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ABSTRACT

Introduction: Stereotactic Body Radiation Therapy (SBRT) is an alternative radiation therapy to Conventional Exter-
nal Beam Radiotherapy (cEBRT), which can deliver high doses of radiation to the tumor site and minimize side effects 
to surrounding healthy tissue. This study aims to evaluate the different outcomes of SBRT and cEBRT for patients with 
spinal metastases. Materials and methods: A literature search was conducted by the PRISMA guideline using multiple 
electronic databases: PubMed, ScienceDirect, Sage Journal, CENTRAL, and Web of Science. All studies that fulfilled 
our PICO criteria were included in this study. Case series, case reports, and reviews were excluded from this review. 
Results: Studies with a high risk of bias and not assessing the radiotherapy outcome were also excluded. The RoB2 
and ROBINS-I tools were used to analyze the quality of the selected studies. Basic data (sample size, sex, and average 
age of each group) and the outcome summary were tabulated. Based on the inclusion criteria, four literatures were 
selected for this study. Two out of three studies found that SBRT was more successful in reducing pain. Conclusion: 
SBRT showed better pain control, OS, progression-free survival (PFS), incidence rate, local failure rate, and adverse 
event (AE) than cEBRT, but no significant difference in the quality of life.
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INTRODUCTION

The spine is a common location for bone metastases 
to occur. The spinal involvement occurs in up to 40% 
of patients with cancer as the disease progresses, with 
epidural compression occuring in 5-10% of cases.(1) 
Surgery is often used as one of the main management 
of cancer metastases in the spine. The main goals 
of surgery are spinal stabilization, restoration, and 
maintenance of overall alignment and decompression 
of nerve structures, especially for radioresistant tumors.
(2) However, in some cases, surgical treatments were 
contraindicated or were declined by the patient; 
therefore, alternative treatments were employed. 

One such option is Conventional External Beam 
Radiotherapy (cEBRT), a reliable alternative treatment 

modality for spinal metastases. Unlike surgery, cEBRT 
administers radiation in fractions, allowing for the 
recovery of normal tissues and thereby increasing 
the body’s tolerance to therapy.(3) Stereotactic Body 
Radiation Therapy (SBRT) is an alternative to cEBRT. This 
radiation therapy's main advantage is the ability to deliver 
radiation to a much smaller specific area compared to 
cEBRT. Therefore, this therapy can deliver high doses of 
radiation to tumors while minimizing the dose delivered 
to surrounding healthy tissue. Treatment is fractionated 
into fewer sessions, typically one to five, with a total 
dose ranging from 8 to 30Gy.(4) Additionally, radiation 
intensity modulation further enhances the effectiveness 
of SBRT in reducing tumor size, thus minimizing 
radiation exposure to the surrounding tissue.(3)

Despite its promising result, there needs to be more 
comprehensive analysis comparing the effectiveness 
of SBRT and cEBRT in treating patients with spinal 
metastases. Therefore, the authors conducted a 
systematic review to summarize the results of available 
studies on the outcomes of SBRT and cEBRT in treating 
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patients with spinal metastases.

MATERIALS AND METHODS 

Search strategy
This study was conducted based on the PRISMA 
guideline. In general, studies assessing the outcome of 
patients with spinal metastases treated with either cEBRT 
or SBRT were evaluated. Multiple electronic databases 
such as PubMed, ScienceDirect, Sage Journal, CENTRAL, 
and Web of Science search engines were used, and the 
search was done on Jan 24 2023. The search strategy for 
this study is listed in Table I. No filter was used in this 
search. The Population, Intervention, Comparison, and 
Outcome (PICO) concept was used in this study:
-	P: Patients diagnosed with a cancer metastases on the 

spine
-	I: Treated with either SBRT or cEBRT
-	C: Comparing both treatments
-	O: All possible outcome was summarized and tabulated

used.(5) The final score from each criterion was classified 
as low, unclear, or high risk of bias. Studies with an 
overall score of high risk of bias will be excluded from 
this study.

Data extraction 
The studies were extracted using Microsoft Excel. The 
basic data was collected from each study including 
sample size, sex, and average age of each group, and 
the outcome summary was subsequently tabulated. 

RESULTS 

The search flow is depicted in Figure 1. Based on the 
search results, there were 2,842 search results and 
16 studies obtained from manually searching other 
references. Of the 2,842 articles, 431 were obtained by 
PubMed search, 1,488 from ScienceDirect, 650 from 
Web of Science, 154 from Sage Journal, and 46 from 
CENTRAL. After removing duplicates, 2,231 unique 
articles were found. From those unique articles, 1,365 
titles were found to be irrelevant; therefore, the abstracts 
of 866 remaining articles were reviewed, 853 abstracts 
were excluded, and 13 full articles were studied. Of the 
13 articles, it was found that three studies discussed only 
the research protocol, three studies used combination 
therapy, not just radiation, one did not compare with 
SBRT, 1 was a case series, and 1 was an epidemiological 
study. The risk of bias was evaluated in each of the four 
final studies. Three had an unclear risk of bias, while 
one had a low risk.(6–9)

Table I: Search strategy 
Database Keyword

PubMed
((“Stereotactic” OR “conventional”) AND (“ra-
diotherapy” OR “radiosurgery”)) AND (“spinal 
metastasis” OR “spinal metastases”)

ScienceDirect
((“Stereotactic” OR “conventional”) AND (“ra-
diotherapy” OR “radiosurgery”)) AND (“spinal 
metastasis” OR “spinal metastases”)

Sage Journal
((“Stereotactic” OR “conventional”) AND (“ra-
diotherapy” OR “radiosurgery”)) AND (“spinal 
metastasis” OR “spinal metastases”)

CENTRAL

#1 = (“Stereotactic” OR “conventional”) 
#2 = (“radiotherapy” OR “radiosurgery”)
#3 = (“spinal metastasis” OR “spinal metastases”)
#4 = #1 AND #2 AND #3 

Web of Science
ALL = (((“Stereotactic” OR “conventional”) AND 
(“radiotherapy” OR “radiosurgery”)) AND (“spi-
nal metastasis” OR “spinal metastases”))

Inclusion and exclusion criteria
All studies that fulfilled our PICO criteria were included 
in this study. Case series, case reports, and reviews were 
excluded from this study. Studies with a high risk of bias 
and not assessing the radiotherapy outcome were also 
excluded. All results from each study were tabulated 
and summarized. Search and screening for inclusion are 
conducted by two authors (ARH and EHK). Any dispute 
would be resolved by a third reviewer (KAIS).

Quality assessment
The quality of evidence for the included studies were 
assessed using appropriate tools. For RCTs, RoB2 tools 
by Cochrane was used. For non-RCTs, ROBINS-I was 

Figure 1: PRISMA Flow Diagram

The compilation results of each study's findings are 
qualitatively described in Table II. Cumulatively, 290 
samples were treated with SBRT, and 296 were treated 
with cEBRT. Most patients were men, and most were 
over 60 years old.
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Table II: Summary of results from included studies.

No
Author, 

Year
Study 
Design

SBRT cEBRT Summary of Results

Sample 
Size (% 
Male)

Age
Sample 

Size 
(%Male)

Age QoL, Pain, and OS Other Findings

1
Arjun 
Sahgal et 
al. 2021

RCT
114 

 (52%)
63 

(56-72)
115 

 (53%)
65 

(55-73)

QoL: No difference was 
found 
Pain: Analgesic consump-
tion was higher in the 
SBRT group; Full response 
to pain was significantly 
higher in the SBRT group at 
3-6 months (14% vs. 35%) 
OS: Higher in the SBRT 
group (89% vs 93%)

PFS: Higher in the SBRT group (86% 
vs 92%) 
Adverse Events: More frequent and 
severe in the cEBRT group 
Other finding: This study is the first 
published RCT comparing SBRT vs 
cEBRT, this study asserts the superior-
ity of SBRT compared to cEBRT with 
better outcome even on longer term 
follow up (6 months)

2

Saskia 
van de 
Ven et. 
Al, 2019

NRCT
65 

 (51,4%)
64,4

66 
 (48,6%)

68.3

QoL: No difference was 
found 
Pain: Pain reduction was 
higher in the SBRT group 
at three months (43% vs. 
56%) and six months (45% 
vs. 44%) 
OS: Higher in the SBRT 
group at one year (65% vs. 
85%)

Physical function: No difference was 
found 
PFS: Higher in the SBRT group at one 
year (19% vs. 54%) 
Other Finding: The study analyzed 
patients with oligometastatic disease 
(<5 lesions within <3 organ) and 
found that the survival outcome 
are improving compared to previ-
ous studies. Indicating the need for 
more proper palliative care because 
such patients will have longer life 
expectancy

3

Bart J. 
Pilken-
rood et. 
Al, 2020

RCT
45 

 (53%)
65 

(61-72)
44 

 (70%)
64 

(57-73)

QoL: No difference was 
found 
Pain: No difference was 
found 
OS: No difference found

Other finding: This study found 
that more patients prefers cEBRT 
compared to SBRT. One reason is 
because SBRT treatment requires the 
patient to wait for 1-2 weeks and an 
addition of MRI scan unlike cEBRT 
which can directly done upon visit 
on the patient’s visit to oncologist.

4
Zeng KL, 
et al., 
2022

RCT
66  

(56,1%)

64 
(32.4-
90.3)

71  
(46,5%)

65.4 
(27-87,8)

QoL: Not reported 
Pain: Not Reported 
OS: No Difference Found

Local failure rate: Lower for SBRT at 
six months (2.8% vs. 11.2%) and two 
years (14.8% and 35.6%) 
Reirradiation rate: Lower for SBRT at 
six months (0% vs. 5.8%) and two 
years (8.2% and 22.4%) 
Vertebral Compression Fracture Inci-
dence at 12 months: Less in the SBRT 
group (7.1% vs 9%) 
Other finding: This study focuses on 
the occurence of complication after 
treatment with either SBRT or cEBRT. 
Although the incidence is less on 
SBRT group. Grade 3 vertebral com-
pression fracture occurs exclusively 
on SBRT group and none on cEBRT 
group.

SBRT = Stereotactic Body Radiotherapy
cEBRT = Conventional Body Radiotherapy
QoL = Quality of Life
OS = Overall Survival
PFS = Progression-Free Survival

Primarily, all studies assessed pain, quality of life (QoL), 
and effectiveness of radiotherapy. The effectiveness of 
radiotherapy was described by the overall survival (OS), 
adverse event (AE), or progression-free survival (PFS) 
rate. Based on the pain reduction, 3 out of 4 studies 
(Study by Arjun Sahgal: 14% vs 35%;  Saskia van de Ven: 
43% vs 56%; Bart J: -2,5 vs -2,9) found that SBRT was 
more successful in reducing pain than cEBRT. All studies 
found no difference in terms of quality of life. Two out 
of four studies found that SBRT had higher levels of OS 

but insignificantly (Study by Arjun Sahgal: 89% vs 93%; 
Study by Saskia van de Ven: 65% vs 85%;). The other 
study found no difference.(10–13)

Regarding PFS, one study (study by Saskia van de Ven) 
found a significant difference (54% vs 19%), while 
another found that SBRT was better (by Arjun Sahgal et 
al; 92% vs 82%) but not significantly. AEs were more 
common and severe in cEBRT than in SBRT. Incidence 
of vertebral compression fractures within one year after 
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patients might not have felt the effects of recurrence or 
complications and therefore did not report a worsening 
in QoL.(19–21) 

Underreporting of low QoL due to loss to follow-up or 
death might also affect the outcome of QoL assessment 
in both treatment groups. In the three studies assessing 
QoL in this systematic review, patients who died and 
were lost to follow-up were more prevalent in those 
treated with cEBRT, with a ratio of about 2:1.(10,18) 
Iovoli, J.A et.al showed that QoL remained stable after 
SBRT in NSCLC patient.(22)

Patients with SBRT have a higher overall survival rate, 
a lower local failure rate, and a lower reirradiation 
rate than conventional radiotherapy. One factor that 
leads to this advantage is that SBRT uses highly focused 
radiation guided by 3-dimensional imaging to deliver 
high doses of biologically effective dose (BED). Thus 
enabling better pain reduction caused by the tumor 
while reducing exposure to other surrounding structures. 
Also, this enables the shortening of treatment time, 
which can improve the quality of life of patients from 
a psychological perspective, provide a more effective 
radiotherapy method for radioresistant tumors, and 
reduce pain in the long term.(23)

Despite the advantages, SBRT also has risks to the 
patient, one of which is vertebral compression fractures. 
Several mechanisms cause vertebral compression 
fractures. Immediately after SBRT, the first mechanism 
is an intense acute inflammatory reaction, combined 
with a vascular effect associated with the high doses 
administered; SBRT leads to an increase in cell death 
due to the apoptotic process. This affects the bone 
matrix, which results in a weaker bone structure, easy 
structural failure, and an increased risk of vertebral 
compression fractures. Research shows that 68% of 
patients observed after receiving SBRT therapy will 
experience an acute inflammatory reaction in the tissue 
around the area exposed to the radiation. Radiation on 
the bone will change the collagen component of the 
bone and result in a loss of bone elasticity. The bone 
becomes more rigid and eventually loses its plasticity. 
These changes affect the ability of the vertebrae to 
withstand physiological loads, thereby increasing the 
risk of vertebral compression fractures.(24) The limitation 
of this study include the scarcity of studies directly 
comparing SBRT to cEBRT, making it hard to do meta-
analysis or consistent comparison on a single parameter. 
Moreover, tools to evaluate certain parameters, such as 
quality of life itself, varied from studies to studies. 
 
CONCLUSION

From the available studies, we conclude that SBRT is 
better than cEBRT. Significantly better outcomes in pain 
control, OS, PFS, incidence rate, local failure rate, and 
AE is consistent in the available studies but not in QoL. 

radiation therapy is more frequent in cEBRT (Study by 
Zeng KL, et al; 9% vs 7,1%). One study assessed the 
local failure rate and reirradiation rate, and SBRT was 
better than cEBRT at six months (Study by Zeng KL et al; 
Local failure rate: 2,8% vs 11,2%; reirradiation rate: 0% 
vs 5,8%) and one year (Study by Zeng KL et al; Local 
failure rate: 14,8% vs 35,6%; reirradiation rate: 8,2% vs 
22,4%).(10–13)

DISCUSSION

The pathomechanism of pain reduction after radiation 
therapy remains unclear. The analgetic effect given as a 
result of radiation action can be caused by stimulation of 
the ossification process, reduction in osteoclast activity 
in the bone microenvironment, and reduction of the 
osteolytic process due to cancer cell death.(14,15)

Bone pain due to cancer depends on three main 
mechanisms: tumor cells disrupt the physiological 
balance between osteoclasts and osteoblasts, and tumor 
cells tend to promote bone degradation by inducing 
osteoclasts' activity. Secondly, tumor cells may directly 
invade the nerve root and increase the expression 
of chemical mediators that stimulate nerve cells and 
pain signals. Thirdly, the muscles around the cancer 
will experience spasms, a physiological mechanism to 
maintain bone stability. The beneficial effect of radiation 
therapy on bone pain is related to its ability to reduce 
bone destruction. Radiation can prevent the activation 
of osteoclast cells and kill tumor cells. So that the size 
of the tumor will shrink, reducing pressure on nearby 
nerves and reducing pain.(16) Pain relief has been 
observed in some tumor patients, indicating a decrease 
in the activity of inflammatory cells and a decrease in 
the concentration of chemical mediators of pain in the 
irradiated area.(14) 

Three studies compared the quality of life of the 
samples. The study by Sahgal et al.,  found that patients 
treated with SBRT felt better financial stability than 
those treated with cEBRT.(18) This is mainly due to the 
difference in days of treatment: 2 days for SBRT and five 
days for cEBRT. Interestingly, patients’ perceptions of 
pain were similar in both treatment groups, reflecting 
the multidimensional nature of the overall assessment of 
the quality of life. The study by van de Ven et al., found 
that the quality of life in patients treated with SBRT was 
higher but not statistically significant (43% vs 56%).
(10) This study also found that patient’s pain responses/ 
perceptions were similar for SBRT and cEBRT.(14) 

The QoL assessment is a subjective evaluation based 
on the assessment of pain, physical function, ability to 
do daily activity, general health, social functioning, and 
mental health. The subjective nature of QoL assessment 
might explain the similarities in outcome between 
both modalities. Although cEBRT results in worse OS, 
PFS, incidence rate, local failure rate, and AEs, the 
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