .
x-ray NAABYNLATEIRILLATLUNUT BIR1E5TIA
(ExacTrac x-ray 178 Novalis Body) Tmel ExacTrac
device a4 infrared camera TUN13MIRABLALUU
210951 9efit iy reference images AT UL
AaNNLLAR 5 M IR A nTuRILSuRwmnkslinsaiulng
N19La81% treatment couch %3ald robotic arm 284
Cyberknife Tun19UfuA LML TR9A1T989R 6 HiANT
@u Novalis Body a4 KV x-ray imaging system Tu
A7FeUiey internal structures WaUFURNLMUS
isocenter ¥@gtlag

2) CT-based system
a.  Cone-beam CT (CBCT) lne/ld KV x-ray fifn
agiuarTasanaie@lunisa¥anan dennanininls

114 volumetric @4 internal organ 1flunnsmsedauiv



A1919% 8 Dose Constraints recommended in RTOG 0631 7 uaz AAPM TG 101 ©

RTOG 0631 AAPM TG101
) Three Five
Serial tissues Max critical volume One fraction fractions fractions
D _(Gy) b_(Gy) b_(Gy) b_(Gy)
Spinal cord <0.35cc 10 10 18 23
< 10% of partial 10 10 18 23
spinal cord
<12cc 7 12.3 14.5
Point dose* 14 14 21.9 30
Cauda equina <5cc 14 14 21.9 30
Point dose* 16 16 24 32
Sacral plexus <5cc 14.4 14.4 22.5 30
Point dose* 18 16 24 32
Esophagus <3cc 11.9 11.9 17.7 19.5
Point dose* 16 15.4 252 35
Trachea/ Larynx <4cc 10.5 10.5 15 16.5
Point dose* 20.2 20.2 30 40
Brachial plexus <3cc 14 14 20.4 27
Point dose* 17.5 17.5 24 30.5
Heart/ Pericardium <15cc 16 16 24 32
Point dose* 22 22 30 38
Great vessels <10cc 31 31 39 47
Point dose* 37 37 45 53
Skin <10cc 23 23 30 36.5
Point dose* 26 26 33 39.5
Stomach <10cc 11.2 11.2 16.5 18
Point dose* 16 12.4 222 32
Duodenum <10cc 9 11.4 12.5
<5cc 1.2 1.2 16.5 18
Point dose* 16 12.4 222 32
Jejunum/ lleum <5cc 11.9 11.9 17.7 19.5
Point dose* 15.4 15.4 25.2 35
Colon/Rectum <20cc 14.3 14.3 24 25
Point dose* 18.4 18.4 28.2 38
Renal hilum/ <2/3 volume 10.6 10.6 23
Vascular trunk Point dose” 18.6
Parallel tissues
Lung 1,500 cc 7 11.6 12.5
1,000 cc 7.4 7.4 12.4 13.5
Liver 700 cc 9.1 19.2 21
Renal cortex 200 cc 8.4 8.4 16 17.5

*point dose = 0.03 cc in RTOG 0631; 0.035 cc in AAPM TG 101

Journal of Thai Society of Therapeutic Radiology and Oncology :
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M15799 9 Reasonable reirradiation SBRT doses to the thecal sac Pmaxbased on initial treatment ¥

Initial conventional

Additional SBRT dose to thecal sac Pmax

BED (Gy_)
EBRT dose 22 ) . . .
One fraction (Gy) Three fractions (Gy) Five fractions (Gy)

No prior RT © 10 17.5 22
No prior RT ® 12.4 20.3 25.3

20 Gy in 5 fractions 30 9 14.5 18

30 Gy in 10 fractions 375 9 14.5 18

37.5Gyin 15 42 9 14.5 18

fractions

40 Gy in 20 fractions 40 N/A 14.5 18

45 Gy in 25 fractions 43 N/A 14.5 18
50 Gy in 25 fractions 50 N/A 12.5 15.5

Abbreviation: BED=biological equivalent dose; Gy2/2 =2-Gy equivalent with OL/B:Z‘ dose to thecal sac Pmax=dose to a point within the thecal sac

that recieves maximal dose;, N/A=not applicable

reference CT image 185 ann1sAnEnaea Hyde ag
Az Tugilaadiuau 42 218 wudanisld 6D robotic
couch 3a:7U intrafractional CBCT HANNAAALARDL
1311 1.2-mm translation error 4a% 0.90 rotational
error ®

b. Spiral MV CTIaeld treatment beam a1l
MV x-ray Tuirzasans helical Tomotherapy Tunsada
AN CT ANHUANNINTBININAZAINGT KV CT

c. Diagnostic-quality (KV) CT scanners luviag
8593 M IFlEn wARudm Fandn CT-on rails Taens
' vy = o a a o v a a v
frannlasuwResansfNaRLanuNasfdas 4o
a A % a :‘/ tﬂ‘ o a
LA AAFANARFILENAINLATENRN A

Tunsdavinniegiheniaunisanased fieavalu
M9z immobilization device LRgiUABUINARINT
212598 anduarAMagauRILUdINITaa@n e
image-guidance kazluszudnenirenafa@nazinng
naoagautumiaiiiuszay) Ineld IGRT wmatlalameila

4 od X .o . o ccla »

NAINA1NY et iuATasRnefsALazgUnsninld
;eI MLC-based LINAC system azl4 6D robotic couch
f2u1iU stereoscopic x-ray- ¥3a CT-based imaging T4
NNIMIVRAALIAUNUIALE x-ray drunTni ldzamEandn

fiautlu near-real time image acquisition and correction

i U:I8033AN DsansauIASLASHBIA:L:ISVINMioUs:NFAINg
82 un 21 adun 2 nsniAu - SUDIAU 2558

dau CT fHeddeldnm 3 AAndann g anannuiu
ANLANANTeLieIE e uaznNeANA A T uR Ay
ANENTETARLRALABS AN NN R185E LA
ffdeduAeldnanlunistnan ez B asdn
Mﬁaﬁﬂqmﬁm%uuﬂnmﬂﬁ“Lum?ﬂ?”um"%muwm@ﬂqa
TneldnediResenesdiu dniudemeansanssod
sz Vinlszezionnnnsanefafenaui fa
fufludelduBoureariesensisdasiin Cyberknife 34
fivwisesany  LINAC aguu robotic arm dnansnyiu
Aunialadnlud@laeilTauiaunin orthogonal
image AN near real-time stereoscopic KV x-ray Al
laifiaeugpaneedidunauiuszninenimmagaunay
UFumumig 2

Inaagl n1smsraaauAILILaIesiauNziesag
IGRT At A13il accuracy A AanaaAewlifiy 1-2
i, TUKURTZUNL (translation) waz 1-2 aaAnluladn
YU (rotation) ANNSANHIVDY Hyde LWAZADIZNLIAN
anulun) 90% ge9nnAaALAElunsSaTinlAENTs
14 CBCT setup ldifin 1 . waz 97% laliiu 1 290
394074 intrafraction motion eLunnﬁﬂmqﬁfaqslwﬁqﬁ
ams03ulEdne FethRanusin1ile near-rigid body
immobilization $a:rL intrafraction CBCT imaging %N



15-20 W9 WA strict repositioning thresholds in six
degrees of freedom lunnsfnenlsanzidaunsnszany
Wflanseandunasiaeimaiia spine SBRT 7

n1ssusavAruNIW (Credentials)

N13MTIAAAUADNIN (Quality Assurance, QA) 1N
nsenefs@gaemaiia SBRT vt FRIATIRABLIAINNGN
Iﬁ’fm"ﬂ'ﬂ\‘i%\‘i image—guidance system LL@x treatment
delivery system TSNS Vg e E L
yananL ATUNINYBY image ‘Luwnqmumumﬂum
AAny [;NL,meumunWmmmmimmm NNIANUUA
PAUAAEUY NTATIRFALATLMUIN aUaNeFIRuas
5131917218598 Tuldraan1sAILIANAIUNIN (quality
control, QC) AMNNINNIAINNIZTLIUNTIASUAAY TPSs
LaziAsasiianisaneied Inaende system log, data
input and output devices, computerized software Lag
operational testing %\1 American Society for Therapeutic
Radiology and Oncology (ASTRO) was American
College of Radiology (ACR) l#lauauuinatfiimlu
nsanesdfanmaila SBRT Wethazdun @ Taadi
fldauendaslunismmageuuazaaunuanann téu

wINNEaRsN e TAANdnNTunTe waziinsadmaiia ¢35

wadviAgvINN1saesSvanosinaln SBRT
(Toxicity of SBRT)

wadnviAgvs:e:du (Acute toxicity)

padnaAeesrarduannniseneied spinal SBRT
AR 1NINAUAL aARMNIENIEL NARLARNENLAL
pauld 01iAey seuman AavisAnagn ennistlaniey
NBORNT (pain fare) WAZANIZUNINE B FIIAILAA
N'q[};‘]’m (51, 52,90, 91)

Pain flare WieAa a1nnstandlfidudansne
WAIN192718593 giRN130IN"9\AA pain flare W& CEBRT
Wity 2-16% 2 waziisaiiy 23.8%-43.5% wnld
Pranmuiedsiansegs 8-20 inadflu 1-5 A % arage
719 23% - 68.3% MNFNEIFaE spinal SBRT % ngln
aNM9iA pain flare 871ALAANTTLANMAIRNE5IA 11019
nnsnaviugesdulszan vienislaesannsesu

o o zl/ =® = £ 1 al & ]
n1gantay Aetiuasinisldenguianesass 1w
dexamethasone TUN13LTTM121NNT F9NTIR9RNNT

€799 lannnIsANE LA prophylactic

\fim pain flare Aag
dexamethasone WUANHELAg 22%-24% (Ain pain flare
.9 §yprTRnnsnllndiAeaTun1sdnmild therapeutic
dexamethasone An 23% ® favits 11914 dexamethasone

#1150 prophylaxis for pain flare aselelaifiniain
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Adapted from Wong CS. Pathobiology of radiation myelopathy and strategies to mitigate injury.
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