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Abstract

Background:  This  analysis  evaluates  the  impacts  of  biologically  effective  dose  (BED)  and

histology on local control (LC) of spinal metastases treated with highly conformal radiotherapy

to moderately-escalated doses.

Material and methods:  Patients were treated at two institutions from 2010–2020. Treatments

with less than 5 Gy per fraction or 8 Gy in 1 fraction were excluded. The dataset was divided

into three RPA classes predictive of survival (1). The primary endpoint was LC.

Results:  223  patients  with  248  treatments  met  inclusion  criteria.  Patients  had  a  median

Karnofsky Performance Status (KPS) of 80, and common histologies included breast (29.4%),

non-small cell lung cancer (15.7%), and prostate (13.3%). A median 24 Gy was delivered in 3
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fractions (BED: 38.4 Gy) to a median planning target volume (PTV) of 37.3 cc. 2-year LC was

75.7%, and 2-year OS was 42.1%. Increased BED was predictive of improved LC for primary

prostate cancer (HR = 0.85, 95% CI: 0.74–0.99). Patients with favorable survival (RPA class 1)

had improved LC with BED ≥ 40 Gy (p = 0.05),  unlike the intermediate and poor survival

groups. No grade 3–5 toxicities were reported.    

Conclusions:  Moderately-escalated treatments were efficacious and well-tolerated. BED ≥ 40

Gy may improve LC, particularly for prostate cancer and patients with favorable survival.

Key words: stereotactic body radiation therapy (SBRT); palliative care; metastasis; spine; dose-

escalation

Introduction

Malignancies involving the spine are historically difficult to treat with single modality therapy.

Chemotherapy  and  other  systemic  agents  are  often  unable  to  promptly  relieve  pain  [1].

Radiotherapy must respect the dose tolerance of the spinal cord to prevent the development of

radiation myelopathy [2–5]. Finally, surgery can provide rapid relief but has a long recovery time

which can delay the initiation of systemic therapy. 

In  the  past  decade,  advancements  in  imaging  and  dose  delivery  have  refined  techniques  to

deliver escalated doses of radiation without violating organ at risk tolerance. One such technique

is stereotactic body radiation therapy (SBRT), which is highly-conformal, high-dose radiation (≥

5 Gy/fraction) delivered in up to five fractions  [6, 7]. Importantly, the oligometastatic disease

setting  is  a  critical  opportunity for  SBRT,  potentially  providing the  best  chance  to  improve

overall survival or even cure metastatic disease  [8, 9]. Improved survival was demonstrated in

the SABR-COMET trial; however, the trial reported grade ≥ 2 toxicity in the 29% of patients in

the SABR arm, as well as 3 (4.5%) treatment-related deaths [10].

Beyond survival, SBRT has been shown to have a high rate of local control and has demonstrated

effective  palliation  of  pain  [6,  11,  12].  Similarly,  it  has  allowed  for  the  possibility  of  re-

irradiation  [13–15]. Also encouraging are results for helical tomotherapy (HT), which delivers

helical radiotherapy with sharp dose falloff like that seen with SBRT [16, 17].

Given the complexity and risk associated with  these techniques,  optimal  patient  selection  is

required. For patients with widely metastatic disease or poor prognosis, a range of other safe
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palliative regimens can be employed (e.g. 8 Gy in 1 fraction, 20 Gy in 5, 30 in 10, etc.). Even for

patients selected for SBRT, a wide range of dose-fractionation schemes are utilized for spinal

metastases, generally ranging from 1 to 5 fractions delivering 5–24 Gy per fraction [11, 18]. 

Common indications for spine SBRT include reirradiation and radioresistant histologies for the

primary tumor. It is also possible that SBRT offers improved pain response compared to other

treatment  regimens.   To  address  this  questions,  the  SC.24  clinical  trial  directly  compared

complete pain response at 3 months post radiotherapy in patients receiving 20 Gy in 5 fractions

to 24 Gy in 2 fractions. This has completed accrual, and preliminary results presented at ASTRO

2020 demonstrated improved rates of complete pain response at 3 and 6 months post-radiation .

SBRT has also shown a faster reduction in pain values and lower visual analog scale (VAS)

scores at 6 months, compared to 3D conformal radiotherapy [18]. 

We seek to contribute to the literature with this relatively large dataset from two institutions

delivering a range of moderately escalated doses per fraction (≥ 5 Gy per fraction) using SBRT

or  HT.  We  aim  to  evaluate  the  impacts  of  biologically  effective  dose  (BED)  and  primary

histology on local control (LC) and determine a patient subset most likely to benefit from dose

escalation.

Material and methods

Selection criteria and patient cohort

Patients were treated at two institutions with either linear accelerator-based SBRT or HT for

spinal metastases from 2010–2020. At least one clinical or imaging follow-up was required for

inclusion in the dataset. Patients treated with less than 5 Gy per fraction or 8 Gy in 1 fraction

were excluded. Patients treated with more than five fractions were also excluded. In this way, we

sought to exclude many of the conventional palliative doses used in these patients to focus on

those receiving at least moderate dose escalation. Patients with primary spinal cord tumors or

benign lesions were also excluded from further analysis. The institutional review board provided

an  exemption  due  to  the  research  team  following  a  previously  approved  protocol  for

retrospective  studies.  This  exemption  was  subsequently approved by the  institutional  review

board at the second institution. 
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Treatment delivery

Linear accelerator-based SBRT was delivered using a 6 MV photon beam, with dose prescribed

to the planning target volume (PTV). PTV was defined as the gross tumor volume (GTV) plus a

3–5  mm margin,  excluding  the  spinal  canal.  A full-body vacuum bag  system was  used  for

stabilization  and consistency of  treatment  delivery.  Daily on-board cone-beam CT was used

generally  2–4  times  during  treatment  for  further  assessment  of  patient  positioning.  Dose

prescribed to the spinal canal was minimized, with a maximum of 2 Gy per fraction less than the

prescribed  dose  allowed  per  fraction.  Patients  treated  on  the  HT unit  had  treatment  plans

generated  with  an  iterative  planning  technique  on  the  HT  treatment  planning  system

(TomoTherapy Inc.,  Madison, WI, USA), using 6 MV photon beams. Daily megavoltage CT

imaging confirmed patient setup. For patients with entire vertebral body coverage in the target

volumes, including a simultaneous integrated boost to gross disease plus margin, the higher dose

PTV dose and volume is reported.

Outcomes and statistics

The primary endpoint of the study was local control. This endpoint was assessed as a binary

value (local failure or disease control),  allowing for utilization of the two-tailed t-test.  Local

control was assessed via spinal MRI or CT if MRI was contra-indicated.  RANO criteria were

used  [20]. Local control was analyzed using the Kaplan-Meier method, assessing the time to

local failure and censoring for the event of local failure. Secondary endpoints of toxicity and

overall  survival  were  also  considered.  Toxicity  was  reported  according  to  the  Common

Terminology Criteria for Adverse Events (CTCAE) v4.0. Overall survival was most commonly

assessed using the Kaplan-Meier method, with plots censored for patient death. The univariable

log-rank test was used for assessment of statistical significance using this method. A threshold p

value of 0.05 was used for the statistical methods. BED was calculated using the formula: 

BED = total dose * (1 + dose per fraction/alpha/beta ratio), 

and an alpha/beta ratio of 10 Gy was used for all BED calculations.

Results

Patient characteristics
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223 unique patients with 248 total treatment lesions were included in the dataset (Tab. 1). This

consisted  of  110 female  (49.3%) and 113 male  (50.7%) patients,  with  a  median  Karnofsky

Performance Status (KPS) of 80 (50–100). Treatments involved a range of primary disease sites,

with  the  three  most  common sites  including  breast  (29.4%),  non-small-cell  lung  carcinoma

(NSCLC) (15.7%), and prostate (13.3%). Patients presented at a median age of 67.4 years at a

median 42.8 months after primary diagnosis. Prior treatments were common in this cohort. Most

patients had prior chemotherapy (80.6% of treatments), and a significant minority (32.7%) had

prior  radiotherapy  at  the  location  of  spine  treatment.  Radiotherapy  was  delivered  most

commonly to the thoracic (39.5%) and lumbar spines (27.0%), but a significant fraction of cases

involved the  cervical  (19.0%) or  sacral  spines  (14.5%).  25  total  cases  involved  spinal  cord

junctions. Of these, the lumbosacral junctional was most commonly treated (13 cases, 5.2%).  

Outcomes

Treatments included both linear accelerator-based SBRT (82.2%) and HT (17.7%). A median

dose of 24 Gy (6–36 Gy) was delivered in a median 3 fractions (1–5). This correlated with a

median BED of 38.4 Gy (9.6–79.2 Gy). The PTV was a median 37.3 cc (1.1–2436.0 cc).  

Imaging follow-up was obtained after 91.1% of treatments, with a median duration of 9.7 months

of imaging follow-up (0.0–125.2). Clinical follow-up was documented after 99.6% of treatments,

with a median duration of 12.9 months (0.0–128.2). There were 44 total local failures (17.7%),

correlating to a crude local control of 82.2%. Local failure occurred at a median 11.8 months

(0.5–41.5 months) after the completion of radiotherapy. The 2-year local control via the Kaplan-

Meier method was 75.7% (Fig. 1). The 2-year overall survival via the Kaplan-Meier method was

42.1% (Tab. 2).    

Toxicity

64 patients  (28.7%) experienced a  treatment  side  effect.  Of  these,  only 6  total  instances  of

toxicity > grade 1 were reported. These side effects were all grade 2, and they all occurred in the

SBRT group. HT had a statistically significant decrease in highest grade toxicity (p = 9.18*10-5),

largely  driven  by the  six  cases  of  grade  2  toxicity  in  the  SBRT group.  These  side  effects

consisted of acute pain (n = 1), acute dysphagia (n = 2), and chronic pain (n = 3). There were no

cases of radiation myelopathy.
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Risk stratifications

First,  the two techniques included in the cohort were compared. No difference was noted on

Kaplan-Meier analysis (p = 0.47) considering the local control achieved with SBRT compared to

that  with  HT.  Junctional  tumors  were  also  compared  to  the  non-junctional  tumors,  and  no

statistically significant difference in local control was found. PTV > 30 cc was indicative of

increased local failure on two-tailed t-test (p = 0.01), but this trend was not persistent on Kaplan-

Meier analysis (p = 0.80). The dose per fraction was also assessed via Kaplan-Meier analysis,

and no difference in local control were determined on comparison of 5–5.5, 6–6.5, 7, 8, and

greater than 8 Gy per fraction.    

When local control was stratified by primary histology, however, significant differences were

noted  (Fig.  2).  These  differences  were  further  stratified  by  increased  BED,  and  treatments

involving primary prostate cancer demonstrated improved local control with increased BED (HR

= 0.85, 95% CI: 0.74–0.99). Other tumor histologies, including breast cancer (HR = 1.06, 95%

CI: 0.93–1.20) and NSCLC (HR = 1.06, 95% CI: 0.95–1.18), failed to demonstrate a difference

in local control using this BED threshold or considering BED as a continuous variable on Cox

regression. Patients with primary NSCLC demonstrated a non-statistically significant increase in

2-year LC with dose escalation (65.5% vs. 45.0%), however, and patients with primary breast

cancer demonstrated 2-year LC > 85%, regardless of the doses used (Tab. 3). Single-fraction

treatments also did not show a difference in local failure rate relative to multi-fraction regimen (p

= 0.30), but there were only 17 single-fraction treatments in this dataset. Five-fraction regimens

also did not have increased local failure, relative to shorter treatment regimens (p = 0.35).

RPA classes

The dataset was finally divided according to the RPA classes previously analyzed by Chao et al.

to stratify by overall survival (1). Class 1 consisted of patients with > 30 months from primary

disease  diagnosis  and KPS > 70;  class  2  included patients  with > 30 months  from primary

diagnosis and KPS ≤ 70 or ≤ 30 months from diagnosis and age < 70 years; class 3 involved ≤ 30

months from diagnosis and age ≥ 70 (Supplementary File — Figure 1). Patients in class 1, 2, and

3 demonstrated 2-year OS of 44.2%, 41.6%, and 38.7%, respectively. These classes failed to

demonstrate  significant  differences  in  local  control;  however,  treatments  that  involved  the
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delivery of a BED of at least 40 Gy had statistically significant improvements in local control for

patients in the favorable survival group (Class 1, p = 0.05, Fig. 2). Patients in the intermediate or

poor survival groups did not demonstrate this local control benefit with increased BED (p=0.90

and 0.08, respectively). Stratification by BED ≥ 40 Gy was not predictive of improved survival

in any of the RPA classes (p = 0.51, p = 0.53, and p = 0.81, respectively).    

Discussion

In this multi-institutional study of patients treated with moderately dose escalated radiation to

spinal  metastases,  we  observed  encouraging  outcomes,  with  2-year  LC 75.7% and  minimal

toxicity for a wide range of doses [21, 22]. In patients with favorable survival (RPA class 1) and

those with prostate cancer, a benefit  of increased BED10Gy beyond approximately 40 Gy was

observed.

These  results  can  assist  in  stratifying  patients  for  treatment  escalation  from  other  standard

palliative treatment regimens  [23, 24]. The key separation of the LC Kaplan-Meier curve for

class  1 patients  stratified by BED occurred around 18–24 months,  suggesting that  increased

doses of SBRT and HT may lead to a more durable local control response [1]. Various studies

suggest a range of improved outcomes using spine SBRT compared to 3D conformal techniques,

including faster and potentially improved pain response, as well as higher rates of complete pain

response  at  3  and  6  months  post-radiation  [18,  19].  Additionally,  our  findings  support  an

increased role of highly conformal techniques for patients with favorable survival. The fact that

the dose per fraction demonstrated no relationship with local control may also suggest the BED

is a more holisitic way to consider dose delivery in this setting.

This result also supports the hypothesis that the primary disease histology of spinal metastases

should  impact  therapeutic  decision-making  [25–29].  Patients  with  certain  tumor  histologies,

including prostate cancer in our series, may have increased benefit from dose escalation. In the

primary treatment setting of patients with less favorable histologies and poor overall predicted

survival,  a  shared decision-making model  should be employed to  consider  the  role  of  other

radiotherapy  techniques  (as  this  patient  group  may  not  receive  maximal  benefit  from dose

escalation).  However,  in  the  age  of  an  ever  increasing  number  of  targeted  agents  and

immunotherapies resulting in prolonged survival, more and more histologies will benefit from

the more durable local control following SBRT.
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Notable  differences  were  appreciated  in  the  dataset  between  different  histologies  and  the

outcomes of dose escalation (BED ≥ 40 Gy), consistent with prior literature  [29, 30]. Patients

with primary breast cancer had high rates of local control, regardless of the dose delivered (2-

year LC of 89.8% and 86.5% with lower and higher BED, respectively). Prostate cancer patients,

on the other hand, demonstrated improved local control with dose escalation (p = 0.02). These

patients may derive particular benefit from ablative doses of radiotherapy, as demonstrated by

the ORIOLE trial [31]. There likely was an insufficient number of patients with NSCLC to detect

a  difference,  but  patients  with  dose  escalation  demonstrated  a  non-statistically  significant

increase in 2-year LC (65.5% vs. 45.0%). It is possible that the inclusion of more patients with

primary NSCLC would have allowed us to demonstrate a conclusive improvement with dose

escalation for these patients, as well. Overall, these results are hypothesis-generating, but they

argue against the pursuit of a single optimal dose-fractionation scheme for all patients presenting

with spinal metastases. Further personalization of patient care is required, and a more nuanced

understanding  of  the  interplay  between  primary  histology  particularly  considering  types,

subtypes, and molecular mutations and patient prognosis is needed. We strongly encourage dose

escalation trials to further our understanding as a field.

Both SBRT and HT led to encouraging results in this setting. This result suggests that HT and

other techniques that result in highly conformal treatment delivery can also be considered in this

setting,  in  addition  to  SBRT.  There  was  also  no  major  difference  in  toxicity  between these

techniques. The use of moderately escalated doses should be further studied, secondary to the

encouraging toxicity results in comparison with the higher doses utilized in the SABR-COMET

trial [10].

Lastly, the volume of radiation treatment required appeared to impact LC. A PTV > 30 cc led to

increased local failure on univariate analysis but not on Kaplan-Meier analysis. This result is

inconclusive but may suggest that larger treatment volumes may have lower local control, and

consideration  should  be  given  to  treatment  intensification  or  alternative  multimodality

approaches in such cases.  It is also possible that increased volume [32] may be the driving factor

regarding some reports of worse outcomes with junctional tumors or multi-level treatments [33].

The key limitations of this analysis include the varied dataset and the retrospective nature of the

data collection. There were varied doses and treatment techniques involved in this analysis, and
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it is possible that there are some important differences between them not identified by this study.

These patients also had relatively shorter follow-up that may have reduced our ability to detect

the further impact of more durable local control. Even so, the identification of improved local

control in patients with favorable survival outcomes is encouraging. Finally, there were many

tumors whose histologies were not captured by our analysis.  This reflects  the heterogeneous

nature  of  radiotherapy  treatments  for  spinal  metastases.  We  strongly  encourage  further

collaborative efforts  to develop large databases of patients treated with similar techniques to

better assess the dose response of particularly common tumor histologies (e.g. prostate, NSCLC,

and breast).

Conclusions

Treatment of spinal metastases with a range of moderately escalated doses per fraction using

modern radiation techniques was efficacious and well-tolerated. BED ≥ 40 Gy may improve LC,

particularly  for  prostate  cancer  and  patients  with  favorable  survival;  however,  a  multi-

disciplinary  approach  may  be  necessary  for  larger  tumor  volumes.  The  optimal  dose-

fractionation scheme for spine SBRT and HT is yet undetermined, and it is likely that the ideal

treatment regimen depends on the primary tumor histology and overall patient prognosis.

Conflicts of interest 

The wife of R.O.K. is a senior technical product manager at GE Healthcare.

Funding

Not applicable.

Availability of data and material

The datasets generated during and/or analyzed during the current study are available from the

corresponding author on reasonable request.

Acknowledgements

None declared.

9



Ethics approval

The institutional  review board provided an exemption due to  the  research team following a

previously  approved  protocol  for  retrospective  studies.  This  exemption  was  subsequently

approved by the institutional review board at the second institution.

REFERENCES

1. Chao ST, Koyfman SA, Woody N, et al. Recursive partitioning analysis index is predictive for
overall  survival  in  patients  undergoing spine stereotactic  body radiation  therapy for  spinal
metastases.  Int  J  Radiat  Oncol  Biol  Phys.  2012;  82(5):  1738–1743,
doi: 10.1016/j.ijrobp.2011.02.019, indexed in Pubmed: 21489717.

2. Chang JH, Shin JH, Yamada YJ,  et al.  Stereotactic Body Radiotherapy for Spinal Metastases:
What are the Risks and How Do We Minimize Them? Spine (Phila Pa 1976). 2016; 41 Suppl 20:
S238–S245, doi: 10.1097/BRS.0000000000001823, indexed in Pubmed: 27488294.

3. Sahgal A, Chang JH, Ma L, et al. Spinal Cord Dose Tolerance to Stereotactic Body Radiation
Therapy. Int J Radiat Oncol Biol Phys. 2021; 110(1): 124–136, doi: 10.1016/j.ijrobp.2019.09.038,
indexed in Pubmed: 31606528.

4. Sahgal A, Weinberg V, Ma L, et al. Probabilities of radiation myelopathy specific to stereotactic
body radiation therapy to guide safe practice. Int J Radiat Oncol Biol Phys. 2013; 85(2): 341–
347, doi: 10.1016/j.ijrobp.2012.05.007, indexed in Pubmed: 22713832.

5. Wong CS,  Fehlings  MG,  Sahgal  A.  Pathobiology  of  radiation  myelopathy  and  strategies  to
mitigate  injury.  Spinal  Cord.  2015;  53(8):  574–580,  doi: 10.1038/sc.2015.43,  indexed  in
Pubmed: 25800695.

6. Redmond KJ, Sciubba D, Khan M, et al. A Phase 2 Study of Post-Operative Stereotactic Body
Radiation Therapy (SBRT) for Solid Tumor Spine Metastases. Int J Radiat Oncol Biol Phys. 2020;
106(2): 261–268, doi: 10.1016/j.ijrobp.2019.10.011, indexed in Pubmed: 31628959.

7. Sahgal A, Myrehaug S, Dennis K, et al. A randomized phase II/III study comparing stereotactic
body radiotherapy (SBRT) versus conventional palliative radiotherapy (CRT) for patients with
spinal  metastases  (NCT02512965).  J  Clin  Oncol.  2017;  35(15_suppl):  TPS10129–TPS10129,
doi: 10.1200/jco.2017.35.15_suppl.tps10129.

8. Tibdewal A, Agarwal JP, Srinivasan S, et al. Swiss Group for Clinical Cancer Research (SAKK).
Local  consolidative  therapy  versus  maintenance  therapy  or  observation  for  patients  with
oligometastatic non-small-cell lung cancer without progression after first-line systemic therapy:
a multicentre, randomised, controlled, phase 2 study. Lancet Oncol. 2016; 17(12): 1672–1682,
doi: 10.1016/S1470-2045(16)30532-0, indexed in Pubmed: 27789196.

9. Iyengar P, Kavanagh BD, Wardak Z, et al. Phase II trial of stereotactic body radiation therapy
combined with erlotinib for patients with limited but progressive metastatic non-small-cell lung
cancer.  J  Clin  Oncol.  2014;  32(34):  3824–3830,  doi: 10.1200/JCO.2014.56.7412,  indexed  in
Pubmed: 25349291.

10

https://www.ncbi.nlm.nih.gov/pubmed/25349291
http://dx.doi.org/10.1200/JCO.2014.56.7412
https://www.ncbi.nlm.nih.gov/pubmed/27789196
http://dx.doi.org/10.1016/S1470-2045(16)30532-0
http://dx.doi.org/10.1200/jco.2017.35.15_suppl.tps10129
https://www.ncbi.nlm.nih.gov/pubmed/31628959
http://dx.doi.org/10.1016/j.ijrobp.2019.10.011
https://www.ncbi.nlm.nih.gov/pubmed/25800695
http://dx.doi.org/10.1038/sc.2015.43
https://www.ncbi.nlm.nih.gov/pubmed/22713832
http://dx.doi.org/10.1016/j.ijrobp.2012.05.007
https://www.ncbi.nlm.nih.gov/pubmed/31606528
http://dx.doi.org/10.1016/j.ijrobp.2019.09.038
https://www.ncbi.nlm.nih.gov/pubmed/27488294
http://dx.doi.org/10.1097/BRS.0000000000001823
https://www.ncbi.nlm.nih.gov/pubmed/21489717
http://dx.doi.org/10.1016/j.ijrobp.2011.02.019


10. Palma DA, Olson R, Harrow S, et al. Stereotactic ablative radiotherapy versus standard of care
palliative treatment in  patients  with oligometastatic  cancers (SABR-COMET):  a randomised,
phase  2,  open-label  trial.  Lancet.  2019;  393(10185):  2051–2058,  doi: 10.1016/S0140-
6736(18)32487-5, indexed in Pubmed: 30982687.

11. Ryu S, Pugh SL, Gerszten PC, et al. RTOG 0631 phase 2/3 study of image guided stereotactic
radiosurgery for localized (1-3) spine metastases: phase 2 results. Pract Radiat Oncol. 2014;
4(2): 76–81, doi: 10.1016/j.prro.2013.05.001, indexed in Pubmed: 24890347.

12. Tseng CL, Soliman H, Myrehaug S, et al. Imaging-Based Outcomes for 24 Gy in 2 Daily Fractions
for Patients with de Novo Spinal Metastases Treated With Spine Stereotactic Body Radiation
Therapy  (SBRT).  Int  J  Radiat  Oncol  Biol  Phys.  2018;  102(3):  499–507,
doi: 10.1016/j.ijrobp.2018.06.047, indexed in Pubmed: 30003994.

13. Hashmi A, Guckenberger M, Kersh R, et al. Re-irradiation stereotactic body radiotherapy for
spinal metastases: a multi-institutional outcome analysis. J Neurosurg Spine. 2016; 25(5): 646–
653, doi: 10.3171/2016.4.SPINE151523, indexed in Pubmed: 27341054.

14. Myrehaug S, Sahgal A, Hayashi M, et al. Reirradiation spine stereotactic body radiation therapy
for  spinal  metastases:  systematic  review.  J  Neurosurg  Spine.  2017;  27(4):  428–435,
doi: 10.3171/2017.2.SPINE16976, indexed in Pubmed: 28708043.

15. Thibault  I,  Campbell  M,  Tseng  CL,  et  al.  Salvage  Stereotactic  Body  Radiotherapy  (SBRT)
Following In-Field Failure of Initial  SBRT for Spinal Metastases. Int J  Radiat Oncol Biol  Phys.
2015; 93(2): 353–360, doi: 10.1016/j.ijrobp.2015.03.029, indexed in Pubmed: 26383680.

16. Kinhikar RA, Ghadi YG, Sahoo P, et al. Dosimetric comparison of three-dimensional conformal
radiotherapy, intensity modulated radiotherapy, and helical tomotherapy for lung stereotactic
body  radiotherapy.  J  Med  Phys.  2015;  40(4):  190–197,  doi: 10.4103/0971-6203.170792,
indexed in Pubmed: 26865754.

17. Lee  DS,  Kwak  YK,  Jeong  SMi,  et  al.  High-dose  radiotherapy  using  helical  tomotherapy  for
vertebral  metastasis:  early  clinical  outcomes and cord  dose specification.  Jpn J  Clin  Oncol.
2013; 43(6): 646–653, doi: 10.1093/jjco/hyt050, indexed in Pubmed: 23613190.

18. Sprave T, Verma V, Förster R, et al.  Randomized phase II  trial  evaluating pain response in
patients  with  spinal  metastases  following  stereotactic  body  radiotherapy  versus  three-
dimensional  conformal  radiotherapy.  Radiother  Oncol.  2018;  128(2):  274–282,
doi: 10.1016/j.radonc.2018.04.030, indexed in Pubmed: 29843899.

19. Sahgal A, Myrehaug SD, Siva S, et al. CCTG SC.24/TROG 17.06: A Randomized Phase II/III Study
Comparing  24Gy  in  2  Stereotactic  Body  Radiotherapy  (SBRT)  Fractions  Versus  20Gy  in  5
Conventional  Palliative  Radiotherapy  (CRT)  Fractions  for  Patients  with  Painful  Spinal
Metastases.  Int  J  Radiat  Oncol  Biol  Phys.  2020;  108(5):  1397–1398,
doi: 10.1016/j.ijrobp.2020.09.019, indexed in Pubmed: 33427654.

20. Thibault  I,  Chang  EL,  Sheehan  J,  et  al.  Response  assessment  after  stereotactic  body
radiotherapy for spinal metastasis: a report from the SPIne response assessment in Neuro-
Oncology  (SPINO)  group.  Lancet  Oncol.  2015;  16(16):  e595–e603,  doi: 10.1016/S1470-
2045(15)00166-7, indexed in Pubmed: 26678212.

21. Gerszten  PC,  Burton  SA,  Ozhasoglu  C,  et  al.  Radiosurgery  for  spinal  metastases:  clinical
experience in 500 cases from a single institution. Spine (Phila Pa 1976). 2007; 32(2): 193–199,
doi: 10.1097/01.brs.0000251863.76595.a2, indexed in Pubmed: 17224814.

11

https://www.ncbi.nlm.nih.gov/pubmed/17224814
http://dx.doi.org/10.1097/01.brs.0000251863.76595.a2
https://www.ncbi.nlm.nih.gov/pubmed/26678212
http://dx.doi.org/10.1016/S1470-2045(15)00166-7
http://dx.doi.org/10.1016/S1470-2045(15)00166-7
https://www.ncbi.nlm.nih.gov/pubmed/33427654
http://dx.doi.org/10.1016/j.ijrobp.2020.09.019
https://www.ncbi.nlm.nih.gov/pubmed/29843899
http://dx.doi.org/10.1016/j.radonc.2018.04.030
https://www.ncbi.nlm.nih.gov/pubmed/23613190
http://dx.doi.org/10.1093/jjco/hyt050
https://www.ncbi.nlm.nih.gov/pubmed/26865754
http://dx.doi.org/10.4103/0971-6203.170792
https://www.ncbi.nlm.nih.gov/pubmed/26383680
http://dx.doi.org/10.1016/j.ijrobp.2015.03.029
https://www.ncbi.nlm.nih.gov/pubmed/28708043
http://dx.doi.org/10.3171/2017.2.SPINE16976
https://www.ncbi.nlm.nih.gov/pubmed/27341054
http://dx.doi.org/10.3171/2016.4.SPINE151523
https://www.ncbi.nlm.nih.gov/pubmed/30003994
http://dx.doi.org/10.1016/j.ijrobp.2018.06.047
https://www.ncbi.nlm.nih.gov/pubmed/24890347
http://dx.doi.org/10.1016/j.prro.2013.05.001
https://www.ncbi.nlm.nih.gov/pubmed/30982687
http://dx.doi.org/10.1016/S0140-6736(18)32487-5
http://dx.doi.org/10.1016/S0140-6736(18)32487-5


22. Nelson JW, Yoo DS, Sampson JH, et al. Stereotactic body radiotherapy for lesions of the spine
and  paraspinal  regions.  Int  J  Radiat  Oncol  Biol  Phys.  2009;  73(5):  1369–1375,
doi: 10.1016/j.ijrobp.2008.06.1949, indexed in Pubmed: 19004569.

23. Jensen G, Tang C, Hess KR, et al. Internal validation of the prognostic index for spine metastasis
(PRISM)  for  stratifying  survival  in  patients  treated  with  spinal  stereotactic  radiosurgery.  J
Radiosurg SBRT. 2017; 5(1): 25–34, indexed in Pubmed: 29296460.

24. Tseng CL, Eppinga W, Charest-Morin R, et al. Spine Stereotactic Body Radiotherapy: Indications,
Outcomes,  and  Points  of  Caution.  Global  Spine  J.  2017;  7(2):  179–197,
doi: 10.1177/2192568217694016, indexed in Pubmed: 28507888.

25. Habl G, Straube C, Schiller K, et al. Oligometastases from prostate cancer: local treatment with
stereotactic body radiotherapy (SBRT). BMC Cancer. 2017; 17(1): 361, doi: 10.1186/s12885-
017-3341-2, indexed in Pubmed: 28532400.

26. Jardel P, Kammerer E, Villeneuve H, et al. Stereotactic radiation therapy for breast cancer in
the elderly. Translat Cancer Res. 2020; 9(S1): S86–S96, doi: 10.21037/tcr.2019.07.18.

27. Palacios-Eito A, Béjar-Luque A, Rodríguez-Liñán M, et al. Oligometastases in prostate cancer:
Ablative  treatment.  World  J  Clin  Oncol.  2019;  10(2):  38–51,  doi: 10.5306/wjco.v10.i2.38,
indexed in Pubmed: 30815370.

28. Sage EK, Vogel MME, Dewes S, et al. [Stereotactic body radiotherapy (SBRT) for the treatment
of bone metastases in oligometastasised prostate cancer]. Aktuelle Urol. 2020; 51(3): 265–270,
doi: 10.1055/a-1140-5646, indexed in Pubmed: 32268437.

29. Zeng KL, Tseng CL, Soliman H, et al. Stereotactic Body Radiotherapy (SBRT) for Oligometastatic
Spine  Metastases:  An  Overview.  Front  Oncol.  2019;  9:  337,  doi: 10.3389/fonc.2019.00337,
indexed in Pubmed: 31119099.

30. Dunne  EM,  Fraser  IM,  Liu  M.  Stereotactic  body  radiation  therapy  for  lung,  spine  and
oligometastatic disease: current evidence and future directions. Ann Transl Med. 2018; 6(14):
283, doi: 10.21037/atm.2018.06.40, indexed in Pubmed: 30105233.

31. Phillips R, Shi WY, Deek M, et al. Outcomes of Observation vs Stereotactic Ablative Radiation
for  Oligometastatic  Prostate  Cancer:  The  ORIOLE  Phase  2  Randomized  Clinical  Trial.  JAMA
Oncol.  2020;  6(5):  650–659,  doi: 10.1001/jamaoncol.2020.0147,  indexed  in
Pubmed: 32215577.

32. Mehta N, Zavitsanos PJ, Moldovan K, et al. Local failure and vertebral body fracture risk using
multifraction stereotactic body radiation therapy for spine metastases. Adv Radiat Oncol. 2018;
3(3): 245–251, doi: 10.1016/j.adro.2018.04.002, indexed in Pubmed: 30202794.

33. Guckenberger  M,  Mantel  F,  Gerszten  PC,  et  al.  Safety  and  efficacy  of  stereotactic  body
radiotherapy  as  primary  treatment  for  vertebral  metastases:  a  multi-institutional  analysis.
Radiat Oncol. 2014; 9: 226, doi: 10.1186/s13014-014-0226-2, indexed in Pubmed: 25319530.

Figure 1. Local control (A) and overall survival (B) for the entire cohort are shown
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Figure 2. Local control was stratified by primary histology

Figure 3. Key stratifications of the RPA classes by biologically effective dose (BED) ≥ 40 are

shown. A. This threshold failed to demonstrate statistical significance when applied to the entire

cohort (p = 0.19);  B. However, BED ≥ 40 Gy showed statistically significant improvement in

local control in class 1 (p = 0.05)

A
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B

Table 1. The patient set is described

Characteristic Incidence
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Patients 223
Treatments 248
Gender

Female

Male

110/223 (49.3%)

113/223 (50.7%)
Median KPS 80 (50-100)
Primary disease site

Breast

NSCLC

Prostate

Melanoma

Renal

Head and neck

Other*

73/248 (29.4%)

39/248 (15.7%)

33/248 (13.3%)

15/248 (6.0%)

12/248 (4.8%)

10/248 (4.0%)

66/248 (26.6%)
Median  time  from  primary  diagnosis

[months] 42.8 (0.43–501.91)
Median age at start of SBRT [years] 67.4 (31.4–88.7)
Prior chemotherapy 200/248 (80.6%)
Prior radiotherapy at that location 81/248 (32.7%)
Spinal region

Cervical

Thoracic

Lumbar

Sacral

47 (19.0%)

98 (39.5%)

67 (27.0%)

36 (14.5%)
Junctions

Cervicothoracic

Thoracolumbar

Lumbosacral

7 (2.8%)

5 (2.0%)

13 (5.2%)
*The most  common other histologies included thyroid and sarcoma; KPS — Karnofsky Performance
Status; NSCLC — non-small-cell lung carcinoma; SBRT — stereotactic body radiation therapy

Table 2. Treatment details and outcomes are tabulated

Treatment aspect or outcome
Technique

SBRT

HT

204/248 (82.2%)

44/248 (17.7%)
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Median dose [Gy] 24 (6–36)
Median fractions 3 (1–5)
Median dose per fraction [Gy/fx] 7 (5–20)
Median PTV [cc] 37.3 (1.1–2436.0)
Median imaging follow-up [months]

Treatments with imaging follow-up

9.74 (0.0–125.2)

226/248 (91.1%)
Median clinical follow-up [months]

Treatments with clinical follow up

12.85 (0.0–128.2)

247/248 (99.6%)
2-year local control

Local failures

Crude local control

Median time to local failure [months]

76%

44/248 (17.7%)

204/248 (82.2%)

11.8 (0.5–41.5)
2-year overall survival

Median overall survival [months]

42%

13.7 (0.3–124.0)
SBRT — stereotactic body radiation therapy; HT — helical tomotherapy; PTV — planning target volume

Table 3. Important outcomes of the biologically effective dose (BED) of 40 Gy stratification are

demonstrated

BED < 40 Gy BED ≥ 40 Gy Log-rank
2-year LC 2-year LC p-value

Histology
Breast

NSCLC

Prostate

89.8% 86.5% 0.32
45.0% 65.5% 0.37
51.6% 100.0% 0.02

RPA Class
1

2

3

66.4% 82.2% 0.05
85.7% 73.1% 0.90
93.8% 51.6% 0.08

LC — local control; NSCLC — non-small-cell lung carcinoma; RPA — recursive partitioning analysis 
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Supplementary File

Figure 1. Local control (A) and overall survival (B) for the RPA classes from Chao et al. are 

portrayed.
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