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ABSTRACT

Purpose: The purpose of this study was to evaluate the role of stereotactic radiosurgery in the 
treatment of primary tumors of the spine and spinal cord.

Methods: An Institutional Review Board approved retrospective analysis of 30 patients with primary 
spine tumors treated at a single institution was performed. Post-treatment pain, neurological, and 
radiographic responses were the endpoints.

Results: Nine patients were treated for benign tumors, and 21 patients were treated for malignant 
tumors. The median dose delivered was 16 Gy in one fraction. Median follow up was 13.13 
months (range, 1 month-84 months). Pain relief was 88% initially. Pain recurred in five patients 
with a median time to recurrence of 5 months (range, 3.6 months – 80 months). Neurological 
improvement was achieved in 65% of patients. Three patients experienced a recurrence in their 
neurological deficit (at 3.6 months, 1.6 years, and 3.7 years after SRS). Radiographic control was 
achieved in 77% of sites treated with SRS. Thirteen of the treated sites recurred with a median time 
of 9.9 months. Two long-term toxicities were observed (asymptomatic radio-necrosis of the erector 
spinae muscle and foot drop). 

Conclusions: Our results suggest that SRS is a safe and effective treatment option for primary 
tumors of the spine and spinal cord.
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INTRODUCTION

Primary tumors of the spine are remarkably rare. 
They occur far less frequently than metastatic spinal 
tumors [1-4] and are often intradural or intramedul-
lary, making them anatomically distinct from metas-
tases which are primarily extradural. The treatment 
goals of primary spine tumors also differ from metas-
tases. Since metastases are often indicators of late 
stage disease, the primary reason for attempting to 
achieve local control (LC) is to palliate symptoms.[5] 
In contrast, achieving LC in a primary spine tumor, 
may not only alleviate symptoms, but may lead to 
substantial improvements in overall survival (OS). 
Despite the clear distinctions between primary tumors 
of the spine, and spinal metastases, the radio-thera-
peutic approach to the treatment of these two catego-
ries of tumors is very similar.

The current standard treatment for primary spine 
tumors depends mainly on the pathology of the tumor. 
When feasible, surgical resection is typically the 
treatment of choice.[6-8] En bloc resection is usu-
ally preferred, but extent of surgery can vary. Intra-
lesional resections have been attributed as a cause of 
increased risk of leptomeningeal/cerebrospinal fluid 
(CSF) dissemination, and positive margins resulting in 
a relatively high rate of recurrence.[9-12] When more 
invasive resections are pursued and negative margins 
are achieved, recurrence may be reduced. However, 
complete resection is sometimes difficult to achieve 
in an attempt to sparing of nerves and other critical 
adjacent structures. For patients who are not surgical 
candidates, or for patients where adjuvant therapy is 
indicated, radiation therapy is often utilized. Standard 
fractionated external beam radiation therapy (EBRT) is 
used in both cases, but because of the spinal cord dose 
constraints, sufficient therapeutic radiation dose could 
not be delivered. Indeed, most of the primary tumors 
require high radiation doses above the known spinal 
cord tolerance dose. To limit potential toxicities, guide-
lines recommend a biologically equivalent dose (BED 
2 Gy equivalents fractions) of 50 Gy,[13] However, for 
certain primary spine tumor histologies such as sarco-
mas, a dose of 60Gy is recommended at the minimum 
to prevent tumor recurrence and the likelihood of local 
failure following EBRT remains relatively high.[14] 

Stereotactic radiosurgery (SRS) has been used to suc-
cessfully palliate spinal metastases, even for tumors of 
radio-resistant histologies.[15-20] This success with spi-
nal metastases has led to the widespread extrapolation 
of SRS to the treatment of primary spine tumors.[21, 
22] Extensive literature is available on the responses of 
metastases, however due to the rarity of primary spine 
tumors, the available literature regarding their response 

to SRS is scarce. Given the differences in morphology, 
location, and treatment goals of these two categories 
of tumors, it is important that the responses of primary 
spine tumors are clearly distinguished. Therefore, we 
reviewed our institutional experience to demonstrate the 
role of SRS in the treatment of primary spine tumors.

METHODS

Thirty patients (81 vertebral levels) with pathologi-
cally confirmed primary spine tumors were treated with 
SRS at our institution between June 2001 and Decem-
ber 2013. Each patient was discussed in a multidiscipli-
nary spine tumor board. Recommendations regarding 
whether a patient was a suitable candidate for spine 
SRS were made according to consensus opinions. Indi-
cations for SRS included pain, neurological compro-
mise, and imaging progression. An Institutional Review 
Board approved retrospective analysis was performed 
using electronic medical records of clinical exams, as 
well as Computed Tomography (CT) and Magnetic 
Resonance Imaging (MRI). Post treatment pain control, 
neurologic improvement, and radiographic tumor con-
trol were the primary endpoints of this study. 

During this period, the Novalis system (BrainLAB, 
Inc, Munich, Germany) was utilized for spine SRS. 
Patient immobilization was achieved with the aid of 
vacuum bags (Elekta BodyFIX, Stockholm, Sweden). 
A contrast-enhanced simulation computed tomography 
(CT) with a slice-thickness of 3 mm was performed with 
infrared fiducial markers (ExacTrac, BrainLAB). These 
images were fused with diagnostic magnetic resonance 
images (MRI) in the treatment planning system in order 
to define the target volume (TV) consisting of the gross 
tumor and the involved vertebral body. An illustration 
of this can be seen in Figure 1. No expansion margin 
was added to the defined target volume. T2-weighted 
magnetic resonance images were used to delineate the 
spinal cord 6 mm above and 6 mm below the defined 
TV. A spinal cord planning organ at risk volume was 
not constructed. Multiple coplanar intensity modulated 
radiation beams were used to optimize the radiation 
dose to the target volume and minimize the dose to sur-
rounding tissue. Single doses ranging from 10 Gy in 
1 fraction to 24 Gy in 1 fraction (median, 16 Gy in 1 
fraction) were delivered. All doses were prescribed to 
the 90% isodose line. The primary dose constraint for 
plan selection was to achieve the objective of 10 Gy to 
10% of the partial volume of the spinal cord and a max-
imum point dose of 14 Gy. When this constraint was 
not achievable, under-dosage to the GTV was accepted 
to meet the above dosimetric objective. Prescribed dose 
did not vary on the basis of the presumed radio-resist-
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ance of the histopathology. This procedure has been 
detailed in previous reports.[15, 23, 24] 

CT and MRI were used to evaluate the radiographic 
response using the updated Response Evaluation Cri-
teria in Solid Tumors.[25] Initial follow-up imagining 
was completed at approximately two to three months 
after SRS followed by additional imaging completed 
at 6-month intervals or as clinically indicated. Clinical 
follow up typically coincided with imaging follow up, 
unless patients had a specific issue or concern, at which 
point they were seen immediately, The 0-10 Numeri-
cal Rating Pain Scale (NRPS) was used to quantify 
pain response. Several methods were used to assess 
neurological function including the 0-5 point Medical 
Research Council (MRC) scale for motor strength, the 
pin prick test for numbness, the Romberg evaluation 
for balance, and testing of the cranial nerves.[26] As 
a secondary end-point, adverse events related to SRS 
including the occurrence and progression of vertebral 
compression fractures were also recorded using crite-
ria detailed in a previous report.[27] Radiographic and 
clinical responses occurring within approximately 6 
months after SRS were attributed to SRS and included 
in our response rates. Tumor progression and toxicity 
observed at any point during the follow-up period were 
reported, regardless of whether or not they occurred 
within the first 6 months following SRS. 

RESULTS

Overall median follow up (calculated from time of each 
patient’s first SRS treatment) was 13.13 months (range, 1 
month-84 months). Clinical follow up was available in 27 
(90%) of the patients. Sixty-percent of the patients were 
males and 73% were Caucasian, with a median age of 
58 (Table 1). Sixty-four percent of tumors/treatment sites 

Figure 1. Treatment planning images and a dose volume histogram of a T1-T2 meningiothelial meningioma after a 
subtotal resection. The tumor was dumbbell shaped and resulted in significant epidural compression.

Table 1. Patient Characteristics

Total number of Patients 30

Sex, number. (%)

- Males 18 (60.0%)

- Females 12 (40.0%) 

Age, years

- Median (range) 58 (13-79)

Ethnicity, number. (%)

- African American 4 (13.3%)

- Caucasian 22 (73.3%)

- Other 4 (13.3%)

Benign tumor, number 9 patients (9 sites)

Malignant tumor, number 21 patients (36 sites)
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were surgically resected prior to SRS. Thirty-three percent 
of tumors/treatment sites received EBRT prior to receiv-
ing SRS (Table 2). Twenty-one patients were treated for 
malignant tumors and nine patients for benign tumors, 
including 9 sarcoma, 7 chordoma, 2 ependymomas, 2 
glioma, 3 schwannoma, 4 meningioma, 1 hemangioma, 1 
fibroma, and 1 desmoid tumor. Median tumor volume was 
32.0 cc (average: 53.87, range: 0.74-228). 

Of the 19 patients (and 28 treatment sites) presenting 
with pain, 18 patients (and 25 treatment sites) were eval-
uable for pain follow up. Pain relief was experienced by 
all evaluable patients presenting with pain (67% partial 
relief, and 33% complete relief). In terms of treatment 
sites, pain progressed after SRS in two of the treated sites 

(8%), was stable in one treatment site, and pain relief was 
experienced in 88% of the treated sites (36% complete 
relief, 52% partial relief) (Table 3). Pain recurred in five 
of the treatment sites with a median time to recurrence of 
5 months (range, 3.6 months - 5.8 years). 

Of the 19 patients with neurological deficits with 23 
sites at presentation, follow up was available to evalu-
ate 16 patients with 20 treatment sites. The neurologi-
cal deficit remained stable in 5 (31%) of the evaluable 
patients that presented with a deficit, and improved in 11 
patients (69%). In terms of treatment sites, neurological 
deficits progressed in two treatment sites (10%), stable in 
five treatment sites (25%), and improved in 65% (15% 
complete response, and 50% partial response) (Table 

Table 2. Treatment Site and Stereotactic Radiosurgery Characteristics 

Number of spines Treated 81

Spine Levels Treated, % of spines

- Cervical 19.8%

- Thoracic 21.0%

- Lumbar 25.9%

- Sacral 33.3%

Median Tumor Volume (range), cm3 39.1 (0.74 - 228.0)

Median Radiosurgery Dose* (range), Gy 16 (10-24)

Newly Diagnosed or Recurrent Tumor  

- Recurrent Tumor, % of sites 88.9%

- Newly Diagnosed, % of sites 8.9%

- Insufficient information to determine 2.2%  

Prior Local Treatment, % of sites  

- Surgical Resection 64.4%

- EBRT 33.3%

Indications for Stereotactic Radiosurgery  

- Pain 19 patients (63.3%), 28 sites

- Neurological Deficit(s) 19 patients (63.3%), 23 sites

- Asymptomatic/Imaging Progression Only 4 patients (13.3%), 7 sites

Follow-Up (clinical, radiographic, or both)

- Number of Patients (%) 27 (90%)

- Median Duration (range) 13.13 m (35 d – 7 y)

- Radiographic, % of Tx sites 77.8%

- Pain, % of corresponding Tx sites 89.3%

- Neurological, % of corresponding Tx sites 87.0%

Survival  

- Deceased 9 patients (30.0%)

- Median Survival 3 y
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3). Deficits recurred in three patients (at 3.6 months, 1.6 
years, and 3.7 years after SRS).

Radiographic follow-up was available for 35 (78%) 
of treated spines. Local tumor progression occurred in 
23% of treated spines. Local radiographic control was 
achieved in 77% of treated sites (23% partial response, 
54% stable) (Table 3). Thirteen of the treated sites 
recurred with a median time to recurrence of 9.9 months 
(range 3 months – 3.2 years). There were two cases of 
long-term toxicity that we believed was related to SRS; 
one case of radionecrosis of the erector spinae muscle 
(patient received 16 Gy for S1 desmoid tumor) and one 
case of foot drop (patient received 10 Gy for an L1-L2 
glioma). Sixteen cases of vertebral compression fracture 
were observed, none of which were attributed to SRS.

DISCUSSION

Due to the rarity of primary spine tumors, the avail-
able literature on SRS in the treatment of these tumors 
is scarce. In an effort to help address this, we evaluated 
the role of SRS in the treatment of primary spine tumors 
at our institution. We update our previously published 
report,[22] and demonstrate that SRS is a safe and effec-
tive treatment option for primary tumors of the spine. 

SRS appears to provide good clinical response with 
pain, neurological improvement and tumor control. 
Pain control was the main role of SRS with response 
rate of 88% suggests SRS is effective in achieving pain 
relief in patients with primary spine tumors. Neurologi-
cal improvement was also observed in 65%; this is an 
improvement from our institution’s initial study that 
reported a neurological improvement in 56% of patients.
[22] LC in our series was 77% with longer followup 
period. Chang et al from the Korea Cancer Center Hos-
pital (KCCH) reported the only other primary spine SRS 
series, and observed a mean local progression-free sur-
vival of 56 months (95% CI, 41–72 months) for chor-
doma patients, and 73 months (95% CI, 49–97 months) 
for sarcoma patients.[21] Their study reported response 
rates for two different groups. One group included tumors 
that were previously treated with a different modality, 
then subsequently treated with SRS due to local failure. 
The second group included patients treated with SRS 

as the primary treatment. Progression-free survival was 
40 months and 90 months for the recurrent group, and 
primary treatment group respectively; they found that 
tumors treated for recurrence had a 10-fold greater risk 
for local progression after treatment with SRS. The vari-
ation in the local control rates observed among our series 
and the KCCH series may be due to the differing histolo-
gies analyzed in the cohorts.

Local control may also be affected by location. A 
prior report on benign spine SRS suggests that the loca-
tion of intradural tumors makes a partial or complete 
response following SRS relatively unlikely.[28, 29] In 
patients with intradural tumors, if significant cord com-
pression is present, surgery may be indicated and SRS 
should instead be considered as an adjuvant treatment. 
Though SRS is at best an adjuvant treatment in certain 
intradural tumors, recent studies have shown that the effi-
cacy of SRS may be comparable to that of surgery.[30] 
Bate et al reported their experience of 69 lesions after 
SRS alone (70% of lesions), or surgery followed by SRS 
(30%). Treatment with surgery and adjuvant SRS failed 
to show any clinically significant advantage over treat-
ment with SRS alone as the definitive treatment.[30] It is 
worth noting that this study focused primarily on spinal 
metastases, and studies comparing definitive treatment 
with SRS to surgery and adjuvant SRS for primary spine 
tumors will be needed. However, given the relatively 
high control rates observed at our institution, and at the 
KCCH, SRS is worth considering as a possible definitive 
treatment for the properly selected patient. This would be 
a significant benefit to patients, who would have a treat-
ment option that achieves excellent local control, and is 
non-invasive, eliminating the need for lengthy hospital 
stays and post-surgical rehabilitation.

The most notable toxicities observed in this series 
include one patient who developed a progression of 
proximal lower extremity weakness, and lower back 
pain following treatment with SRS; the progressive 
symptoms in this patient were attributed to their radio-
graphic tumor progression in untreated sites. After SRS 
treatment of 16 Gy in 1 fraction to an L5-S1 desmoid 
tumor, this patient developed radionecrosis of his adja-
cent erector spinae muscle. This was asymptomatic, 
and the patient remained symptom free for the duration 
of the follow up period. Prior to SRS this patient had 
surgical resection and EBRT of 60 Gy in 30 fractions to 

Table 3. Stereotactic Radiosurgery Response Rates

Response Total Response Complete (CR) Partial (PR) Stable Progressed

Pain 88% 36% 52% 4% 8%

Neurologic 65% 15% 50% 25% 10%

Radiographic 77% (Stable + PR) 0% 23% 54% 23%
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the lumbrosarcral spine and paraspinal region, followed 
by 15 Gy SRS to L5-S1 two months later. This patients’ 
extensive history of radiation therapy likely increased 
the risk of toxicity. Another patient developed a gait 
abnormality with foot drop. The patient was treated to 
an adjacent dermatome, recieving10 Gy SRS to conus 
glioma lesion in two separate treatments to L1-L and 
to T11-T12 level. This patient also had prior surgical 
resection followed by EBRT of 60 Gy in 48 fractions to 
L1-L2 spine 10 years before SRS. 

Limitations of this study include those that are inher-
ent in retrospective analyses. We found 2 cases of long-
term toxicity, but may need even longer followup to make 
definitive conclusions on the potential toxicities although 
the probability of serious toxicities such as radiation mye-
lopathy following spine SRS is relatively low.[31] Another 
limitation of our study is the small sample size, which is 
difficult to overcome due to the low incidence of primary 
spine tumors with diverse tumor types. Though larger 
studies are needed, to the best of our knowledge, our series 
is one of the largest to date focusing on the response of 
primary spine and spinal cord tumors to SRS, treated at a 
single institution with treatment uniformity and consistent 
reporting of clinical responses. 

CONCLUSION

The results of pain relief, neurological improvement, 
and local control rates suggest that SRS is effective in 
the treatment of primary spine tumors. SRS can be used 
as a definitive treatment or as an adjuvant to surgical 
resection. Though we are encouraged by these results, 
studies with larger cohorts of patients, and prospective 
clinical trials would help to better establish a definitive 
treatment regimen with substantial advantages over 
other treatments. In addition to considering the indi-
vidual patient’s goals, functional status, and histology, 
we caution that healthcare providers use their clinical 
acumen, prior experiences, and the existing literature 
when determining the best plan of treatment.
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