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Introduction

The spine is a usual metastatic site for several 
neoplasms. Extradural tumors are frequently meta-
static cancer and normally develop within the ver-
tebral bodies [1]. Metastatic spinal cord tumors can 
cause symptoms through invasion of normal neural 

components and pathways, resulting in local-re-
gional consequences such as pain, muscular weak-
ness, sensory dysesthesias, hypercalcemia, patho-
logic fracture, and spinal cord compression [2]. 

The objectives of treating patients with spine 
metastasis comprise conserving and re-establish-
ing function, pain control, reducing the risk of 

Abstract

Background: This study aims to assess the clinical outcomes of patients with spine metastases who underwent stereotactic 

ablative radiation therapy (SABR) as part of their treatment. SABR has arisen as a contemporary treatment option for spinal 

metastasis patients with good prognoses.

Materials and methods: Between November 2010 and September 2018, Spinal SABR was performed in patients with meta-

static disease in different settings: radical (SABR only), postoperative (after decompression and/or fixation surgery), and reir-

radiation. Local control (LC), pain control, overall survival (OS) and toxicities were reported.

Results: Eighty-five patients (corresponding to 96 treatments) with spine metastases were included. The median age was 59 

years (range, 23–91). In most SABR (82.3%, n = 79) was performed as the first local spine treatment, while in 12 settings (12.5%), 

fixation and/or decompression surgery was performed prior to SABR. Two-year overall survival rate was 74.1%, and median 

survival was 19 months. The LC rate at 2 years was 72.3%. With regard to pain control, among 67 patients presenting with pain 

before SABR, 83.3% had a complete response, 12.1% had a partial response, and 4.6% had progression. Vertebral compression 

fractures occurred in 10 patients (11.7%), of which 5 cases occurred in the reirradiation setting. Radiculopathy and myelopathy 

were not observed. No grade III or IV toxicities were seen. 

Conclusion: This is the first study presenting a Brazilian experience with spinal SABR, and the results confirm its feasibility and 

safety. SABR was shown to produce good local and pain control rates with low rates of adverse events. 
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skeletal-related events, and promoting local tu-
mor control. One of the standard-of-care man-
agement options is conventional external beam 
radiation therapy (EBRT), which offers effective 
palliation of pain with low toxicity rates [2, 3]. 
Nevertheless, the long-term pain and local con-
trol rates of spine metastasis patients who re-
ceived conventional EBRT are low, with a 1-year 
local tumor relapse up to 70%. Moreover, the lon-
ger the patient survival is, the higher rates of pain 
failure are observed [4, 5]. 

Extended life expectancy in metastatic patients 
is now a reality due to advances in quality of diag-
nostic images and oncological treatments; thus, the 
importance of long-term tumor and pain control 
has increased for many patients. In this context, 
stereotactic ablative radiation therapy (SABR) has 
arisen as a contemporary treatment option for spi-
nal metastasis patients with good prognoses. It en-
ables the radiation oncologist to deliver high-dose 
radiation (in few fractions; usually up to 5 frac-
tions) to the specific target volume, sparing nearby 
organs at risk [6]. Many SABR studies have been 
performed and reported, however, majority come 
from high income countries and there is a lack of 
evidence of its use, safety and feasibility in low to 
upper middle income countries. 

This study aims to assess the clinical outcomes of 
patients with metastatic spine cancer who under-
went SABR for local treatment in a single Brazilian 
institution.

Materials and methods

A retrospective assessment of patients with 
spinal metastasis treated with SABR between No-
vember 2010 and September 2018 was carried out. 
Spinal SABR was performed in patients with meta-
static disease in different settings: radical (SABR 
only), postoperative (after decompression and/or 
fixation surgery), and reirradiation. Based on the 
SINS score, if the patients had instability of the ver-
tebral column, a surgical procedure was performed 
before the SABR. We considered gastrointestinal, 
renal, sarcoma, melanoma, and thyroid tumors as 
radioresistant. Demographic and clinical data of 
patients were obtained from medical records and 
treatment planning system. 

This study was approved by the local institutional 
ethical review committee.

Treatment protocol 
Stereotactic ablative radiation therapy 

A full-body immobilization vac-lock was used 
for patients with non-cervical targets. For pa-
tients treated for cervical vertebrae, a reinforced 
stereotactic thermoplastic head and neck mask 
was employed. All patients were treated in a su-
pine position. The clinical target volume (CTV) 
comprised the gross tumor and closely contigu-
ous bony components at risk of microscopic dis-
ease infiltration, and was defined according to 
the Consortium Consensus Guidelines for Spinal 
SABR [7, 8].

In general, magnetic resonance imaging (MRI) 
was used for the contouring of the tumor, spinal 
cord and/or cauda equina, and relevant nerve roots. 
For postoperative setting, CT (computed tomog-
raphy) myelogram was used if the metallic artifact 
was severe such that the spinal cord at MRI was 
unrecognizable. The planning target volume (PTV) 
was created by adding 0 or 1 mm margin to the 
CTV. A 0 to 2 mm margin surrounding the spinal 
cord was added to define planning organ at risk 
volume (PRV). All patients were treated with volu-
metric modulated arc therapy (VMAT), RapidArc 
(Varian Medical Systems, Palo Alto, USA), dose de-
livery technique. We applied the recommendations 
for treatment planning and constraints for organs at 
risk as previously reported [6, 9–11]. Online image 
guidance was used for each fraction using either 
kilovoltage cone beam CT technique (kV-CBCT), 
or Exactrac 6D system (BrainLAB AG, Munich, 
Germany).

Our institutional protocol permitted different 
dose schedules. This is reflection of several authors 
of spine SABR have used a diversity of schedules 
[6]; nonetheless, a clear-cut definition of the ideal 
number of fractions and total dose are not available. 
Thus, over the time, our tendency in radical and 
postoperative setting was to use 1 to 3 fractions, 
while 3 to 5 fractions were more frequently used 
for reirradiation setting, regardless of the tumour 
radioresistance features. 

Patient evaluation and endpoints
The study endpoints were local control, pain 

control, toxicity, and overall survival. 
Local progression was calculated from the first 

day of SABR to the date of recurrence or progres-
sion for the treated vertebral segment. Local control 
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was defined as stable disease, reduction, or eradi-
cation of the tumor on images (MRI and/or CT 
and/or PET/CT) performed mostly every 3 to 4 
months after SABR. Overall survival was calculated 
from the first day of SABR to the date of death from 
any cause. Toxicities related to SABR were evalu-
ated according to NCI criteria (Common Termi-
nology Criteria for Adverse Events v4.0 - CTCAE) 
[12]. Vertebral compression fracture (VCF) occur-
rences were described as the development of a new 
fracture or the evolution of a previous fracture in 
the vertebral area that received SABR based on im-
aging assessments.

Pain response was assessed as complete response 
(CR), partial response, or pain progression accord-
ing to the International Consensus Guideline [13]. 

Statistical analysis
Continuous variables were tested for normality 

with the Kolmogorov-Smirnov and Shapiro-Wilk 
tests. Values are expressed as median and 25th and 
75th percentiles. The categorical data is presented 
as absolute values and percentages and were tested 
using the Pearson χ2 test and Fisher’s exact test, if 
applicable. The behavior of samples over time was 
analyzed by linear and nonlinear regression. We de-
termined that values with r2 values ≥ 0.8 had good 
performance or linearity. The obtained equations 
were compared by slope values for linear regression 
and plateau for nonlinear regression (second-order 
models).

Survival analysis was performed using the Ka-
plan-Meier model and the estimated median values 
if survival was followed by the standard error of 
the estimate. Statistical significance was considered 
with p ≤ 0.05. Analyses were performed using SPSS 
21.0 (IBM) and GraphPad Prism 5.0 (GraphPad).

Results

During the study period, 85 patients (corre-
sponding to 96 treatments) with spine metasta-
ses were included. Of them, 73% had oligometa-
static disease; 18%, oligoprogressive and 9% were 
polymetastatic patients. The median age was 59 
years (range, 23–91). Most SABR treatments (82.3%, 
n = 79) were performed as the first local spine treat-
ment (radical or de novo setting), whereas in 12 
treatments (12.5%), fixation and/or decompression 
surgery was performed prior to SABR (Fig. 1). Fifty 

SABR treatments (52%) were performed in patients 
with radioresistant tumors. All patients received 
systemic therapy before or after SABR. Of 8 patients 
treated in the re-irradiated setting, 5 received in 
the first treatment a dose of 5 x 400 cGy; 3, 1 x 16 
Gy. An interval of at least one year was respected 
between the first and second course of radiation. 
Demographics and tumor characteristics, as well as 
prescribed doses, are presented in Tables 1 and 2.	

After spinal SABR, the median follow-up pe-
riod was 20 months. The overall survival rate at 
2 years was 74.1% (Supplementary File — Fig. S1). 
The LC rate at 2 years was 72.3% (Fig. 2). With 
regard to pain control, of 67 patients with initial 
pain, 83.3% of patients had a complete response, 
12.1% had a partial response, and 4.6% had pro-
gression (Fig.  3). Logistic regression for the final 
pain control status did not exhibit a statistically 
significant difference among all evaluated variables 
(ECOG-PS, tumor type, clinical seating and para-
spinal mass, and treatment dose (Supplementary 
File — Table S1).

Acute or late side effects of grade ≥ 2 were re-
ported in 3 (3.5%) of the 85 patients [grade 2 radia-
tion dermatitis (n = 1), grade 2 esophagitis (n = 2)]. 
VCF occurred in 10 patients (10.3%), of which 5 
cases occurred in the reirradiation setting, 2 cas-
es in patients with lytic bone disease treated with 
a dose of 1 x 20 Gy and 1 x 18 Gy, and 3 cases in 
patients with baseline VCF (treated with a dose of 
1 x 21Gy, 1 x 18 Gy and 2 x 12 Gy). Radiculopathy 
and myelopathy were not observed. Similarly, no 
grade III or IV toxicities were seen. 

Discussion 

To the best of our knowledge, this is the first 
study assessing clinical outcomes in spinal metas-
tasis patients treated with SABR in South America. 
Our results emphasize that the use of SABR for 
spine metastasis patients is effective and safe, offer-
ing prolonged local and pain control rates with low 
risk of side effects. These results are comparable to 
European and North American centers [14].

Historically, conventional EBRT has been used as 
a palliative treatment for many spine metastasis pa-
tients, which has been correlated to only short-term 
pain management and local control rates [4]. Re-
cently, due to advances in systemic treatments, a se-
lection of metastatic patients live a prolonged life. 
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Consequently, long-term pain and local control of 
spinal metastasis are important treatment goals. 
Spinal SABR has the ability to achieve these aims, as 
it can deliver ablative radiation doses to the tumor 
while producing a steep dose gradient near organs 
at risk, such as the esophagus, bowels, and spinal 
cord, keeping doses to these areas low enough to 
avoid severe side effects [15].

SABR was used for oligometastases due to its 
impact on tumor control. Some clinical trials have 
indicated hopeful outcomes regarding the use of 
SABR for oligometastases. In fact, the idea of oligo-
metastases is progressively recognized in modern 

oncology and is generating a model change in the 
treatment of patients with no more than 5 meta-
static sites [16]. In this context, oligometastatic pa-
tients might benefit from local ablative treatments 
provided with radical intervention. The results of 
the phase II SABR-COMET trial [17] show a clini-
cal benefit in patients with oligometastatic disease 
treated with SABR. The study randomized 99 pa-
tients with a controlled primary tumor and 1 to 
5 metastatic lesions to palliative standard-of-care 
treatments alone (systemic therapy and/or conven-
tional EBRT to symptomatic sites) or standard of 
care (systemic therapy) plus SABR for all metastatic 

A B

C D

E F

Figure 1. An example of spine SBRT plan from our institutional series. Panels A and B, the axial and sagittal views of the planning 
CT with CTV (red), PTV (cyan), cauda equina and its PRV (orange) and spinal canal (yellow) and its respective dose distributions 
at panels C and D. Panel E, the color wash representation of the dose distribution on axial plane representing doses from 5Gy 
and above. Panel F, the MR image registered to the planning CT that is required to contour the structures.
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lesions, and showed a median overall survival in-
crease from 28 to 41 months, respectively. Further-
more, there are many ongoing trials involving mul-
tiple disease-specific patients to assess the role of 
an ablative approach to primary and/or oligometa-
static sites [18–21]. The results of all these trials are 
hoped to aid in clinical decisions when selecting 
oligometastatic patients for spinal SABR. 

Notwithstanding the lack of randomized phase 
III trials, the efficacy and safety of SABR in spi-
nal metastases (de novo, postoperative, and in re-
irradiation settings) have been mostly established 
in several retrospective and nonrandomized pro-
spective studies.[14]. The first available data from 
a phase III Spinal SABR trial was presented by the 
NRG Oncology/RTOG 0631 group [22]. This trial 
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Figure 3. Pain control during the clinical follow-up among patients presenting with pain before stereotactic ablative 
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compared pain relief between SABR (16 or 18 Gy in 
one fraction) and conventional EBRT (8 Gy in one 
fraction) for 339 spinal metastasis patients. The pri-
mary endpoint was 3-month post-treatment pain 
control. No difference in pain response between 
the groups was observed at 3 months (40.3% for 
SABR vs. 57.9% for conventional EBRT; p = 0.99). 
Similarly, no significant difference between the 
treatment arms in rates of side effects was dem-
onstrated. This study showed that SABR was safely 
executed without increasing toxicity rates, despite 
not showing better outcomes in the SABR group. 
Interestingly, our study demonstrated a higher rate 
of pain response at 3 months with more than 80% 
of patients having complete pain control. This clini-
cal benefit remained present throughout the clinical 
follow-up of the patients (Fig. 3). It is important 
to recognize that the RTOG 0631 trial has many 
nuances and limitations, as it did not demonstrate 
suitable endpoints such as 6-, 9-, or 12-month local 
control or long-term pain control. Moreover, it was 
not expected that SABR could improve 3-month 
pain control over conventional EBRT in breast and 
prostate cancer patients who are traditionally good 
responders to conventional radiotherapy. When 
including breast and prostate cancer patients, con-
ventional EBRT provides reasonable pain control.

CCTG SC.24/TROG 17.06 trial randomized 
229 patients with painful spinal metastases to re-
ceive 20Gy in 5 fractions (conventional EBRT) or 
24Gy in 2 fractions (SABR). The primary endpoint 
was pain control (complete response) at 3 months 
post-radiation. Patients who underwent SABR im-
proved the complete response rates for pain at 3 
(36% vs. 14%; p < 0.001) and 6 months (33% vs. 
16%; p = 0.004). There are no differences in ra-
diation site progression-free-survival rates and side 
effects grade 2 or higher between the groups [23]. 
This is the first prospective phase III randomized 
trial to demonstrate that dose escalation with mod-
ern radiation therapy techniques improves pain 
outcomes for spinal metastases patients. 

A systematic review with meta-analysis (SAF-
FRON study) of nonrandomized studies included 
3237 patients (4911 lesions) and compared the out-
comes for 1-year local control and side effects for 
spinal metastases patients who underwent SABR 
(either single or multiple-fraction) or conventional 
EBRT. Single dose SABR was associated with an 
improvement of 1-year local control compared to 

conventional EBRT (92.9% vs. 81.0%; p = 0.007, 
respectively). Single dose SABR occasioned in 
greater local control with approximately 5% local 
control advantage for every 10 Gy10 escalation [in 
biologically effective dose (BED) 10] compared to 
multiple-fraction SABR, suggesting that the SABR 
treatment schedule could impact the outcomes. 
These findings are hypothesis-generating and indi-
cate that single dose SABR results in superior local 
control rate [24]. Maybe due to the limited sample 
size, our data did not demonstrate any association 
between dose and SABR for the final pain control 
status. 

Moreover, in the SAFFRON study, higher VCF 
rates were noticed after single dose SABR (19.5%) 
compared to multiple-fraction SABR (9.6%; 
p = 0.039) with no association concerning VCF and 
dose rates. While VCF can occur after spinal SABR, 
when it happens, most patients are asymptomatic 
and medical intervention is rarely required [25]. In 
our study, low rates of VCF (11.7%) were observed 
and this finding is comparable to the data report-
ing the risk for post-spinal SABR VCF that showed 
VCF rate of 13.9% [26]. Importantly, all patients 
who developed VCF in our study were at high risk 
for developing VCF based on known risk factors 
including reirradiation setting, lytic bone disease 
and baseline VCF [26].

Some authors have demonstrated that spine 
SABR succeeded in suitable local control even for 
radioresistant histopathology tumors [27, 28]. The 
radiobiological basis for that might be justified by 
investigational records proposing that only after 
high dose of SABR, usually beyond 8 to 10 Gy per 
fraction, trigger pathways to increase cell death oc-
cur, mostly through the sphingomyelinase pathway 
[29]. In line with this rationale, our study showed 
good clinical outcomes in patients with radioresis-
tant tumors. 

The principal limitations of our study are as-
sociated with its retrospective design, numerous 
SABR dose schemes, restricted sample size, short 
follow-up time, and low statistical power for com-
parison between groups of included patients. Like-
wise, side effect rates should be taken with care due 
to the retrospective analysis, which might lead to 
underestimation or bias. 

In a single Brazilian institution, the use of SABR 
in spinal metastasis patients showed high levels of 
long-term pain and local control with low rates of 
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toxicity. These data encourage the sustained use of 
SABR for spinal metastatic tumors in our clinical 
practice and can be a motivation for other centers 
in developing countries.
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