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Introduction

Advanced-stage metastases are common in bone. 
Bone metastases may cause pain, movement limita-
tion, pathological fracture, neurological deficits due 
to spinal compression of the medulla, and malignant 
hypercalcemia; however, they may cause deterioration 
in the quality of life of patients.[1] Lung, thyroid, and 
renal cell cancers, malignant melanoma, and multi-
ple myeloma often metastasize to the bones.[2] Bone 
metastasis is observed in 70-90% of patients who die 
due to breast and prostate cancer.[3] Bone metastases 
are common in the vertebral column, pelvis, humerus, 
and femur, while joint metastases such as knee and el-
bow are typical for lung cancer.[4]

Owing to the development of new systemic treat-
ments, targeted agents, and immunotherapies in pa-
tients with cancer, survival expectancy in metastatic 
disease has increased; therefore, pain palliation has 
become more important. Radiotherapy (RT) is the 
gold standard in relieving pain due to bone metastases. 
Although there are many prospective and retrospective 
randomized controlled studies, there is no consensus 
on the most effective RT dose and schedule for pain 
palliation due to bone metastasis.[5]

A total of 1016 patients with painful bone metas-
tases were included in the RTOG 7402 study, and effects 
of five different dosing schedules (40.5 Gray [Gy]/15 
fractions [fr], 30 Gy/10 fr, 25 Gy/5 fr, 20 Gy/5 fr, 15 
Gy/5 fr) on pain palliation and analgesic use were eval-
uated. Minimal pain palliation was achieved in 89% of 
the patients, partial pain in 83%, and complete pain 
palliation in 54% of patients, and no difference was ob-
served between the arms. Complete pain palliation was 
obtained 4 weeks after the initiation of treatment in pa-
tients, and this period was similar between the arms. 
In pain palliation, it was observed that the response 

was low, particularly in patients with a high baseline 
pain score and who could not complete the treatment 
as planned, while pain palliation was better with treat-
ment in those with breast and prostate cancer.[6]

In the comparative study of the Dutch bone metas-
tasis group, 1157 patients received 8 Gyx1 fr and 4 
Gyx6 fr RT. Metastasis was observed in 30% vertebra, 
36% pelvic bones, 10% femur, and pain palliation was 
achieved in 71% of all patients, and complete response 
was observed in 35% of the patients. The median re-
sponse time was about 3 weeks in both arms. While the 
response time (20-24 months) and the rate of returning 
pain to pre-treatment level (52-46%) were similar be-
tween the arms, the need for repeat RT was found to be 
less in the 6 fr applied arm (7-25%).[7]

In the RTOG 9714 study, 30 Gy/10 fr treatment, 
which is frequently used in metastases, was compared 
with 8 Gy in a single fraction. While, on the complaint 
of pain, the response rate was 66% in both arms, it was 
reported that complete response was better (50-15%) 
in the 10 fr treatment arm and less required for RT (9-
18%). Acute grade 2-4 toxicity, mostly related to the 
gastrointestinal tract, was more common in the multi-
fraction arm (7-17%).[8]

Chow et al. reported pain palliation rate (60%), 
complete response rates (24%), and fracture risk (3%) 
similarly in both arms in a meta-analysis of 25 ran-
domized studies involving 5617 patients with bone 
metastases treated using single and multiple fraction-
ation schemes. The need for re-irradiation was higher 
in the single-dose RT arm (8-20%, p<0.00001).[9,10] 
Bayard et al. and Howell et al.[11,12] found that pain 
palliation rates and analgesic requirements decreased 
by 70-80% similarly in both RT schemes in 8 Gy/1 fr 
and 30 Gy/10 fr schemes; however, the need for re-ir-
radiation increased more in single fr schemes.
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al.[19] compared intravenous administration of 5 mg/
kg methylprednisolone and placebo before treatment 
with 30 Gy/10 fr RT in 120 patients with painful ver-
tebral metastasis, they showed that pain exacerbation 
in the steroid infusion arm was significantly low (7-
20%, p<0.05) and this period were significantly short 
(1.25-3.75, p<0.05) in those with pain exacerbation. 
In a placebo-controlled double-blind, randomized 
study, Chow et al.[20] found that 8 mg dexametha-
sone administered orally 1 h before and 4 days after 
RT reduced pain exacerbation by 9% in patients who 
received 8 Gy/1 fr RT (26-35%, p=0.05) and that it in-
creased the appetite on the 10th day by reducing nau-
sea. However, there are still uncertainties in terms of 
the most effective steroid dose and duration of use, and 
drugs that can be used instead of steroids.

Image-guided radiotherapy, intensity-modulated 
radiotherapy, and SBRT coming with technological ad-
vances, have also been used in bone and spinal metas-
tases, and promising results have been reported. With 
SBRT, a higher dose can be given to the target tissue, 
while the surrounding critical tissues are protected with 
sharper borders. Knowing that similar pain response is 
obtained in palliative RT schemes used in daily practice 
and due to the need for re-irradiation seen in 8 Gy/1 fr 
schemes, it is aimed to higher pain palliation and to 
reduce re-treatment requirement with SBRT applica-
tions where the biological equivalent dose is high. In 
particular, with the concept of oligometastatic disease 
defined by Hellman and Weichselbaum in 1995, local 
control rates have gained importance for symptomatic 
palliation. The Stereotactic Ablative Radiotherapy for 
the Comprehensive Treatment of Oligometastases 
(SABR-COMET) study showed the contribution of 
SBRT to overall survival and progression-free survival 
in limited metastatic disease.[21] However, in radia-
tion-resistant tumor histologies (malignant melanoma, 
sarcoma, kidney cell tumor) the observation of tumor 
response that could not be achieved using conventional 
treatments also made SBRT applications preferable for 
this group of patients.[22]

In the RTOG 0631 study comparing the effect of 
SBRT (16 Gy or 18 Gy in a single fraction) and conven-
tional 8 Gy/1 fr RT on pain control in spinal metastases, 
pain palliation was similar in both arms at the third 
month after treatment (40.4-57.9%, p=0.99).[23] In the 
Canadian Cancer Trials group-SC24 study conducted 
by the Canadian Cancer Working Group, 24 Gy/2 fr 
SBRT was compared with 20 Gy/5 fr in 229 patients 
with painful spinal metastases, and at the third month 
after treatment, complete pain control was 14% in the 

In the American Society of Radiation Oncology 
(ASTRO) guidelines, the re-irradiation requirement 
has been defined as persistent or recurring pain states 
at the earliest 1 month after the first irradiation and it 
can be applied by focusing on critical organ dose lim-
itations.[13] In international multi-center comparative 
studies, the pain response with re-irradiation is 45% in 
single fr schemes and 51% in multiple fr schemes in un-
complicated bone metastases (no pathological fractures 
or medulla spinalis compression), and the response ob-
tained is independent of the applied dose scheme and 
previous RT response.[8,11] It has been reported that 
the 8 Gyx1 fr scheme can be applied safely for pain palli-
ation in patients with a limited lifespan and difficult ac-
cess to the hospital when re-treatment is required.[13]

RT is a recommended approach after stabilization 
and /or decompression surgeries in patients with com-
plicated bone metastases with pathological fractures 
and/or spinal cord compression.[13] Pathological frac-
ture risk in the long bone located metastases is eval-
uated using Mirels scoring system and RT is recom-
mended after prophylactic internal fixation surgery in 
patients with a score ≥of 8.[14] In vertebral metastases, 
it is recommended to make a treatment decision by us-
ing the Spinal Instability Scoring System by examining 
the necessity of decompression/vertebroplasty surgery.
[15] Those with a score of 7-12 are classified as poten-
tially unstable lesions, and those with a score of 13-18 
as unstable lesions, and all lesions with a score>7 are 
recommended to be evaluated surgically. The Bilsky 
scoring system, which evaluates epidural spinal cord 
compression, is also important in palliative treatment 
planning in patients with spinal metastases.[16] In 
a randomized controlled study by Patchell et al.[17] 
with 100 patients who were paraplegic for less than 48 
h and life expectancy>3 months, that patient mobility 
(84-57%, p=0.001), time to patient mobilization (13-
122 days, p=0.003) and median survival (100-126 days, 
p=0.03) were statistically significantly better than the 
same dose schema RT after decompression surgery 
versus only 30 Gy/10 fr RT arm.

One of the important toxicities of RT applied in 
bone metastases is pain exacerbation in the RT applied 
area. Pain exacerbation is defined as a two-point in-
crease in pain score, which lasts for about 10 days or 
25% more analgesic requirement without an increase 
in pain. It was observed earlier that the incidence of 
pain exacerbation is 2-44% in the patients those under-
went conventional palliative RT, and this rate reaches 
10-68% in those undergoing spinal stereotactic abla-
tive body radiotherapy (SBRT).[18] When Yousef et 
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conventional arm and 36% in the SBRT arm (p<0.001); 
it was found to be 16-33% (p=0.004) at the sixth month. 
Vertebral compression fracture after RT was 17% in the 
20 Gy/5 fr arm, 11% in the SBRT arm, and progression-
free survival was 86-92% at the third month in the RT 
area (p=0.4), and it was detected that these ratios were 
69-75% (p=0.42) in the sixth month.[24]

Patient selection is important for SBRT applications 
in spinal bone metastases. The Prognostic Index for 
Spinal Metastases, which includes parameters such as 
the patient's age, performance status, functional capac-
ity, time from diagnosis to metastasis, and the number 
of metastases may be considered in patient selection 
(Fig. 1).[25]

In the evidence-based guidelines of ASTRO, it is 
stated that SBRT can be used in oligometastatic cases 
with long life expectancy, good performance, in pa-
tients who have difficulty in transportation to the hos-
pital or need re-irradiation; however, it is more appro-
priate to perform this application within the scope of 
the study.[13]

In particular, myelopathy and vertebral compres-
sion fractures are among the feared toxicities in high-
dose stereotactic treatments. The risk of SBRT-related 
vertebral compression fracture is particularly high in 

lytic lesions and single fraction high-dose (≥24 Gy) 
SBRT applications. Rose et al.[26] observed the frac-
ture risk to be 39% in 18-24 Gyx1 fr applications and 
found that this risk could increase in lytic lesions cov-
ering> 40% of the vertebral corpus in T10 and lower 
vertebrae as a risk factor. The dose and risk ratios de-
fined by Sahgal et al.[27] for RT-induced myelopathy 
are spinal cord Dmax is 1% at 17 Gy/2 fr, 2% at 20.3 Gy/3 
fr, 3% at 23Gy/4 fr, 5% at 25.3 Gy/5 fr.

In painful bone metastases, the use of radiophar-
mocytic (Samarium-153, Strontium-89, Radium-223) 
agents and bisphosphonates (ibandronate, denosumab) 
for palliation is increasingly common.

Conclusion

Bone metastases are frequently encountered in patients 
with advanced-stage cancer. In the light of published 
prospective and retrospective studies, the most appro-
priate treatment approach should be determined based 
on patient and tumor characteristics, clinical possibil-
ities, and experiences. There are several favorable sim-
ilar efficacy RT doses and schedules available. Survival 
advantages obtained with SBRT should not be ignored, 
particularly in oligometastatic disease.

Fig. 1. Vertebra stereotactic RT.
 RT: Radiotherapy.
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Those coming with the developing technology, on-
going prospective studies, developments in the phar-
maceutical industry, and new treatment options should 
be followed, and the treatment decision should be de-
termined in multidisciplinary meetings.
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