
D A N I E L  S I M P S O N  M D

3 / 2 7 / 1 2

Case Conference: SBRT for 
spinal metastases



Case

 79 yo M with hx of T3N0 colon cancer diagnosed in 
2008 
 metastatic liver disease s/p liver segmentectomy 2009 and 

SBRT in 2011

 CT abdomen demonstrated a sclerotic lesion in L vertebral 
body

 MRI L-spine done in 2012: 2.1 x 1.6 x 2.4 cm enhancing lesion 
involving the left posterior half of the L1 vertebral body with 
no extension into the spinal canal and second ill-defined lesion 
in posterior third of T12

 Asymptomatic, no pain or neurologic symptoms

 Tx: SBRT to T12 and L1; 24 Gy/3



Epidemiology

 Spinal metastases 
account for 70% of bony 
metastases

 18,000 new cases in 
North America every 
year

 70% of patients who die 
of cancer have spinal 
metastases at autopsy

 <14% are symptomatic

Perez 5th edition
Rose AAOS 2011



Pathophysiology

 Occur primarily via hematogenous spread

 Skeletal blood flow accounts for 4-10% of cardiac output

 Skeletal vasculature renders it vulnerable to metastatic 
deposition 

 The most common primary sites are breast, lung, 
and prostate

 Lumbar and thoracic spine most common sites

 Extradural and intradural

 95% extradural

Gunderson 2nd edition
Rose AAOS 2011



Presentation

 Pain is most common (~90%) presenting symptom

 Typically constant, present at night

 Can be poorly characterized such as referred pain to the ribs

 Neurologic signs frequently preceded by pain

 Radiculopathy, myelopathy, cauda equina syndrome

Gunderson 2nd edition
Rose AAOS 2011



Diagnostic Imaging

 Bone scan is more sensitive than 
plain films for sclerotic lesions
 CT scans are more specific, better for 

differentiating between 

 Plain films and CT are helpful 
for detecting pathologic fracture

 MRI spine series is indicated in 
setting of suspected neurologic 
compromise

 PET/CT similar sensitivity to 
bone scan, but higher specificity 
 Not effective for more differentiated 

tumors, ie. Prostate cancer

Gunderson. 2nd edition



Conventional Radiation

 Symptomatic relief with conventional RT (ie. 30/10, 
8/1) provides unsatisfactory results

 RTOG 97-14 
 Arm 1) RT 8/1 vs. Arm 2) 30/10. Primary outcome pain relief 

at 3 months

 Outcome: 3-month complete pain relief 8/1 15% vs. 30/10 18% 
(NS); partial 50% vs. 48% (NS); stable 26% vs 24%; 
progressive 9% vs 10%

 TROG 96.05
 Randomized trial of 8 Gy in 1 versus 20 Gy in 5 fractions 

 Response rate: 53% vs. 61% (p=NS)

 TTF 2.4 mo vs. 3.7 mo



 Ryu et al. (Cancer 2003)

 10 patients; All pts received external beam radiation therapy 
(25 Gy/10) followed by SBRT (6–8 Gy single dose) to the site 
of the spine involvement or spinal cord compression

 Time to pain relief 2-4 weeks



 Prospective cohort study. 
500 cases of spinal 
metastases (cervical 15%, 
thoracic 42%, lumbar 22%, 
sacral 20%), treated with 
radiosurgery

 Maximum dose 12.5-25 Gy
(mean 20 Gy). Prior EBRT 
69% (typically 30/10 or 
35/14)

 PTV = GTV

 Long-term pain control 86%; 
at least some improvement 
in neurologic function in 
85% 

Spine 2007



 49 patients with 61 separate 
spinal metastases were treated 
with radiosurgery

 Dose ranged from 10-16 Gy, 
single fraction

 PTV = involved spinal segment
 Median time to pain relief 14 

days, fastest 24 hrs
 1 yr overall pain control rate 

84%
 Strong trend of increasing 

pain control with dose ≥ 14 Gy



 103 spinal metastases in 93 pts 
without high-grade epidural spinal 
cord compression were treated with 
image-guided intensity-modulated 
RT to doses of 18-24 Gy (median, 
24 Gy) in a single fraction between 
2003 and 2006

 The spinal cord dose was limited to 
a 14-Gy maximal dose

 Actuarial LC 90% at 15 mos
 Radiation dose predicted for local 

control

IJROBP 2008



Pattern of Failure

 Ryu et al (J Neurosurg 2004)
 No failures in adjacent vertebral bodies if single segment 

treated in 49 patients

 Suggests treating segments above and below is unnecessary

 Chang et al. (J Neurosurg 2007)
 63 patients with 74 spinal metastases underwent radiosurgery

 SBRT dose ranged from 27-30 Gy in 3-5 fxs

 Areas of failure 1) posterior elements and pedicles (17%), and 
2) recurrence in the epidural space adjacent to the spinal cord 
(47%)

 Authors recommended routine inclusion of the pedicles and 
posterior elements 



Pattern of failure



Kyphoplasty + SBRT

 Gerszten et al. (Neurosurg focus 2005)

 26 patients with symptomatic compression fractures 
without canal compromise

 Treated with kyphoplasty followed by SBRT (mean 
12 days post-op)

 16-20 Gy (mean 18) single fraction prescribed to 
80%

 Overall pain improvement 92%



Outcomes

Sahgal IJROBP 2008

Overall pain relief ranged from 67 to 100%
Multiple PTV definitions used



Outcomes

Sahgal IJROBP 2008



Outcomes



ASTRO Consensus







 Target volumes 
 Based on MR fused T1 and T2 images 
 Should include the entire vertebral body and the pedicles as well as 

paraspinal (≤ 5 cm) and epidural (≥ 3 mm from cord) components



 Spinal cord contouring

 Partial cord volume (5-6 mm above and below target) based on 
fused T1 and T2 images

 Dose constraint set at 10 to 10% of partial spinal cord volume

 Max dose of 14 Gy to 0.03 cc



Summary

 Dose escalation provides potential to improve local 
control and symptom relief over conventional 
treatment especially in the setting of oligometastases
and prolonged survival

 SBRT makes dose escalation possible while limiting 
dose to the spinal cord

 Rapid pain control

 Spares bone marrow especially in patients with 
multiple segments involved

 Shorter overall treatment time more convenient and 
less likely to interfere with systemic therapy


