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Stereotactic body radiotherapy: a new
paradigm in the management of spinal
metastases e

Zain A Husain', Isabelle Thibault?, Daniel Letourneau?, Lijun
Ma?*, Harald Keller?, John Suh®, Veronica Chiang"s, Eric L Chang’,

Raja K Rampersaud?, James Perry?®, David A Larson* & Arjun Sahgal**?

millimeter precision.

control over the suboptimal results obtained with conventional radiotherapy.

Practice Points

B Spine stereotactic body radiotherapy is increasingly being applied to the postoperative patient and
the high rates of gross tumor control are changing the paradigm of surgery towards a more limited

decompression and stabilization procedure.

B Although serious toxicities have been reported, dosimetric guidelines are emerging for the major organs

at risk, which should limit the risk of major complications in the future.

B Spine stereotactic body radiotherapy is an emerging therapy for selected patients with spinal metastases.

B Major technological advances have been made in radiation delivery, permitting high-dose radiation with

B The aim of spine stereotactic body radiotherapy for spinal metastases is to improve pain and tumor

SUMMARY Spine stereotactic body radiotherapy is based on delivering high
biologically effective doses to spinal metastases, with the intent to maximize both tumor
and pain control. The purpose of this review is to outline the technical details of spine
stereotactic body radiotherapy, contrast clinical outcomes to low biologically effective
dose conventional palliative radiotherapy, discuss the role of surgery in the era of spine
stereotactic body radiotherapy, and summarize the major serious adverse events that
patients would otherwise not be at risk of with conventional radiotherapy.

Approximately 100,000 cancer patients develop 20,000 new cases diagnosed each year [1]. Spinal
bone metastases per year in the USA and the most  metastases typically cause a progressive constant
common site is the spine, with approximately dull pain; however, the spine can be rendered
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mechanically unstable and in this situation the
pain is often described as worse with ambulation,
bending or lifting, and better when lying down.
The most serious complication of spinal metas-
tases is the development of neurologic symptoms
due to nerve root or spinal cord compression.
Malignant spinal cord compression (MSCC) is
a late complication of spine metastases that can
be caused by epidural disease, fracture resulting
in retropulsion of the posterior vertebral body
wall into the spinal canal, or both. Regardless
of the etiology, emergency spinal surgery may
be required.

For decades, asymptomatic bony metastases
have been treated with systemic therapy, and the
predominant treatment of symptomatic spinal
metastases has been conventional palliative radio-
therapy [2.3]. The standard technique is relatively
simple and involves delivering radiation using
two opposed beams and, typically, one vertebral
level above and below the metastases is included
in the target volume (Figure 1). As a result, all of
the normal tissues in the beams’ path are also
irradiated and, therefore, the radiation dose and
number of fractions prescribed are limited to
what normal tissues can tolerate, most notably
the spinal cord. Typical conventional palliative
radiotherapy doses for spinal metastases include

Isovalues (cGy)

2140.0

2000.0

Figure 1. A conventional radiotherapy treatment plan. Illustrates the typical
practice of including at least one vertebral body above and below the target
volume (in red colorwash), and using an anterior and posterior parallel opposed
beam arrangement. The target and normal tissues are exposed to the radiation.
The patient was treated with 20 Gy in five fractions.
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8 Gy in a single fraction, 20 Gy in five fractions
and 30 Gy in ten fractions [2]. Several random-
ized trials and a meta-analysis have concluded
that there appears to be a lack of a dose response
within this range of low-dose conventional pal-
liative radiation practice [1.2.4,5]. Consequently,
low-dose radiation for spinal metastases has been
widely adopted, although partial response rates
are in the order of approximately 60%, complete
pain response rates range from 0 to 14%, with
the lowest result coming from a study specifically
examining spine metastases as opposed to bony
metastases in general [2.4.6,7]. While these results
are considered suboptimal, they were the best
that could be obtained given the technological
limitations of the time.

Over the last 10 years, radiation oncology
technology has undergone a major revolution
with the development of computed tomography
(CT)-based 3D treatment planning, CT-MRI
fusion, sophisticated immobilization devices,
multileaf collimators, intensity-modulated
radiotherapy, volumetric modulated arc therapy,
on-board image-guidance systems and, most
recently, ultra-fast flattening filter-free treat-
ment delivery [8-11]. Ultimately, these techno-
logies have been exploited to develop spine
stereotactic body radiotherapy (SBRT), also
known as spine stereotactic radiosurgery [10].
Essentially, radiation can now be concentrated
within the diseased vertebrae and curved around
critical surrounding organs at risk, such as the
spinal cord, to safely escalate the dose within
the tumor (Figure 2). Doses such as 20-24 Gy in
one fraction, 2427 Gy in two to three fractions
and 30—40 Gy in four to five fractions are com-
monly used in spine SBRT, and represent two- to
six-times the radiobiologically equivalent dose
previously delivered with conventional palliative
radiation [10].

The Canadian Association of Radiation Oncol-
ogy (CARO) recently defined SBRT as “the
precise delivery of highly conformal and image-
guided hypofractionated external beam radio-
therapy, 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 conventionally fractionated (1.8—
3.0 Gy/fraction) schedule” [10]. Regarding meta-
static disease, this definition reflects the paradigm
shift in treatment philosophy such that ‘locally
curative doses’, as opposed to ‘locally palliative
doses’, are delivered. The purpose of this review is
to provide an overview of the technical details for

future science group
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Absolute (cGy)

Figure 2. Stereotactic body radiotherapy treatment and response. (A) T,-weighted axial MRI
illustrating C3 metastases in a patient with breast cancer, and a tumor involving the posterior
elements and not the vertebral body. (B) The treatment plan isodose distribution of the patient who
received 24 Gy in two fractions. (C) Axial T -weighted MRl illustrating the response 2 months later, in
which a drastic shrinkage in tumor size can be observed. This patient also had a complete response

to pain.

spine SBRT specific to metastatic disease, contrast
clinical outcomes and toxicities to conventional
radiotherapy, and discuss the challenges we face
to move the field forward.

Technological details for spine SBRT
delivery

Spine SBRT demands extreme precision in
radiotherapy delivery to within 1-2 mm [10]. It is
only with recent technical advances in the entire
radiotherapy process that this level of techni-
cal excellence is now achievable, and has been
confirmed by several groups [12-16]. The follow-
ing section describes the recommended proce-
dures to perform safe spine SBRT, based on the
published University of Toronto (ON, Canada)
approach [14,17].

® Simulation

Patients are CT simulated in the supine posi-
tion in a near-rigid body immobilization device
(BodyFIX®, Elekta AB, Stockholm, Sweden)
(17]. A comparison of near-rigid immobiliza-
tion versus a simple evacuated vacuum cushion
performed at the University of Toronto, demon-
strated that patients are more stable and less
likely to move during treatment with the more
restrictive immobilization device [18].
This result confirmed the safety of reducing our
margins by 1 mm for technical uncertainties and
our current practice of applying a 1.5 mm mar-
gin beyond the spinal cord as a planning organ-
at-risk volume [17]. Since the steepest dose gradi-
ent is adjacent to the spinal cord, a reduction of
even 1 mm in margin is of major significance

Figure 3. Elekta Synergy® unit curently in use at the University of Toronto and BodyFIX® system
for immobilization. (A) Elekta Synergy® (Elekta AB, Stockholm, Sweden), which is the linear
accelerator-based system currently in use at the University of Toronto (ON, USA) [17]. (B) A patient
fully immobilized in the BodyFIX® system (Elekta AB).
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as it can translate to an increase of up to 4 Gy all three translational axes to position the patient

in the tumor tissue adjacent to the spinal cord appropriately

. One limitation to tra-

. For lesions at the fourth thoracic verte- ~ ditional treatment couches is their inability to

brae and above, a rigid thermoplastic mask that  rotate; however, new robotic couches are able to

covers the entire head and shoulders is recom-  adjust the patient in not only the three transla-

mended, as the BodyFIX does not immobilize tional axes, but also in the three rotational axis,

this region [18]. to provide the full six degrees of freedom motion.

Thin-slice treatment planning CT scans The second type of treatment delivery technol-

(1-2.5 mm) are required, as are noncontrast ogy consists of an X-band mini-linac mounted

axial T and T, volumetric MRI sequences imag-  onto a robot that moves the linac itself to com-

ing one vertebrae above and below the target pensate for patient motion. This unit is known

to be fused to the planning CT. MRI is essen- commercially as the CyberKnife® (Accuray Inc.,

tial for accurate delineation of the target, any = Sunnyvale, CA, USA) [9.13,19.20].

soft tissue extension and the spinal cord/thecal

There are several nuances to all technologies

sac. A CT myelogram can also be performed to  capable of spine SBRT, and the technological

delineate the spinal cord/thecal sac, and is often  aspects have been detailed in several reviews

required in the postoperative patient due to the [9.19,21,22]. A treatment planning study com-

distortions created by the spinal hardware on the  paring the CyberKnife to linac-based multi-

magnetic resonance images. Myelography is not  leaf collimator delivery and protons demon-

an alternative to MRI, but is complementary for ~ strated that all technologies are able to perform

cord delineation, as soft tissues are not visualized  the treatment planning task [19]. However,

sufficiently by CT alone.

CyberKnife plans tended to result in the great-

est heterogeneity in the dose distribution, while

® Treatment delivery machines

multileaf collimator linac systems resulted in

Delivery units can be categorized into two main  the least heterogeneity, which in turn led to

groups (8.9,11]. Most commonly used are multileaf  a slight sacrifice in its ability to achieve cord

collimator-based linear accelerator (linac) units,  sparing [19]. This study also showed the feasi-

which are fixed in the treatment room, with the  bility of proton therapy to be used for spine

patient on a moveable table-top that can movein ~ SBRT; however, this technology has not yet

Dose (Gy)
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Figure 4. Dose profile through a cross-section of the target volume. (A) Axial computed
tomography slice with the isodoses overlaid for a 24 Gy single-fraction plan. The planning target
volume contour is shown in green with the spinal cord shown in red colorwash. The planning
organ-at-risk volume for the cord is shown in yellow (represents a margin of 1.5 mm beyond the
contoured spinal cord) and is typically restricted to a maximum point dose of 12.4 Gy. (B) The dose
profile and dose gradient along the dashed white line in (A) is shown. The location of the cord and
the cord planning organ-at-risk volume lateral edges are indicated on (B) by the vertical solid and

dashed black lines, respectively.
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been clinically applied. Regardless of the treat-
ment delivery device chosen, image guidance
is required for the delivery of spine SBRT [14]
and is central to all SBRT delivery [10]. Image-
guided radiotherapy allows the user to ensure
that the patient is adequately positioned prior
to the start of treatment, and can also be used
during treatment to ensure continued precision
(13.14]. It has been shown that without image-
guided radiotherapy, the position of the target
can drift during treatment and this can have
significant dosimetric effects on the actual cord
dose delivered 23].

Clinical details for spine SBRT delivery

® Volume delineation

An international consortium of expert radiation
oncologists and spine surgeons, led by the Memo-
rial Sloan Kettering Cancer Center (MSKCC),
developed consensus guidelines to aid target vol-
ume delineation [24]. The aim of these guidelines
was to help the community avoid common pit-
falls in target contouring, such as attempting to
only treat the gross tumor volume without an
anatomic margin to cover potential areas at risk
of microscopic disease spread [25]. It should be
noted that these guidelines are based on expert
opinion and have not been validated with clini-
cal outcomes, which should be the next step in
the group’s research agenda.

® Dosing

Total dose and fractionation schemes for
spine SBRT vary considerably from institu-
tion to institution, with little data to support
one regimen over another [9]. The most com-
mon treatment schemes currently in practice
include 16-24 Gy in a single fraction, 24 Gy
in two fractions, 24-27 Gy in three fractions
and 30-40 Gy in five fractions [9]. Although
some institutions have championed high-dose
single-fraction SBRT, with doses in the range
of 20-24 Gy 26], no prospective controlled data
exist to support this practice. Moreover, con-
flicting data have been reported regarding the
risks and benefits of high-dose fractionated spine
SBRT [27.28]. A randomized study of single versus
fractionated radiosurgery would provide critical
new information.

® Who to treat

An international group of experts in bone metas-
tases was assembled with the support of the Amer-
ican Society of Therapeutic Radiation Oncology

future science group

(ASTRO) to compile practice guidelines. Within
this document was a section on spine SBRT. The
group was only able to provide a summary of
inclusion and exclusion criteria to guide patient
selection [29]. provides a summary of these
recommendations, with slight modifications to
reflect current practice. Of note, some of the
major exclusion criteria included MSCC, cauda
equina compression and significant epidural dis-
ease. These contraindications reflect the potential
need for urgent radiation, as opposed to delaying
radiation in order to plan and deliver spine SBRT,
which can take up to a week. Furthermore, the
epidural space is relatively underdosed to main-
tain the critical neural structures within toler-
ance, and epidural progression is known to be the
most common pattern of failure [9]. Therefore,
until firm toxicity guidelines are established as
to how high a dose can be delivered to the spi-
nal cord in these situations, spine SBRT is not
indicated for such patients.

Clinical outcomes

® Pain control

Conventional radiotherapy

Several randomized trials evaluating con-
ventional palliative radiotherapy have been
conducted to determine the effects of various
dose and fractionation schemes on response
rates for pain. Selected studies and a landmark
meta-analysis reported by Chow ¢t al. are sum-
marized in (2]. The Chow meta-analysis
found an overall response rate of approximately
60% and a complete response rate of approxi-
mately 20% [2]. Retreatment rates were statisti-
cally more frequent in the single-fraction 8 Gy
arm at 20%, versus 8% in the 30 Gy arm, likely
indicating improved durability of pain relief
with longer fractionation schemes [2].

With the intention of creating consistency
in reporting pain outcomes following radiation
therapy for bone metastases, the International
Bone Metastases Consensus Working Party
reported recommendations for response crite-
ria in 2002 and recently updated their report in
2012 (30]. A complete response was defined as a
pain score of 0 at the treated site with a noncon-
comitant increase in analgesic intake. A partial
response was defined as reduction in pain by
at least 2 points or more at the treated site on a
0-10 scale, without an analgesic increase, or a
reduction in analgesic use by 25% or more from
baseline without an increase in pain. Critically,
when international consensus pain response end

www.futuremedicine.com
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Table 1. Suggested patient inclusion and exclusion criteria for spine stereotactic body radiotherapy based on the American

Society of Therapeutic Radiation Oncology evidence-based guidelines.

Criteria
Radiographic

Patient

Tumor

Previous treatment

Inclusion Exclusion

Spinal/paraspinal metastatic tumor
A maximum of 2-3 contiguous or 3 noncontiguous
spinal segments

Age >18 years

KPS =40-50

Life expectancy of at least 3 months
Histologic proof of malignancy
Oligometastatic or bone-only metastases
Previous EBRT

Postoperative

myelogram

Epidural cord or cauda equina compression

Spinal instability requiring stabilization

Tumor location within 5 mm of the cord or cauda equine (relative
contraindication)

Inability to lie flat and tolerate treatment

Contraindication to MRI and/or computed tomography

Radiosensitive histology such as myeloma/lymphoma (relative
contraindication)

Previous SBRT to same level (relative contraindication)
Systemic radionuclide delivery within 30 days prior to SBRT
EBRT within 90 days prior to SBRT

EBRT: External beam radiotherapy; KPS: Karnofsky Performance Score; SBRT: Stereotactic body radiotherapy.
Criteria are based on American Society of Therapeutic Radiation Oncology guidelines [29].

points (ICPRE) are used, the same trial can be
reinterpreted with significantly inferior out-
comes. For example, the Dutch Bone Metastasis
Study now reports a 72% overall response rate
and a 14% complete response rate with ICPRE,
as compared with a 71% overall response rate
and a 35% complete response rate in the origi-
nal publication [5]. Results of those studies
that re-evaluated their pain response outcomes
according to the ICPRE guidelines appear in

(1.45]. Notably, these studies evaluated
pain response rates in bone metastases in gen-
eral, and did not specifically examine results for
spinal metastases. University of Toronto scien-
tists reported the results of a prospective study
examining pain response rates in patients with
spinal metastases treated using conventional
radiotherapy and, using ICPRE, they reported a
0% complete response rate [6]. The results from
this series and the randomized trials indicate
that there is significant room for improvement.

Spine SBRT

Pain response rates following spine SBRT
have been consistently greater than what one
would expect with conventional radiation,

Table 2. Pain control rates with conventional external beam irradiation.

and a selected series are summarized in
In particular, the prospective Phase II MD
Anderson Cancer Center (TX, USA) study rep-
resents high-quality evidence [31]. In this study,
149 patients and 166 lesions were treated to a
total dose of 27-30 Gy in three fractions, and
pain control was assessed using the validated
Brief Pain Inventory (BPI) assessment tool. With
a median follow-up of 15.9 months, investigators
concluded a mean reduction of 3.4 points based
on the BPI, and 54% of patients were completely
pain free 6 months post-SBRT. A concomitant
statistically significant decrease in opioid use was
also reported. Quality of life outcomes demon-
strated improvements in disturbed sleep, drowsi-
ness, sadness, fatigue, distress, lack of appetite,
nausea and memory following spine SBRT.
High rates of pain response have also been
reported in histologies traditionally considered
radioresistant. A separate study, also from the
MD Anderson Cancer Center, reported on
48 patients treated with spine SBRT for meta-
static spinal renal cell carcinoma [32]. Patients
were again evaluated using the BPI, and dose
fractionation schemes varied from 24-30 Gy in
one to five fractions. With a median follow-up of

Study (year)

Bone Pain Trial Working Party (1999)
Dutch Bone Study; Steenland et al. (1999)
Trans-Tasman; Roos et al. (2005)

RTOG 97-14; Hartsell et al. (2005)
Meta-analyses; Chow et al. (2007)

Dose (Gy)/fractions (n)  Patients (n)
8/1 vs 20/5" 761

8/1 vs 24/6 1157

8/1 vs 20/5 272

8/1vs 30/10 898

Varies 5000

Complete response (%) Overall response (%) Ref.
57 vs 58 78 [51]
37 vs 33 72 vs 69 (52]
26 vs 27 53 vs 61 [53]
15vs 18 65 vs 66 [1]
23-24 58-59 [2]

Data taken from [30].

2% of patients received 30 Gy/10 fractions.
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Table 3. Pain response in studies using international consensus palliative radiotherapy end point definitions.

Study (year)

Spanish; Foro Arnalot et al. (2008)

RTOG 97-14; Hartsell et al. (2005)

Dutch reanalysis; van der Linden et al. (2004)

Dose (Gy)/fractions (n) Patients (n)
8/1vs 30/10
8/1vs 30/10
8/1 vs 24/6

78 vs 82 13vs 11
256 vs 255 10vs 12
579 vs 578 14vs 14

Complete response (%)

Overall response (%) Ref.

65 Vs 62 [4]
NR [1]
71vs73 [5]

NR: Not reported.

13.1 months, the investigators found that 48.7%
of patients were pain free at 3 months, and by
1 year 52.0% were pain free. Therefore, these
data suggest excellent durability of pain relief
with spine SBRT. Additional improvements in
fatigue, pain, disturbed sleep, drowsiness and
distress were also reported.

® Radiographic local disease control
Conventional radiotherapy

The largest experience of spinal metastases
patients treated with conventional radiotherapy
with imaging-based follow-up was recently
reported in Japan. Both clinical and radio-
graphic factors predictive for local control were
determined from a total of 603 patients [33].
Patients were treated with doses ranging from
8 Gy in a single fraction, 20 Gy in five fractions,
30 Gy in ten fractions to 40 Gy in 20 fractions.
Local failure was defined as imaging-based pro-
gression or an exacerbation of neurologic symp-
toms. Tumors were divided into those that were
‘mass type’, meaning tumor extended beyond
the vertebral bone, and those that were ‘non-
mass type, meaning that disease was confined
to the vertebral bone. A total of 92% of patients
were followed for a minimum of 12 months or
until death. Local control rates were 91, 79 and
69% at 6, 12 and 24 months, respectively. On
multivariate analysis, primary breast cancer, lack
of previous chemotherapy and non-mass-type
tumors were significant predictors for improved
local control. A mass-type tumor was the most
significant predictor of local failure with a 1-year

local control rate of only 45.7% as compared
with 86.3% for non-mass-type tumors. This
finding supports, at least for mass-type tumors,
the hypothesis that more aggressive treatment
may improve outcomes, and supports focussing
on techniques such as spine SBRT.

Spine SBRT
Local control rates following spine SBRT have
been excellent, with results consistently in the
70-90% range; a summary of selected series is
shown in . The largest published experi-
ence is from the University of Pittsburgh (PA,
USA) and based on 500 patients treated with
single-fraction spine SBRT. The local control
rate was 90% [34]. More impressively, these
results seem to hold even in traditionally radio-
resistant histologies. For example, the previously
discussed renal cell carcinoma series from the
MD Anderson Cancer Center demonstrated
local control in 43 out of 55 lesions for a crude
rate of control of 79.2% and a l-year spinal
tumor progression-free survival of 82% [32].
One of the major indications for spine SBRT
has been failure of previous external beam irra-
diation, and its role in this scenario has been
well studied. It appears that control rates can be
equally efficacious for spine SBRT in these cases
and in patients with no prior radiation [3s]. It is
postulated that the high doses inherent to SBRT
overcome the acquired radioresistance second-
ary to the previous radiation course. This is
significant because many clinicians do not treat
patients with further radiation due to the fear

Table 4. Selected studies reporting clinical outcomes for spine stereotactic body radiotherapy.

Study (year) Dose (Gy)/fractions (n) Patients (n)/targets (n) Previousradiation Median follow-up Local control (%) Ref.
treatment (%) (months)
Amdur et al. (2009) 15/1 21/25 57 8 96 [54]
Gerszten etal. (2007)  20/1 393/500 69 21 90 [55]
Wang et al. (2012) 27-30/3 149/166 48 15.9 72 (31]
Nguyen et al. (2010) 27/3 (median) 48/55 58 13.1 82 at 1year (32]
Sahgal et al. (2009) 24/3 39/60 62 8.5 86.6 (3]
Ahmed et al. (2012) 24/3 (median) 66/85 26 8.2 89.2 at 1 year (56]
Yamada et al. (2008) 24/1 (median) 93/103 0 15 90 at 1 year (26]
future science group www.futuremedicine.com 265
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of radiation myelopathy or a belief that further
radiation is futile. A recent review summarizes
the re-irradiation spine SBRT literature [22].

Role of surgery

The traditional role of surgery for patients with
metastatic spinal tumors has been limited to
symptomatic MSCC or frank instability in
patients with an otherwise good performance
status. Spine surgery has been viewed as a major
intervention with a high risk for complications
(36]. Given that any complication could delay or
even negate the opportunity to deliver systemic
therapy, surgery has been used sparingly and
radiation has become the mainstay of treatment.
This position was bolstered when a small ran-
domized study comparing surgery plus radia-
tion versus radiation alone showed no signifi-
cant benefit in the combined arm, and possibly
even worse outcomes [37]. Patients were operated
on with a simple laminectomy rather than cir-
cumferential decompression with stabilization,
which may explain the negative results.

In 2005, Patchell ez a/. reported the results of
a Phase I1I randomized trial evaluating the role
of surgery in patients with symptomatic MSCC
(38]. In their study, 101 patients who had radio-
graphic evidence of MSCC, pain or other symp-
toms, and who were either neurologically intact
or if paraplegic were so for less than 48 h, were
randomized to decompressive surgery followed
by conventional external beam irradiation or to
conventional external beam irradiation alone
(30 Gy in ten fractions). The primary end
point was the ability to walk after treatment.
Patients randomized to the surgical arm were
more likely to walk after treatment (84 vs 57%
p = 0.001) and retained their ability to walk for
a significantly longer duration (122 vs 13 days;
p = 0.003). In addition, a small but significant
survival benefit (126 vs 100 days; p = 0.033)
and substantial reductions in corticosteroid and
opioid pain medications were observed. This
trial was practice changing, and decompres-
sive surgery should be considered for patients
with symptomatic single-level MSCC who are
otherwise fit.

Spine SBRT should not be considered an
equivalent treatment to surgery when there is
clinical evidence of neurological dysfunction, as
the most rapid treatment to reverse neurologic
compromise from MSCC is surgical. However,
spine SBRT may be an alternative in patients
who are not surgical candidates, and Ryu ez a/.

CNS Oncol. (2013) 2(3)

recently reported a series of such patients treated
with single-fraction SBRT for MSCC. Results
are preliminary and limited with respect to
sample size and follow-up, but are encourag-
ing [39]. A critical issue in this scenario is the
time required for SBRT planning and delivery,
which takes 1-2 weeks in most centers, and for
patients with MSCC, waiting even 24-48 h
could compromise outcomes.

One area where spine SBRT is gaining new
ground is in its application to the postopera-
tive patient [9]. Instead of delivering adjuvant
conventional palliative radiation, high-dose
SBRT can be used. Dosimetrically, postopera-
tive SBRT makes sense, as the cord is decom-
pressed with sufficient clearance to increase
dose within the epidural space. Moreover, after
putting the patient through major surgery, it is
only logical to treat with aggressive radiation
to improve local control, as opposed to lower
dose conventional radiation. At this time, the
evidence is preliminary but encouraging, and a
randomized study is required.

Beyond MSCC, surgery is critical to the man-
agement of spinal metastases causing mechani-
cal instability. In this regard, radiation is inef-
fective in palliating mechanical pain. Mechani-
cal pain is regarded as positional, worse with
activity, better with recumbency and is asso-
ciated with a sharp increase in pain intensity
with sudden jerking motions. It is ultimately
due to the mechanical compromise of the spinal
anatomy such that it cannot withstand the axial
loading forces. The various surgical interven-
tions to manage the unstable spine are outside
of the scope of this article.

Recently, Fisher ez al. reported a classification
system named the Spinal Instability Neoplastic
Score (SINS) [40]. This scoring system is based
on both anatomic and pain characteristics,
and groups patients into those who are stable,
potentially unstable and unstable. Reliability
testing has shown excellent results [41]. Clini-
cal validation of SINS based on a clinical end
point was lacking until Cunha et /. evaluated
SINS as a predictor of SBRT-induced vertebral
compression fracture [42]. SBRT-induced verte-
bral compression fracture and the role of SINS
will be discussed in the “Vertebral compression
fracture’ section of this review.

® Using surgery as an adjunct to spine SBRT

The predominanc site of local failure following
spine SBRT is within the epidural space [9.22].

future science group
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This is not an unexpected finding, as this area is
underdosed relative to the rest of the tumor, in
order to respect spinal cord tolerance and mini-
mize the risk of radiation myelopathy [43-45).
As a result, the presence of significant epi-
dural disease has been considered a relative
contraindication to spine SBRT [29].

For the patient who does not have sympto-
matic MSCC, but does have epidural disease,
major surgery is typically not indicated, as
the potential complications and postoperative
pain are difficult to justify. Recent advances in
spine surgery, however, have permitted mini-
mally invasive spinal procedures designed to
decompress the spinal cord and stabilize with-
out a major incision [46,47]. This is a paradigm
shift as the surgical procedure has tradition-
ally involved a major operation with circum-
ferential decompression, instrumentation of at
least one to two spinal levels above and below
the lesion, and exposure of the spine through
a large incision. The University of Toronto
recently reported on minimal-access spine
surgery, which is based on a tubular retraction
system that allows access to the spinal cord for
epidural disease resection [46]. The incision
required is typically 2-cm long and clearing
of the epidural disease can often be achieved
on the side of the surgical approach. Bilateral
epidural disease may require two separate inci-
sions followed by some form of stabilization.
If stabilization is required either due to surgi-
cal approach or preoperative SINS assessment,
then direct application of cement can be per-
formed at the same time if sufficient bone is
available for kyphoplasty or vertebroplasty, or
instrumentation can be placed percutaneously.
Patients often only require 1-2 days to mobilize
from this surgery, and then spine SBRT can
proceed without delay [46]. Following minimal-
access spine surgery, the median time from sur-
gery to treatment planning was 6.5 days and
then 7 days to treatment in the University of
Toronto study [46]. This represents an advan-
tage over conventional open surgery, as a delay
of 3—4 weeks is required to allow for sufficient
wound healing. This novel approach, using less
invasive surgery to facilitate spine SBRT, is a
major area of research and development.

Complications secondary to spine SBRT

® Radiation myelopathy

Spinal cord myelopathy is a rare and devastating
complication secondary to overdosing the spinal

future science group

cord [43.45.48]. It has re-emerged as a direct con-
sequence of spine SBRT. A multi-institutional
collaboration compared nine cases of spinal
cord myelopathy following spine SBRT with
a cohort of 66 controls who did not experience
spinal cord injury (43]. Complete dosimetric
data based on the thecal sac contour as a sur-
rogate for the true spinal cord contour were
obtained. Maximum point doses and doses to
larger volumes were compared. The most sig-
nificant parameter to base constraints upon was
the maximum point dose volume. Based on the
logistic model, 1- 5% risk profiles for myelo-
pathy were reported for one- to five-fraction
SBRT [44]. A similar analysis was performed for
re-treatment myelopathy and dose limits have
been proposed [43].

m Esophageal toxicity

A recent publication from MSKCC examined
the risk of esophageal toxicity following single-
fraction SBRT [49]. The authors reported on
182 patients and 204 spinal segments, with a
median prescription dose of 24 Gy and a median
follow-up of 12 months. The incidence of acute
and late esophageal toxicities were 15 and 12%,
respectively. The overall crude rate of grade 3 or
higher late toxicity was 6.8%. Interestingly, the
seven cases of grade 4 or higher toxicity were
associated with either radiation recall reactions
with gemcitabine or doxorubicin chemotherapy,
or occurred following procedures involving the
esophagus. The authors state that the overall
risk of esophageal toxicity is quite low, but
could be further lowered by respecting dose
constraints of a maximum esophageal dose of
22 Gy, keeping <2.5 cm? of the esophagus from
receiving 14 Gy. The study is limited, however,
in that the median time to grade 3 or higher
toxicity was 11.3 months, and the median
follow-up was 12 months. Thus, with time, it
is quite possible that the incidence of toxicity
might become much higher.

m Vertebral compression fracture

Perhaps the most common significant com-
plication following spine SBRT is vertebral
compression fracture. The incidence of frac-
ture following conventionally fractionated
radiation therapy is not well documented and
a risk of approximately 5% is generally quoted
(2]. With respect to spine SBRT, the first study
to report on this complication was from the
MSKCC. The authors evaluated 62 consecutive
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patients and 71 segments treated with single-
fraction SBRT and with detailed radiologic
follow-up [50]. Twenty seven (39%) were found
to have a new vertebral fracture or progres-
sion of a previous fracture. The median time
to fracture was 25 months. Patients with lytic
lesions, those with more than 40% of the verte-
bral body involved with tumor, and those with
lesions involving T10 vertebral body or below
were found to independently predict for risk
of compression fractures on multivariate ana-
lysis. These results differ somewhat from the
second publication on the topic, by the MD
Anderson Cancer Center. The authors analyzed
123 treated vertebral bodies in 93 patients, and
the median follow-up was 14.9 months [11]. In
this series, the rate of new or progressing frac-
tures was 20% and the median time to frac-
ture was 3 months. Risk factors for fracture
were found to be age greater than 55 years,
pre-existing facture and baseline pain.

The largest experience, and the third series
reported, comes from the University of Toronto.
The authors examined 167 spinal segments in
90 patients treated with spine SBRT [42]. With
a median follow-up of 7.4 months, new fracture
or fracture progression was observed in 11% of
segments treated, and the mean time to fracture
was 3.3 months (median of 2 months; range:
0.5-21.6 months). Factors predictive of frac-
ture on multivariate analysis included spinal
alignment, lytic lesions, lung or hepatocellular
primary histologies, and dose per fraction of
20 Gy or greater. This last point is of particular
interest, as it may explain the very high rate
of fracture in the MSKCC study given that
their practice was exclusively high-dose single-
fraction SBRT. The University of Toronto
group also attempted to retrospectively clas-
sify patients according to SINS [40] to examine
whether the criteria was predictive of fracture.
None of the 167 segments examined in the
study had a SINS score of unstable. Ninety-
five lesions (57%) were considered stable and
72 (43.1%) were considered of indeterminate
stability. The rate of fracture in patients with
SINS scores of stable and indeterminate stabil-
ity were 5 and 19%, respectively. On multi-
variate analysis of the six SINS criteria, two
were independently predictive of fracture: lytic
lesions and those with misalignment (kypho-
sis or scoliosis). Therefore, it appears that at
least some of the SINS criteria are predictive
of potential fracture risk, and further research

CNS Oncol. (2013) 2(3)

is required before we can validate the utility of
SINS for predicting SBRT-induced vertebral

CO[Ilpl‘eSSiOl’l fracture.

Conclusion

Spine SBRT is an emerging technique, and
preliminary results indicate superior local and
pain control as compared with conventional
radiotherapy. Ultimately, we await results from
randomized studies before we can further con-
firm the role of spine SBRT in the modern
management of patients with spinal metasta-
ses. This field is an active area of research and
development.

Future perspective

The field of spine SBRT will continue to evolve
and become a standard of care for selected
patients with spinal metastases. In the re-treat-
ment indication, it will soon be routine practice
to refer patients for spine SBRT, as the limita-
tions of further conventional radiation put the
patient at a disadvantage for optimal pain and
local tumor control. As clinical trials mature,
SBRT indications for radiation-naive patients
and postoperative patients will be clarified. In
particular, as clinical trials develop for treat-
ing patients with oligometastatic disease with
SBRT, spine SBRT will be adopted as the stand-
ard practice in this clinical scenario. We anti-
cipate the technology will also evolve in par-
allel with the evidence, and ultimately permit
more widespread adoption as demand increases.
In particular, time spent in treatment plan-
ning and treatment delivery will be markedly
reduced. In the next 5-10 years, with continued
advancements in systemic therapy, we will see
a transformation in the application of radia-
tion therapy for metastatic disease, whereby
multiple metastatic sites will be treated with
SBRT to maximize local control, and advanced
cancer becomes more of a chronic disease with
long-term survivors.
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