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Postoperative stereotactic body radiotherapy for spinal metastases
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Abstract: Spine is a common site of metastases in cancer patients. Spine surgery is indicated for select
patients, typically those with mechanical instability and/or malignant epidural spinal cord (or cauda equina)
compression. Although post-operative conventional palliative external beam radiation therapy has been the
standard of care, technical improvements in radiation planning and image-guided radiotherapy have allowed
for the application of stereotactic body radiotherapy (SBRT) to the spine. Spine SBRT is intended to ablate
residual tumor and optimize local control by delivering several fold greater biologically effective doses. Early
clinical experience of postoperative spinal SBRT report encouraging results in terms of safety and efficacy.

In this review, we summarize the clinical and technical aspects pertinent to a safe and effective practice of

postoperative SBRT for spinal metastases.
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Introduction

Stereotactic body radiotherapy (SBRT) is an emerging
treatment for spinal metastases. It has been defined as
“The precise delivery of highly conformal and image-guided
bypofractionated external beam radiotherapy, delivered in a
single or few fraction(s), to an extracranial body target with
doses at least biologically equivalent to a radical course when
given over a protracted conventionally (1.8-3.0 Gy/fraction)
fractionated schedule” (1). Fundamentally, SBRT aims to
deliver with extreme precision and accuracy an ablative
dose of radiation to the diseased vertebral segment while
maintaining a safe dose tolerance to the surrounding critical
structures (i.e., spinal cord, esophagus). The published
clinical reports have established its feasibility, safety and
efficacy in achieving local control, however, the data consist
of retrospective single institution series, multi-institutional

© Chinese Clinical Oncology. All rights reserved.

Ccco.amegroups.com

pooled data and a few prospective studies. Currently, two
international ongoing phase II/III trials [NCT00922974
and NCT02512965 (2)] for intact spinal metastases are
comparing spine SBRT to conventional radiation therapy
(CRT) in patients with no prior surgery and radiation
exposure. These trials are intended to prove whether spine
SBRT yields superior pain control with respect to complete
pain response rates, and imaging-based local control as
compared to CRT. Currently, there are no prospective
randomized trials evaluating SBRT as a salvage therapy for
CRT failures or its role in the post-operative patient with
spine metastases.

The focus of this review is on SBRT as an alternative
to CRT for patients with spinal metastases that have
undergone surgery. Those early adopters of post-operative
SBRT argue that if we put a patient through a major
operation we should deliver an effective adjuvant therapy
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Table 1 Spinal Instability Neoplastic Score (SINS)

Alghamdi et al. Postoperative SBRT for spinal metastases

Table 2 Bilsky epidural disease grading system

Factor Score Grade Description

Location 0 No epidural disease
Junctional (occiput-C2, C7-T2, T11-L1, L5-S1) 3 1a Epidural disease impinging on the thecal sac but no
Mobile spine (C3-C6, L2-L4) 2 deformation
Semi-rigid (T3-T10) 1 1b Es;jural disease deforming thecal sac but not spinal
Rigid (52-59) 0 1c Epidural disease deforming thecal sac and contacting

Pain spinal cord
Yes 3 2 Epidural spinal cord compression with CSF visible
Occasional pain but not mechanical 1 3 Epidural spinal cord compression with no visible CSF
No pain 0 CSF, cerebrospinal fluid.

Bone lesion
Lytic 2 is limited, much has been learned and, in this review, we
Mixed 1 provide a summary of the clinical and technical aspects
Blastic 0 of postoperative SBRT for spinal metastases to guide safe

Radiographic spinal alignment

Subluxation or translation 4
De novo kyphosis or scoliosis 2
Normal alignment 0

Vertebral body collapse

>50% 3
<50% 2
No collapse with >50% body involved 1
None of the above 0

Involvement of posterolateral elements

Bilateral 3
Unilateral 1
None of the above 0

intended to maximize local control. The intent of the
overall procedure is to decompress the critical neural
structures, stabilize and control the spinal metastases that
have demonstrated biologic aggressiveness such that an
operation was warranted. Post-op SBRT is not without
technical challenges and this is likely why it is still at the
emerging stage of global adoption. The challenges include
imaging distortions secondary to the surgical hardware,
concerns on the impact of the surgical hardware on the
dosimetry and if post-op SBRT would cause wound
dehiscence or hardware failure. Although the literature

© Chinese Clinical Oncology. All rights reserved.

Ccco.amegroups.com

practice.

Surgical management

The surgical intent for spinal metastases traditionally
involves thecal sac decompression, stabilization with
instrumentation or cement packing and tumor debulking.
Indications for surgery include symptomatic pathological
compression fracture, mechanical instability which can
be assessed using Spinal Instability Neoplastic Score
(SINS) (3) and symptomatic single level malignant epidural
spinal cord compression (MESCC). In order to describe
the extent of epidural disease, with respect to its anatomic
relation to the spinal cord on MRI and any clinical
neurological motor deficits, the Bilsky grading system (4)
and the American Spinal Injury Association (ASIA)
classification system (5) are common assessment tools,
respectively. The SINS, Bilsky and ASIA classifications are
summarized in Tables 1, 2, and 3, respectively.

The role of surgery followed by palliative CRT for
symptomatic single level MESCC is supported by level I
evidence (6). Surgery was shown to improve ambulatory
status, pain control and overall survival compared to
palliative CRT alone (30 Gy in 10 fractions) in the Patchell
Phase III randomized controlled trial. It is important to
note that patients in this study were highly selected and,
more commonly in practice, the population in question
are patients who present with multi-level MESCC, where
surgery is considered to be too invasive, and palliative CRT
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Table 3 American Spinal Injury Association (ASIA) impairment scale

Category Description

A Complete: no motor or sensory function preserved

B Sensory incomplete: sensory but not motor function preserved below neurologic level

C Motor incomplete: motor function preserved below neurologic level and more than one half of muscles below level have
grade <3

D Motor incomplete: motor function preserved below neurologic level and more than one half of muscles below level have
grade =3

E Normal neurologic function

has been the default treatment of choice. Recently, surgical
innovations have been developed to reduce the morbidity
of traditional open invasive surgery. These include
percutaneous instrumentation, cement augmentation
procedures and minimally invasive decompression. The
aim with these techniques is to minimize the wound
created; for example, the tubular retraction system that
allows for epidural disease resection is only 2 cm and it has
been shown by Massicotte et /. that the median time to
SBRT was 6.5 days (7). This represents a major advance
as compared to the traditional 3 to 4 weeks for wound
healing with open invasive instrumentation procedures.
MR-guided spinal laser interstitial thermal therapy is an
innovative minimally invasive technology being applied to
the management of epidural disease. The aim is thermal
ablation of epidural disease followed by SBRT as described
by Tatsui ez al. (8).

With respect to stabilization, newer percutaneous
techniques have been developed. For example, use of
cement augmentation procedures have been shown to be
beneficial in reducing pain, opioid use and disability scores
in patients with pathologic vertebral compression fracture
(VCF) in a randomized trial (9) and, for more complex
cases, percutaneous instrumentation has been shown to be
a convenient way to stabilize with hardware without the
morbidity of open invasive surgical instrumentation. There
is always a role for open invasive procedures but care must
be taken in cancer patients to consider less invasive surgery
given that life expectancy is often limited and interruptions
should be minimized in the overall cancer care.

With respect to epidural decompression, controversy
exists on the role of surgical debulking of low grade epidural
disease. Certainly, as shown by Patchell et 4. (6), when
high grade epidural disease causes symptomatic MESCC
then surgery is warranted and beneficial. However, for the
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asymptomatic high-grade epidural disease patient, or even
low grade epidural disease in selected patients, resection
may have a role as it has been shown to improve SBRT
outcomes. Al-Omair et al. reported that the downgrading
of epidural disease has a therapeutic benefit with respect
to local control following SBRT (10). The local control
rates at one year for patients with pre-operative high-grade
epidural disease (Bilsky 2 or 3) that was downgraded to
0 or 1 was 95%, as compared to 50% if no downgrading
occurred after surgery (P=0.0009) (10). Fundamentally, it
has consistently been shown that failure post-SBRT is most
common within the epidural space. This pattern of failure
may be explained by the inherent underdosing required
to respect the adjacent spinal cord tolerance, biologic
aggressiveness of the disease, or geographic miss associated
with conformality of the dose distribution. Ultimately, the
management of epidural disease with minimally invasive
techniques is increasingly becoming an area of research and
innovation.

Conventional postoperative external beam
radiotherapy

Following surgical treatment, postoperative CRT is
most commonly employed delivering what is considered
a palliative dose of 20 Gy in 5 fractions or 30 Gy in 10
fractions (6,11-14). The interpretation of CRT outcomes
in the literature is challenging for many reasons including
the heterogeneity of the reported endpoints. Although
many series report pain and neurologic function, these
endpoints may not be specific surrogates for local control,
as postoperative pain is not uncommonly encountered in
these patients. Ambulation is another reported endpoint,
including in the Patchell phase III randomized trial (6).
Again, this endpoint is rather complex and does not
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Table 4 Summary of selected postoperative SBRT series and outcomes for spinal metastases

Study No. of postoperative patients Dose/no. of fractions Local control Median follow-up (months)
Tao (17), prospective phase I/Il 66 16-24 Gy/1 or 27-30 Gy/3-5 85% @ 1 year 30

Al-Omair (10), prospective database 80 18-40 Gy/1-5 84% @ 1 year 8.3
Puvanesarajah (18), retrospective 32 12-30 Gy/1-5 100% @ 1 year 6.1

Laufer (19), retrospective 186 18-36 Gy/1-6 83.6% @ 1 year 7.6

Bate (20), retrospective 21 16-22 Gy/1-5 90.5% @ 1 year 10

Harel (21), prospective database 22 12-16 Gy/1 Crude: 88.3% 12.59*

Includes only studies with =20 patients. Those studies that included kyphoplasty alone without decompression, debulking, or

instrumentation were excluded. *, mean follow-up.

necessarily reflect disease control. Furthermore, it is
subjective in nature in that there is no standardized outcome
assessment tool for ambulation. In our opinion, imaging-
based local control is the endpoint of interest and more
specifically with respect to justifying a transition to SBRT.
A recent review of the literature identified only 3 small
retrospective series that included few patients followed with
various imaging modalities (11,13,14). Overall, the crude
rate of local control using postoperative CRT ranged from
4% to 79% (15).

Radiation fields of CRT typically encompass the
preoperatively involved vertebrae with one vertebral body
above and below. Hardware at the level of preoperative
disease in usually included in the standard parallel opposed
anteroposterior fields. A single posterior field can also be
used if the patient anatomy allows for acceptable coverage
but is discouraged due to excessive skin dose which is
essentially the surgical wound, and the underdosing of the
anterior vertebral body. The main advantages of CRT lie
in that patient set-up is quick and less labor intensive with
respect to planning and delivery when compared to SBRT.

Postoperative SBRT

Reported clinical series of postoperative SBRT indicate at
least comparable if not better local control as compared
to CRT series (15), with a 1-year local control rate of
approximately 80-90% (16). Unlike CRT series, SBRT
studies report MRI-based local control as the primary
endpoint and tend to include more radio-resistant tumors
and/or patients with a history of prior CRT. Therefore,
the high rates of local control are likely reflecting superior
outcomes as compared to CRT, but no randomized trials
have been conducted. Table 4 summarizes those selected
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SBRT studies specific to postoperative spinal metastases
with at least 20 patients in the series and procedures beyond
simple cement augmentation as the primary surgical
technique.

Risk factors, patterns and assessment of
disease local recurrence

A higher grade of postoperative epidural disease (Bilsky 2 or
3 vs. 0 or 1) and lower prescribed dose per fraction (18-40 Gy
in 3-5 fractions vs. 18-26 Gy in 1 or 2) have been shown to
be predictive for local recurrence following postoperative
SBRT in the series from Al-Omair ez /. (10). Similarly,
Laufer et al. reported higher rates of local control when
treating with high dose single fraction and hypofractionated
SBRT as compared to lower dose hypofractionated
SBRT (19). It may be that the hypoxic environment of the
post-operative tissue bed requires greater SBRT biologically
effective doses, but as yet there is no high level evidence to
support conclusively one SBRT fractionation scheme over
another. In addition, there have been no robust dosimetric
parameters found to predict local control as a means to
guide treatment planning. The overall intent is to respect
the tolerance to the organs-at-risk while maximizing
coverage of the planning target volume.

With respect to patterns of failure, it has been observed
that the epidural space is the most common anatomic
location of tumor recurrence, and this is similar to
that observed for intact metastases treated with SBRT.
Importantly, marginal and adjacent level failures have not
been commonly observed, and this is critical as the clinical
target volume (CTV) in the post-operative patient is
significantly tailored as compared to what we traditionally
treated with CRT. This observation also likely reflects the
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tendency to be generous with the CTV and encompassing
the surgical bed as opposed to only where the tumor was
thought to be present pre-operatively.

Chan er al. reported detailed patterns of failure
analysis specific to patients treated with post-operative
SBRT (22). They divided patients into those with pre-
and post-operative anterior-only epidural disease and
those with anterior and posterior epidural disease, and
then subdivided the spinal canal into 6 sectors based on
the International Spine Radiosurgery Consortium (ISRC)
anatomic classification system (22). The first major
observation from that study was to respect the pre-operative
location of epidural tumor in the post-operative CT'V. This
recommendation was based on the pre-operative location
of epidural disease predicting failure as opposed to the
post-operation location of the epidural disease. Second, for
those patients with pre-operative anterior confined epidural
disease, subsequent failure could occur within the anteriorly
epidural sector but also in the anterio-lateral sectors. In
those patients with pre-operative circumferential disease,
failure could occur in any of the anterior or posterior
sectors. This led to recommendations of CTV delineation
specific to the post-operative SBRT patient which have been
further refined based on a group of experts by Redmond
et al. to guide safe target volume delineation (23).

The interpretation of post-SBRT imaging-based
response is also a major challenge. For example, osseous
pseudo-progression on early post-SBRT MRI T1 and T2
sequences has been recently described and observed to
occur in ~30% of the patients between 3-6 months post-
SBRT, and this is not observed with CRT (24). This reflects
the lack of understanding of signal changes in the bone
associated with high dose radiation. For example, within
the bone of the treated spinal segment a darkening in the
T1 signal is not uncommonly observed, and this can be
reported as progression if the radiologist is unaware of the
treatment. Cruz ef al. reported such a case where pathologic
confirmation of radiation fibrosis and necrosis was observed
as opposed to tumor progression, which represented one
of the first reports to highlight the issue (25). The SPine
response assessment in Neuro-Oncology (SPINO) group
reported early recommendations regarding post-SBRT
imaging interpretation which consist of using MRI for
tumor response assessment, interpretation by a neuro-
radiologist and radiation oncologist in equivocal cases,
defining local control as the absence of progression in the
treated area based on serial imaging, and defining local
progression as unequivocal disease progression on serial
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imaging or new/progressing epidural disease (26). The
same group recommended against applying the commonly
used RECIST criteria in assessing response post-SBRT as
RECIST was not developed for bone metastases and was
based on linear dimensions (26).

Postoperative SBRT volume definitions, dose
constraints and technique

Consensus contouring guidelines for postoperative SBRT
were recently reported to standardize volume delineation
to guide safe practice (23). Briefly, gross tumor volume
(GTV) was defined as residual disease visible on MRI and
CT, and CTV the margin applied to encompass the surgical
bed with care to encompass the preoperative extent of the
disease in bone, epidural and paraspinal tissue regardless of
the extent of resection. Adjacent anatomical compartments
(ISRC sectors) (22) at risk of microscopic disease are also
part of the CTV. At the Sunnybrook Odette Cancer Centre
of the University of Toronto, Toronto, Ontario, Canada,
we also add a 5-mm craniocaudal expansion on epidural
disease in order to ensure that the potential for geographic
miss is minimized in this axis. We then subtract the CTV
from the spinal cord and/or thecal sac to create a final CTV,
and thereby maximizing the dose to the epidural space in
all cases. An expansion of 2 mm on the final CTV is used
to create a PTV as shown in the example case (Figure I).
We use the same PTV margin for treating longer target
volumes (i.e., three vertebral levels or more) as our
published data indicated that 2 mm is an adequate margin
for set-up uncertainty in these patients (27).

For treatment planning, volumetric thin slice T'1 and T2
weighted non-contrast axial MRIs are acquired at least one
vertebral body above and below the target spinal segment
and fused to the thin slice CT simulation scan. Gadolinium
may be useful for paraspinal disease characterization and
CT myelogram may be required if the metallic artifact is
severe such that the MRI is distorted or blacked out. The
pre-operative MRI can also be fused if feasible but must be
examined to ensure that all areas of pre-operative disease
are encompassed in the CTV. The spinal cord/thecal sac is
usually contoured on T'1 weighted axial MRI and the axial
T2 can help in particular in regions with metallic artifact,
and/or based on the CT myelogram. We apply a 1.5 mm
expansion on the spinal cord as a planning organ at risk
volume (PRV), but for the thecal sac no PRV is applied. We
also use the same PRV margin for longer target volumes

based on our published data (27). Overlapping cord and
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Figure 1 Contours of target and organs-at-risk at T11 of the example case with T10-T12 local tumor recurrence and Bilsky IC epidural

disease. Left, CT simulation scans; Middle, planning MRI of the same levels; Right, sagittal view of CT simulation scan. Care was taken

to ensure inclusion of a 5 mm craniocaudal margin on epidural disease within the CTV. Orange is CTV, blue is PTV, yellow is spinal cord,

green is cord PRV (1.5 mm margin around the cord), purple is the thecal sac, and red is esophagus. CTV, clinical target volume; PTV,

planning target volume; PRV, planning organ at risk volume.

thecal sac contours at T12 to L1 is considered a safe
practice. Nerve roots can also be contoured especially in the
sacral area with a restriction of no hot spots.

In addition to metal artifact, titanium hardware has an
impact on dose distribution including underestimation of the
dose in front of the hardware by 6% and underdosing of areas
beyond the hardware by 7% (15). In order to minimize these
effects, one should keep the weight of the beams passing
through the hardware as low as possible. Furthermore, we
contour the metal hardware and assign a density to account
for the difference. In many cases, we are not provided with
the information regarding the composition of the hardware.
We contour the hardware using different views of CT (all
three views as well as the DRRs) and assign it a density of
titanium and also contour the image artifacts and assign it a
density of water. Care is taken to contour a minimum amount
of artifacts and not assign regions of bone with water.

Generally, doses of postoperative SBRT are similar to
SBRT for intact spinal metastases, and there is no consensus
on dose and fractionation (16). Our standard dose is 24 Gy
in two fractions with a 17 Gy limit to the spinal cord PRV/
thecal sac. In patients with prior CRT, we treat with 24 Gy
in 2 fractions with a 12.2 Gy limit to the spinal cord PRV/
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thecal sac. For patients with 2 courses of prior CRT, prior
SBRT or spinal segments involving 3 or more levels, we
tend to treat with 30 Gy in 4 fractions and apply spinal
cord constraints based on published guidelines by Sahgal
et al. (28-31).

With respect to treatment, image guidance is critical
and mandatory with cone-beam CT and/or stereoscopic
imaging. We recommend a translational and rotational
tolerance of Imm and 1 degree, respectively, and 6-degree
freedom positional correction at the level of the treatment
couch or linac itself (i.e., Cyberknife) (32).

Toxicities following postoperative SBRT

Based on level III evidence, SBRT is considered a safe
treatment when performed properly. Radiation myelopathy,
plexopathy, and esophageal toxicities are rare (33). As the
technique and dose tolerance to critical organs-at-risk
have been largely established for safe practice, vertebral
compression fracture is the adverse event of concern, and
observed typically in 10-15% of patients. Risk factors
include SBRT with >20 Gy/fraction, presence of a baseline
VCE, spinal misalignment and lytic tumor (33-37). In
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Figure 2 Preoperative spine MRI of a 58-year-old patient described in the example case with a local recurrence of metastatic breast cancer
at T10 to T12 with Bilsky IC epidural disease. Left, axial T2 weighted MRI showing the extent of T11 disease; Middle, axial T'1 weighted

MRI of the same level; Right, Sagittal view of T2 weighted MRI.

some patients, the incidence can approach even 40% in
particular when treating with 24 Gy in 1 fraction. In high
risk patients, there is a role for prophylactic (pre-SBRT or
immediately post-SBRT) stabilization with interventions
such as percutaneous vertebroplasty (cement augmentation),
percutaneous instrumentation or open surgical stabilization.
Multidisciplinary discussion is essential to optimize
treatment outcome in high risk patients.

Given that most postoperative patients have hardware
stabilization in place prior to SBRT treatment, the issue
of VCF may not be as clinically important as in the
case of intact metastases treated with SBRT. In a cohort
of 80 patients who were treated with postoperative
SBRT, Al-Omair et al. reported 9 cases of VCF (5 new
and 4 progression) (10). In the same cohort, only one
had hardware failure post SBRT and no myelopathy
or neuropathy observed. It is important to note that
although fracture occurs, most settle with only 20-30%
being salvaged with typically a cement augmentation
procedure (38). The impact of SBRT on instrumentation
failure was addressed by Harel ez 4/. (39). In that study, a
lower rate of instrumentation failure was observed with
SBRT compared to CRT (0% vs. 43%). In addition,
authors found a higher rate of fusion with SBRT (50%
vs. 17%). The same group assessed the effect of SBRT on
wound healing and found no significant wound healing
complications at a mean follow-up of 12.5 months following
postoperative SBRT (21).

Example case

A 58-year-old patient with metastatic breast cancer treated
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with 24 Gy in a single fraction to T12. Four years later,
the patient developed a local recurrence at T12 and was
re-treated with a second course of SBRT using 30 Gy
in 4 fractions. She then presented after two years with
progressive back pain and was found to have disease
recurrence at 110, T'11 and T12 with Bilsky 1C epidural
extension (Figure 2). The patient underwent T10-T11
epidural tumour decompression, T9-T12 laminectomy,
and T8-L1 instrumented fusion. Postoperatively, she
received a 3" course of SBRT to T10-T12. The prescribed
dose was 30 Gy in 5 fractions which is our preferred third
time re-treatment dose with SBRT. This patient remained
locally controlled until her death 6 months later. Figure 3
shows how metal artifacts can make cord visualization very
difficult and mimic residual disease on MRI, making the
CT myelogram invaluable for accurate cord delineation
in this example. Figures 1,4-6 show target contours, spinal
cord and thecal sac contours, the treatment plan, and dose
volume histogram, respectively, for this challenging case.

Conclusions

Postoperative SBRT for spinal metastases is increasing
in clinical practice as an adjuvant treatment that is both
safe and efficacious. Contouring guidelines represent a
significant advance in standardizing the delineation of these
complex targets. It is recognized that clinical data is limited
to predominantly retrospective analyses of prospective
databases and therefore, randomized trials are needed to
confirm superiority over conventional external beam palliative
radiotherapy, in addition to SBRT dose finding studies to
determine the optimal postoperative SBRT regimen.
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Figure 3 Spinal cord visualization on CT myelogram, and T1 and T2 weighted MRI of the example case (T10-T12 local recurrence). Postoperative
CT myelogram (left) and corresponding T'1 weighted MRI (middle) and T2 weighted MRI (right) for two different axial slices at T11.

Figure 4 Contours of the spinal cord and thecal sac on CT myelogram of the example case with T10-T12 local tumor recurrence. Top

right, spinal cord contour; Bottom right, thecal sac contour.
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Figure 5 Dose distribution at T11 of the third course of SBRT after surgery for local tumor recurrence as described in the example case.
Prescribed dose was 30 Gy. The maximum point dose constraint of the thecal sac was 18 Gy (at T12-L1) given previous treatments. As the
spinal cord at T10-T11 did not receive significant dose from prior treatments, we limited the maximum point dose of the cord PRV to 22 Gy

and cord to 20 Gy. Blue colourwash and the green contour represent the PTV and cord PRV, respectively.
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Figure 6 Dose volume histogram of the postoperative SBRT plan (Figure 5) for the example case. SBRT, stereotactic body radiotherapy.
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