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Introduction
Bone metastasis occurs in up to 70% of cancer patients.1 Palli-
ative radiotherapy has been the mainstay of treatment for 
painful bone metastases. In cases in which effective systemic 
therapy prolongs patient survival, high local control is imper-
ative for maintaining quality of life. Recent advances in radia-
tion technology, such as stereotactic ablative radiation therapy 
(SABR), enable the delivery of high conformal radiation dose 
to the target, and has been widely adopted for spinal metas-
tases. Local control rates for SABR in spinal metastasis have 
been reported to be approximately 90%.2

However, the literature pertaining to SABR with regard 
to non-spinal bone metastatic disease is sparse. The goal 
of treatment for bone metastasis is diverse, and is depen-
dent on disease state and tumor burden. To compare treat-
ment outcomes, indications for SABR in non-spinal bone 
metastasis should be clearly defined. Single or oligo-me-
tastasis refers to the state between locoregional and wide-
spread metastatic disease, in which metastases are limited 
in number and location, whereas oligo-progression refers to 
a scenario in which cancer progression occurs in a limited 
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Objective: To report treatment outcomes of stereo-
tactic ablative radiation therapy (SABR) for non-spinal 
bone metastases in a single institution, and to compare 
assessments of Response Evaluation Criteria in Solid 
Tumors (RECIST) v. 1.1 and the University of Texas MD 
Anderson Cancer Center (MDA) criteria.
Methods: From July 2011 to January 2017, 33 patients 
with 38 non-spinal bone metastatic lesions were 
treated using SABR. Treatment intent was catego-
rized as follows: single metastasis or oligo-metastases; 
oligo-progression; and dominant areas of progres-
sion. Tumor responses were evaluated according to 
the RECIST and MDA criteria. Local control (LC) was 
defined as lesions that were not classified as progres-
sive disease on both criteria.
Results: The median follow-up period was 10.4 months 
(range, 2.5–47.4). Both 1- and 2 year LC rates were 94.2 
%. The median overall survival (OS) was 20.2 months, 
and the median progression-free survival (PFS) was 
6.9 months. Treatment intent was a significant factor 
for OS in multivariate analysis. The 1 year OS rates for 
single metastasis or oligo-metastasis, for oligo-pro-
gression, and for dominant areas of progression were 

84.2%, 66.7%, and 0.0%, respectively ( p < 0.001). 
Overall response rate was 86.8 % according to MDA 
criteria, and 75.7 % according to RECIST criteria. When 
using MDA criteria, there appeared to be significant 
associations both between response and PFS (median 
7.6 months for responders vs 2.5 months for non-re-
sponders; p = 0.036) and between response and OS. 
In contrast, when using RECIST criteria, the associa-
tions were significant neither between response and 
PFS (median 5.8 months for responders vs 9.3 months 
for non-responders; p = 0.522) nor between response 
and OS (25.7 months for responders vs 18.5 months for 
non-responders; p = 0.811).
Conclusion: SABR for non-spinal bone metastases 
demonstrated high LC rates with acceptable toxicity. 
The MDA criteria demonstrated advantages in predicting 
survival outcomes.
Advances in knowledge: SABR for non-spinal bone 
metastases is a promising treatment option to achieve 
good local control. The MDA criteria, which is a newly 
proposed response evaluation criteria for bone metas-
tases, has advantages in predicting survival outcomes 
compared to other established criteria.
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number of tumors while the majority of other metastases are 
responding to or are stable while on a systemic therapy strategy.

Second, there is no consensus regarding the end point of SABR 
for bone metastasis.3 In conventional radiation settings, an 
international consensus on bone metastases has been devel-
oped for clinical end points based on pain scores and analgesic 
consumption.4 However, SABR is indicated in patients with 
single metastasis, or oligo-metastatic, oligo-progressive or tradi-
tionally radio-resistant disease, who often present with minimal 
or no associated symptoms. Assessing response to treatment is, 
therefore, difficult and must rely on evaluation of changes in the 
tumor itself and any related symptoms.

Third, there are several criteria which define tumor response by 
imaging modalities, but no consensus has been reached as to the 
optimal assessment system for bone metastasis.3 Currently, the 
Response Evaluation Criteria in Solid Tumors (RECIST) v. 1.1 5 
are the most commonly used method for objectively evaluating 
tumor response, however, they only includes measurable soft 
tissue components as target lesions, and the size change of the 
measurable lesions is the only consideration in evaluating the 
response. The University of Texas MD Anderson Cancer Center 
(MDA, Houston, TX, USA) developed bone-specific response 
criteria in 2004, which include qualitative changes as well as 
measurable changes in response evaluation.6

The objectives of the present study were to report treatment 
outcomes of SABR for non-spinal bone metastases in a single 
institution and to compare assessments using the RECIST v. 
1.1 and the MDA criteria in evaluating tumor response for 
non-spinal bone metastases after SABR. We analyzed treatment 
response using the MDA and RECIST response criteria, and 
survival differences according to treatment indications for SABR 
in patients with non-spinal bone metastasis.

methods and materials
Population
From July 2011 to January 2017, 33 patents with non-spinal 
bone metastatic disease were treated using SABR. This study 
was approved by the Institutional Review Board of our institute 
(IRB no. D-1903-029-002). Medical information, including 
patient age, sex, tumor histology and treatment intent, was 
retrospectively collected. Treatment intent was categorized 
as follows: single metastasis or oligo-metastases, for which 
the goal was to irradiate all sites of disease; oligo-progres-
sion, for which the goal was to irradiate only tumors that were 
progressing while systemic therapy was controlling all other 
disease sites; and dominant areas of progression, for which 
the goal was to irradiate dominant tumors usually for pallia-
tion.7 Patients with ≤5 sites of metastases were categorized as 
oligo-metastatic, and oligo-progressive if ≤5 sites of metastases 
progressed while other sites including the primary disease 
remained stable.

Treatment
Simulation CT, with a slice thickness of 1.25 mm, was performed. 
Four-dimensional CT (4DCT) was used for lesions of the chest 
wall and sternum to calibrate respiratory motion. The gross 
target volume (GTV) was defined as radiologically evident 
disease based on CT and/or MRI results. The clinical target 
volume (CTV) was generated (usually GTV plus a 1 to –2 cm 
margin), and the internal target volume (ITV) was generated if 
4DCT was used. The planning target volume (PTV) included 
an additional margin of 1– to 3 mm according to the target 
site. SABR plans were generated using Oncentra 4.3 (Eleckta) 
and Monaco 5.1 (Eleckta) for Linac SABR and Multiplan 3.5.1 
(Accuray) for Cyberknife treatment. SABR was delivered via 
dynamic conformal arcs or multiple non-coplanar static beams 
using 6 to 15 MV of photons.

Table 1. The RECIST and MDA criteria for bone response assessment

Response category RECIST 1.1 (5) MDA (6)
Complete response Disappearance of all target lesions

FDG PET can be used
Complete sclerotic fill-in of lytic lesions
Normalization of bone density on XR/CT, signal 
intensity on MRI, tracer uptake on SS

Partial response At least a 30% decrease in the sum of diameters of 
target lesions
A response of non-PD in non-target lesions

Development of a sclerotic rim or partial sclerotic 
fill-in of lytic lesions
Decrease in the size of measurable lesions or ill-
defined lesions
Decrease in tracer uptake on SS (excluding rapid 
regressiona)

Stable disease No change or between 20% increase or 30% 
decrease in diameter sum

No change

Progressive disease Increase in target lesion diameter sum by ≥20%
≥5 mm increase in target lesion diameter sum
New malignant FDG uptake
Unequivocal progression of non-target lesions

Increase in size of any measurable lesions on XR/
CT/MRI
Increase in tracer uptake on SS
New bone lesion (excluding flare phenomenab)

FDG, fludeoxyglucose; MDA, MD Anderson Cancer Center; PET, positron emission tomography;RECIST, the Response Evaluation Criteria in Solid 
Tumors; SS, skeletal scintigraphy; XR, plain radiography.
aRapid osteolytic progression may show decreased osteoblastic activity, resulting in regression of hot spots on SS. XR or CT can be helpful in 
detecting progressive osteolysis.
bOsteoblastic flare is an interval visualization of lesions with a sclerotic rim or new sclerotic lesions in the setting of other signs of response to 
treatment.
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Dynamic conformal arcs therapy was delivered with 180–360° 
depending on the anatomic location of the tumor. 95% of the 
prescription dose covered 100% of the PTV. Maximum dose did 
not exceed 110% of the prescribed dose. In Cyberknife treatment, 
one or two collimator size of 7.5–15 mm was used depending of 
the size of the PTV. Maximum dose usually defined as 125% of 
the prescription dose and 80% of the maximum dose covered 
100% of the PTV. Various prescription dose and fractionation 
was used. Because there is no established dose/fractionation in 
SABR of non-spine bone metastasis, various radiation doses 
used in previously published studies of spine, lung and liver 
SABR according to the size and location of the lesion were used. 
Fraction did not exceed five times. Daily image guidance by 
con-beam CT imaging or orthogonal X-rays verified the target 
position before each treatment delivery. SABR was adminis-
tered either in a single fraction or 3- to 5-fraction course to be 
completed in no more than 2 weeks, but typically within 1 week.

Evaluation and follow up
Treatment responses were evaluated using ≥1 imaging modali-
ties at 2–3 months after the beginning of SABR and other various 
time points. A response was assessed in each patient based on 
two sets of response criteria (i.e. RECIST and MDA criteria).3,6 
Responses were categorized as complete response (CR), partial 
response (PR), stable disease (SD), or progressive disease (PD). 
Local control was assessed independently for each bone metas-
tasis and was defined as long as the treated lesion did not exhibit 
progression according to both response criteria on serial imaging. 
Overall survival (OS) was defined as the time from the start day 
of SABR to death or last follow-up. Progression-free survival 
(PFS) was defined as the time from the start day of radiotherapy 
to disease progression or last follow-up. Toxicity was recorded 
according to the Common Terminology Criteria for Adverse 
Events version 4.0 (CTCAE v. 4.0).

Statistical analysis
The Kaplan–Meier method was used to analyze whether the 
use of a particular response classification would distinguish 
responders and non-responders in terms of PFS or OS and 
survival differences according to treatment indication using a 
two-sided log-rank test; p < 0.05 was considered to be statistically 
significant in all tests. The log-rank test was used for univariate 
analyses and the Cox proportional hazards regression model was 
used for multivariate analyses. Variables with associations with 
OS at p < 0.05 in univariate analysis were retained in the multi-
variable models. All analyses were performed using SPSS v. 18 
(IBM Corporation., Chicago, IL, USA).

Results
Patient and treatment characteristics
The median age of the 33 patients was 59 years (range, 36–75 
years) and 20 patients were male. The most common primary 
cancer was non-small cell lung cancer (n = 12), followed by 
breast cancer (n = 8), hepatocellular carcinoma (n = 3), and 
renal cell carcinoma (n = 3). A total of 38 lesions were treated. 25 
(66%) lesions were located in the pelvis, followed by the femur 
(n = 5), and ribs (n = 5). The majority of lesions were lytic bone 
metastases (n = 25 [66%]). Treatment intent of radiotherapy 

for 13 lesions was single metastasis, oligo-metastases for 16 
lesions, oligo-progression for three lesions, and dominant area of 
progression for six lesions. Prescribed radiation doses and frac-
tions were: 18 Gy/1 (n = 3); 24–60 Gy/3 (n = 16); 28–48 Gy/4 (n 
= 15); and 40–50 Gy/5 (n = 4) fractions. The mean and median 
biologic equivalent dose using an α/β of 10 Gy in the linear 
quadratic model were 71.8 Gy and 64.8 Gy, respectively (range, 
43.2–180 Gy).

Treatment outcome
23 (60.5%) lesions were asymptomatic before treatment. Among 
the 15 symptomatic lesions, the clinical response rate was 80.0% 
(12/15). The median follow-up period was 10.4 months (range, 
2.5–47.4 months). The median OS was 20.2 months, and 1- and 2 
year OS rates were 66.0 and 44.7%, respectively. Local recurrence 
was observed in 2 (5.3%) bone lesions. Both 1- and 2 year local 
control rates were 94.2%. The median PFS was 6.9 months, and 
1- and 2 year PFS rates were 34.1 and 17.1%, respectively.

Survival difference according to treatment 
indication
Clinical factors significantly correlated with OS were symptom 
(p = 0.01) and treatment intent (p < 0.001) in univariate anal-
yses (Table 3). Dominant areas of progression was confirmed to 
be inferior to single or oligo-metastasis or oligo-metastasis for 
OS in the multivariate analysis (Table 3). The 1 year OS rates for 
single metastasis or oligo-metastasis, for oligo-progression, and 
for dominant areas of progression were 84.2%, 66.7%, and 0.0%, 
respectively (p < 0.001) (Figure 1).

MDA criteria vs RECIST v. 1.1 criteria
The overall response rate was 86.8% (33/38) at the last follow-up 
according to the MDA criteria, and 75.7% (28/37) according to 
the RECIST criteria. The responses over time are summarized in 
Table 4. There appeared to be a significant association between 
response and PFS when response status was determined by 
MDA criteria (median 7.6 months for responders vs 2.5 months 
for non-responders; p = 0.036) (Figure  2a). Also, response 
according to MDA criteria was associated with better OS 
(median 41.5 months for responders vs 8.2 months for non-re-
sponders; p = 0.004) (Figure  2b). In contrast, when response 
status was determined by RECIST criteria, the associations 
were significant neither between response and PFS (median 5.8 
months for responders vs 9.3 months for non-responders; p = 
0.522) (Figure 3a), nor between response and OS (25.7 months 
for responders vs 18.5 months for non-responders; p = 0.811) 
(Figure 3b).

Toxicity
Three patients underwent treatment-related toxicity. One patient 
experienced Grade 2 diarrhea, one experienced edema-induced 
pain, and the other experienced a pain flare. No toxicity grade ≥3 
was reported.

Discussion
Results of the present study suggest that SABR was an effec-
tive treatment for patients with non-spinal bone metastases. 
Although the patient population was heterogeneous, the use 
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Table 3. Univariate and multivariate analysis for survival

Factors MS (95% CI) (months) P (UVA) HR (95% CI) P (MVA)
Age 1.03 (0.97–1.10) 0.361

BED10Gy 0.99 (0.96–1.02) 0.521

Primary cancer   0.885

 � Non-small cell lung cancer 10.9 (0.0–27.2)

 � Breast 41.5

 � Others 17.8 (9.2–26.5)

Symptom   0.010 0.204

 � Yes 8.8 (0.0–20.3) 1

 � No Not reached 0.43 (0.12–1.58)

Tumor type   0.269

 � Lytic 17.8 (11.1–24.6)

 � Sclerotic Not reached

 � Mixed 25.7 (0.0–58.8)

Treatment intent   <0.001 0.030

 � Single or Oligo-metastasis Not reached 0.18 (0.04–0.85) 0.031

 � Oligoprogression 25.7 (0.0–54.2) 0.10 (0.01–0.68) 0.018

 � Dominant areas of progression 2.0 (2.0–9.6) 1

MS, median survival; 95% CI, 95% confidence interval; UVA, univariate analysis; HR, hazard ratio; MVA, multivariate analysis; BED10Gy, biologically 
equivalent dose using an α/β of 10 Gy in the linear quadratic model.

Figure 1. Overall survival of patients according to treatment indication.
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Table 2. Patient and treatment characteristics

Characteristics
Single or oligo-metastasis
(n = 29)

Oligoprogression
(n = 3)

Dominant areas of progression
(n = 6)

Age (range) (years) 55 (36–75) 59 (53–62) 67 (59–75)

Sex

 � Male 13 (54%) 1 (33%) 6 (100%)

 � Female 11 (46%) 2 (67%) 0 (0%)

Primary cancer

 � Non-small cell lung cancer 8 (33%) 1 (33%) 3 (50%)

 � Breast cancer 6 (25%) 2 (67%) 0 (0%)

 � Othersa 10 (42%) 0 (0%) 3 (50%)

Symptom (pain)

 � Yes 7 (24%) 3 (100%) 5 (83%)

 � No 22 (76%) 0 (0%) 1 (17%)

Systemic treatment

 � Yes 21 (88%) 3 (100%) 3 (50%)

 � No 3 (13%) 0 (0%) 3 (50%)

Diagnostic image at diagnosis

 � CT 100 (100%) 100 (100%) 100 (100%)

 � PET 24 (83%) 2 (67%) 2 (33%)

 � MRI 13 (45%) 1 (33%) 3 (50%)

 � Bone scintigraphy 25 (86%) 3 (100%) 4 (67%)

Diagnostic image at follow-up

 � CT 27 (93%) 3 (100%) 5 (83%)

 � PET 6 (21%) 0 (0%) 1 (17%)

 � MRI 7 (24%) 0 (0%) 0

 � Bone scintigraphy 23 (79%) 3 (100%) 3 (50%)

Treated site

 � Pelvis 18 (62%) 3 (100%) 4 (67%)

 � Femur 3 (10%) 0 (0%) 2 (67%)

 � Rib 5 (17%) 0 (0%) 0 (0%)

 � Scapular 1 (3%) 0 (0%) 0 (0%)

 � Skull 1 (3%) 0 (0%) 0 (0%)

 � Sternum 1 (3%) 0 (0%) 0 (0%)

Metastatic tumor type

 � Lytic 20 (87%) 0 (0%) 5 (83%)

 � Sclerotic 0 (0%) 0 (0%) 0 (0%)

 � Mixed 3 (13%) 3 (100%) 1 (17%)

Prescription dose (Gy)/fraction

 � 18/1 26 (90%) 0 (0%) 0 (0%)

 � 24-60/3 10 (34%) 1 (33%) 4 (67%)

 � 28-48/4 11 (38%) 2 (67%) 2 (33%)

 � 40-50/5 5 (17%) 0 (0%) 0 (0%)

BED10Gy (Gy) 79.6 (43.2–132) 47.6 (43.2–47.6) 43.2 (43.2–47.6)

MUO, metastasis of unknown origin; PET, positron emission tomography; BED10Gy, biologically equivalent dose using an α/β of 10 Gy in the linear quadratic 
model.
aOthers include hepatocellular carcinoma, renal cell carcinoma, small cell lung cancer, rectal cancer, gastric cancer, cervical cancer, Ewing’s sarcoma, 
Melanoma, and metastasis of unknown origin.

http://birpublications.org/bjr


6 of 8 birpublications.org/bjr Br J Radiol;92:20181048

BJR  Yu et al

of SABR achieved a high local control rate (94.2%) at both 1 
and 2 years, and approximately 50% of patients in the single- 
or oligo-metastatic group exhibited long-term survival. 
Other studies using 1 to 5 fractions of SABR for non-spinal 
bone metastases also reported 2 year local control rates of 
83–100%.8–11

In the past, radiotherapy was not commonly recommended 
for asymptomatic bone metastases because the primary aim 
of the treatment was pain relief and functional preservation. 
Therefore, the response assessment was based on patient-re-
ported pain scores and analgesic consumption. However, 
effective systemic agents prolonged the survival of patients, 
and recent technological advances in stereotactic radiotherapy 
have enabled improvement of local control; thus, SABR could 
shift the aim of the treatment to improve local tumor control 
and/or OS. In a prospective study investigating the efficacy 
of SABR for patients with oligo-metastases, the 2-, 4- and 6 
year OS rates were 50%, 28% and 20%, respectively.10 These 
results suggest that patients could achieve long-term survival 
and disease control with aggressive radiotherapy for limited 
metastasis.

Similarly, the primary endpoint was local control in most recent 
studies investigating SABR for bone metastases, and SABR 

was also commonly performed in asymptomatic patients with 
bone metastasis.11,12 Our analysis demonstrated that 61% of 
patients who underwent bone SABR were asymptomatic before 
treatment. Therefore, the response assessment criteria should 
include the objective radiological image as well as the clinical 
response based on pain score. Currently, the RECIST criteria 
are the most commonly used method for objectively evaluating 
tumor response; however, they have limitations in evaluating 
the response of bone metastases to treatment.13 The RECIST 
criteria defines measurable lesions as those that can be accu-
rately measured to within ≥10 mm of the greatest diameter using 
CT.5 Functional imaging, such as bone scan and positron emis-
sion tomography, is not considered to be useful for measuring 
bone lesions, but can be used only adjunctively to confirm the 
presence or disappearance of bone lesions. In contrast, the MDA 
criteria use bone scan as well as CT and MRI to assess response.6 
In the MDA criteria, sclerotic rim or fill-in of lytic lesion and 
decrease or normalization of blastic lesions, which are not quan-
titative or measurable changes in bone lesions, were also consid-
ered as “responsive”. Regression on bone scan is also evaluated 
as “responsive”, except for rapid regression, which can be shown 
in rapid osteolytic progression. These qualitative elements of 
the evaluation criteria are not in the RECIST criteria, and have 
resulted in differences in response assessments (Table  4). For 
example, in our study, the change in the size of the mass portion 

Table 4. Response according to RECIST 1.1 and MDA criteria.

Months 3–7 Months 9–13 Months 17–20 Months 22–24
MDA RECIST MDA RECIST MDA RECIST MDA RECIST

CR 2 (5%) 2 (5%) 2 (8%) 3 (12%) 4 (25%) 2 (13%) 4 (31%) 3 (23%)

PR 24 (63%) 20 (54%) 22 (88%) 15 (60%) 10 (63%) 9 (56%) 9 (69%) 7 (54%)

SD 11 (29%) 15 (41%) 1 (4%) 7 (28%) 1 (6%) 4 (25%) 0 (0%) 3 (23%)

PD 1 (3%) 0 (0%) 0 (0%) 0 (0%) 1 (6%) 1 (6%) 0 (0%) 0 (0%)

Totala 38 37 25 25 16 16 13 13

MDA, MD Anderson Cancer Center; RECIST, the Response Evaluation Criteria in Solid Tumors; CR, complete response; PR, partial response; SD, 
stable disease; PD, progressive disease.
aThe number of available patients

Figure 2. Progression-free survival (a) and overall survival (b) according to the University of Texas MDA Cancer Center (Houston, 
TX) criteria. MDA, MD Anderson Cancer Center.
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of lytic bone lesions on CT was at a level conforming to “stable 
disease” according to the RECIST criteria, but the lesions were 
considered to be “responsive” according to the MDA criteria 
because there was a development of a sclerotic rim and signif-
icant decrease in tracer uptake on bone scan at 6 months after 
the treatment.

The comparisons between imaging assessment criteria in our 
study indicate that the MDA criteria are superior to the RECIST 
version 1.1 criteria in differentiating responders and non-re-
sponders among patients with non-spinal bone metastases in terms 
of PFS and OS rates. The inconsistency of response evaluation 
between different response criteria has also been reported in other 
studies.3,14,15 Hamaoka, et al compared two response criteria from 
the World Health Organization (WHO) and the MDA Cancer 
Center in stratifying breast cancer patients with bone-only metas-
tases, and demonstrated the advantages of the MDA classification 
in differentiating between responders and non-responders among 
patients with bone metastases after systemic therapy.12 There were 
significant differences in PFS between responders and non-re-
sponders classified according to the MDA criteria (p = 0.025), as in 
our study; however, there were none using the World Health Orga-
nization criteria.

Similar to other studies investigating oligo-metastases, our study 
also demonstrated that at least half of patients with single- or 
oligo-metastasis or oligo-progression survived for up to 2 years.15,16 
However, patients with widespread metastasis exhibited a desperate 
median survival of 5.8 months and no patients survived more than 
a year. Other studies have suggested the need for re-radiotherapy, 

oligo-metastatic disease, and oligo-metastatic progression as 
potential indications for SABR in bone metastases.17,18 As firm 
recommendations of indications are not yet to be established for 
SABR in bone metastases, all the above information should be 
comprehensively considered.

The current study had several limitations, the first of which was 
that it did not provide the highest level of evidence because of its 
retrospective design and relatively small sample size. The treatment 
details such as dose prescription and origin or location of tumors 
varied among the included patients, and these differences could 
affect treatment outcome. Additionally, a selection bias may have 
been introduced because SABR is performed in patients with fewer 
comorbidities and better performance status in general. The major 
end points were response assessments of the tumor, which can vary 
among different radiologists.19 

Although the patient population was heterogeneous, SABR for 
non-spinal bone metastases exhibited a high local control rate 
with acceptable toxicity. The MDA classification had an advan-
tage in differentiating between responders and non-responders 
compared with the RECIST criteria. Appropriate treatment indi-
cation and unified response evaluation are important for future 
clinical trials and wide implementation of SABR for non-spinal 
bone metastases in the clinic.
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