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 Uncomplicated spine metastases 

• Tumor contained within bone 

• Normal spinal alignment and no fracture 

• Pain that is not positional 

• 5% can progress to MESCC or fracture 

 

 Complicated spine metastases 

• Mechanical instability 

• Bulky “Mass” type tumors 

• MESCC 
• Surgical candidates 

 

Spinal Metastases 

Bilsky Epidural Spinal Cord Compression (ESCC) 
Grading Scale 

High Grade 

Spinal Instability Neoplastic Score (SINS) 

1. Fisher et al. A novel classification system for spinal instability in neoplastic disease: an evidence-based approach and expert consensus from 

the Spine Oncology Study Group. Spine (Phila Pa 1976). 2010;35(22):E1221-E1229. 

2. Fourney et al. Spinal instability neoplastic score: an analysis of reliability and validity from the spine oncology study group. J Clin Oncol. 

2011;29(22):3072-3077. 
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Conventional EBRT (cEBRT) 

De-novo cEBRT 

 Overall pain response rate ~60%, complete 

response ~23%1-2  

 Imaging-based LC range from 61-86%, but as low 

as 46% for mass-type tumors at 1 year3 

 

 

1. Chow E, Harris K, Fan G, Tsao M, Sze WM. Palliative radiotherapy trials for bone metastases: a systematic review. J Clin Oncol. 2007;25:1423-1436. 

2. Chow E, Zeng L, Salvo N, Dennis K, Tsao M, Lutz S. Update on the systematic review of palliative radiotherapy trials for bone metastases. Clin Oncol. 2012;24:112-124. 

3. Mizumoto M, Harada H, Asakura H, et al. Radiotherapy for patients with metastases to the spinal column: a review of 603 patients at Shizuoka Cancer Center Hospital. Int J 

Radiat Oncol Biol Phys. 2011;79:208-213. 

cEBRT Re-irradiation: SC.20 multi-center RCT 
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SC.20 Results 

8Gy/1 non-inferior to 20Gy/5 and less toxic; however, findings 
not robust in per-protocol analysis, and tradeoffs between 
efficacy and toxicity must be considered 

1. Chow et al. Single versus multiple fractions of repeat radiation for painful bone metastases: a randomised, controlled, non-inferiority trial. 

Lancet Oncol. 2014;15(2):164-171. 

Spine SBRT 

Spine SBRT Indications 
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Why Spine SBRT? 

 Common doses used in spine SBRT vs. cEBRT 

 

 Represents 2-6x tumor BED as compared to 

palliative cEBRT 

Technical Considerations 

How do you do it? 

And do it safely? 

Technical Considerations at the University of Toronto 

 Near rigid-body immobilization 

• Ex. BodyFIX 
 

 Treatment Planning 

• CT Sim: 1mm slice thickness 

• MRI: volumetric T1/T2 axials for 

fusion 

• IMRT/VMAT 
 

 Delivery 

• 4 mm MLC  

• IGRT 

• CBCT: pre/(intra)/post 

• Correction threshold:      

1 mm and 1 degree 

• Rotation Corrections 

• Hexapod robotic couch            

(6-deg of freedom) 
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1. Hyde et al. Spine stereotactic body radiotherapy utilizing cone-beam CT image-guidance with a robotic couch: Intrafraction motion analysis 

accounting for all six degrees of freedom. Int J Radiat Oncol Biol Phys. 2012;82(3):e555-e562.  

Intra-fractional Motion 

Reproducibility of patient positioning during treatment delivery 

within 1.2mm and 0.9° with 95% confidence 

PRV 1.5mm; PTV 2mm 

Principles of Target 
Volume Delineation 

Epidural CTV Cranio-Caudal Extension 

5mm CTV cranio-caudally beyond visiable disease within the 

canal excluding spinal cord 
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Epidural Disease and Dose Distribution 

Multi-Institutional De-
Novo SBRT Outcomes 

Kaplan Meier 

12-month OS: 64.9% 

12-month LC: 89.9% 
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Sunnybrook Experience: 24Gy/2 

 LC @ 1 year: 90.3% 

 LC @ 2 years: 82.4% 

De-novo SBRT Pain Relief Outcomes 

De-novo SBRT Pain Relief Outcomes 
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Re-irradiation Example Case 

 72M metastatic early castrate resistant prostate ca with 

multi-level mets to C+T spine treated with conventional 

RT 20Gy/5 C4-T4 

At initial 
cEBRT 

12 months later 

 Right arm paresthesia; Bilsky 1B; SINS 7 

 ECOG 1 

Re-irradiation Example Case 

Prospective Re-irradiation SBRT Outcomes 

1. Garg AK, Wang X-S, Shiu AS, et al. Prospective evaluation of spinal reirradiation by using stereotactic body radiation therapy: The University 

of Texas MD Anderson Cancer Center experience. Cancer. 2011;117(15):3509-3516.  
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Multi-Institutional Re-irradiation SBRT Outcomes 

Multi-Institutional Re-irradiation SBRT Outcomes 

Kaplan Meier 12-month OS: 64% 

12-month LC: 83% 
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Late Toxicities: VCF Post-SBRT 

Baseline VCF 24Gy/1 Fracture Progression 

1. Cunha MVR, Al-Omair A, Atenafu EG, et al. Vertebral compression fracture (VCF) after spine stereotactic body radiation therapy (SBRT): 

Analysis of predictive factors. Int J Radiat Oncol Biol Phys. 2012;84(3):e343-e349. 

Late Toxicities: VCF Post-SBRT 

Cumulative incidence of 

fracture at 1 year: 12.35% 

Predictors of VCF 

1. Sahgal et al. Vertebral compression fracture after spine stereotactic body radiotherapy: a multi-institutional analysis with a focus on radiation 

dose and the spinal instability neoplastic score. J Clin Oncol. 2013;31(27):3426-3431. 
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Prophylactic Surgical Stabilization? 

Spinal Metastasis Evaluation for Surgical Consult

SINS Stable/Potentially Unstable
SINS Unstable
(score >12)

Surgical Consult

Yes

cEBRT or SBRT 
<20 Gy/fraction 
if suitable

Risk Factors:
•Baseline VCF
•Significant Lytic tumor burden
•Spinal Mal-alignment
•Intent ≥20Gy/1 fraction SBRT
•Mechanical pain
•Bilateral pedicle and lamina 
involvement
•High grade epidural disease (Bilsky 2 or 
3)

Any risk factor then 
surgical consultation

No risk factor

SBRT if suitableYes to surgery:
Post-Op SBRT 
if suitable

Surgery not 
indicated

Post-Op
SBRT if suitable

No

1. Jabbari S1, Gerszten PC, Ruschin M, Larson DA, Lo SS, Sahgal A. Stereotactic Body Radiotherapy for 

Spinal Metastases: Practice Guidelines, Outcomes, and Risks. Cancer J. 2016 Jul-Aug;22(4):280-9.  

Radiation Myelopathy: MR-based 
Delineation of the Spinal Cord 

CORD

CSF

Radiation Myelopathy: MR-based 
Delineation of the Spinal Cord 
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Spinal Cord Motion? 

Median oscillatory motion 0.16-0.44mm 

Median bulk displacements 0.51-0.66mm 

Evidence-Based: De-novo SBRT Cord Dose 
Limits 

1. Sahgal A, Weinberg V, Ma L, Chang E, Chao S, Muacevic A, Gorgulho A, Soltys S, Gerszten PC, Ryu S, Angelov L, Gibbs I, Wong CS, Larson 

DA. Probabilities of radiation myelopathy specific to stereotactic body radiation therapy to guide safe practice. Int J Radiat Oncol Biol Phys. 

2013 Feb 1;85(2):341-7.  

Evidence-Based: Re-irradiation SBRT Cord 
Dose Limits 

1. Sahgal A, Ma L, Weinberg V, et al. Reirradiation human spinal cord tolerance for stereotactic body radiotherapy. Int J Radiat Oncol Biol Phys. 

2012;82(1):107-116. 
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Separation Surgery 

 Limited approach where only the epidural component 

of the tumor is decompressed and stabilization is 

achieved to facilitate postoperative radiation 

• Allows high dose SBRT to be delivered while 

maintaining dose constraints to the spinal cord 

1. Sahgal A, Bilsky M, Chang EL, Ma L, Yamada Y, Rhines LD, Létourneau D, Foote M, Yu E, Larson DA, Fehlings MG. Stereotactic body radiotherapy for spinal metastases: 

current status, with a focus on its application in the postoperative patient. J Neurosurg Spine. 2011 Feb;14(2):151-66.  

U of Toronto 
Experience 

1. Al-Omair A, Masucci L, Masson-Cote L, Campbell M, Atenafu EG, Parent A, Letourneau D, Yu E, Rampersaud R, Massicotte E, Lewis S, Yee A, Thibault I, Fehlings MG, Sahgal 

A. Surgical resection of epidural disease improves local control following postoperative spine stereotactic body radiotherapy. Neuro Oncol. 2013 Oct;15(10):1413-9. 

 LC @ 1 year: 84% OS @ 1 year: 64% 

1. Al-Omair A, Masucci L, Masson-Cote L, Campbell M, Atenafu EG, Parent A, Letourneau D, Yu E, Rampersaud R, Massicotte E, Lewis S, Yee A, Thibault I, Fehlings MG, Sahgal 

A. Surgical resection of epidural disease improves local control following postoperative spine stereotactic body radiotherapy. Neuro Oncol. 2013 Oct;15(10):1413-9. 

U of Toronto Post-op SBRT Experience 
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MDACC 
Experience 

1. Tao et al. Stereotactic Body Radiation Therapy for Spinal Metastases in the Postoperative Setting: A Secondary Analysis of Mature Phase 1-2 Trials. Int J Radiat Oncol Biol 

Phys. 2016 Aug 1;95(5):1405-13.  

 66 patients (69 

tumors 

 Fractionation: 16-

24Gy/1, 27Gy/3, 

30Gy/5 

MDACC Post-op SBRT Experience 

1. Tao et al. Stereotactic Body Radiation Therapy for Spinal Metastases in the Postoperative Setting: A Secondary Analysis of Mature Phase 1-2 Trials. Int J Radiat Oncol Biol 

Phys. 2016 Aug 1;95(5):1405-13.  

 LC @ 1 year: 85% OS @ 1 year: 74% 

Dosimetric Benefits of Surgical Decompression 

 3.7 – 7.7  Gy10 
(25.8 – 31.2%)  
over 6 mm 
resected margins 

 0.62 – 1.28 Gy10 
(4.3 – 5.2%) per 
mm 
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Radiation Myelopathy Summary 

 Radiation myelopathy is a rare event even in the re-

irradiation scenario 

 

 Evidence based guidelines to guide safe practice 

applicable to thecal sac or cord + 1.5 mm PRV 

which represent the safest practice 

Patterns of Failure Post-SBRT 

C2 met 
treated with 
24Gy/2 

 

Cord prv: 
17Gy 

Salvage SBRT 
delivered with 
30Gy/5 

Cord prv: 
15.5Gy 

1. Thibault I, Campbell M, Tseng C-L, et al. Salvage Stereotactic Body 

Radiotherapy (SBRT) Following In-Field Failure of Initial SBRT for 

Spinal Metastases. Int J Radiat Oncol Biol Phys. 2015;93(2):353-360. 

Re-irradiation SBRT After Initial SBRT 
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Re-irradiation SBRT After Initial SBRT 

1-yr imaging-

based LC 

81% 

BED= EQD2 

Re-irradiation SBRT After Initial SBRT 

1. Thibault I, Campbell M, Tseng C-L, et al. Salvage Stereotactic Body Radiotherapy (SBRT) Following In-Field Failure of Initial SBRT for 

Spinal Metastases. Int J Radiat Oncol Biol Phys. 2015;93(2):353-360. 

Patterns of Failure Post-SBRT Take Home 

 Epidural progression is the most common pattern 

of failure 

• Relative under-dosing of the epidural space 

• Bad tumor biology 

• Geographic miss 

 

 Reirradiation spine SBRT, most often with 30 Gy in 

4 fractions, for spinal metastases that failed initial 

SBRT is a feasible and efficacious salvage 

treatment option 



8/3/2017 

18 

Challenges of Response Assessment 

1. Thibault I, Chang EL, Sheehan J, et al. Response assessment after stereotactic body radiotherapy for spinal metastasis: a report from the SPIne 

response assessment in Neuro-Oncology (SPINO) group. Lancet Oncol. 2015;16(16):e595-e603. 

Pseudo-progression After Spine SBRT 

 Tumor Growth 

confined to 

80% IDL 

 Increased 

GTV/VBref
 T2 

intensity ratio 

1. Bahig et al. A Study of 

Pseudoprogression After Spine 

Stereotactic Body Radiation Therapy. 

Int J Radiat Oncol Biol Phys. 2016 Nov 

15;96(4):848-856. 

Consensus Response Assessment Post-SBRT 
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Ongoing Studies 

 Randomizing patients with up to 3 separate sites of 

spinal metastases to 8 Gy in 1 fraction of cEBRT 

vs. SBRT to a dose of 16-18 Gy/1 

 Primary objective: 

• Pain response rates as measured by the 11-point 

Numerical Rating Pain Scale (NRPS) at 3 months 

 

Ongoing Studies 

Canadian SC.24 Schema 
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Conclusions 

 Spine SBRT is an emerging field with great promise for 
patient care 

• Uniquely suited for selected patients as it allows dose 
escalation to the tumor while attaining rapid dose falloff 
to minimize spinal cord doses 

• Good LC and pain response rates in reported series 

 Much work has been done in technique and consistent 
contouring approach defined 

 Imaging-based (MRI) outcomes and follow-up now 
standard: SPINO 

 Serious toxicities rare although caution must be 
exercised with respect to cord dose limits and 
management of VCF risk 

 Higher level of evidence limited 

• Randomized trials ongoing to help define practice 

 

 

 


