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Ø considerable morbidity
Ø pain
Ø fractures
Ø impaired quality of life
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Only one-third of patients who 
respond to conventional radiotherapy 
achieve a complete pain response, and 
40% do not experience any substantial 
improvement in symptoms. Strikingly, 
50% of patients who initially respond 
to treatment experience symptom 
relapse within a year.

Kotecha et al, Neuro-Oncology Practice 2020
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Participants were randomly assigned (1:1) 
to receive single-fraction SBRT (24 Gy) or 
3DCRT (30 Gy in 10 fractions). The 
primary endpoint was pain relief of >2 
points on the visual analog scale (VAS) 
measured within the irradiated region at 
3 months following radiotherapy 
completion.

Despite no significant differences for VAS at 3 months 
between groups (p = 0.13), pain values decreased faster within 
this time period in the SBRT arm (p = 0.01). At 6 months 
following RT, significantly lower VAS values were reported in 
the SBRT group (p = 0.002).
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At 3 months, 40 (35%) of 114 patients in the 
stereotactic body radiotherapy group, and 16 
(14%) of 115 patients in the conventional 
external beam radiotherapy group had a 
complete response for pain (risk ratio 1·33, 95% 
CI 1·14–1·55; p=0·0002). The most common grade 
3–4 adverse event was grade 3 pain (five [4%] of 
115 patients in the conventional external beam 
radiotherapy group vs five (5%) of 110 patients 
in the stereotactic body radiotherapy group). 
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Risk of local failure 
and re-irradiation is 
lower with SBRT 
compared with cEBRT 
for spinal metastases. 

Although the iatrogenic vertebral compression fracture rates were within 
expectations, grade 3 vertebral compression fractures were isolated to the SBRT 
cohort.
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Ø 301 segments in 159 patients received 28 Gy, and 646 segments in 323 patients received 24 Gy in 2 
fractions.

Ø Median follow-up 23.5 months, and median overall survival was 49.1 months
Ø In the 28 Gy cohort, the 6-, 12-, and 24-month cumulative incidences of LF were 3.5%, 5.4%, and 

11.1%, respectively, versus 6.0%, 12.5%, and 17.6% in the 24 Gy cohort, respectively (p=.008).
Ø Risk of VCF was 5.5%, 7.6%, and 10.7% at 6, 12, and 24 months, respectively, and was similar 

between cohorts (p=.573).

Dose escalation to 28 Gy in 2 daily fractions was associated with 
improved local control without increasing the risk of VCF.
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primary endpoint: 3-point improvement on NRPS
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The primary end point of
pain response at 3 months favored 
cEBRT (41.3%for SRS vs 60.5%for 
cEBRT; difference,−19 percentage 
points; 95%CI, −32.9 to −5.5; 1-sided 
P = .99; 2-sided P = .01).

There were no differences in the 
proportion of acute or late adverse 
effects. Vertebral compression 
fracture at 24 months was 
19.5%with SRS and 21.6%with 
cEBRT (P = .59).
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Discrepancies in volume 
delineation

Low SBRT 
dose

Discrepancy
in pain

assessment
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ROBOMET trial

Primary endpoint: CR at 1 
month

126 patients with 
painful spine and 

non-spine mets

8Gy/1fx 20 Gy/1fx
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ROBOMET trial presented at ESTRO 2023
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Per protocol analysis at 3 months showed higher CR rates in the 
SBRT arm vs 3DCRT (p=0.048)

Ø 28% spine metastases

Ø 72% non-spine metastases
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Ø SBRT does not provide better overall 
pain response compared to cEBRT.

Ø Complete pain response may be better 
with SBRT compared to cEBRT.

Ø Spine SBRT is safe and has similar side 
effect profile compared to cEBRT.

Ø Further studies are needed to determine 
which patients benefit most from spine 
SBRT.
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Accepted on Radiotherapy and Oncology
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 Accepted on Radiotherapy and Oncology
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Careful patient selection is required to determine the 
appropriateness for spine SBRT, especially in the re-
treatment setting. All decisions need to be made in the 
context of patient performance status, the degree of 
systemic disease, the timeframe of local relapse and 
previous radiation exposure.
The NOMS guidelines provide a good general approach to 
patients with spinal metastases based upon neurological, 
oncological, mechanical and systemic status at 
presentation.

eurologic

ncologic

echanical 
stability

ystemic disease
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Fifty-two lesions accounting for 40 consecutive patients (male/female: 29/11; median age: 71 years; range 40e85) were treated 
from April 2011 to September 2020. Most patients had a primary prostate (65.0%) or breast cancer (22.5%). Thirty-two patients 
received 8 Gy VMAT-SRS boost (total BED a/b10: 45.6 Gy), 14 patients received 10 Gy (total BED a/b10: 51.2 Gy) and six 
patients received 12 Gy (total BED a/b10: 57.6 Gy).
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Ø Follow-up time=70 months (range 2-240 months)

Ø No acute toxicities > grade 2 and no late toxicities > grade 1 were recorded

Ø Overall response rate=78.8%

Ø 24-month LC, DMFS and OS rates=88.5%, 27.1% and 90.3%, respectively.
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Sequencing of IT and SBRT was not associated with any difference in LC 
or toxicity, but delivering IT after SBRT versus before SBRT was 
associated with improved OS.
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Ø From March 2018 to July 2022, 183 lesions in 177 patients. 
Ø The most frequent primary histology were prostate cancer in 57%, breast in 26%, 

lung cancer in 9.6%;
Ø Oligometastases were oligorecurrent (59%), oligoprogressive (30%) or 

oligopersistent (11%).
Ø In the majority of patients, SBRT was delivered to a single spine metastasis 

(82%), 2 in 10%, and 3 lesions in 8%, with thoracic spine being the most frequent 
site of treatment (61.7%) 
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Characteristics n
Site of the column Cervical=9; thoracic=113; lumbar=61

Site of the vertebra Body=157; transverse process=13; posterior 
peduncle=13

Pain prior to SBRT Yes=26; no=151

Concurrent systemic therapy Hormone therapy=62; target therapy=11; 
immunotherapy=5; chemotherapy=32; parp-

inhibitors=11
Imaging pre-SBRT PET=112; MRI=24; both=34; other=13

Median total dose and fractions 21 Gy (14-35)/3 fx (1-5)

Median BED 119 Gy (57.5-152 Gy)

Technique VMAT=169; HT=14

Median follow-up 18 months (3-96)
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1year 2years 3years
LC 90.3% 84.3% 84.3%
DPFS 33.1% 18.5% 12.4%
PMFS 57.8% 43.4% 32.4%
OS 91.8% 79.6% 65.9%
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Local control
•At univariate analysis (UA), prostate histology, oligorecurrent disease and the synergistic use of PET- and MRI-imaging for target volume 
delineation were found as predictive factors for LC (p=0.002, p=0.09 and p=0.0016), at multivariate analysis (MA), only prostate histology 
kept significance (p=0.006). 

Distant progression-free survival
•Prostate histology (p=0.023), oligorecurrent disease (p=0.04) and BED10>100Gy (p=0.04) found as predictive at UA

Polymetastases-free survival
•Oligorecurrent disease (p=0.001) and concurrent systemic therapy (p=0.0017) being significant for better rates at UA. Only concurrent 
therapy kept significance at MA (p=0.009). 

•A further oligometastatic progression was observed in 33 patients (18.6%) treated with a second course of SBRT, reporting at UA slightly 
improved polymetastatic disease-free (PMS) and overall survival (OS) rates (p=0.07 and p=0.01)

Overall survival
•Prostate and non-cervical metastases related to better OS at MA (p=0.05 and p=0.015). 

Toxicity and Adverse Events
•Pain flare in 3.3%, 5 patients developed vertebral fracture after SBRT, no other G3 or higher adverse event
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33 patients with 35 metastatic lesions causing Ryu/Rock 
radiographical grade IV or V compression

Radiosurgery doses ranged from 14-20 Gy

Overall, epidural tumor response rate was 80% (complete response 
27%, partial response 30%, and minimal response 23%), with 
progression seen in 6%.
Overall, 85% remained intact or ambulatory after radiosurgery. 
Notably, 94% of the patients who were intact before radiosurgery 
remained so. Of the 27 patients who presented with neurological 
deficit, 52% (14/27) had complete recovery to normal, 11% (3/27) 
improved, and 11% (3/27) remained stable
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6 Gy x 5 (28.0%), 5 Gy x 5 (21.0%), and 9 Gy x 3 (17.5%). 
The mean BED10 delivered was 44.4 Gy. The median 
prescription isodose line was 60% (range: 50%-85%)

143 patients with Bilsky grade 2-3 MESCC from solid 
tumor metastases treated with SBRT at a single 
institution during 2009 - 2020 were retrospectively 
reviewed. Patients who received upfront surgery prior 
to SBRT were included only if post-surgical Bilsky 
grade remained >2.
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Ø The cumulative incidence of LR was 5.1%, 7.5% and 14.1% at 6, 12 and 24 
months, respectively. 

Ø At first post-SBRT imaging, 16.2% of patients with initial Bilsky grade 2 
improved to grade 1 while 53.8% patients were stable. Five of 13 patients 
(38.4%) with initial Bilsky grade 3 improved to grade 1-2.

Ø Pain response at 3 and 6 months post-SBRT was complete in 45.4% and 
55.7%, partial in 26.9% and 13.1%, stable in 24.1% and 27.9%, and worse in 
3.7% and 3.3% of patients, respectively.

Ø At 3 and 6 months after SBRT, 17.8% and 25.0% of patients had improved 
ambulatory status and 79.7% and 72.4% had stable status. 



38

The protocol for treatments comprised 
preoperative embolization, separation 
surgery, and spine SBRT. The 
prescribed dose for spine SBRT was 24 
Gy in 2 fractions. The primary endpoint 
was the 12-month local failure rate. 33 
patients enrolled

The 12-month local failure rate was 
13%. Radiation-induced myelopathy, 
radiculopathy, and vertebral 
compression fracture were observed 
in 0, 1, and 6 patients, respectively.
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Ø Post-operative spine SBRT delivers a high 1-year LC with 
acceptably low toxicity. 

Ø Patients who may benefit from this include those with 
oligometastatic disease, radioresistant histology, 
paraspinal masses, or those with a history of prior 
irradiation to the affected spinal segment. 

Ø The International Stereotactic Radiosurgery Society 
recommends a minimum interval of 8 to 14 days after 
invasive surgery before simulation for SBRT, with 
initiation of radiation therapy within 4 weeks of surgery. 

Ø An MRI fused to the planning CT, or the use of a CT-
myelogram, are necessary for target and organ-at-risk 
delineation. 

Ø A planning organ-at-risk volume (PRV) of 1.5-2 mm for the 
spinal cord is advised.
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When the interval between the two treatment courses is not shorter than 6 months and the dose of each 
course is <98 Gy2, the cumulative BED where no case of RM has yet been reported is 120 Gy2, however doses 
ranging between 130-150 Gy2  appear justified in situations where limited target volume doses might 
compromise the goal of tumor control, if the patient accepts a higher risk of myelopathy.



42

Follow-up range: 7-22 months; LC rates range: 71-93% Moraes et al, Neurosurg Clin N Am, 2020
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Ø 237 previously irradiated lesions in 162 patients
Ø Median time between courses of RT was 10.2 months.
Ø Median SRS dose was 16 Gy in 1 fraction.
Ø Median conventional cEBRT dose was 30 Gy in 10 fractions.

Overall pain, neurological, and radiographic response 
rates were 81%, 82%, and 71%, respectively.
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A phase 2 trial is currently evaluating single-fraction SBRT to multifraction SBRT as salvage 
treatment for previously irradiated spinal metastases (NCT03028337)
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Primary endpoint: Time to local failure
Secondary endpoint: Pain relief

Spine Radiosurgery - 1 Dose: For single fraction and multifraction arms, 0.01 
cc of the cord allowed to receive 10 Gy and 14 Gy, respectively while 0.01 cc 
of the cauda equina allowed to receive 14 Gy and 18 Gy, respectively.

Spine Radiosurgery - 3 Doses (3 days): The dose for the multifraction arm is 
27 Gy in 3 fractions (9 Gy per fraction).
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While SBRT is gradually becoming the standard-of-care in the management of painful spine metastases, it is 
crucial that the current healthcare system is well-prepared for the increasing demand for spine SBRT. 
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Il trattamento stereotassico ha dimostrato maggiore efficacia a lungo termine rispetto alla radioterapia convenzionale nella gestione 
del sintomo e nel garantire un maggiore controllo locale con minore necessità di re-irradiazione, con un profilo di tossicità 
sovrapponibile alla radioterapia convenzionale.

Poche casistiche coinvolgono esclusivamente pazienti con malattia oligometastatica a livello vertebrale, con risultati 
comparabili ad esperienze relative ad altri distretti anatomici. Particolare attenzione alle istologie radioresistenti. 

Nella malattia con compressione midollare all’esordio, ad oggi studi retrospettivi hanno dimostrato maggiore efficacia con 
un ottimale profilo di sicurezza, seppur con dati prevalentemente nel setting post-operatorio.

Nel caso di re-irradiazione, il trattamento stereotassico offre maggiore efficacia e può essere considerato nell’ottica di ridurre 
l’esposizione di strutture critiche a rischio.  

Necessaria comunque una attenta valutazione del paziente, ed il rispetto di requisiti clinici e tecnologici mandatori. 
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What is the overall pain response rate, 
complete pain response rate and 

duration of pain response after SBRT 
for painful vertebral metastases? How 

does pain response after SBRT compare 
to conventional palliative radiotherapy? 

What is the local control (LC) after 
SBRT for spine metastases? What is the 
role of spine SBRT in oligo-metastatic 

disease (OMD)?

What is the practice of spinal SBRT to 
optimize safety and efficacy according 

to available evidence?

What is the toxicity profile of spine 
SBRT? 
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