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A B S T R A C T

Background: Bone metastases and lytic lesions due to multiple myeloma are common in advanced cancer and can
lead to debilitating complications (skeletal-related events [SREs]), including requirement for radiation to bone.
Despite the high frequency of radiation to bone in patients with metastatic bone disease, our knowledge of
associated healthcare resource utilization (HRU) is limited.
Methods: This retrospective study estimated HRU following radiation to bone in Austria, the Czech Republic,
Finland, Greece, Poland, Portugal, Sweden and Switzerland. Eligible patients were ≥ 20 years old, had bone
metastases secondary to breast, lung or prostate cancer, or bone lesions associated with multiple myeloma, and
had received radiation to bone between 1 July 2004 and 1 July 2009. HRU data were extracted from hospital
patient charts from 3.5 months before the index SRE (radiation to bone preceded by a SRE-free period of ≥ 6.5
months) until 3 months after the last SRE that the patient experienced during the study period.
Results: In total, 482 patients were included. The number of inpatient stays increased from baseline by a mean of
0.52 (standard deviation [SD] 1.17) stays per radiation to bone event and the duration of stays increased by a
mean of 7.8 (SD 14.8) days. Outpatient visits increased by a mean of 4.24 (SD 6.57) visits and procedures by a
mean of 8.51 (SD 7.46) procedures.
Conclusion: HRU increased following radiation to bone across all countries studied. Agents that prevent severe
pain and delay the need for radiation have the potential to reduce the burden imposed on healthcare resources
and patients.

1. Introduction

Bone metastases affect approximately 35% of patients with ad-
vanced lung cancer [1], up to 73% of patients with advanced breast
cancer [1] and more than 90% of patients with advanced prostate
cancer [2]. In addition, lytic bone lesions affect almost all patients with
multiple myeloma [1]. Bone complications or skeletal-related events

(SREs; including radiation to bone, surgery to bone, pathologic fracture
and spinal cord compression) can drastically reduce patients’ quality of
life [1], and increase the risk of death [1].

Bone metastases secondary to solid tumours and bone lesions due to
multiple myeloma are a common cause of cancer-related pain [1], and
approximately half of patients with metastatic bone disease experience
moderate–severe pain [3]. The World Health Organization's cancer pain
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ladder recommends that all patients experiencing moderate-to-severe
pain should receive opioids [4]. Despite these recommendations,
treatment of cancer pain is often inadequate [3]; indeed, an integrated
analysis of three large clinical studies of patients with bone metastases
showed that less than one-third of patients with moderate-to-severe
pain were treated with strong opioids [3].

A frequent, effective and valuable treatment option for bone pain is
palliative radiotherapy, which is recommended by clinical guidelines
for the treatment of localized bone pain in patients with bone metas-
tases [5]. Improvement in pain following radiation to bone is reported
by up to 80% of patients [6]; however, it may take up to 12–20 weeks to
achieve complete pain relief [7]. Palliative radiotherapy is also useful in
preserving function and maintaining skeletal integrity and is often used
to stabilize symptomatic pathologic fractures or spinal cord compres-
sions [6]. It can also be used following surgery to bone to minimize
disease progression and to improve functional status [8].

Data from placebo arms of randomized clinical trials of patients
with prostate cancer or with lung cancer and other solid tumours (ex-
cluding breast and prostate) show that radiation to bone is the most
common SRE [9,10]. Despite the high frequency of radiation to bone in
patients with metastatic bone disease, our knowledge of its impact on
health resource utilization (HRU), particularly in Europe, is limited. A
large multinational study in Germany, Spain, Italy and the United
Kingdom (UK) demonstrated that the time following radiation to bone
is associated with considerable HRU and costs [11], and single-centre
studies in Portugal and Spain also showed that this SRE contributes
considerably to HRU [12,13]. However, data from other countries
across Europe are scarce.

Determining the level of HRU associated with the time following
radiation to bone will help to determine optimal patient management.
The primary aim of this study was to provide estimates of HRU asso-
ciated with all types of SRE in eight European countries; here, we report
data specifically relating to the time following radiation to bone.

2. Materials and methods

2.1. Patients and study design

This retrospective study involved patients from Austria, the Czech
Republic, Finland, Greece, Poland, Portugal, Sweden and Switzerland.
To be included in this analysis, patients had to be at least 20 years of
age, have bone metastases secondary to breast, lung or prostate cancer,
or bone lesions due to multiple myeloma, and have experienced an
index SRE of radiation to bone between 1 July 2004 and 1 July 2009.
An index SRE was defined as a radiation to bone event preceded by a
SRE-free period of at least 6.5 months; this ensured that radiation to
bone was only included as an index SRE when it occurred in isolation,
and not when it was used as a follow-up procedure after a different type
of SRE. Per protocol, patients who died within 2 weeks of their index
SRE and those whose chart data were of insufficient quality were

excluded to avoid a potential underreporting of HRU. In addition, pa-
tients were excluded if they had, at any time, participated in a deno-
sumab clinical trial programme. Consecutive patient charts were
screened and data for those fulfilling the inclusion/exclusion criteria
were captured until the pre-specified target of 60 patients was reached
in each country.

This study was approved in accordance with each country's official
governmental and institutional ethical regulations. If requested by in-
stitutional ethics committees, patients were asked to provide informed
consent; however, this was generally not required.

2.2. Data collection

Data were collected from individual hospital patient charts.
Patients’ baseline demographics and disease characteristics were cap-
tured in addition to primary HRU outcome measures, including in-
patient hospital stays (number and duration), procedures (number and
type [e.g. imaging, outpatient surgery, etc.]), and the number of out-
patient visits, emergency room visits and day-care hospital visits (pa-
tients who required more prolonged treatment or investigations than
outpatients, but did not require an overnight stay).

2.3. SREs included

For patients with a single index SRE, data were extracted from
hospital patient charts from 3.5 months before to 3 months after the
index SRE (Fig. 1a). For patients with multiple SREs, the data extraction
period was extended until 3 months after the last SRE experienced by
the patient during the study period (Fig. 1b). There was no limit to the
number of SREs included in the post-index SRE period.

2.4. Attribution of HRU to SREs

A period of 3 months, occurring 3.5 months before the index SRE,
was used to establish baseline HRU and a 14-day (0.5-month) period
was included immediately before the index SRE to allow for any diag-
nostic HRU. To ensure there was no carry-over of HRU from any SREs
that occurred before the 3.5-month pre-index SRE period, a preceding
SRE-free period of 3 months was required (Fig. 1). In line with time
windows used in pivotal clinical trials [14], SREs that occurred at the
same anatomical site but were at least 21 days apart were considered as
separate events. To avoid underestimating HRU, if a SRE occurred as a
result of another SRE, when multiple SREs were present at the same
anatomical site and within a 21-day window, the total HRU was at-
tributed to the index SRE. Unlinked SREs (i.e. those at different ana-
tomical sites, or the same anatomical site but outside of the 21-day time
window) were reviewed by an expert panel to ensure that HRU was
attributed appropriately. Across the entire study, the expert panel was
required to attribute HRU to unlinked SREs in only approximately 5%
of the total number of cases.

Fig. 1. Study design and data collection for patients with (a) one
SRE and (b) multiple SREs. aTo ensure lack of carry-over of HRU
from a previous SRE that occurred before the 3.5-month pre-SRE
period, a clean window of an additional 3 months without an SRE
was required. bFor multiple SREs, the post-index SRE observa-
tional period was extended to 3 months following the last ob-
served SRE. To ensure that any HRU used to diagnose the SRE is
included in the HRU burden for the SRE, there is a 2-week diag-
nosis period immediately before the SRE. Estimate of HRU asso-
ciated with SRE = (post-SRE period + diagnosis period) −
baseline period. Data were adjusted to allow for the different
lengths of the baseline and post-baseline periods. When multiple
SREs were observed at the same anatomical site and within a 21-
day window, HRU was attributed to the index SRE. When mul-
tiple SREs were observed at the same anatomical site but outside a

21-day window, or multiple SREs were observed at different anatomical sites on the same or different days, the expert panel attributed HRU to the respective SRE. HRU, healthcare
resource utilization; SRE, skeletal-related event.
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2.5. Statistical analysis

After adjustment for differences in the lengths of the baseline and
post-baseline periods, the change from baseline was used to estimate
HRU associated with the SRE. Descriptive statistics for continuous data
were summarized by the mean and standard deviation (SD) to indicate
the total resources used at a population level.

3. Results

3.1. Study population

In total, 482 patients with an index SRE of radiation to bone were
included (Table 1): 57 patients were enrolled in Austria, 59 patients
were enrolled in each of the Czech Republic, Greece, Portugal and
Switzerland, 60 patients in Finland, 62 patients in Sweden and 67 pa-
tients in Poland. Baseline demographics and disease characteristics
were generally similar across countries, but there were some excep-
tions. The majority of patients were men in all countries apart from
Austria (26.3%) and the Czech Republic (45.8%). Sweden had a con-
siderably larger proportion of patients aged 75 years or older (35.5%)
than the other seven countries (range: 6.8–16.7%). Overall, most pa-
tients had an Eastern Cooperative Oncology Group (ECOG) status of 1
(50.1%) or 2 (25.1%); patients in Austria were more likely to have an
ECOG status of 0 (51.4%) than patients in the other countries (range:
3.1–29.1%). Breast cancer was the predominant cancer type among
enrolled patients in Austria, the Czech Republic and Poland
(41.8–63.2%), whereas in Finland, Sweden and Switzerland it was

prostate cancer (39.0–56.7%), and in Greece and Portugal over half of
the patients had lung cancer (57.6% and 50.8%, respectively). A min-
ority of patients had multiple SREs (20.7% overall); however, this
proportion was much higher in Sweden (50.0%) and Finland (41.7%)
than in other countries (range: 6.0–22.0). The median time since di-
agnosis of bone metastases/bone lesions was 2.5 months in the overall
population, with the longest median times in Switzerland (17.7 months)
and Sweden (11.3 months), and the shortest times in Poland (1.4
months) and Portugal (1.3 months). In patients with solid tumours,
across Austria, Greece, Poland and Portugal, almost all patients had
bone metastases at only one or two anatomical sites (90.7–100%),
whereas in the Czech Republic, Finland, Sweden and Switzerland, fewer
patients had bone metastases confined to one or two sites
(60.4–67.8%).

3.2. Change from baseline in the number and duration of inpatient stays

Across all countries, comparing the overall number of inpatient
stays during the baseline period with the number of stays in the period
after the index SRE, the number of inpatient stays increased in fre-
quency by a mean of 0.52 (SD 1.17) stays following each radiation to
bone event across the countries (Fig. 2a). The biggest increase was seen
in Finland (0.67 [1.33]) and the smallest in Portugal (0.30 [0.54]). The
rise in the number of inpatient stays was accompanied by a mean in-
crease in the duration of stays of 7.8 (14.8) days (Fig. 2b), which was
similar across all countries (range: 6.6–9.9 days).

Similarly, increases in the number of inpatient stays were docu-
mented most frequently for oncology units across all countries, with a

Table 1
Baseline demographics and disease characteristics.

All countries
(N =482)

Austria
(n=57)

Czech
Republic
(n=59)

Finland
(n=60)

Greece
(n=59)

Poland
(n=67)

Portugal
(n=59)

Sweden
(n=62)

Switzerland
(n=59)

Age, years, mean (SD) 63.2 (11.3) 59.6 (12.4) 64.5 (11.3) 65.7 (9.2) 60.5 (11.2) 61.4 (11.1) 61.9 (11.9) 70.0 (10.8) 62.2 (9.2)
Female, n (%) 200 (41.5) 42 (73.7) 32 (54.2) 16 (26.7) 19 (32.2) 31 (46.3) 21 (35.6) 16 (25.8) 23 (39.0)
Age group, n (%)

<65 years 257 (53.3) 35 (61.4) 26 (44.1) 29 (48.3) 33 (55.9) 44 (65.7) 35 (59.3) 19 (30.6) 36 (61.0)
≥65 years 225 (46.7) 22 (38.6) 33 (55.9) 31 (51.7) 26 (44.1) 23 (34.3) 24 (40.7) 43 (69.4) 23 (39.0)
≥75 years 73 (15.1) 5 (8.8) 9 (15.3) 10 (16.7) 4 (6.8) 9 (13.4) 8 (13.6) 22 (35.5) 6 (10.2)

ECOG status, n (%)
0 62 (12.9) 18 (31.6) 5 (8.5) 3 (5.0) 8 (13.6) 2 (3.0) 3 (5.1) 7 (11.3) 16 (27.1)
1 190 (39.4) 13 (22.8) 35 (59.3) 25 (41.7) 25 (42.4) 31 (46.3) 23 (39.0) 10 (16.1) 28 (47.5)
2 95 (19.7) 4 (7.0) 15 (25.4) 12 (20.0) 12 (20.3) 24 (35.8) 9 (15.3) 13 (21.0) 6 (10.2)
3 31 (6.4) 0 (0.0) 2 (3.4) 7 (11.7) 2 (3.4) 7 (10.4) 3 (5.1) 5 (8.1) 5 (8.5)
4 1 (0.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.7) 0 (0.0) 0 (0.0)
Unknown 103 (21.4) 22 (38.6) 2 (3.4) 13 (21.7) 12 (20.3) 3 (4.5) 20 (33.9) 27 (43.5) 4 (6.8)

Primary tumour
diagnosis, n (%)

Breast cancer 151 (31.3) 36 (63.2) 30 (50.8) 10 (16.7) 15 (25.4) 28 (41.8) 13 (22.0) 5 (8.1) 14 (23.7)
Lung cancer 112 (23.2) 11 (19.3) 4 (6.8) 4 (6.7) 34 (57.6) 14 (20.9) 30 (50.8) 3 (4.8) 12 (20.3)
Prostate cancer 158 (32.8) 2 (3.5) 25 (42.4) 34 (56.7) 5 (8.5) 21 (31.3) 15 (25.4) 33 (53.2) 23 (39.0)
Multiple myeloma 61 (12.7) 8 (14.0) 0 (0.0) 12 (20.0) 5 (8.5) 4 (6.0) 1 (1.7) 21 (33.9) 10 (16.9)

SRE status, n (%)
Single 382 (79.3) 53 (93.0) 54 (91.5) 35 (58.3) 47 (79.7) 63 (94.0) 53 (89.8) 31 (50.0) 46 (78.0)
Multiple 100 (20.7) 4 (7.0) 5 (8.5) 25 (41.7) 12 (20.3) 4 (6.0) 6 (10.2) 31 (50.0) 13 (22.0)

Time since diagnosis of
bone metastases,
months

n 411 43 59 48 53 63 56 41 48
Mean (SD) 11.0 (17.0) 9.8 (20.1) 12.7 (16.5) 17.3 (24.3) 5.8 (8.8) 3.8 (5.9) 4.9 (8.8) 16.8 (18.5) 20.8 (19.8)
Median (Q1, Q3) 2.5 (0.8, 14.3) 2.1 (0.4,

6.3)
4.5 (0.9, 17.8) 5.1 (1.4,

23.5)
1.8 (0.5,
7.7)

1.4 (0.6,
4.9)

1.3 (0.7, 5.6) 11.3 (1.6,
26.0)

17.7 (1.6, 35.2)

Bone metastases sites, n
(%)

1–2 342 (71.0) 47 (82.5) 40 (67.8) 29 (48.3) 49 (83.1) 63 (94.0) 58 (98.3) 26 (41.9) 30 (50.8)
3–4 35 (7.3) 1 (1.8) 11 (18.6) 6 (10.0) 3 (5.1) 0 (0.0) 0 (0.0) 9 (14.5) 5 (8.5)
≥5 44 (9.1) 1 (1.8) 8 (13.6) 13 (21.7) 2 (3.4) 0 (0.0) 0 (0.0) 6 (9.7) 14 (23.7)
Missing 61 (12.7) 8 (14.0) 0 (0.0) 12 (20.0) 5 (8.5) 4 (6.0) 1 (1.7) 21 (33.9) 10 (16.9)

ECOG, Eastern Cooperative Oncology Group; Q, quartile; SD, standard deviation; SRE, skeletal-related event.
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mean increase in frequency of 0.16 (SD 0.67). Large increases in the
number of stays were also documented for radiation units (0.14 [SD
0.40]) and internal medicine units (0.10 [SD 0.54]). Similar patterns
were seen for increases in the duration of stays, with the largest mean
increases seen in radiation units (1.9 [SD 6.0]), followed by oncology
units (1.8 [SD 7.3]) and internal medicine units (1.1 [SD 6.4]). Overall,
urology, haematology and general units saw only small increases in the
number and duration of inpatient stays (data not shown).

3.3. Change from baseline in the number of outpatient visits and procedures

Collectively, the number of outpatient visits increased from baseline
by a mean of 4.24 (SD 6.57) visits per radiation to bone event (Fig. 3a).
Compared with the other countries participating in the study, Sweden
(1.19 [2.80]) and Poland (1.23 [2.52]) reported smaller increases in the
number of outpatient visits. The largest increases in the number of
outpatient visits were seen in Finland (6.95 [5.95]) and the Czech Re-
public (6.33 [8.31]). ‘Visits to a radiation oncologist/radiotherapist’
was the most common reason for the increase in overall outpatient
visits (mean increase of 3.65 [5.66] visits) and for each participating
country (Fig. 4a).

Overall, the number of procedures (Fig. 3b) increased by 8.51 (SD
7.46). Austria (12.15 [7.57] procedures), Switzerland (811.41 [5.73])
and Greece (11.12 [11.36]) reported larger increases than the other
countries included in the study. Again, increases were lowest in Sweden
(5.32 [4.50]) and Poland (5.74 [4.88]). External beam radiation was
the procedure type showing the greatest increase in frequency, with a
mean increase of 8.07 (6.51) procedures (Fig. 4b).

3.4. Change from baseline in the number of day-care and emergency room
visits

The number of day-care visits also rose, with an overall mean in-
crease from baseline of 1.64 (SD 4.26) visits per radiation to bone event
(Fig. 3c). Portugal (4.50 [6.03]) and Austria (2.97 [7.09]) reported

larger increases than other countries, whereas no change from baseline
was observed in Switzerland. Increases in the number of emergency
room visits were generally infrequent, with an overall increase of 0.10
(0.74).

4. Discussion

This study of a cross-section of patients with bone metastases from
eight European countries demonstrated that the time following radia-
tion to bone is associated with an increased HRU burden. Compared
with baseline, the largest increases in HRU were due to increases in the
numbers of outpatient visits and procedures; however, considerable
increases in the number and duration of inpatient stays were also seen.

Although radiation to bone is less frequently associated with a need
for inpatient stays than other SREs [11], this study showed that both the
number and the duration of inpatient stays increased from baseline
following a radiation to bone event. This suggests that patients may
have experienced complications requiring an overnight stay, or may
have received treatment with multiple fractions that required one or
more overnight stays. Alternatively, overnight hospital stays may have
been necessitated by long distance travel to the clinic, old age or poor
performance status.

Increases in HRU measures were seen across all eight countries in-
cluded in this study, although there were some notable variations in the
patterns of HRU. While the change in duration of inpatient stays was
fairly consistent across the countries, there were some differences in the
change in the number of stays. For example, the mean increase from
baseline in Finland was over twice that reported in Portugal. These
differences may reflect country-specific approaches to clinical practice,
or they could be a result of variations across the countries in baseline
patient characteristics. A change in the number of day-care visits was
observed in all countries apart from Switzerland, reflecting the pre-
ference for alternative facilities in Switzerland.

The change in the number of outpatient visits also varied across
countries, with much smaller increases in Poland and Sweden than in

Fig. 2. Mean change from baseline in (a) the number and (b) the duration of inpatient stays per radiation to bone event. Data are shown as mean (+ standard deviation). N, number of
patients enrolled from each country.
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the other countries. A similar pattern was seen for the change in the
number of procedures. The numbers of visits and procedures can be
used as a proxy to estimate the number of fractions each patient re-
ceived. These differences may reflect country-specific preferences for
single-fraction or multiple-fraction radiotherapy: it can be speculated
that countries with fewer outpatient visits and procedures may use
single-fraction radiotherapy more frequently than countries with higher
levels of HRU. However, radiotherapy practices vary across countries
[15]. The type of reimbursement system appears to influence the pre-
dominant fractionation regimen: countries that employ a budget and
case financing reimbursement system, such as the UK, Spain and the
Netherlands, use a lower total number of fractions than countries that
use a fee-for-service system, such as Germany and Switzerland [16].
The low number of visits in Sweden could also reflect the preference for
patients to be managed by nurses. In our study, visits to nurses were
only included if medical care was provided, so routine follow-up visits
may not be accounted for.

While our study is the first to describe in detail the HRU associated
with the time following radiation to bone in Austria, the Czech

Republic, Finland, Greece, Poland, Portugal, Sweden and Switzerland,
studies in other countries have shown similar contributions to HRU in
patients with bone metastases. A prospective, multicentre study in the
United States of America in patients with bone metastases secondary to
breast, prostate or lung cancer, and in patients with multiple myeloma
and bone lesions, reported that each radiation to bone event resulted in
a mean of 10 outpatient visits, 12 procedures and a duration of in-
patient stay of 8 days [17]. In the European cohort (UK, Germany, Italy
and Spain) of the same study, the time following radiation to bone was
associated with a small increase in the number of inpatient stays
(0.1–0.2). The duration of those stays, however, was considerable
(10–22 days) [11]. Another study in Spain also found that inpatient
stays attributed to the time following radiation to bone are lengthy
(13–19 days) [13].

HRU resulting from the time following radiation to bone is asso-
ciated with substantial costs to healthcare providers. Although the time
following individual radiation to bone events is less costly than other
SREs [11], radiation to bone is one of the most common SREs in pa-
tients with bone metastases [9,10]; as such, it accounts for a large

Fig. 3. Mean change from baseline in the number of (a) outpatient visits, (b) procedures and (c) day-care visits per radiation to bone event. Data are shown as mean (+ standard
deviation). N, number of patients enrolled from each country.
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proportion of SRE-associated costs.
Despite its value, radiation to bone can also have an impact on

patients. Across Europe, there is wide variation in the availability of
radiotherapy facilities [18], and many patients and family members or
carers are required to travel long distances for a relatively short
radiotherapy session. Travel distance negatively correlates with uptake
of radiotherapy [19], and it appears that this factor can impose an
additional burden on patients. Given the number of procedures per
radiation to bone event, it appears that the majority of patients in our
study received multiple-fraction radiotherapy. A literature review
confirmed that, despite evidence for the equivalent efficacy profile of
single-fraction radiotherapy and lower medical costs, current practices
and preferences favour multiple fractions for the treatment of bone
metastases, both in Europe and in the USA [15]. Increasing the use of
single-fraction treatment may decrease HRU by reducing the need for
multiple outpatient visits and procedures, and could improve the con-
venience of treatment for patients.

In addition to difficulties in accessing treatment, like all treatment
options, radiation to bone is also associated with some adverse effects.
Although radiotherapy can effectively reduce bone pain [5,6], it can
often be associated with fatigue [20] and can cause pain flares im-
mediately after treatment in approximately one-third of patients [21].
Patients may also experience radiation dermatitis, which can range
from mild erythema to skin ulceration [20]. Vomiting and diarrhoea
have been reported following radiation [20].

Such problems with travelling to treatment centres and experien-
cing adverse effects following treatment may reduce patients’ quality of
life. Data from a placebo-controlled trial of zoledronic acid in patients
with bone metastases secondary to prostate cancer indicated that, while
radiation to bone decreased pain scores, it also resulted in a larger
decrease in quality of life scores (Functional Assessment of Cancer
Therapy-General [FACT-G]) than seen with other SRE types. Thus, ra-
diation to bone negatively affected physical, functional and emotional
well-being [22]; however, a smaller study of patients with bone

metastases found that overall quality of life, as assessed by the Eur-
opean Organization for Research and Treatment of Cancer QLQ-C15-
PAL questionnaire, improved in those whose pain improved following
radiation to bone [23]. Clearly there is a need for further research to
improve our understanding of the benefit and the impact of radio-
therapy on patients’ well-being.

Bone-targeted treatments can reduce bone pain, improve quality of
life and decrease the incidence of SREs, including radiation to bone,
thereby reducing HRU. Studies have shown that bisphosphonates and
the RANK ligand inhibitor denosumab alleviate bone pain and delay the
need for radiation to bone in patients with bone metastases [3,24]. An
integrated analysis of three identically designed phase 3 trials showed
that clinically relevant increases in pain were experienced by sig-
nificantly fewer patients receiving denosumab than those receiving
zoledronic acid, the most commonly used bisphosphonate in patients
with bone metastases. This was true across a variety of tumour types
(including breast cancer, prostate cancer or other solid tumours, and
multiple myeloma) [3]. Radionuclide therapy is also an option for pa-
tients with bone metastases, especially if bone pain is not localized and
tumour-specific treatment seems to be ineffective. The β-emitting
radionuclides samarium-153 and strontium-89 reduce pain in patients
with bone metastases [2]. The recently approved α-emitter radium-223
reduced the need for radiation to bone compared with placebo in a
phase 3 trial of patients with prostate cancer [2]. Newer antineoplastic
agents have also been shown to reduce the incidence of SREs in patients
with prostate cancer: the anti-androgens enzalutamide and abiraterone
acetate reduced pain in placebo-controlled phase 3 trials in patients
with prostate cancer who had previously received docetaxel [9,25].
Systemic agents may be particularly useful in patients with multiple
bone metastases, and focal palliative radiation therapy can then be
considered for specific painful lesions. Furthermore, many of these
systemic agents also have the advantage of preventing or delaying other
types of SRE [9,14,25], and therefore have the potential to reduce HRU
and associated costs.

Fig. 4. Mean change from baseline in the number of (a) outpatient visits and (b) procedures per radiation to bone event by the most common provider types or procedures. Data are
shown as mean (+ standard deviation). N, number of patients enrolled from each country.
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This study has a number of limitations. Although the study protocol
provided clear guidance on how to select patient charts for inclusion,
some selection bias may have occurred. A selection bias was observed at
the centre in Finland, because patients with radiation to bone were
enrolled only from palliative wards. Therefore, associated HRU may
have been higher than expected due to the increasing levels of care
required when patients neared end of life. Across all countries, the
median time since diagnosis of bone metastases or bone lesions was 2.5
months, which correlates with the observation that the requirement for
radiation to bone often coincides with the diagnosis of metastases or
lesions. As such, data captured may have included the myriad of di-
agnostic and treatment procedures surrounding the diagnosis of bone
metastases or bone lesions; however, given the before-after design of
this study, it could be foreseen that our analysis would therefore be
conservative because of the high HRU during the diagnosis period.

It is also possible that the sites selected for inclusion may not have
been representative of the whole country. In addition, the data from
this study are right-censored because SRE-related HRU could have oc-
curred after the 3-month data collection period and our study may
therefore have underestimated the HRU associated with time following
radiation to bone. Finally, the exclusion of patients who died within 2
weeks of their index SRE could mean that levels of HRU are not re-
presentative of such end-stage patients.

5. Conclusions

Our study highlights the considerable burden that radiation to bone
imposes on healthcare resources in Europe. Using agents to prevent
SREs has the potential to reduce the number of inpatient hospital visits
and procedures, benefiting healthcare systems and patients alike.
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