Practical Strategies and Innovative Approaches
for Improving Patient Outcome
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multidisciplinary team lunssnwinazldvaiy ¢ WU steroid, bisphosphonate,
hormonal therapy, chemotherapy Way radiotherapy 33184 stereotactic radiosurgery sl
NOMS framework® wiadaelunisindulasne Tneuszdiulu ¢ dau fie neurologic assessment
Gl epidural spinal cord compression (ESCC) grading Tun1suszidiu (gﬂﬁ 1) oncologic assessment
FafrsananmInouauBIieSIdwTemEISe (A3197 1), mechanical assessment Usgiulagly
spinal instability neoplasty score (SINS) (M1571971 2) waw systemic assessment Usglliuiaunsn
muganssdaldvielal s survival vestias (Maafl 3) wdsnTusdeyadeyaia 4 du
9maulanuLLINIe neurologic oncologic mechanical systemic (NOMS) decision framework

(ms'mﬁ 4)
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g‘dﬁ 1. 6-point epidural spinal cord compression (ESCC) grading scale

Grade 0 wziSsegianzlunszgn Grade la fn15nafl epidural usildvinld thecal sac
\do3U Grade 1b uzi5enalii thecal sac 1de3U liddnfiu spinal cord, Grade 1c ug5enaly thecal
sac 1d83U Fnu spinal cord ustling spinal cord, Grade 2 n@ spinal cord widiaiu CSF 50U 9

Grade 3 n@ spinal cord laliiu CSF 50U 9
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Radiosensitive tumor Radioresistant tumor
Lymphoma Sarcoma

Seminoma Melanoma

Myeloma Gastrointestinal tumor

Breast Non small cell lung carcinoma
Prostate Renal cell carcinoma

Small cell lung carcinoma




A3197 2. Spinal instability neoplasty score®
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Location
Junctional (occiput-C2, C7-T2, T11-L1, L5-S1)
Mobile spine (C3-C6, L2-L4)
Semirigid (T3-T10)
Rigid (S2-S5)

S = N W

Pain
Yes
Occasional pain but not mechanical

Pain-free lesion

Bone lesion
Lytic
Mixed
Blastic

Radiographic spinal alignment
Subluxation/translation present
De novo deformity (kyphosis/scoliosis)

Normal alignment

Vertebral body collapse
>50% collapse
<50% collapse
No collapse with >50% body involved

None of above

S = N W

Posterolateral involvement of spinal elements
Bilateral
Unilateral

None of above

Total score
Stable
Indeterminate
Unstable

0-6
7-12
13-18
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A13199 3. wane median survival waINISENERNZISRNANINTINTENdun RIS wTinfng 9

970 cohort study (LAow)”

wlinuzi5e AU
Lung 4-10
Prostate 10.2
Breast 26.8-40
Renal 17
Melanoma 1.5
Multiple myeloma 79

A5197 4. Neurologic oncologic mechanical systemic (NOMS) decision framework

Neurologic Oncologic Mechanical | Systemic Decision
Low-grade ESCC + | Radiosensitive | Stable CEBRT
no myelopathy Radiosensitive | Unstable Stabilization + cEBRT
Radioresistant | Stable SRS
Radioresistant | Unstable Stabilization + SRS
High-grade Radiosensitive | Stable CEBRT
ESCCemyelopathy Radiosensitive | Unstable Stabilization +cEBRT
Radioresistant | Stable Able to tolerate Decompression/stabilization
surgery +SRS
Radioresistant | Stable Unable to tolerate | cEBRT
surgery
Radioresistant | Unstable Able to tolerate Decompression/stabilization
surgery +SRS
Radioresistant | Unstable Unable to tolerate | Stabilization + cEBRT
surgery

CcEBRT conventional external beam radiotherapy, SRS stereotactic surgery (L“f]uﬂ’l'ﬁaw%J\‘l?Ig‘lJLLUMﬁﬂ
FeaunsadnnveuwavasnsaeLadaelusuniuaieizdnafes Jaaunsaliusunassdlauinnin)”
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NWANIIANEY meta analysis WU 115911 decompression %30 vertebral resection 33
fiunsld instrument TufheugianszneanauniinszaninadnanlunsnduAuvendulszam
anAulduln Welleuiun15vih decompression se aneediiesed1aien uonantudse

Y] Aa A v a (a)
LURRSINITTONVINDNAIY (ANF19N 5)
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» ) Wuwdqvad motor | motor wead nsideyIn

Modalities Patients (N) ” o o
(S0882) (S08@2) (S08@2)

Radiotherapy alone 2251 40 13 -
Laminectomy with or 2098 46 14 4
without radiotherapy
Laminectomy and 1164 62 84 7
stabilization
Vertebral resection 832 68 86 6
and stabilization

N3HNANNZISINTLAWANAIUNTLANTUNAILUULKALAN
msfiansnEdindesennszanegnainiingzgn (bone metastasis) wiazadindidusiomsny
Fousveusaznsinm dmdnmsaeliimsiidaluauldilifionnisuan weernstasiuannse
mualdFenmsnuuuudy esanidunmsfnuuuulseduUszass (palliative care) SRVTIR
Livinlunsdifidu single metastasis lesion ipsndeneniiotensonitaue radical surgery sy

guredilonmameanlsala

Vertebroplasty
THlunzi39n3¥9199namLUY osteolytic 30 mixed (151971 6) ATo1MTUA Wieilny
wnsndounnnnsld opioid uaz LileiaSuAuudusiwda1nn13vi decompression warld screw®
o MRI sagittal T2W1-STIR or fat suppression flotiauesiionsunuifosiisy s
dovnuliduysal (absolute contraindication) ¥84 vertebroplasty @g finmeinideruy
local %58 systemic, painless vertebral fracture ag Wil bone cement (PMMA) Bliﬂaalﬁﬁaﬂﬂﬁi
Unnnnsvinitensliliiunsvesnszgndunds finnznsudssveadeninuni Uinth 9 ndesyy

. 6 &

suvialalls Jevuldduing Ae n15Mi posterior wall erosion uagnazyie1asududesly high
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viscosity cement wlefulsliRimussadlululnsadulsyam, radiculopathy, iesennszangly
lulnsensegndunds, vertebra plana, AngUaauaziilalin uwazliinisszuuianuaulivgs
nsEdRfnNLAR sastsaonumienlunskdauuuidagnidu’?

Aaflunnanefuseninan1svih vertebroplasty Tuauld osteoporotic vertebral fracture fu
metastasis Ao §Uasuzifanszatsgnarmazegluianlfonnivdesliviuueuivin vie
gemaaunnd famegiiduiuunniesnn infivre wienslésy steroid Fsorauinnsinide

ed18n7 fatumlsan prophylaxis antibiotic $aufU 1514 cement wa antibiotic”

A1599 6. LanavilnveaileseniinsraeuinsEanmUanYUEN1SINAIENIEAN Lytic, mixed

ey blastic

Lytic Mixed Blastic or sclerotic
Thyroid cancer Breast carcinoma Prostate carcinoma
Renal cell cancer Lung carcinoma Breast carcinoma
Adrenal gland carcinoma Prostate carcinoma Transitional cell carcinoma
Pheochromocytoma Carcinoma of the cervix | Carcinoid

Uterine carcinoma Testicular tumor Medulloblastoma
Gastrointestinal carcinomas Neuroblastoma
Wilms tumor Colon carcinoma
Ewing sarcoma Lymphoma
Melanoma

Hepatocellular carcinoma

Squamous cell carcinoma of skin

Frsvidagiheegluvinuouat ndsnsmenaau il oblique approach transpedicular
technique fasdnvinlsiaunsa fluoroscope Wiu scottie dog wadwdu C2 w3e C1 91amedld
transoral approach 2a&1%1 ﬁnﬂﬂj’umﬁ;ﬂLﬁi’fwuﬁmﬁfqmamﬂ%au pedicle Tuvin AP Uszune
1 wuiiuns wnadiluadesinlvauioeuuen pedicle Wna 9 w3 3 Wifin1 antuuse
ufla posteriori wall fossz¥ilvilaeiiuey lateral sladu medial wa1 pedicle naam Antug
suvtislui lateral Usumuadinluww superior-inferior Walvnsmoauils anterior 1/3 904 vertebral

body & cement 2-4 ua. Lﬁﬁ'ﬂlﬂima(ﬁ] fluoroscope naeniielillsl cement $adnluly spinal canal

Kyphoplasty
wafiansyiadeiu vertebroplasty usin15%1 balloon kyphoplasty avanevilidfiuiiug

Tu vertebral body vianansadn cement lauUSunamnniu uazannssivesdiuuinssgnidily
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Tu spinal canal agslsfiniunisld balloon araviliuzisagndwdiluly spinal canal””
nAsAnEY RCT iUy balloon kyphoplasty Auissnwinuuldnisianuin kyphoplasty
Anidmanluinsanmnuiun uasnsiushvesszuuyszam™ dauntsvh vertebroplasty
e kyphoplasty Tiran1s$nuiilndidesiu (519l 7) amsunsndeuiinu fe cement leakage

WAz cement hematogenous embolization™

A9 7. LARINANITINYITENIN vertebroplasty wag kyphoplasty

N ) Husvasnis anuUIneTL | AuUanugas
Modalities Patients (n) 4 v y y
waaulng (Fowaz) (3p882) (S0882)
Vertebroplasty 864 62 89 1
Kyphoplasty 277 69 93 0

Vertebroplasty 594NV radiofrequency ablation®

Hunsld radiofrequency probe itevaneniiesen wazgALdwaen paravertebral wag
intravertebral venous plexus nialld vertebroplasty LﬁaLﬁuﬂaﬂuﬁuﬂﬂiﬁﬁuﬂiz@ﬂﬁuﬂé’&

fitouslilu osteolytic metastasis Alslanunsardneenls waziilineuausssie chemo-
radiotherapy el lunySeilafinouaussiodsdsnuvnduuisdin Wy uedudug uazuziss
seugnynn FUheuyifanszatsgnanuaningzgndundenifonnsanlaglsiiinnsnadulszam
wilimauauawie chemotherapy radiotherapy n1sindn %3e n1stviguiin devinuld fie fiae
i pacemaker w3e gunsaliladu 9 uazuziislunszgn C1-C2

Yoiulduein1svin vertebroplasty $2ufU radiofrequency ablation fe ilesonaiin
osteoblastic, m’iﬁﬂﬁumﬂi:ﬁ@ﬂﬁuwéjﬂﬁﬂlﬂu neural foramen, \Hesennszangluly epidural space,
finsfnideusnamds ymnaudsiendon nistniliduiusiunseanudaunn Snsuanin
voenszgndundaudlivin (Hosengnaiuludl pedicle wag facet joint lusnefifiilosenyiin
osteoblastic e1aidenlidy cryoablation unulasnisla -20% Ingly 17-G-gas driven cryoprobes
neld CT ua MRI

Fensunaduadneiu vertebroplasty ussf probe s1fugeall NSS vdaiass Buldndsem
WA 15 W waztu 5w vn 2 wiildds 25 w ndmnn du 5580 cement f8ammadetinainnis

3asaz 0.3 way Nzwnsngaunnuls A N1SRAMD waz N1sUIARUABdUUsS A mMSasay 2.2
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gﬂﬁ 2. uansnsunadulnes transpedicular technique kag 1514 normal saline solution (NSS)

\oRIUANEMUNYIVEY probe

Percutaneous screw fixation $2u11U mini open decompression

NANNIANYILUY case series, retrospective Wag prospective cohort WIBULBUTEWIN
percutaneous screw fixation + mini open decompression iU open surgery Tu thoracic spinal
metastases’™® wut lifiauuansslusinisfuiveududsyam uavanizunsndeu uazdsld
warntlugunsideden sternashdaiiduas nsitushnesite ssosnaniieglulsmeuiaanas

< o 1w v ] ~ . Aa
AMURUUIAVAININAUBENIT LWay U functional score NANAN

Percutaneous screw fixation $9ufU vertebroplasty

THlunguitdiesns stabilize nszgnduvdaiieanainuuin udlsivanzdu nsindauuudn
v3an13vh vertebroplasty/kyphoplasty tiedeg1adies W nsdiiifl posterior wall QnYNaNY U
m3:@n open surgery WinAMUABIRRNTEn00n

‘mqLﬁaﬂ?}lus[,umﬁﬂmml,%qﬂizmaqﬂa’mu%nm thoracic spine A9 endoscopic video-as-
sisted thoracoscopic surgery (VATS) g mini-open minimal access spine surgery (MASS)
Hunsridnunadniidvssaniamlunisanenuduian warshenisnaduussam venanty
gean1snannznIngou szoznarsnwlulsimeivia waznsideidenladnaie’” 380159
MASS™ fonsld fluoroscope Baelunsmsumislagly K-wire 119elsitniu lateral thoracic
cage Ua7 fluoroscope luvin anteroposterior (AP) Lﬁamﬁmé]’mﬁu posterior axillary line Wu3IN"3
Iavun 56 . wiuazuduwiogeda 1 1 danseandlassilegduansandin 1 head lamp wag
c-arm fluoroscope elun15vi vdniuild cage, cement %38 instrument

pgelsAnuaINAIINUMISIUNSSHREN TS UUTRY European palliative care research

network fi®een recommendation ¥8IN155nwINISUIRAINUZISINTZAEANANTINTENAUNAT
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Tagld minimal invasive technique wu31 wuzilild kyphoplasty TunissnwuziSenszategnany
inseandunds “weak for using the intervention” dw3un1sly radiofrequency ablation 5@

“weak against using the intervention” d@M3U vertebroplasty wag cryoablation @3g3dasnIs

A15AN® randomized controlled trial WnYu”

nsedaiasenviialifeussvanszandunasuuunnaian

winLiiesenlai$reuss (benign bone tumor) MR EALNAENKUUWMAT NS TE91U ot

Y
=

¥Un A osteoid osteoma, osteoblastoma, aneurysmal bone cyst kag spinal hemangioma

s

= o v

Fagndudedd CT scan m3nsiadeuinUane probe aglusumidle
. y

yilavasgunsainldlunisvinaneiiiasan®

Radiofrequency ablation

Aonsldnduauiigs 375-600 kHz W1y radiofrequency probe WinlusilfiAnALFoU
60-100°% TlHiAnnsaaneiiveslsiutazinnsmevenileidounuu coagulation necrosis &4l
probe nanegunuulnedagUuliduuuu bipolar Falusndudesiin skin pad Fserainunalv
Uinadidels  wazSsanunsansiaaougamnilédnse dwlngjaslilu osteolytic lesion usfld
Tu sclerotic lesion o19azliannsaatmudousigmedmiviaeideentd mmiuvinen
inTuthnsavdmise

Cryoablation

14 arcon gas lumsvilyi probe fimnundu lAnfeuiudeseu q swadifosen i
amalslaugavesastnszriheiiluiasueniwadisinianluradesnlaensyuinnis osmosis
Faaeviltmadiuvnih vonanidwildnszuaunisyes enzyme luwadinanufinund annfdouti
widluwadior msazaeiudsilunaruenwadduwhlifnnisuniduredeuad Tneunagld
Tuidlesensiinli$ousiifidedesouseu 9 wor uieseslsnvuinlvyfieguinudundsiae
pedicle £ spinous process suaileseniifusiin osteoblastic anald probe a7y q SUTINU
Ingszeyyinaiu 1.5 9y, spegnsva1eeguszunal 3 1y, 91NYBULBNYBIT probe

Laser ablation

unsld fiber optic dauas infrared titeliinanufeutulusuiioson waziansvhane
ileen WU coagulative necrosis Ussnamdsudildduiamn Nisdus size (nmx100 Joules
+ 200 Joules sz8ziIa1 200-600 Uil Ineazlaiu osteoid osteoma Way osteoblastoma w19
1,200 Joules fisiiaswe Torvesitnisiliie ausatmunvwevesmsraslianusamdaany
Taigredldlnil anwnsaldifuauldfia pacemaker I wazdssanliuns fardefeliansaiuvauiun

59891 CT ol



m lDUﬂ"IaOgS:DUHLTU O (2D | —

Alcohol ablation

Humsinwwuuunaduiuimdsiliumdaslinalnnsilfsasedilidudengs
Funaziieevmdennisly iodinated contrast wia ¥ venography azdavannisluasen
woanegadld neusuanisld 3-30 wa. dede fe Wianunsaivusvwianisuazsusivianeld

v
1 =]

USunaukeanasednduriuiiasenluwiniulnewnie cortical bone

A15197 8. LansIsnIssnentustaiosanluseuss

ilaifosan FBnsiuuzii

Osteoid osteoma Radiofrequency ablation, laser ablation
Osteoblastoma Radiofrequency ablation, laser ablation, cryoablation
Aneurysmal bone cyst Preablation embolization

Cryoablation

Cementation

Hemangioma Vertebroplasty, alcohol ablation

unasy

N135N¥ILUU minimal invasive L:i‘JumqLﬁaﬂsl,ums%ﬂmﬁaqaﬂﬂiz@ﬂimsLawwmmwm
mmﬁmaﬂmﬁmamﬁ finszaneanainaiudu Inelaniznnsvi kyphoplasty aghalsfinnu §adisnns
nsfnw iy uagndngiudithimdnaduayuusslovivosmaindauuuunaidng nsdonld

fanpemilafateusnazderuie lvinan1ssnwananlagliiinnnsunsndeou

LONA1991989

1. Guarnieri G, 1zzo R, Muto M. Current trends in mini-invasive management of spine me-
tastases. Interventional neuroradiology : journal of peritherapeutic neuroradiology, sur-
gical procedures and related neurosciences 2015;21(2):263-72.

2. Dalbayrak S, Yaman O, Ozer AF. Minimally invasive approaches in metastatic spinal tumor
surgery. Turkish neurosurgery 2015;25(3):357-61.

3. Kaltsikis I, Chourmouzi D, Drevelegas K, Potsi S, Moumtzouoglou A, Drevelegas A. Core
needle biopsy of spinal lesions under CT guidance: review of 79 cases. Journal of neu-
rological surgery Part A, Central European neurosurgery 2012;73(4):199-203.

4. Kaloostian PE, Yurter A, Zadnik PL, Sciubba DM, Gokaslan ZL. Current paradigms for met-

astatic spinal disease: an evidence-based review. Annals of surgical oncology 2014;21(1):248-62.



10.

11.

12.

13.

14.

15.

16.

17.

Practical Strategies and Innovative Approaches
for Improving Patient Outcome

Laufer I, Rubin DG, Lis E, Cox BW, Stubblefield MD, Yamada Y, et al. The NOMS framework:
approach to the treatment of spinal metastatic tumors. The oncologist 2013;18(6):744-51.
Fisher CG, DiPaola CP, Ryken TC, Bilsky MH, Shaffrey Cl, Berven SH, et al. A novel classi-
fication system for spinal instability in neoplastic disease: an evidence-based approach
and expert consensus from the Spine Oncology Study Group. Spine 2010;35(22):E1221-9.
Sharan AD, Szulc A, Krystal J, Yassari R, Laufer |, Bilsky MH. The integration of radiosurgery
for the treatment of patients with metastatic spine diseases. J Am Acad Orthop Surg
2014;22(7):447-54.

Jakobs TF, Trumm C, Reiser M, Hoffmann RT. Percutaneous vertebroplasty in tumoral
osteolysis. European radiology 2007;17(8):2166-75.

Jensen ME, Kallmes DE. Percutaneous vertebroplasty in the treatment of malignant spine
disease. Cancer J 2002;8(2):194-206.

Chi JH, Gokaslan ZL. Vertebroplasty and kyphoplasty for spinal metastases. Curr Opin
Support Palliat Care 2008;2(1):9-13.

Berenson J, Pflugmacher R, Jarzem P, Zonder J, Schechtman K, Tillman JB, et al. Balloon
kyphoplasty versus non-surgical fracture management for treatment of painful vertebral
body compression fractures in patients with cancer: a multicentre, randomised controlled
trial. The Lancet Oncology 2011;12(3):225-35.

Kushchayeva YS, Kushchayev SV, Wexler JA, Carroll NM, Preul MC, Teytelboym OM, et
al. Current treatment modalities for spinal metastases secondary to thyroid carcinoma.
Thyroid : official journal of the American Thyroid Association 2014;24(10):1443-55.
Hansen-Algenstaedt N, Kwan MK; Algenstaedt P, Chiu CK, Viezens L, Chan TS, et al. Com-
parison between Minimally Invasive Surgery and Conventional Open Surgery for Patients
with Spinal Metastasis: A Prospective Propensity Score-Matched Study. Spine 2016.
Miscusi M, Polli FM, Forcato S, Ricciardi L, Frati A, Cimatti M, et al. Comparison of mini-
mally invasive surgery with standard open surgery for vertebral thoracic metastases
causing acute myelopathy in patients with short- or mid-term life expectancy: surgical
technique and early clinical results. Journal of neurosurgery Spine 2015;22(5):518-25.
Rao PJ, Thayaparan GK, Fairhall JM, Mobbs RJ. Minimally invasive percutaneous fixation
techniques for metastatic spinal disease. Orthopaedic surgery 2014;6(3):187-95.

Kim CH, Chung CK, Sohn S, Lee S, Park SB. Less invasive palliative surgery for spinal me-
tastases. Journal of surgical oncology 2013;108(7):499-503.

Molina CA, Gokaslan ZL, Sciubba DM. A systematic review of the current role of minimal-
ly invasive spine surgery in the management of metastatic spine disease. Int J Surg Oncol
2011;2011:598148.

o+



m lDUﬁ"IaOS:S:DUHL‘J-U O (2D | —

18. Huang TJ, Hsu RW, Li YY, Cheng CC. Minimal access spinal surgery (MASS) in treating
thoracic spine metastasis. Spine 2006;31(16):1860-3.

19. Mercadante S, Klepstad P, Paula Kurita G, Sjogren P, Pigni A, Caraceni A. Minimally invasive
procedures for the management of vertebral bone pain due to cancer: The EAPC rec-
ommendations. Acta oncologica 2016;55(2):129-33.

20. Tomasian A, Wallace AN, Jennings JW. Benign Spine Lesions: Advances in Techniques for
Minimally Invasive Percutaneous Treatment. AJNR American journal of neuroradiology

2017; volume:page.



