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Abstract
Stereotactic body radiation therapy and stereotactic radiosurgery have become important treatment options for the treatment of
spinal malignancies. A better understanding of dose tolerances with more conformal technology have allowed administration of
higher and more ablative doses. In this review, the framework for approaching a patient with spinal metastases and primary
tumors will be discussed as well as details on the delivery of this treatment.
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Introduction

Stereotactic body radiotherapy (SBRT) involves the precise

delivery of high dose per fraction radiotherapy (RT) to extra-

cranial tumors. Its predecessor, stereotactic radiosurgery (SRS)

to the brain, was first described by Leksell in 1951 and utilized

a collimator helmet rigidly fixed to the skull for precise target

localization accuracy.1,2 Although the spine shares some

advantages with the brain as a treatment target, SBRT did not

emerge until around 40 years later due to limitations in immo-

bilization and localization outside the cranium as well as treat-

ment planning technology.3

An individual vertebral body, such as the skull, is a bony

structure that experiences minimal interfraction change and

little intrafraction movement, in contrast to less rigid sites such

as the lung or gastrointestinal (GI) tract.4 Although early

endeavors attempted the use of rigid, surgically implanted

frames similar to brain SRS, physicians soon found that the

spine lends itself well to X-ray, and more recently computed

tomography (CT)-based, image guidance due to its irregular

shape and contrast from surrounding soft tissues.5-7

The evolution of treatment planning technology has also

been closely tied with the development of spine SBRT. With-

out the benefit of a helmet to focus numerous beams at a single,

precise isocenter simultaneously, as in frame-based radiosur-

gery, safe delivery of doses to irregular structures such as the

the spine requires utilization of multiple beam angles or arcs.

Intensity-modulated RT, developed in the 1980s to 1990s, and
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more recently volumetric-modulated arc therapy (VMAT) in

particular have allowed for more conformal dose planning than

was previously possible with conventional linear accelerator-

based treatment, allowing safe delivery of ablative doses while

sparing the spinal cord and other neighboring structures.8 As a

result, high-dose treatment can be delivered to the spine in

short courses of 1 to 5 fractions, that is, SBRT, and is now

used in a variety of clinical settings including for metastatic

disease and primary tumors of the spine.

Biology

The efficacy of SRS and SBRT lies in ability to deliver highly

ablative doses to the spine with the help of image-guided tech-

nology. Recent studies of survivors with metastatic disease living

longer than 5 years found local tumor control over 80% following

high-dose, single-fraction RT.9 At the present time, there are no

randomized trials confirming the superiority of single-fraction

radiosurgery to SBRT. However, it is posited that exposing

tumors to a dose per fraction of at least 8 Gy may active radio-

biological pathways leading to tumor cell death through mechan-

isms apart from mitotic catastrophe and apoptosis.10

The dominant form of cell death when irradiated with con-

ventional methods is apoptosis. Proposed mechanisms of

increased cell death with SBRT include radiation-induced

tumor antigen-specific immune response, endothelial/vascular

injury, or increased cell kill secondary to higher delivered

dose.11-19 Preclinical studies support the hypothesis that

radiation-induced immunogenic tumor cell death contributes

to an in situ vaccine.20,21 This idea has been further expanded

with evidence showing radiation induces an immunogenic

tumor cell death and alters the tumor microenvironment to

enhance recruitment of antitumor T cells.22-24 A proposed

mechanism of secondary immunogenic effects is shown

in Figure 1. Within the application of SBRT, a preclinical study

by Dewan et al found that fractionated local RT synergized

with cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4)

blockade to induce antitumor T cells immunity and inhibit a

second palpable tumor outside the radiation field. The differ-

ence between single fraction and SBRT was in its ability to

synergize with CTLA-4 blockade.12

Ablative doses have shown to cause significant vascular

damage, resulting in reduced blood perfusion and subsequent

damage to the intratumor microenvironment leading to induced

tumor cell death. A preclinical study of rodents and human

tumor xenografts found that doses above 10 Gy per fraction

resulted in severe vascular damage compared to 5 to 10 Gy per

fraction.18 Following ablative doses, another preclinical study

found ceramide-mediated signaling of tumor necrosis factor-a
and FasL-mediated apoptosis of cells,14 supporting the likely

tumoricidal effect of ablative doses.

Indications

Metastatic Disease

The most common application of spine SBRT is in the most

common type of tumor seen in the spine, metastatic disease,

which represents over 90% of all spinal tumors.26 The utiliza-

tion of spine SBRT for metastatic disease has increased signif-

icantly since the early 2000s.27

As noted earlier, there are radiobiological advantages to

higher dose per fraction and shorter overall treatment times

in that tumors are more likely to be ablated. This may result

in more sustained pain control and less likelihood of the need

for retreatment, which is especially important as new therapies

continue to increase the life expectancy of patients with certain

metastatic cancers.28-32 Unfortunately, Radiation Therapy

Oncology Group (RTOG) 9714, comparing protracted (30 Gy

per 10 fractions) versus single fraction (8 Gy), the 3-month pain

response was only 66%, which begs the question whether that

can be improved upon and if so whether SBRT could be the

treatment to do so.28 Currently, RTOG 0631 is an ongoing

phase III trial that will compare pain relief and quality of life

between SRS and conventionally fractionated RT.

Practically speaking, a shorter treatment course is also much

more convenient for patients, especially those with limited

mobility or those who may be traveling a long distance for

therapy. However, patients do need to be able to tolerate a

longer treatment time per fraction than with conventional treat-

ment, which can often be completed in less than 10 minutes.

Gerstzen et al, for example, cited an average treatment time of

90 minutes using CyberKnife.33 As always, treatment decision-

making needs to be multifactorial and individualized to the

situation when considering SBRT.

Clinical decision-making framework: neurologic, oncologic,
mechanical and systemic. While the clinical use of SBRT con-

tinues to expand, it is important to point out that not every

spinal metastasis is amenable to spine SBRT, and for some it

is simply not necessary when conventional fractionation would

be sufficiently effective.27,34 The neurologic, oncologic,

mechanical and systemic framework was introduced in 2013

Figure 1. Local failure for groups receiving lower or higher single-

fraction doses to the GTV. GTV indicates gross tumor volume.

Reproduced with permission from Yamada et al.25
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to help guide such therapeutic decisions for spinal metastases,

including in the presence of epidural spinal cord compression.

Neurologic assessment includes evaluation of the degree of

spinal cord compression as well as the presence of functional

radiculopathy. Oncologic considerations include radiosensitiv-

ity of the tumor. Breast, prostate, ovarian, and neuroendocrine

tumors are generally considered radiosensitive, while renal,

thyroid, hepatocellular, colon, non-small cell lung carcinoma,

sarcoma, and melanoma tend to be more radioresistant.

Mechanically, a patient may have pathologic fractures for

which surgical intervention may be warranted. The Spinal

Instability Neoplastic Score (SINS) is a validated tool to help

assess the degree of mechanical instability.35 Systemic disease

is also assessed, taking into account projected survival and

likelihood of tolerating the treatment. The recommendations

for each combination of factors are listed in Table 1.

If a patient presents with a high-grade cord compression

from a radioresistant tumor such as renal cell carcinoma, for

example, but the spine is mechanically stable, the recommen-

dation would be for decompression followed by SRS. If a

patient has no epidural involvement or cord compression from

a radiosensitive tumor such as lymphoma, seminoma, or mye-

loma, and is mechanically stable, then conventionally fractio-

nated External Beam Radiation Therapy (EBRT) should be

adequately effective.34 This framework allows for personaliza-

tion of therapy, steering toward decision-making that mini-

mizes both treatment- and tumor-specific risks.

Single fraction. Single-fraction treatment is often used for

patients with early-stage disease who either have radioresistant

histology and/or favorable prognosis, that is, those likely to live

long enough to experience the benefits of an ablative treatment

over a conventionally fractionated palliative one. Good candi-

dates would typically not have high-grade epidural cord com-

pression or received prior RT because spinal cord integrity may

be further endangered either from short-term tumor swelling or

even from the radiation itself. In those cases, hypofractionated

or conventional treatment is likely more appropriate. Addi-

tional factors to consider in patients undergoing reirradiation

are discussed further in the “Reirradiation” section.

RTOG 9714 evaluated single-fraction treatments of 8 Gy to

the spine; however, single-fraction doses have escalated signif-

icantly since then.28 Memorial Sloan Kettering Cancer Center

(MSKCC) currently utilizes 24 Gy as the standard single-

fraction spine SBRT dose.25 The most recent outcomes

reported from that institution by Yamada et al consisted of

811 spine metastases in 657 patients, treated to a median of

24 Gy (range 16-26 Gy). With a median follow-up of 26.9

months, local failure was <1% and 3.1% at 12 and 48 months,

respectively. With subgroup analysis of lesions receiving lower

(median 17.09 Gy to the gross tumor volume [GTV]) and

higher doses (median 23.56 Gy to the GTV), local failure rates

were 14% and 2.1% at 48 months, respectively, suggesting a

benefit of higher doses that was independent of histology.25

The resulting local failure curves are shown in Figure 1.

The MSKCC also reported on a cohort of thirty-one 5-year

survivors of spine SBRT, 80% of whom were treated for

metastases. With a median follow-up of 6.1 years, 91.6% of

lesions remained stable. Of the 3 patients who failed locally,

1 had been treated for a recurrent primary chordoma, not a

metastasis.9 These results suggest that the treatment is not

only effective locally but that this response is durable in

long-term survivors.

Another large institutional experience from University of

Pittsburgh Medical Center (UPMC) was reported in 2007 and

consisted of 500 spinal metastases treated with single-fraction

radiation doses ranging from 12.5 to 25 Gy (mean 20, median

19). Eighty-six percent experienced long-term pain control,

and long-term tumor control was achieved in 90% of lesions

treated upfront and 88% of lesions that had been previously

irradiated.33

A phase I/II study from University of Texas MD Anderson

Cancer Center (MDACC) consisted of 61 patients treated with

single-fraction doses of 16 of 18 Gy to the clinical target vol-

ume (CTV)/GTV for nonrenal cell histologies (30 lesions) and

16 of 24 Gy to the CTV/GTV for renal cell histology (33

lesions). At a mean follow-up of 20 months, they found 88%
and 64% 18-month local control (LC) and overall survival

(OS), respectively, with only 2 patients experiencing grade 2

or higher side effects.36

Table 1. NOMS Framework by Laufer et al.34

Neurologic Oncologic Mechanical Systemic Decision

Low-grade ESCC þ no myelopathy Radiosensitive Stable cEBRT

Radiosensitive Unstable Stabilization ! cEBRT

Radioresistant Stable SRS

Radioresistant Unstable Stabilization ! SRS

High-grade ESCC + myelopathy Radiosensitive Stable cEBRT

Radiosensitive Unstable Stabilization ! cEBRT

Radioresistant Stable Tolerate surgery Decomp/stab ! SRS

Radioresistant Stable Unable to tolerate cEBRT

Radioresistant Unstable Tolerate surgery Decomp/stab ! SRS

Radioresistant Unstable Unable to tolerate Stabilization ! cEBRT

Abbreviations: ESCC, epidural spinal cord compression; NOMS, neurologic, oncologic, mechanical, and systemic; SRS, stereotactic radiosurgery.
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Other reports have spanned wide single-fraction dose ranges

from 10 to 24 Gy with similarly encouraging LC, symptomatic

improvement, and safety outcomes, a summary of which is

shown in Table 2. An RTOG phase II/III study was initiated

comparing 16 or 18 Gy with 8 Gy, of which the phase II

feasibility results are available but the phase III results are still

pending.37 Given the prior comparison of the low- and high-

dose cohorts by Yamada et al report showing inferior LC in the

17 Gy range being evaluated in RTOG 0631, it is possible that

the full benefit of single-fraction SBRT may not be apparent

from its eventual results.25

Hypofractionation. Delivery of radiation in shorter than

“conventional” fractionation regimens is generally termed

hypofractionation. In the case of SBRT, this would typically

entail more than 1 but still 5 or fewer treatments. Patients

considered for hypofraction are those for whom ablative

treatment is still desired and worthwhile but for who single-

fraction treatment may not be appropriate, including those with

moderate epidural cord compression or who have undergone

prior RT.

A phase I/II study from MDACC enrolled 63 patients with

74 spine metastases, of who the first 32 received 30 Gy in 5

fractions and the later patients received 27 Gy in 3 fractions.

They found a progression-free incidence of 84% at 1 year and

did not find a difference in outcomes between the 2 fractiona-

tion regimens. They reported that the change in fractionation

was made due to “lengthy treatment duration” for the longer

regimen.45 The MDACC later undertook another phase I/II

study of 149 patients receiving spine SBRT utilizing mostly

3-fraction regimens totaling 27 to 30 Gy. They noted signifi-

cant improvement in pain and lower utilization of opioid pain

medication during the 6 months following treatment. They also

noted 80.5% and 72.5% progression-free survival (PFS) at

1 and 2 years, respectively.46

A 2014 multi-institutional retrospective study of 387 spinal

metastases treated with SBRT to median dose of 24 Gy in a

median of 3 fractions. They also compared the subgroups

receiving 1 to 5 fractions (n ¼ 352) with those receiving 6 to

20 fractions (n ¼ 35) and found no statistically significant

differences in LC or OS; however, given the small number of

patients in the 6 to 20 fraction group, the study may not have

Table 2. Selected Studies Utilizing Single-Fraction SRS for Spine Metastases.a

Author Tumors, Pts

Histology (%
Radioresistant)

Dose, Gy: GTV/CTV

If Applicable

Follow-Up,

Months Response Survival

Yamada et al25 811 (657) Mixed (46) 24 (median, range

16-26)

26.9 (mean) 96.5% LC NR

Bate et al38 24 (single-

fraction

SRS alone

arm)

Mixed 22 (median, range

16-23)

9.8 months SRS

alone

95.8% LC (1 year) NR

Sellin et al39 40 (37) RCC (100) 24 (median; 13/37 pts

treated with

hypofractionated RT)

49.0 months

(median, range

38.2-75.8

months)

57% LC 16.3 months

median (range

7.4-25.3

months)

Folkert et al40 68 (single-

fraction

arm)

High-grade

sarcoma

(100)

24 (median, range

18-24) single-fraction

arms)

12.3 (median

including all

arms)

90.8% (12 months) 70.7% at 12

months

Chang et al41 131 (93) Mixed (�24.4) 19.9 (median) 23.7 (median) 89.2% radiological and

pain control (1 year)

19 months,

median 32.4

months mean

Garg et al36 63 (61) Mixed (�78) 18/16 (non-RCC)

24/18 (RCC)

20 (mean) 88% LC (18 months) 64% at 18 months,

median

30 months

Staehler et al42 105 (55) (spine

arm)

RCC (100) 20 (median) 16.3 (median, range

1-31)

94.1% (12 months) 17.4 months

median

Amdur et al43 25 (21) Mixed (�39) 15 8 (median) 95% LC 25% (1 year)

Ryu et al44 61 (49) Mixed (�8.7) 10-16 NR 46% complete pain

relief, 18.9% partial,

16.2% stable;

84% pain control (1

year)

NR

Gerszten et al33 500 (393) Mixed (�40) 20 (mean, range

12.5-25)

21 (median) 88% LC NR

Abbreviations: CTV, clinical target volume; GTV, gross tumor volume; LC, local control; NR, not reported; pts, patients; RCC, renal cell carcinoma; SRS,

stereotactic radiosurgery.
aRadioresistant indicates renal, thyroid, hepatocellular, colon, non-small cell lung carcinoma, sarcoma, and melanoma.
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been sufficiently powered to detect a difference. Two-year LC

was 83.9% overall.47 A summary table of selected hypofractio-

nation data can be seen in Table 3.

A recent National Cancer Database (NCDB) analysis high-

lighted the trend toward increased utilization of SBRT between

2004 and 2013. Although single fractionation was the most

common regimen, used in 38% of patients, the use of hypo-

fractionated regimens combined outpaced it, including 26% of

patients receiving 3 fractions and 25% receiving 5 fractions.27

In addition to RTOG 0631 which is comparing single dosing

regimens, the National Cancer Institute of Canada (NCIC) is

also comparing hypofractionation regimens, specifically 20 Gy

in 5 fractions and 24 Gy in 2 fractions along with 8 Gy in 1

fraction. As more data continue to become available, they may

shed more light on the specific benefits of different

fractionation regimens. In the meantime, hypofractionation

appears to be both safe and efficacious in patients who may

not be as well suited to single fractionation including those with

moderate cord compression, or those who have received prior

radiation treatment. A summary of selected studies utilizing

hypofractionated regimens is seen in Table 3.

Reirradiation. Patients who have undergone prior radiation treat-

ment are of particular interest with regard to spine SBRT

because they may not be candidates for significant doses of

additional radiation using conventional fields due to toxicity

risks, most notably to the spinal cord. Thus, the benefits of

a more conformal dose distribution and sharper gradient are

of particular importance. In the aforementioned study of 500

patients treated at UPMC, 69% were undergoing reirradiation,

Table 3. Selected Studies Utilizing Hypofractonated SRS for Spine Metastases.a

Author Tumors, Pts

Histology (%
Radioresistant)

Dose, Gy/Number

Fractions

Follow-Up,

months Response Survival

Park et al48 59 (39) Mixed (�8.5) 27/3 (median) 7.4 (median) 93.2% LC

probability (1

year)

47.4% (1 year)

Anand et al49 76 (52) Mixed (�13.5) 24-7/3 (for 71

lesions; 5

received 14-18/1)

8.48 (median) 94% LC (1 year) 68% (1 year)

Bishop et al50 332 (285) Mixed (49) 43 (median)/1-3 19 (median, 33

for living

patients)

88% LC (1 year) 64% (1 year)

Bate et al38 24 (hypofractonated

SRS alone arm)

Mixed 20-30/2-5 9.8 (median

SRS alone)

95.8% LC (1 year) NR

Guckenberger

et al47
387 (301) Mixed (�35) 24/3 (median, range

8-60/1-20)

11.8 (median) 89.9% LC (1 year) 64.9% (1 year,

median 19.5

months)

Thibault et

al51
71 (37) RCC (100) 24/2 (median) 12.3 (median) 83% LC (1 year) 64% (1 year)

Sohn et al52 13 (13) RCC (100) 38 (mean)/4

(median)

NR 85.7% LC (1 year) 15 months (median)

Folkert et al40 52 (hypofractionation

arm)

Sarcoma (100) 28.5 (median)/3-6 12.3 (median

including all

arms)

84.1% (12 months) 46.2% (12 months)

Wang et al46 166 (149) Mixed (�69) 27-30/3 15.9 80.5% PFS (1 year) 68.5% (1 year,

median 23 months)

Gill et al53 20 Mixed (60) 30/5 34 (median) 80% LC (1 year) 80% (1 year)

Ahmed et al54 85 (66) Mixed (�52) 24/3 (median) 8.2 (mean) 91.2% (1 year)

without prior RT

59% (1 year) without

prior RT

Nguyen et al55 55 (48) RCC (100) 27/3 (median) 13.1 (median) 82.1% PFS (1 year)

52% pain free (1

year)

Sahgal et al56 23 (14) without prior

RT

Mixed (65) 24/3 (median) 9 (median) 78% LC NR

Nelson et al57 33 (32) Mixed (�31) 18/3 (median) 6 (median) 4 treatment failures NR

Gibbs et al58 102 (74) Mixed 16-25/1-5 9 (mean) 84% improvement in

symptomatic

patients

49%

Chang et al45 74 (63) Mixed (�57) 30/5 or 27/3 21.3 (median) 84% PFS (1 year) 69.8% (1 year,

median survival

24.3 months)

Abbreviations: LC, local control; NR, not reported; PFS, progression-free survival; pts, patients; RCC, renal cell carcinoma; SRS, stereotactic radiosurgery.
aRadioresistant indicates renal, thyroid, hepatocellular, colon, non-small cell lung carcinoma, sarcoma, and melanoma or as defined by study authors.
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and in that subgroup, LC remained high at 88% with long-term

pain control of 86%.33

Damast et al evaluated 94 patients who had experienced in-

field recurrences after 30 Gy delivered in 10 fractions. These

patients were then treated with either a more traditional 20 Gy

in 5 fractions or a more aggressive 30 Gy in 5 fractions. Local

failure was significantly reduced with the higher doses, 45%
versus 26% at 1 year (P ¼ .04), and no patients developed

myelopathy.59

Another study of reirradiation in 215 patients at 7 institu-

tions incorporated a heterogeneous mix of prior treatment and

retreatment regimes. The median prior dosing was 30 Gy in 10

fractions with a median retreatment dosing of 18 Gy in 1 frac-

tion, given at a median of 13.1 months after prior RT. At 6 and

12 months, LC remained high at 93% and 83%, respectively.60

A prospective study of reirradiation was performed at

MDACC including 59 patients and utilized dosing of 30 Gy

in 5 fractions or 27 Gy in 3 fractions. At a mean follow-up of

17.6 months, 1-year LC and survival were both 76% and free-

dom from neurologic deterioration was 92% at 1 year.61

Considering that patients undergoing reirradiation are a gen-

erally less favorable group than those undergoing de novo

treatment, a median LC rate of 76% (range 66%-90%) in

retreated patients reported by 1 review paper as well as

improvement in pain scores from 65% to 81% are certainly

encouraging.62 Table 4 contains further detail regarding

selected reirradiation studies.

Postoperative irradiation. Treatment doses are typically similar in

the postoperative setting to those in the definitive setting. If a

cord compression has been relieved and a greater distance has

been created between the vertebral body and the cord itself,

hypofractionation or even single-fraction treatment may

become feasible when it had not been previously.

The largest study of postoperative SBRT to the spine is the

retrospective report by Laufer et al of 186 patients treated with

either 24 Gy in a single fraction, 27 to 30 Gy in 3 fractions,

termed “high-dose hypofractionation,” or 18 to 26 Gy in 5 to 6

fractions, termed “low-dose hypofractionation.” Overall rate of

local progression was 16.4% at 1 year for SRS, 4.1% in the

high-dose hypofractionation group, and 22.6% in the low-dose

hypofractionation group (P ¼ .04).34

A review by Redmond et al estimated the crude LC follow-

ing postoperative SBRT to be 88.6% (range 70%-100%) based

on a combined 426 patients.68 Tao et al also evaluated the

postoperative patients treated on the phase I/II trials at

MDACC, not included in the prior review, and found 85%
LC and 74% OS at 1 year.69

Massicotte et al described their experience treating

10 patients using a minimal access spine surgery followed by

SBRT, which resulted in 70% LC and 80% OS at a median of

13 months.70 As with other spine SBRT uses, its combination

with surgery continues to evolve, and thus far the data appear

quite promising. A summary of postoperative studies is shown

in Table 5.

Table 4. Selected Studies Utilizing SBRT Reirradiation for Spine Metastases.a

Author Tumors, Pts

Histology (%
Radioresistant)

Dose, Gy/ Number Fractions

(If Applicable)

Follow-Up,

months Response Survival

Hashmi et al60 247 (215) Mixed (�39) 16.6/1 (median single fx) or

24/3 (median multiple fx)

8.1 (median) 83% LC (1 year) 48% (1 year)

Kawashiro et al63 23 Mixed (�34) 24.5/5 (median) 10 (median) 88% 1 year 45% (1 year,

median 12

months)

Thibault et al64 56 (40) Mixed (�48) 30/4 (median) 6.8 (median) 81% 1 year 48% (1 year,

median 10

months)

Chang et al41 59 (54) Mixed (�24) 20.6 (median) 17.3

(median)

80.8% radiological and

pain control (1 year)

20.7 mean, 11.0

median

Ahmed et al54 22 Mixed (�52) 24/3 (median) 8.2 (mean) 83.3% (1 year) 28% (1 year)

Damast et al59 97 (95) Mixed (78) 20-30/5 12.1

(median)

66% LC (1 year) 13.6 months

median

Garg et al61 63 (59) Mixed (�54) 30/5 or 27/3 17.6 (mean) 76% LC (1 year) 76% OS (1 year)

Mahadevan et al65 81 (60) Mixed (�57) 24/3 or 25-30/5-6 12 (median) 93% stable or improved

disease, 65% pain relief

11 months

(median)

Choi et al66 51 (42) Mixed (�31) 20/2 (median) 7 (median) 73% LC (1 year) 68% (1 year)

Sahgal et al56 37 (25) Mixed (8) 24/3 (median) 7 (median) 96% PFS (1 year) NR

Gerszten et al67 68 (50)

(96%
prior RT)

Breast (0) 15-22.5/1 (mean 19) 16 (median) 100% LC, 96% long-term

pain improvement

NR

Hamilton et al5 5 (5) Mixed 10/1 (median) 6 (median) 100% LC 60%

Abbreviations: fx, fraction; LC, local control; NR, not reported; OS, overall survival; PFS, progression free survival; pts, patients; SBRT, stereotactic body

radiation therapy.
aRadioresistant indicates renal, thyroid, hepatocellular, colon, non-small cell lung carcinoma, sarcoma, and melanoma or as defined by study authors.
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Oligometastatic disease. Another consideration that has arisen in

recent years is the oligometastatic state. Although the pres-

ence of spinal metastases still classifies patients as stage IV,

there is evidence to suggest that certain patients with limited

metastatic disease burden, for example, 3 or fewer sites, may

experience long-term survival with aggressive therapy,

including SBRT.75,76

Investigators from MDACC looked at the 38 oligometa-

static patients treated on their phase I/II trials, 53% of who

received 27 Gy in 3 fractions, 87% of who had spinal disease

as the only metastatic site, and 42% of who had radioresistant

histology. They found 2- and 5-year OS to be 84% and 60%,

with PFS 82% and 78%, respectively. Five percent of patients

experienced G3-4 toxicity, which is important to note that with

longer life expectancy comes higher risk of detriment from

treatment-related complications.77

A study from Australia reported on 60 patients with 72

oligometastases treated with a median of 24 Gy in 2 fractions.

At a median follow-up of 21 months, widespread failure-free

survival at 1 and 2 years were 67% and 59%, respectively, with

OS rates at 1 and 2 years of 90% and 76%, and freedom from

local progression of 92% and 86%, respectively.78

Another study from Rochester prospectively treated

patients who had oligometastatic disease to 1 organ treated

with SBRT, mostly using 10 Gy � 5 fractions. They included

9 patients with bone-confined disease of who 8 were alive

with no new metastases at a median 41-month follow-up for

the entire group.79 They later reported 6-year OS, Freedom

From Distant Metastases (FFDM), and LC rates were 9%,

13%, and 65%, respectively, for the whole group. Within the

subgroup of patients with breast cancer who had a median 4.5-

year follow-up, there was a significant improvement in over-

all survival (OS) and Distant Metastases Free Survival

(DMFS) when bony oligometastases were treated with SBRT,

compared with other sites. None of 17 such lesions treated

recurred during the reported follow-up.80

The landscape of metastatic disease continues to grow in

complexity, especially based on disease burden and histology

and further highlights the need for individualized treatment

decision making. Patients with oligometastatic disease repre-

sent, in a way, the ideal candidate for SBRT because they likely

have the most to gain from tumor ablation as opposed to simple

palliation. Further data are likely forthcoming on this popula-

tion, as certain patients continue to experience longer survival

in conjunction with new systemic therapies and more aggres-

sive treatment to metastatic sites, including SBRT.

Primary Malignant Spinal Tumors

Although vastly less common than metastases, many primary

tumors of the spine are also well suited for short-course abla-

tive therapy. These include extradural bone tumors such as

chordoma, chondrosarcoma, osteosarcoma, and Ewing sar-

coma as well as intradural extramedullary neurogenic tumors

such as meningiomas, schwannoma, neurofibromas, and malig-

nant peripheral nerve sheath tumors (MPNSTs). Intramedullary

tumors can also occur, including ependymomas, astrocytomas

but will not be discussed here.

Primary bone tumors are most commonly found in the base

of skull and sacrum as well as mobile spine, and standard-of-

care therapy consists of maximal safe resection followed by

adjuvant radiation. Patients have historically been plagued by

recurrences.81

Chordomas are the most widely studied of the primary spine

tumors; however, due to their rarity, the available data are

relatively heterogeneous. These tumors are difficult to control

Table 5. Selected Studies Utilizing Postoperative SBRT for Spine Metastases.a

Author

Tumors,

Pts

Histology (%
Radioresistant) Dose, Gy: GTV/CTV If Applicable

Follow-Up,

months Response Survival

Tao et al69 69 (66) Mixed (�85) 16-24/1 or 27/3 or 30/5 30 (median) 85% LC (1 year) 74% (1 year,

median

29 months)

Bate et al38 21 Mixed Single fraction: 22 (median, range

16-22), hypofractionated: 20-30/

2-5

13.7 90.5% (1 year) NR

Laufer et al71 (186) Mixed (77) 18-36/5-6 or 24-30/3 or 24/1 7.6 (median) 83.6% LC (1 year) >95%
LC with SRS (1 year)

26.3% PFS

Al-Omair et al72 (80) Mixed (�40) 18-26/1 or 18-40/3-5 8.3 (median) 84% LC (1 year) 64% (1 year)

Massicotte et

al70
10 Mixed (40) 18-35/1-5 13 (median) 70% LC 80% OS

Rock et al73 18 Mixed

(including

primary)

11.4/1 (mean) 7 (median) 92% neurological

stability or

improvement

NR

Gerszten et al74 26 (26) Mixed (�15) 16-20/1 16 (median) 92% pain improvement NR

Abbreviations: CTV, clinical target volume; GTV, gross tumor volume; LC, local control; NR, not reported; OS, overall survival; PFS, progression-free survival;

pts, patients; SBRT, stereotactic body radiation therapy; SRS, stereotactic radiosurgery.
aRadioresistant indicates renal, thyroid, hepatocellular, colon, non-small cell lung carcinoma, sarcoma, and melanoma or as defined by study authors.
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even with en bloc resection. The Cleveland Clinic reported on

12 spine chordomas in 8 patients treated to a median dose of 16

Gy (range 11-16 Gy), 7 of which were also resected. At a

median follow-up of 9.7 months, admittedly a relatively short

interval, they found 75% LC.82 Radiosurgery utilizing 24 Gy in

a single fraction can result in up to 95% LC at 2 years median

follow-up.83

Lockney et al also looked a cohort of 12 patients with chor-

doma treated with cytoreductive separation surgery followed

by SBRT (24 Gy in 1 fraction or 24-36 Gy in 3 fractions) with a

minimum of 6 months follow-up imaging. Of the 5 patients

treated upfront, median post-SBRT follow-up time of 65.9

months with an LC rate of 80%. Of the 7 patients undergoing

salvage therapy, the LC rate was 57.1%, and the median

follow-up duration was 10.7 months with median time to pro-

gression of 2.9 months. Of the patients, 18% had RT-related

major complications, including dysphagia, mucositis, and

vocal cord paralysis.84

Another study included 20 patients with either chordoma or

chondrosarcoma, 20% of which were in sacrum and 15% in

spine (remainder skull base). They were treated to a median

dose of 37.5 Gy in 5 fractions (range 25-40 Gy). At a median

follow-up of 28 months, crude OS and local relapse free sur-

vival (LRFS) were 90%. Two patients experienced G4-5 toxi-

city, including one from radiation vasculopathy.85

These high rates of LC for chordomas and chondrosarco-

mas, particularly in the Lockney et al cohort treated upfront

with intralesional resection followed by SBRT, are highly

encouraging considering that a more traditional en bloc surgery

with wide margins is often associated with significant morbid-

ity.84 Along with proton and other particle beam therapies that

are also being investigated, high dose per fraction SBRT may

now represent another promising alternative to en bloc

resection.86

The data on neurogenic tumors of the spine treated with

SBRT are even less robust, again due to their rarity. One report

included 58 patients treated with 66 spinal SRS procedures (39

of which used SRS as the primary modality) for 110 tumors. In

all, 47 patients had schwannomas, 7 had neurofibromas, and 4

had MPNSTs. Outcomes varied widely with histology, with

benign tumors experiencing 95.4% LC over an average of 44

months. They also found that NF1-related tumors had much

shorted median survival of 1.13 years compared to sporadic

MPNSTs, whose median survival was 5.8 years.87

Although the abovementioned findings are interesting to

note, the patient numbers are limited, and the study designs

are retrospective in nature. As a result, spinal SBRT remains

a reasonable consideration in combination with surgery or as

the primary treatment modality in patients for who surgery is

either contraindicated or undesired.

Toxicity

Stereotactic body radiation therapy for spinal metastases is

highly ablative; however, there are several potential complica-

tions that can occur, which are often dependent on the location

of the lesion treated. Acute toxicities can include nausea, fati-

gue, dermatitis, esophagitis, and myelitis. Late toxicities are

more significant and can include esophageal stenosis, fistula,

ulcer formation, vertebral compression fracture (VCF) as well

as spinal cord injury.

Of these, VCF and spinal cord injury have been well char-

acterized and extensively reported in the literature. Sahgal et al

reported pooled outcomes from 410 spine segments that were

treated with spine SBRT. The 1- and 2-year VCF incidence

rates were 12.35% and 13.49%, respectively, with median time

to fracture of 2.46 months.88 Significant predictors for com-

pression fracture were dose per fraction >19 Gy, lytic tumors,

baseline spinal misalignment, and baseline presence of a com-

pression fracture. In another study, the 5-year cumulative inci-

dence rate of symptomatic compression fractures requiring

interventions was <10% among patients who received SRS to

24 Gy.89 The experience from MSKCC of single-fraction

spinal SRS with 24 Gy revealed a radiographic VCF rate of

36% of which 14% became symptomatic and required inter-

vention.9 Treatment of VCFs after SBRT for spinal metastases

include percutaneous cement augmentation with vertebroplasty

and kyphoplasty as they provide pain relief and mechanical

support; however, preventative strategies are still under

investigation.90

Spinal cord injury, or more specifically radiation-induced

myelopathy (RM), is the most potentially debilitating compli-

cation, and the risk is accepted to be less than 1%. A dosimetric

analysis of 19 patients was conducted by Sahgal et al who

underwent reirradiation after conventional treatment. Of those

who had RM, the median re-RT point dose maximum in the

RM group was 123.4 Gy versus 25 Gy in the non-RM group,

which was significantly different. The Biologic Effective Dose

(BED) from the initial course of radiation with conventional

RT was not significantly different between the 2 groups. The

recommended dose constraints based on this analysis were to

limit the cumulative BED to <140 Gy for the thecal sac point

dose maximum and limit the maximum SBRT BED to 50 Gy

for the thecal sac point dose maximum. Furthermore, a 5-

month period between radiation treatments was considered

safe.91

Recommendations from a retrospective study by Saghal

et al modeling 9 patients who had RM following SBRT to the

spine to 66 patients who did not have RM were to limit the

thecal sac maximum point volume–dose to 12.4 Gy in 1 frac-

tion, 20.3 Gy in 3 fractions, and 25.3 Gy in 5 fractions in order

to reduce the risk of RM to less than 5%.92 A comprehensive

study examining dose–volume data for de novo SBRT spine

cases found the risk of spinal cord injury to be�1% with 13 Gy

in single fraction and 20 Gy in 3 fractions. In the reirradiation

setting, the estimated risk level was 0.4% for 10 Gy and 0.6%
for 14 Gy in 5 fractions.93

With regard to esophageal toxicity, Cox et al reported on

204 patients treated to a median dose of 24 Gy in 1 fraction, of

who 31 (15%) patients experienced acute and 24 (12%) patients

experienced late esophageal toxicity. Overall, 14 patients

(6.8%) had grade 3 or higher esophageal toxicity according

8 Technology in Cancer Research & Treatment



to CTCAE 4.0.94 In the secondary analysis of the MDACC

phase I/II studies, esophageal toxicity rates were also low. Ten

(15%) patients and 8 (12%) patients had GI toxicities including

esophagitis as well as dysphagia, nausea, vomiting, anorrhexia,

and diarrhea. There were no cases of grade 3 or higher GI

toxicity.69

Technical Considerations

Technological advances in the field have allowed providers to

deliver SBRT safely and accurately. Delivery begins with com-

prehensive imaging, which may include preoperative and post-

operative T1-weighted magnetic resonance imaging (MRI) and

cord delineation on T2-weighted MRI or CT myelogram of at

least 1 vertebral body above and below the area of interest.

Specifically, the use of T1-weighted imaging (T1WI) as well

as STIR sequences has been recommended by the International

Spine Radiosurgery Consortium (ISRC) and the SPIne assess-

ment in Neuro-Oncology group.95-97 The T1WI is used to

delineate infiltrative disease in the marrow, while T2WI

depicts extraosseous extension of tumor into the epidural space.

Coregistration is done with high-resolution CT scan from the

simulation to optimize target delineation. Slice thickness of the

treatment planning CT scan should not be more than 2 mm

(preferably 1 mm). Immobilization during simulation may

consist of molded alpha cradles with lateral support paddles

as well as customized masks for lesions at T5 and above.98 An

image of one such immobilization device, the CDR frame, can

be seen in Figure 2.

Contouring

There are several consensus guidelines published to help guide

contouring and target delineation to standardize the nomencla-

ture and delivery of spinal stereotactic RT. Namely, the ISRC

guidelines from 201295 and the postoperative guidelines from

201799 gathered an expert panel to define the GTV when pres-

ent, CTV, and planning target volume. At least 50% of radia-

tion oncologists and an increasing number of neurosurgeons

are treating spinal metastases with SRS/SBRT, the need for

following a standardized approach is even more important.

Selected details are shown in Figures 3 to 5, and further ele-

ments of contouring can be found in the references mentioned

earlier.

Another important consideration is the physiologic move-

ment of the spinal cord and cauda equina; thus, accurate assess-

ment of its position is important in planning SBRT to the spine.

A study utilizing dynamic axial and sagittal MRI found minor

but still present oscillatory motion of critical neural tissues;

thus, a planning organ-at-risk margin may be necessary to

Figure 2. CDR cradle. Permission obtained from CDR Systems.

Figure 3. Delineation of anatomic portions of the spine. 1 ¼ vertebral body, 2/6 ¼ pedicle, 3/5 ¼ lamina and transverse process, 4 ¼ spinous

process.95
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Figure 4. General CTV contouring recommendations.95 CTV indicates clinical target volume.

Figure 5. Postoperative CTV contouring recommendations.99 CTV indicates clinical target volume.
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ensure an increased level of safety.100 Additionally, residual

target motion, defined as target movement between image-

guided corrections, has shown to result in uncertainties for the

dose delivered to the spinal cord; thus, more frequent imaging

may be warranted to decrease discrepancies between planned

and treated targets.101

Treatment Planning and Dose Constraints

Commonly used fractionation schemes include 18 to 24 Gy in 1

fraction, 24 Gy in 2 fractions, 24 to 30 Gy in 3 fractions, 30 Gy

in 4 fractions, and 30 to 40 Gy in 5 fractions.10 As our under-

standing of organs-at-risk tolerances have evolved in this field,

the current accepted constraint is to a maximum dose of 1200 to

1400 cGy for the spinal cord and 1600 to 1800 cGy for the

cauda equina when prescribing single-fraction RT. The general

rule is to meet constraints for a threshold <5% risk of serious

adverse effects.

Follow-Up

Both clinician- and patient-reported outcomes are incorporated

into the posttreatment follow-up and is well described in the

most recent SPIne Response Assessment in Neuro-Oncology

group report (Laufer, 2018 #266). The most commonly used

assessments are the SINS for mechanical spinal stability, the

Bilsky epidural spinal cord compression score for cord com-

pression, the Karnofsky Performance Status for survival pre-

diction, and the American Spinal Injury Association

Impairment Scale for neurologic deficit status. There still exists

a wide range of assessment tools used by clinicians; thus, stud-

ies to validate these instruments are ongoing to determine stan-

dard tools that most accurately describe outcomes.

Future Directions

As the trend toward personalized medicine continues to be

emphasized, the possibilities of combination therapy with

separation surgery, SRS/SBRT, and systemic therapy are grow-

ing. Furthermore, toxicity with combined treatment has been

well tolerated. A phase I trial of interleukin-2 and SBRT

showed an overall response rate of 62.5% in 7 patients with

minimal toxicity for metastatic spinal melanoma.102 Another

report of patients treated for metastatic renal cell carcinoma

with SRS plus sunitinib or sorafenib showed LC was 90.4%
with only one grade 1 abdominal pain.42 While the typical

practice is to hold targeted therapy 3 to 5 days before and after

SRS, the concurrent use and optimal timing for the synergistic

effect has yet to be determined.103

Reports of the abscopal effect have also been demonstrated

in murine models with hypofractionated radiation and immu-

notherapy,12,104,105 in addition to evidence showing elevated

activated CD4 T cells and reduced levels of suppressor cells

after ipilimumab and RT were administered.19 Still, our under-

standing of combined treatment in this setting is limited, and

prospective clinical studies are needed to better elucidate

outcomes and toxicities associated with the concurrent use of

chemotherapy and targeted agents.

Finally, SBRT technologies continue to advance with

improved on-board imaging with the C-arm gantry, integrated

MRI-linear accelerators, and multiisocentric treatments of

extracranial sites with the latest Gamma Knife models.106

Conclusions

In conclusion, SRS and SBRT for the treatment of spinal

metastases is an effective and safe method, offering patients

a durable response with good quality of life. The advanced

image-guided technology and conformal planning in the pri-

mary, postoperative, and reirradiation settings have allowed

accurate delivery of ablative doses to metastatic disease. Fur-

ther prospective clinical studies are needed to better elucidate

the role of concurrent chemotherapy and immunotherapy to

harness the immune system for more optimal outcomes.
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