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 9 

Abstract 10 

 11 

Stereotactic body radiotherapy has emerged as one of the preferred treatments for 12 

patients with spine metastases, with the potential for long-term control from lesion 13 

irradiation. Post-treatment vertebral compression fractures are a known complication 14 

of this therapy, contributing to worsening pain and reduced quality of life, sometimes 15 

requiring surgical intervention. This review explores the current knowledge of post-16 

radiotherapy fractures, in terms of the rates and associated predictive factors. 17 

 18 

Search of databases including Medline, Embase and the Cochrane Library were 19 

conducted using keywords such as “vertebral compression fracture”, “stereotactic 20 

body radiotherapy” and “spine metastases”. The search was limited to published 21 

studies up to March 2019, reporting clinical outcomes including both the post-22 

treatment fracture rate and statistical identification of associated risk factors.  23 

 24 

Rates of post-treatment fractures ranged from 4-39%. A variety of factors were found 25 

to increase the risk, including the appearance of lytic vertebral disease, degree of 26 

pre-existing compression, spinal malalignment, increased dose per fraction and a 27 

Spinal Instability Neoplastic Score >6. This knowledge can enable clinicians to 28 

counsel patients when considering management options for spine metastases, 29 

maintaining the balance between local tumour control and the risk of subsequent 30 

fracture. 31 

 32 
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Introduction 46 

 47 

The vertebral column is one of the most common sites of metastatic spread from 48 

solid tumours. Approximately one-third of cancer patients will suffer bone metastases 49 

at some stage during their illness, with most involving the spine, frequently the 50 

thoracic and lumbar regions.1 A common presentation is oligometastatic disease of 51 

the spine, which is a state of limited metastatic burden, for which locally ablative 52 

therapy may be curative.2 The oligometastatic state is commonly defined as 5 or 53 

fewer metastatic sites systemically.3 In the spine, bony metastases can cause 54 

complications such as severe pain, neurological compromise and mechanical 55 

instability leading to vertebral compression fracture (VCF).4 Hence, one of the 56 

primary goals of care for spine metastases is long-term tumour control with ablative 57 

therapy.5  58 

 59 

The historical treatment of choice for spine metastases was palliative conventional 60 

external beam radiotherapy (EBRT), where short-term pain relief and local control 61 

(LC) were achievable with doses designed to minimise normal tissue toxicity.6 62 

Stereotactic body radiotherapy (SBRT) has emerged over the last decade as an 63 

option for patients with spine oligometastases.7 SBRT uses highly focused beams to 64 

deliver 1-5 hypofractionated doses to the vertebral target with greater precision than 65 

EBRT, in the order of 1-2mm accuracy.8,9 This allows the biologically effective dose 66 

of SBRT to be approximately 2-8 times that of conventional palliative dose EBRT, 67 

with the potential for dose escalation being one reason for the growth of SBRT.4 68 

Multiple studies have shown 1-year LC rates with spine SBRT in the order of 80-90% 69 

for de novo lesions, including tumour types classically considered radio-resistant 70 

such as sarcoma and renal cell carcinoma.10-12 More recently, Palma and colleagues 71 

demonstrated that SBRT to oligometastatic tumours elsewhere in the body resulted 72 

in improvements in overall survival and progression-free survival, with no change to 73 

quality of life compared to the palliative standard of care.13 Randomised controlled 74 

trials are also currently in progress to assess whether spine SBRT is superior to 75 

EBRT in terms of pain control and improved quality of life.14,15 76 

 77 
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The adverse effects of spine SBRT have been reported widely. In the acute phase 78 

post-treatment, pain flares occur with a frequency ranging from 23-68%, with higher 79 

rates and severity following high dose single-fraction SBRT.16,17 In terms of late 80 

toxicities, radiation myelopathy was a concern in the early period of spine SBRT use. 81 

Newer treatment guidelines based on analysis of cases have been implemented to 82 

mitigate this risk.18 VCF then became arguably the most clinically important adverse 83 

effect following spine SBRT, both in the acute and late phase post-treatment, 84 

causing significant pain and increasing surgical burden.19,20 Balancing radiation 85 

doses for optimal LC of lesions with the risk of VCF is one of the challenges 86 

clinicians continue to face.21 This requires an understanding of the factors 87 

predisposing patients to post-treatment VCF, enabling a more personalised 88 

approach to management. 89 

 90 

This review outlines the current knowledge of post-SBRT VCF, with particular focus 91 

on fracture rates and the associated predictive factors identified on statistical 92 

analysis.  93 

 94 
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 112 

 113 

 114 

 115 

Methods 116 

 117 

Literature review was conducted using the Medline and Embase databases and the 118 

Cochrane Library up to March 27th 2019, with the search algorithm shown in Table 1. 119 

Reference lists and data tables from previously published works were also 120 

consulted. Inclusion criteria for this review are studies published in the English 121 

language (prospective and retrospective) that reported both the post-SBRT VCF rate 122 

and identification of predictive factors based on univariate/multivariable models. This 123 

includes both de novo and reirradiation spine SBRT, as well as single-fraction and 124 

multi-fraction treatment. Studies with patient populations of 10 or fewer, conference 125 

abstracts and those reporting VCF rate without risk factor analysis were excluded.  126 

 127 

A flowchart outlining the process of study selection is shown in Figure 1. The initial 128 

search yielded 223 citations, with removal of 48 duplicates, leaving 175 results. 129 

These were reviewed based on title and abstract, leaving 91 citations suitable for 130 

full-text review. Following application of the inclusion and exclusion criteria, data 131 

from 15 studies was extracted for the final quantitative analysis. 132 

 133 

 134 
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 145 

 146 

 147 

 148 

 149 

 150 

 151 

 152 

 153 

 154 

 155 

Results 156 

 157 

The 15 studies identified are listed in table 2 with the relevant findings.10,19,20,22-33  158 

The majority involved patients with diverse primary tumour locations or histologies. 159 

Thibault et al focused specifically on patients with renal cell carcinoma (RCC) 160 

metastases and Yoo et al only reported lesions from hepatocellular carcinoma (HCC) 161 

origin.10,22 Most studies were retrospective analyses of data compiled during the 162 

follow-up period. 163 

 164 

Patient and lesion characteristics 165 

Approximately 3394 spinal segments in 2147 patients were treated with SBRT 166 

overall. The estimation is due to Jawad et al not specifying the final number of 167 

patients involved in their analysis.23 Median follow-up duration ranged from 7 months 168 

to 81.6 months, with the latter due to the 10-year follow-up period by Ling et al.24 169 

Otherwise, the majority of patients were followed up to a median of approximately 7 170 

to 21.2 months.  171 

 172 

Eleven studies included differentially reported de novo fractures from progression of 173 

pre-existing VCF. When combined, 192 de novo fractures occurred within 2183 174 

previously intact vertebral bodies, a rate of 8.8%. In contrast, 201 of 907 vertebral 175 

bodies with pre-existing VCF progressed post-treatment, a rate of 22.2%. The 176 

proportion of vertebral bodies with baseline lytic tumour ranged from 27% to 95%, 177 
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with a median of 58%. The percentage of vertebral bodies with pre-existing VCF 178 

prior to irradiation ranged from 5% to 42%, with a median of 24%. 179 

 180 

SBRT regimens 181 

There were a variety of dose and fractionation schemes utilised. Ling at al and 182 

Tseng at al employed a consistent approach, being 16Gy in 1 fraction and 24Gy in 2 183 

fractions respectively.24,25 SBRT delivered in a single fraction was the most common 184 

method in 7 studies. Four primarily involved SBRT in three fractions and 3 reports 185 

mainly used a two fraction approach. Overall, when comparing the median SBRT 186 

dose and fractionation across each individual study, there was a range from 16 to 187 

27Gy in 1 to 3 fractions. 188 

 189 

Treatment outcomes 190 

Of the 3394 spinal segments treated, 462 fractures were reported in the follow-up 191 

period, resulting in a crude overall VCF rate of 13.6%. Rates of VCF ranged from 192 

4.2% to 39%, whilst the median time to VCF varied from 1.5 months to 25 months, 193 

with most studies reporting times within the 1 to 5 month interval. The exceptions 194 

being the 10.2 months and 25 months reported by Ling et al and Rose et al.19,24 The 195 

median rate of therapeutic surgical interventions for VCF was 41.5%, ranging from 196 

11% to 60%.  197 

 198 

A variety of predictive factors for post-SBRT VCF were identified on univariate and 199 

multivariable models, shown in Table 2. These have been summarised in Table 3. 200 

On multivariable analysis, lytic disease and pre-existing VCF were the most 201 

frequently occurring risk factors, followed by higher treatment dose parameters, 202 

spinal malalignment, advanced age and burden of vertebral body disease. Other 203 

factors appeared only once and their significance as predictive factors is less certain, 204 

such as a Spinal Instability Neoplastic Score (SINS) >6, single-fraction SBRT, 205 

treatment of solitary metastasis, lung or HCC primary tumour and 3 or more treated 206 

vertebral levels. Elevated SINS was associated with fracture on univariate analysis in 207 

3 other studies, however, did not retain significance in multivariable analyses as an 208 

independent predictive factor.209 
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Discussion 210 

Relationship between SBRT and VCF 211 

 212 

Clarifying the association between spine SBRT and increased rates of VCF was 213 

a priority in the early stages of SBRT use. In a multi-institutional analysis, 214 

Saghal at al demonstrated a positive correlation between the dose administered 215 

and the VCF rate; risk after high-dose single-fraction SBRT 24Gy was 39% 216 

(p<0.001), risk after 20-23Gy per fraction was 23% (p<0.001) and risk after 217 

≤19Gy per fraction was 11%.15 Cunha et al and Thibault et al also found that 218 

doses per fraction of 20Gy were associated with higher VCF rates in their 219 

analyses.10,28 This data is consistent with the 39% rate of VCF with high-dose 220 

single-fraction SBRT by Rose et al and the modest 8.5% rate of VCF with 24Gy 221 

in 2 fractions by Tseng et al.19,25 The benefit of high-dose single-fraction 222 

radiotherapy is higher rates of local control, especially with tumours considered 223 

radio-resistant such as renal cell carcinoma.34,35 However, there has not been a 224 

published randomised trial assessing the efficacy and adverse effect profile of 225 

varying SBRT fractionations for spine metastases. SBRT with 24Gy in 2 226 

fractions is currently being evaluated in the ongoing Canadian-led phase 3 227 

randomised controlled trial.15  228 

 229 

The mechanism of SBRT-induced VCF has yet to be formally established, 230 

although multiple studies have used histopathology to generate hypotheses. Al-231 

Omair et al analysed biopsies from two patients treated with 20Gy in 1 fraction 232 

and 24Gy in 2 fractions respectively.36 They found that friable necrotic tissue 233 

replaced both the intact vertebral bone and tumour. This led to 234 

osteoradionecrosis being proposed as the mechanism for SBRT-induced VCF, 235 

causing mechanical instability and increased risk of fracture. More recently, 236 

Foerster et al showed that the incidence of osteonecrosis, soft tissue necrosis 237 

and viable tumour in VCF specimens was not significantly increased compared 238 

to non-VCF specimens.37 In contrast, VCF specimens showed greater bone 239 

marrow fibrosis, leading to the hypothesis that fractures occur from disruption in 240 
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bone remodelling due to marrow fibrosis and collagen damage from high-dose 241 

radiation.37,38 Bone is a metabolically active tissue with ongoing deposition of 242 

collagen and matrix, and this disruption may compromise its structural 243 

integrity.39  244 

 245 

The effect of SBRT on bone density and VCF risk has also been investigated. 246 

Sprave et al conducted a randomised trial assessing rates of VCF and bone 247 

density following single-fraction (24Gy) SBRT versus conventionally-248 

fractionated (30Gy in 10 fractions) three-dimensional conformal radiotherapy for 249 

spine metastases.40 Although overall bone density increased significantly at 3 250 

and 6 months following both treatments, there was no difference between the 251 

two groups. This effect of remineralisation and structural remodelling of bone 252 

after radiotherapy is well established, with the sequence of rim sclerosis 253 

followed by recalcification of the bone centrally.41 Bone density of osteolytic 254 

lesions at 3 and 6 months post-SBRT showed a trend towards increasing from 255 

the baseline, which was not evident post-conventionally-fractioned 256 

radiotherapy. A closer comparison between the two arms did not reveal a 257 

statistically significant difference. At 3 months the rate of new pathological 258 

fractures in the SBRT arm was 8.7% compared to 4.3% in the conventional 259 

arm, suggesting that changes in bone density alone following treatment were 260 

not able to explain the discrepancy in VCF rate.40 
261 

Predictive and protective factors for post-SBRT VCF 262 

 263 

The multivariable analysis data shown in Table 3 provide insight into the 264 

patient, disease and treatment factors associated with post-SBRT VCF. These 265 

include: lytic spinal lesions, pre-existing VCF, spinal malalignment/deformity, 266 

advancing age, increased dose per fraction, greater proportion of the vertebral 267 

body affected and baseline SINS >6. Many are intuitive; lytic lesions 268 

compromise the integrity of the vertebral body by disrupting the trabecular bone 269 

architecture, causing bone loss and decreased mineralisation.39,42 Having a pre-270 

existing fracture in situ further destabilised by high doses of radiation also 271 

increases the risk of post-SBRT VCF.43 Reduction in bone strength with 272 
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advancing age and the mechanical stress associated with spinal malalignment 273 

and deformity contribute to VCF risk.26 Increased VCF risk with greater doses 274 

per fraction as well an overall higher dose to 90% of the planning target volume 275 

are also consistent with the dose-complication relationship observed with post-276 

treatment VCF.15 
277 

 278 

The effect of lytic disease and degree of tumour burden on fracture risk have 279 

been studied extensively. The study by Boehling et al involved utilising digital 280 

volume measurements and evaluating the CT appearance of lesions to classify 281 

them as either lytic, sclerotic or mixed.26 Greater than 80% lytic tumour within 282 

the vertebral body increased the risk of post-treatment VCF. Rose et al also 283 

assessed the effect of tumour burden on subsequent rates of VCF.19 They used 284 

a similar approach to Boehling et al, quantifying the degree of vertebral body 285 

involvement with digital volume measurements. The extent of tumour burden, 286 

particularly in the range of 40-60% vertebral involvement, was identified as a 287 

predictive factor for VCF. 288 

 
289 

Certain factors have also been shown to delay the onset of VCF. Ozdemir et al 290 

retrospectively reviewed 125 spinal metastases in 78 patients undergoing 291 

single-fraction SBRT with 16-18Gy, resulting in a VCF rate of 4%.45 292 

Multivariable analysis showed that the lowest vertebral body collapse score, 293 

female sex and >6 months bisphosphonate use were associated with longer 294 

vertebral compression fracture-free survival (FFS). The female sex being 295 

associated with longer FFS seems counter-intuitive given the effects of aging on 296 

bone mineral density with estrogen deficiency and the onset of osteoporosis.46 297 

Although, all the females in this study had breast cancer with more than 90% 298 

having concurrent treatment with bisphosphonates, potentially contributing to 299 

the association observed. Bisphosphonates have been shown to independently 300 

protect against the development of VCF. Particularly with longer-term use over 301 

6 months, they are associated with a 3-4% rise in lumbar spine bone density 302 

and decreased VCF risk.47,48   303 

 304 
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 305 

The SINS classification system 306 

 307 

Many risk factors associated with post-SBRT VCF are integrated into the SINS 308 

system, as shown in table 4.49 SINS grades tumour-related instability of the 309 

vertebral column and is scored on a scale from 0-18, where 0-6 is stable, 7-12 310 

considered potentially unstable and 13-18 in the unstable range. This 311 

information can be utilised to determine which patients would benefit from 312 

consultation with a spine surgeon and potential operative management, 313 

recommended for scores of 7 and above.30 SINS is generated by calculating 314 

scores from one clinical and five radiographic parameters, relating to the spinal 315 

level of the lesion, the presence of mechanical or non-mechanical pain, whether 316 

the lesion is lytic, sclerotic or a combination of both, the presence of spinal 317 

malalignment or deformities, the extent of vertebral body collapse and the 318 

involvement of posterolateral spinal elements.50 SINS >6 was shown to be 319 

associated with elevated VCF rates, placing patients in the potentially 320 

unstable/mechanically unstable categories.30 Within SINS, lytic vertebral 321 

lesions, pre-existing VCF and spinal malalignment were identified on 322 

multivariable analyses across multiple studies as independent risk factors for 323 

VCF.4,20,25,28  324 

 325 

The reliability of SINS in relation to therapeutic decision making has been 326 

assessed in various independent reports. Fourney et al showed that total SINS 327 

scores demonstrated strong intra- and inter-observer reliability in defining the 328 

three states of stability, potential instability and mechanical instability. The 329 

combined sensitivity and specificity for the categories of potentially unstable 330 

and mechanically unstable was 96.7% and 79.5%.51 Importantly, no unstable 331 

spine was classified as stable nor the converse, which is essential given the 332 

differing levels of expertise in image interpretation across clinicians.  333 

 334 

Experience in treating spinal metastases also increases the reliability of SINS 335 

scoring.52 In their studies, Campos et al and Teixeira et al showed excellent 336 
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inter-observer reliability for total SINS scores, with observers in these studies 337 

being mostly spinal surgeons.52,53 When Arana et al conducted a similar study 338 

using various medical specialists, such as neurosurgeons, radiation oncologists, 339 

medical oncologists, diagnostic radiologists and orthopaedic surgeons, there 340 

was only moderate inter-observer reliability for the total SINS score.54 341 

Therefore, although SINS is a useful tool to stratify spinal instability, its reliability 342 

should be interpreted in the context of the medical professional grading the 343 

segment.55 
344 

 345 

There are some limitations to the utility of SINS in therapeutic decision making. 346 

Mechanical pain is a clinical feature which has yet to be identified as an 347 

independent predictor for VCF in the literature.4,56 Its presence confers 3 points 348 

to the total score, and from a surgical perspective is key in determining whether 349 

patients are suitable candidates for stabilisation.30  Often patients with 350 

mechanical pain and frank spinal instability progress to surgical stabilisation 351 

rather than immediate spine SBRT. This can lead to their exclusion from 352 

studies, making it difficult to assess the impact of mechanical pain on 353 

subsequent VCF risk.4 Another issue is the clinical subjectivity in classifying 354 

mechanical pain, as being exacerbated by movement or position.20 Finally, 355 

there are factors which contribute to spinal instability SINS does not account for. 356 

Issues such as a history of surgical procedures, previous radiotherapy, poor 357 

bone quality or osteoporosis, patient body weight and activity level all impact 358 

spinal loading and mechanical instability.55 
359 

 360 

Recent studies have evaluated the predictability of SINS score on VCF risk. 361 

Yoo et al analysed data from 42 spinal metastases of hepatocellular carcinoma 362 

(HCC) origin treated with a median dose of 18Gy in 1 fraction.22 They observed 363 

12 VCFs, 6 each in the de novo and pre-existing categories, resulting in a post-364 

SBRT fracture rate of 28.6%. When assessed according to SINS categories, 3 365 

of the 19  segments which were stable fractured (15.8%). In the potentially 366 

unstable category, 8 of the 22 treated segments fractured (36.4%). The single 367 

vertebral body assessed as unstable proceeded to fracture. On univariate 368 
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analysis; baseline SINS >6, pre-existing VCF and lytic vertebral disease were 369 

risk factors for VCF. On multivariable analysis, only pre-existing VCF retained 370 

significance. In another report, Tseng et al demonstrated an increased risk of 371 

VCF with lytic lesions and mixed lytic/blastic lesions, spinal malalignment and 372 

dose to 90% of planning target volume (PTVD90).25 Of the 161 treated 373 

segments that were SINS stable, 15 (9.3%) sustained a VCF. In the potentially 374 

unstable category, 16 of the 113 segments fractured (14.2%). There were only 375 

5 vertebrae classified as unstable, with 2 of those fracturing post-treatment 376 

(40%). Although there was a trend towards greater risk of fracture with severity 377 

of SINS categories, there was not a statistically significant difference observed.  378 

Conclusion 379 

 380 

VCF is a known complication following spine SBRT, having major effects for 381 

patients by reducing quality of life due to pain and neurological symptoms. 382 

Numerous factors increase the risk of post-SBRT VCF, such as the presence of 383 

pre-existing vertebral body collapse, lytic disease, increased radiation dose per 384 

fraction, spinal malalignment and greater baseline instability, defined in terms of 385 

the SINS score. Given that at least 4 of these factors relate to SINS 386 

classification, it is a useful tool to differentiate lesions which are mechanically 387 

stable from those which are mechanically unstable and more prone to post-388 

treatment fracture. This may enable prophylactic surgical interventions to be 389 

targeted to patients at greatest risk of this complication. However, there are 390 

gaps in the literature, including the preferred spine SBRT dose-fractionation 391 

scheme for optimal LC of tumours weighed against the risk of VCF and 392 

validation of remaining components of the SINS score as predictive factors for 393 

VCF (e.g. mechanical pain). 394 

 395 

 396 

 397 

 398 
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 687 

Table 1. Database search strategy 688 

 689 

Number Search term 

1 exp Spinal Fractures 

2 exp Compression Fractures 

3 vertebral compression fracture.mp. 

4 VCF.mp. 

5 (vertebr* adj2 fracture*).mp. 

6 exp Spinal Neoplasms 

7 spin* metastas*.mp. 

8 1 or 2 or 3 or 4 or 5 or 6 or 7 

9 exp Radiosurgery 

10 stereotactic body radiotherapy.mp. 

11 stereotactic ablative body radiotherapy.mp. 

12 (stereotactic adj3 radio*).mp. 

13 SBRT.mp. 

14 SABR.mp. 

15 9 or 10 or 11 or 12 or 13 or 14 

16 8 and 15 

17 limit 16 to English language 

 690 

Abbreviations: VCF, vertebral compression fracture; SBRT, stereotactic body 691 

radiotherapy; SABR, stereotactic ablative body radiotherapy. 692 
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 701 

 702 

 703 

 704 

Table 2. Data extracted from 15 studies reporting rates of post-SBRT VCF and 705 

associated predictive factors 706 

 Boehling et 

al, 2012
26 

Boyce-

Fappiano et 

al, 2017
27 

Cunha et al, 

2012
28 

Germano 

et al, 

2016
29 

Jawad et al, 2016
23 

Patient 

(segments) 

93 (123) 448 (1070) 90 (167) 79 (143) (594) 

Median 

dose/fraction 

(range) 

27Gy/3fx 

(18-30Gy/1-

5fx) 

18Gy/1fx (10-

60Gy/2-5fx) 

20-27Gy/3fx 

(8-35Gy/1-

5fx) 

18Gy/1fx 

(10-

18Gy/1fx) 

20Gy/1fx (8-40Gy/1-5fx) 

Proportion of lytic 

lesions 

58% 27% 48% 39% 71% 

Proportion of pre-

existing VCF 

28% 42% 17% 42% 24% 

VCF rate (de 

novo/progression) 

20% 

(11%/9%) 

11.9% 

(5.0%/6.8%) 

11.4% 

(7.2%/4.2%) 

21% 

(6.3%/14.7

%) 

5.7% (3%/2.7%) 

Proportion of VCF 

surgically 

salvaged 

60% 29% 47% 30% NR 

Median time to 

VCF (months) 

3 2.7 2 5 (mean) 3 

Median follow-up 

(months) 

16 17.7 7.4 16 10.1 

Risk factors on 

MVA (HR or p-

value) 

Age >55 

(5.67) 

Pre-existing 

VCF (4.12) 

Lytic lesion 

(2.76) 

<3 vs 3+ 

treated levels 

(4-4.3) 

Lytic lesion 

(2.49-3.04) 

Pre-existing 

VCF (1.69) 

HCC 

histology (34) 

Lytic lesion 

(12.2) 

Kyphosis/sco

liosis (11.1) 

Dose/fx  

20Gy (6.82) 

None 

significant 

 

Solitary metastasis (OR 

3.46)  

Pre-existing VCF (OR 

2.82)  

Prescription dose to 

target volume dose 

≥38.4 Gy EQD2 (OR 
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 707 

 708 

 709 

 710 

Table 2. Continued 711 

 712 

Lung 

histology 

(4.3) 

2.28) 

Risk factors on 

UVA (HR or p-

value) 

Age >55 

(6.05) 

Pre-existing 

VCF (5.05) 

Baseline 

pain (1.31) 

and narcotic 

use (2.98) 

Post-SBRT 

pain (1.34) 

and narcotic 

use(3.63) 

Lytic lesion 

(2.85-3.07) 

Haematologic 

malignancies 

(2.68) 

Pre-existing 

VCF (1.99) 

<3 vs 3+ 

treated levels 

(4.17-5.26) 

Female sex 

(1.54) 

Thoracic 

spine (1.54) 

Kyphosis/sco

liosis 

Lytic lesion 

Pre-existing 

VCF 

Histology 

Dose/fx  

20Gy 

Histology 

SINS 

VB collapse 

Pre-existing 

VCF 

Baseline 

pain 

 

Short interval from 

diagnosis to SBRT 

(<37d)  

Solitary metastasis  

No additional bony 

metastases  

No prior chemotherapy  

Pre-existing VCF  

No MRI for target 

delineation  

EQD2 tumour ≥41.8 Gy  

Max dose to spinal cord 

>46.1 Gy EQD2  

Tumour volume 

>37.3cm 
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 Lee et al, 

2016
30 

Ling et al, 

2018
24 

Mehta et al, 

2018
31 

Rose et al, 

2009
19 

Saghal et al, 2013
20 

Patient 

(segments) 

79 (100) 43 (54) 83 (98) 62 (71) 252 (410) 

Median 

dose/fraction 

(range) 

24-27Gy/3fx 

(16-27Gy/1-

3fx) 

16Gy/1fx 24Gy/3fx (14-

44Gy/2-5fx) 

24Gy/1fx 

(18-

24Gy/1fx) 

18-26Gy/1fx (8-35Gy/1-

5fx) 

Proportion of 

lytic lesions 

NR 42.6% 44% 65% 62% 

Proportion of 

pre-existing 

VCF 

22% 26.7% 30% 28% 20% 

VCF rate (de 

novo/progressi

on) 

32% 

(20%/12%) 

17% 

(13%/4%) 

4.2% (NR) 39% (NR) 13.9% (6.6%/7.3%) 

Proportion of 

VCF surgically 

salvaged 

47% 55.6% NR 11% 43% 

Median time to 

VCF (months) 

3.3 10.2 5.8 25 2.5 

Median follow-

up (months) 

21.2 81.6 7.6 13 11.5 

Risk factors on 

MVA (HR or p-

value) 

SINS 0-6 vs 

7-12 (5.63) 

 

Age <65 vs 

65 (2.15) 

None 

significant 

 

NR Lesions 

occupying 

41% to 60% 

of VB (3.9) 

Lytic lesion 

(3.8) 

Dose/fx compared to 

≤19Gy: ≥24Gy (5.25) 

and 20-23Gy (4.91) Pre-

existing VCF: <50% 

(8.98) and >50% (6.92) 

>50% VB involved by 

Tumour (4.46)  

Lytic lesion (3.53) 

Spinal malalignment 

(2.99) 

Risk factors on 

UVA (HR or p-

value) 

SINS Score 

(6.01) 

ESCC 

classification 

(3.91) 

Dose/fraction 

None 

significant 

Pre-existing 

VCF (p<0.01) 

NR Dose/fraction  

Vertebral body collapse 

>50% VB involved by 

tumour  

Bone lesion type  

Spinal malalignment 
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 713 

 714 

 715 

 716 

Table 2. Continued 717 

<20Gy vs 

24Gy (2.91) 

 

Age <65 vs 

≥65 (2.47) 

 

RT failure 

(2.19) 

 

Paraspinal/epidural 

extension 

 

 Sung et al, 

2014
32 

Thibault et 

al, 2014
10 

Thibault et 

al, 2017
33 

Tseng et al, 

2018
25 

Yoo et al, 

2017
22 

Patient 

(segments) 

72 (72) 37 (71) 55 (100) 145 (279) 29 (42) 

Median 

dose/fraction 

(range) 

(18-45Gy/1-

5fx) 

24Gy/2fx 

(18-30Gy/1-

5fx) 

24Gy/2fx (12-

35Gy/1-5fx) 

24Gy/2fx 18Gy/1fx (16-

45Gy/1-3fx) 

Proportion of lytic 

lesions 

NR 95% 56% 59% 76% 

Proportion of pre-

existing VCF 

NR 21% 24% 5% NR 

VCF rate (de 

novo/progression) 

36% (NR) 16% 

(5%/11.5%) 

17% 

(5%/12%) 

11.8% 

(8.6%/3.2%) 

28.6% 

(14.3%/14.3%) 

Proportion of VCF 

surgically 

salvaged 

58% 40% NR 39.4% 33% 

Median time to 

VCF (months) 

1.5 (mean) 1.6 1.68 NR NR 

Median follow-up 

(months) 

11 (mean) 12.3 7.3 15 7 

Risk factors on 

MVA (HR or p-

VB 

osteolysis 

Pre-existing 

VCF (9.25) 

≥11.6% lytic 

(OR 51.7) 

Lytic (12.0) or 

mixed lytic/blastic 

Pre-existing 

VCF (p=0.03) 
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 718 

 719 

VCF, vertebral compression fracture; VB, vertebral body; UVA, univariate 720 

analysis; MVA , multivariate analysis; fx, fraction; HR, hazard ratio; NR, not 721 

reported; OR, odds ratio; p, p-value; SBRT, stereotactic body radiotherapy; 722 

PTVD90, dose to 90% of the planning target volume; EQD2, equivalent dose in 723 

2Gy/fx; SINS, Spinal Instability Neoplastic score; RT, radiation. 724 

value) rate ≤60% vs 

>60% (8.5) 

 

Single-

fraction 

SBRT (5.03) 

 

 

Pre-existing 

VCF (OR 37)  

Dose 

≥20Gy/fx (OR 

11.8) 

 

 

 

lesion (11.3) 

Spinal 

malalignment 

(2.38) 

Dose to 90% of 

planning target 

volume (PTVD90) 

(1.21) 

Risk factors on 

UVA (HR or p-

value) 

Pre-SBRT 

deformity 

(15.4)  

VB 

osteolysis 

rate (11.5) 

SINS (10.9) 

Whole VB 

involvement 

(4) 

 

NR Pre-existing 

VCF (OR 

14.2)  

SINS  

Lytic lesion 

(OR 7.68) 

Dose ≥20Gy 

(2.6) 

 

NR Baseline SINS 

>6 (p=0.037) 

Osteolytic 

lesion 

(p=0.017) 

Pre-existing 

VCF (p<0.001) 

Risk factor Total studies reporting this risk factor Range of hazard ratios  

Lytic disease 8 2.76-12.2 

Pre-existing VCF 7 1.69-9.25 

Dose per fraction/PTVD90 

(dosimetry related) 

5 1.21-6.82 

Spinal 

malalignment/deformity 

3 2.38-11.1 

Advanced age (>55 or  ≥65) 
 

2 2.15-5.67 

Proportion of VB involved 2 3.9-4.46 
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Table 3. Statistically significant risk factors for VCF identified on multivariable 725 

analysis with accompanying range of hazard ratios 726 

 727 

VCF, vertebral compression fracture; PTVD90, dose to 90% of the planning 728 

target volume; VB, vertebral body; SINS, Spinal Instability Neoplastic Score; 729 

SBRT, stereotactic body radiotherapy; OR, odds ratio; HCC, hepatocellular 730 

carcinoma. 731 

 732 

 733 

 734 

 735 

 736 

 737 

 738 

 739 

 740 

 741 

 742 

 743 

 744 

 745 

 746 

 747 

 748 

 749 

 750 

by tumour  

SINS>6 1 5.63 

Single-fraction SBRT 1 5.03 

Solitary metastasis 1 (OR) 2.46 

Histology (e.g. lung & HCC) 1 4.33 & 34 

3+ treated vertebral levels 1 4-4.3 
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Table 4. Spinal Instability Neoplastic Score 751 

 752 

 

 

Component 

 

 

Score 

Location 

 

Junctional (occiput-C2, C7-T2, T11-L1, L5-S1) 

Mobile spine (C3-C6, L2-L4) 

Semirigid (T3-T10) 

Rigid (S2-S5) 

 

 

 

3 

2 

1 

0 

Pain 

 

Mechanical 

Occasional/non-mechanical 

Pain free 

 

 

 

3 

1 

0 

Bone lesion type 

 

Lytic 

Mixed 

Blastic 

 

 

 

2 

1 

0 

Spinal alignment 

 

Subluxation/translation 

Kyphosis/scoliosis 

Normal 

 

 

 

4 

2 

0 

Vertebral body collapse 

 

>50% 

≤50% 

No collapse but >50% body involved by tumour 

None of the above 

 

 

 

3 

2 

1 

0 

Involvement of posterolateral elements  
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Bilateral 

Unilateral 

None of the above 

 

 

3 

1 

0 

SINS classification 

 

Stable 

Potentially unstable 

Unstable 

 

 

 

0-6 

7-12 

13-18 

 753 

 754 

 755 

 756 

 757 

 758 

 759 

Figure legends: 760 

 761 

Figure 1. Flowchart of studies selected for quantitative and qualitative data 762 

analysis 763 

 764 

Figures: 765 

 766 

 767 

 768 

 769 

 770 

 771 

 772 

 773 

 774 

 775 

Records identified through 

database searching 

(n = 223) 

Records after duplicates removed 

(n = 175) 

Records screened 

(n = 175) 

Records excluded 

(n = 84) 
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 777 
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