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Case 

• 64 year old male diagnosed case of carcinoma Prostate Post op 

, Post RT 2013

• Presented with occasional pain in back 

• Rising PSA

• PSMA PETCT WB(J,2023)-D12  vertebrae PSMA avid lesion. No 

other side of metabolic uptake.

D12 pedicle lesion on PSMA PET
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Re-Radiation

• Background

• Rationale  

• Determining eligibility (Patient selection) 

• Required imaging 

• Simulation

• Target delineation

• Planning, dose selection  

• OAR tolerances

• Plan evaluation

• Delivery and IGRT 

• Toxicity

• Pattern of failure



Background

• Metastases are diagnosed in ~40% of cancer patients and are the most common 

spine tumors.

• Autopsy studies suggest 30-90% of cancer pts may have metastasis in the 

spine 

• Most common presenting symptom is pain followed by upper/lower extremity 

weakness, numbness or incontinence of bladder or bowel.

• When left untreated -Vertebral body fracture, radiculopathy and complication of 

metastatic epidural spinal cord compression (MESCC).

Lee CS, et al. Asian Spine J.2012;6(1):71-87



Rationale  

• Pre SBRT

• Role of Radiation

• Pain Control Only

• No dose escalation 

• High doses to target

• Avoidance of critical 
structure



Points for Clinician to Focus On

• Clinical symptoms & signs

• Performance Status

• Systemic Disease

• Spine Stability

• Neurological compression

• Histology

• Spinal disease extent

• Challenges of procedure

PROGNOSTICATION

Radical or Palliative

Surgery or RT

Conventional or SBRT



NOMS Assessment
• Neurologic

• Myelopathy

• Functional Radiculopathy

• Degree of epidural spinal cord compression 

• Oncologic

• Tumor Histology

• Radiation or Chemosensitivity

• Mechanical Instability

• Systemic Disease and Medical Co-morbidity 

Laufer I,et al/ Oncologist. 2013;18.



American Spinal Injury Association 
international classification system
• Objective grading of neurologic function

• Effective communication between radiation oncologists and surgeons

RT

Surgery



Neurological Compression
BILSKY GRADING for degree of epidural spinal cord compression

Grade 0 : Bone involvement alone

Grade 1 : Epidural impingement

1a : Epidural impingement without deformation of the thecal sac

1b : Deformation of thecal sac without spinal cord abutment

1c : Deformation of thecal sac with spinal cord abutment, but no compression

Grade 2 : Spinal cord compression, but with visible CSF around the cord

Grade 3 : Spinal cord compression, without visible CSF around the cord

0 1a 1b

1c 2 3

BilskyMH et al. J NeurosurgSpine. 2010.
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Spinal Disease Extent

• Disease burden : single, multiple, disseminated
• If metastasis involves multiple bony structures with no canal compromise or 

associated bone fracture, these patients can be managed without surgery, 
provided the spine stability is not compromised.

• If metstasis involves 1-3 vertebrae without collapse or compression, SRS / SBRT 
preferred

• Which vertebra(e) affected ? (Spinal cord or Theca)

• Which part(s) of vertebra affected ? 

• Degree of Cord / Thecal compression



Prognostic Scoring Systems

RPA Class                           OS
I 26.7 months
II  13.4 months
III                                         4.5 months

Yang XG et at. World Neurosurg. 2019 Jul;127:e124-e131. doi: 10.1016/j.wneu.2019.02.183. Epub 2019 Mar 9.

candidate for intensive procedure

best suited for conventional RT and/or
palliative care



Who should get spine SBRT?
ASTRO International Bone Mets Consensus Guidelines 

INCLUSION CRITERIA

• Radiographic-

1. spinal / paraspinal metastasis by MRI,

2. no more than 2 consecutive or 3 noncontiguous 
spine segments involved.

• Patient—

1. Age >=18yrs, 

2. KPS>=40-50, 

3. medically inoperable or refusing Sx

• Tumor-

1. Histologic proof of malignancy,

2. biopsy of spine lesion if first suspected malignancy

3. oligometastatic or bone only metastatic disease

• Previous t/t-

1. Previous EBRT < 45Gy,

2. failure of previous surgery to that spinal level,

3. presence of gross residual after surgery

EXCLUSION CRITERIA

• Radiographic-

1. spine MRI could not be completed for any reason

2. Epidural compression of cord or cauda equina,

3. Spinal cord compression >25%, 

4. unstable spine requiring surgical stabilisation

5. Tumor location within 5mm of spinal cord or cauda.

• Patient-

1. Active connective tissue disease,

2. worsening or progressive neurologic deficit,

3. inability to lie flat, 

4. patient in hospice or with life expectancy < 3months

• Tumor-

1. Radiosensitive histology,

2. extraspinal disease not elligible for further treatment

• Previous t/t-

1. EBRT within 90 days,

2. chemotherapy within 30 days



Algorithm

Neurologic

Blisky 0- 1c/
ASIA E

SBRT

Blisky 2-3/
ASIA A-D

Surgery

SBRT

Oncologic 

Radiosensitive

Conv RT

Radioresistant
Or Prior RT

SBRT

Instability

SINS - 6

SBRT

SINS - >7

Surgery

SBRT

Systemic Disease

Yes No RPA 1

SBRT

+/-SBRT

RPA 3 
RPA 2 

Conv RT or BSC



Simulation

• Immobilisation:-

• Prerequisite

• Accurate and reproducible

• Reduce/minimise patient voluntary 

and involuntary motion.

• Reduce/minimise/target motion

• Long treatment – patient should be 

comfortable

• Compatible with IGRT

Thermoplastic mask for lesion above T4

Body Fix  for vertebra T4 and below

Translational accuracy of <1 mm and a 
rotational accuracy of <20



Imaging

• CT scan with slice thickness 1-1.5mm.

• Intravenous Contrast.

• Scanning preferably should be done in treatment position- MRI/PET.

• In patients with metal artifact from hardware obscuring critical neural structures, CT myelogram 

should be obtained.

• In rare situations, the metal artifact may be so significant that neither CT myelogram nor MRI is 

reliable and, in these cases, SBRT should be avoided.



Imaging

• MRI sequences 

• T1W  and T2W axial non-contrast sequences. 

• T2W axial especially helpful in paraspinal disease extension and delineation of the spinal cord 

or thecal sac. 

• Slice thickness of 1–2 mm and no skip acquisition. 

• Gadolinium contrast (Controversial) - Paraspinal disease, epidural disease or both

Lesion:- Hypointense to fatty bone marrow on  T1

Hyperintense - Gadolinium enhanced or T2



• GTV (Tumour alone) – Use diagnostic MRI (T1c, T2) and PET.

• Fusion:-

• Area of interest

• Rigid image registration.

• In Post OP case uses preop MRI and also involve operation surgeon.

• Problems with delineation of target due to artifactsMay include 

addl MVCT images (if available)/MRI/Myelogram

• CTV Exist in spine SBRT (As per guidelines)

Volume delineation
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Contouring guidelines

2012

2017
2020



Guidelines for bony CTV delineation



Postop SBRT - CTV

Target
volume

Guidelines

GTV • Gross tumor based on postoperative CT and MRI with attention to residual epidural or paraspinal disease

CTV • Include entire GTV
• Include the postoperative region and entire anatomic compartment corresponding to all preoperative MRI 

abnormalities suspicious for tumor involvement
• Surgical instrumentation and incision not included unless involved
• Judicious use of circumferential CTVs limited to cases of preoperative circumferential osseous and/or epidural 

involvement; however, can be considered for near-circumferential epidural disease involvement
• Modified at reconstructed dural space.
• 5 mm margin beyond paraspinal extension and cranio-caudally for epidural Disease.

PTV Uniform CTV to PTV expansion of up to 2.5 mm
Treating physician may modify expansion at the interface with critical organs at risk
May subtract cord avoidance structure from PTV as a modified PTV for planning and dose reporting purposes
Include entire GTV and CTV



Postop SBRT - CTV





Volume delineation: PTV

• Uniform expansion around the CTV (1.5-2.5 mm margin)

• Should contain entire GTV and CTV

• PTV margin adjacent to critical structures may be modified to allow spacing at
discretion of treating physician unless GTV compromised
• Never overlaps with cord/ cord avoidance structure

• PTV_prescribe = PTV – Cord PRV:
• To allow for unavoidable underdosing of PTV in close proximity to spinal cord, while maintaining consistency

in treatment prescription

PTV_Prescribe volume may be generated or 
edited appropriately in treatment situations 
where GTV extends beyond this volume



OARs 

Adjacent OARs should be contoured  1 vertebral level above  and below 

the PTV

• Spinal cord/ Cauda equina: fused T1/T2 MRI or CT myelogram

• Esophagus 

• Ribs/Chest wall

• Skin

• Aorta

• Lungs/ Heart/ Kidneys/ Bowel as per site



Spinal cord delineation
• Challenging, but critical for safe practice.

• Double edge sword:-

• Contouring generously – Under dosing tumor in epidural space.

• Contouring inaccurately – Higher dose to true spinal cord .

• Thin-slice T1 and T2 axial volumetric MR images fused to the treatment 

planning CT and/or a CT myelogram – closest way to contour what is “true 

cord”.

• Caution:- Simple window levelling by itself can alter what is contoured as the 

“true” cord.

• PRV: 1.5-2 mm margin around cord
• Thecal sac (surrogate for cord/cauda) is equivalent to  1.5mm PRV margin 

to cord



Extent of spinal cord contouring for 
SBRT Spine

• Spinal cord to be contoured 6mm above and 6mm below the target volume

• Rationale- distance of dose fall-off (90% to 50% isodose line) being 5 mm, and that the radiosurgical beam 

arrangement is co-planar.



Soltys SG et al. Int J Radiat Oncol Biol Phys. 2021 May 1;110(1):112-123.



• Stereotactic body radiotherapy is superior to conventional external 
beam radiotherapy in achieving complete pain relief at the treatment 
site. 

• Stereotactic body radiotherapy significantly improved the complete 
response rate for pain compared with conventional external beam 
radiotherapy, and had a durable effect at the 6-month and final follow-
up assessment. 



Tolerance to SBRT-Thecal sac Dmax

For 2% probality of RM: Theca Dmax EQD2 OF 30Gy-single fx; 35Gy upto 5Fx  is supported as safe 

10gy/1fx= 60BED= 30-35  EQD2



Semin Radiat Oncol. 2016 April ; 26(2): 165–171 



• Take into account previous radiation dose.

• Previous RT: 20/5, 30/10, 40/20,50/25

= 30-50 EQD2 ( above/below this recommendations N/A)

• Recommendations based on thecal sac Dmax.

• Total EQD2 of thecal sac Dmax upto 70Gy2/2 is  SAFE as this was within 95% CI 
for norm group, and no overlap with  RM group.  

• Sbrt theca Dmax reirradiation BED  upto EQD2 OF 25Gy2/2 is supported as safe 

Tolerance to salvage SBRT- Spine



Planning

• Principles:-

✓ Sharp fall off outside PTV

✓ Inhomogeneous dose inside PTV

✓ Multiple non co-planner beam or arc are needed to create conformal dose distributions.

Impact of Hardware

• Because of electron backscatter, the high density of titanium hardware may underestimate the 

radiation dose to structures in front of it by approximately 6%. 

• Similarly, tissues behind the hardware may receive a dose approximately 7% lower than the 

anticipated dose due to photon attenuation .



Planning Criteria

• Dmax – Inside the PTV 

• PD = 100%

• Prescription isodose:  80% to 90%.

Dose Coverage
• Ideal  PTV V100 % ≥ 95% and V90% > 99%

• Defined by the conformity index ---V100%/PTV volume.

• Ideal value ≤ 1.2

CONFIRMITY



Set verification and delivery

• CBCT
• Pre-treatment

• Mid Treatment

• Post Treatment

• Cyberknife
• Real time tracking

• Imaging every 5 to 150 sec



Toxicity- Pain Flare

• Defined as temporary worsening of bone pain at the treated site.

• Incidence higher as compare to conventional RT ( 68% Vs 28%).

• Mostly on day 1(Median time to pain flare was 5 days).

• Responds readily to steroids

• Higher KPS and cervical or lumbar spine locations were associated 

with higher incidence of pain flare.



Toxicity -Radiation myelopathy

• Diagnosis of exclusion, based on neurologic signs 

and symptoms.

• Demyelination and necrosis of the spinal cord, 

typically confined to white matter, are the main 

histologic features 

• Characteristic MRI changes in the cord include areas 

of low signals on T1-weighted images, high signals 

on T2, and focal contrast enhancement.



Spinal Cord Radiation Injury

Type
Timing 

after XRT
Clinical 

Findings
Pathogenesis Outcome

Acute During XRT None -- --

Early-Delayed 2-37 Weeks Lhermitte’s Demyelination Recovery

Late Delayed Months-Years

Transverse 
myelopathy

Para/Quadriple
gia
Brown-Sequard
Spastic
paraparesis

Necrosis Irreversible

Motor Neuron 
Dysfunction

Leg Weakness Ventral roots Irreversible

Hemorrhagic 
myelopathy

8-30 years Acute 
paraparesis

Telangectasia Reversible

From:  Posner J, Neurologic Complications of Cancer, p 525



Toxicity - Vertebral compression fracture

• VCF is defined as a collapse of the vertebral body 

(VB). 

• Incidence is 14% to 39%.

• The median and mean time to VCF was 2.46 and 

6.33 months with two-thirds of VCFs developing 

within the first 4 months post-SBRT.

• The pathophysiology - complex (M/c-

Osteoradionecrosis)

Predictive factor

➢ Dose > 20 Gy/1fr

➢ Osteolytic tumor

➢ Preexisting fracture 36.1% Vs 8.3%

➢ Spinal Malalingment

➢Tumor Histology - ? Lung/liver/renal.

➢paraspinal tumor extension, and single versus 

multiple

Pre SBRT Post SBRT 1yr -Post SBRT 



• Pain assessment tools

• Timing.

• Meaningful pain response.

• Multiple spinal lesions.

• Adjustments in opioid and other analgesics.

BPI 

E Chow et al. IJROBP. 2012: 1730–37
Thibault I et al. Lancet Oncol 2015;16:e595-603

Response Assessment: SPINO
Committee of RANO working group



Response Assessment: SPINO

• Committee of RANO working group

Imaging-based local tumour response

• MRI preferred

• Images should be interpreted by a radiation oncologist and radiologist.

• Time of assessment: Spine MRI every 2–3 months after SBRT for the first 12–

18 months, and every 3–6 months thereafter.



Response assessment: SPINO

Local control be defined as the absence of 

progression within the treated area on 

serial imaging (two  or three consecutive 

MRI scans 6–8 weeks apart)*

Local progression may be defined as*

• Gross unequivocal increase in tumour volume or linear 

dimension

• Any new or progressive tumour within the epidural space

• Neurological deterioration attributable to pre-existing 

epidural disease with equivocal increased epidural disease 

dimensions on MRI

Thibault I et al. Lancet Oncol 2015;16:e595-603



Response assessment: SPINO

Local control be defined as the absence of 
progression within the treated area on 
serial imaging (two  or three consecutive 
MRI scans 6–8 weeks apart)*

Local progression may be defined as*
• Gross unequivocal increase in tumour volume or linear 
dimension
• Any new or progressive tumour within the epidural space
• Neurological deterioration attributable to pre-existing 
epidural disease with equivocal increased epidural disease 
dimensions on MRI

CAUTION: T1 and T2 signal changes, rather than being representative of true tumor progression, might be due to 

osteoradionecrosis, fibrosis or both, as well as non tumor-related vertebral compression fracture or secondary to 

radiation effects when seen in the paraspinal muscles.



Pattern of failure

• The steep dose fall off necessary in proximity of the spinal cord may result in treatment failures.

• Two primary patterns of failure :

(1) Recurrence in the bone adjacent to the site of previous treatment

(2) Recurrence in the epidural space adjacent to the spinal cord.

• Epidural space failures are the commonest, which is attributed to an underdosing of this region to 
maintain spinal cord constraints.

• Emphasizes the necessity of combined surgical and radiosurgical treatment.



1. Location, Junctional-D12                          - 3

2. Pain occasional lesion                               - 1

3. Bone lesion, Blastic - 0

4. Radiographic spinal alignment Normal   - 0

5. No vertebral collapse                                 - 0

6. Unilateral Posterolateral involvement     - 1

Total SINS score- 5 Stable spine

Blisky Gr:- 1

ASIA – 0

RPA 1

D12 pedicle lesion on PSMA PET

• 64 year old male diagnosed case of carcinoma Prostate Post op , Post RT 2013

• Presented with occasional pain in back 

• Rising PSA

• PSMA PETCT WB(J,2023)-D12  vertebrae PSMA avid lesion. No other side of metabolic 

uptake.



GTV

CTV

PTV

Plan

ISODOSE – 80%
Conformity Index – 1.18



To conclude…

• SBRT : When ?  Limited spinal disease, upfront or after 
decompressive surgery

• SBRT : When Not ? Unstable spine, compression

• SBRT : Why ? More effective palliation, tumour control

• SBRT : Why not ? Complications
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Pre SBRT Post SBRT
3 months

Post SBRT
1 year

Post SBRT
18 months


