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admission for treatment for SM was 5 (0–48) months (Table 
4). 255 of 903 included patients (28%) died within 2 months 
after start of treatment. Survival after 1 year was 31%. Survival 
depended on primary tumor type, motor impairment prior to 
treatment, multiplicity of metastatic lesions in the spine, time 
from primary cancer diagnosis to admission for SM, and age. 
Presence of spine metastases at the time of cancer diagnosis 
was not a statistically significant predictive factor for survival 
(Figure 1). 

70 of 79 patients with myeloma or lymphoma, 134 of 152 
patients with breast cancer, and 211 of 260 patients with pros-
tate cancer were alive 2 months after treatment. The lowest 
2-month survival was in patients with melanoma (15 of 31 
patients still alive), lung cancer (93 of 179), unknown primary 
site (25 of 45), gastrointestinal cancer (42 of 73), and kidney 
cancer (26 of 40 patients still alive). 

487 of 607 patients (80%) with normal neurological status, 
113 of 176 ambulatory patients (64%) with minor neurologi-
cal compromise (Frankel D), and 45 of 98 non-ambulatory 
patients were alive after 2 months. 84% (119 of 142) of the 
patients with a single lesion in the spine and 70% (529 of 761) 
with multiple lesions survived more than 2 months. 

Table 3. Comparison of the use of surgery and radiotherapy (RT) as primary treatment of 
spinal metastatic disease in 903 patients a

 n  Primary  Primary p-value  OR (95% CI)
  surgery RT

Primary cancer diagnosis    0.006 
 Myeloma and Lymphoma 79 19  60   1
 Breast 152 3  149  0.1 0.3 (0.1–1.5)
 Prostate 260 11  249  0.008 0.2 (0.1–0.7)
 Lung 179 7  172  < 0.001 0.1 (0.04–0.7)
 Kidney 40 3  37  0.1 0.3 (0.07–1.4)
 Other 193 15  178  0.003 0.2 (0.1–0.6)
Age    0.4 
 70+ 433 26  40  1
 50–69 400 25  375  0.2 1.6 (0.8–3.2)
 19–49 70 7  63  0.4 1.7 (0.5–6.0)
Gender    0.03 
 Female 361 16  345  1
 Male 542 42  500  0.03 2.5 (1.1–5.7)
Time from primary cancer diagnosis 
   to treatment for SM b    0.6 
 Within one year 396 40  356   1
 Between one and 5 years 279 11  268  0.2 0.6 (0.3–1.3)
 6 years or more 204 5  199  0.08 0.4 (0.1–1.1)
Motor impairment c    < 0.001 
 Normal motor status (Frankel E) 607 11  596   1
 Ambulating with minor motor 
   deficit (Frankel D) 176 22  154  < 0.001 9 (4–21)
 Non-ambulatory (Frankel A–C) 98 25  73 < 0.001 21 (9–50)
Multiplicity of spine metastases    < 0.001 
 One vertebra affected 142 26  116   1
 Multiple vertebra 761 32  729  < 0.001 0.2 (0.1–0.4)

OR: odds ratio for choice of surgery vs. RT; 95% CI: 95% confidence interval.
a Multiple binary logistic regression model.
b Time from primary cancer diagnosis to treatment for SM was unknown for 24 patients.
c Motor impairment was unknown for 22 patients.

without motor impairment (Frankel 
E) (Table 3). Consequently, 47 of 274 
(17%) first-time admitted patients with 
any grade of motor compromise (Fran-
kel A–D) underwent surgery as primary 
treatment. Primary cancer diagnosis, 
grade of motor impairment, male sex, 
and multiplicity of metastases in the 
spine were associated with the use of 
surgery as opposed to RT in the mul-
tiple binary logistic regression analy-
ses (Table 3). Patients younger than 
50 years appeared to be operated more 
often, but the difference was not statisti-
cally significant. The lowest proportion 
of patients who received primary sur-
gery as opposed to RT was in the group 
of patients with breast cancer (2%), 
while 19 of 79 patients with myeloma 
or lymphoma were operated. Surgery 
was performed as primary treatment 
in 18% of the patients with solitary 
spine metastasis and only in 4% of the 
patients with multiple spine metastases 
(Table 3). There were no statistically 
significant differences in the distribu-
tion of operated patients between surgi-
cal centers regarding diagnoses or indi-
cations for surgery. 

Survival
The median survival after the first 

Table 4. Median survival from start of treatment according to the 
primary cancer diagnosis, motor impairment, multiplicity of metas-
tases in the spine, and age

 n  Median survival,  95% CI
  months

Primary tumor    
 Myeloma/Lymphoma a  79 – –
 Breast 152 18.8 13.5–24.2
 Prostate 260 7.6 6.0–9.2
 Kidney 40 4.0 2.4–5.6
 Other 193 2.7 2.0–3.4
 Lung 179 2.0 1.7–2.4
Motor impairment b    
 Normal neurological status 607 7.0 5.9–8.2
 Ambulatory with minor 
   motor deficit (Frankel D) 176 3.4 2.2–4.6
 Non-ambulatory 98 1.8 1.2–2.4
Multiplicity in spine    
 Single 142 9.1 5.1–13.1
 Not single 761 4.7 4.1–5.3
Age    
 19–49 70 12.0 3.5–20.6
 50–69 400 5.6 4.4–6.7
 70+ 433 4.0 3.2–4.8
All included patients 903 5.1 4.4–5.7

a 42 of 79 patients with myeloma/lymphoma were alive at the follow-up. 
b Motor impairment was unknown for 22 patients.
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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admission for treatment for SM was 5 (0–48) months (Table 

4). 255 of 903 included patients (28%) died within 2 months 

after start of treatment. Survival after 1 year was 31%. Survival 

depended on primary tumor type, motor impairment prior to 

treatment, multiplicity of metastatic lesions in the spine, time 

from primary cancer diagnosis to admission for SM, and age. 

Presence of spine metastases at the time of cancer diagnosis 

was not a statistically significant predictive factor for survival 

(Figure 1). 

70 of 79 patients with myeloma or lymphoma, 134 of 152 

patients with breast cancer, and 211 of 260 patients with pros-

tate cancer were alive 2 months after treatment. The lowest 

2-month survival was in patients with melanoma (15 of 31 

patients still
 alive), lung cancer (93 of 179), unknown primary 

site (25 of 45), gastrointestinal cancer (42 of 73), and kidney 

cancer (26 of 40 patients stil
l alive). 

487 of 607 patients (80%) with normal neurological status, 

113 of 176 ambulatory patients (64%) with minor neurologi-

cal compromise (Frankel D), and 45 of 98 non-ambulatory 

patients were alive after 2 months. 84% (119 of 142) of the 

patients with a single lesion in the spine and 70% (529 of 761) 

with multiple lesions survived more than 2 months. 

Table 3. Comparison of the use of surgery and radiotherapy (RT) as primary treatment of 

spinal metastatic disease in 903 patients a

 

n  Primary  Primary p-value  OR (95% CI)

 

 surgery RT

Primary cancer diagnosis 

 
 

 
0.006 

 Myeloma and Lymphoma 

79 
19  

60  
 

1

 Breast 

152 
3  

149  
0.1 

0.3 (0.1–1.5)

 Prostate 

260 
11  

249  
0.008 0.2 (0.1–0.7)

 Lung 

179 
7  

172  < 0.001 0.1 (0.04–0.7)

 Kidney 

40 
3  

37  
0.1 

0.3 (0.07–1.4)

 Other 

193 
15  

178  
0.003 0.2 (0.1–0.6)

Age 

 
 

 
0.4 

 70+ 

433 
26  

40 
 

1

 50–69 

400 
25  

375  
0.2 

1.6 (0.8–3.2)

 19–49 

70 
7  

63  
0.4 

1.7 (0.5–6.0)

Gender 

 
 

 
0.03 

 Female 

361 
16  

345 
 

1

 Male 

542 
42  

500  
0.03 

2.5 (1.1–5.7)

Time from primary cancer diagnosis 

   to treatment for SM b 

 
 

 
0.6 

 Within one year 

396 
40  

356  
 

1

 Between one and 5 years 
279 

11  
268  

0.2 
0.6 (0.3–1.3)

 6 years or more 

204 
5  

199  
0.08 

0.4 (0.1–1.1)

Motor impairment c 

 
 

 < 0.001 

 Normal motor status (Frankel E) 
607 

11  
596  

 
1

 Ambulating with minor motor 

   deficit (Frankel D) 

176 
22  

154  < 0.001 9 (4–21)

 Non-ambulatory (Frankel A–C) 
98 

25  
73 < 0.001 21 (9–50)

Multiplicity of spine metastases 

 
 

 < 0.001 

 One vertebra affected 

142 
26  

116  
 

1

 Multiple vertebra 

761 
32  

729  < 0.001 0.2 (0.1–0.4)

OR: odds ratio for choice of surgery vs. RT; 95% CI: 95% confidence interval.

a Multiple binary logistic regression model.

b Time from primary cancer diagnosis to treatment for SM was unknown for 24 patients.

c Motor impairment was unknown for 22 patients.

without motor impairment (Frankel 

E) (Table 3). Consequently, 47 of 274 

(17%) first-tim
e admitted patients with 

any grade of motor compromise (Fran-

kel A–D) underwent surgery as primary 

treatment. Primary cancer diagnosis, 

grade of motor impairment, male sex, 

and multiplicity of metastases in the 

spine were associated with the use of 

surgery as opposed to RT in the mul-

tiple binary logistic regression analy-

ses (Table 3). Patients younger than 

50 years appeared to be operated more 

often, but the difference was not statisti-

cally significant. The lowest proportion 

of patients who received primary sur-

gery as opposed to RT was in the group 

of patients with breast cancer (2%), 

while 19 of 79 patients with myeloma 

or lymphoma were operated. Surgery 

was performed as primary treatment 

in 18% of the patients with solitary 

spine metastasis and only in 4% of the 

patients with multiple spine metastases 

(Table 3). There were no statistically 

significant differences in the distribu-

tion of operated patients between surgi-

cal centers regarding diagnoses or indi-

cations for surgery. 

Survival

The median survival after the first 

Table 4. Median survival from start of treatment according to the 

primary cancer diagnosis, motor impairment, multiplicity of metas-

tases in the spine, and age

 

n  Median survival,  95% CI

 

 
months

Primary tumor 

 

 
 

 Myeloma/Lymphoma a  
79 

– 
–

 Breast 

152 
18.8 

13.5–24.2

 Prostate 

260 
7.6 

6.0–9.2

 Kidney 

40 
4.0 

2.4–5.6

 Other 

193 
2.7 

2.0–3.4

 Lung 

179 
2.0 

1.7–2.4

Motor impairment b 

 

 
 

 Normal neurological status 607 
7.0 

5.9–8.2

 Ambulatory with minor 

   motor deficit (Frankel D) 
176 

3.4 
2.2–4.6

 Non-ambulatory 

98 
1.8 

1.2–2.4

Multiplicity in spine 

 

 
 

 Single 

142 
9.1 

5.1–13.1

 Not single 

761 
4.7 

4.1–5.3

Age 

 

 
 

 19–49 

70 
12.0 

3.5–20.6

 50–69 

400 
5.6 

4.4–6.7

 70+ 

433 
4.0 

3.2–4.8

All included patients 

903 
5.1 

4.4–5.7

a 42 of 79 patients with myeloma/lymphoma were alive at the follow-up. 

b Motor impairment was unknown for 22 patients.
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
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At the start of treatement, 98 patients were non-ambulat-
ing—including 9 patients belonging to Frankel group A, 5 
patients belonging to Frankel group B, and 84 patients belong-
ing to Frankel group C. 176 patients could walk despite a 
minor motor deficit (Frankel D) and 607 patients had no motor 
impairment (Frankel E). The neurological status could not be 
recorded for 22 patients. Motor impairment was related to the 
primary cancer diagnosis (Table 1).

In 46 of 58 operated patients, the surgery was followed by 
RT, while 12 patients did not receive postoperative RT either 
because of complications associated with surgery or because 
of early death. 11 of 845 patients who started RT as primary 
treatment were later operated because of worsening of symp-
toms, 3 before and 8 after RT had been completed.

Radiotherapy
8.0 Gy was used as single-fraction (SF) primary treatment in 
141 patients and multiple- fraction (MF) treatment was used 
in 704 patients. In 1 of 4 RT centers, SF RT was used more fre-In 1 of 4 RT centers, SF RT was used more fre-
quently. The most frequently used MF schedules were 3.0 Gy 
× 10 in 554 patients, 4.0 Gy × 5 in 33 patients, and 3.0 Gy × 12 
in 13 patients. 94% of the patients completed RT as initially 
scheduled. 73 patients were non-ambulatory (Frankel A–C) 
before the start of RT, 154 were ambulatory with minor motor 
deficit (Frankel D), and 596 patients had no motor impairment 
(Frankel E). 

In the multiple logistic regression model, the type of pri-
mary tumor, age, and motor impairment were associated with 
the use of MF RT as opposed to SF RT (Table 2). 

Surgery 
Motor impairment due to epidural compression was the indi-

Table 1. Motor impairment a at the start of treatment according to 
the primary cancer diagnosis (p < 0.001) b

Primary Normal Motor impairment
cancer motor  Ambulation with  No
diagnosis status minor motor deficit ambulation
 (Frankel E)  (Frankel D) (Frankel A–C)

Breast  124  18  6 
Prostate 170  55  30 
Lung  117  37  16 
Kidney  30  3  7 
Myeloma/Lymphoma 46  20  12 
Other 120  43  27 
Total 607  176  98

a Motor status was unknown for 22 patients
b Pearson chi-square 2-sided test.

Table 2. Comparison of the use of multiple-fraction (MF) and single-fraction (SF) radiother-
apy (RT) as primary treatment for spinal metastatic disease in 845 patients a

 n  MF  SF  p -value OR (95% CI)

Primary cancer diagnosis    < 0.001 
 Myeloma/lymphoma 60 56 4  1
 Breast 149 135 14 0.7 0.8 (0.3–3.0)
 Prostate 249 200 49 0.02 0.2 (0.1–0.8)
 Lung 172 128 44 0.002 0.2 (0.1–0.5)
 Kidney 37 34 3 0.5 0.5 (0.1–2.8)
 Other 178 151 27 0.1 0.3 (0.1–1.1)
Age    0.04 
 70+ 407 323 84  1
 50–69 375 325 50 0.01 1.8 (1.1–2.8)
 19–49 63 56 7 0.4 1.4 (0.6–3.5)
Sex    0.5 
 Female 345 294 51  
 Male 500 410 90  
Motor impairment b    < 0.001 
 Non-ambulatory (Frankel A–C) 73 69 4  1
 Ambulatory with minor motor 
   deficit (Frankel D) 154 141 13 0.4 0.6 (0.2–1.9)
 Normal motor status (Frankel E) 596 486 110 0.005 0.2 (0.1–0.6)
Multiplicity of spine metastases    0.6 
 One vertebra affected 116 99 17  
 Multiple vertebra 729 605 124  
RT center    < 0.001 
 Center 1 90 47 43  1
 Center 2 429 385 44 < 0.001 8.3 (4.7–14.8)
 Center 3 204 169 35 < 0.001 5.0 (2.7–9.2)
 Center 4 122 103 19 < 0.001 5.4 (2.7–10.9)

OR: odds ratio for choice of MF RT vs. SF RT; 95%CI: 95% confidence interval.
a Binary logistic regression model.
b Motor impairment was unknown for 22 patients.

cation for surgical treatment in 46 of 58 
primarily operated patients, pain was 
the indication in 8 patients, 3 patients 
were operated due to spinal stenosis 
caused by tumor mass (but without 
motor impairment), and in 1 patient 
the need for biopsy was recorded as the 
indication for surgery. Posterior decom-Posterior decom-
pression and fixation with pedicle 
screws and rods was the most common 
technique (45 patients); 8 patients 
were operated with posterior decom-
pression without fixation. 5 patients, 
all of them with metastatic lesions in 
the cervical spine, were operated with 
anterior approach and corporectomy. 
The reconstruction after corporectomy 
was done with cage in 2 patients and 
with autolog bone graft in 3 patients. 
5 patients were reoperated due to deep 
infection or mechanical problems with 
fixation fixation of implants within 2 
months. 

Use of primary surgery vs. radio-
therapy 
Surgical treatment was given to 25 of 
98 non-ambulatory patients, to 22 of 
176 patients with minor motor deficit 
(Frankel D), and to 11 of 607 patients 
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patients belonging to Frankel group B, and 84 patients belong-
ing to Frankel group C. 176 patients could walk despite a 
minor motor deficit (Frankel D) and 607 patients had no motor 
impairment (Frankel E). The neurological status could not be 
recorded for 22 patients. Motor impairment was related to the 
primary cancer diagnosis (Table 1).

In 46 of 58 operated patients, the surgery was followed by 
RT, while 12 patients did not receive postoperative RT either 
because of complications associated with surgery or because 
of early death. 11 of 845 patients who started RT as primary 
treatment were later operated because of worsening of symp-
toms, 3 before and 8 after RT had been completed.

Radiotherapy
8.0 Gy was used as single-fraction (SF) primary treatment in 
141 patients and multiple- fraction (MF) treatment was used 
in 704 patients. In 1 of 4 RT centers, SF RT was used more fre-In 1 of 4 RT centers, SF RT was used more fre-
quently. The most frequently used MF schedules were 3.0 Gy 
× 10 in 554 patients, 4.0 Gy × 5 in 33 patients, and 3.0 Gy × 12 
in 13 patients. 94% of the patients completed RT as initially 
scheduled. 73 patients were non-ambulatory (Frankel A–C) 
before the start of RT, 154 were ambulatory with minor motor 
deficit (Frankel D), and 596 patients had no motor impairment 
(Frankel E). 

In the multiple logistic regression model, the type of pri-
mary tumor, age, and motor impairment were associated with 
the use of MF RT as opposed to SF RT (Table 2). 

Surgery 
Motor impairment due to epidural compression was the indi-

Table 1. Motor impairment a at the start of treatment according to 
the primary cancer diagnosis (p < 0.001) b

Primary Normal Motor impairment
cancer motor  Ambulation with  No
diagnosis status minor motor deficit ambulation
 (Frankel E)  (Frankel D) (Frankel A–C)

Breast  124  18  6 
Prostate 170  55  30 
Lung  117  37  16 
Kidney  30  3  7 
Myeloma/Lymphoma 46  20  12 
Other 120  43  27 
Total 607  176  98

a Motor status was unknown for 22 patients
b Pearson chi-square 2-sided test.

Table 2. Comparison of the use of multiple-fraction (MF) and single-fraction (SF) radiother-
apy (RT) as primary treatment for spinal metastatic disease in 845 patients a

 n  MF  SF  p -value OR (95% CI)

Primary cancer diagnosis    < 0.001 
 Myeloma/lymphoma 60 56 4  1
 Breast 149 135 14 0.7 0.8 (0.3–3.0)
 Prostate 249 200 49 0.02 0.2 (0.1–0.8)
 Lung 172 128 44 0.002 0.2 (0.1–0.5)
 Kidney 37 34 3 0.5 0.5 (0.1–2.8)
 Other 178 151 27 0.1 0.3 (0.1–1.1)
Age    0.04 
 70+ 407 323 84  1
 50–69 375 325 50 0.01 1.8 (1.1–2.8)
 19–49 63 56 7 0.4 1.4 (0.6–3.5)
Sex    0.5 
 Female 345 294 51  
 Male 500 410 90  
Motor impairment b    < 0.001 
 Non-ambulatory (Frankel A–C) 73 69 4  1
 Ambulatory with minor motor 
   deficit (Frankel D) 154 141 13 0.4 0.6 (0.2–1.9)
 Normal motor status (Frankel E) 596 486 110 0.005 0.2 (0.1–0.6)
Multiplicity of spine metastases    0.6 
 One vertebra affected 116 99 17  
 Multiple vertebra 729 605 124  
RT center    < 0.001 
 Center 1 90 47 43  1
 Center 2 429 385 44 < 0.001 8.3 (4.7–14.8)
 Center 3 204 169 35 < 0.001 5.0 (2.7–9.2)
 Center 4 122 103 19 < 0.001 5.4 (2.7–10.9)

OR: odds ratio for choice of MF RT vs. SF RT; 95%CI: 95% confidence interval.
a Binary logistic regression model.
b Motor impairment was unknown for 22 patients.

cation for surgical treatment in 46 of 58 
primarily operated patients, pain was 
the indication in 8 patients, 3 patients 
were operated due to spinal stenosis 
caused by tumor mass (but without 
motor impairment), and in 1 patient 
the need for biopsy was recorded as the 
indication for surgery. Posterior decom-Posterior decom-
pression and fixation with pedicle 
screws and rods was the most common 
technique (45 patients); 8 patients 
were operated with posterior decom-
pression without fixation. 5 patients, 
all of them with metastatic lesions in 
the cervical spine, were operated with 
anterior approach and corporectomy. 
The reconstruction after corporectomy 
was done with cage in 2 patients and 
with autolog bone graft in 3 patients. 
5 patients were reoperated due to deep 
infection or mechanical problems with 
fixation fixation of implants within 2 
months. 

Use of primary surgery vs. radio-
therapy 
Surgical treatment was given to 25 of 
98 non-ambulatory patients, to 22 of 
176 patients with minor motor deficit 
(Frankel D), and to 11 of 607 patients 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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11 of 58 patients who underwent surgery as primary treat-
ment, 185 of 704 of those who received MF RT, and 59 of 141 
of those who received SF RT died within 2 months after the 
start of treatment. Overall survival was better in the surgery 
group—in the patients both with and without motor impair-
ment (Figure 2). 

196 of 255 patients (77%) who died within 2 months after 
the start of treatment underwent either surgery or MF RT, and 
84 of those patients had normal neurological status.

Discussion

Our data on the use of surgery and RT for SM are based on a 
geographically defined patient population, which reduces the 
impact of selection bias in the results presented. The indica-
tions for RT are complex, as RT may be used to target pain 
control in patients with uncomplicated painful vertebral 
metastases and in patients with poor performance status and 
short life expectancy, even in the presence of a motor deficit. 
However, we assume that both local tumor control and pain 

Figure 1. Kaplan-Meier plots with results of log-rank tests of survival related to pretreatment factors. A. Primary tumor (p < 0.001). B. Age (p < 
0.001). C. Motor impairment a (p < 0.001). D. Multiplicity of metastases in spine (p < 0.001). E. Time from diagnosis of cancer to treatment b (p < 
0.001). F. Metastases in spine at the time of primary cancer diagnosis c (p = 0.6).

Figure 2. Kaplan-Meier plots with results of log-rank test of overall survival after surgery and 
radiotherapy (RT) for patients without motor impairment (Frankel E) (panel A; p = 0.03), and for 
patients with motor impairment (Frankel A–D) (panel B; p < 0.001). 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 

A
ct

a 
O

rth
op

 D
ow

nl
oa

de
d 

fro
m

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

95
.2

47
.2

28
.5

7 
on

 1
1/

03
/1

1
Fo

r p
er

so
na

l u
se

 o
nl

y.

	
  tumor	
  

p<0.001	
  

age	
  

p<0.001	
  

motor	
  impaiment	
  

p<0.001	
  

mul+ple	
  spine	
  

p<0.001	
  

+me	
  	
  

p<0.001	
  

meta	
  at	
  diagnosis	
  

p:	
  0.6	
  

Acta Orthopaedica 2011; 82 (2): 365–371 365

Radiotherapy or surgery for spine metastases? 
A population-based study of 903 patients in the south-eastern region of 
Norway 

Olga Zaikova1, Sophie D Fosså2, 3, Øyvind S Bruland2, 3, Karl-Erik Giercksky2. 3, Berit Sandstad4, 
and Sigmund Skjeldal1

1Department of Orthopaedics and 2Division of Surgery and Cancer Medicine, Norwegian Radium Hospital, Oslo University Hospital; 3Institute of Clinical 
Medicine, Faculty of Medicine, University of Oslo; 4Clinical Trials Unit, Norwegian Radium Hospital, Oslo University Hospital, Oslo, Norway
Correspondence: olga.zaikova@oslo-universitetssykehus.no 
Submitted 10-05-21. Accepted 10-12-14

Open Access - This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, 
distribution, and reproduction in any medium, provided the source is credited.
DOI 10.3109/17453674.2011.566142

Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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11 of 58 patients who underwent surgery as primary treat-
ment, 185 of 704 of those who received MF RT, and 59 of 141 
of those who received SF RT died within 2 months after the 
start of treatment. Overall survival was better in the surgery 
group—in the patients both with and without motor impair-
ment (Figure 2). 

196 of 255 patients (77%) who died within 2 months after 
the start of treatment underwent either surgery or MF RT, and 
84 of those patients had normal neurological status.

Discussion

Our data on the use of surgery and RT for SM are based on a 
geographically defined patient population, which reduces the 
impact of selection bias in the results presented. The indica-
tions for RT are complex, as RT may be used to target pain 
control in patients with uncomplicated painful vertebral 
metastases and in patients with poor performance status and 
short life expectancy, even in the presence of a motor deficit. 
However, we assume that both local tumor control and pain 

Figure 1. Kaplan-Meier plots with results of log-rank tests of survival related to pretreatment factors. A. Primary tumor (p < 0.001). B. Age (p < 
0.001). C. Motor impairment a (p < 0.001). D. Multiplicity of metastases in spine (p < 0.001). E. Time from diagnosis of cancer to treatment b (p < 
0.001). F. Metastases in spine at the time of primary cancer diagnosis c (p = 0.6).

Figure 2. Kaplan-Meier plots with results of log-rank test of overall survival after surgery and 
radiotherapy (RT) for patients without motor impairment (Frankel E) (panel A; p = 0.03), and for 
patients with motor impairment (Frankel A–D) (panel B; p < 0.001). 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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11 of 58 patients who underwent surgery as primary treat-
ment, 185 of 704 of those who received MF RT, and 59 of 141 
of those who received SF RT died within 2 months after the 
start of treatment. Overall survival was better in the surgery 
group—in the patients both with and without motor impair-
ment (Figure 2). 

196 of 255 patients (77%) who died within 2 months after 
the start of treatment underwent either surgery or MF RT, and 
84 of those patients had normal neurological status.

Discussion

Our data on the use of surgery and RT for SM are based on a 
geographically defined patient population, which reduces the 
impact of selection bias in the results presented. The indica-
tions for RT are complex, as RT may be used to target pain 
control in patients with uncomplicated painful vertebral 
metastases and in patients with poor performance status and 
short life expectancy, even in the presence of a motor deficit. 
However, we assume that both local tumor control and pain 

Figure 1. Kaplan-Meier plots with results of log-rank tests of survival related to pretreatment factors. A. Primary tumor (p < 0.001). B. Age (p < 
0.001). C. Motor impairment a (p < 0.001). D. Multiplicity of metastases in spine (p < 0.001). E. Time from diagnosis of cancer to treatment b (p < 
0.001). F. Metastases in spine at the time of primary cancer diagnosis c (p = 0.6).

Figure 2. Kaplan-Meier plots with results of log-rank test of overall survival after surgery and 
radiotherapy (RT) for patients without motor impairment (Frankel E) (panel A; p = 0.03), and for 
patients with motor impairment (Frankel A–D) (panel B; p < 0.001). 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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11 of 58 patients who underwent surgery as primary treat-
ment, 185 of 704 of those who received MF RT, and 59 of 141 
of those who received SF RT died within 2 months after the 
start of treatment. Overall survival was better in the surgery 
group—in the patients both with and without motor impair-
ment (Figure 2). 

196 of 255 patients (77%) who died within 2 months after 
the start of treatment underwent either surgery or MF RT, and 
84 of those patients had normal neurological status.

Discussion

Our data on the use of surgery and RT for SM are based on a 
geographically defined patient population, which reduces the 
impact of selection bias in the results presented. The indica-
tions for RT are complex, as RT may be used to target pain 
control in patients with uncomplicated painful vertebral 
metastases and in patients with poor performance status and 
short life expectancy, even in the presence of a motor deficit. 
However, we assume that both local tumor control and pain 

Figure 1. Kaplan-Meier plots with results of log-rank tests of survival related to pretreatment factors. A. Primary tumor (p < 0.001). B. Age (p < 
0.001). C. Motor impairment a (p < 0.001). D. Multiplicity of metastases in spine (p < 0.001). E. Time from diagnosis of cancer to treatment b (p < 
0.001). F. Metastases in spine at the time of primary cancer diagnosis c (p = 0.6).

Figure 2. Kaplan-Meier plots with results of log-rank test of overall survival after surgery and 
radiotherapy (RT) for patients without motor impairment (Frankel E) (panel A; p = 0.03), and for 
patients with motor impairment (Frankel A–D) (panel B; p < 0.001). 
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Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 

A
ct

a 
O

rth
op

 D
ow

nl
oa

de
d 

fro
m

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

95
.2

47
.2

28
.5

7 
on

 1
1/

03
/1

1
Fo

r p
er

so
na

l u
se

 o
nl

y.

Acta Orthopaedica 2011; 82 (2): 365–371 365

Radiotherapy or surgery for spine metastases? 
A population-based study of 903 patients in the south-eastern region of 
Norway 

Olga Zaikova1, Sophie D Fosså2, 3, Øyvind S Bruland2, 3, Karl-Erik Giercksky2. 3, Berit Sandstad4, 
and Sigmund Skjeldal1

1Department of Orthopaedics and 2Division of Surgery and Cancer Medicine, Norwegian Radium Hospital, Oslo University Hospital; 3Institute of Clinical 
Medicine, Faculty of Medicine, University of Oslo; 4Clinical Trials Unit, Norwegian Radium Hospital, Oslo University Hospital, Oslo, Norway
Correspondence: olga.zaikova@oslo-universitetssykehus.no 
Submitted 10-05-21. Accepted 10-12-14

Open Access - This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, 
distribution, and reproduction in any medium, provided the source is credited.
DOI 10.3109/17453674.2011.566142

Background and purpose   Radiotherapy (RT) remains the cor-
nerstone of management of spine metastases (SM), even though 
surgery is a well-established treatment for selected patients. We 
compared the use of RT and surgery in a population-based cohort 
of patients with SM, investigated pre-treatment factors that were 
associated with use of these treatment modalities, and examined 
survival. 

Patients and methods   903 patients in the south-eastern Norway 
who were admitted for RT or surgery for SM for the first time 
during an 18-month period in 2007–2008 were identified and their 
medical records were reviewed. 

Results   The primary treatment was surgery in 58 patients 
and RT in 845 patients, including 704 multiple-fraction (MF) and 
141 single-fraction (SF) RT schedules. 11 of 607 patients with-
out motor impairment (2%) and 47 of 274 patients with motor 
impairment (17%) underwent primary operations. 11 of 58 oper-
ated patients and 244 of 845 irradiated patients died within 2 
months after the start of treatment. 26% of those who received 
multiple-fraction RT or surgery died within 2 months.

Interpretation   Motor impairment was the main indication 
for surgery. Better identification of patients with short survival 
is needed to avoid time-consuming treatment (major surgery and 
long-term RT). 

 ■

External-beam RT has been the standard treatment for spine 
metastases for decades. The effect of surgical treatment as 
opposed to RT has been widely discussed, but there have 
been few publications comparing these two treatment modali-
ties (Finkelstein et al. 2003, Bauer 2005, Klimo et al. 2005, 
Loblaw et al. 2005, Prasad and Schiff 2005, Abrahm et al. 
2008). Laminectomy without stabilization appears to give no 
benefit compared to RT alone (Young et al. 1980). A prospec-
tive randomized study comparing surgical decompression and 

stabilization followed by RT with RT alone in patients with 
spine metastases (SM) and neurological compromise showed 
that those who underwent surgery regained the ability to walk 
more often and maintained the function longer than patients 
treated with RT alone (Patchell et al. 2005). To our knowl-
edge, no reports comparing surgery and RT with pain relief 
as outcome have been published. In a Canadian population-
based study of malignant spinal cord compression (Loblaw 
et al. 2003), one fifth of those who underwent RT or surgery 
were operated initially, but the pretreatment motor status and 
the indications for surgery were not reported.

Life expectancy for most patients with SM is usually lim-
ited to a few months, but varies from weeks to years (van der 
Linden et al. 2005, Rades et al. 2006, Conway et al. 2007). 
Although pain relief and preservation of function are the pri-
mary aims of the treatment, the choice of treatment modality 
should also be tailored to the expected survival. Major surgical 
treatment for SM is generally not indicated if the patient is 
expected to survive less than 3 months (White et al. 2008). For 
these patients, the single-fraction (SF) RT schedule is prefer-
able as, according to several studies, SF and multiple-fraction 
(MF) RT provide equal palliation for painful bone metasta-
ses (van der Linden et al. 2004, Hartsell et al. 2005, Kaasa 
et al. 2006, Chow et al. 2007, Bruland et al. 2009, Sande et 
al. 2009). A decision-making process on the choice of treat-
ment options should include benefits and complications of 
each treatment modality based on the results of valid clinical 
studies that are not biased by selection (Abrahm et al. 2008). 
Studies on surgery for SM have reported complication rates 
of 20–30% (Finkelstein et al. 2003, Jansson and Bauer 2006), 
while serious complications related to palliative RT have not 
been reported.

 In this retrospective study, we examined the recent use 
of RT and surgery for SM in a population-based cohort of 
patients in the south-eastern region of Norway and identified 
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makes an oncologically radical tumor resection im-
possible in all but a small minority of cases. Thus, 
 patients with a favorable overall prognosis should 
undergo postoperative radiotherapy to consolidate their 
treatment, even if a gross total resection has been 
achieved (e3). Preoperative radiotherapy, on the other 
hand, should be avoided because of the risk of impaired 
wound healing (e4). 

A variety of surgical methods are available to treat 
spinal metastases. Dorsal spinal decompression and 
stabilization can be considered the standard surgical 
technique to treat metastatic disease of the thoracic and 
lumbar spine (12). On the other hand, for cervical meta-
stases, the leading method of treatment is clearly ven-
tral decompression with corporectomy, vertebral body 
replacement, and ventral, stable-angle plate osteosyn-
thesis. The main goals of the procedure are to reduce 
the volume of tumor and to resect the structures border-
ing the spinal canal dorsally (laminectomy and hemi-
facetectomy) in order to prevent functional transection 
of the spinal cord (para- or tetraplegia). Its secondary 
goals are to stabilize the affected segment of the spine 
and to enable the patient to be mobilized without a cor-
set. Discharge from the hospital should be possible in 
10 to 14 days. Newly arisen (incomplete) para- or tetra-

plegia is an indication for emergency decompressive 
surgery. Impending or slowly progressive para- or tetra-
plegia, as well as segmental instability due to tumor in-
filtration into the dorsal edge of the vertebral body or 
into the pedicles, are likewise indications for emergen-
cy decompression and stabilization via a dorsal 
 approach; the same is true when the spinal cord is com-
pressed at more than one site. Decompression alone, 
without instrumentation, should be performed only in 
exceptional cases. The dorsal portion of the spinal 
 column normally plays the role of a tension band that 
holds the spine upright; when it is not reconstructed, a 
markedly kyphotic postural abnormality of the affected 
motion segment(s) is the almost inevitable result  (Fig-
ure 1).

For patients with a solitary spinal metastasis who are 
in good general health and have a long life expectancy, 
the indicated procedure is ventral tumor resection (en 
bloc spondylectomy/total vertebrectomy) and primary 
stabilizing instrumentation (Figure 2). About 90% of 
metastatic tumor deposits are found in the ventral por-
tion of the spine, and a ventral surgical approach there-
fore seems to be the most appropriate one. In some 
cases, neoadjuvant therapy may be needed beforehand 
to enable both the resection of the primary tumor and 
the proper treatment of the spinal metastasis. When the 
metastasis is derived from a primary tumor of a highly 
vascularized type, such as renal cell or thyroid carcino-
ma, preoperative embolization of the tumor vessels 
 reduces blood loss, lowers surgical risk, and enables 
more precise dissection and more extensive resection of 
the tumor (e5). The anchoring of stabilizing metal im-
plants to the vertebral bodies is more problematic from 
a ventral than from a dorsal approach, because the 
 vertebral bodies consist mainly of spongiosa with 
relatively thin cortical bone, and because they are often 
osteoporotic as well. Improved spinal instrumentation 
is now available for the ventral approach to permit fix-
ation for primary stabilization, so that patients can now 
be mobilized rapidly and without a corset. This is a 
major improvement in their quality of life. After (total 
or partial) vertebrectomy, the anterior column is not re-
constructed with autologous bone, but rather with metal 
spacers, as the postoperative radiotherapy that will be 
needed to prevent tumor recurrence would also impair 
the fusion of any bony implant. 

Vertebroplasty or kyphoplasty, i.e., the use of bone 
cement for the augmentation of vertebral bodies 
 involved by metastatic disease, is a currently available 

Standard surgical technique for the thoracic 
and lumbar spine
Dorsal spinal decompression and stabilization can 
be considered the standard surgical technique to 
treat metastatic disease of the thoracic and lum-
bar spine.

Solitary spinal metastases
For patients with a solitary spinal metastasis who 
are in good general health and have a long life ex-
pectancy, the indicated procedure is ventral tumor 
resection (en bloc spondylectomy/total vertebrec-
tomy) and primary stabilizing instrumentation. 

BOX

Prognostication for patients with 
 spinal metastases*1 
●  Criteria
  – No organ metastasis 
 – No pathological fracture
 – Solitary skeletal metastasis
 – No lung cancer 
  – The primary tumor is breast carcinoma, renal cell 

 carcinoma, lymphoma, or myeloma 
● Prognosis 
 The one-year survival rate can be estimated from the 

number of the above criteria that are positive:
 4–5 positive criteria → one-year survival 50% 
 2–3 positive criteria → one-year survival 25% 
 0–1 positive criteria → one-year survival 0% 
*1 modified from (11)
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SUMMARY
Background: The rising life expectancy of cancer patients 
has led to a greater need for treatment of spinal meta-
stases. Interdisciplinary collaboration is important so that 
each patient’s treatment can be properly tailored to the 
overall prognosis. The main factors to be considered are 
the histology of the primary tumor, potential spinal insta-
bility, and compression of neural structures.

Methods: We discuss the treatment options for spinal 
metastases on the basis of a selective literature review 
and our own extensive experience in an interdisciplinary 
tumor center. 

Results: For spinal canal compression or impending spinal 
instability, the treatment of choice is decompression and 
stabilization, by either a dorsal approach (lumbar and tho-
racic spine) or a ventral approach (cervical spine). Radical 
ventral tumor resection is indicated only for solitary 
metas tases in patients with a favorable long-range prog-
nosis. If the tumor is radiosensitive, radiotherapy is given 
either as adjuvant treatment after surgery or as the pri-
mary treatment for multiple spinal metastases in the 
 absence of an acute neurological deficit. Various fraction-
ation schemes with different total radiation doses are 
used. Bisphosphonate treatment is an integral component 
of the overall treatment strategy. 

Conclusion: The treatment of spinal metastases requires 
interdisciplinary collaboration and must be tailored to 
each patient’s overall prognosis.

źCite this as: 
Delank KS, Wendtner C, Eich HT, Eysel P: Therapy of spi-
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I n recent years, the odds of surviving most kinds of 
cancer have improved. Bone metastases often arise 

in patients whose quality of life is not otherwise 
markedly impaired by their neoplastic disease. The 
types of primary tumor that most frequently give rise to 
bone metastases are breast, prostate, and lung cancer, in 
that order (1). In 3% to 10% of all cases, the underlying 
primary tumor remains unknown (2–4). Thus, the treat-
ment of both symptomatic and asymptomatic spinal 
metastases is a matter of increasing clinical importance. 
Bone is the third most common site of metastases after 
the liver and the lungs, and about two-thirds of all bone 
metastases are located in the spine; accordingly, as 
many as 10% of all patients with malignant tumors 
suffer from spinal metastases at some point in the 
course of their disease (1). 10% to 20% of these 
 patients have spinal cord compression due to a metasta-
sis (e1).

The proper treatment of spinal metastases is a medical 
challenge requiring interdisciplinary collaboration. Treat-
ment must be individually tailored for each patient in 
consideration of multiple factors including bony stability, 
the compression of neural structures, tumor radiosensi-
tivity, pain, and, not least, the patient’s overall prognosis. 
There are various scoring systems for prognosis that are 
of only limited predictive value and cannot be used as 
anything more than a rough guide (5, 6). The prognosis 
with respect to survival essentially depends on the 
 biology of the primary tumor: two-year survival rates 
for patients with spinal metastases range from 9% (lung 
cancer) to 44% (breast or prostate cancer) (4). In gen-
eral, only 10% to 20% of patients with spinal metastases 
are still alive two years after these metastases are diag-
nosed. The physician must give due consideration to this 
fact when deciding upon the nature and invasiveness of 
any treatment that is to be provided.

In this article, we present the current therapeutic 
 options for spinal metastases on the basis of a selective 
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Treatment strategy
The treatment of spinal metastases requires an 
interdisciplinary treatment plan tailored to the 
needs of each patient.
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suffer from spinal metastases at some point in the 
course of their disease (1). 10% to 20% of these 
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sis (e1).

The proper treatment of spinal metastases is a medical 
challenge requiring interdisciplinary collaboration. Treat-
ment must be individually tailored for each patient in 
consideration of multiple factors including bony stability, 
the compression of neural structures, tumor radiosensi-
tivity, pain, and, not least, the patient’s overall prognosis. 
There are various scoring systems for prognosis that are 
of only limited predictive value and cannot be used as 
anything more than a rough guide (5, 6). The prognosis 
with respect to survival essentially depends on the 
 biology of the primary tumor: two-year survival rates 
for patients with spinal metastases range from 9% (lung 
cancer) to 44% (breast or prostate cancer) (4). In gen-
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literature review as well as our own extensive experi-
ence in an interdisciplinary tumor center.

Learning objectives
Readers of this article should obtain 
Ɣ an overview of the various available options for 

the diagnostic evaluation of spinal metastases, and
Ɣ a basic knowledge of current treatment strategies 

in the surgical oncology, radiotherapy, and 
chemotherapy of spinal metastases.

Diagnostic evaluation
The clinical manifestations of spinal metastases typi-
cally include any or all of the following:
Ɣ  local pain with or without radiation in a radicular 

or pseudoradicular pattern, 
Ɣ a neurological deficit,
Ɣ spinal deformity, 
Ɣ a general decline of physical condition, 
Ɣ or no clinical manifestations at all (asymptomatic 

spinal metastases).
Local pain that first arises only at night and grad-

ually increases in severity is often due to elevated 
 intraosseous pressure caused by a metastasis. The 
size of the osteolytic change is correlated with pain 
intensity (7). If a growing metastasis destroys the 
 involved bone and/or ligamentous soft tissues, the 
 resulting secondary instability can cause pain that is 
precipitated by movement and mechanical stress.

Tumor-induced compression of a nerve root causes 
pain in a radicular distribution, while compression of 
the spinal cord causes long-tract deficits or conus 
 medullaris syndrome and compression of the cauda 
equina causes cauda equina syndrome. The mass 
 effect produced by a tumor comes from the vertebral 
body in about 90% of cases; thus, the corticospinal 
tracts are often the first long tracts of the spinal cord 
to be affected, as they are ventrally located within the 
cord. This explains why spastic paraparesis often 
arises before any sensory abnormalities are present. 
Bladder and/or bowel dysfunction resulting from 
compression of the conus medullaris, cauda equina, or 
both is often misinterpreted as a sequela of prostatic 
hypertrophy or weakness of the pelvic floor, particu-
larly in elderly patients. 

When the clinical manifestations arouse suspicion 
of spinal metastases, the routine radiological investi-
gations that should be performed include plain films, 
skeletal scintigraphy (bone scanning), and magnetic 

resonance imaging of the entire spine. Only the 
 combination of all three techniques affords sufficient 
 sensitivity and specificity. For example, in the case of 
prostate cancer, the sensitivity and specificity of bone 
scanning alone are 46% and 32%, respectively, while 
the corresponding figures for bone scanning com-
bined with plain films are 63% and 64%, and for all 
three techniques combined 83% and 100% (8). 

Osteolysis is visible in a plain x-ray film only 
when a tumor destroys 30% to 50% of a vertebral 
body. Magnetic resonance imaging with contrast 
medium is the best technique for distinguishing 
 neoplastic from inflammatory and osteoporotic 
changes of the vertebrae. MRI of the entire spine 
should be performed (8), because spinal cord com-
pression is present at more than one site in 1% of 
cases (9). Myelography is no longer routinely 
 performed now that MRI is available. Nonetheless, 
myelography may provide valuable evidence of 
 locally recurrent tumor if the MRI is rendered unin-
terpretable by artefacts such as those due to metallic 
implants. 

Bone scanning and PET-CT can be used to detect 
further osseous metastases for tumor staging and to 
assess the metabolic activity of tumor tissue in further 
follow-up.

When the tumor is highly vascularized (e.g., 
 hypernephroma metastases), preoperative angi-
ography and embolization of the tumor vessels can 
be a useful aid to surgery.

Biopsy is indicated whenever the histological nature 
of the lesion and its degree of malignancy are uncer-
tain. CT-guided needle biopsy frequently fails to yield 
enough representative tissue for diagnosis, particularly 
when only a small portion of the tumor mass is located 
outside of bone; thus, open biopsy is often a better 
 option (10).

Treatment
Proper treatment planning must be based on an inter-
disciplinary evaluation of the patient’s overall disease 
situation, which is often a complex matter. Each of the 
following aspects must be considered individually:
Ɣ the clinical manifestations (pain, neurological 

deficit),
Ɣ  spinal stability,
Ɣ  the number of spinal metastases,
Ɣ  the degree of mobility that the patient desires or 

can reasonably expect to attain,

Diagnostic evaluation
Only the combination of bone scanning, plain 
x-rays, and magnetic resonance imaging of the 
entire spine affords sufficient sensitivity and 
specificity.

Highly vascularized tumors
When the tumor is highly vascularized (e.g., 
 hypernephroma metastases), preoperative 
 angiography and embolization of the tumor 
vessels can be a useful aid to surgery.
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Ɣ  radio- and chemosensitivity of the tumor,
Ɣ  the patient’s prognosis for survival.
The literature contains a number of algorithms for 

treatment planning, yet there are no studies providing 
class I evidence to show that any particular procedure is 
the optimal one. 

It is entirely clear, however, that clinical decisions 
should never be based on a single factor only, such as
Ɣ the local extent of tumor,
Ɣ the neurological findings,
Ɣ the overall prognosis for survival,
Ɣ the histology of the primary tumor,
Ɣ or the extent of metastasis. 
Tokuhashi proposed a scoring system based on indi-

vidual scores in six different categories (Table) (5). He 
recommends radical tumor resection for a score of 9 or 
higher and palliative treatment for a score of 5 or 
lower. No recommendation is given for score of 6 to 8. 
Enkaoua studied the utility of the Tokuhashi score for 
assessing prognosis in a cohort of 71 patients (e2). He 
found a significant effect on mean survival time: pa-
tients scoring 7 or below lived an average of 5.3 
months, while those scoring 8 or above lived an aver-
age of 23.6 months. 

Enkaoua further determined that mean survival time 
differed significantly depending on whether the metas -
tasis was of an unknown primary tumor (2 months), 
thyroid carcinoma (33.1 months), or renal-cell carcino-
ma (8.6 months) (e2). 

An updated version of the Tokuhashi scale lends 
greater weight in the assigning of points to the aggres-
siveness of the underlying neoplastic entity (1, e5). 

In a study of 241 patients, Bauer and Wedin (11) de-
veloped the criteria described in the Box for estimating 
the patient’s life expectancy.

Treatment with an orthosis
External stabilization with an orthosis is often perform-
ed in routine clinical practice in the hope of preventing 
pathological fractures or of avoiding the involvement 
of neural structures in case a fracture is already present. 

The goal of treatment with orthoses is to put the 
spine in an extended position (reclination), redirecting 
forces dorsally in order to take mechanical stress off 
the weakened vertebral bodies. This works best at the 
thoracolumbar transition. External stabilization with 
an orthosis is biomechanically problematic at the cran-
iocervical junction, at high thoracic levels, and below 
L3.

 The indication for an orthosis should be assessed 
critically and without excessive zeal for this form of 
treatment, as it may provide a questionable mechanical 
benefit at the expense of considerable discomfort for 
the patient.

Surgery
The options for surgical treatment have improved 
markedly in recent years. The development of better 
implants and gentler anesthetic techniques has widened 
the spectrum of indications for surgery in patients suf-
fering from lessened stability of the axial skeleton and/
or clinically significant narrowing of the spinal canal. 
The anatomy of the spine (in contrast to the limbs) 

The goal of treatment with an orthosis
The goal of treatment with orthoses is to put the 
spine in an extended position (reclination), re -
directing forces dorsally in order to take mechan-
ical stress off the weakened vertebral bodies.

Standard surgical technique
Dorsal spinal decompression and stabilization is 
the standard surgical technique to treat symptom -
atic spinal cord metastases. 

TABLE

The Tokuhashi Scoring System (5)

Category

General condition (Karnofsky index)

Number of extraspinal bony metastases

Number of spinal metastases

Organ metastases

Primary tumor

Spinal cord damage

Recommendation:
� 9, radical tumor resection
� 5, palliative treatment

Options (%)

Poor (10–40)

Fair (50–70)

Good (80–100)

� 3 

1–2

0

� 3 

2

1

Unresectable 

Resectable

None

Lung, stomach

Kidney, liver, uterus

Thyroid, prostate, breast, 
rectum

Complete 

Incomplete

None

Points

0

1

2

0

1

2

0

1

2

0

1

2

0

1

2

0

1

2
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MORE than 1.4 million new cases of cancer will 
be diagnosed this year in the US.5 Roughly half 
of these patients will eventually die of their dis-

ease, a rate that has remained relatively unchanged for 
the past half century. Complications related to cancer 
caused 565,650 deaths in 2008. The lungs and liver are 
the most frequent sites of distant metastases, followed 
closely by the skeleton, within which the spinal column 
is the most common site of metastasis.1,19,156 As many as 
30–90% of patients who die of cancer are found to have 
spinal metastases in cadaver studies.30,77,87,131,150 Symp-

tomatic secondary metastases are estimated to occur in 
approximately 10% of all cancer patients.130 Up to 50% 
of spinal metastases require some form of treatment, and 
5–10% require surgical management.13,17,143,152 However, 
as survival rates for many primary cancers continue to 
improve, it is likely that the prevalence of spinal metas-
tases will increase.

The highest incidence of spinal metastases is found 
in individuals 40–65 years of age, corresponding to the 
period of highest cancer risk.107 Males are slightly more 
prone to the development of spinal metastases, probably 
reflecting the slightly higher prevalence of lung cancer 
in men, and of prostate cancer over breast cancer.107 This 
disparity may vanish, however, as adjuvant therapies for 
breast cancer increase the overall survival of patients with 
this disease, thus increasing the period during which le-
sions in the spine may arise. Spinal metastases are most 
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comitant bowel regimen and avoidance of meperidine.97 
When morphine therapy is initiated, oral administration 
is first attempted, with a progression to increasingly inva-
sive forms, including neuraxial analgesia. This stepwise 
“ladder approach” is used in conjunction with adjuvant 
therapy for analgesia side effects and psychiatric comor-
bidities.146,151 Additionally, many patients with spinal me-
tastases will have neuropathic pain due to involvement 
of paravertebral nerve plexuses. This type of pain can be 
very difficult to treat with opioids and may require al-
ternative strategies,111,112 including continuous nerve root 
block with indwelling catheter–delivered anesthetics,142 or 
cryoablation.48 Other pharmacological agents may also be 
effective treatments for neuropathic pain; these include 
anticonvulsants, neuroleptics, and lidocaine patches.44

Many of these analgesic medications can cause trou-
blesome side effects that must be monitored and treat-
ed. Opioid analgesics commonly cause gastrointestinal 
symptoms, which include constipation and nausea, so a 
proper bowel regimen and antiemetics may be necessary 
when using these agents. Opioids may also exacerbate 
gait disturbance and cognitive impairments in the elderly, 
necessitating safety precautions. Patients may develop 
physical dependencies with long-term opioid therapy, and 
abrupt discontinuation should be avoided. Anticonvul-
sants may cause somnolence and dizziness, and neurolep-
tics can lead to sedation, anticholinergic effects, postural 
hypotension, and weight gain. Patients undergoing treat-
ment for cancer pain must be monitored for these side 
effects, the effectiveness of pain relief, functional status, 
and quality-of-life parameters.

Radiation Therapy
Radiation therapy is a mainstay of treatment for spi-

nal metastases, and continues to play an important role in 
pain relief, prevention of pathological fractures, and sta-
bilization of neurological function. Several studies pub-
lished in the 1960s and 1970s showed that patients treated 
with surgical decompression with or without XRT fared 
no better than those treated with XRT alone.62,83,95,141,153 
Surgical treatment in these studies most often was limited 
to laminectomy, which is now almost never done in isola-
tion because of destabilizing and inadequate decompres-
sion, so these studies are of historical interest only.

The XRT dosage is usually given in fractionated 
sessions over 10–14 days, with a total of 25–40 Gy de-
livered.85 The affected level and a 5-cm margin, which 
typically includes 2 vertebral levels above and below the 
metastatic lesion, are usually targeted for therapy.90 The 
ability to obtain local control is determined by the dose 
delivered to the target lesion and the tumor’s histologi-
cal type. However, conventional XRT is imprecise and 
cannot deliver large single-fraction doses to the spine due 
to the proximity of radiosensitive neural structures. Con-
sequently, the dose delivered to the target is often inad-
equate, and therefore not recommended in a histological 
tumor type that is radioresistant.50,93,118

Unlike conventional wide-field XRT, spinal SRS pre-
cisely focuses numerous cross-fired beams of radiation to 
the designated target. This limits the dose delivered to 

the spinal cord, skin, and other radiosensitive structures. 
Fractionation permits the delivery of higher single-ses-
sion doses to the targeted tissues, allowing SRS to be ad-
ministered in 1–2 sessions in an outpatient setting. Both 
rigid external frame–based and image-guided frame-
less systems are currently in use. Image-guided systems 
(CyberKnife, Accuray) use internal or external fiducial 
markers to provide near real-time updates of patient posi-
tioning to focus the radiation, thus obviating the need for 
external fixation. This is especially relevant in the spine, 
where fixation can be cumbersome and uncomfortable. 
Studies of these systems have demonstrated favorable 
outcomes, including halted tumor progression, improved 
pain, and few adverse events.27,59,60 Degen et al.39 found 
that in patients with MESCC treated with the CyberKnife, 
neurological function was improved or stabilized in 78%, 
pain control was significantly improved, and quality of 
life was maintained. Treatment-related morbidity was 
relatively low, and 100% tumor control was achieved at 
1-year follow-up. Additionally, Gerszten et al.58 presented 
similar findings in a larger prospective longitudinal co-
hort study of 500 patients with spinal metastases treated 
with SRS. They showed that 86% of patients experienced 
long-term pain improvement, 90% experienced long-term 
tumor control, and 27 (84%) of 32 patients with a pro-
gressive neurological deficit experienced some clinical 
improvement.

Long-term outcomes after treatments performed us-
ing focused radiation are essential for accurate assess-
ment of the strengths and weaknesses of such technol-
ogy. For instance, there are early accounts of pathological 

FIG. 2. Flowchart for the management of spinal metastases.
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stases. Interdisciplinary collaboration is important so that 
each patient’s treatment can be properly tailored to the 
overall prognosis. The main factors to be considered are 
the histology of the primary tumor, potential spinal insta-
bility, and compression of neural structures.

Methods: We discuss the treatment options for spinal 
metastases on the basis of a selective literature review 
and our own extensive experience in an interdisciplinary 
tumor center. 

Results: For spinal canal compression or impending spinal 
instability, the treatment of choice is decompression and 
stabilization, by either a dorsal approach (lumbar and tho-
racic spine) or a ventral approach (cervical spine). Radical 
ventral tumor resection is indicated only for solitary 
metas tases in patients with a favorable long-range prog-
nosis. If the tumor is radiosensitive, radiotherapy is given 
either as adjuvant treatment after surgery or as the pri-
mary treatment for multiple spinal metastases in the 
 absence of an acute neurological deficit. Various fraction-
ation schemes with different total radiation doses are 
used. Bisphosphonate treatment is an integral component 
of the overall treatment strategy. 
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I n recent years, the odds of surviving most kinds of 
cancer have improved. Bone metastases often arise 

in patients whose quality of life is not otherwise 
markedly impaired by their neoplastic disease. The 
types of primary tumor that most frequently give rise to 
bone metastases are breast, prostate, and lung cancer, in 
that order (1). In 3% to 10% of all cases, the underlying 
primary tumor remains unknown (2–4). Thus, the treat-
ment of both symptomatic and asymptomatic spinal 
metastases is a matter of increasing clinical importance. 
Bone is the third most common site of metastases after 
the liver and the lungs, and about two-thirds of all bone 
metastases are located in the spine; accordingly, as 
many as 10% of all patients with malignant tumors 
suffer from spinal metastases at some point in the 
course of their disease (1). 10% to 20% of these 
 patients have spinal cord compression due to a metasta-
sis (e1).

The proper treatment of spinal metastases is a medical 
challenge requiring interdisciplinary collaboration. Treat-
ment must be individually tailored for each patient in 
consideration of multiple factors including bony stability, 
the compression of neural structures, tumor radiosensi-
tivity, pain, and, not least, the patient’s overall prognosis. 
There are various scoring systems for prognosis that are 
of only limited predictive value and cannot be used as 
anything more than a rough guide (5, 6). The prognosis 
with respect to survival essentially depends on the 
 biology of the primary tumor: two-year survival rates 
for patients with spinal metastases range from 9% (lung 
cancer) to 44% (breast or prostate cancer) (4). In gen-
eral, only 10% to 20% of patients with spinal metastases 
are still alive two years after these metastases are diag-
nosed. The physician must give due consideration to this 
fact when deciding upon the nature and invasiveness of 
any treatment that is to be provided.

In this article, we present the current therapeutic 
 options for spinal metastases on the basis of a selective 
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literature review as well as our own extensive experi-
ence in an interdisciplinary tumor center.

Learning objectives
Readers of this article should obtain 
Ɣ an overview of the various available options for 

the diagnostic evaluation of spinal metastases, and
Ɣ a basic knowledge of current treatment strategies 

in the surgical oncology, radiotherapy, and 
chemotherapy of spinal metastases.

Diagnostic evaluation
The clinical manifestations of spinal metastases typi-
cally include any or all of the following:
Ɣ  local pain with or without radiation in a radicular 

or pseudoradicular pattern, 
Ɣ a neurological deficit,
Ɣ spinal deformity, 
Ɣ a general decline of physical condition, 
Ɣ or no clinical manifestations at all (asymptomatic 

spinal metastases).
Local pain that first arises only at night and grad-

ually increases in severity is often due to elevated 
 intraosseous pressure caused by a metastasis. The 
size of the osteolytic change is correlated with pain 
intensity (7). If a growing metastasis destroys the 
 involved bone and/or ligamentous soft tissues, the 
 resulting secondary instability can cause pain that is 
precipitated by movement and mechanical stress.

Tumor-induced compression of a nerve root causes 
pain in a radicular distribution, while compression of 
the spinal cord causes long-tract deficits or conus 
 medullaris syndrome and compression of the cauda 
equina causes cauda equina syndrome. The mass 
 effect produced by a tumor comes from the vertebral 
body in about 90% of cases; thus, the corticospinal 
tracts are often the first long tracts of the spinal cord 
to be affected, as they are ventrally located within the 
cord. This explains why spastic paraparesis often 
arises before any sensory abnormalities are present. 
Bladder and/or bowel dysfunction resulting from 
compression of the conus medullaris, cauda equina, or 
both is often misinterpreted as a sequela of prostatic 
hypertrophy or weakness of the pelvic floor, particu-
larly in elderly patients. 

When the clinical manifestations arouse suspicion 
of spinal metastases, the routine radiological investi-
gations that should be performed include plain films, 
skeletal scintigraphy (bone scanning), and magnetic 

resonance imaging of the entire spine. Only the 
 combination of all three techniques affords sufficient 
 sensitivity and specificity. For example, in the case of 
prostate cancer, the sensitivity and specificity of bone 
scanning alone are 46% and 32%, respectively, while 
the corresponding figures for bone scanning com-
bined with plain films are 63% and 64%, and for all 
three techniques combined 83% and 100% (8). 

Osteolysis is visible in a plain x-ray film only 
when a tumor destroys 30% to 50% of a vertebral 
body. Magnetic resonance imaging with contrast 
medium is the best technique for distinguishing 
 neoplastic from inflammatory and osteoporotic 
changes of the vertebrae. MRI of the entire spine 
should be performed (8), because spinal cord com-
pression is present at more than one site in 1% of 
cases (9). Myelography is no longer routinely 
 performed now that MRI is available. Nonetheless, 
myelography may provide valuable evidence of 
 locally recurrent tumor if the MRI is rendered unin-
terpretable by artefacts such as those due to metallic 
implants. 

Bone scanning and PET-CT can be used to detect 
further osseous metastases for tumor staging and to 
assess the metabolic activity of tumor tissue in further 
follow-up.

When the tumor is highly vascularized (e.g., 
 hypernephroma metastases), preoperative angi-
ography and embolization of the tumor vessels can 
be a useful aid to surgery.

Biopsy is indicated whenever the histological nature 
of the lesion and its degree of malignancy are uncer-
tain. CT-guided needle biopsy frequently fails to yield 
enough representative tissue for diagnosis, particularly 
when only a small portion of the tumor mass is located 
outside of bone; thus, open biopsy is often a better 
 option (10).

Treatment
Proper treatment planning must be based on an inter-
disciplinary evaluation of the patient’s overall disease 
situation, which is often a complex matter. Each of the 
following aspects must be considered individually:
Ɣ the clinical manifestations (pain, neurological 

deficit),
Ɣ  spinal stability,
Ɣ  the number of spinal metastases,
Ɣ  the degree of mobility that the patient desires or 

can reasonably expect to attain,

Diagnostic evaluation
Only the combination of bone scanning, plain 
x-rays, and magnetic resonance imaging of the 
entire spine affords sufficient sensitivity and 
specificity.

Highly vascularized tumors
When the tumor is highly vascularized (e.g., 
 hypernephroma metastases), preoperative 
 angiography and embolization of the tumor 
vessels can be a useful aid to surgery.
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Ɣ  radio- and chemosensitivity of the tumor,
Ɣ  the patient’s prognosis for survival.
The literature contains a number of algorithms for 

treatment planning, yet there are no studies providing 
class I evidence to show that any particular procedure is 
the optimal one. 

It is entirely clear, however, that clinical decisions 
should never be based on a single factor only, such as
Ɣ the local extent of tumor,
Ɣ the neurological findings,
Ɣ the overall prognosis for survival,
Ɣ the histology of the primary tumor,
Ɣ or the extent of metastasis. 
Tokuhashi proposed a scoring system based on indi-

vidual scores in six different categories (Table) (5). He 
recommends radical tumor resection for a score of 9 or 
higher and palliative treatment for a score of 5 or 
lower. No recommendation is given for score of 6 to 8. 
Enkaoua studied the utility of the Tokuhashi score for 
assessing prognosis in a cohort of 71 patients (e2). He 
found a significant effect on mean survival time: pa-
tients scoring 7 or below lived an average of 5.3 
months, while those scoring 8 or above lived an aver-
age of 23.6 months. 

Enkaoua further determined that mean survival time 
differed significantly depending on whether the metas -
tasis was of an unknown primary tumor (2 months), 
thyroid carcinoma (33.1 months), or renal-cell carcino-
ma (8.6 months) (e2). 
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Abstract Choosing the right operation for metastatic
spinal tumours is often difficult, and depends on many

factors, including life expectancy and the balance of the

risk of surgery against the likelihood of improving quality
of life. Several prognostic scores have been devised to help

the clinician decide the most appropriate course of action,

but there still remains controversy over how to choose the
best option; more often the decision is influenced by habit,

belief and subjective experience. The purpose of this article

is to review the present systems available for classifying
spinal metastases, how these classifications can be used to

help surgical planning, discuss surgical outcomes, and

make suggestions for future research. It is important for
spinal surgeons to reach a consensus regarding the classi-

fication of spinal metastases and surgical strategies. The

authors of this article constitute the Global Spine Tumour
Study Group: an international group of spinal surgeons

who are dedicated to studying the techniques and outcomes

of surgery for spinal tumours, to build on the existing
evidence base for the surgical treatment of spinal tumours.

Keywords Spine ! Tumour ! Metastasis ! Classification !
Surgery ! Outcome ! GSTSG

Introduction

The spine is the commonest site for bone metastases, and

the incidence of spinal metastases is increasing [1] and this

is not surprising, with increasingly older populations,
longer life expectancy, and improvements in medical

treatment [2]. As many as 70% of cancer patients have

spinal metastases, and up to 10% of cancer patients
develop metastatic cord compression [3]. The commonest

tumours that involve the spine are breast, lung, renal,

prostate, thyroid, melanoma, myeloma, lymphoma and
colorectal cancer [3, 4]. With improvements in chemo-

therapy, radiotherapy and hormonal therapies, survival
times have increased over the years [5] and perhaps

patients’ expectations also. Surgical techniques have also

improved, which, together with advances in technology,
now allow the surgeon to treat spinal metastases more

effectively than before [6, 7].

The role of surgery for metastatic spinal tumours is
again under the spot light: surgery can improve mechanical

stability, cord compression, and pain, but what role does

surgery play in extending life expectancy [4, 7–10]? Older
techniques of decompression without stabilisation have

resulted in a worse outcome, and this has misled many in

the past to believe that radiotherapy is the preferred option
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to surgery [11–14]. More recent evidence has shown that

modern surgery (including anterior and posterolateral
approaches with stabilisation) does in fact result in a better

outcome than radiotherapy alone, and that quality of life

after surgery is often improved [4, 12, 15–17]. However,
when deciding to operate, we must remember that most

patients with metastatic spinal tumours have a life expec-

tancy which is governed by the tumour type and staging,
and is usually \1–2 years. Therefore, surgery must not

detract from the remaining quality of life. The complica-
tion rate for surgery can be as high as 20–30%, and this

must be weighed against the intended benefits [18–20].

This applies especially to the more extensive en bloc
resections which are associated with increased complexity

and morbidity when compared with simpler palliative

debulking procedures [6, 7, 10, 21]. Although it is now
accepted that surgery is commonly the preferred treatment

for spinal metastases, more evidence is needed to define the

role and indications of the various surgical techniques and
new treatments available.

Generally, it is accepted that surgery might be consi-

dered when a patient has a life expectancy of more than
3 months [22]. This estimation is often made typically by

oncologists, but it is the surgeon who more fully appreci-

ates the potential risks and benefits of surgical options and,
therefore, it is important for surgeons to understand how

prognostic factors influence quality and duration of life.

The purpose of this article is to review the present systems
available for classifying spinal metastases, how these

classifications can be used to help surgical planning, dis-

cuss surgical outcomes, and make suggestions for future
research. It is important for spinal surgeons to use the same

classification systems for the techniques of surgery, staging

of tumours, and outcome, to reach meaningful comparisons
between published series. The authors of this article con-

stitute the Global Spine Tumour Study Group (GSTSG): an

international group of spinal surgeons who are dedicated to
studying the outcomes of surgery for spinal tumours [21].

The group is collecting data to answer specific questions

which are further discussed below.

Classification of metastatic spinal tumours

Staging is mandatory and is often performed by oncologists

unless surgery is urgent, for example, in patients with
rapidly deteriorating neurological function. However,

several surgeons have described methods of defining the

extent of spinal involvement specifically to aid surgical
planning and management. Some of these systems are

based on the overall tumour load and functional status of

the patient, whilst others focus on the anatomical extent of
tumour involvement.

Scoring and classification systems

Surgeons need to be aware of the patient’s overall tumour
load, life expectancy, quality of life, and other treatment

options available, before deciding how ‘aggressive’ one

should be with surgery. There will always be an element of
risk when choosing to operate: if a complication occurs,

this can quickly negate any intended benefit for a patient’s

quality of life.
Several classification systems for surgical staging have

been described in an attempt to inform surgical strategies

[7, 10, 23]. Tomita et al. studied the numerous major and
minor prognostic factors for spinal tumours to describe a

system based on three factors: the rate of growth of the

primary tumour, number of bone metastases and visceral
metastases [7] (Table 1).

The scores of these three components were added

together to produce a total score in the range 2–10 (from
good to poor prognosis, respectively). This system was

constructed from retrospective data of 67 patients

between 1987 and 1991, and the prognostic factors were
given weighted scores after assessment of their statistical

hazard ratios. The histology of the primary tumour cor-

relates well with survival in both surgical patients [7, 10,
24, 25] and medical cohorts [25–28], with longer sur-

vival times seen in patients with myeloma, breast,

prostate and thyroid cancers. The primary tumour type
was, therefore, given more weight in the scoring system

of Tomita et al. [7].

However, Tokuhashi et al. described a scoring system
based on six parameters, which they later revised to take

account of the stronger influence of primary tumour type

on survival [10, 23]. The system comprised individual
scores for the primary site of cancer, presence or absence

of paralysis, Karnofsky’s performance status, number of

extraspinal bone metastases, vertebral body metastases and
visceral metastases, producing a total score in the range

0–15 (from poor to good prognosis). Because the most

important factor governing prognosis is the primary tumour
type, the score gave more weight to the less aggressive

tumours: five points for thyroid, breast prostate and carci-

noid tumours; through to 0 points for lung, osteosarcoma,
stomach, bladder, oesophageal and pancreatic tumours

Table 1 Tomita prognostic score [7]

Score 1 Score 2 Score 4

Primary tumour Slow growth Moderate growth Rapid growth

Visceral metastases Treatable Untreatable

Bone metastases Solitary Multiple

For each category (primary tumour, visceral and bone metastases) a
score of 1, 2 or 4 is allocated according to the table above; these
scores are added to provide a total score up to a maximum of 10
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(Table 2). In the original paper of Tokuhashi et al. [23], it

was interesting to note that there was no significant dif-
ference between survival times of different prognostic

factors when analysed individually, whereas when grouped

together to produce the score a significant difference
became apparent. This suggests that for each prognostic

factor the variation in survival is so large that one should

not make judgements based on a single factor alone, for
example, the primary tumour type, without taking into

account the status of the whole patient. In their later paper
[10], increasing the number of patients (and therefore the

ability to detect smaller differences between groups) pro-

duced some statistically significant differences within
individual categories, but of the six criteria evaluated no

single group was able to demonstrate a consistent differ-

ence in survival.
It is interesting to note that Tokuhashi et al. found that

paralysis was a prognostic factor in metastatic disease,

whereas other studies of metastatic spinal cord compres-
sion and neurological symptoms did not show a direct

correlation between neurological deficit and survival [29,

30]. It is, therefore, possible that paralysis is associated
with an increased tumour load or rapid tumour growth,

rather than being directly or independently related to poor

survival. The significant influence of primary tumour type,
neurological status and number of vertebral metastases was

corroborated by other groups [29, 31, 32]. However,

Enkaoua et al. found that patients with metastases from an
unknown primary tumour had a worse prognosis than those

with the identifiable tumours, unlike Tokuhashi’s original

description, which was later revised [10, 23, 29]. Zou et al.
found that the Tokuhashi score was better for predicting

short-term survival, whereas the Tomita score was more

useful for predictions of long-term survival [33].
The GSTSG recommend the use of the Tomita and

Tokuhashi staging systems, which are relatively straight-

forward to use and interpret. However, assessing the
validity of these scores has previously been confounded by

the choice of operation; for example, patients with good

prognostic scores have received en bloc resections,

whereas poor prognostic groups have received palliative

treatment, and, therefore, it is difficult to say to what extent
survival is influenced by the prognostic score or the surgery

itself. By collecting a large amount of prospective data, the

GSTSG intend to analyse survival times in different
prognostic groups, matched by operation, to eliminate bias

and rigorously validate these scoring systems.

Other classification systems have been described by
North et al. and Harrington [9, 34]. North et al. retro-

spectively, studied 61 patients and found that risk factors
for the ability to walk include non-breast metastases, the

inability to walk before surgery, and operations other than

corpectomy [9]. They also found that risk factors for
decreased survival include non-breast metastases, recur-

rence after primary radiotherapy, multilevel surgery, and

cervical location of tumour. Harrington used a simpler
5-point classification system which was based on the

degree of spinal instability and neurological compromise

[34] (Table 3). He felt that surgery was indicated only in
the presence of spinal instability or mechanical pain, and

perhaps over-emphasised the advantages of radiotherapy

over surgery, which has been clarified by more recent
evidence of the benefits of surgical intervention [15]. The

Harrington classification is perhaps an over-simplification,

resulting in quite broad categories of patients who may
have very different prognoses. For example, a patient with

nerve root pain, but good function may be allocated into

the same group as a patient with complete paralysis from a
large tumour.

Table 2 Revised Tokuhashi prognostic score [10]

Score 0 Score 1 Score 2 Score 3 Score 4 Score 5

Karnofsky’s performance (%) 10–40 50–70 80–100

Extraspinal bone metastases 3 or more 1–2 0

Vertebral metastases 3 or more 2 1

Visceral metastases Unremovable Removable None

Primary site (e.g.) Lung Liver Other Kidney Rectum Breast

Palsy Frankel A, B Frankel C, D Frankel E

Scores for the six individual criteria above are added to provide a total score up to a maximum of 15

Table 3 Harrington classification of spinal metastases [34]

1 No neurological involvement

2 Bone involvement without collapse or instability

3 Significant neurological impairment without bone involvement

4 Vertebral collapse with pain or instability, but no neurological
impairment

5 Vertebral collapse with pain or instability and neurological
impairment
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of quality of life beyond the Karnofsky’s score, and it

may be important to incorporate these measures in future

scores [44].

It is often difficult to acquire reliable evidence for the

validity of surgical treatments. Unlike clinical drug trials, it
is impossible or unethical to blind the surgeon and patient

in a study of surgical treatments. Follow-up can also be

more difficult when patients live long distances away, and
loss to follow-up may be more common. However, as far

as possible, it is still important to ensure that clinical

practice of surgeons is influenced by a strong evidence
base. Hosono et al. studied a large retrospective series of

patients with spinal metastasis, and concluded ‘‘a large

prospectively designed study of consecutive patients is
essential to screen the possible prognostic factors in

patients with spinal metastases’’ [25]: a viewpoint which

we strongly advocate.
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Abstract Choosing the right operation for metastatic
spinal tumours is often difficult, and depends on many

factors, including life expectancy and the balance of the

risk of surgery against the likelihood of improving quality
of life. Several prognostic scores have been devised to help

the clinician decide the most appropriate course of action,

but there still remains controversy over how to choose the
best option; more often the decision is influenced by habit,

belief and subjective experience. The purpose of this article

is to review the present systems available for classifying
spinal metastases, how these classifications can be used to

help surgical planning, discuss surgical outcomes, and

make suggestions for future research. It is important for
spinal surgeons to reach a consensus regarding the classi-

fication of spinal metastases and surgical strategies. The

authors of this article constitute the Global Spine Tumour
Study Group: an international group of spinal surgeons

who are dedicated to studying the techniques and outcomes

of surgery for spinal tumours, to build on the existing
evidence base for the surgical treatment of spinal tumours.
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Introduction

The spine is the commonest site for bone metastases, and

the incidence of spinal metastases is increasing [1] and this

is not surprising, with increasingly older populations,
longer life expectancy, and improvements in medical

treatment [2]. As many as 70% of cancer patients have

spinal metastases, and up to 10% of cancer patients
develop metastatic cord compression [3]. The commonest

tumours that involve the spine are breast, lung, renal,

prostate, thyroid, melanoma, myeloma, lymphoma and
colorectal cancer [3, 4]. With improvements in chemo-

therapy, radiotherapy and hormonal therapies, survival
times have increased over the years [5] and perhaps

patients’ expectations also. Surgical techniques have also

improved, which, together with advances in technology,
now allow the surgeon to treat spinal metastases more

effectively than before [6, 7].

The role of surgery for metastatic spinal tumours is
again under the spot light: surgery can improve mechanical

stability, cord compression, and pain, but what role does

surgery play in extending life expectancy [4, 7–10]? Older
techniques of decompression without stabilisation have

resulted in a worse outcome, and this has misled many in

the past to believe that radiotherapy is the preferred option
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of quality of life beyond the Karnofsky’s score, and it

may be important to incorporate these measures in future

scores [44].

It is often difficult to acquire reliable evidence for the

validity of surgical treatments. Unlike clinical drug trials, it
is impossible or unethical to blind the surgeon and patient

in a study of surgical treatments. Follow-up can also be

more difficult when patients live long distances away, and
loss to follow-up may be more common. However, as far

as possible, it is still important to ensure that clinical

practice of surgeons is influenced by a strong evidence
base. Hosono et al. studied a large retrospective series of

patients with spinal metastasis, and concluded ‘‘a large

prospectively designed study of consecutive patients is
essential to screen the possible prognostic factors in

patients with spinal metastases’’ [25]: a viewpoint which

we strongly advocate.
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MORE than 1.4 million new cases of cancer will 
be diagnosed this year in the US.5 Roughly half 
of these patients will eventually die of their dis-

ease, a rate that has remained relatively unchanged for 
the past half century. Complications related to cancer 
caused 565,650 deaths in 2008. The lungs and liver are 
the most frequent sites of distant metastases, followed 
closely by the skeleton, within which the spinal column 
is the most common site of metastasis.1,19,156 As many as 
30–90% of patients who die of cancer are found to have 
spinal metastases in cadaver studies.30,77,87,131,150 Symp-

tomatic secondary metastases are estimated to occur in 
approximately 10% of all cancer patients.130 Up to 50% 
of spinal metastases require some form of treatment, and 
5–10% require surgical management.13,17,143,152 However, 
as survival rates for many primary cancers continue to 
improve, it is likely that the prevalence of spinal metas-
tases will increase.

The highest incidence of spinal metastases is found 
in individuals 40–65 years of age, corresponding to the 
period of highest cancer risk.107 Males are slightly more 
prone to the development of spinal metastases, probably 
reflecting the slightly higher prevalence of lung cancer 
in men, and of prostate cancer over breast cancer.107 This 
disparity may vanish, however, as adjuvant therapies for 
breast cancer increase the overall survival of patients with 
this disease, thus increasing the period during which le-
sions in the spine may arise. Spinal metastases are most 
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comitant bowel regimen and avoidance of meperidine.97 
When morphine therapy is initiated, oral administration 
is first attempted, with a progression to increasingly inva-
sive forms, including neuraxial analgesia. This stepwise 
“ladder approach” is used in conjunction with adjuvant 
therapy for analgesia side effects and psychiatric comor-
bidities.146,151 Additionally, many patients with spinal me-
tastases will have neuropathic pain due to involvement 
of paravertebral nerve plexuses. This type of pain can be 
very difficult to treat with opioids and may require al-
ternative strategies,111,112 including continuous nerve root 
block with indwelling catheter–delivered anesthetics,142 or 
cryoablation.48 Other pharmacological agents may also be 
effective treatments for neuropathic pain; these include 
anticonvulsants, neuroleptics, and lidocaine patches.44

Many of these analgesic medications can cause trou-
blesome side effects that must be monitored and treat-
ed. Opioid analgesics commonly cause gastrointestinal 
symptoms, which include constipation and nausea, so a 
proper bowel regimen and antiemetics may be necessary 
when using these agents. Opioids may also exacerbate 
gait disturbance and cognitive impairments in the elderly, 
necessitating safety precautions. Patients may develop 
physical dependencies with long-term opioid therapy, and 
abrupt discontinuation should be avoided. Anticonvul-
sants may cause somnolence and dizziness, and neurolep-
tics can lead to sedation, anticholinergic effects, postural 
hypotension, and weight gain. Patients undergoing treat-
ment for cancer pain must be monitored for these side 
effects, the effectiveness of pain relief, functional status, 
and quality-of-life parameters.

Radiation Therapy
Radiation therapy is a mainstay of treatment for spi-

nal metastases, and continues to play an important role in 
pain relief, prevention of pathological fractures, and sta-
bilization of neurological function. Several studies pub-
lished in the 1960s and 1970s showed that patients treated 
with surgical decompression with or without XRT fared 
no better than those treated with XRT alone.62,83,95,141,153 
Surgical treatment in these studies most often was limited 
to laminectomy, which is now almost never done in isola-
tion because of destabilizing and inadequate decompres-
sion, so these studies are of historical interest only.

The XRT dosage is usually given in fractionated 
sessions over 10–14 days, with a total of 25–40 Gy de-
livered.85 The affected level and a 5-cm margin, which 
typically includes 2 vertebral levels above and below the 
metastatic lesion, are usually targeted for therapy.90 The 
ability to obtain local control is determined by the dose 
delivered to the target lesion and the tumor’s histologi-
cal type. However, conventional XRT is imprecise and 
cannot deliver large single-fraction doses to the spine due 
to the proximity of radiosensitive neural structures. Con-
sequently, the dose delivered to the target is often inad-
equate, and therefore not recommended in a histological 
tumor type that is radioresistant.50,93,118

Unlike conventional wide-field XRT, spinal SRS pre-
cisely focuses numerous cross-fired beams of radiation to 
the designated target. This limits the dose delivered to 

the spinal cord, skin, and other radiosensitive structures. 
Fractionation permits the delivery of higher single-ses-
sion doses to the targeted tissues, allowing SRS to be ad-
ministered in 1–2 sessions in an outpatient setting. Both 
rigid external frame–based and image-guided frame-
less systems are currently in use. Image-guided systems 
(CyberKnife, Accuray) use internal or external fiducial 
markers to provide near real-time updates of patient posi-
tioning to focus the radiation, thus obviating the need for 
external fixation. This is especially relevant in the spine, 
where fixation can be cumbersome and uncomfortable. 
Studies of these systems have demonstrated favorable 
outcomes, including halted tumor progression, improved 
pain, and few adverse events.27,59,60 Degen et al.39 found 
that in patients with MESCC treated with the CyberKnife, 
neurological function was improved or stabilized in 78%, 
pain control was significantly improved, and quality of 
life was maintained. Treatment-related morbidity was 
relatively low, and 100% tumor control was achieved at 
1-year follow-up. Additionally, Gerszten et al.58 presented 
similar findings in a larger prospective longitudinal co-
hort study of 500 patients with spinal metastases treated 
with SRS. They showed that 86% of patients experienced 
long-term pain improvement, 90% experienced long-term 
tumor control, and 27 (84%) of 32 patients with a pro-
gressive neurological deficit experienced some clinical 
improvement.

Long-term outcomes after treatments performed us-
ing focused radiation are essential for accurate assess-
ment of the strengths and weaknesses of such technol-
ogy. For instance, there are early accounts of pathological 

FIG. 2. Flowchart for the management of spinal metastases.
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
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188, various
histologic
types
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types
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Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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promotes re-ossification of the damaged bone, with an ac-
ceptable risk of toxicity (Table 9). However, it has not been
shown that the combination is better than EBRT alone
when pain relief has been the measured variable. The Task
Force strongly recommends that large prospective, random-
ized trials be undertaken tomore fully delineate the optimum
RT fractionation and mode of delivery (EBRT vs. radiophar-

maceuticals), the dose and duration of bisphosphonate
therapy, and the scheduling of this treatment combination.

Kyphoplasty or vertebroplasty and EBRT
Guideline statement
No prospective data are available to suggest that the use of

either kyphoplasty or vertebroplasty obviates the need for
EBRT in the management of painful bone metastases.

Table 7. Suggested inclusion and exclusion criteria for patients considered for surgical intervention for spinal cord decompression

Characteristic Factors favoring surgical decompression plus postoperative RT

Radiographic 1) Solitary site of tumor progression
2) Absence of visceral or brain metastases
3) Spinal instability

Patient 1) Age <65 y
2) KPS $70
3) Projected survival of >3 mo
4) Slow progression of neurologic symptoms
5) Maintained ambulation
6) Nonambulatory for <48 h

Tumor 1) Relatively radioresistant tumor histologic type (i.e., melanoma)
2) Site of origin suggesting relatively indolent course (i.e., prostate, breast, kidney)

Treatment 1) Previous EBRT failed

Abbreviations as in Table 3.
The references listed in Table 7 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.

Table 6. Studies investigating surgery and radiotherapy for spinal cord compression

Study

Patients (n),
histologic

type
Treatment
regimen

Overall
ambulation
rate after
treatment

(%)

Duration of
ability to
ambulate Survival

Regained
ambulation

after
treatment

(%) Investigator Year Reference

Short-course
vs. split-course
RT for metastatic
spinal cord
compression:
randomized
trial

184, various
histologic
types

16 Gy/2 Fx,
Days 1 and 7

68 3.5 mo 4 mo 29 Marazano 2005 73

30 Gy/8 Fx
(15 Gy/3 Fx then
15 Gy/5 Fx)

71 3.5 mo 4 mo 28

8-Gy single-dose
RT effective for
metastatic spinal
cord compression:
results of Phase III
randomized
multicenter Italian
trial

327, various
histologic
types

8 Gy/1 Fx 62 5 mo 4 mo 21 Marazano 2009 74
16 Gy/2 Fx 69 5 mo 4 mo 32

Surgery and RT
vs. RT alone:
randomized trial

101, various
histologic
types

Steroid, surgery,
postoperative RT
to 30 Gy/10 Fx

84 122 d 126 d 62 Patchell 2005 79

Steroid, RT to
30 Gy/10 Fx

57 13 d 100 d 19

Prospective
evaluation of 2
RT schedules
with 10 Fx
vs. 20 Fx for
metastatic spinal
cord compression

214, various
histologic
types

30 Gy/10 Fx 60 NR NR 29 Rades 2004 84
40 Gy/20 Fx 64 NR NR 30

Abbreviations as in Table 2.
The references listed in Table 6 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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promotes re-ossification of the damaged bone, with an ac-
ceptable risk of toxicity (Table 9). However, it has not been
shown that the combination is better than EBRT alone
when pain relief has been the measured variable. The Task
Force strongly recommends that large prospective, random-
ized trials be undertaken tomore fully delineate the optimum
RT fractionation and mode of delivery (EBRT vs. radiophar-

maceuticals), the dose and duration of bisphosphonate
therapy, and the scheduling of this treatment combination.

Kyphoplasty or vertebroplasty and EBRT
Guideline statement
No prospective data are available to suggest that the use of

either kyphoplasty or vertebroplasty obviates the need for
EBRT in the management of painful bone metastases.

Table 7. Suggested inclusion and exclusion criteria for patients considered for surgical intervention for spinal cord decompression

Characteristic Factors favoring surgical decompression plus postoperative RT

Radiographic 1) Solitary site of tumor progression
2) Absence of visceral or brain metastases
3) Spinal instability

Patient 1) Age <65 y
2) KPS $70
3) Projected survival of >3 mo
4) Slow progression of neurologic symptoms
5) Maintained ambulation
6) Nonambulatory for <48 h

Tumor 1) Relatively radioresistant tumor histologic type (i.e., melanoma)
2) Site of origin suggesting relatively indolent course (i.e., prostate, breast, kidney)

Treatment 1) Previous EBRT failed

Abbreviations as in Table 3.
The references listed in Table 7 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.

Table 6. Studies investigating surgery and radiotherapy for spinal cord compression

Study

Patients (n),
histologic

type
Treatment
regimen

Overall
ambulation
rate after
treatment

(%)

Duration of
ability to
ambulate Survival

Regained
ambulation

after
treatment

(%) Investigator Year Reference

Short-course
vs. split-course
RT for metastatic
spinal cord
compression:
randomized
trial

184, various
histologic
types

16 Gy/2 Fx,
Days 1 and 7

68 3.5 mo 4 mo 29 Marazano 2005 73

30 Gy/8 Fx
(15 Gy/3 Fx then
15 Gy/5 Fx)

71 3.5 mo 4 mo 28

8-Gy single-dose
RT effective for
metastatic spinal
cord compression:
results of Phase III
randomized
multicenter Italian
trial

327, various
histologic
types

8 Gy/1 Fx 62 5 mo 4 mo 21 Marazano 2009 74
16 Gy/2 Fx 69 5 mo 4 mo 32

Surgery and RT
vs. RT alone:
randomized trial

101, various
histologic
types

Steroid, surgery,
postoperative RT
to 30 Gy/10 Fx

84 122 d 126 d 62 Patchell 2005 79

Steroid, RT to
30 Gy/10 Fx

57 13 d 100 d 19

Prospective
evaluation of 2
RT schedules
with 10 Fx
vs. 20 Fx for
metastatic spinal
cord compression

214, various
histologic
types

30 Gy/10 Fx 60 NR NR 29 Rades 2004 84
40 Gy/20 Fx 64 NR NR 30

Abbreviations as in Table 2.
The references listed in Table 6 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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on Standard Palliative Radiotherapy

403

Radiotherapy
RT is indicated for bone metastases from breast cancer in the 
following situations:
– imminent fracture (LoE 1a, B; AGO: ++)
– bone pain (LoE 1a, B; AGO: ++)
– neuropathic bone pain (LoE 1b, B; AGO: ++)
– asymptomatic isolated bone metastases (LoE 5, D; AGO: �)
– after surgical intervention (LoE 1a, B)
Specifically in the case of MSCC:
– MSCC without neurologic deficits (LoE 1b, C; AGO: ++)
– beginning paraplegia (also after initial response to steroids) 

(LoE 1b, C; AGO: ++)
– inoperability (LoE 1c)
– postoperative, after any surgical intervention (LoE 1c, B)
RT is the method of choice in inoperable cases due to:
– Low rates of side effects
– short hospitalization/outpatient procedure
– radiosensitivity of breast cancer
These advantages are also relevant in patients with a dismal 
overall prognosis, short life expectancy, and severe comorbid-
ity, especially because RT is equivalent to simple laminec-
tomy with respect to the functional outcome.

Local RT is indicated postoperatively to achieve local 
tumor control and should be initiated as soon as possible 
(LoE 2a, A; AGO:++).

Technical Aspects of RT

Target Volume
The definition of the clinical target volume (CTV) is not 
based on scientific data, but rather on clinical experience.  
The CTV includes the affected part of the bone with an 
 adequate (e.g. 1–2 cm) and anatomically reasonable safety 
margin and, if present, a soft tissue component. In case of 
 vertebral  involvement, the CTV should always include the 
complete vertebral body (LoE V). In the case of unaffected 
compacta, extension of the CTV beyond the compacta is not 
re commended.

In clinically suspected intradural extension, MRI is recom-
mended to delineate the meningeal enhancement and include 
it into the CTV.

Metal components used for stabilization should be in-
cluded completely in the radiation volume when tumor cell 
dissemination due to the surgical procedure is suspected.

Technique and Dose Prescription
Technique, dose prescription and fractionation should be ad-
justed to the therapeutic goal, the prognosis of the patient, 
and localization and size of the target volume.

General recommendations are:
– Patients with metastases benefit from modern treatment 

planning techniques because the target volume is restricted 
to the metastasis and a prophylactic irradiation of adjacent 

(Radio-)Therapeutic Options

Due to protracted tumor response, it is recommended to con-
tinue the pain medication during the initial phase of the frac-
tionated RT. Although a rapid pain reduction within 24–48 h 
might be observed in some patients – presumably due to radi-
ation-induced cell death of tumor-infiltrating leukocytes –  
a substantial reduction of the tumor volume, allowing a rele-
vant tapering of the pain medication, will not be seen before 
7–8 days after the start of RT. Pain medication should be initi-
ated according to the World Health Organization (WHO) 
scheme (by the ladder, by the clock, by the mouth). A combi-
nation of peripherally and centrally acting medication should 
be given, starting with non-opioids � co-analgetics (level I), 
which may be combined with weakly (level II) or strongly 
 acting opioids (level III).

The indication for a surgical intervention before RT de-
pends on the stability of the bone and the prognosis of the 
patient. It should be given more generously in lesions of the 
weight-bearing lower extremities. However, the lack of a vali-
dated set of criteria to determine bony and in particular spinal 
instability makes patient selection for surgical intervention 
difficult. Postoperative RT is given following surgical stabili-
zation, to prevent progression of the bony destruction and to 
improve remineralization. Because surgical resection of bone 
metastases is virtually never complete, postoperative RT is 
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vertebroplastic interventions.
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with tumor debulking followed by RT is the method of choice 
in case of vertebral column instability, vertebral compression, 
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are usually necessary due to the lack of specificity: Conven-
tional X-ray imaging is used for the evaluation of suspiciously 
enhancing lesions in the extremities. It allows a differentiation 
between lytic, blastic, or mixed lytic-blastic osseous metas-
tases, provided a sufficiently high proportion (> 30%) of the 
bone matrix is destroyed. Computed tomography (CT) in 
high resolution mode shows also smaller osteolysis. More-
over, tumor extension into adjacent soft tissues and the stabil-
ity of the bone are better delineated with CT than with con-
ventional X-rays.

MSCC is usually preceded by week-long back pain with in-
creasing motion- and load-dependent intensity. Sensitivity 
disorders and/or muscle weakness in the caudally located 
body parts and consecutive mobility impairments (ataxia) as 
well as dysfunction of the bladder and the anal sphincter build 
the typical clinical evidence of MSCC. Significant prognostic 
factors are the degree of mobility before RT (ambulatory vs. 
bedridden) and the interval between onset of symptoms and 
initiation of RT (LoE 2b, B). Duration, temporal develop-
ment, and extent of neurological deficits are also of prognos-
tic significance for MSCC, which is reflected in the different 
prognostic scores (LoE 2b, B). For the diagnostic workup of 
MSCC, it is mandatory to assess a specific history of the cur-
rent clinical situation and a clinical neurological examination 
for estimation of the level and the extent of the metastatic 
process in the spinal canal, thus enabling targeted imaging 
studies: magnetic resonance imaging (MRI; exploring extent, 
intradural/extradural vs. intraspinal masses), CT (assessing 
stability and extent of destruction) and – optional – conven-
tional X-rays (getting further information regarding the ex-
tent of deformity and stability).

Goals of Therapy

Diagnostic workup and treatment decisions are individualized 
and oriented on the respective therapy goal:
– reduction of pain
– local tumor control
– restabilization of the skeleton
– prevention or control of neurologic deficits
– improvement of palliative care situation
In respect of the chief complaints and imminent complica-
tions, different goals of therapy may be defined. An interdisci-
plinary consensus is recommended to prioritize the respective 
goal.

Especially in case of patients with MSCC from metastasiz-
ing breast cancer, the aim of therapy should be defined ac-
cording to the neurologic situation, the time course of neuro-
logic deficits, and the initial effect of high-dose steroids. 
 Mobility and the capability of self-care are of central impor-
tance for the quality of life of the patient.

Introduction

Pathologic fractures due to bone metastasis (BM) and meta-
static spinal cord compression (MSCC) or symptomatic cere-
bral metastasis (CM) lead to a pronounced deterioration of 
the quality of life and are oncologic emergencies asking for a 
rapid onset of therapy. The potential for long-lasting and 
 severe complications necessitate an immediate and precise 
 diagnostic workup and an effective, multimodal palliative 
therapy. Radiation therapy (RT) plays a central role in this 
process due to the radiosensitivity of breast cancer cells.

The breast cancer expert panel of the German Society for 
Radiation Oncology (DEGRO) has developed guidelines for 
palliative RT, with special emphasis on the peculiarities of 
metastatic breast cancer in synopsis with multimodal concepts 
[1, 2]. These updates include recently published data on surgi-
cal and radiotherapeutic approaches with respect to aspects of 
fractionation, novel techniques, and developments in target 
volume definition.

About 20% of patients with breast cancer suffer from BM. 
Skeletal involvement is present in more than half of the cases 
with distant metastases. Less than 10% of the patients with 
bone metastases will develop MSCC, usually late in the course 
of the disease. MSCC is in more than 80% secondary to bone 
metastases to the vertebral column, associated with a mechan-
ical compression of the myelon. Intraspinal metastases with 
epi- or intradural localization can be found in rare cases.

Breast cancer is the second most common cause for brain 
metastases (CM), occurring with increasing incidence, i.e. in 
10–40% of patients who develop distant disease; parenchymal 
metastases are found at autopsy in 30–40%, and leptomenin-
geal central nervous system (CNS) metastases in 5–16%. Risk 
factors are young age, negative estrogen receptor status, poor 
differentiation, Her2 overexpression, and basal cell type. LC 
is less common, with 1–5% of metastasized patients; half of 
these patients suffer from simultaneous CM.

Bone Metastasis and Metastatic Spinal Cord 
Compression

Clinical Presentation, Prognostic Factors,  
and Diagnostic Workup

The signs and symptoms of BM largely depend on the loca-
tion and the mechanical stress on the affected parts of the 
bone. It manifests itself in pain, movement restrictions, frac-
tures and/or neurological symptoms. For patients with breast 
cancer, the occurrence of these symptoms is suggestive of 
bone metastases until proven otherwise. Bone scintigraphy is 
a widely used method for the diagnostic workup, allowing a 
total skeletal assessment, which is helpful in determining the 
extent of the metastatic spread. Further diagnostic procedures 
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Schlüsselwörter
Mammakarzinom, metastasiertes · Radiotherapie,  
palliative · Metastasen, ossäre · Metastasen, zerebrale · 
 Metastatisches spinales Kompressionssyndrom ·  
Leptomeningeosis carcinomatosa

Zusammenfassung
Hintergrund: Erstellung praktischer Handlungsempfehlun-
gen zur palliativen Radiotherapie (RT) verschiedener Metas-
tasierungsmanifestationen bei Patientinnen mit Mammakar-
zinom auf Basis aktuell publizierter Evidenz und ergänzender 
Expertenmeinung. Methodik: Die vom Expertengremium 
der Organgruppe Mamma der Deutschen Gesellschaft für 
Radioonkologie (DEGRO) und Mitgliedern der Kommission 
Mamma in der Arbeitsgemeinschaft Gynäkologische Onko-
logie (AGO) erstellten Empfehlungen basieren auf der Ana-
lyse kontrollierter klinischer Studien und internationalen so-
wie nationalen praktischen Handlungsanleitungen und den 
Interpretationen der Evidenzgrade nach Kriterien der Evi-
denz-basierten Medizin, ergänzt um die Empfehlungsgrade 
der AGO-Kommission. Ergebnisse: Unterschiedliche Thera-
pieziele für die Palliation (Schmerzlinderung, lokale Tumor-
kontrolle, Prävention und Rückbildung neurologischer Aus-
fälle, ossäre Stabilisierung) erfordern jeweils auf den indivi-
duellen Fall abgestimmte, differenzierte, radioonkologische 
Behandlungskonzepte unter Berücksichtigung von Lebens-
erwartung und Tumoraktivität an den verschiedenen Mani-
festationsorten. Je nach Palliationsziel kommen unterschied-
liche Dosiskonzepte und Fraktionierungsschemata in Form 
von Einzel- oder Multifraktionierungs-RT zur Anwendung. 
Schlussfolgerungen: Die RT ist ein effektiver Bestandteil bei 
der palliativen Behandlung bei ossärer (BM) oder zerebraler 
(CM) Metastasierung, des tumorbedingten spinalen Kom-
pressionssyndroms (MSCC) oder bei Leptomeningeosis car-
cinomatosa (LC). Techniken, Zielvolumenbestimmungen 
und verschiedene Dosiskonzepte für unterschiedliche klini-
sche Konstellationen werden in den DEGRO-Handlungs-
empfehlungen, die in die aktualisierten AGO-Empfehlungen 
2010 integriert wurden, detailliert beschrieben.

Keywords
Metastatic breast cancer · Palliative radiation therapy · 
Bone metastasis · Cerebral metastasis · Metastatic spinal 
cord compression · Leptomeningeal carcinomatosis

Summary
Background: To provide guidance for clinical practice on 
preferred standard palliative radiotherapy (RT) of different 
sites of metastasis for breast cancer patients based on cur-
rent published evidence complemented by expert opinion. 
Methods: The breast cancer expert panel of the German 
 Society for Radiation Oncology (DEGRO) and members of 
the Working Party of Gynecologic Oncology (AGO) Breast 
Committee formulated recommendations based on the 
 panel’s interpretation of the level of evidence referring to 
the criteria of evidence-based medicine added to the AGO 
grades of recommendation. Results: For different types and 
sites of metastasis, distinct therapeutic goals (alleviation of 
symptoms, pain relief, local tumor control, prevention or 
improvement of neurological deficits, stabilization of the 
spine or other bones) require complex approaches con-
sidering individual factors (i.e. life expectancy, tumor pro-
gression at other sites). With regard to different therapeutic 
goals, different dose concepts and fractionation schedules, 
and single- versus multi-fraction palliative RT should be 
adapted individually. Conclusions: RT is an effective tool in 
palliation treatment of bone metastasis (BM), cerebral me-
tastasis (CM) and metastatic spinal cord compression 
(MSCC), or leptomeningeal carcinomatosis (LC) and plays a 
central role in an interdisciplinary approach. Preferred tech-
nique, targeting, and different dose schedules are described 
in detail in the DEGRO guidelines, which are also integrated 
in the updated 2010 AGO recommendations.

*For the breast cancer expert panel of the German Society for Radiation Oncology 
(DEGRO).
**For the Working Party of Gynecologic Oncology (AGO) Breast Committee.
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In order to predict survival after whole-brain RT (WBRT), 
Rades et al. [9] established a new scoring system on the basis 
of a multivariate analysis of > 1000 patients. The score refers 
to the following significant prognostic factors:
– age
– KPS
– extracranial tumor spread
– interval between tumor diagnosis and WBRT
For CM, the diagnostic procedure is oriented on clinical 
symptoms; most commonly, CT and MRI are used. If specific 
local treatment such as surgery or stereotactic RT is an op-
tion, MRI is superior to CT for delineation of metastases and 
detection of multiple lesions.

For differential diagnosis of LC, cerebrospinal fluid (CSF) 
cytology examination is mandatory, and the presence of 
 malignant cells is evidentiary for LC. MRI of the complete 
craniospinal axis with gadolinium enhancement is the imaging 
technique of choice.

Goals of Therapy

Breast cancer death from CM is a rare event.
The aim of the treatment is to improve or stabilize the 

 neurological status, maintain or regain quality of life, and, 
 optimally, prolong survival (LoE 2b, B; AGO: ++).

Radiotherapeutic Options in CM

In symptomatic patients, systemic application of corticoste-
roids is the standard treatment for brain edema. The optimal 
dose has been investigated in patients with primary brain 
 tumors (LoE Ib). With dexamethasone, symptoms of intra-
cranial pressure are rapidly alleviated within 4–24 h. A dose 
of 4 mg is adequate to start with and may be increased accord-
ing to remaining symptoms. However, corticoid application 
alone may not be sufficient with regard to a long-term effect 
(LoE 3a, B; AGO: �).

The treatment choice for CM should be based on clinical 
predominant symptoms and verification in diagnostic imaging 

Brain Metastases and Leptomeningeal Carcinomatosis

CM is most commonly a late event occurring in the course of 
extensive metastatic disease. Patients with triple-negative and 
Her2-overexpressing tumors may present with CM as first site 
of recurrence or even oligometastatic cerebral disease.

Clinical Presentation, Prognostic Factors,  
and Diagnostic Workup

According to the anatomical site of the lesions, neurological 
symptoms of both CM and LC are headache, signs of intra-
cranial pressure, motor weakness, seizures, cognitive deficits, 
and mental problems. Back pain following radicular patterns 
is common in LC with spinal involvement.

Generally, prognosis in both subgroups is dismal, with the 
Karnofsky performance score (KPS) being the most impor-
tant prognostic parameter. Nevertheless, effective treatment 
may alleviate symptoms and occasionally prolong survival. 
For patients with CM, even a survival of more than 3 years  
is achievable. In patients with LC, adequate therapy may 
 prolong survival to more than 6 months and achieve a 1-year 
survival rate of up to 25%.

For CM the Radiation Therapy Oncology Group (RTOG) 
defined three prognostic subgroups on the basis of data from 
1200 patients, using the recursive partitioning analysis (RPA). 
Patients with breast cancer were adequately represented in 
these studies [7, 8].
– RPA class I: KPS ≥ 70%, age < 65 years, with controlled 

primary tumor and no extracranial metastases: expected 
median survival 11 months.

– RPA class III: KPS < 70%: expected median survival  
3 months.

– RPA class II: all others: expected median survival  
6 months.

Prognostic factors for survival in multivariate analysis have 
been surgical resection, RPA classification, and no extra-
cranial metastases. Other factors for predicting prognosis are 
the number of cerebral metastases (LoE 2b) and the response 
to steroid treatment.

Table 3. Guidelines for MSCC

Instability of vertebral column, bony compression  
    and/or paresis/paraplegia

immediate (within maximally 24–48 h) surgical intervention and postoperative RT (LoE 2b)

Spinal cord compression without neurologic deficits in ambulatory patients: RT (LoE 2b); in case of analgesia as additional goal: short course of 
RT with increased single doses; in case of remineralization as additional goal: fractionated 
RT with conventional single doses

Acute onset of paresis/paraplegia surgical decompression followed by RT; RT when decompression is not possible (LoE 3)
Inoperability RT; choice of fractionation depending on life expectancy (LoE 3)
After surgical decompression RT (LoE 2b)
In case of (in-field) recurrence after previous RT surgery (when possible); re-irradiation (using high-precision techniques) (LoE 4)
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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promotes re-ossification of the damaged bone, with an ac-
ceptable risk of toxicity (Table 9). However, it has not been
shown that the combination is better than EBRT alone
when pain relief has been the measured variable. The Task
Force strongly recommends that large prospective, random-
ized trials be undertaken tomore fully delineate the optimum
RT fractionation and mode of delivery (EBRT vs. radiophar-

maceuticals), the dose and duration of bisphosphonate
therapy, and the scheduling of this treatment combination.

Kyphoplasty or vertebroplasty and EBRT
Guideline statement
No prospective data are available to suggest that the use of

either kyphoplasty or vertebroplasty obviates the need for
EBRT in the management of painful bone metastases.

Table 7. Suggested inclusion and exclusion criteria for patients considered for surgical intervention for spinal cord decompression

Characteristic Factors favoring surgical decompression plus postoperative RT

Radiographic 1) Solitary site of tumor progression
2) Absence of visceral or brain metastases
3) Spinal instability

Patient 1) Age <65 y
2) KPS $70
3) Projected survival of >3 mo
4) Slow progression of neurologic symptoms
5) Maintained ambulation
6) Nonambulatory for <48 h

Tumor 1) Relatively radioresistant tumor histologic type (i.e., melanoma)
2) Site of origin suggesting relatively indolent course (i.e., prostate, breast, kidney)

Treatment 1) Previous EBRT failed

Abbreviations as in Table 3.
The references listed in Table 7 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.

Table 6. Studies investigating surgery and radiotherapy for spinal cord compression

Study

Patients (n),
histologic

type
Treatment
regimen

Overall
ambulation
rate after
treatment

(%)

Duration of
ability to
ambulate Survival

Regained
ambulation

after
treatment

(%) Investigator Year Reference

Short-course
vs. split-course
RT for metastatic
spinal cord
compression:
randomized
trial

184, various
histologic
types

16 Gy/2 Fx,
Days 1 and 7

68 3.5 mo 4 mo 29 Marazano 2005 73

30 Gy/8 Fx
(15 Gy/3 Fx then
15 Gy/5 Fx)

71 3.5 mo 4 mo 28

8-Gy single-dose
RT effective for
metastatic spinal
cord compression:
results of Phase III
randomized
multicenter Italian
trial

327, various
histologic
types

8 Gy/1 Fx 62 5 mo 4 mo 21 Marazano 2009 74
16 Gy/2 Fx 69 5 mo 4 mo 32

Surgery and RT
vs. RT alone:
randomized trial

101, various
histologic
types

Steroid, surgery,
postoperative RT
to 30 Gy/10 Fx

84 122 d 126 d 62 Patchell 2005 79

Steroid, RT to
30 Gy/10 Fx

57 13 d 100 d 19

Prospective
evaluation of 2
RT schedules
with 10 Fx
vs. 20 Fx for
metastatic spinal
cord compression

214, various
histologic
types

30 Gy/10 Fx 60 NR NR 29 Rades 2004 84
40 Gy/20 Fx 64 NR NR 30

Abbreviations as in Table 2.
The references listed in Table 6 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.

Contents

1. Introduction
2. Collection of the clinical data
3. Evaluation of the data
4. Discussion and conclusions

1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Table II. Timing of surgery after radiotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Ghogawala Retrospective Level III 28 One-stage -9 patients suffered wound- Spinal radiation before surgical decompression for
et al (7) posterolateral related complications metastatic spinal cord compression was associated

decompression- -46% complication rate if with a significantly higher major wound
stabilization surgery was performed complication rate.

within 7 days of radiotherapy
vs. 20% if surgery was
performed more than a week
after radiotherapy vs. 12%
if radiotherapy was adminis-
tered after surgery

Helweg- Prospective Level III 5 Laminectomy -Postoperative course was not Problem: small series.
Larsen within 2 weeks of reported
et al (13) radiotherapy due to

deterioration

Street Prospective Level III 14 -Posterolateral -3 patients suffered wound- Preoperative radiotherapy did not raise the rate of
et al (14) cohort study vertebrectomy related complications wound-related complications.

and fusion Problem: radiotherapy-surgery time interval was
-All patients were greater than a week.
operated on more 
than a week after
completing radio-
therapy

Fourney Retrospective Level III 43 Surgery through -Timing of radiotherapy in Preoperative radiotherapy was significantly
et al (16) a posterior or relation to surgery was not related to postoperative complications (p=0.02).

combined anterior- specified
posterior approach

Wang Retrospective Level III 84 Posterolateral -Median time to failure of No association was found between preoperative 
et al (15) review of transpedicular radiotherapy was 4.2 months radiotherapy and postoperative wound infection

prospectively vertebrectomy with (range 0.1-64.4 months) (p=0.21).
maintained circumferential -Only 6 patients were Preoperative radiotherapy within 6 weeks prior to
database fusion operated within a week surgery did not increase the infection rate (p=0.29).

of radiotherapy Problem: radiotherapy-surgery time interval was
greater than a week for most patients.
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Table II. T
iming of surgery after radiotherapy.

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Refs.
Description

Level of evidence
No. of patients

Treatment

Results

Conclusion

(in relation to the
meeting inclusion

primary question)
criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Ghogawala
Retrospective

Level III

28

One-stage 

-9 patients suffered wound-
Spinal radiation before surgical decompression for

et al (7)

posterolateral
related complications

metastatic spinal cord compression was associated

decompression-
-46% complication rate if 

with a significantly higher major wound

stabilization

surgery was performed 
complication rate.

within 7 days of radiotherapy

vs. 20% if surgery was

performed more than a week

after radiotherapy vs. 12%

if radiotherapy was adminis-

tered after surgery

Helweg-
Prospective

Level III

5

Laminectomy 
-Postoperative course was not Problem: small series.

Larsen

within 2 weeks of 
reported

et al (13)

radiotherapy due to

deterioration

Street
Prospective

Level III

14

-Posterolateral 
-3 patients suffered wound-

Preoperative radiotherapy did not raise the rate of

et al (14)
cohort stu

dy

vertebrectomy 
related complications

wound-related complications.

and fusion

Problem: radiotherapy-surgery time interval was

-All patients were

greater than a week.

operated on more 

than a week after

completing radio-

therapy

Fourney
Retrospective

Level III

43

Surgery through
-Timing of radiotherapy in 

Preoperative radiotherapy was significantly

et al (16)

a posterior or 
relation to surgery was not 

related to postoperative complications (p=0.02).

combined anterior-
specified

posterior approach

Wang
Retrospective

Level III

84

Posterolateral
-Median time to failure of 

No association was found between preoperative 

et al (15)
review of

transpedicular 
radiotherapy was 4.2 months radiotherapy and postoperative wound infection

prospectively

vertebrectomy with (range 0.1-64.4 months)
(p=0.21).

maintained

circumferential
-Only 6 patients were

Preoperative radiotherapy within 6 weeks prior to

database

fusion

operated within a week
surgery did not increase the infection rate (p=0.29).

of radiotherapy

Problem: radiotherapy-surgery time interval was

greater than a week for most patients.
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Table II. Timing of surgery after radiotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Ghogawala Retrospective Level III 28 One-stage -9 patients suffered wound- Spinal radiation before surgical decompression for
et al (7) posterolateral related complications metastatic spinal cord compression was associated

decompression- -46% complication rate if with a significantly higher major wound
stabilization surgery was performed complication rate.

within 7 days of radiotherapy
vs. 20% if surgery was
performed more than a week
after radiotherapy vs. 12%
if radiotherapy was adminis-
tered after surgery

Helweg- Prospective Level III 5 Laminectomy -Postoperative course was not Problem: small series.
Larsen within 2 weeks of reported
et al (13) radiotherapy due to

deterioration

Street Prospective Level III 14 -Posterolateral -3 patients suffered wound- Preoperative radiotherapy did not raise the rate of
et al (14) cohort study vertebrectomy related complications wound-related complications.

and fusion Problem: radiotherapy-surgery time interval was
-All patients were greater than a week.
operated on more 
than a week after
completing radio-
therapy

Fourney Retrospective Level III 43 Surgery through -Timing of radiotherapy in Preoperative radiotherapy was significantly
et al (16) a posterior or relation to surgery was not related to postoperative complications (p=0.02).

combined anterior- specified
posterior approach

Wang Retrospective Level III 84 Posterolateral -Median time to failure of No association was found between preoperative 
et al (15) review of transpedicular radiotherapy was 4.2 months radiotherapy and postoperative wound infection

prospectively vertebrectomy with (range 0.1-64.4 months) (p=0.21).
maintained circumferential -Only 6 patients were Preoperative radiotherapy within 6 weeks prior to
database fusion operated within a week surgery did not increase the infection rate (p=0.29).

of radiotherapy Problem: radiotherapy-surgery time interval was
greater than a week for most patients.
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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3. Evaluation of the data
4. Discussion and conclusions

1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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4. Discussion and conclusions

1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Table II. Timing of surgery after radiotherapy.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Ghogawala Retrospective Level III 28 One-stage -9 patients suffered wound- Spinal radiation before surgical decompression for
et al (7) posterolateral related complications metastatic spinal cord compression was associated

decompression- -46% complication rate if with a significantly higher major wound
stabilization surgery was performed complication rate.

within 7 days of radiotherapy
vs. 20% if surgery was
performed more than a week
after radiotherapy vs. 12%
if radiotherapy was adminis-
tered after surgery

Helweg- Prospective Level III 5 Laminectomy -Postoperative course was not Problem: small series.
Larsen within 2 weeks of reported
et al (13) radiotherapy due to

deterioration

Street Prospective Level III 14 -Posterolateral -3 patients suffered wound- Preoperative radiotherapy did not raise the rate of
et al (14) cohort study vertebrectomy related complications wound-related complications.

and fusion Problem: radiotherapy-surgery time interval was
-All patients were greater than a week.
operated on more 
than a week after
completing radio-
therapy

Fourney Retrospective Level III 43 Surgery through -Timing of radiotherapy in Preoperative radiotherapy was significantly
et al (16) a posterior or relation to surgery was not related to postoperative complications (p=0.02).

combined anterior- specified
posterior approach

Wang Retrospective Level III 84 Posterolateral -Median time to failure of No association was found between preoperative 
et al (15) review of transpedicular radiotherapy was 4.2 months radiotherapy and postoperative wound infection

prospectively vertebrectomy with (range 0.1-64.4 months) (p=0.21).
maintained circumferential -Only 6 patients were Preoperative radiotherapy within 6 weeks prior to
database fusion operated within a week surgery did not increase the infection rate (p=0.29).

of radiotherapy Problem: radiotherapy-surgery time interval was
greater than a week for most patients.
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536Table II. Continued
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Holman Retrospective Level III 139 -46 patients were Preoperative radiotherapy was not significantly
et al (17) previously irradiated related to postoperative complications (p=0.17).

-85 were operated through Problem: association between preoperative radio-
a posterior or combined therapy, the specific surgical approach and wound 
anterior-posterior complications was not examined.  The issue of 
approach timing was not specified.

McPhee Retrospective Level III 75 procedures -52 were operated through -10 patients suffered Perioperative radiotherapy was not significantly
et al (9) on 53 patients a posterior approach wound infection related to postoperative wound-related 

-42 patients had periopera- complications.
tive radiotherapy (within Problem: perioperative radiotherapy and not
a month prior to or a preoperative radiotherapy was investigated as a
month after surgery) risk factor for wound complications.

Sundaresan Retrospective Level III 80 -32 were operated -10 patients suffered Preoperative radiotherapy was significantly related
et al (18) through an anterior wound complications to postoperative complications (p=0.03).

approach Problem: association between preoperative radio-
-8 through a posterior therapy, the specific surgical approach and wound
approach complications was not examined. The issue of 
-40 through a combined timing was not specified.
anterior-posterior
approach
-40 patients had preopera-
tive radiotherapy

Sundaresan Retrospective Level III 110 -47 were previously -40% (4/10) of the Complications were significantly more frequent
et al (19) irradiated patients that were in patients that had preoperative radiotherapy

-59 were operated operated due to (p<0.001).
through a posterior disease progression Problem: association between preoperative radio-
or combined anterior- while on radiotherapy therapy, the specific surgical approach and wound
posterior approach suffered complications complications was not examined.

Wise Retrospective Level II 80 -Patients underwent -8 patients, who had Preoperative radiotherapy was significantly related
et al (20) 88 procedures, 48 through all had preoperative to postoperative complications.

a posterior approach radiotherapy, suffered Problem: when the results were analyzed 
-41 patients had preopera- wound infection, 7 of according to the surgical approach, the number of  
tive radiotherapy them in a posterior patients in each group was too small to draw  

approach wound statistically significant conclusions.
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.

Contents

1. Introduction
2. Collection of the clinical data
3. Evaluation of the data
4. Discussion and conclusions

1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Table III. Timing of radiotherapy after surgery.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Bach Retrospective Level III 91 -Laminectomy followed by radio- -No patients were reported
et al (31) therapy to suffer wound-related 

-Surgery-radiotherapy time interval complications
was 5-8 days

Gilbert Retrospective Level III 65 -Laminectomy followed by radio- -7 patients suffered wound- Problem: not specified whether 
et al (32) therapy related complications the patients that had complications

-7 patients had additional preopera- -Surgery-radiotherapy time were from the preoperative radio- 
tive radiotherapy interval was 5 days therapy group.

Hall Retrospective Level III 160 -154 patients had a laminectomy -No patients were reported
et al (33) followed, when appropriate, to suffer wound-related 

by radiotherapy, usually 1 week complications
after the surgery

Landman Retrospective Level III 127 -Laminectomy followed by radio- -No patients were reported
et al (34) therapy to suffer wound-related

-Surgery-radiotherapy time interval complications
was 2-3 weeks

Laohacharo- Retrospective Level III 30 -29 patients had a transpedicular -2 wound infections, 1 deep
ensombat vertebrectomy and circumferential and 1 superficial; it was not
et al (35) fusion specified whether these

-1 patient was operated through a occurred in a posterior or 
combined anterior-posterior anterior wound
approach -No patients suffered wound
-All patients had postoperative dehiscence
radiotherapy
-Surgery-radiotherapy time interval
was 2 weeks
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Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria
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et al (31) therapy to suffer wound-related 

-Surgery-radiotherapy time interval complications
was 5-8 days

Gilbert Retrospective Level III 65 -Laminectomy followed by radio- -7 patients suffered wound- Problem: not specified whether 
et al (32) therapy related complications the patients that had complications

-7 patients had additional preopera- -Surgery-radiotherapy time were from the preoperative radio- 
tive radiotherapy interval was 5 days therapy group.

Hall Retrospective Level III 160 -154 patients had a laminectomy -No patients were reported
et al (33) followed, when appropriate, to suffer wound-related 

by radiotherapy, usually 1 week complications
after the surgery

Landman Retrospective Level III 127 -Laminectomy followed by radio- -No patients were reported
et al (34) therapy to suffer wound-related

-Surgery-radiotherapy time interval complications
was 2-3 weeks

Laohacharo- Retrospective Level III 30 -29 patients had a transpedicular -2 wound infections, 1 deep
ensombat vertebrectomy and circumferential and 1 superficial; it was not
et al (35) fusion specified whether these

-1 patient was operated through a occurred in a posterior or 
combined anterior-posterior anterior wound
approach -No patients suffered wound
-All patients had postoperative dehiscence
radiotherapy
-Surgery-radiotherapy time interval
was 2 weeks
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Table III. 
Timing of radiotherapy after surgery.

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 

Refs.

Description
Level of evidence

No. of patients

Treatment

Results

Conclusion

(in relation to the
meeting inclusion

primary question)

criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Bach

Retrospective
Level III

91

-Laminectomy followed by radio-
-No patients w

ere reported

et al (31)

therapy

to suffer wound-related 

-Surgery-radiotherapy time interval
complications

was 5-8 days

Gilbert
Retrospective

Level III

65

-Laminectomy followed by radio-
-7 patients su

ffered wound-
Problem: not specified whether 

et al (32)

therapy

related complications 

the patients th
at had complications

-7 patients had additional preopera-
-Surgery-radiotherapy time

were from the preoperative radio- 

tive radiotherapy

interval was 5 days

therapy group.

Hall

Retrospective
Level III

160

-154 patients had a laminectomy
-No patients w

ere reported

et al (33)

followed, when appropriate,

to suffer wound-related 

by radiotherapy, usually 1 week
complications

after the surgery

Landman
Retrospective

Level III

127

-Laminectomy followed by radio-
-No patients w

ere reported

et al (34)

therapy

to suffer wound-related

-Surgery-radiotherapy time interval
complications

was 2-3 weeks

Laohacharo- Retrospective
Level III

30

-29 patients had a transpedicular
-2 wound infections, 1 deep

ensombat

vertebrectomy and circumferential
and 1 superficial; it 

was not

et al (35)

fusion 

specified whether these

-1 patient was operated through a
occurred in a posterior or 

combined anterior-posterior

anterior wound

approach 

-No patients su
ffered wound

-All patients had postoperative
dehiscence

radiotherapy

-Surgery-radiotherapy time interval

was 2 weeks
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Table III. Timing of radiotherapy after surgery.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Bach Retrospective Level III 91 -Laminectomy followed by radio- -No patients were reported
et al (31) therapy to suffer wound-related 

-Surgery-radiotherapy time interval complications
was 5-8 days

Gilbert Retrospective Level III 65 -Laminectomy followed by radio- -7 patients suffered wound- Problem: not specified whether 
et al (32) therapy related complications the patients that had complications

-7 patients had additional preopera- -Surgery-radiotherapy time were from the preoperative radio- 
tive radiotherapy interval was 5 days therapy group.

Hall Retrospective Level III 160 -154 patients had a laminectomy -No patients were reported
et al (33) followed, when appropriate, to suffer wound-related 

by radiotherapy, usually 1 week complications
after the surgery

Landman Retrospective Level III 127 -Laminectomy followed by radio- -No patients were reported
et al (34) therapy to suffer wound-related

-Surgery-radiotherapy time interval complications
was 2-3 weeks

Laohacharo- Retrospective Level III 30 -29 patients had a transpedicular -2 wound infections, 1 deep
ensombat vertebrectomy and circumferential and 1 superficial; it was not
et al (35) fusion specified whether these

-1 patient was operated through a occurred in a posterior or 
combined anterior-posterior anterior wound
approach -No patients suffered wound
-All patients had postoperative dehiscence
radiotherapy
-Surgery-radiotherapy time interval
was 2 weeks
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Table III. Continued.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Levy Retrospective Level III 38 -Laminectomy followed by -No patients were reported to 
et al (36) radiotherapy suffer wound-related 

-Surgery-radiotherapy time complications
interval was 1 week

Onimus Not specified Level III 57 -Patients underwent -1 patient suffered wound 
et al (37) 60 procedures, 36 through infection, and 2 post-radiation  

an anterior approach and skin necrosis
24 through a posterior
approach
-Posterior procedures were
mainly laminectomy with
instrumented or non- 
instrumented fusion
-42 patients had postopera-
tive radiotherapy
-Surgery-radiotherapy time
interval was 8-10 days
-Radiation was adminsitered
at a dose of 18-20 Gy in 
5 fractions over 5 days

Wise Retrospective Level III 80 -Patients underwent 88 -8 patients, who had all had Postoperative radiotherapy was not sig-
et al (20) procedures preoperative radiotherapy, nificantly associated with postoperative

-48 were through a posterior suffered wound infection, 7 of  complications.
approach them in a posterior approach Problem: surgical approach and number
-41 patients had preoperative wound of patients that had surgery followed by
radiotherapy radiotherapy were not specified, nor was 

the surgery-radiotherapy time interval.
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).

INTERNATIONAL JOURNAL OF ONCOLOGY  36:  533-544,  2010

Timing of surgery and radiotherapy in the management
of metastatic spine disease: A systematic review

EYAL ITSHAYEK1,  JOSH YAMADA2,  MARK BILSKY3,  MEIC SCHMIDT4,  
CHRISTOPHER SHAFFREY5,  PETER GERSZTEN6,  DAVID POLLY7,  ZIYA GOKASLAN8,  

PETER PAUL VARGA9 and CHARLES G. FISHER10

1Department of Neurosurgery, Hadassah University Hospital, Jerusalem, Israel;  Departments of 2Radiation Oncology,
and 3Neurosurgery, Memorial Sloan-Kettering, New York, NY;  4Department of Neurosurgery, University of Utah,

Salt Lake City, UT;  5Department of Neurosurgery, University of Virginia, Charlottesville, VA;  6Department of
Neurosurgery, University of Pittsburgh, Pittsburgh, PA;  7Department of Orthopaedics, University of Minnesota,

Minneapolis, MN;  8Department of Neurosurgery, Johns Hopkins University, Baltimore, MD, USA;  9Department
of Orthopaedics, National Center of Spinal Disorders, Budapest, Hungary;  10Division of Spine, Department of 

Orthopaedics, University of British Columbia, and the Combined Neurosurgical and Orthopaedic Spine
Program at Vancouver Coastal Health, Vancouver, BC, Canada

Received August 28, 2009;  Accepted October 20, 2009

DOI: 10.3892/ijo_00000527

_________________________________________

Correspondence to: Dr Charles Fisher, Blusson Spinal Cord
Centre, 6th floor, 818 W. 10th Avenue, Vancouver, BC V5Z 1M9,
Canada
E-mail: charles.fisher@vch.ca

Key words: metastatic spine disease, stereotactic radiotherapy,
adjuvant radiotherapy

533-544  20/1/2010  12:56 ÌÌ  Page 533

IN
T

E
R

N
A

T
IO

N
A

L
 JO

U
R

N
A

L
 O

F O
N

C
O

L
O

G
Y

  36:  533-544,  2010
539

Table III. Timing of radiotherapy after surgery.
––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Bach Retrospective Level III 91 -Laminectomy followed by radio- -No patients were reported
et al (31) therapy to suffer wound-related 

-Surgery-radiotherapy time interval complications
was 5-8 days

Gilbert Retrospective Level III 65 -Laminectomy followed by radio- -7 patients suffered wound- Problem: not specified whether 
et al (32) therapy related complications the patients that had complications

-7 patients had additional preopera- -Surgery-radiotherapy time were from the preoperative radio- 
tive radiotherapy interval was 5 days therapy group.

Hall Retrospective Level III 160 -154 patients had a laminectomy -No patients were reported
et al (33) followed, when appropriate, to suffer wound-related 

by radiotherapy, usually 1 week complications
after the surgery

Landman Retrospective Level III 127 -Laminectomy followed by radio- -No patients were reported
et al (34) therapy to suffer wound-related

-Surgery-radiotherapy time interval complications
was 2-3 weeks

Laohacharo- Retrospective Level III 30 -29 patients had a transpedicular -2 wound infections, 1 deep
ensombat vertebrectomy and circumferential and 1 superficial; it was not
et al (35) fusion specified whether these

-1 patient was operated through a occurred in a posterior or 
combined anterior-posterior anterior wound
approach -No patients suffered wound
-All patients had postoperative dehiscence
radiotherapy
-Surgery-radiotherapy time interval
was 2 weeks
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Table III. Continued.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Refs. Description Level of evidence No. of patients Treatment Results Conclusion

(in relation to the meeting inclusion
primary question) criteria

––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––– 
Young Randomized Level III 16 -Laminectomy followed by -No patients suffered wound-related
et al (38) prospective radiotherapy vs. radiotherapy complications

-Surgery-radiotherapy time
interval was 1 week

Ghogawala Retrospective Level III 34 One-stage posterolateral -4 patients suffered wound-related Problem: surgery-radiotherapy
et al (7) decompression-stabilization complications time interval was not specified.

procedure followed by
radiotherapy

Shaw Not specified Level III 2 One-stage posterolateral -No patients suffered wound-related Problem: surgery-radiotherapy time
et al (28) decompression-stabilization complications interval was not specified.

procedure followed by 
radiotherapy

Sundaresan Not specified Level III 5 Laminectomy followed by -No patients suffered wound-related Problem: surgery-radiotherapy time
et al (29) radiotherapy complications interval was not specified.
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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Abstract. The last decade has witnessed a dramatic change
in management of metastatic spine disease, with an increased
role for surgery and emerging use of stereotactic radiotherapy,
often in combination. Patients may be treated with radio-
therapy followed by surgery, or have surgery and then adjuvant
radiotherapy. In both cases, the surgeon and oncologist need
to select the optimal timing for surgery and radiotherapy to
minimize wound complications while obtaining maximum
oncolytic effects. The purpose of this review was to determine
the optimal timing of surgery and radiotherapy in patients
surgically treated for spinal metastases. A systematic review
utilizing Medline, Embase, Paper First, Web of Science,
Google Scholar, and the Cochrane Database of Systematic
Reviews was performed. References were screened to further
identify relevant studies and basic science literature reviewed.
A total of 46 reports discussing the timing of surgery after
radiotherapy, describing experience in 5836 patients, were
identified. Only one retrospective study addressed the research
question and suggested that surgery within seven days of
radiation increases the rate of postoperative wound compli-
cations. Timing of adjuvant radiotherapy following surgery
was addressed in 51 reports describing 7090 patients. None
of the studies specifically answered the research question. The

time interval between radiotherapy and surgery was reported
as 5-21 days in nine studies. Based on this systematic review
together with the understanding of general principles of wound
healing and effects of radiation on wound healing, the optimal
radiotherapy-surgery/surgery-radiotherapy time interval should
be at least one week to minimize wound complications.
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1. Introduction

Radiotherapy has traditionally been the mainstay of treatment
for metastatic disease of the spine. Surgical indications were
limited to neurologic deterioration during radiation and failure
of radiation therapy, with a limited recognition of issues
related to spinal instability. With advancements in biomaterials,
spinal biomechanics, and imaging, along with innovations in
surgical techniques, came an appreciation for spinal instability
as a valid indication for surgical stabilization. Recently, the
understanding that radiotherapy and surgery should often be
combined in the management of both primary and metastatic
tumors of the spine has reached maturity. This is especially true
in the treatment of spine metastases, where several landmark
studies demonstrated the benefit and cost effectiveness of
surgery plus radiation vs. radiation alone (1-3). There are,
however, potential adverse events associated with radiation
delivered in close proximity to surgery, especially complica-
tions related to wound healing (4-6).
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benefit from early therapy. Furthermore, logistic and patient
scheduling issues also speak to the benefit of having guide-
lines for the timing of postoperative radiation.

Our study is limited by the small number of studies that
discuss the optimal timing of surgical and radiotherapy
procedures in relation to wound healing for patients with
primary and secondary spine tumors. In addition, a critical
appraisal of these studies would provide, at best, Class III
evidence, according to the criteria for the classification of
evidence developed by the U.S. Preventative Services Task
Force (48). However, we believe that it is possible to make
preliminary recommendations regarding our two questions.
These recommendations provide the best available evidence
to date, and may be applied in the context of clinical experience
and circumstances, and patient preference pending stronger
evidence.

This review provides a foundation on which to move
forward with a large prospective multi-center database to
generate the numbers and cohorts needed to address these
two questions with a higher level of scientific integrity. A
further limitation of our review is that the total dose of
radiation was not available for analysis in the majority of the
reviewed studies. Current radiation treatment planning often
includes three-dimensional conformal radiation dosing or
stereotactic spinal radiotherapy. These treatment modalities
may minimize the radiation dose to the skin at the surgical
incision site. These important issues will also require investi-
gation in future studies.

In conclusion, the authors recommend that the radiotherapy-
surgery time interval should be at least one week for patients
with previous radiotherapy. In the opposite scenario, when
radiotherapy is given after surgery, a time interval of at least
one week should also be maintained.
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benefit from early therapy. Furthermore, logistic and patient
scheduling issues also speak to the benefit of having guide-
lines for the timing of postoperative radiation.

Our study is limited by the small number of studies that
discuss the optimal timing of surgical and radiotherapy
procedures in relation to wound healing for patients with
primary and secondary spine tumors. In addition, a critical
appraisal of these studies would provide, at best, Class III
evidence, according to the criteria for the classification of
evidence developed by the U.S. Preventative Services Task
Force (48). However, we believe that it is possible to make
preliminary recommendations regarding our two questions.
These recommendations provide the best available evidence
to date, and may be applied in the context of clinical experience
and circumstances, and patient preference pending stronger
evidence.

This review provides a foundation on which to move
forward with a large prospective multi-center database to
generate the numbers and cohorts needed to address these
two questions with a higher level of scientific integrity. A
further limitation of our review is that the total dose of
radiation was not available for analysis in the majority of the
reviewed studies. Current radiation treatment planning often
includes three-dimensional conformal radiation dosing or
stereotactic spinal radiotherapy. These treatment modalities
may minimize the radiation dose to the skin at the surgical
incision site. These important issues will also require investi-
gation in future studies.

In conclusion, the authors recommend that the radiotherapy-
surgery time interval should be at least one week for patients
with previous radiotherapy. In the opposite scenario, when
radiotherapy is given after surgery, a time interval of at least
one week should also be maintained.
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Short-Course Versus Split-Course Radiotherapy in
Metastatic Spinal Cord Compression: Results of a
Phase III, Randomized, Multicenter Trial
Ernesto Maranzano, Rita Bellavita, Romina Rossi, Verena De Angelis, Alessandro Frattegiani,
Rita Bagnoli, Marcello Mignogna, Sara Beneventi, Marco Lupattelli, Pietro Ponticelli, Gian Paolo Biti,
and Paolo Latini

A B S T R A C T

Purpose
Hypofractionated radiotherapy (RT) is often used in the treatment of metastatic spinal cord
compression (MSCC). This randomized trial was planned to assess the clinical outcome and
toxicity of two different hypofractionated RT regimens in MSCC.

Patients and Methods
Three hundred patients with MSCC were randomly assigned to a short-course RT (8 Gy ! 2
days) or to a split-course RT (5 Gy ! 3; 3 Gy ! 5). Only patients with a short life expectancy
entered the protocol. Median follow-up was 33 months (range, 4 to 61 months).

Results
A total of 276 (92%) patients were assessable; 142 (51%) treated with the short-course and
134 (49%) treated with the split-course RT regimen. There was no significant difference in
response, duration of response, survival, or toxicity found between the two arms. When
short- versus split-course regimens were compared, after RT 56% and 59% patients had
back pain relief, 68% and 71% were able to walk, and 90% and 89% had good bladder
function, respectively. Median survival was 4 months and median duration of improvement
was 3.5 months for both arms. Toxicity was equally distributed between the two arms: grade
3 esophagitis or pharyngitis was registered in four patients (1.5%), grade 3 diarrhea occurred
in four patients (1.5%), and grade 3 vomiting or nausea occurred in 10 patients (6%). Late
toxicity was never recorded.

Conclusion
Both hypofractionated RT schedules adopted were effective and had acceptable toxicity.
However, considering the advantages of the short-course regimen in terms of patient
convenience and machine time, it could become the RT regimen of choice in the clinical
practice for MSCC patients.

J Clin Oncol 23:3358-3365. © 2005 by American Society of Clinical Oncology

INTRODUCTION

Metastatic spinal cord compression (MSCC)
is a frequent oncologic emergency that must
be diagnosed early and promptly treated.1

Magnetic resonance imaging (MRI) is the
best tool for diagnosing MSCC.2 When
MSCC is diagnosed, radiotherapy (RT) is
generally the treatment of choice, whereas
surgery is reserved only for selected

patients.3-12 No published trial on RT for
MSCC has stratified the results by RT dosing
protocol and no standard RT regimen exists
for the treatment of MSCC.6-8,13-20 Studies
regarding RT for patients with painful bone
metastases have shown that with low frac-
tion (one to five) regimens and high single
doses (4 to 10 Gy) the clinical outcome is
similar to that in more protracted regimens
(also for those patients with vertebral
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was 3.5 months for both arms. Toxicity was equally distributed between the two arms: grade
3 esophagitis or pharyngitis was registered in four patients (1.5%), grade 3 diarrhea occurred
in four patients (1.5%), and grade 3 vomiting or nausea occurred in 10 patients (6%). Late
toxicity was never recorded.

Conclusion
Both hypofractionated RT schedules adopted were effective and had acceptable toxicity.
However, considering the advantages of the short-course regimen in terms of patient
convenience and machine time, it could become the RT regimen of choice in the clinical
practice for MSCC patients.
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according to the classifications of no pain, pain controlled with
minor analgesics, and pain requiring narcotics.

The response criteria adopted were as follows. Patients who
were able to walk before and after treatment, as well as those
unable to walk before RT who recovered walking ability after RT,
and those patients who maintained or recovered sphincter func-
tion were considered responders. Regarding back pain, response
was divided into three categories: complete responders, those pa-
tients who had no pain after RT; partial responders, patients using
narcotics or minor analgesics before RT who had pain requiring
minor analgesics after RT; and nonresponders, patients with no
pain before RT who developed pain or those with pain requiring
minor analgesics who starting taking narcotics after RT. This scale
is derived from a questionnaire compiled by the patient and
given to the physician at each follow-up. Analysis of response
was performed 1 month after the end of RT and the follow-up
examination was continued once a month for 1 year, and four
times per year until death. In the vast majority of patients,
follow-up data were recorded by the treating physician at clin-
ical visits, although telephone interviews were allowed (mainly
for geographic reasons).

Percentage of response and duration of improvement, sur-
vival, and toxicity were evaluated according to the RT schedule
adopted (split v short course), pretreatment and post-treatment
ambulatory status, and histology of the primary tumor (favorable
v unfavorable). For patients who started out in a response condi-

tion, duration of response was calculated from the date of first
treatment to worsening of their condition; for the other patients,
duration of response was calculated as time from improvement to
regression of improvement.

For diarrhea and esophageal or pharyngeal toxicity, the Na-
tional Cancer Institute Common Toxicity Criteria were adopted.
For emesis, the following classification was used. Nausea was
graded according to a 0 to 3 scale: 0, no episodes; 1, mild (did not
interfere with normal daily life); 2, moderate, (interfered with
normal daily life); and 3, severe (patient bedridden because of
nausea). Vomiting was also graded according to a 0 to 3 scale: 0, no
episodes; 1, one to two episodes per day; 2, more than two but ! 10
episodes per day; 3, more than 10 episodes per day.

Recurrence was diagnosed by MRI, which was prescribed
only for patients with symptomatic progression.

Statistical Methods
Response rate was chosen as the primary determinant of

sample size. To test the hypothesis for this equivalence trial that a
short-course RT (8 Gy ! 2) is at least as effective in producing a
response as a split-course RT (5 Gy ! 3; 3Gy ! 5), it was calculated
that 270 patients (approximately 135 in each arm) would be
needed. This was intended to ensure an 80% probability (power)
that the two-sided 95% CI for the difference in response rates
would be within the interval "15% to #15% if the two response
rates were in fact equal and approximately 70%. Moreover,

Table 1. Patient Characteristics According to Radiotherapy Regimen

Characteristic

Short Course Split Course Total

No. of
Patients %

No. of
Patients %

No. of
Patients %

All patients 142 51 134 49 276 of 300! 92
Sex

Male 99 70 92 69 191 69
Female 43 30 42 31 85 31

Age, years
Range 30-87 34-89 30-89
Median 66 68 68

Karnofsky performance status
! 40 46 32 40 30 86 31
50-70 76 54 67 50 143 52
80-100 20 14 27 20 47 17

Back pain
No 6 4 8 6 14 5
Yes 136 96 126 94 262 95

Motor function
Walking 93 65 91 68 184 67

Without support 51 36 56 42 107 39
With support 42 30 35 26 77 28

Not walking 49 34 43 32 92 33
Unable to walk 40 28 35 26 75 27
Paraplegic 9 6 8 6 17 6

Sphincter control
Normal 126 89 120 90 246 89
Abnormal 16 11 13 10 29 11

Histology
Favorable 50 35 49 37 99 36
Unfavorable 92 65 85 63 177 64

!Twenty-four patients (8%) are not assessable as a result of early death (17 patients) or because they were lost to follow-up (seven patients).
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response, duration of response, survival, or toxicity found between the two arms. When
short- versus split-course regimens were compared, after RT 56% and 59% patients had
back pain relief, 68% and 71% were able to walk, and 90% and 89% had good bladder
function, respectively. Median survival was 4 months and median duration of improvement
was 3.5 months for both arms. Toxicity was equally distributed between the two arms: grade
3 esophagitis or pharyngitis was registered in four patients (1.5%), grade 3 diarrhea occurred
in four patients (1.5%), and grade 3 vomiting or nausea occurred in 10 patients (6%). Late
toxicity was never recorded.

Conclusion
Both hypofractionated RT schedules adopted were effective and had acceptable toxicity.
However, considering the advantages of the short-course regimen in terms of patient
convenience and machine time, it could become the RT regimen of choice in the clinical
practice for MSCC patients.
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according to the classifications of no pain, pain controlled with
minor analgesics, and pain requiring narcotics.

The response criteria adopted were as follows. Patients who
were able to walk before and after treatment, as well as those
unable to walk before RT who recovered walking ability after RT,
and those patients who maintained or recovered sphincter func-
tion were considered responders. Regarding back pain, response
was divided into three categories: complete responders, those pa-
tients who had no pain after RT; partial responders, patients using
narcotics or minor analgesics before RT who had pain requiring
minor analgesics after RT; and nonresponders, patients with no
pain before RT who developed pain or those with pain requiring
minor analgesics who starting taking narcotics after RT. This scale
is derived from a questionnaire compiled by the patient and
given to the physician at each follow-up. Analysis of response
was performed 1 month after the end of RT and the follow-up
examination was continued once a month for 1 year, and four
times per year until death. In the vast majority of patients,
follow-up data were recorded by the treating physician at clin-
ical visits, although telephone interviews were allowed (mainly
for geographic reasons).

Percentage of response and duration of improvement, sur-
vival, and toxicity were evaluated according to the RT schedule
adopted (split v short course), pretreatment and post-treatment
ambulatory status, and histology of the primary tumor (favorable
v unfavorable). For patients who started out in a response condi-

tion, duration of response was calculated from the date of first
treatment to worsening of their condition; for the other patients,
duration of response was calculated as time from improvement to
regression of improvement.

For diarrhea and esophageal or pharyngeal toxicity, the Na-
tional Cancer Institute Common Toxicity Criteria were adopted.
For emesis, the following classification was used. Nausea was
graded according to a 0 to 3 scale: 0, no episodes; 1, mild (did not
interfere with normal daily life); 2, moderate, (interfered with
normal daily life); and 3, severe (patient bedridden because of
nausea). Vomiting was also graded according to a 0 to 3 scale: 0, no
episodes; 1, one to two episodes per day; 2, more than two but ! 10
episodes per day; 3, more than 10 episodes per day.

Recurrence was diagnosed by MRI, which was prescribed
only for patients with symptomatic progression.

Statistical Methods
Response rate was chosen as the primary determinant of

sample size. To test the hypothesis for this equivalence trial that a
short-course RT (8 Gy ! 2) is at least as effective in producing a
response as a split-course RT (5 Gy ! 3; 3Gy ! 5), it was calculated
that 270 patients (approximately 135 in each arm) would be
needed. This was intended to ensure an 80% probability (power)
that the two-sided 95% CI for the difference in response rates
would be within the interval "15% to #15% if the two response
rates were in fact equal and approximately 70%. Moreover,

Table 1. Patient Characteristics According to Radiotherapy Regimen

Characteristic

Short Course Split Course Total

No. of
Patients %

No. of
Patients %

No. of
Patients %

All patients 142 51 134 49 276 of 300! 92
Sex

Male 99 70 92 69 191 69
Female 43 30 42 31 85 31

Age, years
Range 30-87 34-89 30-89
Median 66 68 68

Karnofsky performance status
! 40 46 32 40 30 86 31
50-70 76 54 67 50 143 52
80-100 20 14 27 20 47 17

Back pain
No 6 4 8 6 14 5
Yes 136 96 126 94 262 95

Motor function
Walking 93 65 91 68 184 67

Without support 51 36 56 42 107 39
With support 42 30 35 26 77 28

Not walking 49 34 43 32 92 33
Unable to walk 40 28 35 26 75 27
Paraplegic 9 6 8 6 17 6

Sphincter control
Normal 126 89 120 90 246 89
Abnormal 16 11 13 10 29 11

Histology
Favorable 50 35 49 37 99 36
Unfavorable 92 65 85 63 177 64

!Twenty-four patients (8%) are not assessable as a result of early death (17 patients) or because they were lost to follow-up (seven patients).
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3 esophagitis or pharyngitis was registered in four patients (1.5%), grade 3 diarrhea occurred

in four patients (1.5%), and grade 3 vomiting or nausea occurred in 10 patients (6%). Late

toxicity was never recorded.
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Both hypofractionated RT schedules adopted were effective and had acceptable toxicity.

However, considering the advantages of the short-course regimen in terms of patient

convenience and machine time, it could become the RT regimen of choice in the clinical

practice for MSCC patients.
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split-course and one with the short-course regimen. Only in
one patient (0.5%) was a grade 3 pharyngeal dysphagia
registered as a result of split-course RT on the cervical
spine. Twenty patients (7%) had grade 1 to 2 diarrhea
and only four patients (1.5%) developed grade 3 diar-
rhea, two after a short-course RT on the thoracolumbar
region and the remaining two after RT to the sacral area
with the split-course regimen.

Of 167 patients treated with antiemetic prophylaxis,
grade 1 to 2 vomiting occurred in 22 patients (13%) and
grade 3 vomiting occurred in only five patients (3%), with
the same incidence in the two RT regimens employed. Nau-
sea occurred in 21 patients (12%): grade 1 to 2 in 16 patients
(9%) and grade 3 in five patients (3%). Of patients who did
not receive antiemetic prophylaxis because the treated spine
was not at risk, seven (6%) had grade 1 nausea, six (5.5%)
had grade 1 to 2 vomiting, and only one (1%) had grade 3
vomiting. In this study, no relationship was found between

the RT regimen adopted and acute adverse events. Late
spinal cord morbidity was never recorded.

Subgroup Analysis
Survival time and duration of improvement were also

calculated according to pretreatment and post-treatment
walking capacity and histology. When the walking capacity
was considered, median survival was 5 months for walking
patients pretreatment and 3 months for nonwalking pa-
tients pretreatment (P ! .025), and 5 months for walking
patients post-treatment and 2 months for nonwalking pa-
tients post-treatment (P ! .0001). Histology also influenced
significantly the median survival, which was 6 months for

Table 4. Percent Probability of Survival and Median Survival per Group

Patient Group

Percent Probability of Survival
Median Survival

(months) P1 year 2 years 3 years

All patients (n ! 276) 15 8 6 4
Radiotherapy regimen

Short course (n ! 142) 18 12 8 4
Split course (n ! 134) 10 7 4 4

Pretreatment status
Walking patients (n ! 184) 15 10 5 5
Nonwalking patients (n ! 92) 10 6 0 3 .025

Post-treatment status
Walking patients (n ! 193) 18 10 6 5
Nonwalking patients (n ! 83) 5 0 0 2 .0001

Histology
Favorable (n ! 96) 30 20 8 6
Unfavorable (n ! 180) 5 5 2 3 .0001

Table 5. Median Duration of Improvement in Motor Capacity per Group

Patient Group

Responders! Median Duration
of Improvement

(months) PNo. Total %

Radiotherapy regimen
Short course 97/142 68 3.5
Split course 95/134 71 3.5

Post-treatment walking
patients

192/276 70 4

Pretreatment status
Walking patients 167/184 91 4
Nonwalking patients 26/92 28 3

Histology
Favorable 73/96 76 6
Unfavorable 119/180 66 3 .0001

!Those patients who remained able to walk or regained ability to walk
after radiotherapy. Fig 1. Actuarial survival curves comparing split- and short-course radiother-

apy regimens (two-sided P value).
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Median Survival

(months) P1 year 2 years 3 years

All patients (n ! 276) 15 8 6 4
Radiotherapy regimen

Short course (n ! 142) 18 12 8 4
Split course (n ! 134) 10 7 4 4

Pretreatment status
Walking patients (n ! 184) 15 10 5 5
Nonwalking patients (n ! 92) 10 6 0 3 .025

Post-treatment status
Walking patients (n ! 193) 18 10 6 5
Nonwalking patients (n ! 83) 5 0 0 2 .0001

Histology
Favorable (n ! 96) 30 20 8 6
Unfavorable (n ! 180) 5 5 2 3 .0001

Table 5. Median Duration of Improvement in Motor Capacity per Group

Patient Group

Responders! Median Duration
of Improvement

(months) PNo. Total %

Radiotherapy regimen
Short course 97/142 68 3.5
Split course 95/134 71 3.5

Post-treatment walking
patients

192/276 70 4

Pretreatment status
Walking patients 167/184 91 4
Nonwalking patients 26/92 28 3

Histology
Favorable 73/96 76 6
Unfavorable 119/180 66 3 .0001

!Those patients who remained able to walk or regained ability to walk
after radiotherapy. Fig 1. Actuarial survival curves comparing split- and short-course radiother-

apy regimens (two-sided P value).
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by 15 Gy in 5 fractions after an interval of 4 days. Patients entering
this trial had MSCC and short (66 months) life expectancy. No dif-
ference in outcome was found comparing short- versus split-
course regimens. Considering these results and the advantages of
only two fractions with respect to more prolonged treatment in
term of patient convenience and machine time, the short-course
regimen was suggested as the RT schedule of choice in the clinical
practice for MSCC patients with short expected survival [16].

Several trials evaluating the best and more convenient RT regi-
men in uncomplicated painful bone metastases have shown that a
single-fraction of 8 Gy gives clinical outcome similar to that in
more protracted regimens, also for those patients with vertebral
metastases [30–32].

With this background, a randomized phase III equivalence trial
was performed to determine whether in MSCC patients 8 Gy sin-
gle-dose is as effective as 8 Gy ! 2 with regard to symptom control,
duration of response, survival, and toxicity.

Materials and methods

Study design

The primary objectives of this trial were to determine whether a
single-dose of 8 Gy is as effective as a short-course RT of 8 Gy ! 2
(8 Gy, 6-day rest, and then 8 Gy, to a total dose of 16 Gy in 1 week)
in MSCC patients with respect to (a) symptom control (i.e., back
pain, motor and sphincter function), (b) duration of response,
and (c) survival. Secondary objectives were to compare the acute
and late side effects of the two treatment arms, to determine
whether there are any differences in outcome with respect to iat-
rogenic acute oral/oesophageal toxicity, diarrhoea, and emesis,
and to determine whether there are any differences in outcome
with respect to the development of late spinal cord morbidity.

The study was designed as a two-arm phase III randomized con-
trolled trial with 1:1 randomization to the two arms. The study pop-
ulation consisted of patients with MSCC diagnosed by MRI or CT and
was selected according to the Eligibility criteria listed below.
Patients were randomly assigned, allocation was performed by a
centralized registration, and investigators were notified of assign-
ment by telephone and fax. Treatment groups were not stratified.

Eligibility criteria

Aiming at an early diagnosis, MRI or CT was prescribed for all
cancer patients with back pain, osteolysis and/or positive bone
scan, even in the absence of clinical neurological signs of spinal
cord compression. It is worthy to note that only patients with short
life expectancy entered this study (i.e., patients with unfavourable
histologies which have a short life expectancy due to the natural
history of the tumour itself, or patients with favourable histologies,
neurological symptoms and/or low performance status, factors
that are generally associated to a short life expectancy). All cases
fulfilled the inclusion criteria listed below.

(1) Metastatic spinal cord and/or cauda equina compression
diagnosed by MRI or CT in patients with progressive neo-
plastic disease.

(2) No criteria indicating a primary surgical approach (i.e., there
were neither diagnostic doubts, nor spinal instability, bony
compression causing MSCC, nor previous irradiation in the
same area).

(3) Patients with a short life expectancy (66 months) because of
(a) the presence of unfavourable histologies (i.e., lung, kid-
ney, gastrointestinal and head and neck carcinoma, mela-
noma, sarcoma), or (b) favourable ones (i.e., lymphoma,

seminoma, myeloma, and breast or prostate carcinoma) pro-
vided that motor/sphincter dysfunction and/or low perfor-
mance status were also manifested.

(4) Informed consent.

As in the trial comparing short- versus split-course RT [16], all
these criteria were chosen in an attempt to enrol only MSCC
patients with short life expectancy, whereas the others underwent
3–30 Gy in 2 weeks or other more protracted RT schedules accord-
ing to the choice of each centre participating in the trial.

Treatment

Parenteral dexamethasone (8 mg ! 2/day) was administered
from the first day of clinical-radiologic diagnosis until 4–5 days
after the end of RT, and then tapered off over 10 days. No respond-
ers continued steroids.

According to Priestman’s suggestions and our previous experi-
ence [23,33], all patients treated with fields cove ring the upper
abdomen (i.e., fields between T8 and L3 with an area of
P100 cm2) received oral or parenteral adjuvant antiemetics (a 5-
hydroxytriptamine receptor [5-HT3] antagonist) 30–60 min before
each RT fraction.

Radiotherapy was started within 24/48 h of the radiologic diag-
nosis and was delivered by a 4–18 MV linear accelerator. General
recommendations for physicians participating in the trial were as
follows:

(1) radiation portals centred on the site of epidural compression
and extended two vertebral bodies above and below;

(2) paravertebral mass included in the treatment portal accord-
ing to MRI and/or CT definition;

(3) radiotherapy field defined on a treatment simulator and
dose prescribed at cord depth as measured by MRI or CT
scans and/or simulator lateral radiograph;

(4) cervical spine lesions treated with opposed lateral fields, tho-
racic spine with a simple posterior field, or with two opposed
antero-posterior fields and differential dose contribution (in
the ratio of 2–3 to 1 in favour of the posterior field), and lum-
bar spine with opposed antero-posterior fields which were, if
necessary, differently weighted at RT isocentre [34].

Assessment

Response to treatment was evaluated according to the patients’
walking capacity, bladder function and back pain before and after
RT. Each effect was evaluated separately. Based on the physical
examination, motor performance was graded according to Tomita’s
groups: group I – ability to walk without support, group II – ability to
walk with support, group III – inability to walk and group IV – para-
plegic [21]. Bladder function was defined by the need for urinary
catheter. Pain was graded according to the classification: no pain,
pain controlled with minor analgesics, pain requiring minor narcot-
ics (i.e., codeine), and pain requiring major narcotics (i.e., morphine).

The response criteria adopted were as follows. Patients who
were able to walk before and after treatment, as well as those
unable to walk before RT who recovered walking ability after RT
and those patients who maintained or recovered sphincter func-
tion were considered responders. Regarding back pain, response
was divided into three categories:

(1) complete responders, those patients who had no pain after
RT;

(2) partial responders, (a) patients using minor narcotics who
had stable pain or pain requiring minor analgesics, (b) or
patients using minor analgesics who had stable pain;

E. Maranzano et al. / Radiotherapy and Oncology 93 (2009) 174–179 175

and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the

Table 2
Back pain before and after treatment according to radiotherapy regimen.

8 Gy ! 2 short-
course

8 Gy single-
dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

No analgesic
pretreatment

16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)

Table 3
Motor and sphincter function before and after treatment according to radiotherapy
regimen.

8 Gy ! 2
short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.

Table 4
Walking capacity before and after treatment according to radiotherapy (RT) regimen.

RT regimen Pretreatment Post-treatment no. of cases by group*

(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
II 43 9 25 6 3
III 38 3 5 26 4
IV 17 – 1 1 15

All patients (303) I 114 102 7 5 –
II 85 26 42 12 5
III 78 5 16 50 7
IV 26 – 1 3 22

* Tomita’s functional motor grading system.
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and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
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there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.
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No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).
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27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
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maintained response for all their remaining life. It is worthy to note
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patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 174–179

Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
technique employs a treatment volume defined by the site of

compression and a margin of two vertebral bodies above and below
this. In the past, myelography was used to define the site of the block
but computed tomography (CT) and magnetic resonance imaging
(MRI) are now the investigations of choice giving the three-dimen-
sional extent of spinal disease [3,15].

Generally, the median life expectancy in MSCC patients is short
(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
one regimen over the others for any cohort of patients [2,8,18–
29]. Recently, we have reported outcomes of our phase III trial,
the only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
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and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the

Table 2
Back pain before and after treatment according to radiotherapy regimen.

8 Gy ! 2 short-
course

8 Gy single-
dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

No analgesic
pretreatment

16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)

Table 3
Motor and sphincter function before and after treatment according to radiotherapy
regimen.

8 Gy ! 2
short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.

Table 4
Walking capacity before and after treatment according to radiotherapy (RT) regimen.

RT regimen Pretreatment Post-treatment no. of cases by group*

(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
II 43 9 25 6 3
III 38 3 5 26 4
IV 17 – 1 1 15

All patients (303) I 114 102 7 5 –
II 85 26 42 12 5
III 78 5 16 50 7
IV 26 – 1 3 22

* Tomita’s functional motor grading system.
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 174–179

Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
technique employs a treatment volume defined by the site of

compression and a margin of two vertebral bodies above and below
this. In the past, myelography was used to define the site of the block
but computed tomography (CT) and magnetic resonance imaging
(MRI) are now the investigations of choice giving the three-dimen-
sional extent of spinal disease [3,15].

Generally, the median life expectancy in MSCC patients is short
(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
one regimen over the others for any cohort of patients [2,8,18–
29]. Recently, we have reported outcomes of our phase III trial,
the only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
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by 15 Gy in 5 fractions after an interval of 4 days. Patients entering
this trial had MSCC and short (66 months) life expectancy. No dif-
ference in outcome was found comparing short- versus split-
course regimens. Considering these results and the advantages of
only two fractions with respect to more prolonged treatment in
term of patient convenience and machine time, the short-course
regimen was suggested as the RT schedule of choice in the clinical
practice for MSCC patients with short expected survival [16].

Several trials evaluating the best and more convenient RT regi-
men in uncomplicated painful bone metastases have shown that a
single-fraction of 8 Gy gives clinical outcome similar to that in
more protracted regimens, also for those patients with vertebral
metastases [30–32].

With this background, a randomized phase III equivalence trial
was performed to determine whether in MSCC patients 8 Gy sin-
gle-dose is as effective as 8 Gy ! 2 with regard to symptom control,
duration of response, survival, and toxicity.

Materials and methods

Study design

The primary objectives of this trial were to determine whether a
single-dose of 8 Gy is as effective as a short-course RT of 8 Gy ! 2
(8 Gy, 6-day rest, and then 8 Gy, to a total dose of 16 Gy in 1 week)
in MSCC patients with respect to (a) symptom control (i.e., back
pain, motor and sphincter function), (b) duration of response,
and (c) survival. Secondary objectives were to compare the acute
and late side effects of the two treatment arms, to determine
whether there are any differences in outcome with respect to iat-
rogenic acute oral/oesophageal toxicity, diarrhoea, and emesis,
and to determine whether there are any differences in outcome
with respect to the development of late spinal cord morbidity.

The study was designed as a two-arm phase III randomized con-
trolled trial with 1:1 randomization to the two arms. The study pop-
ulation consisted of patients with MSCC diagnosed by MRI or CT and
was selected according to the Eligibility criteria listed below.
Patients were randomly assigned, allocation was performed by a
centralized registration, and investigators were notified of assign-
ment by telephone and fax. Treatment groups were not stratified.

Eligibility criteria

Aiming at an early diagnosis, MRI or CT was prescribed for all
cancer patients with back pain, osteolysis and/or positive bone
scan, even in the absence of clinical neurological signs of spinal
cord compression. It is worthy to note that only patients with short
life expectancy entered this study (i.e., patients with unfavourable
histologies which have a short life expectancy due to the natural
history of the tumour itself, or patients with favourable histologies,
neurological symptoms and/or low performance status, factors
that are generally associated to a short life expectancy). All cases
fulfilled the inclusion criteria listed below.

(1) Metastatic spinal cord and/or cauda equina compression
diagnosed by MRI or CT in patients with progressive neo-
plastic disease.

(2) No criteria indicating a primary surgical approach (i.e., there
were neither diagnostic doubts, nor spinal instability, bony
compression causing MSCC, nor previous irradiation in the
same area).

(3) Patients with a short life expectancy (66 months) because of
(a) the presence of unfavourable histologies (i.e., lung, kid-
ney, gastrointestinal and head and neck carcinoma, mela-
noma, sarcoma), or (b) favourable ones (i.e., lymphoma,

seminoma, myeloma, and breast or prostate carcinoma) pro-
vided that motor/sphincter dysfunction and/or low perfor-
mance status were also manifested.

(4) Informed consent.

As in the trial comparing short- versus split-course RT [16], all
these criteria were chosen in an attempt to enrol only MSCC
patients with short life expectancy, whereas the others underwent
3–30 Gy in 2 weeks or other more protracted RT schedules accord-
ing to the choice of each centre participating in the trial.

Treatment

Parenteral dexamethasone (8 mg ! 2/day) was administered
from the first day of clinical-radiologic diagnosis until 4–5 days
after the end of RT, and then tapered off over 10 days. No respond-
ers continued steroids.

According to Priestman’s suggestions and our previous experi-
ence [23,33], all patients treated with fields cove ring the upper
abdomen (i.e., fields between T8 and L3 with an area of
P100 cm2) received oral or parenteral adjuvant antiemetics (a 5-
hydroxytriptamine receptor [5-HT3] antagonist) 30–60 min before
each RT fraction.

Radiotherapy was started within 24/48 h of the radiologic diag-
nosis and was delivered by a 4–18 MV linear accelerator. General
recommendations for physicians participating in the trial were as
follows:

(1) radiation portals centred on the site of epidural compression
and extended two vertebral bodies above and below;

(2) paravertebral mass included in the treatment portal accord-
ing to MRI and/or CT definition;

(3) radiotherapy field defined on a treatment simulator and
dose prescribed at cord depth as measured by MRI or CT
scans and/or simulator lateral radiograph;

(4) cervical spine lesions treated with opposed lateral fields, tho-
racic spine with a simple posterior field, or with two opposed
antero-posterior fields and differential dose contribution (in
the ratio of 2–3 to 1 in favour of the posterior field), and lum-
bar spine with opposed antero-posterior fields which were, if
necessary, differently weighted at RT isocentre [34].

Assessment

Response to treatment was evaluated according to the patients’
walking capacity, bladder function and back pain before and after
RT. Each effect was evaluated separately. Based on the physical
examination, motor performance was graded according to Tomita’s
groups: group I – ability to walk without support, group II – ability to
walk with support, group III – inability to walk and group IV – para-
plegic [21]. Bladder function was defined by the need for urinary
catheter. Pain was graded according to the classification: no pain,
pain controlled with minor analgesics, pain requiring minor narcot-
ics (i.e., codeine), and pain requiring major narcotics (i.e., morphine).

The response criteria adopted were as follows. Patients who
were able to walk before and after treatment, as well as those
unable to walk before RT who recovered walking ability after RT
and those patients who maintained or recovered sphincter func-
tion were considered responders. Regarding back pain, response
was divided into three categories:

(1) complete responders, those patients who had no pain after
RT;

(2) partial responders, (a) patients using minor narcotics who
had stable pain or pain requiring minor analgesics, (b) or
patients using minor analgesics who had stable pain;
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.
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Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
technique employs a treatment volume defined by the site of

compression and a margin of two vertebral bodies above and below
this. In the past, myelography was used to define the site of the block
but computed tomography (CT) and magnetic resonance imaging
(MRI) are now the investigations of choice giving the three-dimen-
sional extent of spinal disease [3,15].

Generally, the median life expectancy in MSCC patients is short
(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
one regimen over the others for any cohort of patients [2,8,18–
29]. Recently, we have reported outcomes of our phase III trial,
the only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
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(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
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single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.
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early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
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instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
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benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
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(MRI) are now the investigations of choice giving the three-dimen-
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(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
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treated spine was not at risk, nine (5%) had grade 1–2 nausea, ele-
ven (6%) grade 1–2 vomiting, and only one (0.5%) grade 3 vomiting.
In this study, no relationship was found between the RT regimen
adopted and the acute adverse events. Radiation-induced myelop-
athy was never recorded.

Subgroup analysis

Survival time and duration of improvement were also calcu-
lated according to pretreatment and post-treatment walking
capacity and histology. Considering the walking capacity, median
survival was 5 months (5.2 ± 0.2) and 2 months (2.4 ± 0.2) for
walking and nonwalking patients, respectively (p = 0.001),
6 months (6 ± 0.1) and 1 month (1.6 ± 0.1) for post-treatment
walking and nonwalking patients, respectively (p < 0.001).

Also histology significantly influenced the median survival
which was 9.5 months (9.9 ± 0.3) for favourable cancers and
3 months (3.0 ± 0.1) for unfavourable ones (p < 0.001). The median
duration of motor capacity improvement was independent of the
patient’s walking capacity and only primary tumour type condi-
tioned the median duration of walking capacity improvement
which was 11 months for favourable histologies, and 4 months
for unfavourable ones (p < 0.001).

In-field recurrences

There were 13 (4%) patients who recompressed in-field after RT,
4 (2.5%) submitted to 8 Gy ! 2 RT regimen, and 9 (6%) submitted to
8 Gy single-dose; this difference did not reach a statistical signifi-
cance (p = 0.12). Median interval between the end of the first RT
and the diagnosis of recurrence was 8 months (range, 2–
31 months). Diagnosis of recurrence was obtained by MRI which
was performed because patients had a symptomatic progression
(i.e., the presence of neurological signs and/or symptoms suspect
for spinal cord and/or radicular compression). Considering that
no indications had been done for retreatment in the protocol, the
choice to give or not to give re-irradiation and doses adopted
depended on each physician. Seven patients underwent re-irradia-
tion, of which those able to walk at the time of recurrence, main-
tained the function after re-irradiation, and those unable did not
recover the walking ability. Median survival after re-irradiation
was 6 months (range, 1–13).

Discussion

The median life expectancy of MSCC patients is generally short
not exceeding 4–6 months. In patients with MSCC the strongest
prognostic factor for overall survival and ability to walk after treat-
ment is pretreatment neurologic status, and specifically, motor
function. Because delay in diagnosis and referral can lead to neuro-
logic decline, early diagnosis and prompt therapy have to be rec-
ommended in clinical practice [36]. Surgery is an option
generally reserved to selected patients with bony compression
causing MSCC and spinal instability [3,37,38]. The standard treat-
ment for the vast majority of patients with MSCC is RT although
no dose-fractionation prescription has demonstrated higher rate
of ambulation compared with any other [3]. Some retrospective
trials have suggested a possible advantage of long-course RT when
compared with short-course RT regarding local control of MSCC
[39,40] and re-calcification [41]. In clinical practice more pro-
longed RT schedules (e.g., 3 Gy ! 10 fractions) are generally
reserved to MSCC patients with a long life expectancy, and short-
course RT (e.g., 4 Gy ! 5 and 8 Gy ! 2 fractions) is administered
to others, who represent the majority of cases [17,23,38].

With this background, we have conducted a phase III trial, the
only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
after an interval by 15 Gy in 5 fractions. Patients entering this trial
had MSCC, short (66 months) life expectancy, and did not necessi-
tate a surgical approach. Early diagnosis and therapy in 24–48 h
from diagnosis were recommended to radiation oncologists partic-
ipant in this trial. No difference in outcome was found comparing
short- versus split-course regimens. Considering these results, we
have suggested the use of short-course RT as the regimen of choice
in the clinical practice for patients with MSCC and short life expec-
tancy [16].

Given that the results of the foresaid trial were positive, and
considering the published trials on uncomplicated painful bone
metastases showing the single-fraction of 8 Gy as the best and
more convenient RT regimen [30–32], we realized this randomized
phase III equivalence trial to determine whether in MSCC patients
8 Gy single-dose is as effective as a short-course regimen of
8 Gy ! 2.

No significant difference in outcome (67%) was found between
the two RT schedules adopted. Response rates for back pain, motor
function and sphincter control were 53/52%, 69/62%, and 87/85%
with respect to short-course and single-fraction RT. So, considering
the entire group of patients who entered the trial, results were sat-
isfactory and similar to those obtained in our previous randomized
trial [16]. After RT, 66% patients were able to walk, 86% had good
bladder function, and 53% had pain relief with a median survival
of 4 months and response which lasted until death in the large
majority of cases. It is worthy to note that in the presence of
favourable histologies there was a long median time of response
(11 months) and that only 4% of patients recompressed in-field
after RT. Although in-field recurrences occurred more often in
the single-dose than in the short-course group (6% and 2.5%,
respectively), this difference did not reach the statistical signifi-
cance (p = 0.12).

The tolerance to both RT regimens was good. Grade 3 esophagi-
tis occurred only in two (1%) patients, neither grade 4 dysphagia
nor grade 3–4 diarrhoea was registered. Among patients at risk
of developing radiation-induced emesis and receiving antiemetic
prophylaxis with 5-hydroxytriptamine-3 antagonists, grade 3–4
nausea and grade 4 vomiting were never registered, while grade
3 vomiting occurred in only one (0.5%) case. The precautional use
of antiemetics in patients treated with radiation fields covering
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Fig. 1. Kaplan Meyer plot of overall survival probability as a function of the
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presented as well.
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logic decline, early diagnosis and prompt therapy have to be rec-
ommended in clinical practice [36]. Surgery is an option
generally reserved to selected patients with bony compression
causing MSCC and spinal instability [3,37,38]. The standard treat-
ment for the vast majority of patients with MSCC is RT although
no dose-fractionation prescription has demonstrated higher rate
of ambulation compared with any other [3]. Some retrospective
trials have suggested a possible advantage of long-course RT when
compared with short-course RT regarding local control of MSCC
[39,40] and re-calcification [41]. In clinical practice more pro-
longed RT schedules (e.g., 3 Gy ! 10 fractions) are generally
reserved to MSCC patients with a long life expectancy, and short-
course RT (e.g., 4 Gy ! 5 and 8 Gy ! 2 fractions) is administered
to others, who represent the majority of cases [17,23,38].

With this background, we have conducted a phase III trial, the
only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
after an interval by 15 Gy in 5 fractions. Patients entering this trial
had MSCC, short (66 months) life expectancy, and did not necessi-
tate a surgical approach. Early diagnosis and therapy in 24–48 h
from diagnosis were recommended to radiation oncologists partic-
ipant in this trial. No difference in outcome was found comparing
short- versus split-course regimens. Considering these results, we
have suggested the use of short-course RT as the regimen of choice
in the clinical practice for patients with MSCC and short life expec-
tancy [16].

Given that the results of the foresaid trial were positive, and
considering the published trials on uncomplicated painful bone
metastases showing the single-fraction of 8 Gy as the best and
more convenient RT regimen [30–32], we realized this randomized
phase III equivalence trial to determine whether in MSCC patients
8 Gy single-dose is as effective as a short-course regimen of
8 Gy ! 2.

No significant difference in outcome (67%) was found between
the two RT schedules adopted. Response rates for back pain, motor
function and sphincter control were 53/52%, 69/62%, and 87/85%
with respect to short-course and single-fraction RT. So, considering
the entire group of patients who entered the trial, results were sat-
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.
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Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
technique employs a treatment volume defined by the site of

compression and a margin of two vertebral bodies above and below
this. In the past, myelography was used to define the site of the block
but computed tomography (CT) and magnetic resonance imaging
(MRI) are now the investigations of choice giving the three-dimen-
sional extent of spinal disease [3,15].

Generally, the median life expectancy in MSCC patients is short
(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
one regimen over the others for any cohort of patients [2,8,18–
29]. Recently, we have reported outcomes of our phase III trial,
the only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
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Abstract

Aims: To report pain and functional interference responses in patients radiated for painful spinal metastases, and to determine if location within the vertebral
column or dose fractionation are associated with response.
Materials and methods: Patients treated with palliative radiotherapy for symptomatic spinal metastases fromMay 2003 to June 2005 were analysed. All patients
completed the Brief Pain Inventory (BPI) assessment tool at 1, 2 and 3 months after radiotherapy. The pain response was determined using the International
Bone Metastases Consensus response definitions. Given seven BPI functional interference items, a Bonferroni adjusted P value of less than 0.007 was considered
significant.
Results: One hundred and nine treated patients were assessed. About 50% of patients were treated with a single fraction of 8 Gy. All pain scores and functional
interference scores significantly decreased over time after radiotherapy. At 3 months, 64% of patients achieved a response. Mood was significantly improved for
responders (P¼ 0.003) and a trend in improvement was observed for general activity (P¼ 0.01) and normal work (P¼ 0.04). Breast and prostate primaries were
more likely to achieve an early response as compared with a lung primary. Neither location within the vertebral column or radiotherapy dose fractionation
independently predicted for pain or functional interference responses.
Conclusion: Conventional radiotherapy with 8 Gy in a single fraction for spine metastases resulted in effective palliation of pain at 3 months and had a positive
effect on a patient’s mood. Location within the spine was not a predictive factor.
! 2011 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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cancer [1] and about 50e75% of patients with advanced
cancer will develop bone metastases during the course of
their disease. Back pain tends to be the first presenting
symptom, and is reported in 72e91% of patients [2,3].
Treatment options for spinal metastases include conven-
tional external beam radiotherapy [4], surgery [5], analgesic
therapy, bisphosphonates [6], percutaneous vertebral body
augmentation [7], systemic radionuclides [8], stereotactic
body radiotherapy [9,10] or a combination of these

modalities. Surgery tends to be indicated for mechanical
instability, intractable pain or for symptomatic malignant
epidural spinal cord compression. Conventional radio-
therapy is the most common treatment to palliate pain
associated with spine metastases.

The distribution of vertebral metastases varies within
the vertebral column such that thoracic, lumbar and
cervical spine metastases occur in about 70, 20, and 10% of
patients, respectively [11e13]. It is not known if the func-
tional implications and pain responses after palliative
radiation are different based on the location within the
spine, given the inherent biomechanical properties of
the spine that are location dependent. For example, the
cervical spine is the most mobile part of the spine, whereas
the thoracic spine has the least capacity for movement due
to the attached ribs that provide additional mechanical
stabilisation [14,15].
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Although there have been several prospective rando-
mised studies and meta-analyses confirming that palliative
radiotherapy is effective in relieving pain from bone
metastases [4], there is a lack of data specifically for spine
metastases. Moreover, there have been few studies report-
ing on pain-related outcomes after radiotherapy, such as
changes in functional interference caused by bone pain
before and after radiotherapy, specifically for spine
metastases.

The purpose of this studywas to investigate in a cohort of
patients treated with conventional radiotherapy to spine
metastases, whether the pain and functional interference
response varied according to the location within the spine
and with radiation dose fractionation up to 3 months. The
Brief Pain Inventory (BPI) tool was used in this study as it
was designed to document both pain response and func-
tional interference. The BPI is well known, and has been
shown to be a reliable and valid tool in depicting pain
severity and the extent to which pain interferes with
function for bone metastases [16].

Materials and Methods

Patients treated at the Rapid Response Radiotherapy
Program at the Sunnybrook Health Sciences Centre, Toronto,
Canada, between May 2003 and June 2005 were enrolled on
a prospective institutional research ethics board approved
study evaluating radiotherapy response rates with the BPI
within the first 3 months after radiotherapy. All patients
requiring palliative radiotherapy were approached for
enrolment regardless of the site of bone metastases. Patients
had to speak English and be able to complete the BPI forms
themselves. There were no other specific exclusion criteria.
Choice as to radiotherapy fractionation was determined by
the treating radiation oncologist. Our aim was to determine
predictors of response using the BPI and baseline data
collected (Table 1) for patients treated for painful spine
metastases.

Analgesic consumption in the 24 h before consultation
was recorded, and all opioid analgesics converted into the
oral morphine equivalent dose (OMED). Non-opioid anal-
gesics were accounted for as zero OMED [17]. Response
outcomes were based on definitions recommended by the
International Bone Metastases Consensus [17]. We have
defined complete response, partial response, pain progres-
sion and stable pain in Table 2. Responders were those
classified as achieving either a complete or a partial
response, and non-responders were those classified as
achieving pain progression or stable pain (Table 2).

All patients rated their pain intensity and inference scores
using the BPI. This patient-based assessment tool evaluates
the worst, average and current pain intensity on a scale of
0 (no pain) to 10 (worst possible pain). Pain interferencewith
functionality is measured in seven categories: general
activity, mood, walking ability, normal work, relationships
with others, sleep and enjoyment of life scores on a scale of
0 (no inference) to 10 (complete interference). Describing
pain as radicular or not is not a component of the BPI.

Table 1
Patient characteristics at initial consultation (n¼ 109)

Age
Mean 66.1
Median (range) 68 (33e90)

Karnofsky performance score
Mean 70.7
Median (range) 75 (0e90)

Worst pain
Mean 7.57
Median (range) 8.0 (2e10)

Total OMED (mg/day)
Mean 97.5
Median (range) 30 (0e2600)

Pain relief (%)
n 90
Mean" standard deviation 66.4" 27.6
Median (range) 70 (0e100)

Primary cancer site
Breast 31 (28%)
Prostate 30 (28%)
Lung 27 (25%)
Genitourinary 8 (7%)
Gastrointestinal 6 (6%)
Other/unknown primary 5 (5%)/2 (2%)

Radiation site
SPTL 56 (52%)
SPLS 44 (40%)
SPCT 9 (8%)

Dose fraction Gy/fraction(s)
8/1 56 (51%)
20/5 49 (45%)
Other 4 (4%)

SPLT, thoracic/thoracic lumbar; SPLS, lumbar/lumbar sacral; SPTC,
cervical/cervico-thoracic; OMED, oral morphine equivalent dose.

Table 2
Response criteria definitions

Complete
response

# A worst pain score of zero at the treated site
and no increase in daily OMED

Partial
response

# A reduction of worst pain score of two or
more at the treated site without OMED
increase

# Or an OMED reduction of 25% or more from
baseline without an increase in pain

Pain
progression

# An increase of two or more points above the
baseline at the treated site with stable
OMED use

# Or a stable pain score or one point above the
baseline with an increase of 25% or more in
daily OMED compared with baseline

Stable pain # Pain that is not otherwise classified as
progressive pain or a partial or complete
response

Responders # Radiotherapy pain response of either a
complete or partial response

Non-responders # Radiotherapy pain response of either
progressive or stable pain

OMED, oral morphine equivalent dose.
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Abstract

Aims: To report pain and functional interference responses in patients radiated for painful spinal metastases, and to determine if location within the vertebral
column or dose fractionation are associated with response.
Materials and methods: Patients treated with palliative radiotherapy for symptomatic spinal metastases fromMay 2003 to June 2005 were analysed. All patients
completed the Brief Pain Inventory (BPI) assessment tool at 1, 2 and 3 months after radiotherapy. The pain response was determined using the International
Bone Metastases Consensus response definitions. Given seven BPI functional interference items, a Bonferroni adjusted P value of less than 0.007 was considered
significant.
Results: One hundred and nine treated patients were assessed. About 50% of patients were treated with a single fraction of 8 Gy. All pain scores and functional
interference scores significantly decreased over time after radiotherapy. At 3 months, 64% of patients achieved a response. Mood was significantly improved for
responders (P¼ 0.003) and a trend in improvement was observed for general activity (P¼ 0.01) and normal work (P¼ 0.04). Breast and prostate primaries were
more likely to achieve an early response as compared with a lung primary. Neither location within the vertebral column or radiotherapy dose fractionation
independently predicted for pain or functional interference responses.
Conclusion: Conventional radiotherapy with 8 Gy in a single fraction for spine metastases resulted in effective palliation of pain at 3 months and had a positive
effect on a patient’s mood. Location within the spine was not a predictive factor.
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Introduction

Spinal metastases occur in up to 40% of patients with
cancer [1] and about 50e75% of patients with advanced
cancer will develop bone metastases during the course of
their disease. Back pain tends to be the first presenting
symptom, and is reported in 72e91% of patients [2,3].
Treatment options for spinal metastases include conven-
tional external beam radiotherapy [4], surgery [5], analgesic
therapy, bisphosphonates [6], percutaneous vertebral body
augmentation [7], systemic radionuclides [8], stereotactic
body radiotherapy [9,10] or a combination of these

modalities. Surgery tends to be indicated for mechanical
instability, intractable pain or for symptomatic malignant
epidural spinal cord compression. Conventional radio-
therapy is the most common treatment to palliate pain
associated with spine metastases.

The distribution of vertebral metastases varies within
the vertebral column such that thoracic, lumbar and
cervical spine metastases occur in about 70, 20, and 10% of
patients, respectively [11e13]. It is not known if the func-
tional implications and pain responses after palliative
radiation are different based on the location within the
spine, given the inherent biomechanical properties of
the spine that are location dependent. For example, the
cervical spine is the most mobile part of the spine, whereas
the thoracic spine has the least capacity for movement due
to the attached ribs that provide additional mechanical
stabilisation [14,15].

Author for correspondence: A. Sahgal, Department of Radiation
Oncology, Sunnybrook Health Sciences Centre, 2075 Bayview Avenue, Tor-
onto, On M4N 3M5, Canada. Tel: þ1-416-480-4834; Fax: þ1-416-480-6002.

E-mail address: Arjun.Sahgal@sunnybrook.ca (A. Sahgal).

Contents lists available at ScienceDirect

Clinical Oncology

journal homepage: www.elsevier .com/locate/c lon

0936-6555/$36.00 ! 2011 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/j.clon.2011.01.507

Clinical Oncology 23 (2011) 485e491



Original Article

Palliative Response and Functional Interference Outcomes Using the Brief Pain
Inventory for Spinal Bony Metastases Treated with Conventional Radiotherapy

J. Nguyen, E. Chow, L. Zeng, L. Zhang, S. Culleton, L. Holden, G. Mitera, M. Tsao, E. Barnes,
C. Danjoux, A. Sahgal
Rapid Response Radiotherapy Program, Department of Radiation Oncology, Odette Cancer Centre, Sunnybrook Health Sciences Centre,
University of Toronto, Canada

Received 25 May 2010; received in revised form 9 November 2010; accepted 14 December 2010

Abstract

Aims: To report pain and functional interference responses in patients radiated for painful spinal metastases, and to determine if location within the vertebral
column or dose fractionation are associated with response.
Materials and methods: Patients treated with palliative radiotherapy for symptomatic spinal metastases fromMay 2003 to June 2005 were analysed. All patients
completed the Brief Pain Inventory (BPI) assessment tool at 1, 2 and 3 months after radiotherapy. The pain response was determined using the International
Bone Metastases Consensus response definitions. Given seven BPI functional interference items, a Bonferroni adjusted P value of less than 0.007 was considered
significant.
Results: One hundred and nine treated patients were assessed. About 50% of patients were treated with a single fraction of 8 Gy. All pain scores and functional
interference scores significantly decreased over time after radiotherapy. At 3 months, 64% of patients achieved a response. Mood was significantly improved for
responders (P¼ 0.003) and a trend in improvement was observed for general activity (P¼ 0.01) and normal work (P¼ 0.04). Breast and prostate primaries were
more likely to achieve an early response as compared with a lung primary. Neither location within the vertebral column or radiotherapy dose fractionation
independently predicted for pain or functional interference responses.
Conclusion: Conventional radiotherapy with 8 Gy in a single fraction for spine metastases resulted in effective palliation of pain at 3 months and had a positive
effect on a patient’s mood. Location within the spine was not a predictive factor.
! 2011 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.

Key words: Brief pain inventory; palliative radiotherapy; spinal metastases

Introduction

Spinal metastases occur in up to 40% of patients with
cancer [1] and about 50e75% of patients with advanced
cancer will develop bone metastases during the course of
their disease. Back pain tends to be the first presenting
symptom, and is reported in 72e91% of patients [2,3].
Treatment options for spinal metastases include conven-
tional external beam radiotherapy [4], surgery [5], analgesic
therapy, bisphosphonates [6], percutaneous vertebral body
augmentation [7], systemic radionuclides [8], stereotactic
body radiotherapy [9,10] or a combination of these

modalities. Surgery tends to be indicated for mechanical
instability, intractable pain or for symptomatic malignant
epidural spinal cord compression. Conventional radio-
therapy is the most common treatment to palliate pain
associated with spine metastases.

The distribution of vertebral metastases varies within
the vertebral column such that thoracic, lumbar and
cervical spine metastases occur in about 70, 20, and 10% of
patients, respectively [11e13]. It is not known if the func-
tional implications and pain responses after palliative
radiation are different based on the location within the
spine, given the inherent biomechanical properties of
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Although there have been several prospective rando-
mised studies and meta-analyses confirming that palliative
radiotherapy is effective in relieving pain from bone
metastases [4], there is a lack of data specifically for spine
metastases. Moreover, there have been few studies report-
ing on pain-related outcomes after radiotherapy, such as
changes in functional interference caused by bone pain
before and after radiotherapy, specifically for spine
metastases.

The purpose of this studywas to investigate in a cohort of
patients treated with conventional radiotherapy to spine
metastases, whether the pain and functional interference
response varied according to the location within the spine
and with radiation dose fractionation up to 3 months. The
Brief Pain Inventory (BPI) tool was used in this study as it
was designed to document both pain response and func-
tional interference. The BPI is well known, and has been
shown to be a reliable and valid tool in depicting pain
severity and the extent to which pain interferes with
function for bone metastases [16].

Materials and Methods

Patients treated at the Rapid Response Radiotherapy
Program at the Sunnybrook Health Sciences Centre, Toronto,
Canada, between May 2003 and June 2005 were enrolled on
a prospective institutional research ethics board approved
study evaluating radiotherapy response rates with the BPI
within the first 3 months after radiotherapy. All patients
requiring palliative radiotherapy were approached for
enrolment regardless of the site of bone metastases. Patients
had to speak English and be able to complete the BPI forms
themselves. There were no other specific exclusion criteria.
Choice as to radiotherapy fractionation was determined by
the treating radiation oncologist. Our aim was to determine
predictors of response using the BPI and baseline data
collected (Table 1) for patients treated for painful spine
metastases.

Analgesic consumption in the 24 h before consultation
was recorded, and all opioid analgesics converted into the
oral morphine equivalent dose (OMED). Non-opioid anal-
gesics were accounted for as zero OMED [17]. Response
outcomes were based on definitions recommended by the
International Bone Metastases Consensus [17]. We have
defined complete response, partial response, pain progres-
sion and stable pain in Table 2. Responders were those
classified as achieving either a complete or a partial
response, and non-responders were those classified as
achieving pain progression or stable pain (Table 2).

All patients rated their pain intensity and inference scores
using the BPI. This patient-based assessment tool evaluates
the worst, average and current pain intensity on a scale of
0 (no pain) to 10 (worst possible pain). Pain interferencewith
functionality is measured in seven categories: general
activity, mood, walking ability, normal work, relationships
with others, sleep and enjoyment of life scores on a scale of
0 (no inference) to 10 (complete interference). Describing
pain as radicular or not is not a component of the BPI.

Table 1
Patient characteristics at initial consultation (n¼ 109)

Age
Mean 66.1
Median (range) 68 (33e90)

Karnofsky performance score
Mean 70.7
Median (range) 75 (0e90)

Worst pain
Mean 7.57
Median (range) 8.0 (2e10)

Total OMED (mg/day)
Mean 97.5
Median (range) 30 (0e2600)

Pain relief (%)
n 90
Mean" standard deviation 66.4" 27.6
Median (range) 70 (0e100)

Primary cancer site
Breast 31 (28%)
Prostate 30 (28%)
Lung 27 (25%)
Genitourinary 8 (7%)
Gastrointestinal 6 (6%)
Other/unknown primary 5 (5%)/2 (2%)

Radiation site
SPTL 56 (52%)
SPLS 44 (40%)
SPCT 9 (8%)

Dose fraction Gy/fraction(s)
8/1 56 (51%)
20/5 49 (45%)
Other 4 (4%)

SPLT, thoracic/thoracic lumbar; SPLS, lumbar/lumbar sacral; SPTC,
cervical/cervico-thoracic; OMED, oral morphine equivalent dose.

Table 2
Response criteria definitions

Complete
response

# A worst pain score of zero at the treated site
and no increase in daily OMED

Partial
response

# A reduction of worst pain score of two or
more at the treated site without OMED
increase

# Or an OMED reduction of 25% or more from
baseline without an increase in pain

Pain
progression

# An increase of two or more points above the
baseline at the treated site with stable
OMED use

# Or a stable pain score or one point above the
baseline with an increase of 25% or more in
daily OMED compared with baseline

Stable pain # Pain that is not otherwise classified as
progressive pain or a partial or complete
response

Responders # Radiotherapy pain response of either a
complete or partial response

Non-responders # Radiotherapy pain response of either
progressive or stable pain

OMED, oral morphine equivalent dose.
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Follow-up assessments were conducted by telephone
with the patient themselves at 1, 2 and 3 months after
palliative radiotherapy. Response outcomes were deter-
mined at each of these time intervals. Patients were grouped
according to the following radiation sites: cervical/cervical
thoracic, thoracic/thoraco-lumbar and lumbar/lumbosacral.
No patient had prior radiation to the treated site, re-irradi-
ation to the affected site or other local interventional thera-
pies to the same site within the 3 months under study.

Statistical Methods

The primary objective of the study was to examine
whether pain and functional interference response varied
according to the location of the spinal metastases, and with
radiation dose fractionation up to 3 months. The secondary
objectives were to search for BPI functional item change over
time, and to compare responders versus non-responders
according to dose fractionation, locationwithin the spine and
BPI function interference items at follow-up intervals. All
analyses were carried out using the Statistical Analysis
System (SAS). Descriptive statistics and frequency distribu-
tions were generated for the patients’ demographics. To
compare responders and non-responders on demographics,
the Wilcoxon rank-sum test (for continuous demographics)
and the Fisher exact test (for categorical demographics) were
conducted.

To analyse changes between baseline and follow-up
measures, a General Linear Mixed Model (GLMM) was
used to plot the mean values of pain score and the func-
tional item score changes over time. The GLMM (also
termed the hierarchical linear model) is a flexible statis-
tical procedure widely used for analysing continuous
longitudinal data and easily accommodates missing values
and mis-timed data [18]. This approach models a line
across time, where time (in months) is included in the
model as a continuous explanatory variable. It accounts for
the correlation present across the repeated measures

within each subject, as well as treating as random effects
the subject-specific deviations from the overall regression
line. Parameterisation of the GLMM includes fixed effects
(i.e. time and responders) while simultaneously calcu-
lating individual (random) effects. We used PROC MIXED
in SAS version 9.2 (for Windows) to conduct these anal-
yses. A natural log-transformation was applied for all BPI
functional items to normalise the distribution, i.e. log
(BPI function scoreþ 1).

The KruskaleWallis non-parametric test was used to test
for significant changes between responders and non-
responders. A Bonferroni adjusted P value of less than 0.007
(0.05/seven BPI items) was considered statistically signifi-
cant when examining comparisons using the seven BPI
functional interference items. The Bonferroni adjustment is
both general and conservative (alpha 0.05/number of tests);
the alpha level of each individual test is adjusted down-
wards to ensure that the overall risk for a number of tests
remains 0.05.

Table 3
Raw Brief Pain Inventory score trends in all patients

Brief Pain Inventory item Baseline Month 1 Month 2 Month 3

n Mean Standard
deviation

n Mean Standard
deviation

n Mean Standard
deviation

n Mean Standard
deviation

Worst pain 108 7.57 2.37 95 4.00 3.13 67 3.57 3.05 55 3.04 3.06
Average pain 108 5.22 1.97 94 2.86 2.35 66 2.67 2.46 55 2.22 2.39
Current pain 107 3.79 2.77 89 2.01 2.30 66 1.98 2.47 55 1.76 2.37

Interference

General Activity 108 6.69 3.06 91 4.09 3.92 63 3.71 3.67 53 3.23 3.81
Mood 106 5.23 3.36 89 2.97 3.61 64 2.94 3.22 55 2.15 3.08
Walking ability 104 5.41 3.32 90 3.91 3.74 65 3.20 3.48 55 2.62 3.56
Normal work 102 6.68 3.26 88 4.20 4.17 62 3.60 3.83 53 2.85 3.82
Relationships with others 106 3.61 3.55 88 1.65 2.85 64 1.67 2.88 55 1.45 2.80
Sleeping 108 4.95 3.65 91 2.65 3.39 64 2.16 2.77 53 1.98 3.17
Enjoyment of life 104 6.50 3.38 89 3.64 3.76 65 3.71 3.57 53 2.51 3.38

For all items, a P value of time of <0.0001 existed. In other words, pain and interference were significantly better as time passed after
radiotherapy.
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Results

Baseline Patient Characteristics

One hundred and nine patients were included in this
study and baseline characteristics are summarised in Table 1.
The median daily OMED was 30 mg, with patients receiving
an average of 66% pain relief from their analgesic use at
baseline. The median survival time for all 109 patients was
7.8 months (range 1.1e41.1 months). At 3 months after
radiotherapy, the overall survival was 88.1% (95% confidence
interval 81e96%). The BPI functional scores at baseline show
that pain interfered the most with general activity, normal
work and enjoyment of life at initial consultation (median
score of 8 for each; Table 3). Therewas least pain interference
with the patient’s relationship with others (median of 2).

Brief Pain Inventory Responses at Follow-up

The mean values of worst pain, average pain and current
pain at baseline, and at months 1, 2 and 3 after radiotherapy
were found to significantly decrease over time (P< 0.0001)
using the GLMM (Figure 1). Similarly, Figure 2 shows the
trend of the BPI functional interference items after radio-
therapy at different follow-up intervals. In all patients, all
seven BPI functional scores significantly changed over time,

decreasing from baseline to month 3 (P< 0.0001). For
example, the general activity functional interference score
decreased from the baseline average of 6.7 to an average of
4.1 at month 1, 3.7 at month 2 and 3.2 at month 3 (raw
scores can be found in Table 3). Decreasing BPI scores
indicate better function and less pain at follow-up.

Responders versus Non-responders

At months 1, 2 and 3, no patients achieved a complete
response (Table 4). At months 1, 2 and 3, about 58, 63 and
64% of patients, respectively, achieved a partial response.
Conversely, at months 1, 2 and 3, nearly 42, 37 and 36% of
patients, respectively, were classified as non-responders. By
month 3, only 5% of patients had progression of pain.

To observe the change in BPI functional items over time in
all patients, and to compare BPI items in responders versus
non-responders, the GLMM was applied to adjust for time
effect. Using the Bonferroni adjusted P value< 0.007, mood
(P¼ 0.0031) was the only BPI functional item significantly
related to responders, with all other comparisons being non-
significant (Table5). In this case, the average ofmood function
was 2.5 in responders and 3.5 in non-responders at month 1,
2.9 in responders and 3.0 in non-responders at month 2, and
1.7 in responders and 3.0 in non-responders at month 3
(Table 6). After adjusting for response rate, all BPI scores
significantly changed from baseline to month 3 (P< 0.001).

Demographic variables, such as age, Karnofsky perfor-
mance score, pain relief at baseline, gender, primary cancer
site, site of spine metastases, and dose fractionation (single
versus multiple) were compared between responders and
non-responders at months 1, 2 and 3 (Table 7). At months 1
and 3, there were no significant differences between
responders and non-responders when comparing demo-
graphics. However, therewas a limited difference in primary
cancer site between responders and non-responders at
month 2, where 27% of patientswith lung cancermetastases
responded as opposed to about 70% for patients with pros-
tate and breast cancer metastases (P¼ 0.02, Table 7).

Radiation Site, Brief Pain Inventory Functional Scores and
Radiation Dose Comparison between Responders and
Non-responders

Using the Fisher exact test, at months 1, 2 and 3 there
were no significant differences between responders and
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Table 4
Response rates at month 1, 2 and 3 based on International Consensus Criteria

Response type Month 1 (%) Month 2 (%) Month 3 (%)

Complete response 0 0 0
Partial response 57.73 62.69 63.64
Responder 57.73 62.69 63.64
Stable pain 36.08 35.82 30.91
Progressive pain 6.19 1.49 5.45
Non-responder 42.27 37.31 36.36
% patients evaluated of the initial 109 89% 61% 50%
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Fig. 2. Brief Pain Inventory functional score changes over time.

Table 4
Response rates at month 1, 2 and 3 based on International Consensus Criteria

Response type Month 1 (%) Month 2 (%) Month 3 (%)

Complete response 0 0 0
Partial response 57.73 62.69 63.64
Responder 57.73 62.69 63.64
Stable pain 36.08 35.82 30.91
Progressive pain 6.19 1.49 5.45
Non-responder 42.27 37.31 36.36
% patients evaluated of the initial 109 89% 61% 50%
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Introduction

Spinal metastases occur in up to 40% of patients with
cancer [1] and about 50e75% of patients with advanced
cancer will develop bone metastases during the course of
their disease. Back pain tends to be the first presenting
symptom, and is reported in 72e91% of patients [2,3].
Treatment options for spinal metastases include conven-
tional external beam radiotherapy [4], surgery [5], analgesic
therapy, bisphosphonates [6], percutaneous vertebral body
augmentation [7], systemic radionuclides [8], stereotactic
body radiotherapy [9,10] or a combination of these

modalities. Surgery tends to be indicated for mechanical
instability, intractable pain or for symptomatic malignant
epidural spinal cord compression. Conventional radio-
therapy is the most common treatment to palliate pain
associated with spine metastases.

The distribution of vertebral metastases varies within
the vertebral column such that thoracic, lumbar and
cervical spine metastases occur in about 70, 20, and 10% of
patients, respectively [11e13]. It is not known if the func-
tional implications and pain responses after palliative
radiation are different based on the location within the
spine, given the inherent biomechanical properties of
the spine that are location dependent. For example, the
cervical spine is the most mobile part of the spine, whereas
the thoracic spine has the least capacity for movement due
to the attached ribs that provide additional mechanical
stabilisation [14,15].
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From Table 5, mood was significantly improved for
responders (P< 0.007) and a trend in improvement was
observed for general activity (P¼ 0.01) and normal work
(P¼ 0.04). Neither dose fractionation nor the location
within the spine was a predictor of response. However,
overall we report a minimal difference in improvement
for the functional interference scores between
responders and non-responders, which may be due to
several factors associated with limitations of the current
study.

Limitations include a small sample size of only 109
patients and limited BPI follow-up, as the study was initially
designed to collect BPI assessments up to 3 months after
radiation. Therefore, we cannot comment on longer term
outcomes. This limitation was imposed in the study design
due to the expected high attrition rates after radiotherapy, as
these patients have metastatic disease, are dying and are
often in preparation for hospice. This is evident given that at
the 3 month follow-up our sample reduced from 109 to 55
patients. Furthermore, with longer durations of follow-up

Table 7
Comparison of patient demographics/characteristics with response to radiotherapy

Variable Comparing responders versus non-responders (P value)

Month 1 Month 2 Month 3

Age at radiation 0.27 0.35 0.71
Karnofsky performance score at baseline 0.19 0.18 0.72
Pain relief at baseline (%) 0.06 0.91 0.48
Gender (male versus female) 0.83 0.82 0.10
Primary cancer site (breast, prostate, lung) 0.25 0.02 0.37
Radiation site (SPLS, SPLT, SPTC) 0.91 0.05 0.38
Dose fraction (single versus multiple) 0.16 0.27 0.54

SPCT, cervical/cervical thoracic spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine.

Table 8
Raw Brief Pain Inventory interference scores stratified by spine site treated and responder/non-responder for 1, 2 and 3months of follow-up

Site 1 month 2 months 3 months

Responder Non-responder Responder Non-responder Responder Non-responder

n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD

General activity SPLS 17 3.59 3.89 14 4.57 3.69 17 3.71 3.90 7 4.71 3.20 16 2.88 3.63 6 5.17 3.82
SPLT 28 3.86 3.74 23 5.22 4.31 16 3.38 3.65 16 4.50 3.86 15 2.47 3.48 11 4.91 4.57
SPTC 6 2.67 4.32 3 1.00 1.73 6 2.00 3.35 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Mood SPLS 17 2.88 2.98 14 3.50 3.67 18 3.22 3.62 7 4.71 3.40 17 2.18 3.24 6 4.17 3.60
SPLT 27 2.48 3.56 22 3.82 4.22 16 2.88 3.24 15 2.47 2.88 15 1.40 2.69 12 2.50 3.26
SPTC 6 1.67 4.08 3 1.67 1.53 7 2.00 2.77 1 0.00 - 3 0.00 0.00 2 2.50 3.54

Walking ability SPLS 17 4.35 3.66 14 3.71 3.54 18 3.56 3.84 7 4.86 3.18 17 2.65 3.20 6 4.67 4.18
SPLT 28 3.64 3.69 22 5.23 3.91 16 3.25 3.45 16 3.06 3.60 15 1.40 2.75 12 3.92 4.60
SPTC 6 1.50 3.21 3 0.00 0.00 7 1.29 2.36 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Normal work SPLS 16 4.44 3.72 14 4.50 3.96 18 4.00 4.47 6 4.83 3.71 16 3.19 3.58 6 5.83 4.12
SPLT 28 3.75 4.35 22 5.41 4.39 16 3.31 3.52 15 4.13 3.72 14 0.71 1.44 12 4.33 5.03
SPTC 5 2.40 4.34 3 0.00 0.00 6 1.17 2.86 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Relationships SPLS 17 1.47 2.27 14 1.64 2.53 18 1.78 3.04 7 2.71 3.82 17 1.88 3.02 6 2.00 2.76
SPLT 27 1.74 3.12 21 2.05 3.41 16 1.94 3.00 15 1.13 2.26 15 1.13 2.67 12 1.42 3.37
SPTC 6 1.17 2.86 3 0.00 0.00 7 1.14 3.02 1 0.00 - 3 0.67 1.15 2 0.00 0.00

Sleeping problems SPLS 18 2.33 2.77 14 2.21 3.36 18 2.50 3.05 7 2.86 2.91 17 2.00 3.16 6 2.50 2.95
SPLT 29 3.28 4.03 21 3.38 3.29 16 2.88 2.90 15 1.80 2.62 14 1.14 2.71 11 3.64 4.01
SPTC 6 0.33 0.82 3 0.00 0.00 7 0.00 0.00 1 0.00 - 3 0.00 0.00 2 0.00 0.00

Enjoyment of life SPLS 18 3.33 3.18 13 4.69 3.84 18 4.00 3.94 7 4.00 3.51 16 3.00 3.54 6 4.00 3.95
SPLT 28 3.43 3.68 21 4.33 4.37 16 3.31 3.34 16 4.50 3.52 14 1.93 3.08 12 2.67 3.77
SPTC 6 2.67 3.88 3 0.00 0.00 7 2.29 3.68 1 0.00 - 3 0.00 0.00 2 1.00 1.41

Using the KruskaleWallis non-parametric test, there was no statistically significant relationship between Brief Pain Inventory functional
scores and different radiation sites within the spine at months 1, 2 and 3 in responders or non-responders. SPCT, cervical/cervical thoracic
spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine; SD, standard deviation.
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From Table 5, mood was significantly improved for
responders (P< 0.007) and a trend in improvement was
observed for general activity (P¼ 0.01) and normal work
(P¼ 0.04). Neither dose fractionation nor the location
within the spine was a predictor of response. However,
overall we report a minimal difference in improvement
for the functional interference scores between
responders and non-responders, which may be due to
several factors associated with limitations of the current
study.

Limitations include a small sample size of only 109
patients and limited BPI follow-up, as the study was initially
designed to collect BPI assessments up to 3 months after
radiation. Therefore, we cannot comment on longer term
outcomes. This limitation was imposed in the study design
due to the expected high attrition rates after radiotherapy, as
these patients have metastatic disease, are dying and are
often in preparation for hospice. This is evident given that at
the 3 month follow-up our sample reduced from 109 to 55
patients. Furthermore, with longer durations of follow-up

Table 7
Comparison of patient demographics/characteristics with response to radiotherapy

Variable Comparing responders versus non-responders (P value)

Month 1 Month 2 Month 3

Age at radiation 0.27 0.35 0.71
Karnofsky performance score at baseline 0.19 0.18 0.72
Pain relief at baseline (%) 0.06 0.91 0.48
Gender (male versus female) 0.83 0.82 0.10
Primary cancer site (breast, prostate, lung) 0.25 0.02 0.37
Radiation site (SPLS, SPLT, SPTC) 0.91 0.05 0.38
Dose fraction (single versus multiple) 0.16 0.27 0.54

SPCT, cervical/cervical thoracic spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine.

Table 8
Raw Brief Pain Inventory interference scores stratified by spine site treated and responder/non-responder for 1, 2 and 3months of follow-up

Site 1 month 2 months 3 months

Responder Non-responder Responder Non-responder Responder Non-responder

n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD

General activity SPLS 17 3.59 3.89 14 4.57 3.69 17 3.71 3.90 7 4.71 3.20 16 2.88 3.63 6 5.17 3.82
SPLT 28 3.86 3.74 23 5.22 4.31 16 3.38 3.65 16 4.50 3.86 15 2.47 3.48 11 4.91 4.57
SPTC 6 2.67 4.32 3 1.00 1.73 6 2.00 3.35 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Mood SPLS 17 2.88 2.98 14 3.50 3.67 18 3.22 3.62 7 4.71 3.40 17 2.18 3.24 6 4.17 3.60
SPLT 27 2.48 3.56 22 3.82 4.22 16 2.88 3.24 15 2.47 2.88 15 1.40 2.69 12 2.50 3.26
SPTC 6 1.67 4.08 3 1.67 1.53 7 2.00 2.77 1 0.00 - 3 0.00 0.00 2 2.50 3.54

Walking ability SPLS 17 4.35 3.66 14 3.71 3.54 18 3.56 3.84 7 4.86 3.18 17 2.65 3.20 6 4.67 4.18
SPLT 28 3.64 3.69 22 5.23 3.91 16 3.25 3.45 16 3.06 3.60 15 1.40 2.75 12 3.92 4.60
SPTC 6 1.50 3.21 3 0.00 0.00 7 1.29 2.36 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Normal work SPLS 16 4.44 3.72 14 4.50 3.96 18 4.00 4.47 6 4.83 3.71 16 3.19 3.58 6 5.83 4.12
SPLT 28 3.75 4.35 22 5.41 4.39 16 3.31 3.52 15 4.13 3.72 14 0.71 1.44 12 4.33 5.03
SPTC 5 2.40 4.34 3 0.00 0.00 6 1.17 2.86 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Relationships SPLS 17 1.47 2.27 14 1.64 2.53 18 1.78 3.04 7 2.71 3.82 17 1.88 3.02 6 2.00 2.76
SPLT 27 1.74 3.12 21 2.05 3.41 16 1.94 3.00 15 1.13 2.26 15 1.13 2.67 12 1.42 3.37
SPTC 6 1.17 2.86 3 0.00 0.00 7 1.14 3.02 1 0.00 - 3 0.67 1.15 2 0.00 0.00

Sleeping problems SPLS 18 2.33 2.77 14 2.21 3.36 18 2.50 3.05 7 2.86 2.91 17 2.00 3.16 6 2.50 2.95
SPLT 29 3.28 4.03 21 3.38 3.29 16 2.88 2.90 15 1.80 2.62 14 1.14 2.71 11 3.64 4.01
SPTC 6 0.33 0.82 3 0.00 0.00 7 0.00 0.00 1 0.00 - 3 0.00 0.00 2 0.00 0.00

Enjoyment of life SPLS 18 3.33 3.18 13 4.69 3.84 18 4.00 3.94 7 4.00 3.51 16 3.00 3.54 6 4.00 3.95
SPLT 28 3.43 3.68 21 4.33 4.37 16 3.31 3.34 16 4.50 3.52 14 1.93 3.08 12 2.67 3.77
SPTC 6 2.67 3.88 3 0.00 0.00 7 2.29 3.68 1 0.00 - 3 0.00 0.00 2 1.00 1.41

Using the KruskaleWallis non-parametric test, there was no statistically significant relationship between Brief Pain Inventory functional
scores and different radiation sites within the spine at months 1, 2 and 3 in responders or non-responders. SPCT, cervical/cervical thoracic
spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine; SD, standard deviation.
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Abstract

Aims: To report pain and functional interference responses in patients radiated for painful spinal metastases, and to determine if location within the vertebral
column or dose fractionation are associated with response.
Materials and methods: Patients treated with palliative radiotherapy for symptomatic spinal metastases fromMay 2003 to June 2005 were analysed. All patients
completed the Brief Pain Inventory (BPI) assessment tool at 1, 2 and 3 months after radiotherapy. The pain response was determined using the International
Bone Metastases Consensus response definitions. Given seven BPI functional interference items, a Bonferroni adjusted P value of less than 0.007 was considered
significant.
Results: One hundred and nine treated patients were assessed. About 50% of patients were treated with a single fraction of 8 Gy. All pain scores and functional
interference scores significantly decreased over time after radiotherapy. At 3 months, 64% of patients achieved a response. Mood was significantly improved for
responders (P¼ 0.003) and a trend in improvement was observed for general activity (P¼ 0.01) and normal work (P¼ 0.04). Breast and prostate primaries were
more likely to achieve an early response as compared with a lung primary. Neither location within the vertebral column or radiotherapy dose fractionation
independently predicted for pain or functional interference responses.
Conclusion: Conventional radiotherapy with 8 Gy in a single fraction for spine metastases resulted in effective palliation of pain at 3 months and had a positive
effect on a patient’s mood. Location within the spine was not a predictive factor.
! 2011 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

Spinal metastases occur in up to 40% of patients with
cancer [1] and about 50e75% of patients with advanced
cancer will develop bone metastases during the course of
their disease. Back pain tends to be the first presenting
symptom, and is reported in 72e91% of patients [2,3].
Treatment options for spinal metastases include conven-
tional external beam radiotherapy [4], surgery [5], analgesic
therapy, bisphosphonates [6], percutaneous vertebral body
augmentation [7], systemic radionuclides [8], stereotactic
body radiotherapy [9,10] or a combination of these

modalities. Surgery tends to be indicated for mechanical
instability, intractable pain or for symptomatic malignant
epidural spinal cord compression. Conventional radio-
therapy is the most common treatment to palliate pain
associated with spine metastases.

The distribution of vertebral metastases varies within
the vertebral column such that thoracic, lumbar and
cervical spine metastases occur in about 70, 20, and 10% of
patients, respectively [11e13]. It is not known if the func-
tional implications and pain responses after palliative
radiation are different based on the location within the
spine, given the inherent biomechanical properties of
the spine that are location dependent. For example, the
cervical spine is the most mobile part of the spine, whereas
the thoracic spine has the least capacity for movement due
to the attached ribs that provide additional mechanical
stabilisation [14,15].
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Introduction

Spinal metastases occur in up to 40% of patients with
cancer [1] and about 50e75% of patients with advanced
cancer will develop bone metastases during the course of
their disease. Back pain tends to be the first presenting
symptom, and is reported in 72e91% of patients [2,3].
Treatment options for spinal metastases include conven-
tional external beam radiotherapy [4], surgery [5], analgesic
therapy, bisphosphonates [6], percutaneous vertebral body
augmentation [7], systemic radionuclides [8], stereotactic
body radiotherapy [9,10] or a combination of these

modalities. Surgery tends to be indicated for mechanical
instability, intractable pain or for symptomatic malignant
epidural spinal cord compression. Conventional radio-
therapy is the most common treatment to palliate pain
associated with spine metastases.

The distribution of vertebral metastases varies within
the vertebral column such that thoracic, lumbar and
cervical spine metastases occur in about 70, 20, and 10% of
patients, respectively [11e13]. It is not known if the func-
tional implications and pain responses after palliative
radiation are different based on the location within the
spine, given the inherent biomechanical properties of
the spine that are location dependent. For example, the
cervical spine is the most mobile part of the spine, whereas
the thoracic spine has the least capacity for movement due
to the attached ribs that provide additional mechanical
stabilisation [14,15].
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Introduction

Spinal metastases occur in up to 40% of patients with
cancer [1] and about 50e75% of patients with advanced
cancer will develop bone metastases during the course of
their disease. Back pain tends to be the first presenting
symptom, and is reported in 72e91% of patients [2,3].
Treatment options for spinal metastases include conven-
tional external beam radiotherapy [4], surgery [5], analgesic
therapy, bisphosphonates [6], percutaneous vertebral body
augmentation [7], systemic radionuclides [8], stereotactic
body radiotherapy [9,10] or a combination of these

modalities. Surgery tends to be indicated for mechanical
instability, intractable pain or for symptomatic malignant
epidural spinal cord compression. Conventional radio-
therapy is the most common treatment to palliate pain
associated with spine metastases.

The distribution of vertebral metastases varies within
the vertebral column such that thoracic, lumbar and
cervical spine metastases occur in about 70, 20, and 10% of
patients, respectively [11e13]. It is not known if the func-
tional implications and pain responses after palliative
radiation are different based on the location within the
spine, given the inherent biomechanical properties of
the spine that are location dependent. For example, the
cervical spine is the most mobile part of the spine, whereas
the thoracic spine has the least capacity for movement due
to the attached ribs that provide additional mechanical
stabilisation [14,15].
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From Table 5, mood was significantly improved for
responders (P< 0.007) and a trend in improvement was
observed for general activity (P¼ 0.01) and normal work
(P¼ 0.04). Neither dose fractionation nor the location
within the spine was a predictor of response. However,
overall we report a minimal difference in improvement
for the functional interference scores between
responders and non-responders, which may be due to
several factors associated with limitations of the current
study.

Limitations include a small sample size of only 109
patients and limited BPI follow-up, as the study was initially
designed to collect BPI assessments up to 3 months after
radiation. Therefore, we cannot comment on longer term
outcomes. This limitation was imposed in the study design
due to the expected high attrition rates after radiotherapy, as
these patients have metastatic disease, are dying and are
often in preparation for hospice. This is evident given that at
the 3 month follow-up our sample reduced from 109 to 55
patients. Furthermore, with longer durations of follow-up

Table 7
Comparison of patient demographics/characteristics with response to radiotherapy

Variable Comparing responders versus non-responders (P value)

Month 1 Month 2 Month 3

Age at radiation 0.27 0.35 0.71
Karnofsky performance score at baseline 0.19 0.18 0.72
Pain relief at baseline (%) 0.06 0.91 0.48
Gender (male versus female) 0.83 0.82 0.10
Primary cancer site (breast, prostate, lung) 0.25 0.02 0.37
Radiation site (SPLS, SPLT, SPTC) 0.91 0.05 0.38
Dose fraction (single versus multiple) 0.16 0.27 0.54

SPCT, cervical/cervical thoracic spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine.

Table 8
Raw Brief Pain Inventory interference scores stratified by spine site treated and responder/non-responder for 1, 2 and 3months of follow-up

Site 1 month 2 months 3 months

Responder Non-responder Responder Non-responder Responder Non-responder

n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD

General activity SPLS 17 3.59 3.89 14 4.57 3.69 17 3.71 3.90 7 4.71 3.20 16 2.88 3.63 6 5.17 3.82
SPLT 28 3.86 3.74 23 5.22 4.31 16 3.38 3.65 16 4.50 3.86 15 2.47 3.48 11 4.91 4.57
SPTC 6 2.67 4.32 3 1.00 1.73 6 2.00 3.35 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Mood SPLS 17 2.88 2.98 14 3.50 3.67 18 3.22 3.62 7 4.71 3.40 17 2.18 3.24 6 4.17 3.60
SPLT 27 2.48 3.56 22 3.82 4.22 16 2.88 3.24 15 2.47 2.88 15 1.40 2.69 12 2.50 3.26
SPTC 6 1.67 4.08 3 1.67 1.53 7 2.00 2.77 1 0.00 - 3 0.00 0.00 2 2.50 3.54

Walking ability SPLS 17 4.35 3.66 14 3.71 3.54 18 3.56 3.84 7 4.86 3.18 17 2.65 3.20 6 4.67 4.18
SPLT 28 3.64 3.69 22 5.23 3.91 16 3.25 3.45 16 3.06 3.60 15 1.40 2.75 12 3.92 4.60
SPTC 6 1.50 3.21 3 0.00 0.00 7 1.29 2.36 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Normal work SPLS 16 4.44 3.72 14 4.50 3.96 18 4.00 4.47 6 4.83 3.71 16 3.19 3.58 6 5.83 4.12
SPLT 28 3.75 4.35 22 5.41 4.39 16 3.31 3.52 15 4.13 3.72 14 0.71 1.44 12 4.33 5.03
SPTC 5 2.40 4.34 3 0.00 0.00 6 1.17 2.86 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Relationships SPLS 17 1.47 2.27 14 1.64 2.53 18 1.78 3.04 7 2.71 3.82 17 1.88 3.02 6 2.00 2.76
SPLT 27 1.74 3.12 21 2.05 3.41 16 1.94 3.00 15 1.13 2.26 15 1.13 2.67 12 1.42 3.37
SPTC 6 1.17 2.86 3 0.00 0.00 7 1.14 3.02 1 0.00 - 3 0.67 1.15 2 0.00 0.00

Sleeping problems SPLS 18 2.33 2.77 14 2.21 3.36 18 2.50 3.05 7 2.86 2.91 17 2.00 3.16 6 2.50 2.95
SPLT 29 3.28 4.03 21 3.38 3.29 16 2.88 2.90 15 1.80 2.62 14 1.14 2.71 11 3.64 4.01
SPTC 6 0.33 0.82 3 0.00 0.00 7 0.00 0.00 1 0.00 - 3 0.00 0.00 2 0.00 0.00

Enjoyment of life SPLS 18 3.33 3.18 13 4.69 3.84 18 4.00 3.94 7 4.00 3.51 16 3.00 3.54 6 4.00 3.95
SPLT 28 3.43 3.68 21 4.33 4.37 16 3.31 3.34 16 4.50 3.52 14 1.93 3.08 12 2.67 3.77
SPTC 6 2.67 3.88 3 0.00 0.00 7 2.29 3.68 1 0.00 - 3 0.00 0.00 2 1.00 1.41

Using the KruskaleWallis non-parametric test, there was no statistically significant relationship between Brief Pain Inventory functional
scores and different radiation sites within the spine at months 1, 2 and 3 in responders or non-responders. SPCT, cervical/cervical thoracic
spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine; SD, standard deviation.
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From Table 5, mood was significantly improved for
responders (P< 0.007) and a trend in improvement was
observed for general activity (P¼ 0.01) and normal work
(P¼ 0.04). Neither dose fractionation nor the location
within the spine was a predictor of response. However,
overall we report a minimal difference in improvement
for the functional interference scores between
responders and non-responders, which may be due to
several factors associated with limitations of the current
study.

Limitations include a small sample size of only 109
patients and limited BPI follow-up, as the study was initially
designed to collect BPI assessments up to 3 months after
radiation. Therefore, we cannot comment on longer term
outcomes. This limitation was imposed in the study design
due to the expected high attrition rates after radiotherapy, as
these patients have metastatic disease, are dying and are
often in preparation for hospice. This is evident given that at
the 3 month follow-up our sample reduced from 109 to 55
patients. Furthermore, with longer durations of follow-up

Table 7
Comparison of patient demographics/characteristics with response to radiotherapy

Variable Comparing responders versus non-responders (P value)

Month 1 Month 2 Month 3

Age at radiation 0.27 0.35 0.71
Karnofsky performance score at baseline 0.19 0.18 0.72
Pain relief at baseline (%) 0.06 0.91 0.48
Gender (male versus female) 0.83 0.82 0.10
Primary cancer site (breast, prostate, lung) 0.25 0.02 0.37
Radiation site (SPLS, SPLT, SPTC) 0.91 0.05 0.38
Dose fraction (single versus multiple) 0.16 0.27 0.54

SPCT, cervical/cervical thoracic spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine.

Table 8
Raw Brief Pain Inventory interference scores stratified by spine site treated and responder/non-responder for 1, 2 and 3months of follow-up

Site 1 month 2 months 3 months

Responder Non-responder Responder Non-responder Responder Non-responder

n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD

General activity SPLS 17 3.59 3.89 14 4.57 3.69 17 3.71 3.90 7 4.71 3.20 16 2.88 3.63 6 5.17 3.82
SPLT 28 3.86 3.74 23 5.22 4.31 16 3.38 3.65 16 4.50 3.86 15 2.47 3.48 11 4.91 4.57
SPTC 6 2.67 4.32 3 1.00 1.73 6 2.00 3.35 1 0.00 - 3 1.00 1.73 2 0.00 0.00
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Normal work SPLS 16 4.44 3.72 14 4.50 3.96 18 4.00 4.47 6 4.83 3.71 16 3.19 3.58 6 5.83 4.12
SPLT 28 3.75 4.35 22 5.41 4.39 16 3.31 3.52 15 4.13 3.72 14 0.71 1.44 12 4.33 5.03
SPTC 5 2.40 4.34 3 0.00 0.00 6 1.17 2.86 1 0.00 - 3 1.00 1.73 2 0.00 0.00
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SPTC 6 0.33 0.82 3 0.00 0.00 7 0.00 0.00 1 0.00 - 3 0.00 0.00 2 0.00 0.00

Enjoyment of life SPLS 18 3.33 3.18 13 4.69 3.84 18 4.00 3.94 7 4.00 3.51 16 3.00 3.54 6 4.00 3.95
SPLT 28 3.43 3.68 21 4.33 4.37 16 3.31 3.34 16 4.50 3.52 14 1.93 3.08 12 2.67 3.77
SPTC 6 2.67 3.88 3 0.00 0.00 7 2.29 3.68 1 0.00 - 3 0.00 0.00 2 1.00 1.41

Using the KruskaleWallis non-parametric test, there was no statistically significant relationship between Brief Pain Inventory functional
scores and different radiation sites within the spine at months 1, 2 and 3 in responders or non-responders. SPCT, cervical/cervical thoracic
spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine; SD, standard deviation.
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From Table 5, mood was significantly improved for
responders (P< 0.007) and a trend in improvement was
observed for general activity (P¼ 0.01) and normal work
(P¼ 0.04). Neither dose fractionation nor the location
within the spine was a predictor of response. However,
overall we report a minimal difference in improvement
for the functional interference scores between
responders and non-responders, which may be due to
several factors associated with limitations of the current
study.

Limitations include a small sample size of only 109
patients and limited BPI follow-up, as the study was initially
designed to collect BPI assessments up to 3 months after
radiation. Therefore, we cannot comment on longer term
outcomes. This limitation was imposed in the study design
due to the expected high attrition rates after radiotherapy, as
these patients have metastatic disease, are dying and are
often in preparation for hospice. This is evident given that at
the 3 month follow-up our sample reduced from 109 to 55
patients. Furthermore, with longer durations of follow-up

Table 7
Comparison of patient demographics/characteristics with response to radiotherapy

Variable Comparing responders versus non-responders (P value)

Month 1 Month 2 Month 3

Age at radiation 0.27 0.35 0.71
Karnofsky performance score at baseline 0.19 0.18 0.72
Pain relief at baseline (%) 0.06 0.91 0.48
Gender (male versus female) 0.83 0.82 0.10
Primary cancer site (breast, prostate, lung) 0.25 0.02 0.37
Radiation site (SPLS, SPLT, SPTC) 0.91 0.05 0.38
Dose fraction (single versus multiple) 0.16 0.27 0.54

SPCT, cervical/cervical thoracic spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine.

Table 8
Raw Brief Pain Inventory interference scores stratified by spine site treated and responder/non-responder for 1, 2 and 3months of follow-up

Site 1 month 2 months 3 months

Responder Non-responder Responder Non-responder Responder Non-responder

n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD

General activity SPLS 17 3.59 3.89 14 4.57 3.69 17 3.71 3.90 7 4.71 3.20 16 2.88 3.63 6 5.17 3.82
SPLT 28 3.86 3.74 23 5.22 4.31 16 3.38 3.65 16 4.50 3.86 15 2.47 3.48 11 4.91 4.57
SPTC 6 2.67 4.32 3 1.00 1.73 6 2.00 3.35 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Mood SPLS 17 2.88 2.98 14 3.50 3.67 18 3.22 3.62 7 4.71 3.40 17 2.18 3.24 6 4.17 3.60
SPLT 27 2.48 3.56 22 3.82 4.22 16 2.88 3.24 15 2.47 2.88 15 1.40 2.69 12 2.50 3.26
SPTC 6 1.67 4.08 3 1.67 1.53 7 2.00 2.77 1 0.00 - 3 0.00 0.00 2 2.50 3.54

Walking ability SPLS 17 4.35 3.66 14 3.71 3.54 18 3.56 3.84 7 4.86 3.18 17 2.65 3.20 6 4.67 4.18
SPLT 28 3.64 3.69 22 5.23 3.91 16 3.25 3.45 16 3.06 3.60 15 1.40 2.75 12 3.92 4.60
SPTC 6 1.50 3.21 3 0.00 0.00 7 1.29 2.36 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Normal work SPLS 16 4.44 3.72 14 4.50 3.96 18 4.00 4.47 6 4.83 3.71 16 3.19 3.58 6 5.83 4.12
SPLT 28 3.75 4.35 22 5.41 4.39 16 3.31 3.52 15 4.13 3.72 14 0.71 1.44 12 4.33 5.03
SPTC 5 2.40 4.34 3 0.00 0.00 6 1.17 2.86 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Relationships SPLS 17 1.47 2.27 14 1.64 2.53 18 1.78 3.04 7 2.71 3.82 17 1.88 3.02 6 2.00 2.76
SPLT 27 1.74 3.12 21 2.05 3.41 16 1.94 3.00 15 1.13 2.26 15 1.13 2.67 12 1.42 3.37
SPTC 6 1.17 2.86 3 0.00 0.00 7 1.14 3.02 1 0.00 - 3 0.67 1.15 2 0.00 0.00

Sleeping problems SPLS 18 2.33 2.77 14 2.21 3.36 18 2.50 3.05 7 2.86 2.91 17 2.00 3.16 6 2.50 2.95
SPLT 29 3.28 4.03 21 3.38 3.29 16 2.88 2.90 15 1.80 2.62 14 1.14 2.71 11 3.64 4.01
SPTC 6 0.33 0.82 3 0.00 0.00 7 0.00 0.00 1 0.00 - 3 0.00 0.00 2 0.00 0.00

Enjoyment of life SPLS 18 3.33 3.18 13 4.69 3.84 18 4.00 3.94 7 4.00 3.51 16 3.00 3.54 6 4.00 3.95
SPLT 28 3.43 3.68 21 4.33 4.37 16 3.31 3.34 16 4.50 3.52 14 1.93 3.08 12 2.67 3.77
SPTC 6 2.67 3.88 3 0.00 0.00 7 2.29 3.68 1 0.00 - 3 0.00 0.00 2 1.00 1.41

Using the KruskaleWallis non-parametric test, there was no statistically significant relationship between Brief Pain Inventory functional
scores and different radiation sites within the spine at months 1, 2 and 3 in responders or non-responders. SPCT, cervical/cervical thoracic
spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine; SD, standard deviation.
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From Table 5, mood was significantly improved for
responders (P< 0.007) and a trend in improvement was
observed for general activity (P¼ 0.01) and normal work
(P¼ 0.04). Neither dose fractionation nor the location
within the spine was a predictor of response. However,
overall we report a minimal difference in improvement
for the functional interference scores between
responders and non-responders, which may be due to
several factors associated with limitations of the current
study.

Limitations include a small sample size of only 109
patients and limited BPI follow-up, as the study was initially
designed to collect BPI assessments up to 3 months after
radiation. Therefore, we cannot comment on longer term
outcomes. This limitation was imposed in the study design
due to the expected high attrition rates after radiotherapy, as
these patients have metastatic disease, are dying and are
often in preparation for hospice. This is evident given that at
the 3 month follow-up our sample reduced from 109 to 55
patients. Furthermore, with longer durations of follow-up

Table 7
Comparison of patient demographics/characteristics with response to radiotherapy

Variable Comparing responders versus non-responders (P value)

Month 1 Month 2 Month 3

Age at radiation 0.27 0.35 0.71
Karnofsky performance score at baseline 0.19 0.18 0.72
Pain relief at baseline (%) 0.06 0.91 0.48
Gender (male versus female) 0.83 0.82 0.10
Primary cancer site (breast, prostate, lung) 0.25 0.02 0.37
Radiation site (SPLS, SPLT, SPTC) 0.91 0.05 0.38
Dose fraction (single versus multiple) 0.16 0.27 0.54

SPCT, cervical/cervical thoracic spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine.

Table 8
Raw Brief Pain Inventory interference scores stratified by spine site treated and responder/non-responder for 1, 2 and 3months of follow-up

Site 1 month 2 months 3 months

Responder Non-responder Responder Non-responder Responder Non-responder

n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD

General activity SPLS 17 3.59 3.89 14 4.57 3.69 17 3.71 3.90 7 4.71 3.20 16 2.88 3.63 6 5.17 3.82
SPLT 28 3.86 3.74 23 5.22 4.31 16 3.38 3.65 16 4.50 3.86 15 2.47 3.48 11 4.91 4.57
SPTC 6 2.67 4.32 3 1.00 1.73 6 2.00 3.35 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Mood SPLS 17 2.88 2.98 14 3.50 3.67 18 3.22 3.62 7 4.71 3.40 17 2.18 3.24 6 4.17 3.60
SPLT 27 2.48 3.56 22 3.82 4.22 16 2.88 3.24 15 2.47 2.88 15 1.40 2.69 12 2.50 3.26
SPTC 6 1.67 4.08 3 1.67 1.53 7 2.00 2.77 1 0.00 - 3 0.00 0.00 2 2.50 3.54

Walking ability SPLS 17 4.35 3.66 14 3.71 3.54 18 3.56 3.84 7 4.86 3.18 17 2.65 3.20 6 4.67 4.18
SPLT 28 3.64 3.69 22 5.23 3.91 16 3.25 3.45 16 3.06 3.60 15 1.40 2.75 12 3.92 4.60
SPTC 6 1.50 3.21 3 0.00 0.00 7 1.29 2.36 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Normal work SPLS 16 4.44 3.72 14 4.50 3.96 18 4.00 4.47 6 4.83 3.71 16 3.19 3.58 6 5.83 4.12
SPLT 28 3.75 4.35 22 5.41 4.39 16 3.31 3.52 15 4.13 3.72 14 0.71 1.44 12 4.33 5.03
SPTC 5 2.40 4.34 3 0.00 0.00 6 1.17 2.86 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Relationships SPLS 17 1.47 2.27 14 1.64 2.53 18 1.78 3.04 7 2.71 3.82 17 1.88 3.02 6 2.00 2.76
SPLT 27 1.74 3.12 21 2.05 3.41 16 1.94 3.00 15 1.13 2.26 15 1.13 2.67 12 1.42 3.37
SPTC 6 1.17 2.86 3 0.00 0.00 7 1.14 3.02 1 0.00 - 3 0.67 1.15 2 0.00 0.00

Sleeping problems SPLS 18 2.33 2.77 14 2.21 3.36 18 2.50 3.05 7 2.86 2.91 17 2.00 3.16 6 2.50 2.95
SPLT 29 3.28 4.03 21 3.38 3.29 16 2.88 2.90 15 1.80 2.62 14 1.14 2.71 11 3.64 4.01
SPTC 6 0.33 0.82 3 0.00 0.00 7 0.00 0.00 1 0.00 - 3 0.00 0.00 2 0.00 0.00

Enjoyment of life SPLS 18 3.33 3.18 13 4.69 3.84 18 4.00 3.94 7 4.00 3.51 16 3.00 3.54 6 4.00 3.95
SPLT 28 3.43 3.68 21 4.33 4.37 16 3.31 3.34 16 4.50 3.52 14 1.93 3.08 12 2.67 3.77
SPTC 6 2.67 3.88 3 0.00 0.00 7 2.29 3.68 1 0.00 - 3 0.00 0.00 2 1.00 1.41

Using the KruskaleWallis non-parametric test, there was no statistically significant relationship between Brief Pain Inventory functional
scores and different radiation sites within the spine at months 1, 2 and 3 in responders or non-responders. SPCT, cervical/cervical thoracic
spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine; SD, standard deviation.
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From Table 5, mood was significantly improved for
responders (P< 0.007) and a trend in improvement was
observed for general activity (P¼ 0.01) and normal work
(P¼ 0.04). Neither dose fractionation nor the location
within the spine was a predictor of response. However,
overall we report a minimal difference in improvement
for the functional interference scores between
responders and non-responders, which may be due to
several factors associated with limitations of the current
study.

Limitations include a small sample size of only 109
patients and limited BPI follow-up, as the study was initially
designed to collect BPI assessments up to 3 months after
radiation. Therefore, we cannot comment on longer term
outcomes. This limitation was imposed in the study design
due to the expected high attrition rates after radiotherapy, as
these patients have metastatic disease, are dying and are
often in preparation for hospice. This is evident given that at
the 3 month follow-up our sample reduced from 109 to 55
patients. Furthermore, with longer durations of follow-up

Table 7
Comparison of patient demographics/characteristics with response to radiotherapy

Variable Comparing responders versus non-responders (P value)

Month 1 Month 2 Month 3

Age at radiation 0.27 0.35 0.71
Karnofsky performance score at baseline 0.19 0.18 0.72
Pain relief at baseline (%) 0.06 0.91 0.48
Gender (male versus female) 0.83 0.82 0.10
Primary cancer site (breast, prostate, lung) 0.25 0.02 0.37
Radiation site (SPLS, SPLT, SPTC) 0.91 0.05 0.38
Dose fraction (single versus multiple) 0.16 0.27 0.54

SPCT, cervical/cervical thoracic spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine.

Table 8
Raw Brief Pain Inventory interference scores stratified by spine site treated and responder/non-responder for 1, 2 and 3months of follow-up

Site 1 month 2 months 3 months

Responder Non-responder Responder Non-responder Responder Non-responder

n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD n Mean SD

General activity SPLS 17 3.59 3.89 14 4.57 3.69 17 3.71 3.90 7 4.71 3.20 16 2.88 3.63 6 5.17 3.82
SPLT 28 3.86 3.74 23 5.22 4.31 16 3.38 3.65 16 4.50 3.86 15 2.47 3.48 11 4.91 4.57
SPTC 6 2.67 4.32 3 1.00 1.73 6 2.00 3.35 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Mood SPLS 17 2.88 2.98 14 3.50 3.67 18 3.22 3.62 7 4.71 3.40 17 2.18 3.24 6 4.17 3.60
SPLT 27 2.48 3.56 22 3.82 4.22 16 2.88 3.24 15 2.47 2.88 15 1.40 2.69 12 2.50 3.26
SPTC 6 1.67 4.08 3 1.67 1.53 7 2.00 2.77 1 0.00 - 3 0.00 0.00 2 2.50 3.54

Walking ability SPLS 17 4.35 3.66 14 3.71 3.54 18 3.56 3.84 7 4.86 3.18 17 2.65 3.20 6 4.67 4.18
SPLT 28 3.64 3.69 22 5.23 3.91 16 3.25 3.45 16 3.06 3.60 15 1.40 2.75 12 3.92 4.60
SPTC 6 1.50 3.21 3 0.00 0.00 7 1.29 2.36 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Normal work SPLS 16 4.44 3.72 14 4.50 3.96 18 4.00 4.47 6 4.83 3.71 16 3.19 3.58 6 5.83 4.12
SPLT 28 3.75 4.35 22 5.41 4.39 16 3.31 3.52 15 4.13 3.72 14 0.71 1.44 12 4.33 5.03
SPTC 5 2.40 4.34 3 0.00 0.00 6 1.17 2.86 1 0.00 - 3 1.00 1.73 2 0.00 0.00

Relationships SPLS 17 1.47 2.27 14 1.64 2.53 18 1.78 3.04 7 2.71 3.82 17 1.88 3.02 6 2.00 2.76
SPLT 27 1.74 3.12 21 2.05 3.41 16 1.94 3.00 15 1.13 2.26 15 1.13 2.67 12 1.42 3.37
SPTC 6 1.17 2.86 3 0.00 0.00 7 1.14 3.02 1 0.00 - 3 0.67 1.15 2 0.00 0.00

Sleeping problems SPLS 18 2.33 2.77 14 2.21 3.36 18 2.50 3.05 7 2.86 2.91 17 2.00 3.16 6 2.50 2.95
SPLT 29 3.28 4.03 21 3.38 3.29 16 2.88 2.90 15 1.80 2.62 14 1.14 2.71 11 3.64 4.01
SPTC 6 0.33 0.82 3 0.00 0.00 7 0.00 0.00 1 0.00 - 3 0.00 0.00 2 0.00 0.00

Enjoyment of life SPLS 18 3.33 3.18 13 4.69 3.84 18 4.00 3.94 7 4.00 3.51 16 3.00 3.54 6 4.00 3.95
SPLT 28 3.43 3.68 21 4.33 4.37 16 3.31 3.34 16 4.50 3.52 14 1.93 3.08 12 2.67 3.77
SPTC 6 2.67 3.88 3 0.00 0.00 7 2.29 3.68 1 0.00 - 3 0.00 0.00 2 1.00 1.41

Using the KruskaleWallis non-parametric test, there was no statistically significant relationship between Brief Pain Inventory functional
scores and different radiation sites within the spine at months 1, 2 and 3 in responders or non-responders. SPCT, cervical/cervical thoracic
spine; SPTL, thoracic/thoraco-lumbar spine; SPLS, lumbar/lumbosacral spine; SD, standard deviation.
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 174–179

Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
technique employs a treatment volume defined by the site of

compression and a margin of two vertebral bodies above and below
this. In the past, myelography was used to define the site of the block
but computed tomography (CT) and magnetic resonance imaging
(MRI) are now the investigations of choice giving the three-dimen-
sional extent of spinal disease [3,15].

Generally, the median life expectancy in MSCC patients is short
(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
one regimen over the others for any cohort of patients [2,8,18–
29]. Recently, we have reported outcomes of our phase III trial,
the only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
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by 15 Gy in 5 fractions after an interval of 4 days. Patients entering
this trial had MSCC and short (66 months) life expectancy. No dif-
ference in outcome was found comparing short- versus split-
course regimens. Considering these results and the advantages of
only two fractions with respect to more prolonged treatment in
term of patient convenience and machine time, the short-course
regimen was suggested as the RT schedule of choice in the clinical
practice for MSCC patients with short expected survival [16].

Several trials evaluating the best and more convenient RT regi-
men in uncomplicated painful bone metastases have shown that a
single-fraction of 8 Gy gives clinical outcome similar to that in
more protracted regimens, also for those patients with vertebral
metastases [30–32].

With this background, a randomized phase III equivalence trial
was performed to determine whether in MSCC patients 8 Gy sin-
gle-dose is as effective as 8 Gy ! 2 with regard to symptom control,
duration of response, survival, and toxicity.

Materials and methods

Study design

The primary objectives of this trial were to determine whether a
single-dose of 8 Gy is as effective as a short-course RT of 8 Gy ! 2
(8 Gy, 6-day rest, and then 8 Gy, to a total dose of 16 Gy in 1 week)
in MSCC patients with respect to (a) symptom control (i.e., back
pain, motor and sphincter function), (b) duration of response,
and (c) survival. Secondary objectives were to compare the acute
and late side effects of the two treatment arms, to determine
whether there are any differences in outcome with respect to iat-
rogenic acute oral/oesophageal toxicity, diarrhoea, and emesis,
and to determine whether there are any differences in outcome
with respect to the development of late spinal cord morbidity.

The study was designed as a two-arm phase III randomized con-
trolled trial with 1:1 randomization to the two arms. The study pop-
ulation consisted of patients with MSCC diagnosed by MRI or CT and
was selected according to the Eligibility criteria listed below.
Patients were randomly assigned, allocation was performed by a
centralized registration, and investigators were notified of assign-
ment by telephone and fax. Treatment groups were not stratified.

Eligibility criteria

Aiming at an early diagnosis, MRI or CT was prescribed for all
cancer patients with back pain, osteolysis and/or positive bone
scan, even in the absence of clinical neurological signs of spinal
cord compression. It is worthy to note that only patients with short
life expectancy entered this study (i.e., patients with unfavourable
histologies which have a short life expectancy due to the natural
history of the tumour itself, or patients with favourable histologies,
neurological symptoms and/or low performance status, factors
that are generally associated to a short life expectancy). All cases
fulfilled the inclusion criteria listed below.

(1) Metastatic spinal cord and/or cauda equina compression
diagnosed by MRI or CT in patients with progressive neo-
plastic disease.

(2) No criteria indicating a primary surgical approach (i.e., there
were neither diagnostic doubts, nor spinal instability, bony
compression causing MSCC, nor previous irradiation in the
same area).

(3) Patients with a short life expectancy (66 months) because of
(a) the presence of unfavourable histologies (i.e., lung, kid-
ney, gastrointestinal and head and neck carcinoma, mela-
noma, sarcoma), or (b) favourable ones (i.e., lymphoma,

seminoma, myeloma, and breast or prostate carcinoma) pro-
vided that motor/sphincter dysfunction and/or low perfor-
mance status were also manifested.

(4) Informed consent.

As in the trial comparing short- versus split-course RT [16], all
these criteria were chosen in an attempt to enrol only MSCC
patients with short life expectancy, whereas the others underwent
3–30 Gy in 2 weeks or other more protracted RT schedules accord-
ing to the choice of each centre participating in the trial.

Treatment

Parenteral dexamethasone (8 mg ! 2/day) was administered
from the first day of clinical-radiologic diagnosis until 4–5 days
after the end of RT, and then tapered off over 10 days. No respond-
ers continued steroids.

According to Priestman’s suggestions and our previous experi-
ence [23,33], all patients treated with fields cove ring the upper
abdomen (i.e., fields between T8 and L3 with an area of
P100 cm2) received oral or parenteral adjuvant antiemetics (a 5-
hydroxytriptamine receptor [5-HT3] antagonist) 30–60 min before
each RT fraction.

Radiotherapy was started within 24/48 h of the radiologic diag-
nosis and was delivered by a 4–18 MV linear accelerator. General
recommendations for physicians participating in the trial were as
follows:

(1) radiation portals centred on the site of epidural compression
and extended two vertebral bodies above and below;

(2) paravertebral mass included in the treatment portal accord-
ing to MRI and/or CT definition;

(3) radiotherapy field defined on a treatment simulator and
dose prescribed at cord depth as measured by MRI or CT
scans and/or simulator lateral radiograph;

(4) cervical spine lesions treated with opposed lateral fields, tho-
racic spine with a simple posterior field, or with two opposed
antero-posterior fields and differential dose contribution (in
the ratio of 2–3 to 1 in favour of the posterior field), and lum-
bar spine with opposed antero-posterior fields which were, if
necessary, differently weighted at RT isocentre [34].

Assessment

Response to treatment was evaluated according to the patients’
walking capacity, bladder function and back pain before and after
RT. Each effect was evaluated separately. Based on the physical
examination, motor performance was graded according to Tomita’s
groups: group I – ability to walk without support, group II – ability to
walk with support, group III – inability to walk and group IV – para-
plegic [21]. Bladder function was defined by the need for urinary
catheter. Pain was graded according to the classification: no pain,
pain controlled with minor analgesics, pain requiring minor narcot-
ics (i.e., codeine), and pain requiring major narcotics (i.e., morphine).

The response criteria adopted were as follows. Patients who
were able to walk before and after treatment, as well as those
unable to walk before RT who recovered walking ability after RT
and those patients who maintained or recovered sphincter func-
tion were considered responders. Regarding back pain, response
was divided into three categories:

(1) complete responders, those patients who had no pain after
RT;

(2) partial responders, (a) patients using minor narcotics who
had stable pain or pain requiring minor analgesics, (b) or
patients using minor analgesics who had stable pain;
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and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the

Table 2
Back pain before and after treatment according to radiotherapy regimen.

8 Gy ! 2 short-
course

8 Gy single-
dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

No analgesic
pretreatment

16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)

Table 3
Motor and sphincter function before and after treatment according to radiotherapy
regimen.

8 Gy ! 2
short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.

Table 4
Walking capacity before and after treatment according to radiotherapy (RT) regimen.

RT regimen Pretreatment Post-treatment no. of cases by group*

(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
II 43 9 25 6 3
III 38 3 5 26 4
IV 17 – 1 1 15

All patients (303) I 114 102 7 5 –
II 85 26 42 12 5
III 78 5 16 50 7
IV 26 – 1 3 22

* Tomita’s functional motor grading system.
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and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the
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Back pain before and after treatment according to radiotherapy regimen.

8 Gy ! 2 short-
course

8 Gy single-
dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

No analgesic
pretreatment

16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)

Table 3
Motor and sphincter function before and after treatment according to radiotherapy
regimen.

8 Gy ! 2
short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.

Table 4
Walking capacity before and after treatment according to radiotherapy (RT) regimen.

RT regimen Pretreatment Post-treatment no. of cases by group*

(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
II 43 9 25 6 3
III 38 3 5 26 4
IV 17 – 1 1 15

All patients (303) I 114 102 7 5 –
II 85 26 42 12 5
III 78 5 16 50 7
IV 26 – 1 3 22

* Tomita’s functional motor grading system.

E. Maranzano et al. / Radiotherapy and Oncology 93 (2009) 174–179 177

and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the

Table 2
Back pain before and after treatment according to radiotherapy regimen.

8 Gy ! 2 short-
course

8 Gy single-
dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

No analgesic
pretreatment

16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)

Table 3
Motor and sphincter function before and after treatment according to radiotherapy
regimen.

8 Gy ! 2
short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.

Table 4
Walking capacity before and after treatment according to radiotherapy (RT) regimen.

RT regimen Pretreatment Post-treatment no. of cases by group*

(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
II 43 9 25 6 3
III 38 3 5 26 4
IV 17 – 1 1 15

All patients (303) I 114 102 7 5 –
II 85 26 42 12 5
III 78 5 16 50 7
IV 26 – 1 3 22

* Tomita’s functional motor grading system.

E. Maranzano et al. / Radiotherapy and Oncology 93 (2009) 174–179 177

and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the
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8 Gy single-
dose
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No. of patients
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No analgesic
pretreatment

16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)
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Motor and sphincter function before and after treatment according to radiotherapy
regimen.

8 Gy ! 2
short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
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Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.
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(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
II 43 9 25 6 3
III 38 3 5 26 4
IV 17 – 1 1 15

All patients (303) I 114 102 7 5 –
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 174–179

Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
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Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
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The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.
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by 15 Gy in 5 fractions after an interval of 4 days. Patients entering
this trial had MSCC and short (66 months) life expectancy. No dif-
ference in outcome was found comparing short- versus split-
course regimens. Considering these results and the advantages of
only two fractions with respect to more prolonged treatment in
term of patient convenience and machine time, the short-course
regimen was suggested as the RT schedule of choice in the clinical
practice for MSCC patients with short expected survival [16].

Several trials evaluating the best and more convenient RT regi-
men in uncomplicated painful bone metastases have shown that a
single-fraction of 8 Gy gives clinical outcome similar to that in
more protracted regimens, also for those patients with vertebral
metastases [30–32].

With this background, a randomized phase III equivalence trial
was performed to determine whether in MSCC patients 8 Gy sin-
gle-dose is as effective as 8 Gy ! 2 with regard to symptom control,
duration of response, survival, and toxicity.

Materials and methods

Study design

The primary objectives of this trial were to determine whether a
single-dose of 8 Gy is as effective as a short-course RT of 8 Gy ! 2
(8 Gy, 6-day rest, and then 8 Gy, to a total dose of 16 Gy in 1 week)
in MSCC patients with respect to (a) symptom control (i.e., back
pain, motor and sphincter function), (b) duration of response,
and (c) survival. Secondary objectives were to compare the acute
and late side effects of the two treatment arms, to determine
whether there are any differences in outcome with respect to iat-
rogenic acute oral/oesophageal toxicity, diarrhoea, and emesis,
and to determine whether there are any differences in outcome
with respect to the development of late spinal cord morbidity.

The study was designed as a two-arm phase III randomized con-
trolled trial with 1:1 randomization to the two arms. The study pop-
ulation consisted of patients with MSCC diagnosed by MRI or CT and
was selected according to the Eligibility criteria listed below.
Patients were randomly assigned, allocation was performed by a
centralized registration, and investigators were notified of assign-
ment by telephone and fax. Treatment groups were not stratified.

Eligibility criteria

Aiming at an early diagnosis, MRI or CT was prescribed for all
cancer patients with back pain, osteolysis and/or positive bone
scan, even in the absence of clinical neurological signs of spinal
cord compression. It is worthy to note that only patients with short
life expectancy entered this study (i.e., patients with unfavourable
histologies which have a short life expectancy due to the natural
history of the tumour itself, or patients with favourable histologies,
neurological symptoms and/or low performance status, factors
that are generally associated to a short life expectancy). All cases
fulfilled the inclusion criteria listed below.

(1) Metastatic spinal cord and/or cauda equina compression
diagnosed by MRI or CT in patients with progressive neo-
plastic disease.

(2) No criteria indicating a primary surgical approach (i.e., there
were neither diagnostic doubts, nor spinal instability, bony
compression causing MSCC, nor previous irradiation in the
same area).

(3) Patients with a short life expectancy (66 months) because of
(a) the presence of unfavourable histologies (i.e., lung, kid-
ney, gastrointestinal and head and neck carcinoma, mela-
noma, sarcoma), or (b) favourable ones (i.e., lymphoma,

seminoma, myeloma, and breast or prostate carcinoma) pro-
vided that motor/sphincter dysfunction and/or low perfor-
mance status were also manifested.

(4) Informed consent.

As in the trial comparing short- versus split-course RT [16], all
these criteria were chosen in an attempt to enrol only MSCC
patients with short life expectancy, whereas the others underwent
3–30 Gy in 2 weeks or other more protracted RT schedules accord-
ing to the choice of each centre participating in the trial.

Treatment

Parenteral dexamethasone (8 mg ! 2/day) was administered
from the first day of clinical-radiologic diagnosis until 4–5 days
after the end of RT, and then tapered off over 10 days. No respond-
ers continued steroids.

According to Priestman’s suggestions and our previous experi-
ence [23,33], all patients treated with fields cove ring the upper
abdomen (i.e., fields between T8 and L3 with an area of
P100 cm2) received oral or parenteral adjuvant antiemetics (a 5-
hydroxytriptamine receptor [5-HT3] antagonist) 30–60 min before
each RT fraction.

Radiotherapy was started within 24/48 h of the radiologic diag-
nosis and was delivered by a 4–18 MV linear accelerator. General
recommendations for physicians participating in the trial were as
follows:

(1) radiation portals centred on the site of epidural compression
and extended two vertebral bodies above and below;

(2) paravertebral mass included in the treatment portal accord-
ing to MRI and/or CT definition;

(3) radiotherapy field defined on a treatment simulator and
dose prescribed at cord depth as measured by MRI or CT
scans and/or simulator lateral radiograph;

(4) cervical spine lesions treated with opposed lateral fields, tho-
racic spine with a simple posterior field, or with two opposed
antero-posterior fields and differential dose contribution (in
the ratio of 2–3 to 1 in favour of the posterior field), and lum-
bar spine with opposed antero-posterior fields which were, if
necessary, differently weighted at RT isocentre [34].

Assessment

Response to treatment was evaluated according to the patients’
walking capacity, bladder function and back pain before and after
RT. Each effect was evaluated separately. Based on the physical
examination, motor performance was graded according to Tomita’s
groups: group I – ability to walk without support, group II – ability to
walk with support, group III – inability to walk and group IV – para-
plegic [21]. Bladder function was defined by the need for urinary
catheter. Pain was graded according to the classification: no pain,
pain controlled with minor analgesics, pain requiring minor narcot-
ics (i.e., codeine), and pain requiring major narcotics (i.e., morphine).

The response criteria adopted were as follows. Patients who
were able to walk before and after treatment, as well as those
unable to walk before RT who recovered walking ability after RT
and those patients who maintained or recovered sphincter func-
tion were considered responders. Regarding back pain, response
was divided into three categories:

(1) complete responders, those patients who had no pain after
RT;

(2) partial responders, (a) patients using minor narcotics who
had stable pain or pain requiring minor analgesics, (b) or
patients using minor analgesics who had stable pain;
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and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the

Table 2
Back pain before and after treatment according to radiotherapy regimen.

8 Gy ! 2 short-
course

8 Gy single-
dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

No analgesic
pretreatment

16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)

Table 3
Motor and sphincter function before and after treatment according to radiotherapy
regimen.

8 Gy ! 2
short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.

Table 4
Walking capacity before and after treatment according to radiotherapy (RT) regimen.

RT regimen Pretreatment Post-treatment no. of cases by group*

(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
II 43 9 25 6 3
III 38 3 5 26 4
IV 17 – 1 1 15

All patients (303) I 114 102 7 5 –
II 85 26 42 12 5
III 78 5 16 50 7
IV 26 – 1 3 22

* Tomita’s functional motor grading system.
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and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the

Table 2
Back pain before and after treatment according to radiotherapy regimen.

8 Gy ! 2 short-
course

8 Gy single-
dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

No analgesic
pretreatment

16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)

Table 3
Motor and sphincter function before and after treatment according to radiotherapy
regimen.

8 Gy ! 2
short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.

Table 4
Walking capacity before and after treatment according to radiotherapy (RT) regimen.

RT regimen Pretreatment Post-treatment no. of cases by group*

(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
II 43 9 25 6 3
III 38 3 5 26 4
IV 17 – 1 1 15

All patients (303) I 114 102 7 5 –
II 85 26 42 12 5
III 78 5 16 50 7
IV 26 – 1 3 22

* Tomita’s functional motor grading system.
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and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the
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Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
(morphine)

95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)

Total responders 80 (53) 80 (52) 160 (53)
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regimen.
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short-course

8 Gy
single-dose

Total

No. of patients
(%)

No. of patients
(%)

No. of patients
(%)

Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)

2. Abnormal pretreatment 15 (10) 26 (17) 41 (14)
Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)

Total of responders 131 (87) 130 (85) p = N.S. 261 (86)

N.S., not significant.
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Walking capacity before and after treatment according to radiotherapy (RT) regimen.

RT regimen Pretreatment Post-treatment no. of cases by group*

(No. of patients) Group No. of cases I II III IV

8 Gy ! 2 (150) I 59 53 4 2 –
II 42 17 17 6 2
III 40 2 11 24 3
IV 9 – – 2 7

8 Gy (153) I 55 49 3 3 –
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III 78 5 16 50 7
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and 57 (37%) in arm B. Remaining 134 (44%) patients had bone and
visceral metastases in the liver, lung, and/or brain: in each arm
there were 67 patients.

Antiemetic prophylaxis was administered to 114 (38%) patients
considered at risk because they were treated with fields covering
the upper abdomen: 59 (39%) and 55 (36%) cases in arms A and
B, respectively.

Primary outcomes

No significant difference in response rates was found comparing
short-course versus single-dose regimens (see Tables 2 and 3).

Pain relief was achieved in 160 (53%; 95% CI, 47–58) patients, of
which 77 (25%; 95% CI, 21–31.1) had a complete response (23% and
27% in arms A and B, respectively), and 83 (27%; 95% CI, 22–33) had
a partial response (30% and 25% in arms A and B, respectively).
After RT, there was an improvement in 35% (95% CI, 28–42) and
48% (95% CI, 36–60) of patients with pain requiring morphine
and codeine, respectively.

Regarding motor function, there were 199 (66%; 95% CI, 60–71)
responders, 69% (95% CI, 61–76) and 62% (95% CI, 54–70) in arms A
and B, respectively. Of 41 patients with sphincter dysfunction, 11
(27%; 95% CI, 15–43) regained urinary ability, and only 12 (5%;
95% CI, 2.5–8) with good bladder function got worse and required
an indwelling catheter, resulting in a total of 261 (86%; 95% CI, 81–
90) patients who had a good sphincter control after RT (87% and
85% in arms A and B, respectively).

Examining response rates on the basis of Tomita’s functional
motor grading system, 177 (89%) of 199 ambulant patients main-
tained this function (96% group I – walking without support, and
80% group II – walking with support), 21 of 78 (27%) nonambulant
patients (group III) recovered the function, and only one of 26 (4%)
paraplegics (group IV) regained walking capacity. As shown in
Table 4, no significant differences between the two arms were
documented.

Median survival was 4 months and median duration of
improvement was 5 months for both the arms. Independent of
RT regimen adopted, there was a good correlation between
survival time and functional status of patients who in general
maintained response for all their remaining life. It is worthy to note
that in favourable histologies median duration of improvement has
reached 11 months (Fig. 1).

Secondary outcomes

Grade 1–2 oral/oesophageal dysphagia was found in 20 (7%)
cases. Grade 3 esophagitis resulted in 2 (1%) patients treated in
the thoracic area, both with the short-course regimen. Six (2%)
patients submitted to short-course RT had grade 1–2 diarrhoea
and no one developed grade 3–4 diarrhoea.

Of 114 patients treated with antiemetic prophylaxis, grade 1–2
vomiting occurred in 20 (17.5%) patients with the same incidence
in the two RT regimens used and grade 3 vomiting in only one case
(1%) submitted to the short-course RT. Grade 1–2 nausea occurred
in 19 (17%) cases, whereas no grade 3–4 nausea was registered. Of
patients who did not receive antiemetic prophylaxis because the
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No analgesic
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16 (11) 16 (10) 32 (11)

Outcome
No pain 12 (75) 15 (94) 27 (84)
Appearance of pain 4 (25) 1 (6) 5 (16)

Minor analgesics 10 (7) 15 (9) 25 (8)
Outcome

No pain 3 (30) 3 (20) 6 (24)
Stable pain 3 (30) 4 (27) 7 (28)
Worse pain 4 (40) 8 (53) 12 (48)

Minor narcotics
(codeine)

29 (19) 40 (26) 69 (23)

Outcome
No pain 10 (34) 14 (35) 24 (35)
Minor analgesics 6 (21) 3 (7) 9 (13)
Stable pain 11 (38) 14 (35) 25 (36)
Worse pain 2 (7) 9 (23) 11 (16)

Major narcotics
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95 (63) 82 (55) 177 (58)

Outcome
No pain 10 (11) 10 (12) 20 (11)
Minor analgesics 13 (14) 6 (8) 19 (11)
Minor narcotics 12 (13) 11 (13) 23 (23)
Stable pain 60 (62) 55 (67) 115 (65)
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8 Gy
single-dose

Total

No. of patients
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No. of patients
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Motor function
1. Walking pretreatment 101 (67) 98 (64) 199 (65)

Walking 91 (90) 86 (88) 177 (89)
Not walking 10 (10) 12 (12) 22 (11)

2. Not walking pretreatment 49 (33) 55 (36) 104 (35)
Ambulation regained 13 (26) 9 (16) 22 (21)
Not walking 36 (74) 46 (84) 82 (79)

Total of responders 104 (69) 95 (62) p = N.S. 199 (66)

Sphincter control
1. Normal pretreatment 135 (90) 127 (83) 262 (86)

Good sphincter control 129 (95) 121 (95) 250 (95)
Poor sphincter control 6 (5) 6 (5) 12 (5)
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Sphincter control regained 2 (13) 9 (35) 11 (27)
Poor sphincter control 13 (87) 17 (65) 30 (73)
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 174–179

Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
technique employs a treatment volume defined by the site of

compression and a margin of two vertebral bodies above and below
this. In the past, myelography was used to define the site of the block
but computed tomography (CT) and magnetic resonance imaging
(MRI) are now the investigations of choice giving the three-dimen-
sional extent of spinal disease [3,15].

Generally, the median life expectancy in MSCC patients is short
(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
one regimen over the others for any cohort of patients [2,8,18–
29]. Recently, we have reported outcomes of our phase III trial,
the only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed

0167-8140/$ - see front matter ! 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.radonc.2009.05.012
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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Table 10. Studies investigating vertebroplasty/kyphoplasty and bone metastases

Study
Patients (n)/
levels (n) Diagnoses Pain scale

Mean
preprocedure

score

Mean
postprocedure

score

Symptomatic
extravasation

rate (%)
Neurologic
toxicity Investigator Year Reference

Prospective studies using vertebroplasty
Percutaneous vertebroplasty and bone
cement leakage

14/42 Various
histologic
types, MM, H

Visual analog
scale (0–10)

8 1 0 0 Anselmetti 2008 125

Percutaneous vertebroplasty in
octogenarians: results and follow-up

22/48 Various
histologic
types, MM

Verbal rating
scale (0–5)

5 2 0 0 Cahana 2005 126

Percutaneous vertebroplasty in patients
with intractable pain from osteoporotic
or metastatic fractures

13 Various
histologic
types

Site-specific
pain
score (0–10)

NR NR 8 8 Cheung 2006 127

Percutaneous vertebroplasty for osteolytic
metastases and myeloma

37/40 Various
histologic
types, MM

McGillMelzack
(0–5)

Pain relief* Pain relief* 2 8 Cotton/
Cortet

1996/
1997

128, 129

Medium-term results of percutaneous
vertebroplasty in MM

12/19 MM Visual analog
scale (0–10)

8 3 0 0 Ramos 2006 130

Prospective studies using kyphoplasty
Kyphoplasty in treatment of osteolytic
vertebral compression fractures
resulting from MM

18/55 MM Short form-36
(0–100)

23 55 0 0 Dudeney 2002 131

Combination kyphoplasty and spinal
radiosurgery

26/26 Various
histologic
types

Visual analog
scale (0–10)

8 3 0 0 Gerszten 2005 132

Functional outcomes of kyphoplasty for
treatment of osteoporotic and osteolytic
vertebral compression fractures

56 MM Short form-36
(0–100)

28 48 NR NR Khanna 2006 133

Kyphoplasty enhances function and
structural alignment in MM

19/46 MM NR NR NR 0 0 Lane 2004 134

Balloon kyphoplasty in treatment of
metastatic disease of spine

65/99 Various
histologic
types

Visual analog
scale (0–10)

8 3 0 0 Pflugmacher 2008 135

Abbreviations: Levels = treated vertebral levels; MM = multiple myeloma; H = hemangioma.
* Of 37 patients, 36 had partial or complete pain relief.

The references listed in Table 10 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials section.

P
alliative

R
T
for

bone
m
etastases

d
S
.
L
U
T
Z
et

al.
975

Table 10. Studies investigating vertebroplasty/kyphoplasty and bone metastases

Study
Patients (n)/
levels (n) Diagnoses Pain scale

Mean
preprocedure

score

Mean
postprocedure

score

Symptomatic
extravasation

rate (%)
Neurologic
toxicity Investigator Year Reference

Prospective studies using vertebroplasty
Percutaneous vertebroplasty and bone
cement leakage

14/42 Various
histologic
types, MM, H

Visual analog
scale (0–10)

8 1 0 0 Anselmetti 2008 125

Percutaneous vertebroplasty in
octogenarians: results and follow-up

22/48 Various
histologic
types, MM

Verbal rating
scale (0–5)

5 2 0 0 Cahana 2005 126

Percutaneous vertebroplasty in patients
with intractable pain from osteoporotic
or metastatic fractures

13 Various
histologic
types

Site-specific
pain
score (0–10)

NR NR 8 8 Cheung 2006 127

Percutaneous vertebroplasty for osteolytic
metastases and myeloma

37/40 Various
histologic
types, MM

McGillMelzack
(0–5)

Pain relief* Pain relief* 2 8 Cotton/
Cortet

1996/
1997

128, 129

Medium-term results of percutaneous
vertebroplasty in MM

12/19 MM Visual analog
scale (0–10)

8 3 0 0 Ramos 2006 130

Prospective studies using kyphoplasty
Kyphoplasty in treatment of osteolytic
vertebral compression fractures
resulting from MM

18/55 MM Short form-36
(0–100)

23 55 0 0 Dudeney 2002 131

Combination kyphoplasty and spinal
radiosurgery

26/26 Various
histologic
types

Visual analog
scale (0–10)

8 3 0 0 Gerszten 2005 132

Functional outcomes of kyphoplasty for
treatment of osteoporotic and osteolytic
vertebral compression fractures

56 MM Short form-36
(0–100)

28 48 NR NR Khanna 2006 133

Kyphoplasty enhances function and
structural alignment in MM

19/46 MM NR NR NR 0 0 Lane 2004 134

Balloon kyphoplasty in treatment of
metastatic disease of spine

65/99 Various
histologic
types

Visual analog
scale (0–10)

8 3 0 0 Pflugmacher 2008 135

Abbreviations: Levels = treated vertebral levels; MM = multiple myeloma; H = hemangioma.
* Of 37 patients, 36 had partial or complete pain relief.

The references listed in Table 10 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials section.

P
alliative

R
T
for

bone
m
etastases

d
S
.L

U
T
Z
et

al.
975



	
  	
  
	
  	
  
	
  	
  
	
  	
  
	
  	
  
	
  	
  	
  
	
  	
  

	
  	
  
	
  	
   	
  

• Technique	
  and	
  retreatment	
  
High	
  conformity	
  
High	
  precision	
  
High	
  Dose	
  	
  

	
  

Keywords	
  



ASTRO GUIDELINE

PALLIATIVE RADIOTHERAPY FOR BONE METASTASES: AN ASTRO
EVIDENCE-BASED GUIDELINE

STEPHEN LUTZ, M.D.,* LAWRENCE BERK, M.D., PH.D.,y ERIC CHANG, M.D.,z

EDWARD CHOW, M.B.B.S.,x CAROL HAHN, M.D.,{

PETER HOSKIN, M.D.,k DAVID HOWELL, M.D.,# ANDRE KONSKI, M.D.,** LISA KACHNIC, M.D.,yy

SIMON LO, M.B., CH.B.,zz ARJUN SAHGAL, M.D.,xx LARRY SILVERMAN, M.D.,{{

CHARLES VON GUNTEN, M.D., PH.D., F.A.C.P.,kk EHUD MENDEL, M.D., F.A.C.S.,##

ANDREW VASSIL, M.D.,*** DEBORAHWATKINS BRUNER, R.N., PH.D.,yyy ANDWILLIAM HARTSELL, M.D.zzz

*Department of Radiation Oncology, Blanchard Valley Regional Cancer Center, Findlay, OH; yDepartment of Radiation Oncology,
Moffitt Cancer Center, Tampa, FL; zDepartment of Radiation Oncology, University of Texas M.D. Anderson Cancer Center, Houston,

TX; xDepartment of Radiation Oncology, Sunnybrook Odette Cancer Center, University of Toronto, Toronto, ON, Canada;
{Department of Radiation Oncology, Duke University, Durham, NC; kMount Vernon Centre for Cancer Treatment, Middlesex, United
Kingdom; #Department of Radiation Oncology, University of Michigan, Mt. Pleasant, MI; **Department of Radiation Oncology,
Wayne State University, Detroit, MI; yyDepartment of Radiation Oncology, Boston Medical Center, Boston, MA; zzDepartment of
Radiation Oncology, Ohio State University, Columbus, OH; xxDepartment of Radiation Oncology, Sunnybrook Odette Cancer Center
and the Princess Margaret Hospital, University of Toronto, Toronto, ON, Canada; {{21st Century Oncology, Sarasota, FL; kkThe

Institute for Palliative Medicine, San Diego Hospice, San Diego, CA; ##Neurological Surgery, Ohio State University, Columbus, OH;
***Department of Radiation Oncology, Cleveland Clinic Foundation, Cleveland, OH; yyyUniversity of Pennsylvania School of

Nursing, Philadelphia, PA; zzzDepartment of Radiation Oncology, Good Samaritan Cancer Center, Downers Grove, IL

Reprint requests to: Stephen Lutz, M.D., Department of Radia-
tion Oncology, Blanchard Valley Regional Cancer Center, 15990
Medical Dr. S, Findlay, OH 45840. Tel: (419) 423-3703; Fax:
(419) 427-0212; E-mail: slutz@bvha.org
This document was prepared by the Guidelines Subcommittee of

theClinical Affairs andQuality Committee of theAmerican Society
for Radiation Oncology (ASTRO) in coordination with the Third
International Consensus Conference on Palliative Radiotherapy.
Before the initiation of this Guideline, all members included on

the Task Force were required to complete conflict of interest state-
ments. These statements are maintained at ASTROHeadquarters in
Fairfax, VA, and pertinent conflict information has been published
with the report. Individuals with disqualifying conflicts were
recused from participation in this Guideline.
The ASTRO Guidelines present scientific, health, and safety in-

formation and might to some extent reflect scientific or medical
opinion. They are made available to ASTRO members and to the
public for educational and informational purposes only. Any com-
mercial use of any content in this Guideline without the previous
written consent of ASTRO is strictly prohibited.
Adherence to this Guideline will not ensure successful treatment

in every situation. Furthermore, this Guideline should not be
deemed inclusive of all proper methods of care or exclusive of other
methods of care reasonably directed to obtaining the same results.
The ultimate judgment and propriety of any specific therapy must
be made by the physician and the patient in light of all the circum-
stances presented by the individual patient. ASTRO assumes no li-
ability for the information, conclusions, and findings contained in
its Guidelines. In addition, this Guideline cannot be assumed to ap-
ply to the use of these interventions performed in the context of
clinical trials, given that clinical studies are designed to evaluate
or validate innovative approaches in a disease for which improved
staging and treatment are needed or are being explored.

This Guideline was prepared on the basis of information avail-
able at the time the Task Group was conducting its research and
discussions on this topic. There might be new developments
that are not reflected in this Guideline and that might, over
time, be a basis for ASTRO to consider revisiting and updating
the Guideline.
A. Sahgal and E. Chang have served as consultants to Med-

tronic Kyphoplasty, although that relationship has ended and
the authors did not participate in either the writing or reviewing
of the kyphoplasty section of this report. L. Kachnic serves as
a consultant to Soligenics. D. Howell serves as a consultant to
Web MD and Medscape. S. Lutz has stock ownership in Tosk,
Oculus, and Minerva. C. von Gunten has received funding from
Wyeth, Progenics, Baxter, and Halozyme. W. Hartsell has a part-
nership relationship with CPTI. P. Hoskin has received funding
from Varian Medical Systems and Nucleotron. E. Chow has re-
ceived research funding and teaching honorarium from Novartis
and Amgen. D. Watkins Bruner has received funding from Varian
Medical Systems. The Task Force reviewed these disclosures and
determined that they have no impact upon the content of the
report.
A reader’s note: This is an abbreviated version of the full article

by Dr. Lutz et al. The full article, and associated appendices, can be
viewed at www.redjournal.org. in the Supplemental Materials sec-
tion of the publication.
Acknowledgments—The authors thank Drs. Nora Janjan, Peter
Johnstone, Daniel Roos, Yvette van der Linden, and Ivy Petersen
for their critical review of this report. The authors would also like
to recognize the significant contributions made to the literature
search by Anushree Vichare, Shari Siuta, Barbara Muth, and
Beverly Woodward.
Received Nov 19, 2010. Accepted for publication Nov 20, 2010.

965

Int. J. Radiation Oncology Biol. Phys., Vol. 79, No. 4, pp. 965–976, 2011
Copyright ! 2011 American Society for Radiation Oncology and American College of Radiology

Printed in the USA. All rights reserved
0360-3016/$ - see front matter

doi:10.1016/j.ijrobp.2010.11.026

compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
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document in July 2010.
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Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to

966 I. J. Radiation Oncology d Biology d Physics Volume 79, Number 4, 2011

ASTRO GUIDELINE

PALLIATIVE RADIOTHERAPY FOR BONE METASTASES: AN ASTRO
EVIDENCE-BASED GUIDELINE

STEPHEN LUTZ, M.D.,* LAWRENCE BERK, M.D., PH.D.,y ERIC CHANG, M.D.,z

EDWARD CHOW, M.B.B.S.,x CAROL HAHN, M.D.,{

PETER HOSKIN, M.D.,k DAVID HOWELL, M.D.,# ANDRE KONSKI, M.D.,** LISA KACHNIC, M.D.,yy

SIMON LO, M.B., CH.B.,zz ARJUN SAHGAL, M.D.,xx LARRY SILVERMAN, M.D.,{{

CHARLES VON GUNTEN, M.D., PH.D., F.A.C.P.,kk EHUD MENDEL, M.D., F.A.C.S.,##

ANDREW VASSIL, M.D.,*** DEBORAHWATKINS BRUNER, R.N., PH.D.,yyy ANDWILLIAM HARTSELL, M.D.zzz

*Department of Radiation Oncology, Blanchard Valley Regional Cancer Center, Findlay, OH; yDepartment of Radiation Oncology,
Moffitt Cancer Center, Tampa, FL; zDepartment of Radiation Oncology, University of Texas M.D. Anderson Cancer Center, Houston,

TX; xDepartment of Radiation Oncology, Sunnybrook Odette Cancer Center, University of Toronto, Toronto, ON, Canada;
{Department of Radiation Oncology, Duke University, Durham, NC; kMount Vernon Centre for Cancer Treatment, Middlesex, United
Kingdom; #Department of Radiation Oncology, University of Michigan, Mt. Pleasant, MI; **Department of Radiation Oncology,
Wayne State University, Detroit, MI; yyDepartment of Radiation Oncology, Boston Medical Center, Boston, MA; zzDepartment of
Radiation Oncology, Ohio State University, Columbus, OH; xxDepartment of Radiation Oncology, Sunnybrook Odette Cancer Center
and the Princess Margaret Hospital, University of Toronto, Toronto, ON, Canada; {{21st Century Oncology, Sarasota, FL; kkThe

Institute for Palliative Medicine, San Diego Hospice, San Diego, CA; ##Neurological Surgery, Ohio State University, Columbus, OH;
***Department of Radiation Oncology, Cleveland Clinic Foundation, Cleveland, OH; yyyUniversity of Pennsylvania School of

Nursing, Philadelphia, PA; zzzDepartment of Radiation Oncology, Good Samaritan Cancer Center, Downers Grove, IL

Reprint requests to: Stephen Lutz, M.D., Department of Radia-
tion Oncology, Blanchard Valley Regional Cancer Center, 15990
Medical Dr. S, Findlay, OH 45840. Tel: (419) 423-3703; Fax:
(419) 427-0212; E-mail: slutz@bvha.org
This document was prepared by the Guidelines Subcommittee of

theClinical Affairs andQuality Committee of theAmerican Society
for Radiation Oncology (ASTRO) in coordination with the Third
International Consensus Conference on Palliative Radiotherapy.
Before the initiation of this Guideline, all members included on

the Task Force were required to complete conflict of interest state-
ments. These statements are maintained at ASTROHeadquarters in
Fairfax, VA, and pertinent conflict information has been published
with the report. Individuals with disqualifying conflicts were
recused from participation in this Guideline.
The ASTRO Guidelines present scientific, health, and safety in-

formation and might to some extent reflect scientific or medical
opinion. They are made available to ASTRO members and to the
public for educational and informational purposes only. Any com-
mercial use of any content in this Guideline without the previous
written consent of ASTRO is strictly prohibited.
Adherence to this Guideline will not ensure successful treatment

in every situation. Furthermore, this Guideline should not be
deemed inclusive of all proper methods of care or exclusive of other
methods of care reasonably directed to obtaining the same results.
The ultimate judgment and propriety of any specific therapy must
be made by the physician and the patient in light of all the circum-
stances presented by the individual patient. ASTRO assumes no li-
ability for the information, conclusions, and findings contained in
its Guidelines. In addition, this Guideline cannot be assumed to ap-
ply to the use of these interventions performed in the context of
clinical trials, given that clinical studies are designed to evaluate
or validate innovative approaches in a disease for which improved
staging and treatment are needed or are being explored.

This Guideline was prepared on the basis of information avail-
able at the time the Task Group was conducting its research and
discussions on this topic. There might be new developments
that are not reflected in this Guideline and that might, over
time, be a basis for ASTRO to consider revisiting and updating
the Guideline.
A. Sahgal and E. Chang have served as consultants to Med-

tronic Kyphoplasty, although that relationship has ended and
the authors did not participate in either the writing or reviewing
of the kyphoplasty section of this report. L. Kachnic serves as
a consultant to Soligenics. D. Howell serves as a consultant to
Web MD and Medscape. S. Lutz has stock ownership in Tosk,
Oculus, and Minerva. C. von Gunten has received funding from
Wyeth, Progenics, Baxter, and Halozyme. W. Hartsell has a part-
nership relationship with CPTI. P. Hoskin has received funding
from Varian Medical Systems and Nucleotron. E. Chow has re-
ceived research funding and teaching honorarium from Novartis
and Amgen. D. Watkins Bruner has received funding from Varian
Medical Systems. The Task Force reviewed these disclosures and
determined that they have no impact upon the content of the
report.
A reader’s note: This is an abbreviated version of the full article

by Dr. Lutz et al. The full article, and associated appendices, can be
viewed at www.redjournal.org. in the Supplemental Materials sec-
tion of the publication.
Acknowledgments—The authors thank Drs. Nora Janjan, Peter
Johnstone, Daniel Roos, Yvette van der Linden, and Ivy Petersen
for their critical review of this report. The authors would also like
to recognize the significant contributions made to the literature
search by Anushree Vichare, Shari Siuta, Barbara Muth, and
Beverly Woodward.
Received Nov 19, 2010. Accepted for publication Nov 20, 2010.

965

Int. J. Radiation Oncology Biol. Phys., Vol. 79, No. 4, pp. 965–976, 2011
Copyright ! 2011 American Society for Radiation Oncology and American College of Radiology

Printed in the USA. All rights reserved
0360-3016/$ - see front matter

doi:10.1016/j.ijrobp.2010.11.026

5) When should patients receive repeat treatment with RT
to spinal lesions causing recurrent pain?

Guideline statement
Sites of recurrent pain in spinal bones can be successfully

palliated with EBRT repeat treatment, although the available
data do not allow for conclusive statements regarding dosing
and fractionation. Care must be taken when the re-irradiated
volume contains the spinal cord, and it might be appropriate
to sum the biologically effective doses from the initial and
repeat treatment regimens to estimate the risk of radiation
myelopathy. The Task Force recommends that these patients
be treated within the available clinical trial.

6) What promise does highly conformal RT hold for the
primary treatment of painful bone metastasis?

Guideline statement
Stereotactic bodyRT is a technology that delivers high doses

tometastatic spinal diseasewith a steepdosegradient thatmight
allow superior sparing of the adjacent neural structures, includ-
ing the spinal cord and cauda equina. The published efficacy
and safety data for SBRT have mostly been from retrospective
single-institution studies, and some of the measured endpoints
in these studieswere different from those used to evaluate other
treatment types (Tables 3, 4 and 5). Given that the complexities
of dosing and target delineation for SBRT have yet to be fully
defined, the Task Force strongly suggests that these patients
be treated only within available clinical trials and that SBRT
should not be the primary treatment of vertebral bone lesions
causing spinal cord compression.

Table 4. Summary of current data for spinal SBRT for spinal metastases

Study

Patients (n),
tumors (n),

histologic type Fractionation Repeat RT Pain relief
Complete
response

Local
control/
definition Investigator Year Reference

Cohort study 69, 127,
various

histologic
types

Mean: 15.5
Gy/2 Fx

15 patients 61/69 NR 96.8%
FFP at 10 mo;

123/127
(97%)/
imaging

Tsai 2009 63

Cohort study 38, 60,
various

histologic
types

Median: 24
Gy/3 Fx

37 tumors 31/46 NR Repeat RT:
34/37 (92%);
no previous
treatment:

18/23 (78%);
entire cohort:
85%, 1-y
FFP*/
imaging
and pain

Sahgal 2009 64

Cohort study 93, 103,
various

histologic
types

Median: 24 Gy/
1 Fx

0 NR NR 90% FFP at
15 mo

Yamada 2008 65

Cohort study 32, 33,
various

histologic
types

Median 18 Gy/3
Fx

22 patients 30/32 13/32
at 1 mo

28/32/imaging
and/or pain

Nelson 2008 66

Phase I-II
study with
defined
stopping
rules

63, 74,
various

histologic
types

30 Gy/5 Fx (32/
63) or 27 Gy/
3 Fx (31/63)

35 patients Narcotic use
declined from
60% to 36%
at 6 mo

NR 57/74; 1-y FFP:
84%/imaging

Chang 2007 51

Cohort study 393, 500,
various

histologic
types

Mean 20 Gy/1
Fx

344 tumors 290/336
improvement

NR 440/500/
imaging

Gerszten 2007 57

Cohort study 49, 61, various
histologic
types

10–16 Gy/1 Fx 0 52/61 NR 57/61/imaging
and pain

Ryu 2005 56

Cohort study 21, 21 Median 20 Gy/5
Fx

20 patients NR NR 19/21/imaging Yamada 2005 67

Cohort study 5, 5 10 Gy/1 Fx 5 patients NR NR 5/5/imaging
and/or pain

Hamilton 1995 68

Abbreviations: SBRT = stereotactic body radiotherapy; NR = not reported; FFP = freedom from progression; other abbreviations as in
Table 2.
* Nonrandomized comparison indicated no significant difference between repeat treatment and no previous treatment tumor groups.

The references listed in Table 4 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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STEREOTACTIC body radiotherapy is increasingly be-
ing applied to treat primary and metastatic spinal 
tumors.10,13,46,48 The term SBRT implies high-dose-

per-fraction radiation (typically > 5 Gy per fraction) de-
livered to an image-guided target in 1 to 5 fractions by 
using conformal radiation techniques.48 Stereotactic body 

radiotherapy for the spine is technically demanding be-
cause it often requires near-rigid body immobilization, 
sophisticated treatment planning allowing for sharp dose 
gradients (in particular at the spinal cord–vertebral seg-
ment interface), and imaging guidance to ensure that the 
dose is delivered accurately.

The rationale for using SBRT in the postoperative 
setting from a surgeon’s perspective is the following. 
Although spine surgery improves the chances for neu-
rological recovery in patients with high-grade MESCC, 
and can restore spinal stability, it may not provide durable 
local tumor control.37 With few exceptions, solid meta-
static tumors are not resectable for cure, and residual tu-
mor always remains following decompression, especially 
at the dural margin. Klekamp and Samii26 reported lo-
cal recurrences of 57.9% at 6 months following surgery 
and adjuvant conventional radiation, 69.3% at 1 year, and 
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Stereotactic body radiotherapy (SBRT) for spinal metastases is an emerging therapeutic option aimed at deliv-
ering high biologically effective doses to metastases while sparing the adjacent normal tissues. This technique has 
emerged following advances in radiation delivery that include sophisticated radiation treatment planning software, 
body immobilization devices, and capabilities of detecting and correcting patient positional deviations with image-
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setting from a surgeon’s perspective is the following. 
Although spine surgery improves the chances for neu-
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96% at 4 years, which suggests that more effective ad-
juvant radiation therapy may improve outcomes. Given 
the increasing use of SBRT for spinal metastases, with 
high rates of local control, in particular for patients with 
UDGLRUHVLVWDQW�KLVWRORJLFDO�ÀQGLQJV�14,16,36,48 the natural ex-
tension for SBRT is in the postoperative adjuvant setting 
following spinal cord decompression.

Although a number of reviews on spine SBRT have 
been written that detail the technology and general tech-
nique,5,6,28,40,46,48,53,57 none have focused on the postopera-
tive patient with metastatic disease. Therefore, in the cur-
rent paper we provide a brief overview of spine SBRT 
technology, review in detail the current state of the litera-
ture in terms of SBRT for metastatic disease, and focus 
on the role of postoperative SBRT where applicable. For 
the sake of focus, benign spinal tumors are beyond the 
scope of this review and will not be addressed.

3ULQFLSOHV�RI�6%57�DV�$SSOLHG�WR�WKH�6SLQH
The predominant advantage of SBRT over conven-

tional EBRT for spinal metastases lies in the higher BED 
delivered to the tumor. The practitioner typically deliv-
ers 20–24 Gy in 1 fraction or 24–27 Gy in 3 fractions, 
which represents twice or more the tumor BED of con-
ventional EBRT palliative regimens. The goal of therapy 
is now aimed at maximizing both local tumor and pain 
control, as opposed to pain relief alone. Because SBRT by 
GHÀQLWLRQ�LQYROYHV�IHZ��RU�VLQJOH��KLJK�GRVH�SHU�IUDFWLRQ�
treatments, the number of fractions is less than that for 
conventional EBRT, in which the number of fractions can 
range anywhere from 5 to 25 (most commonly, 30 Gy in 
10 fractions). With SBRT, there is also less potential for 
toxicity, given the highly conformal shaping of the dose 
around the tumor target; therefore, the volume of nontu-
mor tissue exposed to doses that could cause acute and 
ODWH�UHDFWLRQV�LV�VLJQLÀFDQWO\�UHGXFHG�

Figure 1 illustrates a typical conventional radia-
WLRQ�SODQ�IRU�D�SDWLHQW�ZKR�ZDV�ÀUVW�VXUJLFDOO\�WUHDWHG�IRU�

MESCC, and then treated conventionally with 30 Gy in 
���IUDFWLRQV��2QH�FDQ�DSSUHFLDWH�WKDW�WKH�UDGLDWLRQ�ÀHOGV����
lateral opposing beams in this case) encompass the entire 
postoperative bed and hardware (outlined in blue), plus a 
PDUJLQ�RI���KHDOWK\�9%�DERYH�DQG�EHORZ�WKH�VXUJLFDO�ÀHOG��
This results in a large volume of normal tissue being ir-
radiated. The shift in the treatment paradigm when using 
SBRT is illustrated in Fig. 2. Now for this patient undergo-
ing SBRT after the operation for MESCC, the practitioner 
limits the dose to just the diseased vertebral segment to 
treat areas of residual disease and the tumor bed.

The disadvantages of spine SBRT stem from the ex-
treme accuracy required when high radiation doses are 
being deposited millimeters away from critical structures 
such as the spinal cord.9 Due to the highly sophisticated 
technology used for both dose delivery and planning, 
SBRT treatments cannot be delivered on the same day as 
simulation. Generally 3–5 working days are required be-
fore treatment can be delivered. Furthermore, treatment 
times are prolonged, typically ranging from 45 to 90 min-
utes per fraction, although there are far fewer fractions. 
Importantly, if toxicity occurs, then the consequences 
are generally more severe, because late normal tissue ef-
fects are more sensitive to high-dose-per-fraction radia-
tion. For the spinal cord, permanent radiation myelopa-
thy leaving patients paralyzed has been reported, and is 
a devastating, unacceptable toxicity associated with this 
technique, considering the fact that these patients are re-
ceiving palliative care.19,50,51 Last, should failure occur in 
adjacent vertebral segments, then retreatment becomes 
much more complicated. At issue is the accounting for the 
prior high-dose-per-fraction spinal cord dose exposure, 
because there is a lack of data about spinal cord tolerance 
at retreatment in this setting.

Currently, the role of SBRT in metastatic spine tumors 
is being evaluated in a randomized trial by the RTOG (pro-
WRFRO�������IRU�SDWLHQWV�ZLWK�VLJQLÀFDQW�SDLQ�DQG�QR�KLVWRU\�
of radiation or surgery. The aim of the trial is to compare 
pain response after delivery of 16 Gy in a single fraction 

Fig. 1. Neuroimaging studies obtained in a patient in whom an operation for a C-2 metastasis of unknown primary origin that 
extended to the odontoid process resulted in cervical spine instability. This patient underwent a laminectomy at C2–3, a C-2 
corpectomy performed with anterior VB reconstruction with methylmethacrylate, placement of a pin extending from C-1 to C-3, 
and screw and rod placement, with the rods connecting to an occipital plate with cervical screws to C-4. Two weeks postopera-
tively, the tumor regrew at C-2 (see far left panel; sagittal MR image), with a significant mass extending paraspinally. Emergency 
conventional radiation of 30 Gy in 10 fractions was given. The technique was a parallel-opposed lateral pair to encompass the 
tumor mass plus the postoperative bed, including surgical hardware, as traditional practice dictates. The fields encompassed an 
area from the base of the skull to C-6, to provide a margin for adequate coverage of the prescribed dose. Therefore, much of the 
pharynx, posterior neck tissue, and healthy bone received the therapeutic dose.
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TABLE 2: Literature review of the current evidence, including only studies reporting on spinal metastases*

Authors & Year

Total 
No. 

Tumors/ 
No. Pts

No. Tumors 
w/ Retx/ 
No. Pts

No. Postop 
Pts FU in Mos (range) Local Control/Criteria† Tumor Dose/No. Frx/Rx Isodose

Pain Response 
(pain assessment tool)

postop SBRT
Moulding et al., 2010 21/21 0 21 median 10.3 17 of 21 (81%) w/ 1-yr local control 

 90.5%/imaging
median 24 Gy/1/100% NS

Rock et al., 2006 18/18 1/1 18 median 7 (4–36) 17 of 18 (94%)/imaging &/or clinical 4 of 18: EBRT 25 Gy/10 frx + SBRT 
 boost; median 6 Gy/1/90%; 14 of 18: 
 SBRT only; median 14 Gy/1/90%

6 of 18 w/ CR (NS)

Gerszten et al., 200517 26/26 7/7 26 median 16 (11–24) 24 of 26 (92%)/imaging & pain mean 18 Gy/1/80% improved in 24 of 26 (VAS)
total 65/65 8/8 65 58 of 65 (89%)
SBRT for tumors w/ no prior radiation
Yamada et al., 2008 103/93 0/0 0 median 15 (2–45) 90% at 15 mos, ~93 of 103/imaging median 24 Gy/1/100% NS
Ryu et al., 2004 61/49 0/0 NS median 6.4 (6–24) 57 of 61 (93%)/imaging & pain 10–16 Gy/1/90% 85% comb CR/PR rate 

 (VAS)
Ryu et al., 2003 10/10 0/0 NS mean 6 (3–12) 10 of 10 (100%)/imaging & pain EBRT 25 Gy/10 frx + SBRT boost; 6–8 

 Gy/1/90%
5 of 9 w/ CR, 4 of 9 w/ PR 
 (NS)‡

Sahgal et al., 200945 23/14 0/0 5 median 9 (1–26) 18 of 23 (78%)/imaging &/or pain§ median 24 Gy/3/67% NS
total 197/166 0/0 178 of 197 (90%)
SBRT for tumors w/ prior radiation
Mahan et al., 2005 8/8 8/8 0 mean 15.2 8 of 8 (100%)/NS median 30 Gy/15/NS 6 of 8 w/ CR, 2 of 8 w/ PR 

 (NS)
Milker-Zabel et al., 2003 19/18 19/18 0 median 12 (4–33) 18 of 19 (95%)/imaging median 39.6 Gy/2 (aim was 90% cover- 

 age)
13 of 16 (NS)

Hamilton et al., 1995 5/5 5/5 0 median 6 (1–12) 5 of 5 (100%)/imaging &/or clinical median 10 Gy/1/80% NS
Sahgal et al., 200945 37/25 37/25 0 median 7 (1–48) 34 of 37 (92%)/imaging &/or pain median 24 Gy/3/60% NS
total 69/56 69/56 0 65 of 69 (94%)
studies w/ a mixture of SBRT indications
Nguyen et al., 2010 55/48 NS/22 15 median 13.1 (3.3– 

 54.5)
43 of 55 (78%; 1-yr FFP 82%)/imaging 30 Gy/5 frx; 24 Gy/3; 24 Gy/1; Rx iso- 

 dose such that CTV covered by 
 80%–90%

52% w/ lasting response; 
 pain free at 12 mos (BPI) 

Tsai et al., 2009 127/69 NS/15 0 median 10 (3–21) 96.8% at 10 mos, 123 of 127 (97%)/ 
 imaging

mean 15.5 Gy/2/80% 61 of 69 w/ improved pain 
 (VAS)

Nelson et al., 2008 33/32 NS/22 0 median 7 (3–21) 29 of 33 (88%)/imaging &/or pain median 18 Gy/3/NS 13 of 32 w/ CR & 17 of 32 w/  
 PR at 1 mo (question- 
 naire)

Chang et al., 2007 74/63 NS/35 29 median 21.3 (1–50) 57 of 74 (77%; 1-yr FFP 84%)/imaging 30 Gy/5 frx (32 of 63); or 27 Gy/3 frx 
 (31 of 63); Rx isodose such that 
 80%–90% target coverage

narcotic use declined from 
 60% to 36% at 6 mos 
 (BPI)

(continued)
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STEREOTACTIC body radiotherapy is increasingly be-
ing applied to treat primary and metastatic spinal 
tumors.10,13,46,48 The term SBRT implies high-dose-

per-fraction radiation (typically > 5 Gy per fraction) de-
livered to an image-guided target in 1 to 5 fractions by 
using conformal radiation techniques.48 Stereotactic body 

radiotherapy for the spine is technically demanding be-
cause it often requires near-rigid body immobilization, 
sophisticated treatment planning allowing for sharp dose 
gradients (in particular at the spinal cord–vertebral seg-
ment interface), and imaging guidance to ensure that the 
dose is delivered accurately.

The rationale for using SBRT in the postoperative 
setting from a surgeon’s perspective is the following. 
Although spine surgery improves the chances for neu-
rological recovery in patients with high-grade MESCC, 
and can restore spinal stability, it may not provide durable 
local tumor control.37 With few exceptions, solid meta-
static tumors are not resectable for cure, and residual tu-
mor always remains following decompression, especially 
at the dural margin. Klekamp and Samii26 reported lo-
cal recurrences of 57.9% at 6 months following surgery 
and adjuvant conventional radiation, 69.3% at 1 year, and 
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96% at 4 years, which suggests that more effective ad-
juvant radiation therapy may improve outcomes. Given 
the increasing use of SBRT for spinal metastases, with 
high rates of local control, in particular for patients with 
UDGLRUHVLVWDQW�KLVWRORJLFDO�ÀQGLQJV�14,16,36,48 the natural ex-
tension for SBRT is in the postoperative adjuvant setting 
following spinal cord decompression.

Although a number of reviews on spine SBRT have 
been written that detail the technology and general tech-
nique,5,6,28,40,46,48,53,57 none have focused on the postopera-
tive patient with metastatic disease. Therefore, in the cur-
rent paper we provide a brief overview of spine SBRT 
technology, review in detail the current state of the litera-
ture in terms of SBRT for metastatic disease, and focus 
on the role of postoperative SBRT where applicable. For 
the sake of focus, benign spinal tumors are beyond the 
scope of this review and will not be addressed.

3ULQFLSOHV�RI�6%57�DV�$SSOLHG�WR�WKH�6SLQH
The predominant advantage of SBRT over conven-

tional EBRT for spinal metastases lies in the higher BED 
delivered to the tumor. The practitioner typically deliv-
ers 20–24 Gy in 1 fraction or 24–27 Gy in 3 fractions, 
which represents twice or more the tumor BED of con-
ventional EBRT palliative regimens. The goal of therapy 
is now aimed at maximizing both local tumor and pain 
control, as opposed to pain relief alone. Because SBRT by 
GHÀQLWLRQ�LQYROYHV�IHZ��RU�VLQJOH��KLJK�GRVH�SHU�IUDFWLRQ�
treatments, the number of fractions is less than that for 
conventional EBRT, in which the number of fractions can 
range anywhere from 5 to 25 (most commonly, 30 Gy in 
10 fractions). With SBRT, there is also less potential for 
toxicity, given the highly conformal shaping of the dose 
around the tumor target; therefore, the volume of nontu-
mor tissue exposed to doses that could cause acute and 
ODWH�UHDFWLRQV�LV�VLJQLÀFDQWO\�UHGXFHG�

Figure 1 illustrates a typical conventional radia-
WLRQ�SODQ�IRU�D�SDWLHQW�ZKR�ZDV�ÀUVW�VXUJLFDOO\�WUHDWHG�IRU�

MESCC, and then treated conventionally with 30 Gy in 
���IUDFWLRQV��2QH�FDQ�DSSUHFLDWH�WKDW�WKH�UDGLDWLRQ�ÀHOGV����
lateral opposing beams in this case) encompass the entire 
postoperative bed and hardware (outlined in blue), plus a 
PDUJLQ�RI���KHDOWK\�9%�DERYH�DQG�EHORZ�WKH�VXUJLFDO�ÀHOG��
This results in a large volume of normal tissue being ir-
radiated. The shift in the treatment paradigm when using 
SBRT is illustrated in Fig. 2. Now for this patient undergo-
ing SBRT after the operation for MESCC, the practitioner 
limits the dose to just the diseased vertebral segment to 
treat areas of residual disease and the tumor bed.

The disadvantages of spine SBRT stem from the ex-
treme accuracy required when high radiation doses are 
being deposited millimeters away from critical structures 
such as the spinal cord.9 Due to the highly sophisticated 
technology used for both dose delivery and planning, 
SBRT treatments cannot be delivered on the same day as 
simulation. Generally 3–5 working days are required be-
fore treatment can be delivered. Furthermore, treatment 
times are prolonged, typically ranging from 45 to 90 min-
utes per fraction, although there are far fewer fractions. 
Importantly, if toxicity occurs, then the consequences 
are generally more severe, because late normal tissue ef-
fects are more sensitive to high-dose-per-fraction radia-
tion. For the spinal cord, permanent radiation myelopa-
thy leaving patients paralyzed has been reported, and is 
a devastating, unacceptable toxicity associated with this 
technique, considering the fact that these patients are re-
ceiving palliative care.19,50,51 Last, should failure occur in 
adjacent vertebral segments, then retreatment becomes 
much more complicated. At issue is the accounting for the 
prior high-dose-per-fraction spinal cord dose exposure, 
because there is a lack of data about spinal cord tolerance 
at retreatment in this setting.

Currently, the role of SBRT in metastatic spine tumors 
is being evaluated in a randomized trial by the RTOG (pro-
WRFRO�������IRU�SDWLHQWV�ZLWK�VLJQLÀFDQW�SDLQ�DQG�QR�KLVWRU\�
of radiation or surgery. The aim of the trial is to compare 
pain response after delivery of 16 Gy in a single fraction 

Fig. 1. Neuroimaging studies obtained in a patient in whom an operation for a C-2 metastasis of unknown primary origin that 
extended to the odontoid process resulted in cervical spine instability. This patient underwent a laminectomy at C2–3, a C-2 
corpectomy performed with anterior VB reconstruction with methylmethacrylate, placement of a pin extending from C-1 to C-3, 
and screw and rod placement, with the rods connecting to an occipital plate with cervical screws to C-4. Two weeks postopera-
tively, the tumor regrew at C-2 (see far left panel; sagittal MR image), with a significant mass extending paraspinally. Emergency 
conventional radiation of 30 Gy in 10 fractions was given. The technique was a parallel-opposed lateral pair to encompass the 
tumor mass plus the postoperative bed, including surgical hardware, as traditional practice dictates. The fields encompassed an 
area from the base of the skull to C-6, to provide a margin for adequate coverage of the prescribed dose. Therefore, much of the 
pharynx, posterior neck tissue, and healthy bone received the therapeutic dose.
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spine SBRT yields inferior, equivalent, or better local 
control than surgery w

ith postoperative radiation (con-
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parative data.
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M

oulding et al. also report actuarial rates w
ith a 1-year 

probability of local control of 90.5%
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ported on SBRT postkyphoplasty, w

ith an excellent rate 
of local control at 92%
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ited 
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ber of cases. W

e sum
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arize the results 
for postoperative SBRT in Table 2. These data suggest 
that the principle of an initial stabilization procedure to 
provide m

echanical stability, or m
ajor surgery for decom

-
pression and epidural tum

or resection, follow
ed by post-

operative SBRT to control the tum
or burden, is sound and 
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up periods are needed to m
ake stronger conclusions.

2) Equivalent rates of pain and local control in pa-
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are suggested based on a nonrandom
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7KH�ÀQGLQJ�RI�HTXLYDOHQW�SDLQ�FRQWURO�IRU�SDWLHQWV�WUHDWHG�
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ith spine SBRT as retreatm
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pared w
ith a cohort 

of patients treated w
ith conventional radiotherapy and 
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as reported by G

agnon et al. 11 based 
on a m

atched-pair analysis. The data overall in Table 2 
seem

 to support that spine SBRT in patients w
ith prior 

radiation results in equivalent local and pain control w
hen 
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pared w
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ith no history of 

prior radiation. Pain control rates are prom
ising, but one 
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escalation studies, nor are there any random

ized studies 
testing various SBRT dose schem

es. Therefore, the opti-
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al practice is unknow
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ever, Yam

ada et al. 56 from
 

the M
SKCC analyzed their retrospective experience in 

w
hich the SBRT dose w

as escalated over tim
e, and sug-

gest greater rates of local control w
ith a higher single-

fraction total dose. This has led to their current practice 
of prescribing 24 G

y in a single fraction.
In the 3 postoperative studies totaling 65 postoperative 

tum
ors treated, single-fraction SBRT (betw
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G
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m
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oulding et al. 33 suggest a dose re-

sponse for postoperative SBRT w
ith 24 G

y, but their series 
represents only 21 patients and requires validation.

Patterns of Failure
The m

ajor consideration critical to the safety of spine 
SBRT is the need to justify the lack of dose at the verte-
bral segm

ent–spinal cord (or thecal sac) interface. W
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TABLE 2: Literature review of the current evidence, including only studies reporting on spinal metastases* (continued)

Authors & Year

Total 
No. 

Tumors/ 
No. Pts

No. Tumors 
w/ Retx/ 
No. Pts

No. Postop 
Pts FU in Mos (range) Local Control/Criteria† Tumor Dose/No. Frx/Rx Isodose

Pain Response 
(pain assessment tool)

studies w/ a mixture of SBRT indications
Gibbs et al., 2007 102/74 50/NS 0 mean 9 (0–33) NS 14–25 Gy/1–5/61%–89% 84% of symptomatic pts w/ 

� UHVROXWLRQ�RU�EHQH¿W 
 (VAS)

Gerszten et al., 2007 500/393 344/NS 9/500 tumors median 21 (3–53) 440 of 500 (88%)/imaging mean 20 Gy/1/80% (7 of 500 w/ comb 
 EBRT + SBRT boost)

290 of 336 w/ improvement 
 (VAS)

Yamada et al.,  2005 21/21 20/20 0 median 7 (1–24) 19 of 21 (90%; actuarial 81%)/imaging median 20 Gy/5 frx NS for pts w/ metastases 
 only (0–10 self-assessed 
 pain scale)

total 912/700 508/508¶ 710 of 809 (88%)


� %3,� �EULHI�SDLQ�LQYHQWRU\��FRPE� �FRPELQHG��&5� �FRPSOHWH�SDLQ�UHOLHI��))3� �IUHHGRP�IURP�SURJUHVVLRQ��)8� �IROORZ�XS��16� �QRW�VSHFL¿HG��35� �SDUWLDO�SDLQ�UHOLHI��SWV� �SDWLHQWV��5HW[� �UHLUUDGLD-
tion; VAS = visual analog scale. 
† Local control for postoperative patients in those nondedicated postoperative mixed cohort series: 4/5 in Sahgal et al.45; 10/15 in Nguyen et al.; 23/29 in Chang et al.
‡ One patient obtained pain relief from surgery prior to SBRT; therefore, the number of cases was 9. 
�� 'HWDLOV�SURYLGHG�E\�SULPDU\�DXWKRU�RI�WKH�SXEOLFDWLRQ��DOWKRXJK�QRW�VSHFL¿HG�LQ�WKH�SDSHU��
�� $VVXPHG�WKDW�WKH�QXPEHU�RI�SDWLHQWV�LV�WKH�VDPH�DV�QXPEHU�RI�WXPRUV�WUHDWHG�IRU�WKRVH�QRW�VSHFL¿HG��WR�JLYH�D�URXJK�HVWLPDWH�WR�WKH�UHDGHU�
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TABLE 2: Literature review of the current evidence, including only studies reporting on spinal metastases* (continued)

Authors & Year

Total 
No. 
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No. Pts
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w/ Retx/ 
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No. Postop 
Pts FU in Mos (range) Local Control/Criteria† Tumor Dose/No. Frx/Rx Isodose

Pain Response 
(pain assessment tool)

studies w/ a mixture of SBRT indications
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 pain scale)
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� %3,� �EULHI�SDLQ�LQYHQWRU\��FRPE� �FRPELQHG��&5� �FRPSOHWH�SDLQ�UHOLHI��))3� �IUHHGRP�IURP�SURJUHVVLRQ��)8� �IROORZ�XS��16� �QRW�VSHFL¿HG��35� �SDUWLDO�SDLQ�UHOLHI��SWV� �SDWLHQWV��5HW[� �UHLUUDGLD-
tion; VAS = visual analog scale. 
† Local control for postoperative patients in those nondedicated postoperative mixed cohort series: 4/5 in Sahgal et al.45; 10/15 in Nguyen et al.; 23/29 in Chang et al.
‡ One patient obtained pain relief from surgery prior to SBRT; therefore, the number of cases was 9. 
�� 'HWDLOV�SURYLGHG�E\�SULPDU\�DXWKRU�RI�WKH�SXEOLFDWLRQ��DOWKRXJK�QRW�VSHFL¿HG�LQ�WKH�SDSHU��
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TABLE 2: Literature review of the current evidence, including only studies reporting on spinal metastases*

Authors & Year

Total 
No. 

Tumors/ 
No. Pts

No. Tumors 
w/ Retx/ 
No. Pts

No. Postop 
Pts FU in Mos (range) Local Control/Criteria† Tumor Dose/No. Frx/Rx Isodose

Pain Response 
(pain assessment tool)

postop SBRT
Moulding et al., 2010 21/21 0 21 median 10.3 17 of 21 (81%) w/ 1-yr local control 

 90.5%/imaging
median 24 Gy/1/100% NS

Rock et al., 2006 18/18 1/1 18 median 7 (4–36) 17 of 18 (94%)/imaging &/or clinical 4 of 18: EBRT 25 Gy/10 frx + SBRT 
 boost; median 6 Gy/1/90%; 14 of 18: 
 SBRT only; median 14 Gy/1/90%

6 of 18 w/ CR (NS)

Gerszten et al., 200517 26/26 7/7 26 median 16 (11–24) 24 of 26 (92%)/imaging & pain mean 18 Gy/1/80% improved in 24 of 26 (VAS)
total 65/65 8/8 65 58 of 65 (89%)
SBRT for tumors w/ no prior radiation
Yamada et al., 2008 103/93 0/0 0 median 15 (2–45) 90% at 15 mos, ~93 of 103/imaging median 24 Gy/1/100% NS
Ryu et al., 2004 61/49 0/0 NS median 6.4 (6–24) 57 of 61 (93%)/imaging & pain 10–16 Gy/1/90% 85% comb CR/PR rate 

 (VAS)
Ryu et al., 2003 10/10 0/0 NS mean 6 (3–12) 10 of 10 (100%)/imaging & pain EBRT 25 Gy/10 frx + SBRT boost; 6–8 

 Gy/1/90%
5 of 9 w/ CR, 4 of 9 w/ PR 
 (NS)‡

Sahgal et al., 200945 23/14 0/0 5 median 9 (1–26) 18 of 23 (78%)/imaging &/or pain§ median 24 Gy/3/67% NS
total 197/166 0/0 178 of 197 (90%)
SBRT for tumors w/ prior radiation
Mahan et al., 2005 8/8 8/8 0 mean 15.2 8 of 8 (100%)/NS median 30 Gy/15/NS 6 of 8 w/ CR, 2 of 8 w/ PR 

 (NS)
Milker-Zabel et al., 2003 19/18 19/18 0 median 12 (4–33) 18 of 19 (95%)/imaging median 39.6 Gy/2 (aim was 90% cover- 

 age)
13 of 16 (NS)

Hamilton et al., 1995 5/5 5/5 0 median 6 (1–12) 5 of 5 (100%)/imaging &/or clinical median 10 Gy/1/80% NS
Sahgal et al., 200945 37/25 37/25 0 median 7 (1–48) 34 of 37 (92%)/imaging &/or pain median 24 Gy/3/60% NS
total 69/56 69/56 0 65 of 69 (94%)
studies w/ a mixture of SBRT indications
Nguyen et al., 2010 55/48 NS/22 15 median 13.1 (3.3– 

 54.5)
43 of 55 (78%; 1-yr FFP 82%)/imaging 30 Gy/5 frx; 24 Gy/3; 24 Gy/1; Rx iso- 

 dose such that CTV covered by 
 80%–90%

52% w/ lasting response; 
 pain free at 12 mos (BPI) 

Tsai et al., 2009 127/69 NS/15 0 median 10 (3–21) 96.8% at 10 mos, 123 of 127 (97%)/ 
 imaging

mean 15.5 Gy/2/80% 61 of 69 w/ improved pain 
 (VAS)

Nelson et al., 2008 33/32 NS/22 0 median 7 (3–21) 29 of 33 (88%)/imaging &/or pain median 18 Gy/3/NS 13 of 32 w/ CR & 17 of 32 w/  
 PR at 1 mo (question- 
 naire)

Chang et al., 2007 74/63 NS/35 29 median 21.3 (1–50) 57 of 74 (77%; 1-yr FFP 84%)/imaging 30 Gy/5 frx (32 of 63); or 27 Gy/3 frx 
 (31 of 63); Rx isodose such that 
 80%–90% target coverage

narcotic use declined from 
 60% to 36% at 6 mos 
 (BPI)

(continued)
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STEREOTACTIC body radiotherapy is increasingly be-
ing applied to treat primary and metastatic spinal 
tumors.10,13,46,48 The term SBRT implies high-dose-

per-fraction radiation (typically > 5 Gy per fraction) de-
livered to an image-guided target in 1 to 5 fractions by 
using conformal radiation techniques.48 Stereotactic body 

radiotherapy for the spine is technically demanding be-
cause it often requires near-rigid body immobilization, 
sophisticated treatment planning allowing for sharp dose 
gradients (in particular at the spinal cord–vertebral seg-
ment interface), and imaging guidance to ensure that the 
dose is delivered accurately.

The rationale for using SBRT in the postoperative 
setting from a surgeon’s perspective is the following. 
Although spine surgery improves the chances for neu-
rological recovery in patients with high-grade MESCC, 
and can restore spinal stability, it may not provide durable 
local tumor control.37 With few exceptions, solid meta-
static tumors are not resectable for cure, and residual tu-
mor always remains following decompression, especially 
at the dural margin. Klekamp and Samii26 reported lo-
cal recurrences of 57.9% at 6 months following surgery 
and adjuvant conventional radiation, 69.3% at 1 year, and 
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STEREOTACTIC body radiotherapy is increasingly be-
ing applied to treat primary and metastatic spinal 
tumors.10,13,46,48 The term SBRT implies high-dose-

per-fraction radiation (typically > 5 Gy per fraction) de-
livered to an image-guided target in 1 to 5 fractions by 
using conformal radiation techniques.48 Stereotactic body 

radiotherapy for the spine is technically demanding be-
cause it often requires near-rigid body immobilization, 
sophisticated treatment planning allowing for sharp dose 
gradients (in particular at the spinal cord–vertebral seg-
ment interface), and imaging guidance to ensure that the 
dose is delivered accurately.

The rationale for using SBRT in the postoperative 
setting from a surgeon’s perspective is the following. 
Although spine surgery improves the chances for neu-
rological recovery in patients with high-grade MESCC, 
and can restore spinal stability, it may not provide durable 
local tumor control.37 With few exceptions, solid meta-
static tumors are not resectable for cure, and residual tu-
mor always remains following decompression, especially 
at the dural margin. Klekamp and Samii26 reported lo-
cal recurrences of 57.9% at 6 months following surgery 
and adjuvant conventional radiation, 69.3% at 1 year, and 
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96% at 4 years, which suggests that more effective ad-
juvant radiation therapy may improve outcomes. Given 
the increasing use of SBRT for spinal metastases, with 
high rates of local control, in particular for patients with 
UDGLRUHVLVWDQW�KLVWRORJLFDO�ÀQGLQJV�14,16,36,48 the natural ex-
tension for SBRT is in the postoperative adjuvant setting 
following spinal cord decompression.

Although a number of reviews on spine SBRT have 
been written that detail the technology and general tech-
nique,5,6,28,40,46,48,53,57 none have focused on the postopera-
tive patient with metastatic disease. Therefore, in the cur-
rent paper we provide a brief overview of spine SBRT 
technology, review in detail the current state of the litera-
ture in terms of SBRT for metastatic disease, and focus 
on the role of postoperative SBRT where applicable. For 
the sake of focus, benign spinal tumors are beyond the 
scope of this review and will not be addressed.

3ULQFLSOHV�RI�6%57�DV�$SSOLHG�WR�WKH�6SLQH
The predominant advantage of SBRT over conven-

tional EBRT for spinal metastases lies in the higher BED 
delivered to the tumor. The practitioner typically deliv-
ers 20–24 Gy in 1 fraction or 24–27 Gy in 3 fractions, 
which represents twice or more the tumor BED of con-
ventional EBRT palliative regimens. The goal of therapy 
is now aimed at maximizing both local tumor and pain 
control, as opposed to pain relief alone. Because SBRT by 
GHÀQLWLRQ�LQYROYHV�IHZ��RU�VLQJOH��KLJK�GRVH�SHU�IUDFWLRQ�
treatments, the number of fractions is less than that for 
conventional EBRT, in which the number of fractions can 
range anywhere from 5 to 25 (most commonly, 30 Gy in 
10 fractions). With SBRT, there is also less potential for 
toxicity, given the highly conformal shaping of the dose 
around the tumor target; therefore, the volume of nontu-
mor tissue exposed to doses that could cause acute and 
ODWH�UHDFWLRQV�LV�VLJQLÀFDQWO\�UHGXFHG�

Figure 1 illustrates a typical conventional radia-
WLRQ�SODQ�IRU�D�SDWLHQW�ZKR�ZDV�ÀUVW�VXUJLFDOO\�WUHDWHG�IRU�

MESCC, and then treated conventionally with 30 Gy in 
���IUDFWLRQV��2QH�FDQ�DSSUHFLDWH�WKDW�WKH�UDGLDWLRQ�ÀHOGV����
lateral opposing beams in this case) encompass the entire 
postoperative bed and hardware (outlined in blue), plus a 
PDUJLQ�RI���KHDOWK\�9%�DERYH�DQG�EHORZ�WKH�VXUJLFDO�ÀHOG��
This results in a large volume of normal tissue being ir-
radiated. The shift in the treatment paradigm when using 
SBRT is illustrated in Fig. 2. Now for this patient undergo-
ing SBRT after the operation for MESCC, the practitioner 
limits the dose to just the diseased vertebral segment to 
treat areas of residual disease and the tumor bed.

The disadvantages of spine SBRT stem from the ex-
treme accuracy required when high radiation doses are 
being deposited millimeters away from critical structures 
such as the spinal cord.9 Due to the highly sophisticated 
technology used for both dose delivery and planning, 
SBRT treatments cannot be delivered on the same day as 
simulation. Generally 3–5 working days are required be-
fore treatment can be delivered. Furthermore, treatment 
times are prolonged, typically ranging from 45 to 90 min-
utes per fraction, although there are far fewer fractions. 
Importantly, if toxicity occurs, then the consequences 
are generally more severe, because late normal tissue ef-
fects are more sensitive to high-dose-per-fraction radia-
tion. For the spinal cord, permanent radiation myelopa-
thy leaving patients paralyzed has been reported, and is 
a devastating, unacceptable toxicity associated with this 
technique, considering the fact that these patients are re-
ceiving palliative care.19,50,51 Last, should failure occur in 
adjacent vertebral segments, then retreatment becomes 
much more complicated. At issue is the accounting for the 
prior high-dose-per-fraction spinal cord dose exposure, 
because there is a lack of data about spinal cord tolerance 
at retreatment in this setting.

Currently, the role of SBRT in metastatic spine tumors 
is being evaluated in a randomized trial by the RTOG (pro-
WRFRO�������IRU�SDWLHQWV�ZLWK�VLJQLÀFDQW�SDLQ�DQG�QR�KLVWRU\�
of radiation or surgery. The aim of the trial is to compare 
pain response after delivery of 16 Gy in a single fraction 

Fig. 1. Neuroimaging studies obtained in a patient in whom an operation for a C-2 metastasis of unknown primary origin that 
extended to the odontoid process resulted in cervical spine instability. This patient underwent a laminectomy at C2–3, a C-2 
corpectomy performed with anterior VB reconstruction with methylmethacrylate, placement of a pin extending from C-1 to C-3, 
and screw and rod placement, with the rods connecting to an occipital plate with cervical screws to C-4. Two weeks postopera-
tively, the tumor regrew at C-2 (see far left panel; sagittal MR image), with a significant mass extending paraspinally. Emergency 
conventional radiation of 30 Gy in 10 fractions was given. The technique was a parallel-opposed lateral pair to encompass the 
tumor mass plus the postoperative bed, including surgical hardware, as traditional practice dictates. The fields encompassed an 
area from the base of the skull to C-6, to provide a margin for adequate coverage of the prescribed dose. Therefore, much of the 
pharynx, posterior neck tissue, and healthy bone received the therapeutic dose.
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conventional radiation, tissue surrounding the spinal cord 
circumferentially receives the prescribed therapeutic dose 
due to the nature of the technique (Fig. 1), and because 
the dose prescribed is within spinal cord tolerance. With 
spine SBRT, this is the area at risk for local failure, given 
that the principle of spine SBRT is to treat the target re-
gion without necessarily including uninvolved anatomy. 
For example, if the disease is isolated to the VB, then only 
the anterior spinal cord–VB surface would be exposed 
to the radiation dose. Nevertheless, this interface is still 
underdosed relative to the target to keep the dose to the 
spinal cord within a safe limit; in particular for cases of 
repeat irradiation. Therefore, there is potential for micro-
scopic epidural tumor to be exposed to a subtherapeutic 
dose, and this is certainly also true of gross epidural tu-
mor when it abuts the spinal cord. The consequence of 
failure at this interface can be devastating, because tumor 
growth can result in MESCC.

The second major consideration with this technique 
is the practice of treating the involved vertebrae, as op-
posed to including at least 1 healthy VB above and below 
WKH�GLVHDVH� LQ� WKH� UDGLDWLRQ�ÀHOG��7KLV�ZDV� WKH�SUDFWLFH�
ZLWK�ZLGH�ÀHOG�FRQYHQWLRQDO�UDGLRWKHUDS\��)LJ������ODUJHO\�
due to fear of missing the target because technology in the 
past did not allow accurate target delineation (MR imag-
ing) and targeting (IGRT), and due to physical limitations 
RI�GRVH�GHOLYHU\�ZLWK�VLPSOH����RU���ÀHOG�WHFKQLTXHV�

Analysis of data on patterns of failure in SBRT pro-
vides insight into the aforementioned issues. One must 
FRQVLGHU�WKDW�IDLOXUH�ZLWKLQ�WKH�WDUJHW�YROXPH�PD\�UHÁHFW�
unfavorable biological features of the disease more than the 
limitations of the SBRT technique. Therefore, it is impor-
tant to analyze the pattern of failure beyond the targeted 
tumor (that is, at the edges of the high dose volume), as op-

SRVHG�WR�LQ�ÀHOG�IDLOXUH��7DEOH���VXPPDUL]HV�WKH�FRPPRQ�
SDWWHUQV�RI�IDLOXUH��DQG�FHUWDLQ�FRQFOXVLRQV�DUH�MXVWLÀHG�

1) Adjacent VB tumor progression is not a common 
occurrence, and the practice of treating the involved ver-
tebra is safe.15,35,44 However, because the data are not actu-
DULDO��LW�LV�GLIÀFXOW�WR�GHWHUPLQH�WKH�WUXH�ULVN��)RU�H[DPSOH��
Ryu et al.44 reported a 4% risk of failure in adjacent verte-
brae, but only 6 of 49 patients had MR imaging follow-up 
for more than 1 year post-SBRT.

2) Failure at the epidural space is a common pattern 
reported in the SBRT literature. Chang et al.8 reported spe-
FLÀF�IDLOXUHV�DW�WKLV�DUHD�LQ���RI����IDLOXUHV�LQ�WKHLU�VHULHV�
of 74 tumors treated. This pattern of failure has also been 
reported in other series, as indicated in Table 3. These data 
illustrate the challenge of treating epidural disease with 
SBRT, because spinal cord constraints simply limit epidural 
tumor coverage. Moreover, even without epidural disease, 
the posterior VB is at risk for disease progression, depend-
ing on the imposed critical neural structure dose limit. 
Chang et al. reported failure in the posterior part of the VB 
from tumor underdosing to meet spinal cord constraints. 
Sahgal et al.45 reported local failure in 8 of 60 tumors treat-
ed, and analyzed the potential for treatment failure as the 
tumor approached the thecal sac. A trend was found when 
the minimum distance between the target and the thecal sac 
ZDV�����PP��DQG�H[SORUDWRU\�DQDO\VLV�VKRZHG�D�VLJQLÀFDQW�
risk of failure for tumors essentially touching the thecal sac. 
Therefore, for tumors abutting the critical neural structures, 
LW�PD\�EH�EHWWHU�WR�ÀUVW�VXUJLFDOO\�GHEXON�WKH�OHVLRQ�DQG�WKHQ�
proceed with SBRT to optimize target coverage.

3) Failure at other areas due to intentional avoidance 
or lack of margin beyond the GTV can occur, and these 
examples are summarized in Table 3. Failure in the para-
vertebral tissue has been reported, and it results from the 

TABLE 3: Summary of patterns of failure with spine SBRT

Authors & Year Incidence

adjacent vertebral segment failure

 Gerszten et al., 2007 0 of 500 tumors 

 Ryu et al., 2004 3 of 61 tumors 

 Nelson et al., 2008 0 of 33 tumors 

failure at epidural space

 Nguyen et al., 2010 6 of 55 tumors (6 of 12 total failures)

 Chang et al., 2007 8 of 74 tumors (8 of 17 total failures)

 Milker-Zabel et al., 2003 1 of 19 tumors had “intradural progression”

 Gerszten et al., 2007 ��RI����SWV�WUHDWHG�IRU�SURJUHVVLYH�QHXURORJLFDO�GH¿FLWV�SURJUHVVHG�IXUWKHU�WR�FRPSOHWH�SDUDSOHJLD 

 (medically inoperable)

 Gibbs et al., 2007 specify that 1 patient w/ preexisting myelopathy continued to progress despite Tx

 Nelson et al., 2008 2 of 33 tumors (2 of 4 total failures)

failure sites where anatomy was intentionally excluded

 Nguyen et al., 2010

  posterior elements 5 of 55 tumors (5 of 12 failures)

  paraspinal tissue 3 of 55 tumors (3 of 12 failures)

 Chang et al., 2007

  paraspinal tissue 4 of 74 tumors (4 of 17 total failures)

  posterior elements 3 of 74 tumors (3 of 17 total failures)
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Abstract

Background: Instable and painful vertebral metastases in patients with progressive visceral metastases present a
common therapeutic dilemma. We developed a novel approach to deliver intraoperative radiotherapy (IORT)
during kyphoplasty and report the first treated case.

Methods/Results: 60 year old patient with metastasizing breast cancer under chemotherapy presented with a
newly diagnosed painful metastasis in the 12th thoracic vertebra. Under general anaesthesia, a bipedicular
approach into the vertebra was chosen with insertion of specially designed metallic sleeves to guide the electron
drift tube of the miniature X-ray generator (INTRABEAM, Carl Zeiss Surgical, Oberkochen, Germany). This was
inserted with a novel sheet designed for this approach protecting the drift tube. A radiation dose of 8 Gy in 5 mm
distance (50 kV X-rays) was delivered. The kyphoplasty balloons (KyphX, Kyphon Inc, Sunnyvale) were inflated after
IORT and polymethylmethacrylate cement was injected. The whole procedure lasted less than 90 minutes.

Conclusion: In conclusion, this novel, minimally invasive procedure can be performed in standard operating rooms
and may become a valuable option for patients with vertebral metastases providing immediate stability and local
control. A phase I/II study is under way to establish the optimal dose prescription.

Background
It is a common therapeutic dilemma in the treatment of
advanced stage cancer that progressive visceral metas-
tases and instable and painful bone metastases are pre-
sent simultaneously and require urgent treatment.
However, due to potentiated toxicity, simultaneous
treatment with full dose chemotherapy and fractionated
radiotherapy is rarely possible. In addition, instability of
the vertebral column may require prolonged periods of
bed rest. We have therefore developed a novel approach
to deliver intraoperative radiotherapy (IORT) during
kyphoplasty in order to regain immediate stability, steri-
lize the metastasis and continue with chemotherapy
without a delay of several weeks. Here we report about
the first use of this novel approach (Kypho-IORT).

Results
A 60 year old patient with metastasizing breast cancer
to the lung and mediastinal lymph nodes under doce-
taxel chemotherapy (75 mg/sqm q21d for 3 cycles) pre-
sented with a newly diagnosed painful metastasis in the
12th thoracic vertebra. There was an increased risk for a
pathologic fracture due to the extent of the vertebral
metastasis (see figure 1). The initial diagnosis of a recep-
tor-positive lobular-invasive breast cancer (pT2 pN1a
G2 her2neu FISH negative) in the left upper-outer
quadrant was made 3 years ago. The patient received
initially breast conserving surgery, axillary dissection,
adjuvant chemotherapy (6 × FEC) and whole breast
radiotherapy with boost (50 + 16 Gy) followed by endo-
crine therapy using letrozole. Visceral metastases were
diagnosed three months ago during routine follow-up
and palliative chemotherapy was initiated.
The kyphoplasty itself was performed according to the

standard procedure with some minor modifications. In
short, under general anaesthesia and after sterile
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into the spinal canal ("egg-shell technique”). Whether
metastases in the pedicle can be approached with this
technique remains to be determined based on the dose
to the spinal cord and the stability of the positioning of
the IORT device. External beam radiotherapy or radio-
surgery [8,9] even when combined with bisphosphonates
do provide improved structural stability only after a pro-
longed period of time and the hazards of open radionu-
clides are avoided with this X-ray based approach [10].
A detailed discussion about different fractionation sche-
dules for the treatment of spinal cord metastases can be
found in a recent review [11]. This new application
broadens the potential applications of the Intrabeam
system, which is up to now mainly used for IORT for

Figure 5 The INTRABEAM system in treatment position.

Figure 6 Dose distribution for localization in the center of the
vertebra. Please note that the spinal cord is touched by the 1 Gy
isodose.

Figure 7 The 8 Gy isodose reaches the spinal cord after
placement of the radiation source in the dorsal part of the
vertebra.

Figure 4 The INTRABEAM system is inserted into the guiding
sleeves while the drift tube is protected by a novel sheet.
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breast cancer [12-14], and brain tumors [15]. Because
long term experiences with this approach are not avail-
able at present, a phase I/II study is ongoing to establish
the optimal dose presciption to provide local control.

Conclusion
IORT with low energy X-rays can be performed during
kyphoplasty in standard operating rooms without the
necessity of excessive radiation protection measures. As
survival times of patients with many types of advanced
cancer increase, the demand for this novel approach will
potentially increase in the future.
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Figure 8 PMMA cement is injected after inflation of the
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into the spinal canal ("egg-shell technique”). Whether
metastases in the pedicle can be approached with this
technique remains to be determined based on the dose
to the spinal cord and the stability of the positioning of
the IORT device. External beam radiotherapy or radio-
surgery [8,9] even when combined with bisphosphonates
do provide improved structural stability only after a pro-
longed period of time and the hazards of open radionu-
clides are avoided with this X-ray based approach [10].
A detailed discussion about different fractionation sche-
dules for the treatment of spinal cord metastases can be
found in a recent review [11]. This new application
broadens the potential applications of the Intrabeam
system, which is up to now mainly used for IORT for
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vertebra. Please note that the spinal cord is touched by the 1 Gy
isodose.

Figure 7 The 8 Gy isodose reaches the spinal cord after
placement of the radiation source in the dorsal part of the
vertebra.

Figure 4 The INTRABEAM system is inserted into the guiding
sleeves while the drift tube is protected by a novel sheet.
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Abstract

Background: Instable and painful vertebral metastases in patients with progressive visceral metastases present a
common therapeutic dilemma. We developed a novel approach to deliver intraoperative radiotherapy (IORT)
during kyphoplasty and report the first treated case.

Methods/Results: 60 year old patient with metastasizing breast cancer under chemotherapy presented with a
newly diagnosed painful metastasis in the 12th thoracic vertebra. Under general anaesthesia, a bipedicular
approach into the vertebra was chosen with insertion of specially designed metallic sleeves to guide the electron
drift tube of the miniature X-ray generator (INTRABEAM, Carl Zeiss Surgical, Oberkochen, Germany). This was
inserted with a novel sheet designed for this approach protecting the drift tube. A radiation dose of 8 Gy in 5 mm
distance (50 kV X-rays) was delivered. The kyphoplasty balloons (KyphX, Kyphon Inc, Sunnyvale) were inflated after
IORT and polymethylmethacrylate cement was injected. The whole procedure lasted less than 90 minutes.

Conclusion: In conclusion, this novel, minimally invasive procedure can be performed in standard operating rooms
and may become a valuable option for patients with vertebral metastases providing immediate stability and local
control. A phase I/II study is under way to establish the optimal dose prescription.
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radiotherapy is rarely possible. In addition, instability of
the vertebral column may require prolonged periods of
bed rest. We have therefore developed a novel approach
to deliver intraoperative radiotherapy (IORT) during
kyphoplasty in order to regain immediate stability, steri-
lize the metastasis and continue with chemotherapy
without a delay of several weeks. Here we report about
the first use of this novel approach (Kypho-IORT).

Results
A 60 year old patient with metastasizing breast cancer
to the lung and mediastinal lymph nodes under doce-
taxel chemotherapy (75 mg/sqm q21d for 3 cycles) pre-
sented with a newly diagnosed painful metastasis in the
12th thoracic vertebra. There was an increased risk for a
pathologic fracture due to the extent of the vertebral
metastasis (see figure 1). The initial diagnosis of a recep-
tor-positive lobular-invasive breast cancer (pT2 pN1a
G2 her2neu FISH negative) in the left upper-outer
quadrant was made 3 years ago. The patient received
initially breast conserving surgery, axillary dissection,
adjuvant chemotherapy (6 × FEC) and whole breast
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STEREOTACTIC body radiotherapy is increasingly be-
ing applied to treat primary and metastatic spinal 
tumors.10,13,46,48 The term SBRT implies high-dose-

per-fraction radiation (typically > 5 Gy per fraction) de-
livered to an image-guided target in 1 to 5 fractions by 
using conformal radiation techniques.48 Stereotactic body 

radiotherapy for the spine is technically demanding be-
cause it often requires near-rigid body immobilization, 
sophisticated treatment planning allowing for sharp dose 
gradients (in particular at the spinal cord–vertebral seg-
ment interface), and imaging guidance to ensure that the 
dose is delivered accurately.

The rationale for using SBRT in the postoperative 
setting from a surgeon’s perspective is the following. 
Although spine surgery improves the chances for neu-
rological recovery in patients with high-grade MESCC, 
and can restore spinal stability, it may not provide durable 
local tumor control.37 With few exceptions, solid meta-
static tumors are not resectable for cure, and residual tu-
mor always remains following decompression, especially 
at the dural margin. Klekamp and Samii26 reported lo-
cal recurrences of 57.9% at 6 months following surgery 
and adjuvant conventional radiation, 69.3% at 1 year, and 

Stereotactic body radiotherapy for spinal metastases: current 
status, with a focus on its application in the postoperative  
patient

A review

ARJUN SAHGAL, M.D.,1,2 MARK BILSKY, M.D.,3 ERIC L. CHANG, M.D.,4 LIJUN MA, PH.D.,5  
YOSHIYA YAMADA, M.D.,3 LAURENCE D. RHINES, M.D.,6 DANIEL LÉTOURNEAU, PH.D.,1  
MATTHEW FOOTE, M.D.,1 EUGENE YU, M.D.,7 DAVID A. LARSON, M.D., PH.D.,6  
AND MICHAEL G. FEHLINGS, M.D., PH.D.8

1Department of Radiation Oncology, Princess Margaret Hospital; 2Sunnybrook Health Sciences Centre;  
7Department of Radiology and Otolaryngology–Head and Neck Surgery, University Health Network, Mount 
Sinai Hospital and Women’s College Hospital; and 8Division of Neurosurgery and Spinal Program, Toronto 
Western Hospital, University of Toronto, Ontario, Canada; 3Departments of Radiation Oncology and 
Neurosurgery, Memorial Sloan–Kettering Cancer Center, New York, New York; Departments of 4Radiation 
Oncology and 6Neurosurgery, The University of Texas, M. D. Anderson Cancer Center, Houston, Texas; and 
5Departments of Radiation Oncology and Neurosurgery, University of California San Francisco, California

Stereotactic body radiotherapy (SBRT) for spinal metastases is an emerging therapeutic option aimed at deliv-
ering high biologically effective doses to metastases while sparing the adjacent normal tissues. This technique has 
emerged following advances in radiation delivery that include sophisticated radiation treatment planning software, 
body immobilization devices, and capabilities of detecting and correcting patient positional deviations with image-
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STEREOTACTIC body radiotherapy is increasingly be-
ing applied to treat primary and metastatic spinal 
tumors.10,13,46,48 The term SBRT implies high-dose-

per-fraction radiation (typically > 5 Gy per fraction) de-
livered to an image-guided target in 1 to 5 fractions by 
using conformal radiation techniques.48 Stereotactic body 

radiotherapy for the spine is technically demanding be-
cause it often requires near-rigid body immobilization, 
sophisticated treatment planning allowing for sharp dose 
gradients (in particular at the spinal cord–vertebral seg-
ment interface), and imaging guidance to ensure that the 
dose is delivered accurately.

The rationale for using SBRT in the postoperative 
setting from a surgeon’s perspective is the following. 
Although spine surgery improves the chances for neu-
rological recovery in patients with high-grade MESCC, 
and can restore spinal stability, it may not provide durable 
local tumor control.37 With few exceptions, solid meta-
static tumors are not resectable for cure, and residual tu-
mor always remains following decompression, especially 
at the dural margin. Klekamp and Samii26 reported lo-
cal recurrences of 57.9% at 6 months following surgery 
and adjuvant conventional radiation, 69.3% at 1 year, and 
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96% at 4 years, which suggests that more effective ad-
juvant radiation therapy may improve outcomes. Given 
the increasing use of SBRT for spinal metastases, with 
high rates of local control, in particular for patients with 
UDGLRUHVLVWDQW�KLVWRORJLFDO�ÀQGLQJV�14,16,36,48 the natural ex-
tension for SBRT is in the postoperative adjuvant setting 
following spinal cord decompression.

Although a number of reviews on spine SBRT have 
been written that detail the technology and general tech-
nique,5,6,28,40,46,48,53,57 none have focused on the postopera-
tive patient with metastatic disease. Therefore, in the cur-
rent paper we provide a brief overview of spine SBRT 
technology, review in detail the current state of the litera-
ture in terms of SBRT for metastatic disease, and focus 
on the role of postoperative SBRT where applicable. For 
the sake of focus, benign spinal tumors are beyond the 
scope of this review and will not be addressed.

3ULQFLSOHV�RI�6%57�DV�$SSOLHG�WR�WKH�6SLQH
The predominant advantage of SBRT over conven-

tional EBRT for spinal metastases lies in the higher BED 
delivered to the tumor. The practitioner typically deliv-
ers 20–24 Gy in 1 fraction or 24–27 Gy in 3 fractions, 
which represents twice or more the tumor BED of con-
ventional EBRT palliative regimens. The goal of therapy 
is now aimed at maximizing both local tumor and pain 
control, as opposed to pain relief alone. Because SBRT by 
GHÀQLWLRQ�LQYROYHV�IHZ��RU�VLQJOH��KLJK�GRVH�SHU�IUDFWLRQ�
treatments, the number of fractions is less than that for 
conventional EBRT, in which the number of fractions can 
range anywhere from 5 to 25 (most commonly, 30 Gy in 
10 fractions). With SBRT, there is also less potential for 
toxicity, given the highly conformal shaping of the dose 
around the tumor target; therefore, the volume of nontu-
mor tissue exposed to doses that could cause acute and 
ODWH�UHDFWLRQV�LV�VLJQLÀFDQWO\�UHGXFHG�

Figure 1 illustrates a typical conventional radia-
WLRQ�SODQ�IRU�D�SDWLHQW�ZKR�ZDV�ÀUVW�VXUJLFDOO\�WUHDWHG�IRU�

MESCC, and then treated conventionally with 30 Gy in 
���IUDFWLRQV��2QH�FDQ�DSSUHFLDWH�WKDW�WKH�UDGLDWLRQ�ÀHOGV����
lateral opposing beams in this case) encompass the entire 
postoperative bed and hardware (outlined in blue), plus a 
PDUJLQ�RI���KHDOWK\�9%�DERYH�DQG�EHORZ�WKH�VXUJLFDO�ÀHOG��
This results in a large volume of normal tissue being ir-
radiated. The shift in the treatment paradigm when using 
SBRT is illustrated in Fig. 2. Now for this patient undergo-
ing SBRT after the operation for MESCC, the practitioner 
limits the dose to just the diseased vertebral segment to 
treat areas of residual disease and the tumor bed.

The disadvantages of spine SBRT stem from the ex-
treme accuracy required when high radiation doses are 
being deposited millimeters away from critical structures 
such as the spinal cord.9 Due to the highly sophisticated 
technology used for both dose delivery and planning, 
SBRT treatments cannot be delivered on the same day as 
simulation. Generally 3–5 working days are required be-
fore treatment can be delivered. Furthermore, treatment 
times are prolonged, typically ranging from 45 to 90 min-
utes per fraction, although there are far fewer fractions. 
Importantly, if toxicity occurs, then the consequences 
are generally more severe, because late normal tissue ef-
fects are more sensitive to high-dose-per-fraction radia-
tion. For the spinal cord, permanent radiation myelopa-
thy leaving patients paralyzed has been reported, and is 
a devastating, unacceptable toxicity associated with this 
technique, considering the fact that these patients are re-
ceiving palliative care.19,50,51 Last, should failure occur in 
adjacent vertebral segments, then retreatment becomes 
much more complicated. At issue is the accounting for the 
prior high-dose-per-fraction spinal cord dose exposure, 
because there is a lack of data about spinal cord tolerance 
at retreatment in this setting.

Currently, the role of SBRT in metastatic spine tumors 
is being evaluated in a randomized trial by the RTOG (pro-
WRFRO�������IRU�SDWLHQWV�ZLWK�VLJQLÀFDQW�SDLQ�DQG�QR�KLVWRU\�
of radiation or surgery. The aim of the trial is to compare 
pain response after delivery of 16 Gy in a single fraction 

Fig. 1. Neuroimaging studies obtained in a patient in whom an operation for a C-2 metastasis of unknown primary origin that 
extended to the odontoid process resulted in cervical spine instability. This patient underwent a laminectomy at C2–3, a C-2 
corpectomy performed with anterior VB reconstruction with methylmethacrylate, placement of a pin extending from C-1 to C-3, 
and screw and rod placement, with the rods connecting to an occipital plate with cervical screws to C-4. Two weeks postopera-
tively, the tumor regrew at C-2 (see far left panel; sagittal MR image), with a significant mass extending paraspinally. Emergency 
conventional radiation of 30 Gy in 10 fractions was given. The technique was a parallel-opposed lateral pair to encompass the 
tumor mass plus the postoperative bed, including surgical hardware, as traditional practice dictates. The fields encompassed an 
area from the base of the skull to C-6, to provide a margin for adequate coverage of the prescribed dose. Therefore, much of the 
pharynx, posterior neck tissue, and healthy bone received the therapeutic dose.
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of 14 Gy within the spinal cord in a single fraction, and 
in their experience no case of myelopathy has yet been 
observed.56 

Spinal cord tolerance at retreatment is an even larger 
unknown, with almost no data to guide practice until re-
cently.50 There have now been 5 cases of radiation myelop-
athy reported when SBRT was used to salvage treatment 
failure after conventional EBRT. Based on a comparison 
with control patients whose tumors were reirradiated with 
SBRT, and who did not develop myelopathy, recommenda-
tions were made to guide practice, again based on dose to 
the thecal sac.

Considering the patient receiving postoperative SBRT, 
it is unknown if the same dose limits apply or if they should 
be more conservative, given surgical disruption of the spi-
nal vasculature, which has been regarded as one factor that 
can theoretically increase the risk of radiation myelopathy.

Late bone toxicity is another new development that 
has largely arisen secondary to high-dose-per-fraction 
radiotherapy delivered to the VB. Rose et al.41 reported 
rates of vertebral compression fracture based on the prac-
tice of single-fraction SBRT at the MSKCC. The rate of 
IUDFWXUH�SURJUHVVLRQ�ZDV�GHÀQHG�DV� WKH�GHYHORSPHQW�RI�
a new fracture or progression of an existing fracture in 
the treated vertebrae. These investigators report fracture 
progression in 27 (38%) of 71 vertebrae treated, and high 
risk factors included lytic tumors, location below T-10, 
and > 41% of the vertebrae involved by tumor. Clinically, 
patients with fracture progression had worse pain and 
were on narcotics, and 3 patients required additional sur-
gical procedures. This emphasizes the issue of careful pa-
tient selection for SBRT, because impending mechanical 
instability secondary to fracture would make a surgical 
approach followed by radiation a better treatment option 
than SBRT alone.

In terms of wound complications, based on the limit-
ed postoperative data, there does not seem to be an added 
risk of wound breakdown. However, Gagnon et al.12 report 
on 1 patient who developed breakdown at the surgical site 
that required debridement and reclosure. This patient was 
at high risk, given a history of previous radiation and 2 
prior spine operations followed by spine SBRT. The op-
timal timing of postoperative SBRT is largely unknown, 
and typically we have proceeded at the 4-week postopera-
tive mark.

&RQFOXVLRQV
Spine SBRT is an emerging technique with the po-

WHQWLDO� EHQHÀWV� RI� GHOLYHULQJ� KLJK� %('V� WR� WKH� WXPRU�
while sparing critical neural structures. Patient selec-
tion is highly important to avoid the catastrophic conse-
quences of failure that can result in MESCC secondary 
to underdosing epidural disease. The practice of using 
SBRT in the postoperative patient is in its infancy, and 
one potential advantage in the use of postoperative SBRT 
is the possibility for surgery to be limited to epidural 
GHFRPSUHVVLRQ� DQG�À[DWLRQ�ZLWKRXW� QHHGLQJ� WR� DGGUHVV�
large paraspinal masses or even the entire VB. Therefore, 
the potential for postoperative SBRT to reduce the extent 
of surgery while providing better tumor control may ul-

timately reduce the morbidity associated with these op-
erations, and balance the goals of palliation and effective 
local disease control. This application of SBRT requires 
prospective controlled studies to validate this promising 
treatment modality.
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of 14 Gy within the spinal cord in a single fraction, and 
in their experience no case of myelopathy has yet been 
observed.56 

Spinal cord tolerance at retreatment is an even larger 
unknown, with almost no data to guide practice until re-
cently.50 There have now been 5 cases of radiation myelop-
athy reported when SBRT was used to salvage treatment 
failure after conventional EBRT. Based on a comparison 
with control patients whose tumors were reirradiated with 
SBRT, and who did not develop myelopathy, recommenda-
tions were made to guide practice, again based on dose to 
the thecal sac.

Considering the patient receiving postoperative SBRT, 
it is unknown if the same dose limits apply or if they should 
be more conservative, given surgical disruption of the spi-
nal vasculature, which has been regarded as one factor that 
can theoretically increase the risk of radiation myelopathy.

Late bone toxicity is another new development that 
has largely arisen secondary to high-dose-per-fraction 
radiotherapy delivered to the VB. Rose et al.41 reported 
rates of vertebral compression fracture based on the prac-
tice of single-fraction SBRT at the MSKCC. The rate of 
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a new fracture or progression of an existing fracture in 
the treated vertebrae. These investigators report fracture 
progression in 27 (38%) of 71 vertebrae treated, and high 
risk factors included lytic tumors, location below T-10, 
and > 41% of the vertebrae involved by tumor. Clinically, 
patients with fracture progression had worse pain and 
were on narcotics, and 3 patients required additional sur-
gical procedures. This emphasizes the issue of careful pa-
tient selection for SBRT, because impending mechanical 
instability secondary to fracture would make a surgical 
approach followed by radiation a better treatment option 
than SBRT alone.

In terms of wound complications, based on the limit-
ed postoperative data, there does not seem to be an added 
risk of wound breakdown. However, Gagnon et al.12 report 
on 1 patient who developed breakdown at the surgical site 
that required debridement and reclosure. This patient was 
at high risk, given a history of previous radiation and 2 
prior spine operations followed by spine SBRT. The op-
timal timing of postoperative SBRT is largely unknown, 
and typically we have proceeded at the 4-week postopera-
tive mark.
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the potential for postoperative SBRT to reduce the extent 
of surgery while providing better tumor control may ul-
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of 14 Gy within the spinal cord in a single fraction, and 
in their experience no case of myelopathy has yet been 
observed.56 

Spinal cord tolerance at retreatment is an even larger 
unknown, with almost no data to guide practice until re-
cently.50 There have now been 5 cases of radiation myelop-
athy reported when SBRT was used to salvage treatment 
failure after conventional EBRT. Based on a comparison 
with control patients whose tumors were reirradiated with 
SBRT, and who did not develop myelopathy, recommenda-
tions were made to guide practice, again based on dose to 
the thecal sac.

Considering the patient receiving postoperative SBRT, 
it is unknown if the same dose limits apply or if they should 
be more conservative, given surgical disruption of the spi-
nal vasculature, which has been regarded as one factor that 
can theoretically increase the risk of radiation myelopathy.

Late bone toxicity is another new development that 
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radiotherapy delivered to the VB. Rose et al.41 reported 
rates of vertebral compression fracture based on the prac-
tice of single-fraction SBRT at the MSKCC. The rate of 
IUDFWXUH�SURJUHVVLRQ�ZDV�GHÀQHG�DV� WKH�GHYHORSPHQW�RI�
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progression in 27 (38%) of 71 vertebrae treated, and high 
risk factors included lytic tumors, location below T-10, 
and > 41% of the vertebrae involved by tumor. Clinically, 
patients with fracture progression had worse pain and 
were on narcotics, and 3 patients required additional sur-
gical procedures. This emphasizes the issue of careful pa-
tient selection for SBRT, because impending mechanical 
instability secondary to fracture would make a surgical 
approach followed by radiation a better treatment option 
than SBRT alone.

In terms of wound complications, based on the limit-
ed postoperative data, there does not seem to be an added 
risk of wound breakdown. However, Gagnon et al.12 report 
on 1 patient who developed breakdown at the surgical site 
that required debridement and reclosure. This patient was 
at high risk, given a history of previous radiation and 2 
prior spine operations followed by spine SBRT. The op-
timal timing of postoperative SBRT is largely unknown, 
and typically we have proceeded at the 4-week postopera-
tive mark.

&RQFOXVLRQV
Spine SBRT is an emerging technique with the po-

WHQWLDO� EHQHÀWV� RI� GHOLYHULQJ� KLJK� %('V� WR� WKH� WXPRU�
while sparing critical neural structures. Patient selec-
tion is highly important to avoid the catastrophic conse-
quences of failure that can result in MESCC secondary 
to underdosing epidural disease. The practice of using 
SBRT in the postoperative patient is in its infancy, and 
one potential advantage in the use of postoperative SBRT 
is the possibility for surgery to be limited to epidural 
GHFRPSUHVVLRQ� DQG�À[DWLRQ�ZLWKRXW� QHHGLQJ� WR� DGGUHVV�
large paraspinal masses or even the entire VB. Therefore, 
the potential for postoperative SBRT to reduce the extent 
of surgery while providing better tumor control may ul-

timately reduce the morbidity associated with these op-
erations, and balance the goals of palliation and effective 
local disease control. This application of SBRT requires 
prospective controlled studies to validate this promising 
treatment modality.
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).

Palliative RT for bone metastases d S. LUTZ et al. 967

Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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specific research questions were approached by searching for
combinations of the following key words: single, fraction, radiother-
apy, spine, toxicity, side effects, retreatment, re-treatment, highly
conformal therapy, Cyberknife, IMRT [intensity-modulated
radiotherapy], stereotactic body, tomotherapy, spinal cord
compression, surgery, kyphoplasty, vertebroplasty, meta-analysis,
metaanalysis, radionuclides, radiopharmaceuticals, and bisphospho-
nates.Of this sample, they identified 25 randomized clinical trials, 20
prospective single-arm studies, and 4 meta-analyses/systematic
reviews.

Bibliographies of the candidate studies were also reviewed to en-
sure that all eligible studieswere evaluated, including those published
before 1998. Some topics were defined by data that was almost com-
pletely or exclusively retrospective in nature, although the Task Force
attempted tominimize the use of retrospective data and tempered any
recommendations it made using that data. All prospective clinical
studies were reviewed by the investigators, addressing the questions
from that subtopic, and one author (S.L.) reviewed all the prospective
studies from every topic. The prospective studies were abstracted for
the inclusion criteria, RT methods, clinical outcomes, and toxicity.

Table 2. Data describing repeat treatment of painful spinal metastases

Study

Patients (n),
tumor histologic

type
Initial
dose

Retreatment
fractionation

Pain
relief Comments Investigator Year Reference

Local repeat RT 30, various
histologic
types

Mostly
30

Gy/10 Fx

10 Gy/5 Fx to
26 Gy/13 Fx

50% Better pain
relief for
those

with initial
CR vs. PR

Hayashi 2002 39

Prospective
randomised
trial of 4
or 8-Gy
single doses
for metastatic
bone pain

40, various
histologic
types

4 Gy/1 Fx Most received 8
Gy/1 Fx;

some received
20 Gy/5 Fx

71% No difference
in response
by histologic

type

Hoskin 1992 13
8 Gy/1 Fx 44%

Single 4-Gy
repeat RT for
painful bone
metastases
after
single-fraction
RT

109 initial
responders, 26
nonresponders,

various
histologic
types

4 Gy/1 Fx 4 Gy/1 Fx 74% initial
responders; 46%
nonresponders

31% CR Jeremic 1999 40
6 Gy/1 Fx
8 Gy/1 Fx

Second single
4-Gy repeat
RT for
painful bone
metastases

25, various
histologic
types

4 Gy/1 Fx,
plus repeat RT,
4 Gy/1 Fx

4 Gy/1 Fx
(second re-RT)

80% No pain control
difference in

initial responders
vs.

nonresponders

Jeremic 2002 41

6 Gy/1 Fx plus repeat
treatment; 4 Gy/1 Fx

8 Gy/1 Fx plus repeat
treatment 4 Gy/1 Fx

Repeat RT for
painful bone
metastases

57, various
histologic
types

Single fraction
therapy to 41%,
fractionated

treatment to 59%

8 or 10 Gy/1 Fx,
26 Gy/6 Fx,
28 Gy/7 Fx,
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were initial
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multifraction or
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2 patients
underwent

re-RT second
time
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RT (6 Gy):
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Abbreviations: RT = radiotherapy; Fx = radiotherapy fractions; CR = complete response; PR = partial response.
The references listed in Table 2 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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Purpose: Incidence, outcome and prognostic factors of metastatic spinal cord compression (MSCC)
patients reirradiated for in-field recurrence were analyzed. Radiation therapists’ attitude in reirradiate
spinal cord relapses, doses adopted and incidence of myelopathy were also examined.
Materials and methods: Data deriving from 579 evaluable patients entered two randomized trials on
radiotherapy (RT) for MSCC were revised.
Results: Twenty-four (4.15%) patients had an in-field recurrence and 12 (50%) were reirradiated. At the
time of analysis all reirradiated patients had died. Median time from first and second RT was 5 months
(range, 2–31). Six patients received an 8 Gy single-dose, 2 patients 5 ! 3 Gy and remaining four patients
2 ! 8, 5 ! 4, or a single dose of 7 and 4 Gy, respectively. The median cumulative Biologically Effective
Dose (BED) calculated was 114.5 Gy2 (range, 80–120 Gy2). Six of seven (85.7%) ambulant patients main-
tained walking ability, whereas none of five not ambulant patients recovered the function. Median dura-
tion of response was 4.5 months (range, 1–24). The effect of reirradiation on motor function was
significantly associated with walking capacity before reirradiation. Myelopathy was never recorded.
Conclusions: In MSCC reirradiation was safe and effective. Patient walking capacity before reirradiation
was the strongest prognostic factor for functional outcome. Reirradiation was given in about one-half
of patients with in-field recurrence and different doses and fractionations were used, even though cumu-
lative BED was in all cases 6120 Gy2.

! 2011 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 98 (2011) 234–237

Because of improved cancer therapy, which results in better
survival rates, cancer patients are more likely to live long enough
to develop a recurrence of their disease. Although few data are
available in the literature, in patients with Metastatic Spinal Cord
Compression (MSCC), the incidence of an in-field recurrence can
vary from 2.5% to 11% of cases and can occur 2–40 months after
the first radiotherapy (RT) cycle [1–3]. In the majority of cases,
RT remains the only treatment option, even if radiation oncologists
seem reluctant in giving reirradiation of spinal cord. Radiation-in-
duced myelopathy (RIM) is a relevant late toxicity, because it may
result in severe neurologic dysfunction. The risk of RIM depends on
the Biologically Effective Dose (BED) delivered to the spinal cord
[4,5]. This takes into account both the total dose of RT and the dose
per fraction. In the case of reirradiation, it is appropriate to calcu-
late also cumulative BED (i.e., BED of the first plus BED of the sec-
ond course of RT).

Higher RT doses, larger doses per fraction, and previous expo-
sure to radiation could be associated with a higher probability of

developing RIM [6]. Experimental data indicate that also the total
dose of the first and second RT, interval to reirradiation, length of
irradiated spinal cord, and age of the treated animals influence
the risk of RIM [7,8]. Reported reirradiation data in patients
with MSCC are rather scarce and heterogeneous deriving from
retrospective investigations, often monoinstitutional [7–11]. Re-
cently, Nieder et al., analyzing published clinical data on spinal
reirradiation and incidence of RIM, worked out a risk score for
human spinal cord reirradiation tolerance. The three variables
identified (i.e., cumulative BED, BED of each single RT course, inter-
val between the courses) allowed the development of a risk score
that discriminates among low-, intermediate- and high-risk groups
of patients. The risk of RIM appears small after cumulative BED
6135.5 Gy2, when the interval from the first RT and reirradiation
is not shorter than 6 months, and the BED of each course is
698 Gy2 [9,11].

Unfortunately, prospective clinical trials on this issue are
lacking. To add to this knowledge, we analyzed incidence, outcome
and prognostic factors of MSCC patients with in-field recurrence, as
well as radiation therapist attitude in reirradiate spinal cord re-
lapses, doses adopted and incidence of RIM examining results of
the two published prospective randomized multicentre Italian
trials on RT for MSCC [12,13].
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a b s t r a c t

Background and purpose: In a previous randomized trial we showed that the short-course radiotherapy
(RT) regimen of 8 Gy ! 2 was feasible in patients with metastatic spinal cord compression (MSCC) and
short life expectancy. This phase III trial was planned to determine whether in the same category of
patients 8 Gy single-dose is as effective as 8 Gy ! 2.
Materials and methods: Three hundred and twenty-seven patients with MSCC and short life expectancy
were randomly assigned to a short-course of 8 Gy ! 2 or to 8 Gy single-dose RT. Median follow-up was
31 months (range, 4–58).
Results: A total of 303 (93%) patients are assessable, 150 treated with the short-course and 153 with the
single-dose RT. No difference in response was found between the two RT schedules adopted. Median
duration of response was 5 and 4.5 months for short-course and single-dose RT (p = 0.4), respectively.
The median overall survival was 4 months for all cases. Light acute toxicity was registered in a minority
of cases. Late toxicity was never recorded.
Conclusions: Both RT schedules adopted were effective. As already shown in several trials evaluating RT
regimens in uncomplicated painful bone metastases, also MSCC patients may achieve palliation with
minimal toxicity and inconvenience with a single-dose of 8 Gy.

! 2009 Elsevier Ireland Ltd. All rights reserved. Radiotherapy and Oncology 93 (2009) 174–179

Metastatic spinal cord compression (MSCC) is a common compli-
cation of metastatic malignancies, in particular lung, prostate and
breast cancers. It is an oncologic emergency that must be diagnosed
early and promptly treated, to limit MSCC-associated morbidity,
causing pain, loss of mobility, and sphincter control [1–3]. After his-
tological and radiological confirmation, the standard treatment is
radiotherapy (RT) [4–12]. Exceptions are patients with a gross spinal
instability, and compression due to bone impingement on the spine
which require surgery [11–13]. New evidence suggests that those
with a localized block and no metastatic disease elsewhere may also
benefit from initial surgical approach [14]. Nevertheless, for the vast
majority of patients the treatment of choice is RT, and a standard RT
technique employs a treatment volume defined by the site of

compression and a margin of two vertebral bodies above and below
this. In the past, myelography was used to define the site of the block
but computed tomography (CT) and magnetic resonance imaging
(MRI) are now the investigations of choice giving the three-dimen-
sional extent of spinal disease [3,15].

Generally, the median life expectancy in MSCC patients is short
(4–6 months) and thus treatment ought to be less prolonged as
possible [3,4,8,13,16,17]. However, prescription of RT given to treat
MSCC varies within and between published trials: accelerated
courses of RT varying from 20 Gy to 37.5 Gy in 5–15 fractions were
described as well prolonged higher dose schedules delivering 40–
50 Gy in 20–25 fractions, or split dose of 15 Gy in 3 fractions and
then 15 Gy in 5 fractions without evidence of an advantage of
one regimen over the others for any cohort of patients [2,8,18–
29]. Recently, we have reported outcomes of our phase III trial,
the only randomized trial published in the literature, in which a
short-course RT regimen of 16 Gy in 2 fractions was compared
with a split-course RT regimen of 15 Gy in 3 fractions followed
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pre-reirradiation walking capacity. Although ambulant patients
had 7.5 months of median survival and not ambulant ones only 2
months; this difference was no statistically significant (p = 0.17),
(Fig. 1). Five of the 6 patients were able to walk after reirradiation,
survived for P6 months (range, 6–24 months), and maintained
their walking capacity until death. Other examined prognostic fac-
tors, reirradiation dose schedule or cumulative BED included, had
no significant impact on functional outcome and survival.

Reirradiation was well tolerated by all patients. Neither serious
acute side effects, nor RIM were observed.

Discussion

Reported reirradiation data in patients with MSCC are scarce and
heterogeneous deriving from retrospective investigations, often
monoinstitutional [7–11]. Although the number of MSCC patients
reirradiated in these two trials are rather few [12,13], they are pro-
spectively conducted and can reflect better than retrospective trials
the incidence and time of occurrence of in-field recurrence after
first RT, the attitude of radiation oncologists in prescribing reirradi-
ation of the spine, RT schedule adopted, and incidence of RIM in
clinical practice.

Analyzing published data, recurrence in previously irradiated
spinal cord occurs 2–40 months after the first RT cycle with an
incidence varying from 2.5% to 11% of cases [1–3]. In our experi-
ence, median interval between first and second RT was 5 months
(range, 2–31), and in-field recurrence occurred in 24 of 579
(4.15%) patients.

No certain data are available regarding the radiation oncologists’
attitude in prescribing reirradiation of the spine. However, some
authors reported that radiation oncologists may have reservations
about implementing spinal reirradiation because of concerns that
it may result in RIM and severe neurologic dysfunction [2,8,17–
23]. This attitude was confirmed in our analysis in which only 50%
of patients with recurrence were reirradiated. Moreover, it is worthy
to note that the choice of reirradiation could have been also condi-
tioned by patient life expectancy and, specifically, by neurologic sta-
tus; in fact, no paraplegic (i.e., Tomita’s group IV) was reirradiated.

The bad prognosis associated to paraplegic patients was well
shown in the two examined randomized trials on MSCC in which
strongest prognostic factor for ability to walk after RT was pre-
treatment motor capacity. The majority of ambulant patients
(Tomita’s groups I and II) maintained this function, whereas only
27–35% of not ambulant patients (Tomita’s group III) and 0–4% of
paraplegics (Tomita’s group IV) recovered the function, respec-
tively [12,13]. In reirradiated patients, the relationship between
walking ability and response to treatment was more evident: none
of not ambulant patients (Tomita’s group III) regained walking
ability, whereas six of seven (85.7%) ambulant ones maintained
the function after reirradiation (p = 0.025).

Analyzing survival according to pre-reirradiation walking ability
of patients, an important difference was registered between ambu-
lant and not ambulant patients which had 7.5 months and 2 months
of median survival, respectively. However, this difference does not
reach statistical significance (p = 0.17). Other examined prognostic
factors, reirradiation dose schedule and cumulative BED included,
had no significant impact on functional outcome and/or survival.

Recently, in a retrospective study, Rades et al. investigated clin-
ical outcome and prognostic factors after reirradiation in a large

Table 2
Treatment characteristics according to the first and second radiotherapy regimens.

Patient First radiotherapy
schedule (Gy)

BEDa (Gy2) Reirradiation
schedule (Gy)

BEDa Gy2 Interval between
first and second
treatment (months)

Cumulative
BEDa (Gy2)

1 2 ! 8 80 5 ! 3 37.5 7 117.5
2 2 ! 8 80 7 31.5 3 111.5
3 2 ! 8 80 5 ! 3 37.5 5 117.5
4 2 ! 8 80 4 12 5 92
5 2 ! 8 80 8 40 4 120
6 8 40 8 40 31 80
7 8 40 2 ! 8 80 9 120
8 8 40 8 40 9 80
9 8 40 8 40 5 80

10 2 ! 8 80 8 40 11 120
11 8 40 8 40 2 80
12 8 40 5 ! 4 60 4 120

a Biologically Effective Dose with an a/b ratio of 2 Gy.

Table 3
Motor function before and after reirradiation according to fractionation schedules.

Patient First
radiotherapy
schedule (Gy)

Tomita group
before
reirradiation

Reirradiation
schedule
(Gy)

Tomita group
after
reirradiation

1 2 ! 8 I 5 ! 3 I
2 2 ! 8 III 7 III
3 2 ! 8 II 5 ! 3 II
4 2 ! 8 II 4 III
5 2 ! 8 III 8 III
6 8 I 8 I
7 8 II 2 ! 8 II
8 8 III 8 IV
9 8 II 8 II

10 2 ! 8 III 8 III
11 8 II 8 II
12 8 III 5 ! 4 III

Tomita group I–II: ambulant patients; Tomita group III–IV: not ambulant patients.

Fig. 1. Kaplan–Meier plot of overall survival probability as a function of pre-
reirradiation walking capacity. The number of patients at risk and p-value are
presented as well.
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survived for P6 months (range, 6–24 months), and maintained
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walking ability and response to treatment was more evident: none
of not ambulant patients (Tomita’s group III) regained walking
ability, whereas six of seven (85.7%) ambulant ones maintained
the function after reirradiation (p = 0.025).

Analyzing survival according to pre-reirradiation walking ability
of patients, an important difference was registered between ambu-
lant and not ambulant patients which had 7.5 months and 2 months
of median survival, respectively. However, this difference does not
reach statistical significance (p = 0.17). Other examined prognostic
factors, reirradiation dose schedule and cumulative BED included,
had no significant impact on functional outcome and/or survival.

Recently, in a retrospective study, Rades et al. investigated clin-
ical outcome and prognostic factors after reirradiation in a large

Table 2
Treatment characteristics according to the first and second radiotherapy regimens.

Patient First radiotherapy
schedule (Gy)
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Cumulative
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Motor function before and after reirradiation according to fractionation schedules.
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Tomita group I–II: ambulant patients; Tomita group III–IV: not ambulant patients.

Fig. 1. Kaplan–Meier plot of overall survival probability as a function of pre-
reirradiation walking capacity. The number of patients at risk and p-value are
presented as well.
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RESULTS

The questions and Guideline statements regarding the use
of palliative RT for bone metastases are listed below.

1) What fractionation schemes have been shown to be ef-
fective for the treatment of painful and/or prevention of mor-
bidity from peripheral bone metastases?

Guideline statement
Multiple prospective randomized trials have shown pain

relief equivalency for dosing schema, including 30 Gy in
10 fractions, 24 Gy in 6 fractions, 20 Gy in 5 fractions,
and a single 8-Gy fraction for patients with previously unir-
radiated painful bone metastases. Fractionated RT courses
have been associated with an 8% repeat treatment rate to
the same anatomic site because of recurrent pain vs. 20% af-
ter a single fraction; however, the single fraction treatment
approach optimizes patient and caregiver convenience (1).

2) When is single fraction RTappropriate for the treatment
of painful and/or prevention ofmorbidity from uncomplicated
bonemetastasis involving the spine orother critical structures?

Guideline statement
Although many of the studies presented in Table 1 did not

delineate treatment relief by spinal vs. nonspinal metastases,
the Task Force could find no evidence from reviewing the
data to suggest that a single 8-Gy fraction provided inferior
pain relief compared with a more prolonged RT course in
painful spinal sites, although single fractionation has been
associated with a 20% incidence of repeat treatment vs.
8% with fractionated RT (7–14). The set up and
prescription points for treatment should follow those
outlined by the International Consensus on Palliative

Radiotherapy Endpoints for future clinical trials in bone
metastases to minimize the risk and allow for consistent
reporting of treatment results (17). The Task Force does
not believe that any additional trials are needed to confirm
the use of single-fraction RT in these circumstances.

3) Are there long-term side effect risks that should limit
the use of single fraction therapy?

Guideline statement
The Task Force did not find any suggestions from the

available data that single-fraction therapy produces unac-
ceptable rates of long-term side effects that might limit
this fractionation scheme for patients with painful bone me-
tastases. Numerous prospective, randomized trials have
failed to show any significant difference in long-term toxic-
ity between a single 8-Gy fraction and more prolonged RT
courses for uncomplicated, painful bone metastases. No ad-
ditional studies are suggested to confirm this recommenda-
tion at this time.

4) When should patients receive repeat treatment with RT
for peripheral bone metastases?

Guideline statement
Although no specific trial has been completed to define

the criteria for the repeat treatment of patients with recurrent
symptoms of metastatic disease, most trials have included
the option of repeat treatment (Table 2). The rates of repeat
treatment have been 20% with single-fraction palliative RT
schedules compared with 8% with lengthier RT courses.
The Task Force recommends that, whenever possible, pa-
tients should be included in prospective randomized trials
to further define the appropriate use of RT in the setting of
recurrent cancer symptoms.

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal
bone metastases

Characteristic Inclusion Exclusion

Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51)
2) No more than 2 consecutive or 3 noncontiguous

spine segments involved (50–53)

1) Spinal MRI cannot be completed for any reason (50, 51)
2) Epidural compression of spinal cord or cauda equina
3) Spinal canal compromise >25% (58)
4) Unstable spine requiring surgical stabilization (50, 51, 54,

57)
5) Tumor location within 5 mm of spinal cord or cauda

equina (50, 51) (relative*)
Patient 1) Age $18 y (50, 54)

2) KPS of $40–50 (50, 51, 54, 55)
3) Medically inoperable (or patient refused surgery)

(50, 51)

1) Active connective tissue disease (50)
2) Worsening or progressive neurologic deficit (50–52, 57)
3) Inability to lie flat on table for SBRT (50–52)
4) Patient in hospice or with <3-month life expectancy

Tumor 1) Histologic proof of malignancy (50, 51, 56)
2) Biopsy of spine lesion if first suspected metastasis
3) Oligometastatic or bone only metastatic disease (50)

1) Radiosensitive histology such as MM50-52

2) Extraspinal disease not eligible for further treatment51

Previous
treatment

Any of the following:
1) Previous EBRT <45-Gy total dose
2) Failure of previous surgery to that spinal level (50–52)
3) Presence of gross residual disease after surgery

1) Previous SBRT to same level
2) Systemic radionuclide delivery within 30 days before

SBRT (50–52)
3) EBRT within 90 days before SBRT (50–52)
4) Chemotherapy within 30 days of SBRT (50–53)

Abbreviations:MRI = magnetic resonance imaging; KPS = Karnofsky performance status; SBRT = stereotactic body radiotherapy; MM =
multiple myeloma; EBRT = external beam radiotherapy.
* Relative indicates that optimally tumor >5mm from spinal cord; if this distance is closer, case-by-case discussion required because published

data suggest risk of failure is greater (50, 63).
The references listed in Table 3 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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painful spinal sites, although single fractionation has been
associated with a 20% incidence of repeat treatment vs.
8% with fractionated RT (7–14). The set up and
prescription points for treatment should follow those
outlined by the International Consensus on Palliative

Radiotherapy Endpoints for future clinical trials in bone
metastases to minimize the risk and allow for consistent
reporting of treatment results (17). The Task Force does
not believe that any additional trials are needed to confirm
the use of single-fraction RT in these circumstances.

3) Are there long-term side effect risks that should limit
the use of single fraction therapy?

Guideline statement
The Task Force did not find any suggestions from the

available data that single-fraction therapy produces unac-
ceptable rates of long-term side effects that might limit
this fractionation scheme for patients with painful bone me-
tastases. Numerous prospective, randomized trials have
failed to show any significant difference in long-term toxic-
ity between a single 8-Gy fraction and more prolonged RT
courses for uncomplicated, painful bone metastases. No ad-
ditional studies are suggested to confirm this recommenda-
tion at this time.

4) When should patients receive repeat treatment with RT
for peripheral bone metastases?

Guideline statement
Although no specific trial has been completed to define

the criteria for the repeat treatment of patients with recurrent
symptoms of metastatic disease, most trials have included
the option of repeat treatment (Table 2). The rates of repeat
treatment have been 20% with single-fraction palliative RT
schedules compared with 8% with lengthier RT courses.
The Task Force recommends that, whenever possible, pa-
tients should be included in prospective randomized trials
to further define the appropriate use of RT in the setting of
recurrent cancer symptoms.

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal
bone metastases

Characteristic Inclusion Exclusion

Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51)
2) No more than 2 consecutive or 3 noncontiguous

spine segments involved (50–53)

1) Spinal MRI cannot be completed for any reason (50, 51)
2) Epidural compression of spinal cord or cauda equina
3) Spinal canal compromise >25% (58)
4) Unstable spine requiring surgical stabilization (50, 51, 54,

57)
5) Tumor location within 5 mm of spinal cord or cauda

equina (50, 51) (relative*)
Patient 1) Age $18 y (50, 54)

2) KPS of $40–50 (50, 51, 54, 55)
3) Medically inoperable (or patient refused surgery)

(50, 51)

1) Active connective tissue disease (50)
2) Worsening or progressive neurologic deficit (50–52, 57)
3) Inability to lie flat on table for SBRT (50–52)
4) Patient in hospice or with <3-month life expectancy

Tumor 1) Histologic proof of malignancy (50, 51, 56)
2) Biopsy of spine lesion if first suspected metastasis
3) Oligometastatic or bone only metastatic disease (50)

1) Radiosensitive histology such as MM50-52

2) Extraspinal disease not eligible for further treatment51

Previous
treatment

Any of the following:
1) Previous EBRT <45-Gy total dose
2) Failure of previous surgery to that spinal level (50–52)
3) Presence of gross residual disease after surgery

1) Previous SBRT to same level
2) Systemic radionuclide delivery within 30 days before

SBRT (50–52)
3) EBRT within 90 days before SBRT (50–52)
4) Chemotherapy within 30 days of SBRT (50–53)

Abbreviations:MRI = magnetic resonance imaging; KPS = Karnofsky performance status; SBRT = stereotactic body radiotherapy; MM =
multiple myeloma; EBRT = external beam radiotherapy.
* Relative indicates that optimally tumor >5mm from spinal cord; if this distance is closer, case-by-case discussion required because published

data suggest risk of failure is greater (50, 63).
The references listed in Table 3 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).

Palliative RT for bone metastases d S. LUTZ et al. 967



ASTRO GUIDELINE

PALLIATIVE RADIOTHERAPY FOR BONE METASTASES: AN ASTRO
EVIDENCE-BASED GUIDELINE

STEPHEN LUTZ, M.D.,* LAWRENCE BERK, M.D., PH.D.,y ERIC CHANG, M.D.,z

EDWARD CHOW, M.B.B.S.,x CAROL HAHN, M.D.,{

PETER HOSKIN, M.D.,k DAVID HOWELL, M.D.,# ANDRE KONSKI, M.D.,** LISA KACHNIC, M.D.,yy

SIMON LO, M.B., CH.B.,zz ARJUN SAHGAL, M.D.,xx LARRY SILVERMAN, M.D.,{{

CHARLES VON GUNTEN, M.D., PH.D., F.A.C.P.,kk EHUD MENDEL, M.D., F.A.C.S.,##

ANDREW VASSIL, M.D.,*** DEBORAHWATKINS BRUNER, R.N., PH.D.,yyy ANDWILLIAM HARTSELL, M.D.zzz

*Department of Radiation Oncology, Blanchard Valley Regional Cancer Center, Findlay, OH; yDepartment of Radiation Oncology,
Moffitt Cancer Center, Tampa, FL; zDepartment of Radiation Oncology, University of Texas M.D. Anderson Cancer Center, Houston,

TX; xDepartment of Radiation Oncology, Sunnybrook Odette Cancer Center, University of Toronto, Toronto, ON, Canada;
{Department of Radiation Oncology, Duke University, Durham, NC; kMount Vernon Centre for Cancer Treatment, Middlesex, United
Kingdom; #Department of Radiation Oncology, University of Michigan, Mt. Pleasant, MI; **Department of Radiation Oncology,
Wayne State University, Detroit, MI; yyDepartment of Radiation Oncology, Boston Medical Center, Boston, MA; zzDepartment of
Radiation Oncology, Ohio State University, Columbus, OH; xxDepartment of Radiation Oncology, Sunnybrook Odette Cancer Center
and the Princess Margaret Hospital, University of Toronto, Toronto, ON, Canada; {{21st Century Oncology, Sarasota, FL; kkThe

Institute for Palliative Medicine, San Diego Hospice, San Diego, CA; ##Neurological Surgery, Ohio State University, Columbus, OH;
***Department of Radiation Oncology, Cleveland Clinic Foundation, Cleveland, OH; yyyUniversity of Pennsylvania School of

Nursing, Philadelphia, PA; zzzDepartment of Radiation Oncology, Good Samaritan Cancer Center, Downers Grove, IL

Reprint requests to: Stephen Lutz, M.D., Department of Radia-
tion Oncology, Blanchard Valley Regional Cancer Center, 15990
Medical Dr. S, Findlay, OH 45840. Tel: (419) 423-3703; Fax:
(419) 427-0212; E-mail: slutz@bvha.org
This document was prepared by the Guidelines Subcommittee of

theClinical Affairs andQuality Committee of theAmerican Society
for Radiation Oncology (ASTRO) in coordination with the Third
International Consensus Conference on Palliative Radiotherapy.
Before the initiation of this Guideline, all members included on

the Task Force were required to complete conflict of interest state-
ments. These statements are maintained at ASTROHeadquarters in
Fairfax, VA, and pertinent conflict information has been published
with the report. Individuals with disqualifying conflicts were
recused from participation in this Guideline.
The ASTRO Guidelines present scientific, health, and safety in-

formation and might to some extent reflect scientific or medical
opinion. They are made available to ASTRO members and to the
public for educational and informational purposes only. Any com-
mercial use of any content in this Guideline without the previous
written consent of ASTRO is strictly prohibited.
Adherence to this Guideline will not ensure successful treatment

in every situation. Furthermore, this Guideline should not be
deemed inclusive of all proper methods of care or exclusive of other
methods of care reasonably directed to obtaining the same results.
The ultimate judgment and propriety of any specific therapy must
be made by the physician and the patient in light of all the circum-
stances presented by the individual patient. ASTRO assumes no li-
ability for the information, conclusions, and findings contained in
its Guidelines. In addition, this Guideline cannot be assumed to ap-
ply to the use of these interventions performed in the context of
clinical trials, given that clinical studies are designed to evaluate
or validate innovative approaches in a disease for which improved
staging and treatment are needed or are being explored.

This Guideline was prepared on the basis of information avail-
able at the time the Task Group was conducting its research and
discussions on this topic. There might be new developments
that are not reflected in this Guideline and that might, over
time, be a basis for ASTRO to consider revisiting and updating
the Guideline.
A. Sahgal and E. Chang have served as consultants to Med-

tronic Kyphoplasty, although that relationship has ended and
the authors did not participate in either the writing or reviewing
of the kyphoplasty section of this report. L. Kachnic serves as
a consultant to Soligenics. D. Howell serves as a consultant to
Web MD and Medscape. S. Lutz has stock ownership in Tosk,
Oculus, and Minerva. C. von Gunten has received funding from
Wyeth, Progenics, Baxter, and Halozyme. W. Hartsell has a part-
nership relationship with CPTI. P. Hoskin has received funding
from Varian Medical Systems and Nucleotron. E. Chow has re-
ceived research funding and teaching honorarium from Novartis
and Amgen. D. Watkins Bruner has received funding from Varian
Medical Systems. The Task Force reviewed these disclosures and
determined that they have no impact upon the content of the
report.
A reader’s note: This is an abbreviated version of the full article

by Dr. Lutz et al. The full article, and associated appendices, can be
viewed at www.redjournal.org. in the Supplemental Materials sec-
tion of the publication.
Acknowledgments—The authors thank Drs. Nora Janjan, Peter
Johnstone, Daniel Roos, Yvette van der Linden, and Ivy Petersen
for their critical review of this report. The authors would also like
to recognize the significant contributions made to the literature
search by Anushree Vichare, Shari Siuta, Barbara Muth, and
Beverly Woodward.
Received Nov 19, 2010. Accepted for publication Nov 20, 2010.

965

Int. J. Radiation Oncology Biol. Phys., Vol. 79, No. 4, pp. 965–976, 2011
Copyright ! 2011 American Society for Radiation Oncology and American College of Radiology

Printed in the USA. All rights reserved
0360-3016/$ - see front matter

doi:10.1016/j.ijrobp.2010.11.026
ASTRO GUIDELINE

PALLIATIVE RADIOTHERAPY FOR BONE METASTASES: AN ASTRO
EVIDENCE-BASED GUIDELINE

STEPHEN LUTZ, M.D.,* LAWRENCE BERK, M.D., PH.D.,y ERIC CHANG, M.D.,z

EDWARD CHOW, M.B.B.S.,x CAROL HAHN, M.D.,{

PETER HOSKIN, M.D.,k DAVID HOWELL, M.D.,# ANDRE KONSKI, M.D.,** LISA KACHNIC, M.D.,yy

SIMON LO, M.B., CH.B.,zz ARJUN SAHGAL, M.D.,xx LARRY SILVERMAN, M.D.,{{

CHARLES VON GUNTEN, M.D., PH.D., F.A.C.P.,kk EHUD MENDEL, M.D., F.A.C.S.,##

ANDREW VASSIL, M.D.,*** DEBORAHWATKINS BRUNER, R.N., PH.D.,yyy ANDWILLIAM HARTSELL, M.D.zzz

*Department of Radiation Oncology, Blanchard Valley Regional Cancer Center, Findlay, OH; yDepartment of Radiation Oncology,
Moffitt Cancer Center, Tampa, FL; zDepartment of Radiation Oncology, University of Texas M.D. Anderson Cancer Center, Houston,

TX; xDepartment of Radiation Oncology, Sunnybrook Odette Cancer Center, University of Toronto, Toronto, ON, Canada;
{Department of Radiation Oncology, Duke University, Durham, NC; kMount Vernon Centre for Cancer Treatment, Middlesex, United
Kingdom; #Department of Radiation Oncology, University of Michigan, Mt. Pleasant, MI; **Department of Radiation Oncology,
Wayne State University, Detroit, MI; yyDepartment of Radiation Oncology, Boston Medical Center, Boston, MA; zzDepartment of
Radiation Oncology, Ohio State University, Columbus, OH; xxDepartment of Radiation Oncology, Sunnybrook Odette Cancer Center
and the Princess Margaret Hospital, University of Toronto, Toronto, ON, Canada; {{21st Century Oncology, Sarasota, FL; kkThe

Institute for Palliative Medicine, San Diego Hospice, San Diego, CA; ##Neurological Surgery, Ohio State University, Columbus, OH;
***Department of Radiation Oncology, Cleveland Clinic Foundation, Cleveland, OH; yyyUniversity of Pennsylvania School of

Nursing, Philadelphia, PA; zzzDepartment of Radiation Oncology, Good Samaritan Cancer Center, Downers Grove, IL

Reprint requests to: Stephen Lutz, M.D., Department of Radia-
tion Oncology, Blanchard Valley Regional Cancer Center, 15990
Medical Dr. S, Findlay, OH 45840. Tel: (419) 423-3703; Fax:
(419) 427-0212; E-mail: slutz@bvha.org
This document was prepared by the Guidelines Subcommittee of

theClinical Affairs andQuality Committee of theAmerican Society
for Radiation Oncology (ASTRO) in coordination with the Third
International Consensus Conference on Palliative Radiotherapy.
Before the initiation of this Guideline, all members included on

the Task Force were required to complete conflict of interest state-
ments. These statements are maintained at ASTROHeadquarters in
Fairfax, VA, and pertinent conflict information has been published
with the report. Individuals with disqualifying conflicts were
recused from participation in this Guideline.
The ASTRO Guidelines present scientific, health, and safety in-

formation and might to some extent reflect scientific or medical
opinion. They are made available to ASTRO members and to the
public for educational and informational purposes only. Any com-
mercial use of any content in this Guideline without the previous
written consent of ASTRO is strictly prohibited.
Adherence to this Guideline will not ensure successful treatment

in every situation. Furthermore, this Guideline should not be
deemed inclusive of all proper methods of care or exclusive of other
methods of care reasonably directed to obtaining the same results.
The ultimate judgment and propriety of any specific therapy must
be made by the physician and the patient in light of all the circum-
stances presented by the individual patient. ASTRO assumes no li-
ability for the information, conclusions, and findings contained in
its Guidelines. In addition, this Guideline cannot be assumed to ap-
ply to the use of these interventions performed in the context of
clinical trials, given that clinical studies are designed to evaluate
or validate innovative approaches in a disease for which improved
staging and treatment are needed or are being explored.

This Guideline was prepared on the basis of information avail-
able at the time the Task Group was conducting its research and
discussions on this topic. There might be new developments
that are not reflected in this Guideline and that might, over
time, be a basis for ASTRO to consider revisiting and updating
the Guideline.
A. Sahgal and E. Chang have served as consultants to Med-

tronic Kyphoplasty, although that relationship has ended and
the authors did not participate in either the writing or reviewing
of the kyphoplasty section of this report. L. Kachnic serves as
a consultant to Soligenics. D. Howell serves as a consultant to
Web MD and Medscape. S. Lutz has stock ownership in Tosk,
Oculus, and Minerva. C. von Gunten has received funding from
Wyeth, Progenics, Baxter, and Halozyme. W. Hartsell has a part-
nership relationship with CPTI. P. Hoskin has received funding
from Varian Medical Systems and Nucleotron. E. Chow has re-
ceived research funding and teaching honorarium from Novartis
and Amgen. D. Watkins Bruner has received funding from Varian
Medical Systems. The Task Force reviewed these disclosures and
determined that they have no impact upon the content of the
report.
A reader’s note: This is an abbreviated version of the full article

by Dr. Lutz et al. The full article, and associated appendices, can be
viewed at www.redjournal.org. in the Supplemental Materials sec-
tion of the publication.
Acknowledgments—The authors thank Drs. Nora Janjan, Peter
Johnstone, Daniel Roos, Yvette van der Linden, and Ivy Petersen
for their critical review of this report. The authors would also like
to recognize the significant contributions made to the literature
search by Anushree Vichare, Shari Siuta, Barbara Muth, and
Beverly Woodward.
Received Nov 19, 2010. Accepted for publication Nov 20, 2010.

965

Int. J. Radiation Oncology Biol. Phys., Vol. 79, No. 4, pp. 965–976, 2011
Copyright ! 2011 American Society for Radiation Oncology and American College of Radiology

Printed in the USA. All rights reserved
0360-3016/$ - see front matter

doi:10.1016/j.ijrobp.2010.11.026

RESULTS

The questions and Guideline statements regarding the use
of palliative RT for bone metastases are listed below.

1) What fractionation schemes have been shown to be ef-
fective for the treatment of painful and/or prevention of mor-
bidity from peripheral bone metastases?

Guideline statement
Multiple prospective randomized trials have shown pain

relief equivalency for dosing schema, including 30 Gy in
10 fractions, 24 Gy in 6 fractions, 20 Gy in 5 fractions,
and a single 8-Gy fraction for patients with previously unir-
radiated painful bone metastases. Fractionated RT courses
have been associated with an 8% repeat treatment rate to
the same anatomic site because of recurrent pain vs. 20% af-
ter a single fraction; however, the single fraction treatment
approach optimizes patient and caregiver convenience (1).

2) When is single fraction RTappropriate for the treatment
of painful and/or prevention ofmorbidity from uncomplicated
bonemetastasis involving the spine orother critical structures?

Guideline statement
Although many of the studies presented in Table 1 did not

delineate treatment relief by spinal vs. nonspinal metastases,
the Task Force could find no evidence from reviewing the
data to suggest that a single 8-Gy fraction provided inferior
pain relief compared with a more prolonged RT course in
painful spinal sites, although single fractionation has been
associated with a 20% incidence of repeat treatment vs.
8% with fractionated RT (7–14). The set up and
prescription points for treatment should follow those
outlined by the International Consensus on Palliative

Radiotherapy Endpoints for future clinical trials in bone
metastases to minimize the risk and allow for consistent
reporting of treatment results (17). The Task Force does
not believe that any additional trials are needed to confirm
the use of single-fraction RT in these circumstances.

3) Are there long-term side effect risks that should limit
the use of single fraction therapy?

Guideline statement
The Task Force did not find any suggestions from the

available data that single-fraction therapy produces unac-
ceptable rates of long-term side effects that might limit
this fractionation scheme for patients with painful bone me-
tastases. Numerous prospective, randomized trials have
failed to show any significant difference in long-term toxic-
ity between a single 8-Gy fraction and more prolonged RT
courses for uncomplicated, painful bone metastases. No ad-
ditional studies are suggested to confirm this recommenda-
tion at this time.

4) When should patients receive repeat treatment with RT
for peripheral bone metastases?

Guideline statement
Although no specific trial has been completed to define

the criteria for the repeat treatment of patients with recurrent
symptoms of metastatic disease, most trials have included
the option of repeat treatment (Table 2). The rates of repeat
treatment have been 20% with single-fraction palliative RT
schedules compared with 8% with lengthier RT courses.
The Task Force recommends that, whenever possible, pa-
tients should be included in prospective randomized trials
to further define the appropriate use of RT in the setting of
recurrent cancer symptoms.

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal
bone metastases

Characteristic Inclusion Exclusion

Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51)
2) No more than 2 consecutive or 3 noncontiguous

spine segments involved (50–53)

1) Spinal MRI cannot be completed for any reason (50, 51)
2) Epidural compression of spinal cord or cauda equina
3) Spinal canal compromise >25% (58)
4) Unstable spine requiring surgical stabilization (50, 51, 54,

57)
5) Tumor location within 5 mm of spinal cord or cauda

equina (50, 51) (relative*)
Patient 1) Age $18 y (50, 54)

2) KPS of $40–50 (50, 51, 54, 55)
3) Medically inoperable (or patient refused surgery)

(50, 51)

1) Active connective tissue disease (50)
2) Worsening or progressive neurologic deficit (50–52, 57)
3) Inability to lie flat on table for SBRT (50–52)
4) Patient in hospice or with <3-month life expectancy

Tumor 1) Histologic proof of malignancy (50, 51, 56)
2) Biopsy of spine lesion if first suspected metastasis
3) Oligometastatic or bone only metastatic disease (50)

1) Radiosensitive histology such as MM50-52

2) Extraspinal disease not eligible for further treatment51

Previous
treatment

Any of the following:
1) Previous EBRT <45-Gy total dose
2) Failure of previous surgery to that spinal level (50–52)
3) Presence of gross residual disease after surgery

1) Previous SBRT to same level
2) Systemic radionuclide delivery within 30 days before

SBRT (50–52)
3) EBRT within 90 days before SBRT (50–52)
4) Chemotherapy within 30 days of SBRT (50–53)

Abbreviations:MRI = magnetic resonance imaging; KPS = Karnofsky performance status; SBRT = stereotactic body radiotherapy; MM =
multiple myeloma; EBRT = external beam radiotherapy.
* Relative indicates that optimally tumor >5mm from spinal cord; if this distance is closer, case-by-case discussion required because published

data suggest risk of failure is greater (50, 63).
The references listed in Table 3 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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RESULTS

The questions and Guideline statements regarding the use
of palliative RT for bone metastases are listed below.

1) What fractionation schemes have been shown to be ef-
fective for the treatment of painful and/or prevention of mor-
bidity from peripheral bone metastases?

Guideline statement
Multiple prospective randomized trials have shown pain

relief equivalency for dosing schema, including 30 Gy in
10 fractions, 24 Gy in 6 fractions, 20 Gy in 5 fractions,
and a single 8-Gy fraction for patients with previously unir-
radiated painful bone metastases. Fractionated RT courses
have been associated with an 8% repeat treatment rate to
the same anatomic site because of recurrent pain vs. 20% af-
ter a single fraction; however, the single fraction treatment
approach optimizes patient and caregiver convenience (1).

2) When is single fraction RTappropriate for the treatment
of painful and/or prevention ofmorbidity from uncomplicated
bonemetastasis involving the spine orother critical structures?

Guideline statement
Although many of the studies presented in Table 1 did not

delineate treatment relief by spinal vs. nonspinal metastases,
the Task Force could find no evidence from reviewing the
data to suggest that a single 8-Gy fraction provided inferior
pain relief compared with a more prolonged RT course in
painful spinal sites, although single fractionation has been
associated with a 20% incidence of repeat treatment vs.
8% with fractionated RT (7–14). The set up and
prescription points for treatment should follow those
outlined by the International Consensus on Palliative

Radiotherapy Endpoints for future clinical trials in bone
metastases to minimize the risk and allow for consistent
reporting of treatment results (17). The Task Force does
not believe that any additional trials are needed to confirm
the use of single-fraction RT in these circumstances.

3) Are there long-term side effect risks that should limit
the use of single fraction therapy?

Guideline statement
The Task Force did not find any suggestions from the

available data that single-fraction therapy produces unac-
ceptable rates of long-term side effects that might limit
this fractionation scheme for patients with painful bone me-
tastases. Numerous prospective, randomized trials have
failed to show any significant difference in long-term toxic-
ity between a single 8-Gy fraction and more prolonged RT
courses for uncomplicated, painful bone metastases. No ad-
ditional studies are suggested to confirm this recommenda-
tion at this time.

4) When should patients receive repeat treatment with RT
for peripheral bone metastases?

Guideline statement
Although no specific trial has been completed to define

the criteria for the repeat treatment of patients with recurrent
symptoms of metastatic disease, most trials have included
the option of repeat treatment (Table 2). The rates of repeat
treatment have been 20% with single-fraction palliative RT
schedules compared with 8% with lengthier RT courses.
The Task Force recommends that, whenever possible, pa-
tients should be included in prospective randomized trials
to further define the appropriate use of RT in the setting of
recurrent cancer symptoms.

Table 3. Suggested inclusion and exclusion criteria for patients enrolled in trials to evaluate stereotactic body radiotherapy for spinal
bone metastases

Characteristic Inclusion Exclusion

Radiographic 1) Spinal or paraspinal metastasis by MRI (50, 51)
2) No more than 2 consecutive or 3 noncontiguous

spine segments involved (50–53)

1) Spinal MRI cannot be completed for any reason (50, 51)
2) Epidural compression of spinal cord or cauda equina
3) Spinal canal compromise >25% (58)
4) Unstable spine requiring surgical stabilization (50, 51, 54,

57)
5) Tumor location within 5 mm of spinal cord or cauda

equina (50, 51) (relative*)
Patient 1) Age $18 y (50, 54)

2) KPS of $40–50 (50, 51, 54, 55)
3) Medically inoperable (or patient refused surgery)

(50, 51)

1) Active connective tissue disease (50)
2) Worsening or progressive neurologic deficit (50–52, 57)
3) Inability to lie flat on table for SBRT (50–52)
4) Patient in hospice or with <3-month life expectancy

Tumor 1) Histologic proof of malignancy (50, 51, 56)
2) Biopsy of spine lesion if first suspected metastasis
3) Oligometastatic or bone only metastatic disease (50)

1) Radiosensitive histology such as MM50-52

2) Extraspinal disease not eligible for further treatment51

Previous
treatment

Any of the following:
1) Previous EBRT <45-Gy total dose
2) Failure of previous surgery to that spinal level (50–52)
3) Presence of gross residual disease after surgery

1) Previous SBRT to same level
2) Systemic radionuclide delivery within 30 days before

SBRT (50–52)
3) EBRT within 90 days before SBRT (50–52)
4) Chemotherapy within 30 days of SBRT (50–53)

Abbreviations:MRI = magnetic resonance imaging; KPS = Karnofsky performance status; SBRT = stereotactic body radiotherapy; MM =
multiple myeloma; EBRT = external beam radiotherapy.
* Relative indicates that optimally tumor >5mm from spinal cord; if this distance is closer, case-by-case discussion required because published

data suggest risk of failure is greater (50, 63).
The references listed in Table 3 correspond to those cited in the full manuscript published online and contained in the Supplemental Materials
section.
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Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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compose the Guideline. The members of the Task Force divided
into subgroups to address the separate questions according to their
areas of particular expertise. All members of the Task Force then
evaluated the responses to the questions assigned to the subgroups.
After the secondary review by the Task Force as a whole, the initial
draft of the Guideline was sent to external reviewers. The ASTRO
Board of Directors integrated this feedback and approved the final
document in July 2010.

Literature search
Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).
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Whenever possible, the Guideline relied on an evidence-based ap-

proach using a formal systematic literature review. One investigator
(S.L.) with aid from the ASTRO staff searched for English-language
citations in the National Library of Medicine’s PubMed database
through December 22, 2009 using the Medical Subject Heading
term ‘‘Radiotherapy bone metastases,’’ limiting the results to 1998
through 2009. Of the 4,287 articles originally identified, the group’s

Table 1. Prospective randomized trials comparing single- vs. multiple-fraction radiotherapy regimens for painful, uncomplicated bone
metastases

Study

Patients (n),
tumor

histologic
type Fractionation

Overall
pain
relief
(%)

Complete
response
(%)

Acute
toxicity
(%)

Late
toxicity
(%)

Repeat
treatment

rate
(%) Investigator Year Reference

Prospective randomized Phase III trials
8-Gy single
fraction RT for
metastatic
skeletal pain:
randomized comparison
with
multifraction
schedule

775, various
histologic
types

8 Gy/1 Fx 78 57 30 2 23 Bone Pain
Trial Working
Party

1999 9
20 Gy/5 Fx

or 30 Gy/10
Fx

78 58 32 1 10

Randomized
clinical trial
with 2 palliative
RT regimens
in Spain

160, various
histologic
types

8 Gy/1 Fx 75 15 13 NR 28 Foro 2008 13
30 Gy/10 Fx 86 13 18 NR 2

Radiation
Therapy and
Oncology
Group 97-14

898, breast
or prostate
cancer

8 Gy/1 Fx 66 15 10 4 18 Hartsell 2005 11
30 Gy/10 Fx 66 18 17 4 9

Randomized
trial of 3 single-dose RT
regimens for metastatic
bone pain

327, various
histologic
types

4 Gy/1 Fx 59 21 32 6 42 Jeremic 1998 7
6 Gy/1 Fx 73 27 29 7 44
8 Gy/1 Fx 78 32 37 7 38

Prospective
randomised
multicenter
trial of single-fraction RT
(8 Gy ! 1) vs. multiple
fractions
(3 Gy ! 10)

376, various
histologic
types

8 Gy/1 Fx Equivalent NR NR 4 15 Kaasa 2006 12
30 Gy/10 Fx Equivalent NR NR 11 4

Randomized trial of
single-dose vs. fractionated
palliative RT for
bone metastases

241, various
histologic
types

8 Gy/1 Fx 62 15 35 5 21 Nielsen 1998 15
20 Gy/4 Fx 71 15 35 5 12

Trans-Tasman
Radiation
Oncology
Group 96-05
(neuropathic pain)

272, various
histologic
types

8 Gy/1 Fx 53 26 5 5 29 Roos 2005 10
20 Gy/5 Fx 61 27 11 4 24

Long-term
follow-up of
cancer patients
receiving RT for
bone metastases:
results from
randomized
multicenter
trial—Norway

188, various
histologic
types

8 Gy/1 Fx PR PR PR 5 27 Sande 2009 14
30 Gy/10 Fx PR PR PR 5 5

Global analysis of
Dutch Bone
Metastasis Study

1,171, various
histologic
types

8 Gy/1 Fx 72 37 Equivalent 4 25 Steenland 1999 16
24 Gy/6 Fx 69 33 Equivalent 2 7

Abbreviations: Fx = radiotherapy fractions; NR = not reported; Equivalent = reports described as equivalent between treatment arms; PR =
previously reported in trial first authored by Kaasa et al. (12).

Palliative RT for bone metastases d S. LUTZ et al. 967

Purpose: To present guidance for patients and physicians regarding the use of radiotherapy in the treatment of
bone metastases according to current published evidence and complemented by expert opinion.
Methods and Materials: A systematic search of the National Library of Medicine’s PubMed database between
1998 and 2009 yielded 4,287 candidate original research articles potentially applicable to radiotherapy for bone
metastases. ATask Force composed of all authors synthesized the published evidence and reached a consensus re-
garding the recommendations contained herein.
Results: The Task Force concluded that external beam radiotherapy continues to be themainstay for the treatment
of pain and/or prevention of the morbidity caused by bonemetastases. Various fractionation schedules can provide
significant palliation of symptoms and/or prevent themorbidity of bonemetastases. The evidence for the safety and
efficacy of repeat treatment to previously irradiated areas of peripheral bone metastases for pain was derived from
both prospective studies and retrospective data, and it can be safe and effective. The use of stereotactic body ra-
diotherapy holds theoretical promise in the treatment of new or recurrent spine lesions, although the Task Force
recommended that its use be limited to highly selected patients and preferably within a prospective trial. Surgical
decompression and postoperative radiotherapy is recommended for spinal cord compression or spinal instability
in highly selected patients with sufficient performance status and life expectancy. The use of bisphosphonates, ra-
dionuclides, vertebroplasty, and kyphoplasty for the treatment or prevention of cancer-related symptoms does not
obviate the need for external beam radiotherapy in appropriate patients.
Conclusions: Radiotherapy is a successful and time efficient method by which to palliate pain and/or prevent the
morbidity of bone metastases. This Guideline reviews the available data to define its proper use and provide con-
sensus views concerning contemporary controversies or unanswered questions that warrant prospective trial eval-
uation.

INTRODUCTION

Bone metastases are a commonmanifestation of malignancy
that can cause severe and debilitating effects, including pain,
spinal cord compression, hypercalcemia, and pathologic
fracture. The proper care of bonemetastasis patients requires
interdisciplinary care among radiologists, radiation oncolo-
gists, medical oncologists, surgeons, pain medicine special-
ists, and palliative care professionals. Radiotherapy (RT)
provides successful palliation of painful bone metastasis
that is time efficient and has been associated with very few
side effects. External beam RT (EBRT) can provide signifi-
cant palliation of painful bone metastases in 50–80% of pa-
tients, with up to one-third of patients achieving complete
pain relief at the treated site (1).

Widespread variation exists in theworldwide practice pat-
terns for palliative radiation dose fractionation schedules (2).
Numerous prospective randomized and retrospective trials
have shown similar pain relief outcomes with single-
fraction RT schedules compared with longer courses of pal-
liative RT for previously unirradiated bone metastases, with
the main advantages to the schedules being the increased
conveniencewith a single fraction and the lower repeat treat-
ment rate with a longer course (1, 2). A wide range of
radiotherapeutic options also exists for pain that has
recurred after RT (EBRT or radiopharmaceutical agents)
has been given for bone metastases. Among these options
is a second course of EBRT to the same localized site
(repeat RT). Also, painful bone lesions at several anatomic
sites have been treated with injectable radiopharmaceutical
agents or hemibody RT, depending on the tumor histologic
features and the distribution of the metastases.
Additionally, great interest has been devoted to the
question of whether technological advances in RT delivery,
such as stereotactic body RT (SBRT), could improve the
results of the primary treatment or repeat treatment of
metastatic spinal lesions. The circumstances of spinal cord
compression with complete or impending pathologic

fracture demand a coordinated care plan between surgeons
and radiation oncologists. Although clinical trials with
bisphosphonates initially considered the need for EBRT as
a failure of therapy endpoint, EBRT to the index
symptomatic lesion might provide more prompt and
durable symptom relief. Finally, EBRT should be used in
conjunction with both kyphoplasty and vertebroplasty in
patients who have been treated with these interventions for
spinal metastases.

Given the complexities of care for patients with bone me-
tastases and the relative lack of palliative RT guidelines for-
mulated to date, the American Society for Radiation
Oncology (ASTRO) Clinical Affairs and Quality Committee
convened a Task Force of experts to develop a Guideline
regarding the care of patients with bone metastases (3–6).
The recommendations have been based on the results of
a systematic data review combined with the expert
opinions of the Task Force members. The Guideline is
presented herein.

METHODS AND MATERIALS

Process
The Guidelines Subcommittee of the Clinical Affairs and Quality

Committee, in accordance with established ASTRO policy, re-
cruited a Task Force composed of recognized experts in the fields
of palliative RT for bone metastases. These experts represented ra-
diation oncology academic, private practice, and residency groups,
as well as neurosurgery and palliative medicine specialties. The
Task Force was asked to provide guidance on the use of palliative
RT for bone metastases to patients and physicians. The Task Force
was also charged with providing guidelines for the proper integra-
tion of RT with other available treatment options for patients with
bone metastases.
In October 2009, the ASTRO Board of Directors approved

a proposal to develop a Guideline regarding palliative RT for
bone metastases and also authorized the membership of the Task
Force. Subsequently, the Task Force participated in a series of com-
munications by electronic mail and conference telephone calls to
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Before the initiation of this Guideline, all members included on
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its Guidelines. In addition, this Guideline cannot be assumed to ap-
ply to the use of these interventions performed in the context of
clinical trials, given that clinical studies are designed to evaluate
or validate innovative approaches in a disease for which improved
staging and treatment are needed or are being explored.

This Guideline was prepared on the basis of information avail-
able at the time the Task Group was conducting its research and
discussions on this topic. There might be new developments
that are not reflected in this Guideline and that might, over
time, be a basis for ASTRO to consider revisiting and updating
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
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control, particularly for radiosensitive histologies. A strong
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exists. A systematic review of the available evidence sug-
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symptomatic response and local control independent of his-
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A strong recommendation can be made with low-quality
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local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
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Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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Data Summary for Conventional Radiotherapy
Overall, only 9 papers presenting prospective data were
found,20,45,78–83 of which 3 are randomized trials.78–80 The
majority of published literature represents single- or multi-
institution retrospective series. A wide range of radiation dose-
fraction schedules have been reported in these series, with a
mixture of histologies. Given the inherent biases of retrospec-
tive data, conclusions from these series must be interpreted as
hypothesis generating only.

The vast majority of reported dose-fractionation schedules
fall into 2 categories: short course (within 2–5 fractions) and
long (!5 fractions). No reports describing treatment more than
once a day (i.e., hyperfractionation) were found. Under the
umbrella of short-course radiation, 95% were treated by either
8 Gy " 1, 3 Gy " 5 (reirradiation), or 4 Gy " 5. Long-course
radiation regimens were 8 Gy " 2, 5 Gy " 3 # 3 Gy " 5 split
course, 4 Gy " 7, 3 Gy " 10, or 2 Gy " 20. The most com-
monly used fractionation schedule was 3 Gy " 10. Short-
course radiation was more likely to be prescribed in cases of
patients with poor performance status. Thirty-two studies re-
ported survival outcomes (median, 4.3 months; range, 2–20
months). The majority of patients described received dexa-
methasone in conjunction with radiotherapy.

The most commonly addressed clinical scenario was epi-
dural cord compression. Because of the retrospective nature of
the vast majority of the data, functional outcome analysis was
problematic. Nonetheless, the most commonly reported out-
come was the number of patients who maintained ambulatory
status or regained ambulatory status (if not ambulatory before
radiotherapy). With similar caveats, pain improvement was
addressed in 11 reports. In the retrospective series, no common
definition of ambulatory or nonambulatory status was found,
and details on how pain was assessed were scant.

Data Summary for Radiosurgery
Twenty-nine reports of spine radiosurgery treating metastatic
spine tumors alone or in combination with benign spinal tu-
mors were identified (Table 2). The quality of evidence of the
selected studies was then assigned a score of high, moderate,

low, or very low based on the GRADE approach.38 Twenty-
one studies met the criteria of low and 8 studies were catego-
rized as very low. The methodologic quality of the studies was
overall low. The data were not pooled, but the relevant results
were summarized (Table 2).

Results

Conventional Radiotherapy for Metastatic
Spine Disease

What are the clinical outcomes of the current indications
for conventional radiotherapy alone for metastatic spine
disease?

Ambulatory Status. Data from 3 randomized trials using
3 different fractionation schedules (3000 cGy/10, 3000
cGy/8 split course, 1600 cGy/2 split course) have been
reported in a total of 327 patients who presented with
epidural spinal cord compression.78,80,81 The patient
population represented a mixed group of histologies,
with a median overall survival of 3 to 4 months.

Seventy-four percent78 and 67% of patients81 re-
mained ambulatory after radiotherapy alone. Of those
deemed nonambulatory at the time of radiation, 19%
and 26% of patients regained ambulatory status. In the
radiation-only arm of a small randomized study reported
by Young et al,80 60% of patients treated with radiation
only (3000 cGy/10 fractions split course) remained am-
bulatory, but only 33% regained ambulant status. Thus,
in this prospectively followed patient cohort, less than
one-third of nonambulant patients were able to recover
ambulation after conventional radiation therapy.

In 2 nonrandomized prospective studies with a total
of 423 patients, 82% of patients42 and 75% to 79%20

were reported to be ambulatory, while 60% and 30% of
nonambulatory patients regained ambulation after radi-
ation therapy. The high number of patients who regained

Table 1. Continued

Author N Ambulatory Status Pain Status Survival
Quality of
Evidence

Hill et al 75 43 100% remained ambulatory/47%
regained ambulation

4 mo Low

Tombolini
et al 76

95 82% improved Very low

Juremic
et al 77

36 63% improved motor function/75%
regained ambulation

85% improved Very low

Patchell
et al 78

51 74% remained ambulatory/19%
regained ambulation

4.8 mg daily morphine
equivalent (0.4 mg for
surgery)

3 mo High

Maranzano
et al 79

276 67% remained ambulatory/26%
regained ambulation

57% improved 4 mo High

Young et al 80 13 60% remained ambulatory/33%
regained ambulation

46% improved 5 mo High

Maranzano
and Latini 81

209 82% remained ambulatory/60%
regained ambulatory status

77% improved 6 mo Moderate

Rades et al 20 214 75%–79% remained ambulatory/30%
regained ambulation

12 mo Moderate

Turner et al 82 37 81% remained ambulatory/12.5%
regained ambulatory status

73% improved 2 mo Moderate

Greenberg
et al 83

83 89% remained ambulatory/35%
regained ambulation

Moderate
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Author N Ambulatory Status Pain Status Survival
Quality of
Evidence

Helwig Larsen
et al 39

153 91% remained ambulatory/50%
regained ambulation

78% resolved Low

Spiegel et al 40 114 2.5 mo Very low
Rades et al 41 81 86% remained ambulatory/14%

regained ambulation
4 mo Low

Rades et al 42 87 87% remained ambulatory 7 mo Low
Rades et al 43 199 27% improved motor function 4 mo Low
Rades et al 44 32 6% improvement/16% deterioration 4 mo Low
Maranzano

et al 45
56 100% remained ambulatory/60%

regained ambulation
89% resolved 66% 12 mo survival if

ambulatory 10% if not
Moderate

Maranzano
et al 46

44 100% remained ambulatory/46%
regained ambulation

100% improved 9 mo Low

Rades et al 47 922 21% improvement in motor function 14 mo Low
Hoskin et al 48 102 84% remained ambulatory/55%

regained ambulation at 2 mo
58% using narcotics

pre-radiotherapy, 19% 2–6
mo post-treatment

3.5 mo Low

Katagiri et al 49 101 64% remained ambulatory (85% of
responsive group)

57% overall pain relief (87%
of favorable group)

7 mo poor responder,
25 mo good responder

Low

Rades et al 50 143 69% remained ambulatory/10%
regained ambulation

4 mo Low

Bach et al 51 102 SCLC 100% remained ambulatory/15%
regained ambulation/NSCLC 95%
remained ambulatory/22% regained
ambulation

1.5–3.5 mo Low

Rades et al 52 252 68% remained ambulatory/15%
regained ambulation

Low

Rades et al 53 281 84% remained ambulatory/34%
regained ambulation

17 mo Low

Kraiwattanapong
et al 54

31 23% regained ambulation 77% improved Low

Rades et al 55 335 89% remained ambulatory/39%
regained ambulation

20 mo Low

Ingham 17 6/17 regained ambulation 1.5 mo Very low
Rades et al 56 521 94% remained ambulatory/54%

regained ambulation
12 mo Low

Brown et al 57 34 95% remained ambulatory/22%
regained ambulation

4.1 mo Low

Rades et al 58 1852 76% ambulatory at 3 yr 12 mo Low
Maranzano

et al 22
49 38% regained ambulation 67% improved 5 mo Low

Sorensen et al 59 149 78% remained ambulatory/16%
regained ambulation

3.1 mo Low

Rades et al 60 62 40% improved motor function
(re-irradiation)

8 mo Low

Rades et al 61 231 12% vs. 10% worse motor function in
favor of long radiotherapy 0.006

12 mo Low

Schiff et al 62 54 88% remained ambulatory/16%
regained ambulation

5 mo Low

Rades et al 23 247 55%–61% improvement in ambulatory
status (1 yr)

Low

Tazi et al 63 12 58% ambulatory Very low
Aass et al 64 49 60% maintained independent mobility Low
Podd et al 65 158 18% regained ambulation 58% improved 3 mo Very low
Huddart et al 66 62 67% regained ambulation 3.5 mo Very low
Kovner et al 67 79 90% remained ambulatory/33%

regained ambulation
2 mo Very low

Zelefsky et al 68 42 88% remained ambulatory/77%
improved extremity weakness

92% experienced relief 8 mo Low

Solberg et al 69 58 68% remained ambulatory/9%
regained ambulation

82% significant reduction 4.1 mo Low

Smith et al 70 26 85% remained ambulatory/67%
regained ambulation

81% improved Low

Kim et al 71 25 83% remained ambulatory/0%
regained ambulation

Low

Merimsky et al 72 19 32% motor function improved 80% improved 5 mo Low
Rades et al 73 131 3%–70% improvement in motor

function, depending upon time to
start RT

5 mo Low

Ampil et al 74 16 100% remained ambulatory/50%
regained ambulation

85% improved 11 mo Low

(Continued)
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ambulation in the Maranzano study was thought to be in
part due to a large number of favorable histologies in the
data set. Seven percent of the patients had also under-
gone surgical decompression. A prospectively collected
data set from Memorial Sloan Kettering Cancer Center
reported that 89% of patients remained ambulatory, and
35% recovered the ability to walk after 3000 cGy/10
given in a split course.83 A prospective data set reported
by Turner et al found that 81% were ambulant, and only
12.5% regained ambulant status after radiation.82 In the

radiation-only arm (3000 cGy/10 fractions) of Patchell’s
randomized trial of conventional radiation versus de-
compressive surgery and conventional radiation, 19% of
patients regained ambulation after conventional radio-
therapy alone. Only 2 of 35 patients remained ambula-
tory at 500 days after conventional radiation therapy,
compared with 6 of 34 patients who underwent both
surgery and radiation (P ! 0.024). Patients who received
conventional radiotherapy alone were able to walk a
median of 54 days. Those who received radiation alone

Table 2. Summary of Results of Systematic Review for Stereotactic Radiosurgery

Author Description
Quality

of Evidence Outcomes Conclusions

Hamilton et al 27 Case series Very low 5 patients with 5 lesions Feasibility study with no injuries
Ryu et al 10 Prospective cohort study Very low 5 patients with 5 lesions Feasibility study with no injuries
Shiu et al 11 Case series Very low 3 patients with 3 lesions Feasibility study. No injuries
Milker-Zabel

et al 17
Prospective cohort study Low 18 patients with 19 lesions Retreatment after prior radiation resulted in 95%

local control rate. 81% clinical improvement.
No injuries

Ryu et al 84 Prospective cohort study Low 10 patients with 10 lesions 100% clinical improvement. No injuries
Bilsky et al 14 Prospective cohort study Very low 4 patients with 4 lesion All had clinical improvement in pain. No injuries
DeSalles et al 16 Prospective cohort study Low 10 patients with 11 lesions 90% clinical improvement. No injuries
Benzil et al 13 Prospective cohort study Low 31 patients with 35 lesions 94% clinical improvement. No injuries
Ryu et al 31 Retrospective case

series
Low 49 patients with 61 lesions 85% clinical improvement. No injuries

Chang et al 15

(continuation
of Shiu study)

Case series Very low 15 patients with 15 lesions Feasibility study. No injuries

Degen et al 85 Prospective cohort study
using quality of life
outcomes measures

Low 38 patients with 58 lesions 97% clinical improvement. 95% local control rate.
No injuries

Yamada et al 86 Prospective cohort study Low 21 patients with 21 lesions 90% clinical improvement. 75% local control rate.
No injuries

Mahan et al 87 Case series Very low 8 patients with spinal cord
compression

Pilot feasibility study. No injuries

Gerszten et al 88 Prospective cohort study Low 28 patients with 36 lesions
with melanoma primary

96% clinical improvement. 75% local control rate.
No injuries

Gerszten et al 89 Prospective cohort study Low 50 patients with 68 lesions
with breast primary

96% clinical improvement. 100% local control
rate. No injuries

Gerszten et al 90 Prospective cohort study Low 48 patients with 60 lesions
with renal primary

89% clinical improvement. 87% local control rate.
No injuries

Rock et al 91 Retrospective case
series

Very low 10 cases treated with
postoperative
radiosurgery

92% with deficits remained stable or improved.
No injuries

Gerszten et al 92 Prospective cohort study Low 77 patients with 87 lesions
with lung primary

89% clinical improvement. 100% local control
rate. No injuries

Ryu et al 84 Prospective cohort study Low 177 patients with 230 lesions Focusing on the complications of single-dose
radiosurgery, 1 case of spinal cord injury

Chang et al 93 Prospective cohort study Low 63 patients with 74 lesions 84% progression-free incidence. No injuries.
Pattern of failure emphasized

Jin et al 94 Prospective cohort study Low 196 patients with 270 lesions 85% clinical improvement. No injuries
Gerszten et al 95 Prospective cohort study Low 393 patients with 500 lesions 86% clinical improvement. 89% local control rate.

No injuries
Gagnon et al 96 Prospective cohort study

with matched controls
Low 18 patients with 18 lesions

with breast cancer
primary

Salvage radiosurgery is as efficacious as initial
conventional radiotherapy without added
toxicity

Gibbs et al 97 Prospective cohort study Low 72 patients with 102 lesions 84% clinical improvement. 3 spinal cord injuries
Ryu et al 98 Prospective cohort study Low 49 patients with 61 lesions 84% clinical improvement. No injuries
Yamada et al 99 Prospective cohort study Low 93 patients with 103 lesions 90% local control rate. No injuries
Kim et al 100 Prospective cohort study Very low 7 patients with 7 lesions All had radiographic control. No injuries
Gagnon et al 101 Prospective cohort study Low 151 patients with 151 lesions

Outcomes evaluation
included visual analog
scale and SF-12 survey

Significant decrease in pain scores, quality-of-life
improvement, SF-12 Physical Component
scores demonstrated no significant change
throughout follow-up period. No injuries

Gibbs et al 102 Prospective cohort study Low 6 cases of radiation-induced
myelopathy in a series of
1075 patients

Radiation injury occurred over a spectrum of
dose parameters that prevented identification
of specific dosimetric factors contributing to
the complication
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ambulation in the Maranzano study was thought to be in
part due to a large number of favorable histologies in the
data set. Seven percent of the patients had also under-
gone surgical decompression. A prospectively collected
data set from Memorial Sloan Kettering Cancer Center
reported that 89% of patients remained ambulatory, and
35% recovered the ability to walk after 3000 cGy/10
given in a split course.83 A prospective data set reported
by Turner et al found that 81% were ambulant, and only
12.5% regained ambulant status after radiation.82 In the

radiation-only arm (3000 cGy/10 fractions) of Patchell’s
randomized trial of conventional radiation versus de-
compressive surgery and conventional radiation, 19% of
patients regained ambulation after conventional radio-
therapy alone. Only 2 of 35 patients remained ambula-
tory at 500 days after conventional radiation therapy,
compared with 6 of 34 patients who underwent both
surgery and radiation (P ! 0.024). Patients who received
conventional radiotherapy alone were able to walk a
median of 54 days. Those who received radiation alone

Table 2. Summary of Results of Systematic Review for Stereotactic Radiosurgery

Author Description
Quality

of Evidence Outcomes Conclusions

Hamilton et al 27 Case series Very low 5 patients with 5 lesions Feasibility study with no injuries
Ryu et al 10 Prospective cohort study Very low 5 patients with 5 lesions Feasibility study with no injuries
Shiu et al 11 Case series Very low 3 patients with 3 lesions Feasibility study. No injuries
Milker-Zabel

et al 17
Prospective cohort study Low 18 patients with 19 lesions Retreatment after prior radiation resulted in 95%

local control rate. 81% clinical improvement.
No injuries

Ryu et al 84 Prospective cohort study Low 10 patients with 10 lesions 100% clinical improvement. No injuries
Bilsky et al 14 Prospective cohort study Very low 4 patients with 4 lesion All had clinical improvement in pain. No injuries
DeSalles et al 16 Prospective cohort study Low 10 patients with 11 lesions 90% clinical improvement. No injuries
Benzil et al 13 Prospective cohort study Low 31 patients with 35 lesions 94% clinical improvement. No injuries
Ryu et al 31 Retrospective case

series
Low 49 patients with 61 lesions 85% clinical improvement. No injuries

Chang et al 15

(continuation
of Shiu study)

Case series Very low 15 patients with 15 lesions Feasibility study. No injuries

Degen et al 85 Prospective cohort study
using quality of life
outcomes measures

Low 38 patients with 58 lesions 97% clinical improvement. 95% local control rate.
No injuries

Yamada et al 86 Prospective cohort study Low 21 patients with 21 lesions 90% clinical improvement. 75% local control rate.
No injuries

Mahan et al 87 Case series Very low 8 patients with spinal cord
compression

Pilot feasibility study. No injuries

Gerszten et al 88 Prospective cohort study Low 28 patients with 36 lesions
with melanoma primary

96% clinical improvement. 75% local control rate.
No injuries

Gerszten et al 89 Prospective cohort study Low 50 patients with 68 lesions
with breast primary

96% clinical improvement. 100% local control
rate. No injuries

Gerszten et al 90 Prospective cohort study Low 48 patients with 60 lesions
with renal primary

89% clinical improvement. 87% local control rate.
No injuries

Rock et al 91 Retrospective case
series

Very low 10 cases treated with
postoperative
radiosurgery

92% with deficits remained stable or improved.
No injuries

Gerszten et al 92 Prospective cohort study Low 77 patients with 87 lesions
with lung primary

89% clinical improvement. 100% local control
rate. No injuries

Ryu et al 84 Prospective cohort study Low 177 patients with 230 lesions Focusing on the complications of single-dose
radiosurgery, 1 case of spinal cord injury

Chang et al 93 Prospective cohort study Low 63 patients with 74 lesions 84% progression-free incidence. No injuries.
Pattern of failure emphasized

Jin et al 94 Prospective cohort study Low 196 patients with 270 lesions 85% clinical improvement. No injuries
Gerszten et al 95 Prospective cohort study Low 393 patients with 500 lesions 86% clinical improvement. 89% local control rate.

No injuries
Gagnon et al 96 Prospective cohort study

with matched controls
Low 18 patients with 18 lesions

with breast cancer
primary

Salvage radiosurgery is as efficacious as initial
conventional radiotherapy without added
toxicity

Gibbs et al 97 Prospective cohort study Low 72 patients with 102 lesions 84% clinical improvement. 3 spinal cord injuries
Ryu et al 98 Prospective cohort study Low 49 patients with 61 lesions 84% clinical improvement. No injuries
Yamada et al 99 Prospective cohort study Low 93 patients with 103 lesions 90% local control rate. No injuries
Kim et al 100 Prospective cohort study Very low 7 patients with 7 lesions All had radiographic control. No injuries
Gagnon et al 101 Prospective cohort study Low 151 patients with 151 lesions

Outcomes evaluation
included visual analog
scale and SF-12 survey

Significant decrease in pain scores, quality-of-life
improvement, SF-12 Physical Component
scores demonstrated no significant change
throughout follow-up period. No injuries

Gibbs et al 102 Prospective cohort study Low 6 cases of radiation-induced
myelopathy in a series of
1075 patients

Radiation injury occurred over a spectrum of
dose parameters that prevented identification
of specific dosimetric factors contributing to
the complication
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.

From the Departments of *Neurological Surgery and †Radiation On-
cology, University of Pittsburgh Medical Center, Pittsburgh, PA;
‡Department of Neurological Surgery, The Ohio State University, Co-
lumbus, OH; and §Department of Radiation Oncology, Memorial
Sloan-Kettering Cancer Center, New York, NY.
The medical device(s)/drug(s) is/are FDA-approved or approved by
corresponding national agency for this indication.
No funds were received in support of this work. No benefits in any
form have been or will be received from a commercial party related
directly or indirectly to the subject of this manuscript.
Address correspondence and reprint requests to Peter C. Gerszten,
MD, MPH, Department of Neurological Surgery, Suite B-400, 200
Lothrop St., Pittsburgh, PA 15213; E-mail: gersztenpc@upmc.edu

S78

ambulation in the Maranzano study was thought to be in

part due to a large number of favorable histologies in the

data set. Seven percent of the patients had also under-

gone surgical decompression. A prospectively collected

data set from Memorial Sloan Kettering Cancer Center

reported that 89% of patients remained ambulatory, and

35% recovered the ability to walk after 3000 cGy/10

given in a split course.83 A prospective data set reported

by Turner et al found that 81% were ambulant, and only

12.5% regained ambulant status after radiation.82 In the

radiation-only arm (3000 cGy/10 fractions) of Patchell’s

randomized trial of conventional radiation versus de-

compressive surgery and conventional radiation, 19% of

patients regained ambulation after conventional radio-

therapy alone. Only 2 of 35 patients remained ambula-

tory at 500 days after conventional radiation therapy,

compared with 6 of 34 patients who underwent both

surgery and radiation (P ! 0.024). Patients who received

conventional radiotherapy alone were able to walk a

median of 54 days. Those who received radiation alone

Table 2. Summary of Results of Systematic Review for Stereotactic Radiosurgery

Author

Description

Quality

of Evidence

Outcomes

Conclusions

Hamilton et al27 Case series

Very low
5 patients with 5 lesions

Feasibility study with no injuries

Ryu et al10
Prospective cohort study

Very low
5 patients with 5 lesions

Feasibility study with no injuries

Shiu et al11
Case series

Very low
3 patients with 3 lesions

Feasibility study. No injuries

Milker-Zabel

et al17

Prospective cohort study
Low

18 patients with 19 lesions
Retreatment after prior radiation resulted in 95%

local control rate. 81% clinical improvement.

No injuries

Ryu et al84
Prospective cohort study

Low
10 patients with 10 lesions

100% clinical improvement. No injuries

Bilsky et al14
Prospective cohort study

Very low
4 patients with 4 lesion

All had clinical improvement in pain. No injuries

DeSalles et al16 Prospective cohort study
Low

10 patients with 11 lesions
90% clinical improvement. No injuries

Benzil et al13
Prospective cohort study

Low
31 patients with 35 lesions

94% clinical improvement. No injuries

Ryu et al31
Retrospective case

series

Low
49 patients with 61 lesions

85% clinical improvement. No injuries

Chang et al15

(continuation

of Shiu study)

Case series

Very low
15 patients with 15 lesions

Feasibility study. No injuries

Degen et al85
Prospective cohort study

using quality of life

outcomes measures

Low
38 patients with 58 lesions

97% clinical improvement. 95% local control rate.

No injuries

Yamada et al86 Prospective cohort study
Low

21 patients with 21 lesions
90% clinical improvement. 75% local control rate.

No injuries

Mahan et al87
Case series

Very low
8 patients with spinal cord

compression

Pilot feasibility study. No injuries

Gerszten et al88 Prospective cohort study
Low

28 patients with 36 lesions

with melanoma primary

96% clinical improvement. 75% local control rate.

No injuries

Gerszten et al89 Prospective cohort study
Low

50 patients with 68 lesions

with breast primary

96% clinical improvement. 100% local control

rate. No injuries

Gerszten et al90 Prospective cohort study
Low

48 patients with 60 lesions

with renal primary

89% clinical improvement. 87% local control rate.

No injuries

Rock et al91
Retrospective case

series

Very low
10 cases treated with

postoperative

radiosurgery

92% with deficits remained stable or improved.

No injuries

Gerszten et al92 Prospective cohort study
Low

77 patients with 87 lesions

with lung primary

89% clinical improvement. 100% local control

rate. No injuries

Ryu et al84
Prospective cohort study

Low
177 patients with 230 lesions

Focusing on the complications of single-dose

radiosurgery, 1 case of spinal cord injury

Chang et al93
Prospective cohort study

Low
63 patients with 74 lesions

84% progression-free incidence. No injuries.

Pattern of failure emphasized

Jin et al94
Prospective cohort study

Low
196 patients with 270 lesions

85% clinical improvement. No injuries

Gerszten et al95 Prospective cohort study
Low

393 patients with 500 lesions
86% clinical improvement. 89% local control rate.

No injuries

Gagnon et al96 Prospective cohort study

with matched controls

Low
18 patients with 18 lesions

with breast cancer

primary

Salvage radiosurgery is as efficacious as initial

conventional radiotherapy without added

toxicity

Gibbs et al97
Prospective cohort study

Low
72 patients with 102 lesions

84% clinical improvement. 3 spinal cord injuries

Ryu et al98
Prospective cohort study

Low
49 patients with 61 lesions

84% clinical improvement. No injuries

Yamada et al99 Prospective cohort study
Low

93 patients with 103 lesions
90% local control rate. No injuries

Kim et al100
Prospective cohort study

Very low
7 patients with 7 lesions

All had radiographic control. No injuries

Gagnon et al101 Prospective cohort study
Low

151 patients with 151 lesions

Outcomes evaluation

included visual analog

scale and SF-12 survey

Significant decrease in pain scores, quality-of-life

improvement, SF-12 Physical Component

scores demonstrated no significant change

throughout follow-up period. No injuries

Gibbs et al102
Prospective cohort study

Low
6 cases of radiation-induced

myelopathy in a series of

1075 patients

Radiation injury occurred over a spectrum of

dose parameters that prevented identification

of specific dosimetric factors contributing to

the complication
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  Relevant	
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  (1)	
  

The primary factor that limits radiation dose for local
vertebral tumor control with conventional radiotherapy
is the relatively low tolerance of the spinal cord to radi-
ation, because conventional external beam radiotherapy
lacks the precision to deliver large single-fraction doses
of radiation near radiosensitive structures. This often
limits the treatment dose to a level far below the optimal
therapeutic dose,2,9,10 resulting in less than optimal clin-
ical response. Precise confinement of the radiation dose
to the treatment volume, as is the case for intracranial
radiosurgery, should increase the likelihood of successful
tumor control and clinical response at the same time that
the risk of spinal cord injury is minimized.10–18

The idea of single-fraction radiotherapy for symptom-
atic bone metastases is not new. During the past 2 de-
cades, several clinical trials have compared the relative
efficacy of various dose-fractionation schedules in pro-
ducing pain relief for symptomatic bone metastases.19–24

Studies have previously determined the clinical efficacy
of single-fraction therapy for painful bone metastases.25

Both, a Radiation Therapy Oncology Group Phase III
trial as well as a meta-analysis found no significant dif-
ference in complete and overall pain relief between sin-
gle-fraction and multifraction palliative radiation ther-
apy for bone metastases.19,25 Most of these trials used 8
Gy in a single fraction. However, none of these trials
were specifically evaluating spinal metastases.

The emerging technique of radiosurgery for spine metas-
tases represents a logical extension of the current state-of-
the-art radiation therapy. Stereotactic body radiosurgery
(SBRS) has emerged as a new treatment option in the mul-
tidisciplinary management of metastases located within or
adjacent (paraspinal) to vertebral bodies/spinal cord.26

SBRS provides an option to deliver high-dose per fraction
radiation, and therefore a high biologic equivalent dose, in
1 to 5 fractions. The aims of SBRS for spinal metastases are
to improve on existing rates of clinical response and tumor
control, and to reduce the retreatment rate by increasing the
biologic equivalent dose.26

Since Hamilton et al 27 first described the possibility of
linear-accelerator–based spinal stereotactic radiosurgery
in 1995, multiple centers have attempted to pursue large
fraction conformal radiation delivery to spinal lesions
using a variety of technologies.10,13–18,27–35 Researchers
have shown the feasibility and clinical efficacy of spinal
hypofractionated stereotactic body radiotherapy for me-
tastases. 10,12–18,36 Others have demonstrated the effec-
tiveness of protons for spinal and paraspinal tumors.37

There has been a rapid increase in the use of radiosurgery
as a treatment alternative for malignant tumors involving
the spine. Recent technological developments, including
imaging technology for 3-dimension localization and pre-
treatment planning, the advent of intensity-modulated ra-
diated therapy, and a higher degree of accuracy in achieving
target dose conformation while sparing normal surround-
ing tissue, have allowed clinicians to expand radiosurgery
applications to treat malignant vertebral body lesions
within close proximity to the spinal cord and cauda equina.

The goals of SBRS parallel those of brain radiosur-
gery, namely, to improve local control over conventional
fractionated radiotherapy and to be effective in previ-
ously irradiated lesions with an acceptable safety profile.
Therefore, the purpose of this chapter is to provide evi-
dence-based answers to several key questions related to
the use of radiosurgery for the treatment of spine metas-
tases. This process will synthesize the best available evi-
dence and use the consensus expert opinion of the Spine
Oncology Study Group in offering clinically relevant
grades of recommendations for practitioners who treat
spine metastases. The grades of recommendation,
whether strong or weak, are based on the quality of ev-
idence in conjunction with the balance of the benefits and
harms of the intervention.38 Specifically, a focused qual-
itative systematic review was performed to investigate
the 2 pertinent questions regarding the utilization of ra-
diosurgery for spine metastases.

Keeping in mind difficulties regarding the interpreta-
tion of data from metastatic patients, a comprehensive
survey of the available medical evidence was done to
assess the following clinically significant questions:

1. What are the clinical outcomes of the current indica-
tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?

Materials and Methods

A systematic literature search for conventional radiotherapy of
spine metastases was undertaken. The search was limited to
data published from 1980 (to limit data to modern treatment
techniques) and available in English. References from each pa-
per were also reviewed for relevant articles. Articles were se-
lected for relevance to conventional radiotherapy for bony
spine metastases; those which were primarily surgical and
without radiation-therapy data were excluded. Surgical data
describing cohorts who had radiotherapy without surgery were
included if sufficient details regarding radiation and outcomes
of those patients were provided. Stereotactic radiosurgery re-
ports were also excluded from this analysis. Case reports or
papers describing less than 10 patients were also excluded.
Search was performed on PubMed (217 abstracts), Embase
(274 abstracts using Emtree terms and 36 using keywords), and
the Cochrane Evidence Based Medicine Database (4 abstracts).
References from the articles included in the analysis and review
articles were also examined for potential inclusion in the study.
After cross checking for duplicates, the initial literature search
yielded 531 potentially relevant abstracts. Sixty-two abstracts
were selected for in-depth review, and 49 studies met all the
criteria for inclusion in this article (Table 1). The GRADE cri-
teria set out by Guyatt and coworkers38 was used to critically
evaluate the quality of each dataset see “Quality of Evidence”
in Table 1).
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Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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The primary factor that limits radiation dose for local
vertebral tumor control with conventional radiotherapy
is the relatively low tolerance of the spinal cord to radi-
ation, because conventional external beam radiotherapy
lacks the precision to deliver large single-fraction doses
of radiation near radiosensitive structures. This often
limits the treatment dose to a level far below the optimal
therapeutic dose,2,9,10 resulting in less than optimal clin-
ical response. Precise confinement of the radiation dose
to the treatment volume, as is the case for intracranial
radiosurgery, should increase the likelihood of successful
tumor control and clinical response at the same time that
the risk of spinal cord injury is minimized.10–18

The idea of single-fraction radiotherapy for symptom-
atic bone metastases is not new. During the past 2 de-
cades, several clinical trials have compared the relative
efficacy of various dose-fractionation schedules in pro-
ducing pain relief for symptomatic bone metastases.19–24

Studies have previously determined the clinical efficacy
of single-fraction therapy for painful bone metastases.25

Both, a Radiation Therapy Oncology Group Phase III
trial as well as a meta-analysis found no significant dif-
ference in complete and overall pain relief between sin-
gle-fraction and multifraction palliative radiation ther-
apy for bone metastases.19,25 Most of these trials used 8
Gy in a single fraction. However, none of these trials
were specifically evaluating spinal metastases.

The emerging technique of radiosurgery for spine metas-
tases represents a logical extension of the current state-of-
the-art radiation therapy. Stereotactic body radiosurgery
(SBRS) has emerged as a new treatment option in the mul-
tidisciplinary management of metastases located within or
adjacent (paraspinal) to vertebral bodies/spinal cord.26

SBRS provides an option to deliver high-dose per fraction
radiation, and therefore a high biologic equivalent dose, in
1 to 5 fractions. The aims of SBRS for spinal metastases are
to improve on existing rates of clinical response and tumor
control, and to reduce the retreatment rate by increasing the
biologic equivalent dose.26

Since Hamilton et al 27 first described the possibility of
linear-accelerator–based spinal stereotactic radiosurgery
in 1995, multiple centers have attempted to pursue large
fraction conformal radiation delivery to spinal lesions
using a variety of technologies.10,13–18,27–35 Researchers
have shown the feasibility and clinical efficacy of spinal
hypofractionated stereotactic body radiotherapy for me-
tastases. 10,12–18,36 Others have demonstrated the effec-
tiveness of protons for spinal and paraspinal tumors.37

There has been a rapid increase in the use of radiosurgery
as a treatment alternative for malignant tumors involving
the spine. Recent technological developments, including
imaging technology for 3-dimension localization and pre-
treatment planning, the advent of intensity-modulated ra-
diated therapy, and a higher degree of accuracy in achieving
target dose conformation while sparing normal surround-
ing tissue, have allowed clinicians to expand radiosurgery
applications to treat malignant vertebral body lesions
within close proximity to the spinal cord and cauda equina.

The goals of SBRS parallel those of brain radiosur-
gery, namely, to improve local control over conventional
fractionated radiotherapy and to be effective in previ-
ously irradiated lesions with an acceptable safety profile.
Therefore, the purpose of this chapter is to provide evi-
dence-based answers to several key questions related to
the use of radiosurgery for the treatment of spine metas-
tases. This process will synthesize the best available evi-
dence and use the consensus expert opinion of the Spine
Oncology Study Group in offering clinically relevant
grades of recommendations for practitioners who treat
spine metastases. The grades of recommendation,
whether strong or weak, are based on the quality of ev-
idence in conjunction with the balance of the benefits and
harms of the intervention.38 Specifically, a focused qual-
itative systematic review was performed to investigate
the 2 pertinent questions regarding the utilization of ra-
diosurgery for spine metastases.

Keeping in mind difficulties regarding the interpreta-
tion of data from metastatic patients, a comprehensive
survey of the available medical evidence was done to
assess the following clinically significant questions:

1. What are the clinical outcomes of the current indica-
tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?

Materials and Methods

A systematic literature search for conventional radiotherapy of
spine metastases was undertaken. The search was limited to
data published from 1980 (to limit data to modern treatment
techniques) and available in English. References from each pa-
per were also reviewed for relevant articles. Articles were se-
lected for relevance to conventional radiotherapy for bony
spine metastases; those which were primarily surgical and
without radiation-therapy data were excluded. Surgical data
describing cohorts who had radiotherapy without surgery were
included if sufficient details regarding radiation and outcomes
of those patients were provided. Stereotactic radiosurgery re-
ports were also excluded from this analysis. Case reports or
papers describing less than 10 patients were also excluded.
Search was performed on PubMed (217 abstracts), Embase
(274 abstracts using Emtree terms and 36 using keywords), and
the Cochrane Evidence Based Medicine Database (4 abstracts).
References from the articles included in the analysis and review
articles were also examined for potential inclusion in the study.
After cross checking for duplicates, the initial literature search
yielded 531 potentially relevant abstracts. Sixty-two abstracts
were selected for in-depth review, and 49 studies met all the
criteria for inclusion in this article (Table 1). The GRADE cri-
teria set out by Guyatt and coworkers38 was used to critically
evaluate the quality of each dataset see “Quality of Evidence”
in Table 1).
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Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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The primary factor that limits radiation dose for local
vertebral tumor control with conventional radiotherapy
is the relatively low tolerance of the spinal cord to radi-
ation, because conventional external beam radiotherapy
lacks the precision to deliver large single-fraction doses
of radiation near radiosensitive structures. This often
limits the treatment dose to a level far below the optimal
therapeutic dose,2,9,10 resulting in less than optimal clin-
ical response. Precise confinement of the radiation dose
to the treatment volume, as is the case for intracranial
radiosurgery, should increase the likelihood of successful
tumor control and clinical response at the same time that
the risk of spinal cord injury is minimized.10–18

The idea of single-fraction radiotherapy for symptom-
atic bone metastases is not new. During the past 2 de-
cades, several clinical trials have compared the relative
efficacy of various dose-fractionation schedules in pro-
ducing pain relief for symptomatic bone metastases.19–24

Studies have previously determined the clinical efficacy
of single-fraction therapy for painful bone metastases.25

Both, a Radiation Therapy Oncology Group Phase III
trial as well as a meta-analysis found no significant dif-
ference in complete and overall pain relief between sin-
gle-fraction and multifraction palliative radiation ther-
apy for bone metastases.19,25 Most of these trials used 8
Gy in a single fraction. However, none of these trials
were specifically evaluating spinal metastases.

The emerging technique of radiosurgery for spine metas-
tases represents a logical extension of the current state-of-
the-art radiation therapy. Stereotactic body radiosurgery
(SBRS) has emerged as a new treatment option in the mul-
tidisciplinary management of metastases located within or
adjacent (paraspinal) to vertebral bodies/spinal cord.26

SBRS provides an option to deliver high-dose per fraction
radiation, and therefore a high biologic equivalent dose, in
1 to 5 fractions. The aims of SBRS for spinal metastases are
to improve on existing rates of clinical response and tumor
control, and to reduce the retreatment rate by increasing the
biologic equivalent dose.26

Since Hamilton et al 27 first described the possibility of
linear-accelerator–based spinal stereotactic radiosurgery
in 1995, multiple centers have attempted to pursue large
fraction conformal radiation delivery to spinal lesions
using a variety of technologies.10,13–18,27–35 Researchers
have shown the feasibility and clinical efficacy of spinal
hypofractionated stereotactic body radiotherapy for me-
tastases. 10,12–18,36 Others have demonstrated the effec-
tiveness of protons for spinal and paraspinal tumors.37

There has been a rapid increase in the use of radiosurgery
as a treatment alternative for malignant tumors involving
the spine. Recent technological developments, including
imaging technology for 3-dimension localization and pre-
treatment planning, the advent of intensity-modulated ra-
diated therapy, and a higher degree of accuracy in achieving
target dose conformation while sparing normal surround-
ing tissue, have allowed clinicians to expand radiosurgery
applications to treat malignant vertebral body lesions
within close proximity to the spinal cord and cauda equina.

The goals of SBRS parallel those of brain radiosur-
gery, namely, to improve local control over conventional
fractionated radiotherapy and to be effective in previ-
ously irradiated lesions with an acceptable safety profile.
Therefore, the purpose of this chapter is to provide evi-
dence-based answers to several key questions related to
the use of radiosurgery for the treatment of spine metas-
tases. This process will synthesize the best available evi-
dence and use the consensus expert opinion of the Spine
Oncology Study Group in offering clinically relevant
grades of recommendations for practitioners who treat
spine metastases. The grades of recommendation,
whether strong or weak, are based on the quality of ev-
idence in conjunction with the balance of the benefits and
harms of the intervention.38 Specifically, a focused qual-
itative systematic review was performed to investigate
the 2 pertinent questions regarding the utilization of ra-
diosurgery for spine metastases.

Keeping in mind difficulties regarding the interpreta-
tion of data from metastatic patients, a comprehensive
survey of the available medical evidence was done to
assess the following clinically significant questions:

1. What are the clinical outcomes of the current indica-
tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?

Materials and Methods

A systematic literature search for conventional radiotherapy of
spine metastases was undertaken. The search was limited to
data published from 1980 (to limit data to modern treatment
techniques) and available in English. References from each pa-
per were also reviewed for relevant articles. Articles were se-
lected for relevance to conventional radiotherapy for bony
spine metastases; those which were primarily surgical and
without radiation-therapy data were excluded. Surgical data
describing cohorts who had radiotherapy without surgery were
included if sufficient details regarding radiation and outcomes
of those patients were provided. Stereotactic radiosurgery re-
ports were also excluded from this analysis. Case reports or
papers describing less than 10 patients were also excluded.
Search was performed on PubMed (217 abstracts), Embase
(274 abstracts using Emtree terms and 36 using keywords), and
the Cochrane Evidence Based Medicine Database (4 abstracts).
References from the articles included in the analysis and review
articles were also examined for potential inclusion in the study.
After cross checking for duplicates, the initial literature search
yielded 531 potentially relevant abstracts. Sixty-two abstracts
were selected for in-depth review, and 49 studies met all the
criteria for inclusion in this article (Table 1). The GRADE cri-
teria set out by Guyatt and coworkers38 was used to critically
evaluate the quality of each dataset see “Quality of Evidence”
in Table 1).
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outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.
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Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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rates are approximately 90%. There is a suggestion
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spinal instability, prior irradiation, radioresistant histol-
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Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
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should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.
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with good symptomatic response and local con-
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metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.

References
1. Lu C, Stomper PC, Drislane FW, et al. Suspected spinal cord compression in

breast cancer patients: a multidisciplinary risk assessment. Breast Cancer
Res Treat 1998;51:121–31.

2. Faul CM, Flickinger JC. The use of radiation in the management of spinal
metastases. J Neurooncol 1995;23:149–61.

3. Kim YH, Fayos JV. Radiation tolerance of the cervical spinal cord. Radiol-
ogy 1981;139:473–8.

4. Markoe A, Schwade J. The Role of Radiation Therapy in the Management
of Spine and Spinal Cord Tumors. Rolling Meadows, IL: American Asso-
ciation of Neurological Surgeons; 1994:23–35.

5. Shapiro W, Posner J. Medical vs. Surgical Treatment of Metastatic Spinal
Cord Tumors. New York, NY: Raven Press; 1983.

6. Sundaresan N, Krol G, Digiacinto C, et al. Metastatic tumors of the spine.
In: Sundaresan B, Schmidek H, Schiller A, et al, eds. Tumors of the Spine.
Philadelphia, PA: WB Saunders; 1990:279–304.

7. Sundaresan N, Digiacinto GV, Hughes JE, et al. Treatment of neoplastic
spinal cord compression: results of a prospective study. Neurosurgery 1991;
29:645–50.

8. Gerszten PC, Welch WC. Current surgical management of metastatic spinal
disease. Oncology (Williston Park) 2000;14:1013–24; discussion 1024,
1029–30.

9. Loblaw DA, Laperriere NJ. Emergency treatment of malignant extradural
spinal cord compression: an evidence-based guideline. J Clin Oncol 1998;
16:1613–24.

10. Ryu SI, Chang SD, Kim DH, et al. Image-guided hypo-fractionated stereo-
tactic radiosurgery to spinal lesions. Neurosurgery 2001;49:838–46.

11. Shiu AS, Chang EL, Ye JS, et al. Near simultaneous computed tomography
image-guided stereotactic spinal radiotherapy: an emerging paradigm for
achieving true stereotaxy. Int J Radiat Oncol Biol Phys 2003;57:605–13.

12. Amendola BE, Wolf AL, Coy SR, et al. Gamma knife radiosurgery in the
treatment of patients with single and multiple brain metastases from carci-
noma of the breast. Cancer J 2000;6:88–92.

13. Benzil DL, Saboori M, Mogilner AY, et al. Safety and efficacy of stereotactic
radiosurgery for tumors of the spine. J Neurosurg 2004;101(suppl 3):
413–8.

14. Bilsky MH, Yamada Y, Yenice KM, et al. Intensity-modulated stereotactic
radiotherapy of paraspinal tumors: a preliminary report. Neurosurgery
2004;54:823–30; discussion 830–1.

15. Chang EL, Shiu AS, Lii MF, et al. Phase I clinical evaluation of near-
simultaneous computed tomographic image-guided stereotactic body ra-
diotherapy for spinal metastases. Int J Radiat Oncol Biol Phys 2004;59:
1288–94.

16. De Salles AA, Pedroso AG, Medin P, et al. Spinal lesions treated with
Novalis shaped beam intensity-modulated radiosurgery and stereotactic
radiotherapy. J Neurosurg 2004;101(suppl 3):435–40.

17. Milker-Zabel S, Zabel A, Thilmann C, et al. Clinical results of retreatment
of vertebral bone metastases by stereotactic conformal radiotherapy and
intensity-modulated radiotherapy. Int J Radiat Oncol Biol Phys 2003;55:
162–7.

S90 Spine • Volume 34 • Number 22S • 2009



SPINE Volume 34, Number 22S, pp S78–S92
©2009, Lippincott Williams & Wilkins

Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
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a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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be made based on the available evidence (low or
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not appear to be associated with any fractionation
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dence is available to confirm this observation.
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be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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not appear to be associated with any fractionation
schedule reported for spine radiosurgery.
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ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.
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therapy option for patients with spine metastases in cases
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spinal instability, prior irradiation, radioresistant histol-
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Radiosurgery is safe and effective with durable
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dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points
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with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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not appear to be associated with any fractionation
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rates are approximately 90%. There is a suggestion
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dence is available to confirm this observation.
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good symptomatic response and local control, particu-
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be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
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be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.
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61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
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rospective studies (low-quality evidence).
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ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.
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Conventional radiotherapy is safe and effective with
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myeloma, and seminoma. A strong recommendation can
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tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points
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with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
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● Radiosurgery is safe and effective with durable
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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universally categorized as favorable histologies in 1
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rospective studies (low-quality evidence).
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100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
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dence is available to confirm this observation.
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therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
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be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.
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61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
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eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
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rospective studies (low-quality evidence).
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100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.
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good symptomatic response and local control, particu-
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tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points
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with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
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● Radiosurgery is safe and effective with durable
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Radiotherapy and Radiosurgery for Metastatic
Spine Disease
What Are the Options, Indications, and Outcomes?

Peter C. Gerszten, MD, MPH,*† Ehud Mendel, MD,‡ and Yoshiya Yamada, MD§

Study Design. Systematic literature review.
Objective. To determine the options, indications, and

outcomes for conventional radiotherapy and radiosur-
gery for metastatic spine disease.

Methods. Three research questions were determined
through a consensus among a multidisciplinary panel of
spine oncology experts. A systematic review of the liter-
ature was conducted regarding radiotherapy and radio-
surgery for metastatic spine disease using PubMed, Em-
base, the Cochrane Evidence Based Medicine Database,
and a review of bibliographies of reviewed articles.

Research questions:
1. What are the clinical outcomes of the current indica-

tions for conventional radiotherapy alone and stereo-
tactic radiosurgery for metastatic spine disease?

2. What are the current dose recommendations and
fractionation schedules for conventional spine ra-
diotherapy and stereotactic radiosurgery for meta-
static spine disease?

3. What are the current known patterns of failure
and complications after conventional spine radi-
ation and stereotactic radiosurgery for metastatic
spine disease?

Results. For conventional radiotherapy, the initial lit-
erature search yielded a total of 531 potentially relevant
abstracts. Each of these abstracts was reviewed for rele-
vance, and 62 were selected for in-depth review. Forty-
nine studies met all the inclusion criteria. References from
the articles included in the analysis and review articles
were also examined for potential inclusion in the study.
For conventional radiotherapy, 3 randomized trials (high-
quality evidence), 4 prospective studies (moderate-qual-
ity evidence), and over 40 nonprospective data sets (low-
or very-low-quality evidence) that included over 5000
patients in the literature were included in this review.
Drawing from the same databases, a systematic search
for radiosurgery yielded 195 abstracts, of which 29 met all
inclusion criteria. They all represented single-institution
reports (low- or very-low-quality data). No randomized
data are available for spine radiosurgery.

Conclusion. A systematic review of the available evi-
dence suggests that conventional radiotherapy is safe
and effective with good symptomatic response and local

control, particularly for radiosensitive histologies. A strong
recommendation can be made with moderate quality evi-
dence that conventional fractionated radiotherapy is an ap-
propriate initial therapy option for patients with spine me-
tastases in cases in which no relative contraindication
exists. A systematic review of the available evidence sug-
gests that radiosurgery is safe and provides an incremental
benefit over conventional radiotherapy with more durable
symptomatic response and local control independent of his-
tology, even in the setting of prior fractionated radiotherapy.
A strong recommendation can be made with low-quality
evidence that radiosurgery should be considered over con-
ventional fractionated radiotherapy for the treatment of
solid tumor spine metastases in the setting of oligometa-
static disease and/or radioresistant histology.

Key words: outcomes, radiotherapy, radiosurgery, met-
astatic spine disease. Spine 2009;34:S78–S92

Approximately 5% to 10% of all cancer patients will
develop spine metastases. The majority of these patients
will undergo palliative radiation therapy. The goals of
local radiation therapy in the treatment of spinal tumors
have been palliation of pain, prevention of local disease
progression and subsequent pathologic fractures, and
halting progression of or reversing neurologic compro-
mise.1 The role of radiation therapy for the treatment of
metastatic tumors of the spine is well established.2–8

Conventional radiotherapy, defined as radiation de-
livered in 1 to 2 radiation beams without high precision
or highly conformal treatment techniques, is widely ac-
cepted as an appropriate treatment modality. However,
the effectiveness of conventional radiation has been lim-
ited by the spinal cord, which is intolerant of high-dose
radiation. In recent years, advances in imaging technol-
ogy and computerized treatment planning have allowed
the safe delivery of high-dose radiation (image-guided
intensity-modulated radiation therapy or spinal radio-
surgery) to spinal metastases even in close proximity to
the spinal cord and other paraspinal dose-sensitive or-
gans. These treatments are often given in 1 to 5 fractions
of high-dose radiation (to ensure safe doses) that are able
to limit the dose to the spinal cord.

In general, metastatic patients are difficult to study
retrospectively because multiple confounding factors are
present and difficult to control. They often suffer from a
multitude of concurrent clinical problems. Quality of life
may be confounded by the effects of chemotherapy or
surgery in conjunction with radiation therapy, as well as
by the effects of the disease itself. Survival may also be
limited and thus long-term follow-up is not typical for
this patient population.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
good symptomatic response and local control, particu-
larly for radiosensitive histologies, such as lymphoma,
myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
ease and/or radioresistant histology in which no
relative contraindications exist.
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be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).
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100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
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dence is available to confirm this observation.
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spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
fractionated radiotherapy.

● A strong recommendation can be made with
low-quality evidence that radiosurgery should be
considered over conventional fractionated radio-
therapy for the treatment of solid tumor spine
metastases in the setting of oligometastatic dis-
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dose (16–24 Gy ! 1) have been reported with ste-
reotactic radiosurgery. No consensus on dose can
be made based on the available evidence (low or
very low quality) although significant toxicity does
not appear to be associated with any fractionation
schedule reported for spine radiosurgery.

3. What are the current known patterns of failure and
complications after conventional spine radiation and
stereotactic radiosurgery for metastatic spine disease?
a. Conventional radiation. Local control rates of

61% to 89% (mean, 77%), defined as the absence
of recurrent cord compression after conventional
radiotherapy, has been specifically in 7 retrospective
studies (low-quality evidence) describing 885 pa-
tients. Histology clearly has an impact on response to
conventional radiation. Lymphoma, seminoma, my-
eloma, breast cancer, and prostate cancer are nearly
universally categorized as favorable histologies in 1
randomized study (high-quality evidence) and 4 ret-
rospective studies (low-quality evidence).

b. Stereotactic radiosurgery. Local controls of 75% to
100% have been reported in single-institution re-
ports, and the majority of reported local control
rates are approximately 90%. There is a suggestion
that certain histologies may do worse (melanoma
and renal cell carcinoma) but no high-level evi-
dence is available to confirm this observation.

Spine Oncology Study Group Recommendations

Conventional radiotherapy is safe and effective with
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myeloma, and seminoma. A strong recommendation can
be made with moderate-quality evidence that conven-
tional fractionated radiotherapy is an appropriate initial
therapy option for patients with spine metastases in cases
in which no relative contraindications exist. These rela-
tive contraindications include, but are not limited to,
spinal instability, prior irradiation, radioresistant histol-
ogy, and/or high-grade spinal cord compression.

Radiosurgery is safe and effective with durable
symptomatic response and local control for even ra-
dioresistant histologies, regardless of prior fraction-
ated radiotherapy. A strong recommendation can be
made with low-quality evidence that radiosurgery
should be considered over conventional fractionated
radiotherapy for the treatment of solid-tumor spine
metastases in the setting of oligometastatic disease
and/or radioresistant histology in which no relative
contraindications exist.

Key Points

● Conventional radiotherapy is safe and effective
with good symptomatic response and local con-
trol, particularly for radiosensitive histologies,
such as lymphoma, myeloma, and seminoma.

● A strong recommendation can be made with
moderate quality evidence that conventional
fractionated radiotherapy is an appropriate ini-
tial therapy option for patients with spine metas-
tases in cases in which no relative contraindica-
tions exist.

● Radiosurgery is safe and effective with durable
symptomatic response and local control for even
radioresistant histologies, regardless of prior
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● A strong recommendation can be made with
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)

a b c d
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.
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of bony metastases. The response rates range from 60% to 
90% and the indications are pain, chronically endangered 
stability, and the impending compression of neural tissue.

Pharmacotherapy
The level of activity of bone metastases is often corre-
lated with the local or overall tumor mass, and, there-
fore, systemic treatment should always be considered 
in addition to local treatment. The basic principles of 
systemic treatment are as follows: 
● If the metastases are located exclusively in bone, 

then monotherapy with a well-tolerated drug is 
the treatment of choice.

●  For hormone-sensitive tumors, e.g., breast cancer, 
endocrine therapy should be considered.

●  When other organs aside from bone are involved 
as well, polychemotherapy is a reasonable option. 

The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases. In general, 
pain due to bony metastases that are of the nociceptive 
type respond well to analgesic therapy according to 
the WHO algorithm and are particularly responsive to 
opiates (18). Spinal metastases, however, often also 
cause neuropathic pain with a radicular component 
(sensory deficit, burning pain, painful shock-like 

 sensations). This type of pain requires the additional 
administration of anticonvulsants (e.g., gabapentin) 
and perhaps antidepressants as well (e.g., amitri -
ptyline, doxepine) (1, e2, e3). In spinal cord compres-
sion syndromes, not only surgical intervention, but 
also the administration of glucocorticoids is of prime 
clinical importance. Steroids relieve the pain of spinal 
cord compression and reduce spinal cord edema 
through a mechanism involving prostaglandin 
 inhibition. The initial dose must be high enough to be 
effective (e.g., 16 to 32 mg of dexamethasone per 
day); as a rule, the steroid dose can be gradually 
 lowered starting four days after the initiation of 
 treatment (19).

Bone-specific systemic treatment with bisphospho -
nates is a further important component of the treatment 
of bony metastases (20). Bisphosphonates inhibit bone 
resorption and thus exert a major beneficial effect in 
bone that is involved by tumor. They are effective in the 
treatment of bony metastases that are osteolytic, 
 osteoplastic, or of a mixed nature. Studies currently in 
progress are addressing the question of their potential 
role as adjuvant therapy in an early stage of neoplastic 
disease before any bone metastases have been detected 
(21).

The goals of treatment
The relief of pain, if present, is a major consider-
ation in the treatment of spinal metastases.

Bisphosphonates
Bisphosphonates are an integral component of 
the current treatment of spinal metastases.

FIgure 3: Kyphoplasty of the L3 vertebral body after a pathological fracture due to metastatic breast cancer  
a) Lateral plain film showing involvement of the L3 vertebral body by metastatic breast cancer with a pathological impression fracture of the superior endplate without 
involvement of the posterior edge of the vertebra 
b) MRI of the same finding shown in a) 
c) and d) Plain x-rays and e) CT showing the result after vertebral body augmentation with bone cement (kyphoplasty)
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rity of the VB and can lead to compression or burst frac-
tures. These fractures can force bone fragments or tumor 
debris into the spinal canal or neural foramina, causing 
compression of neurological structures and pain or mo-
tor/autonomic impairment. In a cadaveric study, Windha-
gen et al.147 determined that the likelihood of pathological 
fracture could be predicted by calculating the product of 
cross-sectional area of the intact bone and bone mineral 
density. Taneichi et al.133 showed that collapse was pre-
dicted by 50–60% VB lysis in the thoracic spine and 35–
45% in the lower thoracic/lumbar spine. Segments of high 
mobility or stress, such as the cervicothoracic and thora-
columbar junctions, are likely to be subject to fracture 
with less tumor burden. Metastases to the dorsal elements 
of the spinal column, especially the facet joints, are be-
lieved to predispose patients to pathological dislocation, 
spondylolysis, and translational instability. These are un-
common, though, because metastasis to the posterior ele-
ments is much less common than to the VB.

Characterizing the degree and nature of instability 

can assist the selection of surgical approach and extent 
of reconstruction. This remains somewhat unclear in 
patients with neoplasia. The indications for fixation and 
decompression in instability secondary to neoplastic pro-
cesses are less clear, because the mechanisms of injury 
are different. Cybulski36 proposed imaging criteria for the 
assessment of spine instability due to tumors; these were 
as follows: 1) anterior and middle column destruction (> 
50% collapse of VB height); 2) collapse of 2 or more ad-
jacent VBs; 3) tumor involvement of the middle and pos-
terior columns (possibility of forward shear deformity); 
and 4) previous surgical laminectomy, with failure to rec-
ognize anterior and middle column disease. This study 
recommended surgical decompression and fixation when 
one of these instability criteria is met or when neural 
compression is present in patients with a life expectancy 
of > 5–6 months, competent immune and nutritional sta-
tus, incomplete neurological deficit, and a radioresistant 
tumor or a tumor that failed to respond to previous treat-
ment. Clearly, much more research is needed in the area 

FIG. 1. A: Intraoperative photograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage 
and posterior pedicle screw stabilization. B: Postoperative anteroposterior radiograph of thoracic spondylectomy and anterior 
reconstruction with distractible titanium cage and posterior pedicle screw stabilization. C: Postoperative coronal CT scan of 
thoracic spondylectomy and anterior reconstruction with distractible titanium cage and posterior pedicle screw stabilization. 
D: Postoperative lateral radiograph of thoracic spondylectomy and anterior reconstruction with distractible titanium cage and 
posterior pedicle screw stabilization.




















