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A phase II trial on radiotherapy for high-risk asymptomatic bone 
metastases—creating more questions than answers?
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It is well known that bone metastases can significantly 
reduce quality of life due to related symptoms and possible 
life-changing complications. Common presentations 
include pain and neurologic deficits. The most serious 
complications of bone metastases are skeletal-related 
events (SREs), defined as pathologic fracture, spinal cord 

compression, or other events requiring an urgent surgical 
or radiation intervention. Growing access to modern 
diagnostic tools and the frequency of surveillance imaging 
performed in patients with diagnoses of cancer allow early 
detection of asymptomatic bone metastases that could be 
considered for prophylactic intervention aimed at trying 
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to avoid the development of SRE. Improved systemic 
treatment, including the increasing use of immunotherapies 
and targeted therapies, are also prolonging survival, which 
may lead to a higher prevalence of both bone metastasis and 
SRE over time.

Although radiotherapy (RT) has a well-established role 
in the treatment of painful bone metastases, data are limited 
in the asymptomatic setting. Specifically, the European 
Society for Therapeutic Radiology and Oncology (ESTRO) 
Advisory Committee for Radiation Oncology Practice 
(ACROP) guidelines for external beam RT of patients with 
uncomplicated bone metastases recommend against the use 
of palliative RT for asymptomatic bone metastasis because 
of lack of clear evidence. Uncomplicated bone metastasis 
was defined as painful bone metastasis without impending 
or existing fracture and without spinal cord or cauda 
equine compression (1). The guideline on complicated 
bone metastases, however, does note that a lesion at risk 
for fracture should be considered for treatment based on 
multidisciplinary discussion (2).

Against this background, Gillespie et al. conducted a 
multi-center randomized controlled phase II trial that 
compared RT to sites of asymptomatic high-risk bone 
metastasis vs. standard of care (SOC) alone in patients 
with widely metastatic solid malignancies (3). This trial 
was published at a time when there is increased awareness 
of early treatment for bone metastases to prevent 
complications. For instance, preventive stabilization surgery 
has recently been suggested for vertebral metastases with 
high Spinal Instability Neoplastic Score (SINS) (4).

In their trial, Gillespie et al. defined high-risk bone 
metastases as bone metastases with at least one of the 
following adverse features: (I) greater than 2 cm; (II) 
involving the hip, shoulder, or sacroiliac joint; (III) 
occupying one-third to two-thirds of the cortical thickness 
of a long bone; or (IV) located at a junctional spine or with 
posterior element involvement (5). The primary endpoint 
was the occurrence of SRE, also including the need for 
RT for pain, whereas the secondary endpoints included 
hospitalization for SRE and overall survival (OS). At 1 year, 
there was a significant reduction of SRE in the RT arm 
compared with the SOC arm (1.6% vs. 29%, P<0.001). 
Remarkably, OS was also significantly longer in the RT arm 
(hazard ratio, 0.49; P=0.018).

While the results of the trial are impressive, several 
things need to be considered when interpreting the findings 
of this study. Gillespie et al. did not specify in their trial 
protocol the imaging modalities that were used to diagnose 

the high-risk bone metastases (6). Imaging modalities 
vary in their sensitivity to diagnose bone metastases. For 
instance, magnetic resonance imaging (MRI) is more 
sensitive to bone marrow infiltration and can detect small 
lesions before they result in bone destruction that could be 
detected by computer tomography (CT) (7). Therefore, a 
junctional spine metastasis that is detectable only in MRI 
is likely at a lower risk of fracture compared with a lesion 
that has bone destruction visible in CT. Moreover, the trial 
by Gillespie did not use any validated tools to quantify the 
fracture risk, such as the Mirels’ score for metastases in 
long bones (8). The use of such fracture assessment tools 
in clinical trials, as well as reporting on the type of imaging 
modality used to detect the bone metastases, may provide a 
more accurate and reproducible assessment of the fracture 
risk at baseline. Clinicians can then use the same tools to 
evaluate whether the asymptomatic bone metastases of 
patients that they are seeing in their clinic would have the 
same fracture risk or potentially derive the same magnitude 
of benefit compared with the patients in the clinical trial. 
Equally, the SINS is important in assessing the vertebral 
metastases.

The study by Gillespie et al. also raises the question 
of whether imaging tests that are highly sensitive for 
bone metastases, such as positron emission tomography 
(PET)-CT or MRI, should be performed to screen for 
asymptomatic high-risk bone metastases to allow early 
treatment. This was the research question in the UK 
PROMPTS trial, which evaluated the potential benefit of 
screening spinal MRI and pre-emptive RT for radiological 
spinal cord compression in patients with castration-resistant 
prostate cancer (9). They found that the incidence of clinical 
spinal cord compression at 1 year was not improved. Based 
on the result, the investigators suggested that the routine 
use of screening MRI to prevent clinical cord compression 
was not warranted. Additionally, having regular cross-
sectional studies to look for asymptomatic bone metastases 
might divert resources away from other patients in some 
healthcare systems. This can be particularly problematic in 
low- and middle-income countries. Even in high-income 
countries, resources spent on such efforts can delay the 
upfront staging in other cancer patients eligible for curative 
treatments. Given the above, studies are needed to clarify 
the type and frequency of imaging modalities that are 
needed to detect high-risk bone metastases.

Around 50% of the patients in the study by Gillespie 
et al. were on bone modifying agents (BMAs), which may 
also affect the primary outcome of SRE as a potential 
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confounder. A recent study showed that the use of 
bisphosphate during or after RT for lytic spinal metastases 
was associated with a greater increase in bone mineral 
density (10). Lower bone mineral density has been suggested 
to be predictive of vertebral compressive fracture after RT 
for spine metastases (11). It will be interesting to assess 
whether patients on and not on BMA could derive the same 
magnitude of benefit from prophylactic RT. Furthermore, 
denosumab has been shown to be more effective than 
zoledronic acid in preventing SRE (12). A future phase III 
clinical trial may perform subgroup analysis to look at the 
interaction between the efficacy of prophylactic RT and the 
use or the type of BMA.

The trial by Gillespie et al. also allowed a wide range 
of dose-fractionation schedules, including the delivery of 
8 Gy single fraction, 20 Gy in 5 fractions, and 30 Gy in 
10 fractions by conventional external beam RT (cEBRT), 
as well as 27 Gy in 3 fractions by stereotactic body RT 
(SBRT). The optimal dose-fractionation schedule remains 
to be defined. There is overwhelming evidence to show 
that compared with multi-fraction RT, 8 Gy single fraction 
provides equivalent pain response in uncomplicated 
bone metastasis and similar motor response and bladder 
dysfunction in spinal cord compression in patients with 
poor performance and limited estimated survival (13,14). 
In painful spine metastasis, SBRT has been shown to provide 
superior local control compared with cEBRT, with dose 
escalation beyond 24 Gy in 2 fractions providing further 
benefit (15-17). In painful non-spine metastasis, SBRT can 
also achieve a higher local control compared with cEBRT (18). 
SBRT may be especially suitable for patients with good 
prognosis and live long enough to see this potential long-
term benefit in local control. But these data may not be 
applicable to asymptomatic high-risk or complicated bone 
metastases. SBRT is contraindicated in certain situations 
for fear of SBRT-induced iatrogenic fractures both in spine 
and non-spine bone metastases. While a multi-fraction 
regimen may potentially result in better local control and 
remineralization in lytic bone metastasis, the preferred 
dose-fractionation schedule in asymptomatic high-risk or 
complicated bone metastasis has not yet been addressed 
by any randomized controlled trial (19,20). A future dose-
finding trial investigating the role of RT in asymptomatic 
high-risk bone metastasis should identify the most 
efficacious dose-fractionation schedule prior to launching a 
definitive phase III randomized study.

Additionally, the apparent benefit in the OS in the 
prophylactic RT arm needs to be closely examined. 

While the study by Gillespie et al. showed that there were 
seven deaths and four hospitalizations prevented by RT 
compared with the SOC group by 1 year, it is unclear 
as to why the number of deaths prevented exceeds the 
number of hospitalizations prevented. Life-threatening 
SRE, such as debilitating spinal cord compression or long 
bone fracture that cause significant functional decline, 
often lead to hospitalization before causing death. If the 
improvement in OS is mediated by a reduction of SRE, we 
may expect a corresponding or even greater decrease in 
hospitalizations in the RT arm. This raises questions about 
other possible causes of the improvement in OS seen in 
that study. Baseline characteristics, such as the Karnofsky 
Performance Status (KPS), were not balanced, with 62% 
of the patients in the prophylactic RT arm having KPS or 
90 or above vs. 46% in the observation arm. The extent of 
visceral metastases, the use of effective systematic therapy, 
and other co-morbid conditions were not reported nor 
attempted to be balanced in both arms, and they are 
critical in determining the OS of patients with advanced 
malignancies. These factors might explain, in part, the 
better survival in the prophylactic RT arm.

Use of palliative RT for bone pain was included as an 
SRE in the study by Gillespie et al. Since it is at the treating 
clinician’s sole discretion whether to give RT for the bone 
metastasis, the rate of SRE could be biased as a result. To 
address this concern, the authors did run an unplanned 
analysis limited to SRE excluding palliative RT for bone pain, 
and the result remained to be significant. In addition, Gillespie 
et al. reported that the time-to-SRE at the bone metastasis 
level varied significantly on the basis of the enrolled lesion’s 
definition of high risk, with descriptively more events in 
junctional spine and bulky sites of disease. A dedicated subset 
analysis might be warranted in future trials to evaluate the 
magnitude of benefit of RT across the different indications.

Another important issue is the other side effects 
induced by RT in these patients with asymptomatic bone 
metastases. RT has been shown to cause pain flare and 
other symptoms (21). Acute pain flare has been reported 
to have an incidence as high as 68% in SBRT and around 
40% in patients treated with cEBRT despite the use of 
dexamethasone (22,23). The pain typically resolves within 
a median of 3 days (24). These need to be balanced for 
the potential benefits and side effects in the setting of 
metastatic cancer, though there are little data regarding 
the incidence of pain flare after RT for asymptomatic 
bone metastases. Do no harm is still an important aim to 
follow unless benefits outweigh toxicities substantially. 
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Furthermore, patient preference is important to guide the 
interventions. In patients with rapidly progressive visceral 
metastases dependent on systematic therapy, delaying or 
interrupting such an important treatment in order to deliver 
radiation treatment of asymptomatic bone metastases may 
have potentially serious consequences and thus require 
multidisciplinary discussion and co-ordination. We have 
abundant trials in radiation treatment on patients with 
symptomatic bone metastases (25). These trials have most 
typically aimed to provide symptomatic relief without the 
intention of prolonging survival. There have been trials of 
radiation vs. best supportive care with the intent of avoiding 
futile radiation treatment, especially in the setting of end-
of-life care (26). They are obviously different in patients 
with asymptomatic bone metastases, but the principle is still 
the same: providing benefits with minimal toxicities.

Lastly, this study was a relatively small phase 2 trial with 
limited power, with 78 patients enrolled and 73 evaluable for 
the primary endpoint. Further, the authors had inflated the 
sample size by allowing multiple sites per patient (122 treated 
lesions in total). Although it is commonly employed in the 
literature, this may bias the results towards patients with larger 
numbers of treated sites, as their outcomes may potentially be 
unrepresentative of the overall eligible population.

In view of the issues discussed above, a future phase 
III trial in this patient population is warranted and should 
provide details on the imaging modality used to diagnose 
the bone metastases, perform subgroup analyses for SBRT 
vs. cEBRT, the use of BMA and the indication of RT, and 
describe the causes of death to aid interpretation of the 
effect of prophylactic RT on OS. The use of standardized 
tools to assess the fracture risk and patient stratification 
according to factors that may affect the OS, such as the 
presence of visceral metastases, could be beneficial as 
well. Other ongoing trials, such as NCT05534321, may 
provide further data on prophylactic RT of minimally 
symptomatic bone metastasis (27). In addition, it is 
important to collaborate with other specialties such 
as medical oncologists, palliative care physicians, and 
orthopedic surgeons, to improve early and prompt referral 
to the RT departments to increase generalizability of the 
trial findings. With the advances in medical imaging and 
RT techniques, we now have the option of detecting and 
treating asymptomatic lesions with acceptably low toxicity. 
Therefore, it is critical to closely examine the evidence 
before offering any treatment or changing the SOC for 
these patients, because ultimately our decision should rest 
on what can benefit our patients rather than what we are 

capable of delivering.

Acknowledgments

Funding: None.

Footnote

Provenance and Peer Review: This article was a standard 
submission to the journal. The article has undergone 
external peer review.

Peer Review File: Available at https://apm.amegroups.com/
article/view/10.21037/apm-23-595/prf

Conflicts of Interest: All authors have completed the 
ICMJE uniform disclosure form (available at https://apm.
amegroups.com/article/view/10.21037/apm-23-595/coif). 
C.B.S. serves as the Editor-in-Chief of Annals of Palliative 
Medicine. J.M.v.d.V. was co-applicant for two research grants 
from the KWF Duth Cancer Society and ZonMw, and is 
member of the DSMB of the BRENAR study. D.R. reports 
grants and travel expenses from the European Development 
Fund (Interreg) and honoraria as guest editor from Elsevier. 
S.F.L. serves as an unpaid editorial board member of Annals 
of Palliative Medicine from October 2023 to September 2025. 
E.O. serves as an unpaid editorial board member of Annals of 
Palliative Medicine from December 2022 to November 2024. 
The other authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. van der Velden J, Willmann J, Spałek M, et al. ESTRO 

https://apm.amegroups.com/article/view/10.21037/apm-23-595/prf
https://apm.amegroups.com/article/view/10.21037/apm-23-595/prf
https://apm.amegroups.com/article/view/10.21037/apm-23-595/coif
https://apm.amegroups.com/article/view/10.21037/apm-23-595/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/


Annals of Palliative Medicine, 2024 5

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2024 | https://dx.doi.org/10.21037/apm-23-595

ACROP guidelines for external beam radiotherapy of 
patients with uncomplicated bone metastases. Radiother 
Oncol 2022;173:197-206.

2. Oldenburger E, Brown S, Willmann J, et al. ESTRO 
ACROP guidelines for external beam radiotherapy of 
patients with complicated bone metastases. Radiother 
Oncol 2022;173:240-53.

3. Gillespie EF, Yang JC, Mathis NJ, et al. Prophylactic 
Radiation Therapy Versus Standard of Care for Patients 
With High-Risk Asymptomatic Bone Metastases: A 
Multicenter, Randomized Phase II Clinical Trial. J Clin 
Oncol 2024;42:38-46.

4. Hong SH, Chang BS, Kim H, et al. An Updated 
Review on the Treatment Strategy for Spinal Metastasis 
from the Spine Surgeon's Perspective. Asian Spine J 
2022;16:799-811.

5. Cheon PM, Wong E, Thavarajah N, et al. A definition 
of "uncomplicated bone metastases" based on previous 
bone metastases radiation trials comparing single-
fraction and multi-fraction radiation therapy. J Bone 
Oncol 2015;4:13-7.

6. Rosen DB, Benjamin CD, Yang JC, et al. Early palliative 
radiation versus observation for high-risk asymptomatic 
or minimally symptomatic bone metastases: study 
protocol for a randomized controlled trial. BMC Cancer 
2020;20:1115.

7. Confavreux CB, Follet H, Mitton D, et al. Fracture Risk 
Evaluation of Bone Metastases: A Burning Issue. Cancers 
(Basel) 2021;13:5711.

8. Damron TA, Morgan H, Prakash D, et al. Critical 
evaluation of Mirels' rating system for impending 
pathologic fractures. Clin Orthop Relat Res 2003;(415 
Suppl):S201-7.

9. Dearnaley D, Hinder V, Hijab A, et al. Observation 
versus screening spinal MRI and pre-emptive treatment 
for spinal cord compression in patients with castration-
resistant prostate cancer and spinal metastases in the UK 
(PROMPTS): an open-label, randomised, controlled, 
phase 3 trial. Lancet Oncol 2022;23:501-13.

10. Pielkenrood BJ, Visser TF, van Tol FR, et al. 
Remineralization of lytic spinal metastases after 
radiotherapy. Spine J 2023;23:571-8.

11. Mikula AL, Pennington Z, Lakomkin N, et al. 
Independent predictors of vertebral compression 
fracture following radiation for metastatic spine disease. 
J Neurosurg Spine 2022. [Epub ahead of print]. doi: 
10.3171/2022.2.SPINE211613.

12. Stopeck AT, Lipton A, Body JJ, et al. Denosumab 

compared with zoledronic acid for the treatment 
of bone metastases in patients with advanced breast 
cancer: a randomized, double-blind study. J Clin Oncol 
2010;28:5132-9.

13. Chow R, Hoskin P, Schild SE, et al. Single vs 
multiple fraction palliative radiation therapy for bone 
metastases: Cumulative meta-analysis. Radiother Oncol 
2019;141:56-61.

14. Donovan EK, Sienna J, Mitera G, et al. Single versus 
multifraction radiotherapy for spinal cord compression: 
A systematic review and meta-analysis. Radiother Oncol 
2019;134:55-66.

15. Zeng KL, Myrehaug S, Soliman H, et al. Mature Local 
Control and Reirradiation Rates Comparing Spine 
Stereotactic Body Radiation Therapy With Conventional 
Palliative External Beam Radiation Therapy. Int J Radiat 
Oncol Biol Phys 2022;114:293-300.

16. Zeng KL, Abugarib A, Soliman H, et al. Dose-Escalated 
2-Fraction Spine Stereotactic Body Radiation Therapy: 28 
Gy Versus 24 Gy in 2 Daily Fractions. Int J Radiat Oncol 
Biol Phys 2023;115:686-95.

17. Sahgal A, Myrehaug SD, Siva S, et al. Stereotactic 
body radiotherapy versus conventional external beam 
radiotherapy in patients with painful spinal metastases: an 
open-label, multicentre, randomised, controlled, phase 2/3 
trial. Lancet Oncol 2021;22:1023-33.

18. Nguyen QN, Chun SG, Chow E, et al. Single-Fraction 
Stereotactic vs Conventional Multifraction Radiotherapy 
for Pain Relief in Patients With Predominantly Nonspine 
Bone Metastases: A Randomized Phase 2 Trial. JAMA 
Oncol 2019;5:872-8.

19. Koswig S, Budach V. Remineralization and pain relief in 
bone metastases after after different radiotherapy fractions 
(10 times 3 Gy vs. 1 time 8 Gy). A prospective study. 
Strahlenther Onkol 1999;175:500-8.

20. Rades D, Lange M, Veninga T, et al. Preliminary 
results of spinal cord compression recurrence evaluation 
(score-1) study comparing short-course versus long-
course radiotherapy for local control of malignant epidural 
spinal cord compression. Int J Radiat Oncol Biol Phys 
2009;73:228-34.

21. Tseng YD. Radiation Therapy for Painful Bone 
Metastases: Fractionation, Recalcification, and Symptom 
Control. Semin Radiat Oncol 2023;33:139-47.

22. McDonald R, Chow E, Rowbottom L, et al. Incidence 
of pain flare in radiation treatment of bone metastases: A 
literature review. J Bone Oncol 2014;3:84-9.

23. van der Linden YM, Westhoff PG, Stellato RK, et al. 



Chan et al. Comment on prophylactic RT for bone metastasis6

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2024 | https://dx.doi.org/10.21037/apm-23-595

Dexamethasone for the Prevention of a Pain Flare After 
Palliative Radiation Therapy for Painful Bone Metastases: 
The Multicenter Double-Blind Placebo-Controlled 
3-Armed Randomized Dutch DEXA Study. Int J Radiat 
Oncol Biol Phys 2020;108:546-53.

24. Spencer K, Parrish R, Barton R, et al. Palliative 
radiotherapy. BMJ 2018;360:k821.

25. Song X, Wei J, Sun R, et al. Stereotactic Body Radiation 
Therapy Versus Conventional Radiation Therapy in 
Pain Relief for Bone Metastases: A Systematic Review 

and Meta-Analysis. Int J Radiat Oncol Biol Phys 
2023;115:909-21.

26. Yerramilli D, Johnstone CA. Radiation Therapy at the 
End of-Life: Quality of Life and Financial Toxicity 
Considerations. Semin Radiat Oncol 2023;33:203-10.

27. Rothrock RJ, Ozair A, Avendano MC, et al. Prophylactic 
Radiotherapy Of MInimally Symptomatic Spinal Disease 
(PROMISSeD): study protocol for a randomized 
controlled trial. Trials 2024;25:41.

Cite this article as: Chan AW, Simone CB 2nd, van der 
Velden JM, van der Linden Y, Hoskin P, Detsky J, Choi JI, Lee 
SF, Wong HCY, Martin EJ, Raman S, Rades D, Willmann J, 
Rembielak A, Kazmierska J, Keit ER, Marta GN, Vassiliou 
V, Alcorn S, Bonomo P, Oldenburger E. A phase II trial on 
radiotherapy for high-risk asymptomatic bone metastases—
creating more questions than answers? Ann Palliat Med 2024. 
doi: 10.21037/apm-23-595


