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Stereotactic Body Radiotherapy (SBRT) for spinal metastases
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A13197 1 Grading system of metastatic epidural spinal cord compression (MESCC) 284 Bilsky et al. ®

Radiographic grade Description Recommendations
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 cord
) Radiotherapy or Surgery
compression
2 Spinal cord compression with cerebrospinal fluid(CSF) visible around the cord Surgery followed by
3 Spinal cord compression without CSF visible around the cord postoperative RT

AN 1 waaesEaunsnanuludunas 2a9 Bilsky et al. ©

B C

Adapted from Bilsky MH. Reliability analysis of the epidural spinal cord compression scale. Neurosurg Spine. 2010;13:324-8.



A19190 2 Grading system of metastatic epidural spinal cord compression (MESCC) 224 Ryu et al. ©

Radiographic grade Description Recommendations

0 Spinal bone involved only

| Thecal sac impingement Radiotherapy (RT)

Il Thecal sac compressed, or <50% of spinal canal compressed at cauda level

I} Spinal cord impinged Radiotherapy or Surgery

\% Spinal cord displaced, CSF visible between cord and tumor, or

) Surgery followed by
> 50% of spinal canal compressed at cauda level

postoperative RT

Vv Spinal cord compressed, CSF not visible between cord and tumor
Neurological grade Description Recommendations
a No abnormality
b Focal minor symptom (pain, radiculopathy, sensory change)
Stereotactic body
c Functional paresis with >4/5 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) Surgery followed by
Spinal cord sign (non-ambulatory, non-functional upper extremity) postoperative RT
e Paralysis and/or incontinence

NN 2 waaesEauNInaNU ludunas 209 Ryu et al. ©

Adapted from Ryu S. Radiosurgical decompression of metastatic epidural compression. Cancer. 2010;116:2250-7.
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135197 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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Adapt from Laufer |. The NOMS framework: approach to the treatment of spinal metastatic tumors. The oncologist. 2013;18(6):744-51.
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A13197 4 Prognostication of various scoring systems for spinal metastasis

Median/mean survival

Prognostic variables Score Treatment group
(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 cance
primary ung ' 45 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 284
4. Primary tumor breast, kidney, lymphoma or myeloma
Tomita score
Visceral Bone Wide or marginal
Points Primary tumor 2-3 38.2
metastasis metastasis excision
Solitary or Marginal or intralesional
1 Slow growth NA 4-5 215
isolated excision
2 Moderate growth Treatable Multiple 6-7 Palliative surgery 10.1
4 Rapid growth Untreatable NA 8-10 Supportive care 53

Abbreviation: NA=not applicable

10



A1319N 5 Prognostication of various scoring systems for spinal metastasis

Median/mean survival

Prognostic variables Score Treatment group
(months)
Tokuhashi score (revised)
Characteristics Score
1. General condition (performance status, PS)
Poor (10-40) 0
Moderate (50-70) 1
Good (80-100) 2
2. Number of extraspinal bone metastases foci 08 Conservative treatment 9
>3 0
1-2 1
0 2
3. Number of metastases in the vertebral body
>3 0
2 1
1 2
9-11 Palliative surgery 9.5
4. Metastases to major internal organs
Unremovable 0
Removable 1
No metastases 2
5. Primary site of cancer
Lung, osteosarcoma, stomach, bladder, 0
esophagus, pancreas
Liver, gallbladder, unidentified 1
Others 2
Kidney, uterus 3
12-15 Excisional surgery 19
Rectum 4
Thyroid, breast, prostate, carcinoid tumor 5
6. Palsy
Complete 0
Incomplete 1
None 2
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MIHAATTOIFIUNAN 9AILANE1INILAD Aa 1) spinal decompression LT anterior corpectomy, posterior
laminectomy, lateral costotransversectomy laga1anaNTIILANT auaziSI8an@WwRINle Uaz 2) spinal
stabilization a7 instrumental fixation otisdlunsrnda leun

1) mmiﬂmsfialeimauauawiamﬁ'ﬂmﬁaU"?%"ﬁ'ue]

2) uz59finadamsanyid

3) £ qua l§sun1sanesifnneunlasilydunaslasuididesrouda

4) spinal instability laun pathologic fracture, progressive deformity LLa< neurologic deficit

5) flamsiduszangnnaviudalan (clinically significant neural compression) mn%umz@n

fSnsunzluaun A9ONNANY w38 MESCC 1% American Society for Therapeutic Radiology and

Oncology (ASTRO) guideline VL@Ta;ﬂm”aﬂa%lumsth @@LUY surgical decompression FIWNU  postoperative
radiotherapy (RT) Tieadt 7

1) mwaslangguaasihinuwinzasvedliauniandinzgnidssediadss laglddng
wwsnaznglgsatuazdug uazlifl spinal instability

2) ;‘Tﬂ 218 <65 I uazuTus9@ (Kamofsky performance status, KPS >70) 39unudl expected
survival 41NN 3 Lot

2

3) annsmazuuEamdniueinit g uasfihedimnananiauldag wiaradwlildlidiu 48 Talus
4y lumsuwinszateanlsauz5Naaaas9f LT% melanoma wialsauziSenladh g 1w uzSdew
ANANIN WzlTEN L

5) finsnauNLIUE1AERAINNNTIUTIR

NNIINBIG28N1IM L TIFUUY conventional external beam radiation treatment (cEBRT) Aatduwn133nEN

'
o

Ao @ ' A o Ao . A v & o
wanfddad1ntalugy 26nfn1z spinal metastases 1hasanmanInuInneaInthaldd unad esiu
MIzUNINFoUN 19 UULIzAINN219 AN M IANVBIN LY NEURAILALNITNATILIY adlagunas (MESCC) ladne

oA A ' a A o A o = K o A ° [y Aa
lagaraduansTsdmiesaead snsoan s HFNNALMNTHIGAA 16 MTaeTafzIunsanii lanarsuuy lasfifian
laun anessiaTaden 8 1n3d, ane39F 20 1n3dlu 5 A9, a1859F 30 LnTSlK 10 A9, ABTIF 37.5 LnTET 1 15 AT
[ & A ' a a o ' ' o 1
wazau39F 40 1n3dflu 20 A%9 BaudazunvazfivizAnininduniniuquaininheliuandraiu wddamnig

muqﬂiﬂlmwzmaLLazﬁmﬂmﬁ'ﬂmsﬁw i'mﬁ'aé'mﬂmnﬁ@mz@ﬂﬁ'ﬂﬁaq‘uluﬂsjuﬁvlﬁﬁ'nﬂ?m MWIIRNINNINAL

]
=

A | A v o Ao (18-21) A wa o AA) o A &< & A o oA
@ﬂ?ﬂluﬂ@uﬂvl@]ﬂlidﬁuaﬂ lunsdfiansasssdnltiesfigade 30 tnvdlu 10 a39 nalunsdiansssfedig

q

LR HILA A ITIRLESNRAINIA
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MIINHIAILNIIABTIFIIURNA W30 Stereotactic Body Radiotherapy (SBRT) nutiurnadianlunis

o o £ a ) { o o [y o v v A
waninalulainisansisd dafinnnnansunauiusaanaluladndrmivlunn gdu suldud duneuiaiaed

o (%

v 1 o A 1 J o v v = v o a dl 6 e =
FumMwWinena 9§ 15w MRI Sevhldldnmwsasdauunfuszidudeanldundntaiau drugdnininisineis
#1l 28 (immobilization devices) Munafiansanessfans lnaaron At unseUsuAan19wasda 9T uas
UNMIATAFOUAURIITBIRY 18R o UNZITINBIAZIENININIANYTIF (image-guidance radiotherapy, IGRT)
o & , o X ) L , . o o o
aanuanAn SBRT fiununiiindulu oligometastatic diseases L3% n1swwinzawlddadea au uaznizgnau
%89 1 MUV BIN1TINEA spinal metastases @28 SBRT laud n1sussiniansthauaz asnunizunIndan
oA x . - 5 e x
NM93zuULaza NN AT UANILTULA B UN I8 TIFULLY cEBRT udsjaiiuntsiianiniuguliaszezenn
a a o & o { a X o % &
WAz RLAN AN INEIa044U B TINNIRANATIILABIND1LAATRIINAITINHIEIE KaranIAN I
retrospective WAz prospective studies Lauaad A ARDIUszANT A WuazANNYaeanslunNITABIA1IL spinal
metastases aainaka SBRT
vo ¢ a o o .« . (A7) M o o
ASTRO Task Force lafnnuainmuainnsiieniduazAnaan&wsu SBRT 14 spinal metastases ' 11649
@714 6 &% The breast cancer expert panel of German Society of Radiation Oncology (DEGRO) guideline Ale
o A o oa A o o ' ™ o = o .
unzihizaIn e fifNauTIinIeI N Mniumsuwinzansldinzgnuaz MESCC ludi 1olsnuziaduuud

M ¥ 22) . [ [
laildnaafieunuinvas SBRT ( )mfi‘@‘ American college of Radiology (ACR) ldtauauuinienissnm spinal

£
@ A o '

metastases d18M38398 Lo lauuziinlwles SBRT lunsdin1sanussdsn aaulunsdh MESCC sulvnansaidn

23 ' o [ a { o ' ) .
@ ae9lsAa nsanesiFdasnafinfiganlny 1w SBRT, Intensity modulated

o9l lasarraglunuids
radiotherapy (IMRT) W&z proton therapy tis aansaLndSINassdlldsnaunuzss lagdnadsumssflddsedon:
o a v A A A A L A Aa o Aa . o
Tadesve 9 ldathallsim S Sawuihheiuszezinainiseadialugl wndoligometastasis 16

TafvaIn1IaNsTIFALINARa SBRT laun

a

1) a1wN&nd (Physical aspects) AR aINIIAETIFAIBINATA SBRT laun tAECECERHGEEY
L zaatauuzy (high conformality) uazdninugndaduaugn (accuracy and precision) §4 thasanldinalulad
MIYTIFUUVUTUANUTN %38 IMRT 320NUTUUATIIUA U AN 0 UL TINAANNAZL B ANIN aWUAZIZN I

o A o o a a o A o o = 'Y A a o A o ' =
Mo F ldmunsnduioasidlldrieunsSeldgannn lusndSuusidseu giauaantadnimeiia
o v a v a Yo o Ao @ P ¢ = oo ' o I
lwatnzunddrafodldiuifdessn droguantan SBRT Faldsuanuauladuaannlunisinaninm

. Y & @ ' v A a a @ o [ o A o A '
N7z spinal metastases LWziaunniidnaglndnIafadanuidulzan ludunas San3ans3aF cEBRT i

{ v 1a [ { o o o v w . . A '
sannauiedld UTunasidEnludstauuzalunisany cEBRT 3agndnfiasae spinal cord constraint G4819 13

@
I

a ' & A4 a
Lwmwamamsmuqﬂswlmwzma TaganizuzSanaafasar
o f { o o ' = o o A
2) AImBINN (Biological aspects) ANWMLIAUNIALDENINAIVEINTTANBTIFA0INATA SBRT Ao
mﬂ‘*ﬁ’ﬂ%mm%'aﬁﬁg\m'jﬂﬂﬂaviamim aueazadd wazlaanaluazanuii e 1-5 a9 dawaiﬁﬂ%mmﬁﬁawyjaﬁﬁwa

dollaifia w3a biological equivalent dose (BED) giniin1sluTuimisfszduing da 1.82 iniddanis
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§NA208195T% BED tuwdanuztSenanualuinaia SBRT 16-24 LNTHLuaAIILA L7 #3a 24-27 1n3kn 3 A39 9zdian

WiNAY 41.6-81.6 Gy, WW3auiisunuluinafia conventional RT 8 tn3dluasaiden n3a 30 tn3dlu 10 A3 azdla
a < X o a o A X ' oo c a X
BED (W1 14.4-39 Gy, MifimnaniihSunadidfigeduazdinalidanniineuauauszaivgulinuziaiadn

1

o A

Y g o Ao a ' & o a = A& s Y
121 uaﬂ%’]ﬂuﬂ’]iaﬂUi\iﬁ@’lﬂﬂi“’]m(ﬂaﬂiﬂfﬁﬂ FIRINRAGDNLLINNADINR DU melanoma ez RCC a3

' { ° o Y . =
athilafiana gasnlglunisdruan BED i luldun linear-quadratic model (LQ model) Faidun1imaaas

« o

I gANTWIMINNUTU 1 TR AN SINONYINa 891N DNA breaks %38 chromosome aberrations L¥i11% Tuamenns

U

'
o @

& = [ a A o A A o o \ A o =
M EPITAINZLTINNM L TIFIINATa SBRT A1hdsdu gndrayudis 114 nasafaagninaignisg
(vascular or endothelial cell damage) i l#lTasuziSenaioauiasd Laziian 1 sUfowulasvesFauindonsay g

LTARNLLS imﬁuﬁmnﬁumsﬁwmmaaqﬁﬁmmuluiwmU;ﬂi}”ﬂ 28L96atumor antigens ¥l EIN1INAIENT pro-

(24-26)

o

. . : 1% o & ¥ an o
inflammatory cytokines aanan mwasl‘mma&fuu%agnmmymﬂmu wananh Gﬁﬂ’]iﬁﬂ‘]&ﬂ‘ﬂ’]ﬁﬂﬂ%ﬂ a%ﬂa%u

ImImevemaiuniidieIfina1i (ndirect cell death) la'ldaglugasnisduimde LQ model asiun1sld LQ

o Y A ° ' a (26, 27
model a’]"iW]’]sL‘VﬁﬂizLNuﬂ’]iﬂ’JUQ&IIiﬂ(ﬂ’]ﬂ’J’]ﬂ'ﬂﬁJLﬁuﬁ]iﬂ( )

o A o a

3) @InAARN (Clinical aspects) N1IABTIRGIBINATA SBRT “anantiNaussimainstiafiaain

o o A

spinal metastases laagnadds=fnFamnuan mmmammﬁumsmuqﬂsﬂ LRZAANATIILALIIINNITINET LAKE

9

=2 o o A e o A v 1 (28) ' saa 2 Ao
NMIFANBINRLLNINDDUIT LN UGNHQULHQG"H’]ﬂLﬂuL'ﬂﬂuﬂﬂaumqﬂlﬁN aU’Nvlﬁﬂ@Nﬂ'\iﬂﬂiﬂqj"]lliqllﬂqu?ﬂU

qu Dd’l v & =2 a a a a d‘y 1 ' dl a o
%a’]il“ﬁuvl(ﬂ?ilﬁLﬁuﬂdﬂizﬁﬂﬁﬂ’]WLLﬂzﬂ'ﬂ’]Nﬂaﬂ@ﬂUﬂladL'ﬂ ABAUBEIIADLEN I@]Ullﬂ(ﬂi’]ﬂ’]iﬂ'.]ﬂﬂlliiﬂuﬂ:ﬂ’]i

38)

' o o ' o { ' 28- g
muauannsthadauinegs fia 84-96.8% LLazﬁamwmsmﬂwamuﬁmﬁ;umﬂuﬁa 5% “* wanan® nsans

o

FIFRAIHIAAAINATA SBRT £373880 Lan1&n13.Aa instrument failure @@Ll Ay UNUAITANUTIRGILLNARA
< a (39)
AILAN

o Aa . P ' o o A ' o A A ' '

#i 2871iin1zspinal metastases 813N IUNIN LN pl9978228U 9370628 nIaNanINTINNLBaUID

= ' ' % @ R @ v % a o o
‘HGKGNQSL%WLNK’]M’ISQYIHWaﬂ’]iiﬂ‘iﬂ"mjElﬂ’]iN’](ﬂ@]vL@] i'nmumaswmﬁ)mlemummw UidﬁﬂiLQMﬂizﬂﬂﬁu%ﬂdN’]

dau datun1saeisddiomadia SBRT Sadandunundagaiudednldindian thasaniianuudugngs
a o A o o o @ A v o A ' o o [ A & o @ I o o

smanmaadinuRlldeinziayiesldiuifadenld uazdaudunisinsnliduas duolddndudas

WTUNNIIN N Tl Ine U anSaa N RaL CRtRE LSRRI pwante lasldiaadenio 1 a1 wazes

mmmﬁﬂm"’[mzijﬁgﬂ WD gljsluizmwsaumﬂﬁmmﬁﬂwﬂ'@] Ta leﬂﬁiﬂLﬁuﬁaowq@ g1LAd WaNaNH N1y

a o

JFaemnatafair ULﬁU%’ﬂmvlmmz@ﬂLuaomﬂmaummmsmmaﬁﬁmmmﬁﬂ maum@mawwz@‘hLmﬂ,ﬁﬁiaﬂiﬂ
o = o o o Ao v A Y a ]
U afsmunsniimsinmdisseiiihdadeldlaslidunatiaidowdadnile

luudvodiarsgiuz mamoisddinimaiia SBRT dalidanududnidaifiouny cEBRT 7 100,000 per
quality-adjusted life years (QALYs) gained willingness-to-pay (WTP) threshold antiuwlunydliil median survival
=11 months N8 SBRT 9283101 <100,000 USD per QALY gained a9%uasiin1saaidanyl 1o nua1iuns

4

o o PN < 0 ' ' R o o A ' .
Snwaomnadaiadiamunzan * adnelsfa drlgsralunangsidaasinaiin SBRT 1uﬂizmﬂv|myvluqdmmu

mseFuuuandnludsmasnizawing Sslimunsalddasvdidaindsmasnizowwim e
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kP
auss IWn13TNEIAE spinal metastases AnaRANIIAYII SBRT

AURRRIN mﬁ"awﬁ'uﬂi:Lﬁmm:ﬁmimﬁmﬁﬂmz%w%'u;jﬂ UG RSTE I@Umﬁyﬁagamdﬂﬁﬁﬂmaa

@ o o o o &< Xa = @ @ . X o UX .
aﬂ AULNSAN TS aamhmﬂummy mmlmiﬂﬂmmﬂmﬂm’mm mlaU\i“ﬁLLazLLu’m’]ﬂumﬁﬂHWE\llﬂ'msplnal

metastases 1@ UHEUVLﬁ AI91319N 6

(17, 29, 35, 38, 41, 42)

4 S o o L a a .
A1319% 6 @lqiﬁ\iﬂéﬂlﬂmsﬂﬂ']ﬁlaﬂﬂl:‘??l/']Llagﬂﬂaaﬂﬂﬁﬁﬁﬂﬂ']??ﬂﬂ']gf')ﬂL‘Ylﬂ%ﬂ 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
4) Patient refused surgery treatment
4) Patient with < 3-month life expectancy
Disease 1) Histologic proof of malignancy or biopsy- 1) Radiosensitive tumor such as MM

proven spinal lesion
2) Solitary or oligometastatic or bone-only
metastatic disease

3) Radioresistant tumors

N

)
)
) Extraspinal disease not eligible for further treatment
3) Significant or progressive neurologic deficit

4) Spinal instability or neurologic deficit resulting from

bony fragments

Radiographic

1) Spinal or paraspinal metastases by MRI
2) No more than 2 consecutive or 3

noncontiguous spine segments involved

1) 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

Previous

Treatment

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

1) Previous SBRT to same level

2) EBRT within 90 days before SBRT

3) Chemotherapy within 30 days before SBRT

4) Systemic radionuclide delivery within 30 days before

SBRT
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mi ldlan1eadin (Clinical applications of spine SBRT)

mMsansnenafinnatsnisdanen lanenudsz@nSanwasn1sana39® spine SBRT ggaﬁa 77%-100%

(42-59)

o ak o & o Y a A
I@]Ua’]ﬂ’]iﬂl@]uﬂ@ﬂluiuna’] 2-4 ﬁﬂ@’]ﬁwaﬂﬂ’]iiﬂhﬂ LLazﬁJizUzL’Jmluﬂ’]iﬂ’mQuiiﬂﬁiamﬂﬁiﬂ’l(ﬂﬂi‘:&l’]m

(45, 47, 54, 55)

6.5-13.3 LAian AN EUIIULUUNIALTURAINNIANUTIF spine SBRT 4 laun 1) nMIAsuLaINIEgN

Fuanlnaifesn 'l U9 (untreated adjacent bone) 1% pedicles Waz posterior elements WaE 2) NNTANTUVD

]
A o

. ' Aa ) [ o A a A o v o A a H ' Aad o o A
epidural space ﬁ?uﬂ@]@laﬁuﬂiza’]ﬂvlm KRUARI ‘Ii\‘iLﬂuUSL’Jm‘HNﬂvl,(ﬂillidasluﬂill’]m‘ﬂ(ﬂ’m's’] Ga‘ﬂ(ﬂadﬂﬁi’ﬂﬂ% LN

Jaanutdudszannlusunadlaliiin tolerance lasian1zag198991 3202919324319 planning target volume

v ' 29, 52 > o o v o A & a o '
(PTV) wae neural structures %#agn1i1 1 llll.( )11,&"/]’1{1(7']307"1%"1]'11] ﬂ’]iiﬂ‘i&ﬂ@’l’]ﬂidﬁlmﬂ%ﬂﬂdl,ﬂm ARUWLIRNT

o A { (% o A [ & (44) o [ ' Y ° [
ﬂ’]LSUﬁﬂiz@ﬂau%aﬂuiijlﬂaLaUﬁLﬁUﬁ 5% N ﬁ]ﬂﬂﬂlaga@mﬂm's Sahgal LLazﬂmﬁd‘l@] LLuzu’]l‘ﬁ ﬂiauﬂf‘!a\]

nazgniudunlndidsanunizgnaunaanfisanlsa Liu adjacent posterior elements 63 weilidndudasaroagy

o o o d a_ a (29
ﬂiz@ﬂﬁuﬁad“ﬂﬂ‘ﬂa%(ﬂ@ W

A13aN8398 spine SBRT aansaudsaanlaidu 4 anwmue I@ULLﬂomwé'ﬂHmzmachﬂ 28 NIIINW LA

Y o & (29)
NANIIINTT I

1) M3A1239% spine SBRT Twitleilsiiaalasuss@aunaw (Primary treatment in unirradiated

[

v . X { 2 v A o . % ' ¥, o
patients) lauiTa19TAILFAIIHAITIIN 6 T19AU TINANITINBIANIE spinal metastases 1u;dﬂ Funguieani1ef

o

43-45, 57) o
by mﬂmsmuqﬂmﬁammsﬂ’m 90-100% ' )

A 2ndulngjinudanssd lufl neurological deficit waid11iu
mazludundanari wia MESCC % UNUIN84 spine SBRT dildtatauuazdulngjorlunuidonaiin lu
myRIsnlanITnsinmmnzaudndudasmduanaguuieddiniinainuazeinuaasvadgy 2o
TNV MRI (ANT1991 1 WA 2) NTANBIVDI Ryu LazADE 1u;§ﬂ 218 MESCC $112% 62 51891 16 3UN155n 131
¢n8 SBRT 12-20 1058 (median dose 16 tn38)) luasaden I@]UE;T‘JJ 28N eindeulssdas (>4/5 muscle power;
neurological grade a-c) WL31 mean epidural volume aAR94 65% NITHZIAT 2 LABWRRINTITIN® WAL 35% 4

. aX ' Ao o W Aaa & =a
complete disappearance 18 thecal sac patency @UHaINIWYRIAUNWRAG BONINNY 21NNV TERINNG

o
o o

X e (6) . . : 4 o .
VLDWNW @I radiosurgical decompression Feonadumafennialumssnmn spinal MESCC
« A& | e Ao & o Ao a ' & A AL wa
uma‘n@amasaanvlﬂﬂiﬂwumﬂmimmoamyﬂimm@lamagmaz BED gy duiilugmantavos
iwafa SBRT 3NNNNIAN®IVAY Gerszten LAA he VL@TSWmwuwamsmugwmmiﬂmgoﬁa 89%-96% 1u;§ﬂ 28
Y v o o ¢ & a (58, 59)9 o a4 o o =
RCC wag melanoma 1 l@3UA1T3NE1628 SBRT 17.5-25 LnsdaTalaen luvuasdsrnununsansnae
Chang LLazﬂmzﬁvLﬁi’lm’mﬂizﬁﬂ%nﬂwﬁaluﬂﬁﬂ’mQumﬂﬁﬂ’mlugﬂ Q8 primary Las metastatic spinal sarcoma
M oo [ 'Y & o o (60
PldsunIanesiieay SBRT16-45 138l 1-3 a33 dwgunn ™
MIHAA salvage surgery MERAINIIMUHITONAULTLNIGONIIAANILUNINTOURAINIAA LT LHARIAG

PIUTT WA RIUNITAUTIRGBINARA SBRT %hib ANAN19N1TIE1 V0981 TIFRaN8AANIS (multi-directional beam
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o

= v ada @ Py
[N ’1%1% V]']l‘lﬂﬂill’]mj(]ﬁ‘ﬂ NIRWIUhBBNINLUD

a & o Aa ]
arrangement) NNILIN AU lYFIdmnang iaUIiﬂsﬁ\‘]a%

= a % o Ao a & a A A a o A Aa o A o o v A @ A
LﬂiUULﬂUUﬂUﬂ’]SQ’] HWRAIULNAUAAILAON sﬁdﬁlzllﬂill’lﬂﬁx‘iﬁﬁd'ﬂN’muGUSL’Jm“/}’NLm’WﬂGa’]Nﬁ @GLL@@\{LHI}’]WV} 4

U

(b)

a o [ o @ 5%
ﬂ']w‘n 4 L‘]Jﬁ&mm&mllﬁ&l’]mwa‘ﬂ 'lﬁ%\?ﬂ']ﬂlﬂ']?.la\?a']‘iﬂa Q']nn']‘iﬂ']ﬂiﬂaﬂ'lﬂ

watkha SBRT (a) waz conventional RT (b)

2) msaesedsr ludlaiiaalasussRannew (Salvage treatment in reirradiated patients)

o o ) o o - & L9 \ A . . .
MUARRINTTINEN spinal metastatases A28NNIANLIIF aratiases lsadulnifluduniadunsadrunislng lay

7N a 5 da . v 1, 62
ﬂqll(ﬂﬂ’]iﬂiﬂ’]?m maﬂswmﬁmu (in-field recurrence) ﬂ%ﬁ 2.511% LLawNﬂLﬂﬂl‘bﬂiﬁ]\‘l 2-40 \@ AUARINITAN Uix‘iﬁ 5%

dﬂ/ > = o 1 1 & A o o Q) = % a qq’/ U o '
HONAINHIUNIIINBLTAVLLIIVIIAIUHAUI TR SIATHLUAZAIAD D1V IR U FUARI PUUTI T bATUTIR b1
a s A o o o o A & @ & o @ o ' a a
USinawnils Samnviudau (overlap) nunianefafluasitRatiu unndazdaszdaszinduasnebs innzdiinm
TFazauf lugunasnaniiuldaiavialfiian1as radiation-induced myelopathy (RM) lef dstiuludd annduiiars

NINTNTINENGILNTEG AN BWNNTIYFIT oIt R N109nTHA A

v
=1

gt lsAany dnaemsdnen ldmanuds@niniwuainisinusnels spine SBRT 1u;§ﬂ ANFURFINITT-

U

(46-48, 51-54, 63)

100% Hamilton LLasatwe Lﬂuﬂdmnﬂﬁﬂﬂdﬂuﬂi:ﬁ?ﬂ%ﬂ’m“ﬂmﬂ’]ﬂ“ﬁ’ linear accelerator (LINAC)-

{ 46) o .
based spine SBRT IHNII 2WAIWIN5 T8 LLawW‘U'ﬂ‘ﬂﬂ?Wﬂ&lﬂ?iﬂ')llﬂlliiﬂﬁd { )L“Iiul,ail'.]ﬂﬂﬂ’liﬁﬂ‘iﬂﬂ“llad Milker

47) = 19/
LLazﬂ’\SﬂﬂH’IﬂJad Gerszten LLAsAWEDILD

wazamedsldinaia IMRT lag'linuniizunsndonsrous
. o ° . . A o o o A ' (53)
Cyberknife IGRT lurj1) 18§14714393 118 (500 spinal lesions) laufiFl 1068.8% Laglaiunisanssidanran - Lu
[ & Ao v o & & a o A A o o . a
AMTAINBTIRD WNNITIRTNB1AITA 09T 9US N o azaufl A WA (accumulated spinal cord dose) USaunm
J9anazlw (current total dose) LLawﬂimmNamamamU (dose per fraction) Lwaa@Iamamim@mL RM smm'fﬂ

X o a (61, 62, 64)
aduluszaznadudanniaidudnanainsanuses
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3) nIaneSiEmEsavasangiielasun1sHaa (Adjuvant treatment after surgery) N13ANEN VD9
Patchell wazaAmzlduaadliiiuianlszlozives adjuvant EBRT (30 tn3dlu 10 a%9) lufu 1uMESCC lasiAy

. A o a o 65 ' ' @
ambulation rate 311 57% Liu 84% wazlAudaN1Ieadiacs © arnalsia Kiekiamp wazamenuIIN1IN

(% o o

A g o a { ' ] { { [ o 66 @ '
2035% g98 mwmsmlﬁumwwzﬁzjaag n&12fe 69.3% 7 1 3 uaz 96% 7 4 1 nasn1sne © waalWidinia
e A a ﬂq: a £ a o A a 1 =3 U
mimmoamﬂuﬂmmumUﬂsmmmaﬂnmmﬂummsnmuqukmmﬂmwzmﬂ@

AAUNIAN W LA B9 RUTZENT NN 89N13IN W68 SBRT NMURAINITHI A wudwé’mwmimngﬂiﬂ

(49, 50, 56)

59719 81-94.4% 21N systematic review WUI13282LIRN1TZRAIINIIANYTIN SBRT NUNTHIAG A2ITH19NY

(67

a % '

' o [ § o ,68) 4 & ' a
289U 1 aﬂmﬁl,ﬁaaﬂiamamimﬂmaumiﬂmawaumam@m )‘HGKHﬂ'J’]izUZL'JR'WSE]ﬂQUﬂﬂ(ﬂ'ﬂ’]ﬂﬂﬂU

WRAWNABAAIAN AD 2-4 FUAA NIBLHINNUINUTIFNRIRIIRINNI T8 L InaTka SBRT %a Uﬂ’J’]@]\W]vL@]
' Y ] = a [ > ~ ' & = o P Y o

NRNINILLRT LL(ﬂaU’]\‘ivlSﬂ@] mimadmsm@ma’mumﬂaqﬂmmmﬁﬂammmwal%mww"l,mmmimaaamimU

JeFRaNe w1 (metallic artifacts in computed tomography (CT) simulation or MRI distortion) il ldaunsa

frnaduninTalansssdulszan luawraduaz/mIanauanieldag1auaingn a9t CT myelogram 348194

Uazlppitlunadiil uanantinafigUnaaifdulansludadd oludrunsiivinienaisd dsanarIdifadynidu

A

NI IAUSIN SIFS 28 (dosimetric error) NNIANENVaI Wang uazame wuiilansifowltde titanium rod §
AMUAWLIIIYINAY 4.5 glem® F9vn1RUSIN mSIRUS I I a3 9 water phantom fulane ga‘ﬁ(u 6% INNKA
284 electron backscattering Waln1INAUA u’%nmﬁ'ag’ﬁé’d@iaiama:ﬁﬂ?mmﬁﬁa@m 7% 189270 photon
attenuation LANTIRLSIFF AL IMRT Fedfiananindnaessrssinaroianiauszldinafianisusuanadui
TUTa% wudwmﬂsl*fmmﬁmuuuma\mizgﬂ (bone density) G9L¥inriU 1.82 glem® 1T ldunwil (override) 818190

. . W o (69
8¢ dosimetric error 7 @ ©9

a o aa

fWTUAIE MESCC mydnasSainmssai lsssaslsausnmies lnanuidnszanlodwnas anavinle
U

wn

a o & { v oo & 4 e , , X 4 . v
ansisuanizfanuanle ﬂauuﬁoﬁﬁq\} BUNINIAALULY “separation surgery” Ui 3 Moulding LLREATbE 4

'
A o

afununsEnaaanE et INd A SHN AL Na AR BANTA ﬂwmwﬁ'ﬂ"ﬁqﬂnitﬁﬁ@La%ummLLﬁaLmlﬁﬁungﬂé’u

AR (posterolateral decompression and instrumentation for epidural tumor decompression and spinal fixation) lag

o ¢ o a ' ' o & o . ° Y Yo A Y < v = A
N]ﬂqﬂizﬁﬂﬂlﬁwU\TLWaLWNizﬂz'ﬂ’]ﬂiz'ﬂqqﬂﬂﬂuNZLiﬂﬂU spinal cord an‘lﬂ ﬁqﬁqiﬂlﬁjﬁa‘lﬂﬂdﬂ aull:LiGVLﬂaﬂ'NL@]N'ﬂ

1 o v v < (56) v o @ . ° P
I@] UVIJJ"QWLﬂu(ﬂadl.a']ﬂaull:lﬁdaaﬂ“l]@l LLazvlﬂﬁUa’mwaﬂﬂﬁﬂwﬂuaﬂ Qg spinal metastases 3IMWIW 21 318N

o °

N1AAUUL separation surgery @d@28 SBRT #aIn1361aa 18-24 1n3d Aaannisinisuianiznn 1 dwvinny 9.5%

A @ o

(6.3% §Tl 24 in3d ilBuny 20% dwiudTinmiiEndesndn) laswuides 1 nefidazunindeuiuus fe

grade 4 esophagitis ﬁﬁgm@ (fistula) Az dudadldTUNITHN 60 FEAARBINUKNANNIANENVDS Laufer Lazamis 11

I}
A A

H1 28186 118 wulidann1siuSulawizni 1 divindu 16.4% (9% dwnu 24 1n3Sla 1 A39; 4.1% §1ATU 24-30
& o o & (70)

1n3dlu 3 A39; 22.6% F1%IL 18-36 LNTHLU 5-6 AT)
& o Aa . . AV o o L e oA o A o
“anaINN 1u;dﬂ 28N focal, osteolytic spinal metastases fligunsasnenalsnIHIdanIaana 9T e

59800133 8162837 thermal ablation 1@ Uifﬂﬁuﬂ’n&lﬁ%ﬂtﬁl (radiofrequency, RF) aawlulasian (microwaves) o)



d { . . . o o L% ¥ o
ﬂﬁmﬁmﬂ’;’mﬁqo (high-intensity focused ultrasound, HIFU) 81%UU33tN1810131729 I@]Uﬂ’]ﬂ“ﬁﬂ’nlﬁﬂu%d 60 ¢
A ' o ' & = A % = a o ' o o v a . A A '
RIDUNNNAINLNDNILDTRIRNSLI mamﬂmmwLﬂuqmﬁgumm’] -20c LWﬂsL‘IMﬂ@] tumor necrosis NLIYNIN

A (% @ v A . . . & s 1 A
cryotherapy Fanskianuiouaisinaiia image-guided RF thermal ablation (RFTA) wutdun13inwad19ndh
o @ & ' . o oA, & =] o '
mmukmumaﬂmmmz@n LDW osteoid osteoma Lmﬂulﬁl’i}“uuﬂ a’mﬁumua aﬂ%%dluﬂ’]iiﬂiﬂﬂ NIILNINITINY

@ & da @ (71) (% v  ad . o
E\| mngﬂmm@Laﬂ‘ﬂummiﬂmmU Groneneyer LA LY vL@]Sﬂ‘H’WYJU'J‘E image-guided RFTA 1%2&1] 2810
' Y ' @ a P o (72) Y
Y WU’J’]K’]&I’]SGQ')‘UQ&Ia’]ﬂ’]iﬂ')@]vl@] 90% I@]UVLNW‘]JNG%'NLﬂUd‘ﬂ?uLLidﬁ]’]ﬂﬂ’]iiﬂ‘i&ﬂ Deschamps Lazathe VL@]
TBNUNANTINH683T thermal ablation 1srauunlugLl 1889 118 (122 bone metastases) WU auui TN
< ' A . \ Aa a ° o o o aak
UUIALANNIAN 2 TU. LLavallllﬂ’]iB;lﬂla\‘i cortical bone LﬂuﬂQNﬂMﬂ?SWUWﬂSmﬂiﬂﬂ ANICRINIUNIIINBIAILITY

£y [ o o . L. 73
uazANATI9ABI9INNNINEN grade 3 W9 3% duldin bone necrosis W&z nerve root injury
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wakalun13a1a39d (Radiotherapy techniques)

= (5% (32, 33, 35, 74)
33”‘]Jl>ﬂ$ﬂ\‘lﬂa’]£l3\‘l§

1) Linear accelerator (LINAC) system lagld multileaf colimators (MLCs) 1uﬂ’13ﬂ§'ugﬂi'wl,l,a:ﬂ’nu
Tuvessn I annvldin SsFannan s fienansssinud st weazasszuy 1 luelgEn R 7-11 feniedae
wafia IMRT W38 volumetric arc modulated radiotherapy (VMAT) 2-4 arcs LAZINILNBNITAN a59flasld inverse
planning algorithm Msanesademafinitanusorinldnansniasdmomaiiafinandranuaenly leun

a. Novalis ™" (BrainLablnc, Munich, Germany) 13znauale built-in microMLC wag IGRT
system L% ExacTrac %38 Novalis Body

b. Varian’s Trilogy system W8z Varian's RapidArc technology (Varian Medical System, Palo
Alto, CA, USA) 1% MLC 357471 IGRT system 618 integrated kilovoltage (KV) cone beam CT (CBCT)

c. Elekta Syngery (Elekta, Stockholm, Sweden) 1 MLC $39AU KV CBCT tilfigant

2) TomoTherapy System (HI-Art Helical Tomotherapy, Madison, WI, USA) lasld helical fan-beam
CT-based rotational radiotherapy 3341 binary MLC

3) Cyberknife system (Accuray, Sunnyvale, CA, USA) Lﬂuizuuﬁli“ﬁ non-isocentric, robotic arm-
controlled LINAC system I@Uﬁé’\ﬁﬁﬁ]zmu fixed-diameter circular collimators ¥#1@ 0.5-6 4. LASDNRNLINN
WANUTIANIIHIM compact LINAC ﬁa;‘jummu*vjuyuﬁ we ladin1sdsuan e 981398 ﬁﬂﬁiﬁﬁmauw@u

AauuziSelad (conformity) uaSunmssdlunanldasiniana (heterogeneity) Liiatfisununi3led MLC-based LINAC

system
N1991889N1IAYIIF (Simulation and immobilization)

N1I180IN1TAN YT TG computed tomography (CT) simulation 1 slice thickness \¥inAy 1-2.5 mm
20N Y immobilization device ﬁﬂ%?ﬂﬂ’\iﬁ‘i‘@ﬁ’mwmad%ﬂ 18 luadnazldskeletal fixation under anesthesia W@t
adA % . . o & o X waa . . e o o N
A5ndautna invasive Aatiului1u3 41935 frameless, non-invasive positioning method la sl 1uaznnanlwaglu
NN sauLazaLN Y LWialRe ;ﬂmhmuﬁmﬁ'unni’u (reproducibility) uazaan13a8uluIzninen1sanaTai
. . . 46 . [ . . . . o
(intrafraction motion) ) AsAnHIved Li uazamzldnasay immobilization devices system 3 LU laun
evacuated cushion, vacuum fixation, W&z thermoplastic mask AJLRAIMAAIWA 5 WUINNNTIE near-rigid body
. - . . ! . P i i 9 A A = o o & )
immobilization with vacuum fixation d intrafraction motion %8 UNga aa 2 2y, Faunstihldleen 2 wn. ddw margin

o & < (75)
#W3U setup error v 11

20



AN 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.

#anNd 11311 MRI spine S3T18TAUWNSTIFIN B @10 TDANAUATa LI AVBINaUNLLTI TN spinal
. o @ ° 1% o A o o I a V. v

cord Wae cauda equina leTaLaK KnlAa NI IR M EIT o uNZITILAZRALWAN critical neural structure ‘L@@ 19
wiingn aelsAady 2svenslimanmiiMRri 1 g §U endesesnszduinlanianaanuay udu wazlu
ATAANBRAINIIHIAALFLATe 988 instrument fixation FINAGBAIN MRI (MRI image distortion) K FLARENHEN
a ° A v & . % 3 & ' °
WINTUINT CT myelogram LN al#1Au neural structures Tu spinal canal TALIWUL ANITN® 1432%319n15%11 MRI
;Eﬂ 'mmmgjluvhmuﬁmﬁ'uﬁ'umauﬁw CT simulation laga13a¥in MRl UMLALILUS LLazﬁ'ﬂﬁﬂpjﬂ 28938
immobilization device TwLABINWNLABWNTIN CT LWaaa fusion error 31N misaligned spinal curvature MNHBUININ
MNNFNNA1¥N CT simulation kag MRI (gadolinium contrast T1-weighted and T-2 weighted image) w3a CT

myelogram an kw1 nuasauavaIta wNSILAZIBNE AT IO 9

° [
MIMARAVBUILYANDWNLLSS (Target delineation)

Aa

lumstwnavavevastawuzsoin $35U§iasasuuy laun 350 (1) mstmueveuisaauiawuzss

a ' a A Y & d & . o o (53, 54) P .
LNENBENNLA 8 Aa gross target volume (GTV) UMDY NaBULLWNNLABIINATWIANY IR lasf planning target

(47, 53, 54) (48, 51, 63) a

volume (PTV) 8139Lvinnu GTV WI0VLE 2 YN, — 1 T, 39U GTV Laz359 (2) MItruazaua
983 GTV azdululuansaafonnu uddnsiwnuaveuivaved dlinical target volume (CTV) ALAN potential

. . (44,52) &4 aad [ o =2 A o A -
anatomical extension PIVDUFDAANDINUNIIANEIUBY Patel LLAZATUENITRINAYIIRLDNIE GTV ﬁ]:ﬁllIﬂﬂ’]a
(76)

A

nnautdusIanIzNuINNIINITABULUL whole vertebral body ' wanand 694 guideline w4 Radiation

y A - - '

Therapy Oncology Group (RTOG) 0631 @414 ongoing trial AN USauAsUIERININITAN8TIFLSANETIN
, o e o o a ¢ o o a & A & a1

WNINIENBINSINTEGNFURAIGIBINATA SBRT 16-18 1n38 nunanoTFuuUandu 8 tnidluainded lag

e b IAaLdn lewn 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 W&z <5-cm paraspinal mass lag ldlauaisn1y
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A, =

fRUAVALLYA CTV AIUaaILBATWA 6 NaAa involved vertebral body WAz left and right pedicles lunsaififiua

Ada

vertebral body lesion (mwﬁ 6a) dulunsdiniseslsan pedicle TIua28 CTV 819ATAUAYA vertebral body Uae
. . 3 o ] A 2 . . 9 &N o o =
left and right pedicles 4NNV (Lﬁuﬂi:luﬂ’]‘ww 6b) 13I87INNY anterior and posterior elements @7 87 L6 (Lﬁu‘n‘ulu
P X | o a & v = P . a
NINN 6b) muagﬂumi@ﬂmm E]GI?ﬂLLN:’Jﬁ]’]imty’]m“UE]GLLWV] Uﬁdiﬂ‘]ﬂ"] LLaz‘H’mlISE]UISﬂ‘Yl posterior element LN g

ae9L@ea CTV @a spinous process and laminae (MW7 6c)

(a) (b)

ANN 6 Diagram of spinal metastasis and target volume: GTV (l.l,al,maﬁ’l) uag CTV (Lé’%ﬁmtam%’uﬂsx)

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.

w8N9N#t International Spine Radiosurgery Consortium %aﬂsznauﬁ’m@%m%n@ 711 SRS 3NNWaNY
an11w i Lawe consensus guidelines for target volume definition in spine SBRT Gg)I@]ULLﬂG vertebral body a1
anatomy aantilu 6 sectors asugaslunnd 7 ldun sector 1 fa vertebral body, sector 2 &8 left pedicle, sector 3
fa left transverse process W< lamina, sector 4 Ao spinous process, sector 5 fa right transverse process Wae
lamina, WAz sector 6 Ao right pedicle lag GTV nanofs gross tumor Vi‘iiaﬂiﬂﬁ epidural L8z paraspinal
components &% CTV laur cTV ﬁi‘mu@, spinal sector ﬁ?ul,l,azﬂ"ml,ﬁm ﬁaﬂﬂiﬁdﬁ 7 i’J&Iﬁ?\‘i abnormal marrow

signal Nasaeind microscopic invasion W8z bony expansion 7% subclinical spread laswAniass circumferential

Ada

cTv nlaudanseuidulszan ludunas snciulunsdiifseslsnlunn sector w3ail epidural disease Aouvaw
. = & . [ o e
spinal cord 4 PTV avauaqa GTV uaz CTV Ninaa 1aua13aveny margin ldi9 3 uu. 3809 CTV uazdadliny

daunuidudszanlasunas las margin 019UsuRawladiNaldiite319321919 dura Uz adjacent critical

Y & ¥ @ s A . . Y 52,79) o &
structures LAda4ATALARN GTV NInua wanani wulinanauidudqf paraspinal tissue 16313 5% G2 Gain

{ . . . v (32
lunsding paraspinal muscle involvement @13U818 margin 5 Yd. 70U 96018 @
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Cervical Thoracic Lumbar

/4

ATNN 7 International Spine Radiosurgery Consortium anatomic classification system for consensus target

volumes for spine radiosurgery lagmuwaa1uaILvBiIzassaslsa

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.

®13191 7 International Spine Radiosurgery Consortium guideline for spine SBRT CTV delineation

GTV involvement CTV recommendation
Sector Description Sector Description
1 Any portion of the vertebral body 1 Entire vertebral body
1 Lateralized within vertebral body 1,2,3 Entire vertebral body and ipsilateral pedicle/transverse process
1 Diffusely involves vertebral body 1,2,3,5,6 Entire vertebral body and bilateral pedicles/transverse processes
1,2 Vertebral body and unilateral 1,2,3 Entire vertebral body, pedicle, ipsilateral transverse process and
pedicle ipsilateral lamina
1,2,3,5,6 Vertebral body and bilateral 1,2,3,5,6 Entire vertebral body, bilateral pedicles/transverse processes and
pedicles/transverse processes bilateral laminae
2 Unilateral pedicle 2,3 #1 Pedicle, ipsilateral transverse process and ipsilateral lamina +

vertebral body

3 Unilateral lamina 2,34 Lamina, ipsilateral pedicle/transverse process and spinous process

4 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.

'
&

fRTUNIIH SBRT @NURRINITHIAATH GTV AN anNtSINAR0 0 NAMILAIWEIUTIRNAIHIAN 8%

U
CTV A3auAgy GTV Uaz tumor bed la8an A MWD ITIRA B URIAATINALRINATIINUTZAINIHNGR Lapnald
o« W . . 4 . &
4n'lai37% cutaneous WAz subcutaneous surgical scar ma;ﬂu conventional EBRT portal 3704 w818 PTV
margin 1.5-2 44. 38U CTV IHafI I setup error, image fusion errors, contouring uncertainty, potential

. . . . 32
intrafraction motion, LLa& mechanical errors 3710 IGRT system( )
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mMamunazaUaLazINMIITEMIVDIgIzd1ATYD191ABY (OARS delineation and dose constraints)

(77)

80, v A { o o o o > @
RTOG 0631 wae AAPM TG 101 ©0 vL(ﬂaﬁll’]ULﬁU'Jﬂﬂﬂ’]iﬂ’]ﬁu(ﬂ“ﬂ€]‘]JL°IJ(§1E]’)EJ’JZE‘T’]ﬂfy“U’]GLaEIGLLﬂz

ﬂ?mmﬁﬁgoq@ﬁmﬂﬁ%’uaziwa::l,ﬁw laslu AAPM TG 101 'lénan5s SBRT dose constraint #1130 1, 3 Waz 5
fractions @‘ﬁtmmlumiwﬁl 8 821 Quantitative Analysis of Normal Tissue Effects in the Clinic (QUANTEC) study

AlduuzininlwnisanoTigauinaia SBRT msa‘ﬁﬁ'@]ﬂ%mm{aﬁgoq@ﬁﬁuﬂszmﬂmé’uﬁéﬂﬂLﬁu 13 058

@

° o & P a [ < (81) & 1% o 7
ﬁ'\ﬁiuﬂ'\iﬂﬂﬂﬂi{ﬂaﬂ? LLavallLﬂu 20 Lﬂiﬂuﬂqjﬂqﬂidﬁ 3 ﬂi\‘i( ) sﬁﬂiﬂal,ﬁﬂﬁﬂll RTOG 0631 ), AAPM TG

v
A &

80) o - v o .
@GLLK@]{‘]SL%@HTN‘YI 8 Lar 9 uUanINNh ﬂvlﬂllﬂﬁiﬂ']‘lﬁ%(ﬂ dose constraint

82, 83
101™ wazn3@nsve9 Sahgal o %

193 partial spinal cord volume (spinal cord segment fufniauazdinin target 5-6 Wu.) LLAT conventional
spinal cord 524119 OARs A%< L% esophagus, trachea/larynx 1ia28 lasuuzinliina OARs luszoz 10 cm nifie
1 n; ! dl o o a o A o o ' qu v ] dl o dy b U
AaLazaA1N21 target volume L‘Wﬂ‘i]’m@]ﬂill’]ﬂﬁdﬁ"lﬂﬂdQ’JEJ’JZL%E\HHMI%QQII’] Ulu‘ﬂﬂ’]‘lﬂu@] uaﬂmﬂumaamuuvl@

VY18 margin #1730 OARs LWNEN 1.5-2.0 mm @28 L3nI1 planning organ at risk volume (PRV) iwatdn setup
. 1A o . (74)
error margin L2uLA8INY PTV margin

' o

TumsanaTiRsnuwasdaslianud a1 suInAuUSI I aNL Y szan luaunainule a1nn1sdne

(]

@

v & @ 4 ' o a o A = | Y ! o \ &
1%61(7’]'3“/]@1aadLLazﬁl’mﬂJaHaIuﬁJ%Hﬂ WU'J’]VL"IJ?N%% dﬂgﬂ?dﬁﬁ’]&ﬂiﬂwﬂﬂisﬁawLLGITEJVLG]UNET’J‘LLL&JE]L’m’]N’]uvLﬂ 6 LA

. . e . 81) .. o -
whe 2 3 (partial repair of radiation-induced subclinical damage)( ) Nieder LazaAthe INYINBBAIINIILNG

o

radiation-induced myelopathy (RM) $1%3% 11 118 906 1840 Mefldiunansdids Aaidu 27.5% Nan

1@&8 11 months ® WazWuTN risk of RM 61mn 1) BED spinal cord 398 <1355 Gy,(2-Gy equivalent) 2) BED

. ' & o < 62, 84 {
spinal cord WARzATI <98 Gy, uaz 3) TTUIAIRIIINNIANETIFATINeN =6 1dan @ ¥ luvmeA Sahgal uaz

£2
Yo o

ﬂmzvl@i”ﬁnmm%'umﬁyuﬂ?mm%'oﬁlu@:ﬂ NI TUTIFBIG28 SBRT haztAia RM 3714314 5 18 Wisunugy 289 b

\fia RM 14 o lasSouifisodianmiifgegaiidafuidudszainludunds (dose to thecal sac P,) wazuuzib

U 9

a o

wIMSlun TR uaUSu MR mﬁ
1) thecal sac P,,,, retreatment dose of <25.5 Gy, (2-Gy equivalent with OL/B=2)
2) thecal sac P, total/ cumulative dose of <70 Gy,
3) ratio of thecal sac P, retreatment dose to thecal sac P,,,, total/ cumulative dose of <0.5
4) minimum interval time to reirradiation of =5 months )

A Y o . . a a o < o
T9ldunziin reirradiation SBRT doses to the thecal sac Py, lasRa1sananyunmisdassnan adlv

AN 9
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®13197 8 Dose Constraints recommended in RTOG 0631 " uaz AAPM TG 101 ®”

RTOG 0631 AAPM TG101
Serial tissues Max critical volume One fraction Three fractions Five fractions
D,.(Gy) D,.(Gy) D..(GYy) D,..(Gy)
Spinal cord < 0.35 cc 10 10 18 23
< 10% of partial
10 10 18 23
spinal cord
<12cc 7 12.3 14.5
Point dose* 14 14 219 30
Cauda equina <5cc 14 14 219 30
Point dose* 16 16 24 32
Sacral plexus <5cc 14.4 14.4 225 30
Point dose* 18 16 24 32
Esophagus <3cc 11.9 11.9 17.7 19.5
Point dose* 16 15.4 252 35
Tracheal Larynx <4cc 10.5 10.5 15 16.5
Point dose* 20.2 20.2 30 40
Brachial plexus <3cc 14 14 204 27
Point dose* 17.5 17.5 24 30.5
<15cc 16 16 24 32
Heart/ Pericardium
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* 16 124 222 32
Duodenum <10cc 9 114 12.5
<5cc 11.2 11.2 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 15.4 252 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 7.4 124 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
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?1131971 9 Reasonable reirradiation SBRT doses to the thecal sac P, ..based on initial treatment )

Additional SBRT dose to thecal sac P,

Initial conventional EBRT dose BED (Gy,,,)
One fraction (Gy) Three fractions (Gy) Five fractions (Gy)

No prior RT (82) 10 17.5 22

No prior RT (83) 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

37.5 Gy in 15 fractions 42 9 14.5 18

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; Gy,,,=2-Gy equivalent with OC/,B =2; dose to thecal sac P, =dose to a point within the

thecal sac that recieves maximal dose; N/A=not applicable

° a [ A v [ L.
ﬂ’]iﬂ’]ﬁ%ﬂﬂiu’]mﬁﬂaﬂﬂa%&ltlﬁ\‘l (Dose prescrlptlon)

]
Aa

MR BALUINIUIIR (dose prescriptions) tesnauuziTadranadia SBRT Anarsuuy Nfeulaun 16-
24 \n389A3916 87 (BED 41.6-81.6 Gy,q), 24 LN3l% 2 @59 (BED 52.8 Gy,p), 24-27 Ln38ilu 3 A39 (BED 43.2-51.3
& o A9 o 2 & [V a Y = [ o
Gyy) WAz 30-35 1n36lu 5 A9 (BED 48-59.5 Gy,o) tRasnaasdiieds laun shavastanusiiy aivazdan
dafss wazdsunmednee ldsuuinen las RTOG 0631 lauuzininagneias 90% w89 PTV @15la3u
L. a “ 1a o @ o o o a o i a Ao Y & X =
prescription dose lunmeLaganulTinmsifuasalpzim et sadas liAunmnwaas NekaInnsAnENT9
[ o e X o a o 4 o [ a .
Yamada uazam Iduaasliiiuihdanniaugulmduivlinnassdildlunsinsmdioinaia SBRT lu spinal

metastases 19 Uwudﬂpglhﬂﬁvlﬁ%'u%'ﬁ > 23-24 1n58 mﬂmimuqaﬂiﬂmww:ﬁgoﬂdw@?ﬂ N AT UTU IR

& =R a 45
nhi laglifgthemslaiia Rm
NNTIUHRNITRY IR (Treatment planning)

14191744 treatment planning systems (TPSs) #an pzuu Al lunsnsunueasi w S wadlung
anusIRMLnafia SBRT Mnn13dn®1284 Gallo wazams lailSouiisy Hi-Art TPS (TomoTherapy), iPlan TPS
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NATILALIMNNTAYTITANATA SBRT (Toxicity of SBRT)
NaT19LALITTUEEW (Acute toxicity)
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lunsusinienns Tunet asnunsifiia pain flare dae LAANNNTANBNA LA prophylactic dexamethasone
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' t% a . ,98) & wa [ o {9 o .
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23%  G9u% N304 dexamethasone §WTL prophylaxis for pain flare e ldTaiausin
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NaZ9LAgg ITaea (Late toxicity)

lasnald wadhaifoarzozon1209n13an8 398 spine SBRT wuldlidas udiduaininidinadaqmnin

Tiavesrthy l6uA radiation myelopathy (RM) Waz vertebral compression fracture (VCF)
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. o . . . I . . . (99
endothelial cell apoptosis, disruption of blood-brain barrier, LLa demyelination leading to white matter necrosis
lasanwueiiasianuls MRl &a low signal intensity (SI) on T1-WI, high SI on T2-WI ua¢ focal contrast
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ATNN 8 MRI changes of radiation myelopathy. On the left (a) is a sagittal T1 postgadolinium MRI showing
the area of enhancement within the cord (arrow) and on the right (b) is the T2-weighted image showing

edema in the cord above and below the lesion (arrows).

Adapted from Wong CS. Pathobiology of radiation myelopathy and strategies to mitigate injury.

Spinal Cord. 2015;doi: 10.1038/s¢.2015.43.
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collagen damage LA osteoreadionecrosis of bone and tumor tissue nabranftazinlwanuudsusinazany
A ' 2 A A ' o (101) wa & o o o .
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(3) kyphotic deformity
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(6) Iinszgnvinanniaun1san R

(7) ionmsthaagion

v
2 A o

athilafiona TulRatudsliddatsaniaauluniain prophylactic spine stabilization AUwLNLNNYBINT
Faadadunssnesiausimaimsmenasannnsiia VCF udannnin lasanaldis percutaneous cement

augmentation procedures L% vertebroplasty, kyphoplasty 738 open spinal reconstructive surgery filer (102:109)
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