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Abstract

Purpose: The goal of this institutional analysis was to evaluate the role of stereotactic radiosurgery (SRS) in primary and
metastatic spinal and paraspinal sarcomas.

Methods: Patients with pathologically confirmed sarcomas who received spine SRS at our institution between June 2001
and December 2013 were retrospectively reviewed in this analysis, which was approved by the institutional review board.
Electronic medical records of clinical exams, and computed tomography (CT)/magnetic resonance imaging (MRI) were eval-
uated. Post-treatment pain control, neurological improvement, and radiographic tumor control were the primary endpoints of
this study.

Results: A total of 23 patients (78 vertebral bodies, 53 tumors) were included. The average age of the cohort was 57 years.
The median surgical dose was 18 Gy in a single fraction (range, 10 to 20) prescribed to the 90% isodose line. Median follow-up
time was 14 months. Fourteen patients were deceased, with a median survival of 15.5 months. The average tumor volume was
53.12 cc (range: 2.02 to 207.25 cc). Overall pain response was 75% (25% partial and 50% complete relief). Pain was stable
in 25% of the patients, and no pain progression was observed. Total neurological response was 67% (0% complete, 67% par-
tial). The remaining 33% of the patients were neurologically stable after treatment. In 1 patient, a new neurological deficit was
observed after SRS. Total radiographic response was 67% (0% complete, 29% partial, 38% stable). Local tumor progression
was observed in 33% of the patients. One patient initially had a partial radiographic response that progressed after 10 months.
Another patient was initially stable but experienced radiographic progression after 3 months. Eight vertebral compression frac-
tures (VCFs) were noted, 2 of which may be attributed to SRS. No other adverse effects were observed.

Conclusions: A total of 23 patients and 78 spinal levels were treated with SRS, resulting in fairly good response rates for
pain relief, neurologic improvement, and radiographic tumor response (75%, 67%, and 67%, respectively). Our results indicate
that SRS has a role in the treatment of primary and metastatic sarcomas of the spine.
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nlike the majority of cancers
that originate from epithelial tis-
sues, sarcomas are rare tumors
that arise from embryonic mesenchymal
cells. Due to this origin, sarcomas tend to
follow a distinct biologic pattern, causing
them to grow radially away from the cen-
ter.! Managing sarcomas in the spinal
and paraspinal region often comes with
a difficult choice: using aggressive treat-
ment to achieve optimal local tumor con-
trol or a more conservative approach to
minimize the risk of severe toxicity. Poor
local control (LC) for sarcoma patients
correlates with a significant decrease in
overall survival (OS).° Thus, it is crucial
to find the appropriate balance between
LC and toxicities for these patients to
achieve the best possible outcomes.
Complete surgical resection, the fa-
vored method of achieving LC for most
spine sarcomas,5!! is effective but dif-
ficult to accomplish without harming
the spinal cord and other intricate tis-
sues such as the surrounding muscles,
tendons, nerves and bone. Resection of
these tissues often necessitates exten-
sive reconstruction and complex stabi-
lization, which can result in functional/
neurological deficits'® as well as the need
for lengthy postoperative rehabilitation.
Sarcoma response to conventional exter-
nal-beam radiation therapy (EBRT) var-
ies with histologic subtype.'? This group
of tumors requires radiation doses of 50
to 66 Gy delivered in 2 Gy per fraction to
achieve local control. These doses exceed
the spinal cord tolerance of 46 to 50 Gy,
resulting in a high risk of radiation-in-
duced myelopathy.'*'” Another potential
option for these patients is stereotactic
radiosurgery (SRS), which is increas-
ingly being used as an effective treatment
for spine lesions of varied histologies.
It delivers a high biologically effective
dose (BED) of radiation to treatment tar-
gets, while minimizing the amount that
reaches healthy tissue. This makes SRS
an appealing option for spine sarcomas.
Previous reports on the use of SRS
to treat spine sarcomas have found that
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FIGURE 1. Axial view of the treatment planning images obtained from a 48-year-old woman
with a paraspinal uterine leiomyosarcoma metastasis centered at the right L1 lamina with an
epidural component and mild indentation of the thecal sac. Isodose lines demonstrating 18 Gy
in a single fraction delivered to the planning target volume (PTV) are shown in red; yellow rep-

resents the dose delivered to the cord.
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FIGURE 2. Dose-volume histogram of the same patient. Red represents the dose delivered to
the PTV, green is the dose delivered to the organ at risk.

SRS appears to control pain in up to
93.8% of symptomatic lesions,'!” and
provides durable tumor control in up to
87.9% of lesions, resulting in a better
chance of increased OS.'® Other reports
found SRS to be effective in treating
primary sarcomas but not metastases.'”
These findings are encouraging, but
since there are few reports on this topic,
this patient population remains poorly
understood. Our study presents a cohort
of patients treated at a single institu-
tion, under a uniform dose/fractionation
scheme. The goal of this institutional
analysis is to evaluate the role of SRS

in primary and metastatic spinal and
paraspinal sarcomas.

Methods

Patients with pathologically con-
firmed sarcomas who received spine
SRS at a single institution between June
2001 and December 2013 were ret-
rospectively reviewed after obtaining
institutional review board approval. A
total of 23 patients treated to 78 vertebral
levels were included. Electronic medi-
cal records of clinical exams, computed
tomography (CT), and magnetic reso-
nance imaging (MRI) were evaluated.
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FIGURE 3. Frontal view of the same patient (left). Sagittal view of the same patient (right).

Table 1. Patient Characteristics

Patients, no. 23
Sex, no. (%)
Males 11(48%)
Females 12(52%)
Age, years
Median (range) 57(21-92)
Ethnicity, no. (%)
African American 6 (26%)
Caucasian 14(61%)
Unspecified 3(13%)
Treatment

# Sites/Tumors Treated 53
Total # VBs Treated 78

Key: VBs = vertebral bodies

Post-treatment pain control, neurological
improvement, and radiographic tumor
control were the primary endpoints of
this study. Although not a primary end-
point, occurrence and progression of tox-
icities, including vertebral compression
fractures (VCF), were also recorded.

The Novalis system (Brainlab, Mu-
nich, Germany) was used for spine SRS.
Patient immobilization was achieved
with the aid of vacuum bags. A con-
trast-enhanced simulation CT scan with
a slice thickness of 3 mm was performed
with infrared fiducial markers (ExacTrac,
BrainLAB). These images were fused
with diagnostic T1- and T2-weighted
MRIs in the treatment planning system
to define the target volume. No expan-
sion margin was added to the gross tumor
and, thus, the gross tumor volume (GTV)
was equal to the planning target volume

(PTV). T2-weighted MRIs were used to
delineate the spinal cord 6 mm above and
6 mm below the defined GTV. A spinal
cord planning organ at risk volume was
not constructed. Multiple coplanar in-
tensity-modulated radiation beams were
used to optimize the radiation dose to
the target volume and minimize the dose
to surrounding tissue. Single doses of
10 to 20 Gy (median 18 Gy) were deliv-
ered. All doses were delivered in a single
fraction and were prescribed to the 90%
isodose line. The primary dose constraint
for plan selection was to achieve the ob-
jective of 10 Gy to 10% of the partial vol-
ume of the spinal cord and a maximum
point dose of 14 Gy. The aim for target
volume coverage was to deliver 95% of
the dose to 95% of the volume. How-
ever, preference was given to spinal cord
dose-sparing constraints and, in cases
where this was not achievable, a slight
underdosage to the target volume was
accepted. Prescribed dose did not vary
based on tumor histology. This procedure
has been detailed in previous reports.'*-!
Treatment planning images are shown in
Figures 1-3.

Clinical follow-up consisted of peri-
odic clinical examinations in which pain
and neurologic responses were assessed.
The 0-10 Numerical Rating Pain Scale
was used to quantify pain response.
Several methods were used to assess
neurologic response, including the 0-5
point Medical Research Council scale
for motor strength, the pinprick test for
numbness, the Romberg evaluation for

balance, as well as testing of the cranial
nerves.’

As a secondary endpoint, occurrence
and progression of potentially SRS-in-
duced spinal instability (in the form of
vertebral compression fractures [VCF],
or impending VCFs that required sur-
gical stabilization beyond 1 week after
SRS) were evaluated with follow-up
imaging. Cases of spinal instability at
vertebral levels not treated with SRS,
those that received surgical stabilization
prior to SRS, and those that occurred
with concurrent tumor progression were
not attributed to SRS in our analysis.
Our methods for evaluating VCFs have
been detailed in a previous report.?!

Results

A total of 23 patients and 78 treated
vertebral levels were included. The aver-
age age of the cohort was 57 years (Table
1). The median radiosurgical dose was 18
Gy (range: 10 to 20 Gy) in a single frac-
tion prescribed to the 90% isodose line
(Table 2). Eleven patients had received
prior radiation therapy (RT) to the spine
and 10 patients underwent prior surgi-
cal resection of their tumor. Follow-up
was available for 48 (62%) vertebral
bodies, with a median follow-up time of
14 months. Fourteen patients were de-
ceased, with a median survival of 15.5
months (Table 2). Leiomyosarcoma was
the most common histologic subtype
among the cohort with 9 patients (Table
2). The average tumor volume was 53.12
cc (range: 2.02 to 207.25 cc) (Table 2).
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Tumor Location, Number of Tumors
Cervical
Thoracic
Lumbar
Sacral
Median Tumor Volume (range), cm?

Other Treatments
Radiation Therapy
Surgical Resection

Histology, number of Pts
Leiomyosarcoma
Ewing’s Sarcoma
Osteosarcoma
Neurofibrosarcoma
Liposarcoma
Chondrosarcoma
Hemangiopericytoma

Spindle Cell Sarcoma
Unspecified
Follow-Up (clinical, radiographic, or both)
Number of Patients (%)
Median Duration (range)
Survival
Deceased at Time of Study, no. (%)
Median Survival (range)

Table 2. Tumor and Stereotactic Radiosurgery Characteristics

Median Radiosurgery Doses (range), Gy

Rhabdomyoblastic anaplastic Sarcoma

11
17

20

5
53.12(2.02-207.3)
18(10-20)

11
10

— S SN WO

11(48%)
14m

14(61%)
155m (26d—6.2y)

Key: VBs = vertebral bodies; Pts = patients; m = month; d = days; y = years

Table 3. Stereotactic Radiosurgery Response Rates

Response Total Complete Partial Stable Progressed
Favorable (CR) (PR)
Response
Radiographic 67% (CR+PR + 0% 29% 38% 33%
Stable)
Neurologic 67% (CR+PR) 0% 67% 33% 0%
Pain 75% (CR+PR) 50% 25% 25% 0%

Overall pain response was 75%
(25% partial and 50% complete relief).
Pain was stable in 25% of the patients,
and no pain progression was observed
(Table 3). Total neurological response
was 67% (0% complete, 67% partial).
All remaining patients were neurolog-
ically stable after treatment. In 1 pa-
tient, a new neurological deficit was
observed after SRS. This patient suf-
fered from decreased grip strength on
the left after receiving SRS 16 Gy/1fx to

C1-C2 and C4-C5. Total radiographic
response was 67% (0% complete, 29%
partial, 38% stable). Local tumor pro-
gression was observed in 33% of the
patients (Table 3). One patient initially
had a partial radiographic response that
progressed after 10 months. Another
patient was initially stable but experi-
enced radiographic progression after
3 months. Eight VCFs were noted, 2
of which may be attributed to SRS. No
other adverse effects were observed.

Discussion

The standard methods of achieving
LC in spine sarcomas are limited. SRS,
an alternative method of achieving LC,
has shown efficacy in preliminary stud-
ies, and our results corroborate this. In
our study, 23 patients and 78 spinal lev-
els were treated with SRS, resulting in
fair response rates for pain relief, neu-
rologic improvement, and radiographic
tumor response. Our sample size is
comparable to those of the previous pub-
lished reports on spine sarcoma SRS,
and when taken in conjunction with the
results of the prior reports, our series al-
lows for a better understanding of SRS
treatment of spine sarcomas.

Although sarcomas are sometimes
characterized as painless masses, pain
is common when they occur in certain
areas of the body such as the spine. An
important goal of radiosurgical treatment
of spine sarcomas is pain alleviation.
Levine et al produced the first report on
spine sarcoma SRS evaluating 24 pa-
tients (30 lesions) treated with 30 Gy in
3 fractions. Fourteen patients had pri-
mary spine sarcomas: 7 received SRS as
definitive treatment, and 7 received SRS
adjuvant to surgery; 10 patients had spine
sarcoma metastases and received SRS
with or without prior radiation therapy. In
their series, pain response results were re-
ported for 23 out of the 30 treated lesions;
out of these 23 lesions, 22 experienced
pain relief (7 out of 7 primary lesions, and
15 out of 16 metastases).'” At 75%, our
pain response was also relatively high,
with a rate comparable to that of a report
by Chang et al of the Korea Cancer Cen-
ter Hospital (KCCH), whose observed
pain control rates at 6 months, 1 year, and
2 years were 89.3% (25/28), 68.2% (15/
22), and 61.5% (8/13) respectively. Their
series found that small tumor volume
correlated with post-SRS pain control.'®
Brown et al only observed pain relief in
patients treated palliatively.?> Table 4
summarizes the largest spine sarcoma
SRS series.0-18:23-26
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Besides pain control, preservation of
neurological function and improvement
of any neurological deficits is an import-
ant treatment goal. Our series is one of
the few to report on this endpoint, with
4 out of the 6 patients in our cohort who
presented with neurologic deficits expe-
riencing a decrease in their symptoms.
The series by Levine et al—the only
other sarcoma SRS series that observed
neurological responses—reported that
2 of their patients presented with neu-
rological symptoms. One experienced
complete relief after SRS, and the other
experienced partial relief.!” Neurologi-
cal function outcome data after EBRT is
also limited. However, it is plausible that
deficits may be able to be maintained or
possibly improved by EBRT alone in the
few radiosensitive histologic subtypes
such as Ewing’s sarcoma. Functional
status following surgical resection of
spine sarcomas is more extensively re-
ported on and, therefore, better under-
stood. Bilsky and colleagues (n = 59)
reported improvement in function after
resection in 13% of patients, and main-
tenance of function in 79%.8 Another
report noted similar rates with functional
improvement observed in 14% (vs 67%
in the present series) of the 110 spinal
sarcomas resected, and maintenance of
pre-treatment function in 83%.° In this
series, outcome correlated with histo-
logic subtype; chondrosarcoma histol-
ogy was predictive of better postsurgical
functional status, and osteosarcoma his-
tology was associated with worse post-
surgical functional status.’

LC was the only endpoint evaluated
in all of the previously reported series as
well as our own. Therefore, the efficacy
of spine SRS in achieving LC in sarco-
mas is the most well understood end-
point. A report by Folkert et al found that
in comparison to hypofractionated SRS,
single-fraction SRS was associated with
improved LC.!® Levine et al determined
that in metastases, however, LC is diffi-
cult to evaluate due to the high mortal-
ity of these patients.!” The Mayo Clinic

series reported on the response of spine
sarcomas combined with sarcomas of
other anatomical locations with an LC
of 85% at 2 years for patients treated
definitively/curatively. This series did
not analyze local control for patients
treated palliatively since these patients
did not have routine imaging.?? In the
series by Chang et al, young age was
found predictive of favorable local pro-
gression-free survival. Their series also
found a correlation between dose and
LC with patients receiving above 22 Gy
experiencing better LC at 2 years com-
pared with those below 22 Gy. !¢ A study
on sarcoma response to conventional
RT such as Kepka’s found the sarcoma
response rate to be 22% when < 63 Gy
was delivered; however; the rates rose
to 60% when doses above 63 Gy were
used.!® Our institution delivered a mean
surgical dose of 18 Gy and our LC was
67%. Although LC was moderate in our
series, symptom control was achieved
and maintained even in cases with radio-
graphic progression, which highlights
the palliative utility of SRS.

Although there is reason to believe
that the precision of SRS minimizes po-
tential toxicities, they do occur in certain
patients. In our series, one non-VCF
toxicity was observed. A patient experi-
enced a new neurological deficit of de-
creased grip strength in the left hand after
EBRT of 51 Gy/17 fx to the entire cervi-
cal spine, with an SRS boost of 16 Gy/1
fx to C4-C5 2 weeks prior to the EBRT,
and a boost of 16 Gy/1 fx to C1-C2 1
week after EBRT. Pertinent spine imag-
ing was not available to evaluate the po-
tential contribution of radiation toward
this patient’s symptoms. The patient also
had metastatic disease within the left ra-
dius corresponding to the time of symp-
tom presentation. Even though this may
have been the cause, the potential effects
of radiation cannot be eliminated as a
contributing factor to the development
of the deficit. With 1 patient experienc-
ing a non-VCF toxicity, our toxicity rate
was relatively low; however, our median

follow-up of 14 months may have pre-
cluded the observance of late toxicities.
Complications/toxicities in the report
by Levine et al include delayed transient
radiculopathy and dysesthesias in 2 pa-
tients and a rectal tumor cavity fistula
in 1 patient.'” In Folkert’s study at Me-
morial Sloan Kettering Cancer Center,
complications included 1 case of grade
3 fatigue, 1 case of grade 3 postopera-
tive wound complication, and 2 cases of
grade 3 tracheoesophageal fistulae.'® In
the Mayo clinic series, late toxicities oc-
curred in 2 spine patients, 1 of which was
treated to a recurrent sacral lesion and
experienced grade 3 neuropathy. Prior to
SRS, this patient received conventional
RT (59.4 Gy/33 fx) to the same region.
The other patient who experienced a
toxicity in his or her cohort was treated
to T11 and experienced myelodysplastic
syndrome (MDS); this toxicity devel-
oped 3 years after treatment.?? It is worth
noting that the primary histology in this
series was Ewing’s sarcoma; this his-
tologic subtype is typically considered
to be radio-responsive, and is known to
affect relatively young patients, which
may be why late toxicities were observed
in their cohort.

In Brown’s series, most of the patients
(3 out of 4) with long-term follow up had
Ewing’s sarcoma demonstrating how his-
tologic subtype likely plays an important
role in the disease sequalae. Due to the
varied radiation responses of the different
sarcoma histologic subtypes, it is difficult
to directly compare the previous studies
with our own. Leiomyosarcoma was the
predominant histology in our cohort, ac-
counting for approximately 39% of the
patients. There is little existing literature
on the radio-responsiveness of leio-
myosarcomas. The little that is known
is drawn from literature on conventional
RT in the treatment of leiomyosarcomas
of the uterus where it most frequently oc-
curs.'? As with other sarcomas, surgery is
the recommended treatment and, when
indicated, adjuvant RT. A University of
Michigan institutional analysis (n = 8)
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Table 4: Spine Sarcoma SRS Series
Study Total Patients Total Tumors Median Dose/ Median FU Median Overall
Fraction (Gy) (months) Survival (months)
[range] [range]
AM Levineetal 24 30total 30/various [20-35] NR NR
SHB 2009
Primary 30[24-35] 33[20-49] NR
definitive SRS—7
Primary 30[25-30] NR NR
adjuvant SRS—7
Metastases - 16 30[20-30] NR 11.1 (mean)
UK Changetal 27 32 21.6/1 22 [4-68] 29
KCCH 2012 [15.2-28.9]
MR Folkertetal 88 120 Single Fx: 24 12.3 [1-80.7] 16.9
MSKCC 2014* Hypo Fx: 28.5
JELeemanetal 88 120 2411 14.4 [0.6-88.9] 189
MSKCC 2016*
DE Spratt et al 9 12 24/1[24/1-30/3] 1.2 NR
MSKCC 2016
JA Miller et al 18 40 16/1[10/1 - 25/5] Radio- 9 [1-86] 16
CCLCM 2017 Clinical 15[ 2-95]
AJ Bishopetal 48 66 NR 19 17 [1-121]
MDACC &
Keck SOM 2017
Current Series 23 53 (78 VBs) 18/1[10/1-20/1] 14 15.5[0.8-6.2]
*Studies are from the same cohort of patients; CCLCM — Cleveland Clinic Lerner College of Medicine ; CR—complete response ; FU-follow-up ;
MSKCC — Memorial Sloan Kettering Cancer Center; NR — not reported ; PR — partial response ; SHB - Sinai Hospital of Baltimore;
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Predominant Neuro Response Radio Response Pain Response Toxicities
Histologies
Leiomyo—29% NR 75% (18/24) NR 6 cases
Chondro—21%
Angio—13%
- 100% (1CR & 71% (2CR, 100% (7/7) 1 case nausea, 1 case malaise
1PRoutof2) 3PR outof7) 1 case skin irritation,
1 rectal cavity fistula
- NR 57% (4 CRout of 7) NR 2 pts w delayed transient
radiculopathy, dysesthesia,
partial motor loss w resolution
of symptoms
- NR 90% (9 stable out 10) 94% (15/16) None
at>3mo
Osteo—40.6% NR At6m-96.7% (29/30) At6m-89.3% (25/28) NR
Malignant fibrous At1yr-78.3% (18/23) At1yr- 68.2% (15/22)
histiocytoma—13% At2yr- 76.9% (10/13) At2yr-61.5% (8/13)
Synovial —13%
Leiomyo—30% NR At12m-87.9% NR 2(2.3%) VCFs,
Hemangiopericytoma - 15.8% At24m-77.4% 1 case (1% of Pts) Gr 3
Lipo—14.2% acute dermatitis,
4 cases of chronic tox
above Gr 3
(1 case of fatigue, 1 case of
postop wound complication,
2 cases tracheoesophageal
fistulae)
Leiomyo—30% NR At1yractuarial LFFS-85.9% NR NR
Hemangiopericytoma - 15.8% At1yr actuarial rate
Lipo—14.2% of freedom from any
failure within the spine
- 57.7%
Leiomyo - 50% NR 92% NR NR
Hemangiopericytoma - 17%
Myxoid Fibro- 17%
Leiomyo - 32% 86% At6 m-63% Adjusted at 6 m—35% 3(8%) VCFs
Chondro- 17% At12m-51% Unadjusted at 6 m—77% 4(10%) Pain flare
Spindle cell - 17% 1 case Gr 3 foot drop
Leiomyo - 42% NR At1yr-81% NR Most common acute
Epithelioid - 14% At3yrs-61% toxicities were fatigue
Malignant fibrous 15 cases (23%), esophagitis
histiocytoma/unclassified 6 cases & nausea 6 cases
pleomorphic sarcoma - 13% Chronic toxicities included
4(6%) insufficiency
fractures, & 3 neuropathies
(none were Gr 3 or 4)
Leiomyo—39% 25% 67% 75% 2(3%) VCFs

Ewing’s Sarcoma- 13%
Osteosarcoma— 9%
Neurofibrosarcoma—9%
Liposarcoma— 9%

1 case of progressive
decrease in L hand
grip strength

Gr —grade; KCCH — Korea Cancer Center Hospital; LFFS —local failure free survival ; M —months ; MDACC — MD Anderson Cancer Center ;

SOM - School of Medicine ; Tox - toxicity; VBs — vertebral bodies ; VCF — vertebral compression fracture; Y- years
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reported on the intra-lesional resection
of spine leiomyosarcomas in which they
observed excellent clinical response
rates; however, recurrence occurred
in 63% of patients.”” In our series, 6 of
the leiomyosarcoma tumors that were
painful at presentation were evaluable
for follow-up. Pain remained stable in
1 site and relief was experienced in 5
(complete — 3, partial — 2). Five of the
tumors/treatment sites associated with
neurological deficits at presentation were
evaluable for neurological follow-up,
and functioning remained stable in all 5
sites. Local control was achieved in 3 out
of the 5 sites (stable — 2, partial — 1) eval-
uable for radiographic follow-up, and
tumor progression was observed in 2 of
the sites. The radiographic progressions
were asymptomatic, and a complete and
durable pain response was achieved in 1
of the treatment sites even though it pro-
gressed radiographically. Our response
rates for leiomyosarcomas and the over-
all LC rate for the cohort may suggest
that when en bloc surgical resection/
negative margins are not possible, SRS
efficacy may be similar to that of sur-
gery. Since SRS is delivered in as little as
1 fraction, treatment time is significantly
shortened, and the need for postsurgical
rehabilitation is eliminated; as a result,
SRS is convenient and does not interfere
with concurrent chemotherapy sched-
ules. However, given the small size of
our cohort, this is speculative and larger
studies are needed to better understand
the treatment responses in these patients.
Limitations of this study include those
inherent in retrospective analyses, and
our inclusion of subjective endpoints
such as pain and neurological response.
Despite this subjectivity, the clinical re-
sponses were observed throughout the 12
years included in this analysis, at a single
institution by a single physician, result-
ing in increased uniformity. Another
limitation is the small sample size of our
cohort, which precludes us from making
definitive statements on SRS efficacy for
spine sarcomas. Although larger studies

are needed, when our results are taken in
conjunction with the previously reported
series, the role of SRS in the treatment of
spine sarcomas can be better understood.
Additionally, our cohort had a relatively
diverse representation of ethnicities.
When presented with the difficulty
of choosing between local control and
safety, in addition to the standard treat-
ment options, SRS should be considered.
With 75% of our patients experiencing
pain relief, 67% experiencing neurologic
improvement, and 67% experiencing
radiographic tumor control, our results
suggest that SRS has a role in treating
primary and metastatic sarcomas of the
spine. Further studies that are larger, his-
tology specific, and geared toward de-
termining the optimal dose are needed
to create more conclusive guidelines on
treating spine sarcomas with SRS.
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