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Spinal metastases are increasingly becoming a focus of attention with respect to treating with locally “ablative” intent, as opposed to
locally “palliative” intent. This is due to increasing survival rates among patients with metastatic disease, early detection as a result of
increasing availability of spinal MRI, the recognition of the oligometastatic state as a distinct sub-group of favorable metastatic pa-
tients and the advent of stereotactic body radiotherapy (SBRT). Although conventionally fractionated radiation therapy has been uti-
lized for decades, the rates of complete pain relief and local control for complex tumors are sub-optimal. SBRT has the advantage of
delivering high total doses in few fractions (typically, 24 Gy in 1 or 2 fractions to 30–45 Gy in 5 fractions) that can be considered “ab-
lative”. With mature clinical experience emerging among early adopters, we are realizing beyond efficacy the limitations of spine SBRT.
In particular, toxicities such as vertebral compression fracture, and epidural disease progression as the most common pattern of local
tumor progression. As a result, the multidisciplinary evaluation of cases prior to SBRT is emphasized with the intent to identify patients
who could benefit from surgical stabilization or down-staging of epidural disease. The purpose of this review is to provide an overview
of the current literature with respect to outcomes, technical details for safe delivery, patient selection criteria, common and uncom-
mon side effects of therapy, and the increasing use of minimally invasive surgical techniques that can improve both safety and local
control.
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Spinal metastases are a common complication arising from sev-
eral solid malignancies, most commonly from prostate, lung and
breast cancer. Over 20,000 patients are affected annually.1 While
some patients present with asymptomatic tumors diagnosed on
staging or screening imaging, many will present with pain, frac-
ture, or the potentially devastating and irreversible state of symp-
tomatic malignant epidural spinal cord compression (MESCC).

Conventional external beam radiotherapy (cEBRT) is a main-
stream therapeutic modality with the intent to reduce the pain
associated with spinal metastases, and typical doses include
8 Gy in 1 fraction, 20 Gy in 5 fractions, and 30 Gy in 10 fractions.2

A representation of a cEBRT dose distribution is depicted in
Figure 1A. cEBRT has been proven to yield high rates of partial
pain relief; however, complete pain relief rates remain poor

ranging from 0% to 20%.3,4 With respect to imaging-based
local tumor control, it has been suggested that isolated, marrow-
confined disease may be effectively controlled with fractionated
cEBRT and control rates are �85% at 1 year; however, complex,
bulky “mass” type tumors may be associated with poor imaging-
based local control rates of �45% at 1 year.5 These results sug-
gest room for improvement.

With the intent to maximize complete pain relief response and
local control rates, the technique of stereotactic body radiother-
apy (SBRT) was adapted to treat spinal metastases. The intent of
SBRT is to deliver “locally ablative” doses of radiation in a conve-
nient and effective schedule, typically no more than 5 fractions.6

Spine SBRT doses, ranging from 24 Gy delivered in 1 to 2 fractions
to 30 to 45 Gy in 5 fractions, represent up to 5 to 8 times the
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equivalent of those doses typically delivered with cEBRT. One of
the major initial barriers to the adoption of SBRT for spinal indica-
tions was the risk of radiation myelopathy, given the high doses
and steep dose gradients directly adjacent to the spinal cord
(Fig. 1B); however, with the advent of standardized contouring
guidelines, strict technical requirements for delivery, and normal
tissue tolerance guidelines for safe spinal cord practice, spine

SBRT is currently regarded as a safe technique and being evaluat-
ed in a randomized trial.

The aim of this review is to provide a current update on the
technological requirements, patient selection criteria and ratio-
nale, tumor and toxicity outcomes, and the integration with
novel minimally invasive spine surgery to improve outcomes
and safety.

Fig. 1. (A) Patient with C7, T1 and T2 metastatic breast cancer treated with conventional external beam radiation therapy (cEBRT) with
anterior-posterior beams. The radiation portal is shown on the left-most panel and represents a field encompassing the vertebral bodies from C5 to
T4, the middle panel illustrates on sagittal view the dose distribution, and the entire anatomy (vertebrae and normal tissues in the beams’ path) within
the field is radiated to 95% of the prescribed dose of 20 Gy in 5 fractions. The right most panel is the axial view of the dose distribution illustrating again
the entire anatomy within the radiation field (vertebrae and normal tissues in the beams’ path) exposed to the prescribed dose. In both the middle and
right panels the anterior and posterior beams are illustrated. The aim with cEBRT is not to spare the normal tissue but bathe the entire anatomy with a
dose of radiation that is safe to the normal tissues and provides some efficacy with respect to the symptoms associated with the vertebral metastases.
(B) Patient with a T12 sclerotic metastasis (yellow arrow) from prostate cancer involving the vertebral body and ipsilateral pedicle treated with 24 Gy in 2
fractions. The clinical target volume included the entire vertebral body and ipsilateral pedicle, lamina, and transverse process. The high-dose isodose
lines (2400, 2280 cGy) are conforming around the anatomy with sparing of the contralateral posterior elements and spinous process. The thecal sac
maximum dose was 17 Gy and the isodose line again wraps tightly around the spinal canal. There is limited dose exposure into the normal tissues.
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Technical Aspects of SBRT Delivery in
Spinal Metastases
Spine SBRT represents one of the most technically demanding
treatments in radiation oncology. The process begins with a rigor-
ous approach to radiation simulation. Near-rigid body immobili-
zation has become a standard of care, and it has been shown
that such devices increase patient position stability more than
standard evacuated vacuum cushion immobilization devices dur-
ing delivery.7 Furthermore, it is patient bulk motion as opposed to
physiologic cord motion that is significant, as recently reported by
Tseng et al.8 With respect to contouring, both thin slice CT and T1/
T2 weighted axial MRI sequences are required, typically without
contrast to ensure accurate target and spinal cord delineation.
In cases with significant spinal hardware a CT myelogram may
be required for spinal cord delineation. The accuracy of delinea-
tion and delivery is of paramount importance as even millimetric
motions can have significant consequences on spinal cord dosim-
etry as shown by Ma and colleagues.9

There was initial controversy with respect to the appropriate
target volume for spine SBRT. Some advocated for treatment of
only the gross tumor volume (GTV), as visualized on CT and MRI
(analogous to the principles of brain radiosurgery), while others
treated a clinical target volume (CTV), which represents the GTV
plus an anatomic region at risk of microscopic disease extension.
At present, one series reported higher recurrence rates when
treating GTV alone versus CTV.10 As a result of a consortium of ex-
perts contouring several spine SBRT cases, it was observed that
the most common approach was indeed to practice CTV-based
spine SBRT.11 The standard of care at this time is to delineate
and treat the CTV.

The ideal total dose and fractionation remains controversial.
There are conflicting reports regarding outcomes following

single-fraction versus multiple-fraction SBRT, and no dose-finding
randomized trials have been completed. There is no randomized
evidence to support the superiority of spine SBRT over cEBRT, al-
though RTOG 0631 is a randomized trial currently ongoing com-
paring 8 Gy in 1 cBERT to 16–18 Gy SBRT in 1 fraction (http://
www.rtog.org/ClinicalTrials/ProtocolTable/StudyDetails.aspx?
study=0631). Therefore, at this time the dose fractionations typ-
ical of spine SBRT can be considered equivalent with respect to ef-
ficacy. However, there may be differences in efficacy and toxicity,
which future prospective data will better delineate.

Most modern image-guided radiation delivery technologies
have the ability to deliver high precision SBRT. Examples include
CyberKnife [a miniature LINAC mounted onto a robotic arm able
to move the LINAC in all six degrees of freedom (Accuray, Inc.,
Sunnyvale, CA, USA)], and LINAC-based systems equipped with
image-guidance, a sub-centimeter multileaf collimator, and a ro-
botic couch top to adjust the patient’s position in six degrees of
freedom with millimetric accuracy.12 – 15 Ultimately, strict adher-
ence is required with respect to commissioning and quality assur-
ance programs to ensure the apparatus to deliver SBRT is in
accordance with American Association of Physicists in Medicine
(AAPM) guidelines. There are no definitive data to support the
superiority of one system over another.

Indications and Patient Assessment
The American Society of Therapeutic Radiation Oncology (ASTRO)
formed a working group of experts in the treatment of bone and
spinal metastatic disease to generate patient guidelines.16 Key in-
clusion and exclusion criteria specific to spine SBRT were devel-
oped, but the field continues to evolve. A more modern and
relevant approach to patient selection is shown in Table 1. This in-
corporates spinal instability based on the more recent and

Table 1. Guidelines for Spine SBRT

Criteria Inclusion Cautionary/Relative Contraindication Exclusion

Radiographic Spinal/paraspinal metastatic tumor .3 contiguous segments
Bilsky epidural disease grade 0-1 Bilsky epidural disease grade 2 Bilsky epidural disease grade 3
Maximum of 2-3 contiguous or 3

noncontiguous segments
Spinal malalignment

Patient Age .18 years Inability to lie flat and tolerate treatment
KPS ≥40–50 Contraindication to MRI and/or CT myelogram
Oligometastatic disease Widespread metastatic disease Symptomatic spinal cord compression or

cauda equina syndrome
Life expectancy of at least 3 months

Tumor Histologic proof of malignancy Radiosensitive histology such as
myeloma/lymphoma

Oligometastatic spinal metastasis .50% baseline vertebral fracture
Previous

Treatment
Previous external beam irradiation Previous SBRT to the same level EBRT within 90 days prior to SBRT
Postoperative Systemic radionuclide within 30 days prior to

SBRT
Spinal Instability No spinal instability (SINS score 0-6

points)
Potential spinal instability (SINS score

7–12 points)
Frank spinal instability (SINS score . 12

points)

KPS, Karnofsky performance status; EBRT, External beam radiation therapy; SBRT, Stereotactic body radiation therapy; SINS, Spinal Instability in
Neoplastic Syndrome.
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validated approach known as the Spinal Instability in Neoplastic
Disease Score (SINS) classification.17

SINS identifies spinal metastases as stable, potentially stable,
or unstable based on anatomic factors (location, spinal align-
ment, type of tumor [lytic, blastic, mixed], presence of fracture,
posterior element involvement) and clinical factors (type of
pain).17 It has been validated among surgeons, radiation oncolo-
gists, and radiologists.17 – 20 Patients with frank SINS instability
warrant a surgical consult, which should be also considered
prior to SBRT for patients with potential instability.20

One controversial topic remains the degree of epidural disease
prior to SBRT. The ASTRO guideline stipulated a distance ,5 mm
between the cord and disease as a relative contraindication.16

The Bilsky grading system characterizes the degree of epidural ex-
tension.21 A Bilsky grade 0 implies no extension of the lesion be-
yond the vertebral body into the epidural space, Bilsky grade 1–2
demonstrates epidural disease with cerebrospinal fluid still visible,
and a Bilsky grade 3 implies frank circumferential compression of
the spinal cord without visible cerebrospinal fluid. A schematic
representation of the Bilsky grading system is represented in
Figure 2. Spinal metastases graded as a Bilsky 3 should have sur-
gical consultation for consideration of decompression, and if sur-
gery is contraindicated, then cEBRT at this time may be most
appropriate. There is emerging evidence for spine SBRT in patients
with cord compression but at present it should not be considered
the standard of care and caution should be utilized unless in the
context of a prospective clinical trial.22 For Bilsky 2 tumors, if

decompression is feasible, then there may be therapeutic benefit
to downgrading the epidural disease to a Bilsky 0 or 1 following
SBRT, as reported by Al-Omair et al.23 Otherwise, SBRT for Bilsky
2 disease remains appropriate as a relative contraindication. Ide-
ally, there should be at least 2 to 3 millimeters between the dis-
ease and the spinal cord to maximize tumor coverage considering
that the typical dose fall-off at this interface ranges between 15%
and 20% per millimeter.

Spine SBRT should be strongly considered in patients with oligo-
metastatic disease, which is distinct from widely metastatic dis-
ease.24 In these patients, aggressive ablative therapy to all known
sites of metastatic disease may have an impact on long-term dis-
ease free status and these patients may remain curable despite the
metastatic phenotype.24 Specific to spine oligometasatic disease,
from the analysis presented by Thibault et al, it is clear that the sub-
set of renal cell patients with oligometastatic disease (5 or fewer
sites of metastases) survived longer than patients with more exten-
sive disease.25 Therefore, in this population it may be imperative to
treat with a modality that is aimed at long-term local tumor control.

Outcomes of Spinal SBRT in the
Treatment of Metastases

Spine SBRT as Primary Treatment

There have been several reports of outcomes for spine SBRT in pa-
tients without a history of radiation (de novo metastases) and

Fig. 2. Schematic of Bilsky 6-point grading system applied to the thoracic spine depicting epidural spinal cord compression.21 (A) (1) Epidural space; (2)
dural sac; (3) cerebrospinal fluid (CSF); (4) spinal cord. Grade 0, bone involvement only; (B) Grade 1a, epidural impingement without deformation of the
thecal sac; (C) Grade 1b, deformation of the thecal sac without spinal cord abutment; (D) Grade 1c, deformation of thecal sac with spinal cord
abutment, but without spinal cord compression; (E) Grade 2, spinal cord compression with CSF visible around the cord; (F) Grade 3, spinal cord
compression without CSF visible around the cord.
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selected series are summarized in Table 2.25 – 35 Rates of local
control range from 80% to 95% with various dose-fractionation
approaches. Importantly, local control is high even in histologies
traditionally considered radioresistant, for example, renal cell car-
cinoma and sarcoma. As a result, spine SBRT is redefining the con-
cept of radioresistance, and suggesting that with enough dose
these tumors can be controlled.

With respect to clinical pain response following SBRT, high
rates of complete pain relief are also reported. For example, the
Phase 1-2 study from MD Anderson measured quantitative pain
response using the 11-point brief pain inventory in patients treat-
ed with spine SBRT.36 Fifty-four percent of patients had no pain at
6 months following spine SBRT. Furthermore, important end-
points, including opioid use, quality of life, fatigue, malaise, appe-
tite, nausea, and memory, all improved following treatment with
spine SBRT. The current data support superior efficacy in this re-
gard to cEBRT where complete pain response rates are low rang-
ing from 0% to 25%.2,28,37

Spine SBRT Following Previous Radiation

cEBRT has been extremely limited in the re-treatment indication
for spinal metastases. In order to respect the cumulative dose
tolerance of the spinal cord, re-treatment cEBRT practice is to
deliver a second course of radiation that is of a lower biologically
effective dose than the first. This is somewhat counterintuitive
with respect to tumor efficacy, as disease that fails initial radia-
tion could be considered relatively radioresistant and, hence, to
retreat with a lower dose implies strictly palliative intent with po-
tential for only short-term gains in partial pain relief. This was
shown in the randomized trial reported by Chow et al, in which
reirradiation partial response rates and complete response rates
for pain of up to 50% and 14%, respectively, were observed at the
2-month time point post-treatment.38 These results are disap-
pointing and there is significant room for improvement in these
complex cases.

Given that spine SBRT allows for tumor dose escalation while
simultaneously minimizing spinal cord dose exposure, one of
the most common indications for this technique is reirradiation.
Higher doses than previously treated with cEBRT may be delivered
with the intent to maximize pain relief and local tumor control.
The outcomes from selected re-treatment SBRT series are sum-
marized in Table 2.25,35,39 – 42 These data indicate high rates of
local control ranging from 66% to 93%. In fact, two retrospective
series have compared their re-treatment outcomes to those of de
novo spinal metastases treated with spine SBRT, and observed
equivalent rates of local control.34,35 The comparison is limited
by the retrospective nature of the studies, however valuable in
that it shows the potential for spine SBRT to maximize tumor con-
trol and pain control as a more aggressive strategy. Furthermore,
these comparisons imply that SBRT can overcome the radioresist-
ance that led to tumor progression following cEBRT. A prospective
study specific to re-irradiation was reported by Garg et al, which
confirms local control of 76% at 1 year and an improvement in
pain levels.41 A randomized control trial would be ideal in this co-
hort, however, many practitioners question equipoise and ability
to justify randomizing patients to a clearly inferior dose.
Re-irradiation spine SBRT will unlikely be tested in a randomized
control trial, and based on good prospective series and pooled
analysis will be considered a standard of care.

Postoperative SBRT

Postoperative cEBRT has been the standard adjuvant treatment
following spinal surgery for metastatic disease, but the long-term
benefit of this treatment has not been well studied with imaging-
based follow-up. In the few series reported, local recurrence rates
are as high as 69.3% at 1 year following cEBRT.43 After a major
surgical procedure, it seems counterintuitive to apply a subopti-
mal adjuvant radiation therapy; however, management options
were limited in this regard until the development of spine SBRT.
Several postoperative spine SBRT series have been reported with
imaging-based follow-up and summarized in Table 2.23,44 – 48 Es-
sentially, local control rates range between 70% and 100% taking
into account the different dose fractionations and surgical
techniques.

Two major postoperative spine SBRT series have been reported
following predominantly open invasive surgery. Laufer et al re-
ported on 186 patients with MESCC who initially underwent surgi-
cal decompression and instrumentation.47 The 1-year local
control rate was 83.6%. Al Omair et al reported on 80 patients
treated at the University of Toronto with postoperative spine
SBRT with a median SBRT dose of 24 Gy in 2 fractions, and report-
ed a 1-year local control rate of 84%.23 On further analysis, post-
operative Bilsky grade was observed to be an important predictor
of local control, and confirmed that the extent of epidural disease
is indeed an important predictor of local failure. In both studies
the median duration between surgery and starting adjuvant
SBRT was 1.6 months and 1.2 months, respectively.23,47 One con-
cern that had been initially considered specific to postoperative
spine SBRT was hardware failure; however, both series reported
a very low incidence of this adverse event (under 5%). As post-
operative spine SBRT becomes increasingly practiced, further se-
ries will emerge and prospective studies initiated to generate the
high-level evidence to support more widespread adoption. As ra-
diation technology has impacted delivery, surgical technology is
also advancing and changing the traditional concepts of spine
surgery. The focus is now directed on less invasive procedures
to compliment SBRT and reduce complications. Furthermore, im-
plants such as Peek Rods and Cages are being used to minimize
imaging artifact and facilitate radiation planning.

The Evolution to Minimally Invasive
Spine Surgery
Traditional indications for spine surgery specific to metastatic dis-
ease have included neurological deficits (sensorimotor, bowel/
bladder, or sexual dysfunction) due to neural compression, immi-
nent or frank instability including intractable mechanical or neu-
rological pain, radioresistant tumors (eg, sarcoma, colon, renal
cell), and radiation therapy failure, ie, tumor progression during
or after radiotherapy.49 – 51

Given that metastatic spinal disease typically arises at the
junction of the vertebral body and the pedicle and extends poste-
riorly to invade the spinal canal, surgery has typically required ex-
tensive approaches to access the vertebral body via an anterior,
posterior, or combined (ie, both anterior and posterior) ap-
proach.49,50 Although thoractomomy-based anterior approaches,
which include transthoracic and retropleural procedures, provide
the best direct access to the vertebral bodies, they are technically
challenging and offer specific problems. Alternatively, anterior
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decompression can be achieved via posterior-based approaches,
such as transpedicular or costotransversectomy, and via postero-
lateral extracavitary approaches, in which the access is more lat-
eral with regards to the paravertebral muscles.50,52 However,
regardless of the approach used, circumferential decompression
is generally associated with significant spinal destabilization,
which commands stabilization/reconstruction of the spinal col-
umn.50,53 With the recent advancements in posterolateral expo-
sures, they have now become the preferred method to safely
decompress anterior pathology and stabilize the spine through
one incision.

Numerous studies support the positive impact of traditional
open spinal decompression combined with stabilization/recon-
struction on functional, neurological, and health-related quality
of life outcomes in selected symptomatic spinal metastases pa-
tients.54 – 66 However, conventional surgical interventions are as-
sociated with non-negligible mortality rates within 30 days after
surgery, and significant complication rates. A recent systematic re-
view summarized the risks and reported a 30-day postoperative
mortality rate of 5% (range 0%–22%), and an overall complica-
tion rate of 29% (range 5%–65%).66 This adverse event profile,
coupled with the considerable physical frailty exhibited by most

Table 2. Results from select series using spine SBRT

Author (Year) Tumor/

Patients

Treated

Histology Follow-Up

(median months)

Local Control Complete Pain

Response

Overall Survival Tumor Dose/Number of

Fractions (range)

De Novo Treatment
Yamada (2008)30 60/39 Mixed 15 90% (1 yr) nr Median 15 mos 24 Gy/1 fx

Sahgal (2009)35 23/14 Mixed 21 85% (1 yr)/69% (2 yr) nr nr Median 24 Gy/3 fx

Wang (2012)31 166/149 Mixed 16 81% (1 yr)/72% (2 yr) 54% Median 23 mos 27–30 Gy/3 fx

Ahmed (2012)32 63/46 Mixed 8.2 91% nr 59% (1 yr) Median 24 Gy/3 fx

Park (2014)34 45/28 Mixed 7.4 95% (1 yr) nr 47% (1 yr)/28% (2 yr) Median 27 Gy/3 fx

(18–35 Gy/1–5 fx)

Folkert (2014)29 120/88 Sarcoma 12.3 87.9% (1 yr) nr Median 16.9 mos Median 28.5 Gy/3–6 fx

or 24 Gy/1 fx

Sohn (2014)28 13/13 Renal cell nr 85.7% (1 yr) 23.1% Median 15 mos Mean 38 Gy/4 fx

Guckenberger (2014)27 387/301 Mixed 11.8 90% (1 yr)/84% (2 yr) 76.8% 65% (1 yr)/44% (2 yr) Median 24 Gy/3 fx

(10–60 Gy/1–20 fx)

Thibault (2014)25 60/37 Renal cell 12.3 83.4%* nr 64.1% (1 yr)* Median 24 Gy/2 fx

Sellin (2015)33 40/37 Renal cell 49.0 57% 32.4% Median 16.3 mos Median 24 Gy/1 fx

Anand (2015)26 76/52 Mixed 8.5 94% (1 yr)/83% (2 yr) 92.3% 68% (1 yr)/45.4% (2 yr) 24–27 Gy/3 fx or

14–18 Gy/1 fx

Postoperative Treatment
Gerszten (2005)44 36/36 Mixed 16 nr 92% (1 yr) nr Mean 18 Gy/1 fx

Gerszten (2009)45 11/11 Mixed 11 100% 90% nr Mean 19 Gy/1 fx

Massicotte (2012)46 10/10 Mixed 13 70% 80% nr Median 24 Gy/3 fx

Laufer (2013)47 186/186 Mixed 7.6 83.6% (1 yr) nr Median 5.6 mos 24 Gy/1 fx or 27 Gy/3 fx

or 30 Gy/5 fx

Al Omair (2013)23 80/80 Mixed 8.3 84% nr 64% (1 yr) Median 24 Gy/2 fx

Bate (2015)48 21/21 Mixed 9.8 90.5% (1 yr) nr nr 16–23 Gy/1 fx

Reirradiation Treatment
Sahgal (2009)35 37/25 Mixed 7 92% (1 yr) nr 45% (2 yr) 24 Gy/3 fx (previous mean

dose 36 Gy/14 fx)

Choi (2010)39 51/42 Mixed 7 87% (6 mos)/73% (1 yr) 65% 68% (1 yr) Median 20 Gy/2 fx

(previous mean dose

40 Gy/20 fx)

Mahadevan (2010)40 81/60 Mixed 12 93% nr 11 mos 25–30 Gy/5 fx or 24 Gy/3 fx

(previous mean dose

30 Gy/10 fx)

Garg (2011)41 63/59 Mixed 17.6 76% nr 76% (1 yr) 27 Gy/3 fx or 30 Gy/5 fx

(previous mean dose

30 Gy/nr fx)

Damast (2011)42 97/94 Mixed 12.1 66% (1 yr) 46% 52–59% 20 Gy/5 fx or 30 Gy/5 fx

(previous mean dose

30 Gy/nr fx)

Thibault (2014)25 11/37 Renal cell 12.3 83.4%* nr 64.1% (1 yr)* Median 24 Gy/2 fx

(previous mean dose

30 Gy/10 fx)

SBRT: stereotactic body radiation therapy; RT: radiation therapy; Gy: Gray; yr: year; nr: not reported; mos: months; fx: fractions.
*Denotes combined analysis of de novo treatment and reirradiation patients.
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patients with spinal metastatic disease, necessitates careful pa-
tient selection when considering surgical intervention.53,67

With the Patchell56 randomized study supporting the role of
surgery to improve neurologic and functional outcomes for pa-
tients with single level MESCC, demands for spinal surgery have
increased and there is pressure to modernize the approach to
minimize the morbidity. As a result, minimally invasive spine sur-
gery (MISS) emerged, and stemmed from the development of re-
cent surgical technical advances, including visualization aids and
spinal instrumentation methods.53,68 According to McAfee et al, a
MISS procedure is “one that by virtue of the extent and means of
surgical technique results in less collateral tissue damage, result-
ing in measurable decrease in morbidity and more rapid function-
al recovery than traditional exposures, without differentiation in
the intended surgical goal.”69 A MISS procedure, therefore, in-
volves (i) reduced iatrogenic tissue damage, which is associated
with greater postoperative pain, chronic pain and muscle atrophy;
(ii) measurable clinical benefits, such as decreased blood loss, in-
fection rates, hospitalization times, postoperative analgesic
usage, and earlier return to normal life activities; (iii) clinical effec-
tiveness; and (iv) favorable socioeconomic effect.53,69

Molina et al further distinguished two main modalities of spi-
nal MISS: endoscopic video-assisted thoracospoic surgery (VAST)
and minimal access spine surgery (MASS).67 “Mini-open,” “tubu-
lar,” and “percutaneous” are examples of terms seen in the
MASS literature, which reflect the various degrees at which
these techniques attempt to minimize exposure-related morbid-
ity.69 Spinal decompression and reconstruction can be performed
via mini-open and percutaneous (ie, stab incision, notably used
for pedicle screw placement) techniques.70,71 In addition, decom-
pression and interbody fusion can be achieved under endoscopic
or direct visualization through narrow surgical corridors (ie,
tubes), typically placed following sequential tissue dilation, thus
preserving the integrity of the multifidus muscles.46,53,69

Polymethylmethacrylate (PMMA) or methylmethacrylate bone
cement have immediate stability and superb load-bearing proper-
ties when placed for anterior column support.72 They are used for
vertebral body stabilization/reconstruction in spinal surgeries as
well as percutaneous vertebral augmentation procedures, namely
vertebroplasty and kyphoplasty. The latter techniques are not only
becoming increasingly used for the treatment of painful patholog-
ical fractures due to metastatic spine disease, but also in stabiliza-
tion after decompression of metastatic spinal lesion.45,46,70,73–76

MISS techniques offer promising advancements in the treat-
ment of metastatic spinal lesions and, most importantly, may
broaden the spectrum of surgical candidacy. Although the superi-
ority of MISS compared with traditional open surgery in these pa-
tients appears obvious and intuitive, there is no Class I evidence;
such a trial is unlikely to be conducted given the questionable sur-
gical equipoise. Therefore, as these techniques develop further and
gain acceptance in mainstream practice, MISS will likely become a
prominent approach in metastatic patients; however, many pa-
tients will still require traditional open spinal surgery to achieve sur-
gical objectives necessary for a successful outcome.

Postoperative SBRT combined with MISS
Evidence is emerging from studies of combined MISS and SBRT,
and Gerszten et al were among the first to explore a change in

the paradigm of treating patients with painful pathologic verte-
bral compression fracture (VCF) with kyphoplasty followed by
SBRT. Of the 26 patients studied, 92% achieved complete pain
control at 1 year. With respect to MISS-based decompression,
both Gerszten et al and Massicotte et al have reported initial
experiences, but with two distinct techniques. Gerzten et al re-
ported on 11 patients treated initially with a completely percu-
taneous transpedicular cavitation and cement augmentation
approach. This novel technique uses Coblation technology to re-
move tissue with a radiofrequency plasma dissolution process.
A Cavity SpineWand (ArthroCare Corp., Sunnyvale, CA, USA) is in-
troduced percutaneously and this is followed by kyphoplasty
with PMMA inserted into the created cavity. SBRT then followed
within a median time of 14 days and a mean dose of 19 Gy in
a single fraction. All patients were free from local recurrence
given the median follow-up of 11 months, 90% had improve-
ment in pain, and no wound complications were reported.
Massicotte et al uniquely performed MASS using a tubular re-
tractor, and cement augmentation as needed, as an outpatient
day surgery.46 SBRT with a median dose of 24 Gy in 3 fractions
was delivered and the median time from surgery to SBRT was 7
days. The study reported local control in 70% of the 10 patients
given a median follow-up of 13 months, and no patient had
wound complications. These series provide preliminary evi-
dence to support MISS-based approaches combined with
SBRT, with benefits of significantly shortening recuperation
times and potential for lower rates of wound and other compli-
cations, which would ultimately minimize delays in further on-
cologic management.

Patterns of Failure
With multiple series now reported in the literature, and the in-
creasing practice of reporting patterns of failure, epidural disease
progression is the most common site of failure despite the indica-
tion (de novo, re-treatment, postoperative).77 This observation
may be secondary to aggressive tumor biology, relative under-
dosing of disease within the epidural space to maintain spinal
cord tolerance, or outright avoidance of the area due to the con-
formal design inherent to spine SBRT versus cEBRT.

In addition, there appears to be a relationship between the ep-
idural disease grade (based on the Bilsky system, Fig. 2) and the
risk of local failure. Patients with high-grade disease (epidural dis-
ease compressing the cord) had inferior rates of local control
compared with low-grade epidural disease.23 Furthermore, if sur-
gery effectively downstaged high-grade disease, those with max-
imal debulking to a Bilsky 0/1 vs a Bilsky 2 had superior rates of
local tumor control. These data were first to show a therapeutic
advantage to epidural disease resection for local control. There-
fore, with high-grade epidural disease, such as a Bilsky 3, surgery
is optimal, followed by postoperative spine SBRT. Bilsky 2 disease
remains a relative contraindication with the recommendation to
surgically downgrade when feasible.

Toxicities of Spine SBRT
One of the major initial barriers to the widespread adoption of
spine SBRT was the fear of radiation-induced myelopathy. This
stemmed from the lack of knowledge of spinal cord tolerance
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for high-dose hypofractionated radiation. However with protocols
such as RTOG 0613 and evidence-based guidelines as published
by Sahgal et al, for both patients with and without prior radiation
exposure, radiation myelopathy is a rare and unexpected toxicity;
indeed, we encourage adopters of spine SBRT to reference both of
these sources to maximize safety during radiation planning and
plan evaluation.78

A more common, serious, and SBRT-specific toxicity is the de-
velopment of VCF.2,79 It has been observed, in a large multi-
institutional study, that the risk of VCF is 12.4% at 1 year and
13.5% at 2 years post-spine SBRT. However, factors such as deliv-
ery of high-dose-per-fraction SBRT (≥24 Gy v 20 to 23 Gy v
≤19 Gy), baseline VCF, lytic tumor, and spinal deformity increase
the risk. These data suggest that patient selection is a major issue
and predictive tools or algorithms to identify who would benefit
most from prophylactic stabilization are in need. SINS is one
such tool for mechanical instability, and the presence of 3 of 6 cri-
teria may be predictive of SBRT-induced VCF.80

The choice of dose fractionation is one factor that is controlla-
ble and can be used as a strategy to mitigate the VCF risk. At
24 Gy in 1 fraction, the risk of VCF was 40% in the multi-
institutional analysis, and this confirmed an earlier report. Howev-
er, the time of onset varied between the two series.2,79 With a
lower dose per fraction, the rate of VCF significantly drops to
20% with 20 to 23 Gy/fraction and 10% with ,20 Gy/fraction.
At the University of Toronto, the preferred prescription is 24 Gy
in 2 fractions (12 Gy/fraction) associated with a VCF rate of
10%, which is clinically acceptable given multiple factors influ-
encing this outcome.80,81 Presently, without clear evidence of su-
perior efficacy with dose per fraction SBRT regimens exceeding
20 Gy, based on VCF rates, these practices are hard to justify.

One important area of consideration when treating and con-
senting spine SBRT patients is the risk of acute side effects, in par-
ticular pain flare. This phenomenon is well known following cEBRT
and recently the incidence was reported by Chiang et al after a
prospective study.82 Within the first 10 days of treatment, the
risk of pain flare was found to be clinically significant and 68%
of patients suffered this adverse event. With the use of rescue
dexamethasone, the pain was shown to be effectively palliated.
Prophylactic dexamethasone (4 or 8 mg orally prior to SBRT and
for 4 days upon completion) has recently been shown to reduce
the incidence of pain flare to 20%.82 However, at this time it is un-
known if all patients should routinely be treated; a randomized
control trial would provide evidence to optimize patient manage-
ment. A dose-response relationship has been observed based on
the pain flare analysis reported by Pan and colleagues.83 Al-
though this study was not intended a priori to look at pain flare
and did not specifically collect outcomes during and for the first
10 days post-SBRT, nor exclude patients already on dexametha-
sone; they did observe, based on their much larger study (with re-
spect to sample size), that high-dose single-fraction SBRT yielded
greater rates of pain flare than fractionated spine SBRT regimens.
This observation makes sense with the overall trends we are ob-
serving with single-fraction SBRT.

Conclusion
Spine SBRT has emerged as a treatment option for selected pa-
tients with spinal metastases and is increasing in practice. As

mature outcomes from early adopters are increasingly reported,
we continue to observe high rates of local tumor and pain control.
Standardization with respect to radiation planning, treatment
delivery, and dose limits to the organs-at-risk are serving to ex-
pand availability beyond large academic centers. Surgery has a
major role in optimizing spine SBRT outcomes, and multidisciplin-
ary case discussion is therefore imperative. In particular, MISS has
major potential to expand upon traditional indications such that
more patients can derive benefit. The management of spinal me-
tastases is undergoing considerable change and we are at the
leading edge of a paradigm shift.
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