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Summary
We evaluated the use of sin-
gle fraction radiation therapy
(SFRT) for the management
of bone metastases (BM) in
an Australian population-
based cohort between 2012
and 2017. Less than one-in-
five courses of palliative ra-
diation therapy for BM were
SFRT, with no significant
change in SFRT use over
time. There is large variation
in practice by patient-,
tumour-, sociodemographic-,
geographical- and institu-
tional provider factors.
Future work is needed to
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Purpose: To evaluate the use of single-fraction palliative radiation therapy (SFRT) for
the management of bone metastases (BM) in Victoria, Australia.
Methods and Materials: This is a population-based cohort of patients with cancer who
received radiation therapy for BM between 2012 and 2017 as captured in the Victorian
Radiotherapy Minimum Data Set. The primary outcome was proportion of SFRT use.
The Cochrane-Armitage test for trend was used to evaluate changes in practice over
time. Multivariable logistic regression was used to assess factors associated with SFRT
use.
Results: Of the 18,158 courses of radiation therapy for BM delivered to a total of
10,956 patients, 17% were SFRT. There was no significant change in SFRT use over
time, from 18% in 2012 to 19% in 2017 (P Z .07). SFRTwas less commonly given to
the skull (4%) and spine (14%), compared with the shoulder (37%) and ribs (53%).
Patients with lung cancer (21%) were most likely to receive SFRT, followed by those
with prostate cancers (18%) and gastrointestinal cancers (16%). Patients from
regional/remote areas were more likely to have SFRT compared with those in major
cities (22% vs 16%, P < .001). Patients treated in public institutions were more likely
to have SFRT compared with those treated in private institutions (22% vs 10%, P <
.001). In multivariable analyses, increasing age, lung cancer, higher socioeconomic
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increase the use of SFRT for

management of BM.
status, residence in regional/ remote areas, and being treated in public institutions were
factors independently associated with increased likelihood of receiving SFRT.
Conclusions: SFRT appears underused for BM in Australia over time, with variation
in practice by patient, tumor, sociodemographic, geographical, and institutional pro-
vider factors. � 2019 Elsevier Inc. All rights reserved.
Introduction

Palliative radiation therapy (RT) is a well-established treat-
ment modality for symptom management in patients with
bone metastases (BM). Multiple randomized trials have
shown that single-fraction RT (SFRT) and multifraction RT
are equally effective for symptom control for uncomplicated
BM.1-3 It is generally recommended that a protracted course
of palliative RT (>10 fractions) be viewed as an indicator of
poor quality of care. The American Society for Radiation
Oncology guidelines4 and the US Choosing Wisely (CW)
recommendation5 state that 1, 5, 6, and 10 fractions all pro-
vide adequate and equivalent symptom control for BM and
that a course of >10 fractions is unlikely to provide any
further clinical benefits. Similarly, the Australian CW
campaign advises against extended fractionation schemes
(>10 fractions),6 and the Canadian CW campaign went even
further to recommend SFRT for uncomplicated painful BM.7

An international pattern-of-practice study found that there is
a global reluctance to use SFRT for uncomplicated BM8;
however, there is limited data fromAustralia.9 The aimof this
study is to evaluate SFRT use for BM in a population-based
cohort of patients in Australia and to identify factors asso-
ciated with SFRT use.

Methods and Materials

Study population

The study comprised all patients with solid tumors who
receivedRT for BM as captured in theVictorianRadiotherapy
Minimum Data Set (VRMDS) between 2012 and 2017. The
VRMDS is an initiative by the Victorian Government
Department of Health and Human Services in collaboration
with all public and private RT service providers to capture all
episodes of RT delivered in Victoria, Australia. For this study,
theRT target sites had to be explicitly documented as bone (eg,
bone of the spine and pelvic bone) to differentiate them from
spinal cord and pelvis. Patients who had primary bone ma-
lignancies (ICD-10 code: C40-C41)were excluded. The study
was approved by our institutional human research ethics
committee (LNR/18/Austin/34).

Primary outcomes and covariables

The primary outcome was documented use of SFRT. Fac-
tors associated with SFRT use that were evaluated include
patients’ age at treatment, primary cancer type, RT target
site, socioeconomic status, geographic remoteness of area
of residence, treatment institution type (public vs private),
and location (metropolitan vs regional).

Statistical analyses

Differences in characteristics of patients who had SFRT
versus multifraction RT were evaluated using Pearson’s c2

test for categorical variables and Student’s t test for
continuous variables. The Cochrane-Armitage test for trend
was used to evaluate temporal trend in SFRT use. Logistic
regression was used to evaluate factors associated with
SFRT use; variables with P < .1 in univariable analyses
were included in the multivariable modeling. All multi-
variate models employed the robust standard errors, with
analyses clustered on patient identifiers to allow for clus-
tering of patients who had multiple courses of RT. A
2-sided P value of <.05 was considered to indicate statis-
tical significance. All statistical analyses were performed
using STATA/IC 13 (STAT Corp, College Station, TX).

Results

A total of 10,956 patients received 18,158 courses of palliative
RT for BM. Of these, 3,152 courses of RT (17%) were SFRT,
with no significant change in SFRTuse over timedfrom 18%
in 2012 to 19% in 2017 (P-trendZ .07; Table 1, Fig. 1).

SFRT was more likely to be delivered to older patients:
20% in patients aged �80 years, compared with 15% in
patients aged <60 years (P < .001). Patients with primary
lung cancers were more likely to have SFRT (21%)
compared with those with other primary cancers (P < .001).
A higher proportion of SFRT was delivered to ribs (47%)
and shoulder (37%), compared with spine (14%) and skull
(4%) (P < .001). A higher proportion of SFRT was deliv-
ered to patients from regional/remote area (22%) compared
with those from major cities (16%) (P < .001). Although
there was no difference in the proportion of SFRT delivery
between metropolitan and regional centers (P Z .8), the
proportion of SFRT delivered in private institutions (10%)
was significantly lower compared with that in public in-
stitutions (22%) (P < .001).

In multivariable analyses, increasing age, primary can-
cer type (lung cancer), target site of RT (non-skull and non-
spine), higher socioeconomic status, regional/ remote areas
of residence, and treatment in public institutions were all
independently associated with increased SFRT use
(Table 2).



Table 1 Factors associated with single- versus multifraction radiation therapy

No. of courses of
SFRT (N Z 3,152, 17%)

No. of course of
MFRT (N Z 15,006, 83%) P value

Age at radiation therapy for bone metastases, y
Mean (SD) 69.4 (13.5) 68.2 (13.0) <.001
<60 663 (15%) 3678 (85%) <.001
60-69 849 (17%) 4156 (83%)
70-79 939 (18%) 4336 (82%)
�80 701 (20%) 2836 (80%)

Sex
Male 1878 (17%) 8886 (83%) .7
Female 1274 (17%) 6120 (83%)

Primary cancer type
Lung 922 (21%) 3413 (79%) <.001
Prostate 796 (18%) 3528 (82%)
Breast 535 (15%) 2923 (85%)
Gastrointestinal 286 (16%) 1554 (84%)
Melanoma 114 (13%) 798 (87%)
Other 499 (15%) 2790 (85%)

Target site of radiation therapy
Spine 1245 (14%) 7616 (86%) <.001
Skull 78 (4%) 1751 (96%)
Rib 614 (47%) 687 (53%)
Shoulder 307 (37%) 514 (63%)
Hip 232 (22%) 801 (78%)
Pelvic bone 234 (16%) 1188 (84%)
Extremities 276 (21%) 1039 (79%)
Multiple sites 166 (11%) 1410 (89%)

Socioeconomic status
First quintile (most disadvantaged) 683 (18%) 3109 (82%) <.001
Second quintile 542 (19%) 2337 (81%)
Third quintile 549 (17%) 2770 (83%)
Fourth quintile 559 (15%) 3158 (85%)
Fifth quintile (least disadvantaged) 819 (18%) 3722 (82%)

Remoteness of residency
Major city 2058 (16%) 10,555 (84%) <.001
Inner regional 883 (19%) 3690 (81%)
Outer regional/remote/very remote 211 (22%) 761 (78%)

Treatment institution type
Public 2413 (22%) 8593 (78%) <.001
Private 739 (10%) 6413 (90%)

Treatment institution location
Metropolitan 2425 (17%) 11,572 (83%) .8
Regional 727 (17%) 3434 (83%)

Year of radiation therapy for bone metastases
2012 454 (18%) 2067 (82%) .07
2013 520 (17%) 2582 (83%)
2014 538 (17%) 2722 (84%)
2015 511 (16%) 2757 (84%)
2016 577 (18%) 2544 (82%)
2017 552 (19%) 2334 (81%)
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Discussion

This is, to our knowledge, the largest contemporary
Australian population-based study evaluating the use of
SFRT for BM. Overall, the 17% SFRT use in Australia is
markedly lower than that reported in earlier population-
based studies in Europe and Canada. Laugsand et al re-
ported SFRT use of 31% between 1997 and 2007 in Nor-
way,10 and Olson et al reported SFRT use of 49% between
2007 and 2011 in British Columbia, Canada.11 The use of
SFRT in the United States, however, is much lower. In a
study using the Surveillance, Epidemiology and End
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Table 2 Factors associated with single-fraction radiation therapy use for bone metastases

Univariable analyses Multivariable analyses

OR (95% CI) P value OR (95% CI) P value

Age at radiation therapy for bone metastases, y
<60 Reference Reference
60-69 1.13 (1.01-1.27) .03 1.08 (0.93-1.25) .3
70-79 1.20 (1.08-1.34) .001 1.15 (0.98-1.34) .09
�80 1.37 (1.22-1.54) <.001 1.38 (1.17-1.63) <.001

Sex
Male Reference Reference
Female 0.98 (0.91-1.07) .7 - -

Primary cancer type
Lung Reference Reference
Prostate 0.84 (0.75-0.93) .001 0.78 (0.67-0.91) .001
Breast 0.68 (0.60-0.76) <.001 0.68 (0.57-0.80) <.001
Gastrointestinal 0.68 (0.59-0.79) <.001 0.63 (0.51-0.77) <.001
Melanoma 0.53 (0.43-0.65) <.001 0.57 (0.43-0.77) <.001
Other 0.66 (0.59-0.75) <.001 0.56 (0.47-0.66) <.001

Target site of radiation therapy
Spine Reference Reference
Skull 0.27 (0.22-0.34) <.001 0.22 (0.16-0.29) <.001
Rib 5.47 (4.83-6.19) <.001 6.08 (5.18-7.14) <.001
Shoulder 3.65 (3.13-4.26) <.001 3.73 (3.09-4.50) <.001
Hip 1.77 (1.51-2.07) <.001 1.83 (1.50-2.23) <.001
Pelvic bone 1.20 (1.03-1.40) <.001 1.43 (1.19-1.72) <.001
Extremities 1.62 (1.40-1.88) <.001 1.67 (1.41-1.99) <.001
Multiple sites 0.72 (0.61-0.86) <.001 0.75 (0.61-0.92) .001

Socioeconomic status
First quintile (most disadvantaged) Reference Reference
Second quintile 1.03 (0.90-1.16) .7 1.09 (0.92-1.29) .3
Third quintile 0.88 (0.77-0.99) .04 1.01 (0.86-1.20) .0
Fourth quintile 0.78 (0.69-0.88) <.001 0.99 (0.83-1.18) .9
Fifth quintile (least disadvantaged) 0.97 (0.87-1.09) .6 1.20 (1.03-1.41) .02

Remoteness of residency
Major city Reference Reference
Inner regional 1.22 (1.12-1.34) <.001 1.26 (1.11-1.44) <.001
Outer regional/remote/very remote 1.42 (1.21-1.67) <.001 1.58 (1.27-1.95) <.001

Treatment institution type
Public Reference Reference
Private 0.41 (0.38-0.45) <.001 0.35 (0.31-0.40) <.001

Treatment institution location
Metropolitan Reference Reference
Regional 1.01 (0.92-1.11) .8 - -

Year of radiation therapy for bone metastases
2012 Reference Reference
2013 0.92 (0.80-1.05) .2 0.93 (0.79-1.11) .4
2014 0.90 (0.78-1.03) .1 0.82 (0.69-0.98) .03
2015 0.84 (0.73-0.97) .02 0.74 (0.62-0.88) .001
2016 1.03 (0.90-1.18) .6 0.91 (0.77-1.08) .3
2017 1.08 (0.94-1.24) .3 0.92 (0.78-1.10) .4

=
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Results Medicare database showed SFRT use of only 3.3%
among men with prostate cancer who had RT for BM be-
tween 2006 and 2009.12 In a more contemporary statewide
Fig. 1. Use of single-fraction radiation therapy use for bone
primary cancer type, (D) target site of radiation therapy, (E) so
treatment institution type and location.
pattern of practice study by the Michigan Radiation
Oncology Quality Consortium in 2017, the use of SFRT for
BM was still low at 7.7%.13
metastases over time, stratified by (A) age, (B) sex, (C)
cioeconomic status, (F) remoteness of residency, and (G)
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A major strength of this population-based study is that
it is based on delivered RT data and hence reflects the
actual practice pattern in our population, rather than
what clinicians theoretically practice.14-16 It also allows
us to identify interinstitutional variations in care. Several
Canadian population-based studies have reported large
variations in SFRT use across provincial cancer regis-
tries17 and cancer centers.11 In the current study, we
observed significant variation in practice between public
and private institutions. Earlier studies in 2 large public
institutions in Australia between 1997 and 2009 reported
a higher SFRT utilization of 29%.9 We believe a possible
reason for the institutional variation in practice may be
driven by the Medicare’s remuneration process in current
Australian health care settings, which is determined by
the number of RT fractions delivered. We also observed
geographic variation in SFRT use, with patients who live
in regional/ remote areas more likely to receive SFRT,
consistent with several earlier studies.9,18 Given the long
travel distance from remote areas to RT centers, these
groups of patients definitely benefit from the convenience
of SFRT, especially within rapid-access clinics, where
they can be assessed, simulated, and treated all within a
day.19

The observed differences in SFRT use between patients
with different primary cancer types may reflect the un-
derlying natural history of each cancerdfor example, the
higher proportion of SFRT use in patients with lung cancer
could be due to the relatively poor prognosis in this group
of patients. We also observed lower utilization of SFRT for
skull and spine metastases. It is important to note that most
of the evidence for SFRT focuses on “uncomplicated” BM
(ie, painful BM unassociated with impending or existing
pathologic fractures, spinal cord, or cauda equina
compression).20 It is possible that a significant proportion
of RT for spine metastases were for complicated BM.
However, administrative data sets such as VRMDS lack the
granularity to differentiate complicated and uncomplicated
BM. In addition, we could not discount potential misclas-
sification of target sites of RT in the administrative data-
base (eg, miscoding between “spinal cord” and “bone of
spine”).
Conclusions

Despite evidence supporting the use of SFRT for man-
agement of BM, it remains underused in this Australian
contemporary population-based study. There appears to
be large variation in practice by geographic factors
(possibly for logistics reasons) and by institutional pro-
vider factors (which may be remuneration-driven).
Future work is needed to increase the utilization of
SFRT for BM and reduce variations in pattern of
practice.
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