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Background
Spinal metastasis is noted in many com-
mon primary cancer sites such as breast, 
prostate, and lung, making palliation of 
symptomatic spinal metastases both a 
frequent and heterogeneous indication 
for radiation therapy.1 

Historically, palliative radiation therapy 
for spinal disease was delivered using 

2-dimensional (2D) planning techniques 
that delivered moderate doses of radiation 
to the involved portion of the spine over 
5 to 15 treatments; beams coming from 
the anterior and posterior directions were 
placed and shaped using the location of 
involved spinal levels on a radiograph.2,3 

Treatment with 2D technique is limited 
both by the detail provided by radiographs 

and the inability to spare the spinal cord 
and viscera located near the treatment 
target. Over time, the advent of CT 
and MRI, along with paradigm-shifting 
improvements in radiation planning 
and delivery technologies, facilitated 
the development of intensity modulated 
radiation therapy (IMRT). IMRT uses 
accurate 3D anatomical data, dynamic 
beam shaping, and inverse planning soft-
ware to create radiation plans that treat 
the target to a desired dose and selectively 
spare organs at risk with millimeter-level 
accuracy.4 IMRT has made it possible to 
treat patients with ablative intent using 
larger doses in fewer treatments than ever 
before, a practice termed stereotactic body  
radiotherapy (SBRT). 

In palliation of spinal metastases, SBRT 
offers the prospect for improvements in 
pain palliation and local control with the 
delivery of ablative doses, making the use 
of this technique compelling to many 
radiation oncologists.5-8 Nevertheless, 
randomized data to guide the selection of 
spinal metastasis patients for SBRT ver-
sus conventionally fractionated external 
beam radiotherapy (EBRT) are sparse. 
While we await the reporting of further 
randomized data, the need for objective  
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decision-making guidelines in this setting 
is pressing. We therefore present the 
following effort to synthesize the present 
literature into guidelines for radiation 
oncologists to prescribe treatment for 
spinal metastasis grounded in the best 
available evidence.

This guideline is meant to guide the use 
of radiotherapy to treat spinal metastases 
only with palliative intent. If the patient 
is considered to be oligometastatic and 
meets criteria for recently published phase 
2 trials9,10 in which ablative therapies have 
been suggested to prolong survival, their 
treatment should not be influenced by this 
guideline but rather by a decision focused 
around potential overall survival benefit.

Additionally, spinal radiation should 
be delivered only after the necessity of 
prior surgical intervention has been 
ruled out. Neurosurgical consultation 
should be obtained if active neurological 
symptoms are present (due to myelopathy 
caused by malignant cord/cauda equina 
compression) or if significant mechanical 
instability exists, as assessed by the Spinal 
Instability Neoplastic Score (SINS)(Table 
1); such instability could be exacerbated 
by radiotherapy-induced cytoreduction11. 

Assuming that neurosurgical interven-
tion has been diligently considered, the 
delivery of palliative radiation therapy 
for spinal metastases should be guided 
as follows:

Will conventional palliative 
regimens (20 Gy in 5 fractions, 
30 Gy in 10 fractions) provide 
durable control?
The likelihood of response to conven-
tionally fractionated palliation for bone 
metastases is stratified by tumor histolo-
gy.6,12 Primary tumor histologies for which 
conventional palliation is more likely 
to be successful in eliciting a significant 
tumor response include breast, ovarian, 
small cell, seminoma, and hematologic 
malignancies.13,14 For example, a Radia-
tion Therapy Oncology Group (RTOG) 
study published in 1982 found superior 
pain relief in patients with breast and 

prostate histology compared with those 
with lung cancer.15 Moderately radiore-
sistant histologies such as thyroid and 
colorectal cancers and non–small cell 
lung cancer (NSCLC) and, even more so, 
significantly radioresistant histologies 
such as sarcoma, melanoma, and renal cell 
carcinoma are unlikely to elicit favorable 
responses with EBRT.11,12 Radioresistant 
histologies include sarcoma, melanoma, 
renal cell carcinoma, thyroid and colorec-

tal cancers, and NSCLC.6,12-14 Patients 
with favorable histology are more likely 
to remain ambulatory for longer periods 
of time and have good pain response after 
conventional radiation therapy.12,16

Because conventional palliation 
will likely provide poor results 
in radioresistant histologies, is 
SBRT a better option?
The poor outcomes with conventional 

TABLE 1. Spinal Instability Neoplastic Score (SINS)34 

Score

Location

Junctional (occiput-C2, C7-T2, T11-L1, L5-S1) 3

Mobile spine (C3-C6, L2-L4) 2

Semirigid (T3-T10) 1

Rigid (S2-S5) 0

Pain*

Yes 3

Occasional pain but not mechanical 1

Pain-free lesion 0

Bone lesion

Lytic 2

Mixed (lytic/blastic) 1

Blastic 0

Radiographic spinal alignment

Subluxation/translation present 4

De novo deformity (kyphosis/scoliosis) 2

Normal alignment 0

Vertebral body collapse

>50% collapse 3

<50% collapse 2

No collapse with >50% body involved 1

None of the above 0

Posterolateral involvement of spinal elements**

Bilateral 3

Unilateral 1

None of the above 0

*Pain improves with recumbency and/or pain with movement/loading of spine
**Facet, pedicle, or costovertebral joint fracture or replacement with tumor
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palliation in radioresistant spinal me-
tastases have led to a shift in practice  
toward SBRT (16-24 Gy in 1 fraction, 
24-30 Gy in 3 fractions) for these lesions. 
These fractionation schemes result in 
an enhanced biologically effective dose 
(BED), double-stranded DNA breaks, 
immunogenicity, and vascular supply 
disruption relative to conventional frac-
tionation.17,18 Multiple patient series6-8 
and a randomized phase 2 trial5 have 
shown that these biological differences 
translate into improved clinical local 
control and pain relief when SBRT is 
used for spinal metastases, with local 
control at 24 months post treatment 
ranging from 84% to 98%.6-8 A  phase 
2/3 randomized trial investigated 16 
Gy in 1 fraction compared with 8 Gy in  
1 fraction with a primary end point of 
pain control at 3 months, and although 
the phase 2 portion of the study found 
16 Gy/1 fraction to be safe,19 the phase 
3 portion’s preliminary results report-
ed at the 2019 national meeting of the 
American Society for Radiation Oncolo-
gy did not find any improvement in pain 
control at 3 or 6 months after treatment. 
Although 3-month pain control is felt to 
be an important end point, previously 
mentioned data sets suggest that SBRT is 
more likely to provide durable pain and 
local control over time.

Importantly, the available randomized 

data select a primary end point of pain 
relief at 3 months post treatment.19 As 
metastatic cancer is fundamentally a sys-
temic disease, this end point provides for 
a good balance between optimization of 
quality of life and expected survival. Pain 
relief at 6 months, prevention of neuro-
logical events, etc, are legitimate sec-
ondary end points, but they should not 
supervene upon the 3-month end point 
in terms of guiding treatment decisions. 
Likewise, outside of the context of treat-
ment for control of oligometastatic dis-
ease, the theoretical biological prospect 
of improved local control at the treated 
site is not helpful in guiding management 
of patients who are overwhelmingly  
likely to develop further spinal disease 
progression.

Could weaknesses of RTOG 0631 
underrepresent the therapeutic 
potential of SBRT with regard to 
its primary end point of short-
term pain control?
In addition to the limited follow-up in 
RTOG 0631, which raises questions 
about the durability of the pain response 
demonstrated by the 8-Gy arm, some 
have suggested that 16 Gy may be an 
inadequate single-fraction dose to max-
imize the benefit of disease control.20 
Sprave et al reported in a randomized 
phase 2 trial that utilizing 24 Gy in 1 

fraction compared with 30 Gy in 10 
fractions did show that complete pain 
response in the SBRT group was signifi-
cantly more likely at 6 months (53% vs 
10%; P = .0034) and trended toward sig-
nificance at 3 months (43% vs 17%; P = 
.0568).5 Because 30 Gy in 10 fractions 
was deemed to be equivalent to 8 Gy in 
1 fraction with respect to pain control in 
a randomized phase 3 trial,21 the phase 2 
data from Sprave et al showing superi-
ority of 24 Gy/1 fraction over 30 Gy/10 
fractions in conjunction with RTOG 
0613 reporting equivalency of 16 Gy/1 
to 8 Gy/1 suggest 16 Gy may be an inad-
equate single fraction dose for maximal 
pain response. 

This concern is bolstered by a retro-
spective series by Yamada et al consisting 
of 657 patients and 811 lesions; the results 
indicated inferior local control when the 
dose received by 95% of the gross tumor 
volume (GTV D95) was less than 18.3 
Gy.8 Although the entire cohort experi-
enced an impressive local failure rate of 
only 3.1% at 48 months, those who re-
ceived GTV D95 < 18.3 Gy had a failure 
rate of 14% and those with a GTV D95 
>18.3 Gy had a failure rate of 2.5%.8 A 
larger SBRT dose is being employed in a 
phase 3 trial (CCTG-SC24) run by the 
Canadian Cancer Trial Group, which 
is comparing 24 Gy/2 fractions with 20 
Gy/5 fractions in the treatment of spinal 
metastases, with a primary outcome of 
3-month pain control. Assuming an al-
pha/beta ratio of 10, BED10 of the SBRT 
regimen used in CCTG-SC24 (52.80 Gy) 
is similar to the dose cut point for supe-
rior local control described by Yamada 
et al (51.79 Gy) and significantly larger 
that the BED of the dose used in SBRT 
arm of RTOG 0613 (41.6 Gy). In sum-
mary, we cannot generalize the results of 
RTOG 0631 to SBRT with higher doses, 
and recently closed phase 3 trials such 
as CCTG-SC24 will help the community 
decide if SBRT dose escalation can im-
prove pain control beyond what is possi-
ble with conventional fractionation.

Despite the previously mentioned 

TABLE 2. Bilsky Cord Compression Score35

Score Definition

0 Bone-only disease

1a Epidural impingement, without deformation of the thecal sac

1b Deformation of the thecal sac, without spinal cord abutment

1c Deformation of the thecal sac with spinal cord abutment, but without  
cord compression

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

3 Spinal cord compression; no CSF visible around the cord

Key: CSF, cerebrospinal fluid.
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concerns grounded in retrospective and 
phase 2 evidence, RTOG 0613 has sup-
plied the only randomized phase 3 evi-
dence that compares SBRT with conven-
tional palliation of spine metastases. Its 
3-month pain response end point mini-
mizes risk of confounding in pain report-
ing due to new symptomatic metastases 
and allows adequate time for cytoreduc-
tion and pain response. Additionally, 16 
Gy, in contrast with 24 Gy, is a dose that 
can be delivered in a single fraction with-
out invasive cord localization procedures 
such as CT myelogram, which many in-
stitutions will not have available. Thus, 
until we have results of other phase 3 tri-
als, such as CCTG-SC24, RTOG 0631 
should guide clinical practice for all pa-
tients in whom 3-month or 6-month pain 
control is the outcome of interest.

What are the limits of eligibility 
for SBRT with respect to spinal 
disease burden and proximity of 
disease to the cord?
In contrast with conventional fraction-
ation, which can be safely delivered over 
multiple dose levels simultaneously using 
a 2D setup with acceptance of planning 
target volume (PTV) dose spill into the 
spinal cord, SBRT must be delivered with 
meticulous motion control and IMRT 
planning in order to enable ablative dose 
delivery to the vertebrae while avoiding 
the cord. Despite advancements in treat-
ment planning and high conformality 
achieved by these techniques, concern 
remains about treating disease with 
high-risk characteristics such as epidural 
extension, cord compression, paraspinal 
extension, and multiple consecutive ver-
tebrae involved. For example, the results 
of RTOG 0613 deemed any lesion within 
3 mm of the spinal cord ineligible for ran-
domization, although lesions with Bilsky 
1a and 1b cord compression (Table 2) 
were still permitted as long as they were 
at least 3 mm away from the cord. Ad-
ditionally, no more than 2 consecutive 
vertebrae could be included. In CCTG-
SC24, patients with up to 3 consecutive 

vertebrae requiring treatment were eligi-
ble for randomization, and no distance 
requirement was set forth with respect to 
cord compression. Rather than distance, 
neurologic deficit (eg, motor, bowel, 
bladder dysfunction) due to cauda equi-
na syndrome or cord compression was 
used as an exclusion criterion.22 With 
respect to paraspinal extension, RTOG 
restricted the size of paraspinal lesions to 

no larger than 5 cm, while CCTG does 
not have a restriction for paraspinal ex-
tension. 

The previously mentioned high-risk 
features increase the risk of excessive dos-
es of radiation to the spinal cord and oth-
er regional organs at risk (OARs), due to 
close proximity of disease to the cord or 
increased volume of disease (eg, epidural 
extension, cord compression, multiple 

TABLE 3. Rerevised Tokuhashi Score33

Factors Score

General condition (KPS)*

Poor and moderate (KPS 10-70) 0

Good (PS 80%-100%) 2

Extraspinal bone metastases

≥3 0

1-2 1

0 2

Number of metastases in the vertebral body**

≥2 1

1 2

Metastases to major internal organs

Unremovable 0

Removable 1

No metastases 2

Primary site of the cancer

Lung, osteosarcoma, stomach, bladder, esophagus, pancreas 0

Liver, gallbladder, unidentified 1

Others 2

Kidney, uterus 3

Rectum 4

Thyroid, breast, prostate, carcinoid tumor 5

Neurological status

Complete (Frankel A, B) 0

Incomplete (Frankel C, D) 1

None (Frankel E) 2

Key: KPS, Karnofsky Performance Score; RTS, Rerevised Tokuhashi Score. 
This remodified version of RTS was raised according to the results in the meta-analyses and 
remodifications on the cutoff of KPS(*) and number of involved vertebrae(**) were conducted for 
the scoring system. The patients with KPS 10-40/50-70 and patients with single/double involved 
vertebrae were merged.
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consecutive vertebrae treated), increased 
dose spill into other important regional 
OARs (eg, large-volume paraspinal ex-
tension and multiple consecutive verte-
brae), and inadequate setup accuracy (eg, 
multiple consecutive vertebrae in a field). 
Additionally, cord compression has been 
associated with increased risk for local 
relapse. In a series of 98 spinal lesions 
including 60 with epidural extension 
treated with multifraction SBRT, Mehta 
et al reported that Bilsky grade trended 
toward increased risk of local failure (P = 
.09).23 Despite epidural extension being 
present in 61% of lesions, the patients in 
that series experienced a local control rate 
of 93% at 6 months and 84% at 1 year. 
Toxicity was also well controlled, with 
4.2% of treated patients experiencing 
vertebral body fracture and no reported 
radiation myelopathy.23 Kowalchuk et 
al evaluated high-risk treatments—de-
fined as those including at least 2 con-
secutive vertebrae, epidural involvement 
of the tumor, or paraspinal soft tissue 
involvement of the tumor—in 54 pa-
tients with 62 lesions. All lesions were 
treated with 24 Gy in 3 fractions, and 
at a median follow-up of 14.36 months, 
local failure was only 8% and pain had 
improved in 76% of patients. Toxicity 
outcomes were excellent, with no cas-
es of myelopathy and no new vertebral 
fractures of the treated vertebrae.24 The 
outcomes in these series, along with the 
recommendations of other recently pub-
lished reviews,20,25 indicate that treating 
with a hypofractionated approach is 
an effective and safe accommodation 
for patients with paraspinal extension, 
moderate cord compression (Bilsky 1a, 
1b, and occasionally 1c), and involve-
ment of multiple consecutive vertebral 
levels. These retrospective series indicate 
that there may be room for expanding 
the eligibility for SBRT in the future, but 
at this time there are not phase 3 data 
indicating safety for SBRT to spinal me-
tastases that don’t meet the RTOG 0631 
eligibility criteria.19

How many contiguous spinal 
levels can be treated with SBRT?
RTOG 0631 restricted SBRT to at most 
2 contiguous spinal levels.14 Chief con-
cerns in the application of SBRT to dis-
ease that occupies 3 or more spinal levels 
include exacerbated setup error and tox-
icity to adjacent long OARs such as the 
spinal cord and esophagus. Experience 
has shown that numerous centers do pre-
scribe SBRT to multilevel spinal disease. 
Wang et al, as noted above, have shown 
that concerns of setup error can be al-
leviated by appropriate immobilization 
and utilization of a 6D couch, such that 
as many as 9 contiguous levels can be 
treated without exceeding 1-mm residu-
al error. However, these findings do not 
apply above the level of T2, where natu-
ral spinal curvature amplifies setup risks, 
and we consequently counsel caution in 
the treatment of bulky disease superior 
to T2. Well-established protocols have 
been accepted to treat, for example, cen-
tral lung tumors to significantly greater 
BED10 than is given in spine SBRT, as 
per RTOG 0813. We defer to the con-
straints used in such protocols and sug-
gest that treatment of multilevel disease 
should not be restricted by concern for 
normal tissue dose, provided these con-
straints can be met. Conversely, SBRT 
should not be utilized when coverage 
goals cannot be met without violating  
those constraints.

When treating consecutive levels, 
bulky lesions, or lesions with 
epidural extension, how can we 
ensure the safety of treatment 
with respect to OARs if treating 
with SBRT compared with 
conventional palliation?
As with all radiation treatments, OAR 
dose must be kept below the established 
organ-specific constraints to ensure 
safety. Accurate contouring of OARs is 
important for accurate dose calculation. 
Additionally, if the patient requires more 
radiation in the future, an understanding 
of the cumulative dose received across 

multiple treatments will be necessary to 
build a safe treatment plan. The prop-
er constraint for a given OAR depends 
on the number of fractions used, due to 
changes in the BED-dependent fraction 
size. One of the first sets of guidelines 
about safe OAR constraints in SBRT was 
published by Timmerman et al in 2008.26 
These were followed shortly after by 
new but similar guidelines in 2010 from 
the American Academy of Physicists in 
Medicine (AAPM), which published the 
TG 101 report,27 and the Quantitative 
Analysis of Normal Tissue Effects in 
the Clinic (QUANTEC) group effort in 
2010.28 As an update to the AAPM TG 
101 dose constraint guidelines, Saghal 
et al published an updated set of recom-
mendations for spinal cord constraints 
in 2019.29 At our institution, we follow 
TG 101 guidelines for OAR constraints 
during treatment of spinal metastases 
with SBRT. 

Although the TG 101 and QUANTEC 
guidelines report constraints for the cord 
itself, many physicians choose to account 
for movement of the cord within the spi-
nal canal by adding a 1- to 3-mm mar-
gin around the cord to create a planning 
OAR volume (PRV). Alternatively, the 
avoidance structure can be defined as the 
thecal sac, which applies an anatomically 
defined margin of approximately 1.5 mm 
beyond the spinal cord. In this case, the 
size of the margin varies among spinal 
segments, with the largest typically in the 
upper cervical spine.29 It should be noted 
that when reviewing OAR constraints in 
literature, the presence and size of PRV 
margin varies by report, which makes ag-
gregating data and drawing conclusions 
from the literature as a whole difficult. 
These inconsistencies among reports 
were acknowledged in the 2019 guide-
lines published by Saghal et al, and they 
proposed reporting standards for sub-
sequent case series evaluating radiation 
myelitis.

Furthermore, we propose that PTV 
volume and OAR definitions in spi-
nal SBRT should adhere strictly to the 
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RTOG guidelines governing the avail-
able randomized data. Practically speak-
ing, this means that an inability to meet 
requirements for both clinical target 
volume/PTV coverage and OAR con-
straints should rule out the use of SBRT, 
at least until such time as more liberal 
guidelines are validated in a randomized 
trial. In particular, RTOG makes use of 
the MRI-defined spinal cord as an OAR, 
and this should not be substituted with 
a spinal canal OAR or replaced with a 
non–MRI-defined structure. Likewise, 
given the available safety data, SBRT 
reirradiation of volumes previously 
treated with conventional EBRT, but not 

volumes previously treated with SBRT, is 
an option.14

Recommendations
The following recommendations are 
presented algorithmically in the Figure. 
Because 3-month pain control has been 
shown to be noninferior to conventional 
palliation and we have reasonable suspi-
cion to believe that long-term local control 
and pain control might be better with 
SBRT, the proper selection of palliative 
therapy for patients with radioresistant 
histology depends on their expected sur-
vival. Multiple survival scoring systems 
have been proposed for patients with 

spinal metastases including the revised 
Tokuhashi score,30 the Bauer modified 
score,31 and the Tomita score.32 These 
survival scores are all greater than 10 
years old and lag behind the previous 
decade’s innovations in systemic therapy, 
surgery, and radiotherapy; thus, they may 
underestimate survival. Of the above 
scoring systems, the Tokuhashi scale was 
subject to a robust systematic review and 
meta-analysis published in 2018,33 and for 
that reason we defer to the rerevision of 
the Tokuhashi score in adducing patients’ 
estimated survival (Table 3).33 

 � Patients with oligometastatic disease 
being treated with the aim of dura-

Spinal 
metastasis

Oligometastasis
Treat as per 

oligometastasis 
protocols

Indeterminate/definite 
spinal instability (SINS 

score >6)

Stable spine, treating 
for palliation

Neurosurgical 
intervention indicated

Radiosensitive
histology

Highly 
radiosensitive 

histology 
(seminoma, 

neuroendocrine, 
myeloma, etc)

Does not meet RTOG 
0631 criteria

RRTS 9-11 and 
otherwise eligible 

for SBRT

RRTS 12-15

RRTS 0-8

Meets RTOG 0631 
criteria (not >2 

contiguous levels, 
not >3 separate 
sites, not within  
3 mm of cord)

No neurosurgical 
intervention indicated

Radioresistant 
histology

All other 
histologies

Treat as indicated above

Refer to neurosurgery

ERBT

ERBT

SBRT

SBRT

ERBT

ERBT

Key: EBRT, external beam radiation therapy; RRTS, rerevised Tokuhashi Score; RTOG, Radiation Therapy Oncology Group; SBRT stereotactic body radia-
tion therapy; SINS, Spinal Instability Neoplastic Score

FIGURE. Spinal SBRT vs EBRT Decision Tree
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ble long-term control and possible 
improved survival based upon 
promising findings with the use of 
SBRT are outside and beyond the 
scope of these guidelines.
 � Initial consideration should be made 
for surgical evaluation. Patients with 
definite or indeterminate spinal 
instability, defined as a SINS score 
>6, should be referred to neuro-
surgery prior to radiotherapeutic 
decision-making and considered 
for RT only upon clearance from 
neurosurgery.
 � Patients with a stable spine and a 
treatment aim of palliation can be 
considered for SBRT. Nevertheless, 
those who do not meet RTOG 0631 
eligibility criteria should be treated 
with conventional EBRT. For those 
with disease in more than 2 consec-
utive vertebrae per site, >3 noncon-
secutive sites, or any disease within 3 
mm of the spinal cord, conventional 
radiotherapy is recommended at this 
time, because RTOG 0631 excluded 
patients outside these parameters 
and safety and efficacy data do not 
currently support exceeding these 
constraints.19

 � In patients who meet RTOG 0631 
criteria, we stratify by survival. For 
patients with estimated survival 
less than 6 months, equivalent to a 
rerevised Tokuhashi score (RRTS) 
of 0-8, it is likely that 3-month pain 
control may be the most relevant 
outcome, so we recommend conven-
tional palliation for initial treatment 
regardless of histology. 

 � For patients with estimated survival 
greater than or equal to 1 year, 
equivalent to RRTS 12 to15, we 
favor an SBRT approach unless 
contraindicated by other consider-
ations (such as highly radiosensitive 
histology such as seminoma, myelo-
ma, lymphoma, or neuroendocrine 
tumor). 
 � For patients with estimated sur-
vival between 6 months and 1 
year, equivalent to RRTS 9 to11, 
careful individualized selection of 
candidates for SBRT is favored. 
Radioresistant histology in such 
cases weighs in favor of offering 
SBRT and radiosensitive histology 
weighs against it.
 � Patients who progress after an initial 
course of conventional radiother-
apy can be reirradiated by either 
conventional or SBRT technique, 
and the foregoing algorithm applies 
mutatis mutandis. However, SBRT 
is not an option for reirradiation of 
volumes previously treated by SBRT, 
regardless of other considerations, 
until safety data from randomized 
trials are available to validate this 
application of SBRT.�
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