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Abstract

Patients with breast cancer and bone metastases often experience skeletal complications (skeletal-related events
[SREs]: pathologic fracture, radiation to bone, surgery to bone or spinal cord compression). Prospective data on the
health resource burden of SREs are needed for planning healthcare requirements and estimating the value of new
treatments, but limited data are available. This prospective, observational study collected health resource utilization
(HRU) data independently attributed to SREs by investigators. Eligible patients had bone metastases secondary to
breast cancer, life expectancy ≥6 months, Eastern Cooperative Oncology Group (ECOG) performance status ≤2, and
at least one SRE in the 97 days before enrollment. Data, collected retrospectively for 97 days before enrollment and
prospectively for 18–21 months, included number and duration of inpatient stays, outpatient visits, emergency
room visits and procedures. Altogether, 223 patients were enrolled from Germany, Italy, Spain and the UK. Of the
457 SREs, 118 (25.8%) were associated with inpatient stays. The mean duration of stay was 19.5 (standard deviation
[SD] 19.2) days per SRE (based on 117 SREs). Surgery to bone and spinal cord compression were the SREs most
likely to require inpatient stays (77.8% and 57.9% of SREs, respectively), while radiation to bone was the least likely
(9.7%). Spinal cord compression required the longest inpatient stay per event (34.2 [SD 30.2] days) and radiation to
bone the shortest (14.3 [SD 10.2] days). Overall, 342 SREs (74.8%) required an outpatient visit, with radiation to bone
the most likely (85.7%), and surgery to bone the least likely (42.6%). Radiation to bone was also associated with the
greatest number of outpatient visits per event (6.8 [SD 6.7] visits). All SREs were associated with substantial HRU
therefore, preventing SREs in patients with breast cancer may reduce the burden imposed on healthcare systems.
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Introduction
Breast cancer is the most common cancer in women,
with nearly half a million new cases diagnosed in Europe
in 2008 (Steliarova-Foucher et al. 2012). Up to 75% of
patients with advanced breast cancer develop bone me-
tastases (Coleman 1997), which are often associated with
skeletal or bone complications, otherwise referred to as
skeletal-related events (SREs) and commonly comprising
pathologic fracture, radiation to bone, surgery to bone,
and spinal cord compression (Coleman 2001). The high
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frequency of bone metastases and associated complica-
tions in patients with breast cancer means SREs contrib-
ute significantly to the clinical and economic burden of
the disease.
SREs can be debilitating and patients frequently experi-

ence a reduction in quality of life, with significant de-
creases in physical and functional well-being (Weinfurt
et al. 2004). SREs are associated with considerable morbid-
ity, the worst being spinal cord compression, which can
lead to paralysis, and pathologic fractures, which may
result in disability or the need for surgery, with the poten-
tial for additional perioperative morbidity (Coleman 2006;
Katzer et al. 2002). As might be expected, SREs often
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result in considerable pain, which further impairs patient
mobility and reduces quality of life (Katzer et al. 2002;
DePuy et al. 2007; Costa et al. 2008). SREs are also associ-
ated with an increased risk of death (Norgaard et al. 2010;
Saad et al. 2007).
In addition to the patient impact, SREs impose a sub-

stantial burden on healthcare resources. Planning future
resource requirements and estimating the value of new
treatment options requires data on the resource burden
of SREs. However, there is a lack of prospective data on
the impact of SREs on health resource utilization (HRU).
Several retrospective US studies have suggested that

SREs increase HRU (Delea et al. 2004, 2006; Lage et al.
2008; Schulman and Kohles 2007), and studies in Spain,
France, and Portugal have demonstrated that SREs in-
crease HRU and costs (Pockett et al. 2010; Decroisette
et al. 2011; Felix et al. 2011; Svendsen et al. 2013). How-
ever, these studies were restricted to individual countries
and to our knowledge there have been no large, inter-
national, prospective studies investigating the differential
contribution of the various types of SREs to HRU.
We therefore designed a prospective, observational,

multinational study to evaluate the HRU associated with
each type of SRE in patients with bone metastases or le-
sions secondary to breast, prostate or lung cancer, or
multiple myeloma in Canada, Germany, Italy, Spain, the
United Kingdom (UK) and the United States of America
(USA). Here, we report the data for patients with ad-
vanced breast cancer from the four European countries
(Germany, Italy, Spain, and the UK).

Methods
Patients
Patients aged 18 years or older with bone metastases
secondary to breast cancer and a life expectancy of at
least 6 months were eligible for inclusion in the study.
In addition, patients were required to have an Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus of 0, 1 or 2, and to have experienced at least one
SRE in the 97 days before signing informed consent or
up to 7 days afterward. Patients who were enrolled in an
investigational drug trial for treatment of bone metasta-
ses or prevention of SREs were excluded from the study.

Study design
Patient demographics and information on disease history
were collected at enrollment. HRU data for each patient
were collected retrospectively by chart review for all
SREs occurring in the 97-day period before enrollment,
and prospectively for the duration of their involvement
in the study. The planned follow-up period for patients in
the study was up to 18–21 months. SREs were defined
as pathologic fracture (either vertebral or non-vertebral),
radiation to bone, surgery to bone, or spinal cord com-
pression; investigators independently attributed HRU to
SREs. HRU outcome measures included: the number, dur-
ation and facility type of inpatient stays; the number and
facility type of outpatient visits; the number of emergency
room visits; the number, duration and facility type of nurs-
ing home/long-term care facility stays; the number of
home health visits; and the type of procedure.

Statistical analyses
As described previously (Hechmati et al. 2011), all ana-
lyses were descriptive. HRU was summarized by SRE
type, and the mean HRU per SRE type was calculated by
dividing the total HRU attributed to SREs by the total
number of SREs of the same type. The mean duration of
inpatient stay per SRE was calculated as the total num-
ber of inpatient days divided by the total number of
SREs that were associated with an inpatient stay (if an
SRE resulted in multiple inpatient stays, the total dur-
ation of all inpatient stays was used). Data on inpatient
stays by facility type reported SREs with at least one in-
patient stay within the facility type and SRE type. When
an SRE required stays in more than one facility type, a
stay was attributed to each facility type.
If an SRE required multiple inpatient stays within one

facility type, the total duration of inpatient stays was
counted. If radiation or surgery to bone was carried out
as a result of another SRE (i.e. treatment of a primary
SRE, such as pathologic fracture), the investigator had
the option of attributing HRU to the primary SRE.
Therefore, SREs determined to be secondary to a pri-
mary SRE were excluded from the analysis.
The data are primarily reported as mean values, rather

than medians, because this better describes the total re-
sources used at a population level: information that is
required for healthcare policy decisions (Thompson and
Barber 2000). Median values are also reported in the fig-
ures to illustrate the distribution of data when sample
sizes are small, and to describe the typical HRU for an
individual patient.

Results
Study population
At the time of the final analysis, 223 patients with a pri-
mary diagnosis of breast cancer who met the eligibility
criteria were enrolled across the European sites. The
mean (standard deviation [SD]) length of follow-up for
these patients ranged from 7.1 (5.2) to 10.3 (5.4) months
(Table 1).
Baseline characteristics and disease history were gener-

ally similar across the four countries (Table 1). There
was a higher proportion of patients with an ECOG per-
formance status of 2 in Spain (41.9%) than in the other
countries (20.0–22.2%), and a correspondingly lower
proportion of patients with ECOG performance status of



Table 1 Baseline demographics and disease history

Characteristic Germany (n = 85) Italy (n = 62) Spain (n = 31) UK (n = 45)

Follow-up time, months, mean (SD) 10.3 (5.4) 8.6 (4.8) 7.1 (5.2) 7.4 (5.5)

Female, n (%) 84 (98.8) 61 (98.4) 28 (90.3) 45 (100.0)

Ethnic group, n (%)

White or Caucasian 85 (100.0) 61 (98.4) 30 (96.8) 44 (97.8)

Othera 0 (0.0) 1 (1.6) 1 (3.2) 1 (2.2)

Age, years, median (range) 62.0 (40, 81) 60.0 (36, 83) 56.0 (38, 79) 58.0 (32, 92)

≥ 65 years, n (%) 34 (40.0) 21 (33.9) 11 (35.5) 17 (37.8)

ECOG performance status, n (%)

0 27 (31.8) 18 (29.0) 6 (19.4) 14 (31.1)

1 41 (48.2) 31 (50.0) 12 (38.7) 21 (46.7)

2 17 (20.0) 13 (21.0) 13 (41.9) 10 (22.2)

History of SREsb n (%) 53 (62.4) 34 (54.8) 20 (64.5) 21 (46.7)

Time since primary cancer diagnosis, months, median (Q1, Q3) 70.8 (22.9, 132.2) 39.0 (8.7, 99.1) 62.7 (27.5, 138.4) 72.2 (33.3, 118.0)

Time since bone metastasis diagnosis, months, median (Q1, Q3) 4.4 (1.8, 22.9) 4.1 (1.8, 13.3) 4.9 (1.8, 39.6) 9.6 (3.0, 32.2)
a‘Other’ includes Asian and Hispanic or Latino ethnic groups; bbefore the 90-day period preceding the signing of informed consent.
ECOG-Eastern Cooperative Oncology Group, Q-quartile, SD-standard deviation, SRE-skeletal-related event, UK-United Kingdom.
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0 (19.4% vs. 29.0–31.8%) and 1 (38.7% vs. 46.7–50.0%).
The median time from diagnosis of the primary cancer to en-
rollment was notably shorter for patients in Italy (39.0 months)
than for the other countries (62.7–72.2 months), while the
median time from bone metastases detection to enroll-
ment was notably longer in the UK (9.6 months) than
elsewhere (4.1–4.9 months).

Skeletal-related events
Eligible patients experienced a total of 489 SREs. Ana-
lysis of the crude SRE data (including SREs excluded
from the HRU analysis) showed that the SRE rate per
patient-year was consistent across Germany, Italy, and
Spain (2.0 SREs per patient-year), but was higher in the
UK (3.3 SREs per patient-year). After excluding any
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SREs determined by investigators to be secondary to a
previous SRE (32 SREs), 457 SREs remained eligible for
inclusion in the HRU analysis (Figure 1). Radiation to
bone was the most common SRE, accounting for 279 of
the 457 events, while spinal cord compression was the
least common (19 events); this pattern was consistent
across all countries studied.

Health resource utilization
Inpatient stays
Overall, 118 of 457 SREs (25.8%) required hospitalization.
Although all types of SRE contributed to inpatient stays,
the proportion of SREs requiring an inpatient stay varied
greatly across SRE types (Figure 2). Spinal cord compres-
sion and surgery to bone were most likely to require
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inpatient stays (with 57.9% and 77.8% requiring stays, re-
spectively), while radiation to bone was the least likely
(9.7%). The rates of inpatient stays were generally consist-
ent across all countries, with the exception of vertebral
fracture; for this SRE, patients in the UK were less likely to
be hospitalized (14.3%) than those from other countries
(41.7–50.0%), although the overall number of vertebral
fractures was low (n = 27).
Data on the duration of inpatient stays were collected

for 117 of the 118 SREs that required hospitalization
(data for one surgery to bone event were not collected).
All types of SREs were associated with inpatient stays of
substantial duration (Figure 3a). The mean (SD) length
of inpatient stay per SRE that required an inpatient stay
was 19.5 (19.2) days. Spinal cord compression required
the longest stay per event (34.2 [SD 30.2] days) and radi-
ation to bone the shortest (14.3 [SD 10.2] days). Across
the four countries, the overall mean length of stay
ranged from 12.9 to 27.2 days, with the UK having the
shortest mean duration and Spain the longest (Figure 3b).
In Spain, the mean length of stay for pathologic fracture
was over twice as long as that for any of the other coun-
tries (46.4 [SD 28.5] days vs. 17.2–19.8 days). However,
this probably reflects the small number of patients with
pathologic fractures requiring inpatient stays who were
recruited in Spain (n = 5) and the long duration of stay
needed for one of the recorded events (87 days). In the
UK, the mean length of stay for radiation to bone (6.5
[SD 6.2] days; six events) was less than half that of the
overall mean for radiation to bone across all four coun-
tries. Data on facility type indicated that the mean length
of stay in oncology units/wards (the only contributor to
inpatient stays for radiation to bone in the UK) was only
6.5 (SD 6.2) days for the UK, whereas the overall mean
for all countries for oncology unit/ward stays for radi-
ation to bone was 11.0 (SD 8.3) days (Table 2).
Across all SREs, the most common facility types for in-

patient stays were surgical units/wards and oncology units/
wards, with general units/wards, rehabilitation units/wards,
radiation units/wards and ‘other’ units/wards also used fre-
quently (Table 2). Spinal cord compression and radiation
to bone were both most likely to be treated in an oncology
unit/ward. Patients with pathologic fracture were most
likely to stay in a surgical unit/ward, with a mean length of
stay of 20.2 (SD 9.2) days. Patients requiring surgery to
bone were also most likely to be treated in a surgical unit/
ward, but the mean length of stay (12.2 [SD 8.3] days) was
lower than average for this type of facility.

Outpatient visits
Outpatient visits were also common across all SREs
(Figure 4). Overall, radiation to bone required the highest
proportion of visits, with 85.7% of events requiring a visit,
and surgery to bone the lowest (42.6%). In Spain, however,
pathologic fracture was the SRE most likely to require an
outpatient visit (76.9%), with a lower proportion of radi-
ation to bone events (72.4%) requiring a visit. The propor-
tion of outpatient visits for surgery to bone showed the
most variation across countries, with a visit most likely in
the UK (61.5%) and least likely in Spain (25.0%).
The mean number of outpatient visits per SRE across all

SREs and countries was 5.1 (SD 6.3) (Figure 5). Radiation
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to bone was associated with the highest number of out-
patient visits per SRE (6.8 [SD 6.7] visits), with the number
of visits required for other SREs ranging from 1.8 (SD 3.6)
for surgery to bone to 4.1 (SD 6.3) for spinal cord com-
pression. In the UK, the mean number of outpatient visits
required per SRE (2.5 [SD 2.7]) was half that of the overall
mean. The low number of visits required for radiation to
bone (2.6 [SD 2.4]) was probably the greatest contributor
to this. In Italy, the mean number of visits required for
spinal cord compression was low (1.6 [SD 2.5]).

Procedures performed
Across all the countries, almost all SREs required a pro-
cedure (90.7–100% across the different SRE types),
with external-beam radiation the most common proced-
ure type (Figure 6).
SREs required a mean of 7.1 (SD 7.1) procedures per
SRE overall (Figure 7). Radiation to bone and spinal cord
compression were associated with the highest number of
procedures (9.1 [SD 7.3] and 7.4 [SD 7.2], respectively),
with external-beam radiation the most common proced-
ure performed for both. Most procedures were per-
formed in an outpatient setting (5.4 [SD 6.7] procedures
per SRE); 1.5 (SD 4.1) procedures per SRE required an
overnight stay, with spinal cord compression most likely
to require this. Procedures requiring an emergency room
visit were rare (0.1 [SD 0.4] procedures per SRE).
Patients in the UK required the lowest number of pro-

cedures for radiation to bone, reflecting the pattern seen
for the number of outpatient visits required for this SRE.
Notably, the mean rates of external-beam radiation and
intensity-modulated radiation therapy (IMRT) per SRE



Table 2 Number and mean duration of inpatient stays (in days) by facility type

All Pathologic
fracture

Vertebral
fracturea

Non-vertebral
fracturea

Radiation to
bone

Spinal cord
compression

Surgery to
bone

Facility n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)

Surgical unit/ward 50 15.3 (9.2) 18 20.2 (9.2) 1 24.0 (–) 17 19.9 (9.4) 0 – 2 17.0 (5.7) 30 12.2 (8.3)

Oncology unit/ward 39 14.4 (17.7) 7 9.6 (5.1) 3 8.0 (4.6) 4 10.8 (5.8) 20 11.0 (8.3) 8 28.6 (33.4) 4 11.3 (13.9)

Other 18 19.1 (23.5) 8 14.4 (8.8) 2 8.0 (5.7) 6 16.5 (8.9) 2 27.0 (0.0) 0 - 8 21.9 (34.9)

General unit/ward 10 19.9 (25.9) 5 29.0 (35.0) 1 87.0 (–) 4 14.5 (15.4) 4 9.0 (8.7) 1 18.0 (–) 0 –

Radiation unit/ward 8 20.8 (12.7) 2 24.5 (3.5) 2 24.5 (3.5) 0 – 4 18.8 (18.0) 2 21.0 (9.9) 0 –

Rehabilitation unit/ward 6 29.8 (10.8) 2 36.0 (18.4) 1 49.0 (–) 1 23.0 (–) 0 – 1 22.0 (–) 3 28.3 (7.1)

Gynecology unit/ward 1 33.0 (–) 0 – 0 – 0 – 0 – 1 33.0 (–) 0 –

Intensive care unit/ward 1 4.0 (–) 0 – 0 – 0 – 0 – 0 – 1 4.0 (–)

Nursing facility 1 26.0 (–) 1 26.0 (–) 0 – 1 26.0 (–) 0 – 0 – 0 –

Rehabilitation facility 1 5.0 (–) 0 – 0 – 0 – 0 – 0 – 1 5.0 (–)
aVertebral fracture and non-vertebral fracture are subsets of pathologic fracture.
n = Number of SREs with at least one inpatient stay within facility type and SRE type. (If an SRE required stays in more than one facility type, a stay was attributed
to each facility type for the appropriate duration. If an SRE had multiple inpatient stays within one facility type, the total duration of inpatient stays was counted).
SD-standard deviation, SRE-skeletal-related event.
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in the UK were low, at 2.0 (SD 2.0) and 0.0, respectively.
Germany recorded the highest number of procedures for
radiation to bone, which were mostly performed in an
outpatient setting. These were mainly external-beam ra-
diation (8.6 [SD 8.2] per SRE) and IMRT (4.0 [SD 7.6]
per SRE).

Emergency room and home health visits, and nursing
home/long-term care facility stays
Very few home health visits (one in every 100 SREs) and
emergency room visits (five in every 100 SREs) were
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reported, and only four patients required a stay in a
nursing home/long-term care facility.

Discussion
This is the first large, prospective study investigating
HRU associated with different types of SRE in patients
with breast cancer metastatic to bone in Europe. We
found that all SREs were associated with substantial HRU,
with lengthy hospitalizations frequently required. This is
also the first study in which HRU has been assigned to
specific SREs independently by the investigators. This
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ensures that HRU was recorded only when it was deemed
by investigators’ expert opinion to be a direct consequence
of the SRE, rather than owing to the underlying disease.
Patient characteristics at enrollment were broadly

similar across the different countries. However, patients
in the UK had a higher rate of SREs per patient-year
than those from the three other European countries
studied, which may reflect the longer median time from
the detection of bone metastases to enrollment in the
study in the UK (approximately double that seen for the
other countries). Despite this, the ECOG performance
status of patients in the UK showed a similar distribu-
tion to those from Germany and Italy, whereas Spain
had a higher proportion of patients with a poorer ECOG
performance status of 2.
In general, patterns of HRU were similar across the four

European countries studied. The overall patterns of HRU
observed in our study are similar to those reported in
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1.0); all other procedure types: 0.0 (0.0, 0.0). Data are shown as mean (+stan
radiation therapy, MRI magnetic resonance imaging, Q quartile.
studies by Gunther et al. in Austria, the Czech Republic,
Poland, Sweden, and Switzerland (Gunther et al. 2011), by
Felix et al. in Portugal (Felix et al. 2011), and by Svendsen
et al. in Denmark (Svendsen et al. 2013). All of these stud-
ies found SREs were associated with lengthy inpatient
stays, which were major contributors to the overall cost of
care.
Inpatient stays were particularly common with spinal

cord compression and surgery to bone. Although spinal
cord compression was rare, it required the longest hos-
pital stays. This is consistent with two separate eco-
nomic analyses illustrating the high cost of each spinal
cord compression event (Felix et al. 2011; Barlev et al.
2010). Notably, surgery to bone required shorter in-
patient stays than pathologic fracture, probably because
surgery facilitates faster stabilization of bone. Radiation
to bone is one of the most common SREs in patients
with advanced breast cancer (Lipton et al. 2000). Despite
m
en

t

 –
�e

xtr
em

itie
s

Che
m

ot
he

ra
py

Rad
ion

uc
leo

tid
es

Sur
ge

ry
 to

 b
on

e 
–�

sp
ine

Rad
ion

uc
lid

e 
sc

an

Sur
ge

ry
 –

�o
th

er

Tr
an

sfu
sio

ns

W
ou

nd
 ca

re
/d

eb
rid

em
en

t

dian (Q1, Q3) for external-beam radiation: 1.0 (0.0, 8.0); X-ray: 0.0 (0.0,
dard deviation). CT computed tomography, IMRT intensity-modulated



18

16

14

M
ea

n 
nu

m
be

r 
of

 p
ro

ce
du

re
s

12

10

8

6

4

2

0
All

457
PF
105

VF
27

NVF
78

RB
279

SCC
19

SB
54n
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requiring inpatient stays less frequently, this SRE was still
associated with a considerable proportion of hospitaliza-
tions. This may have been owing to complications requir-
ing an inpatient stay or patients being required to travel
substantial distances for multifractionated radiotherapy.
Approximately three-quarters of SREs were associated

with outpatient visits, with a mean of five visits per SRE.
Therefore, outpatient visits may also impose a consider-
able burden on healthcare resources in Europe. In an
analysis of the economic burden of bone metastases in
the USA, outpatient visits were found to be the biggest
contributor to incremental costs associated with bone
metastases, accounting for 63–71% of the additional
costs compared with patients without bone metastases
(Schulman and Kohles 2007).
Radiation to bone was associated with the greatest

number of procedures per SRE, in addition to the high-
est number of outpatient visits. Our findings therefore
suggest that radiation to bone is a major contributor to
the increased burden that SREs place on healthcare sys-
tems, consistent with similar results in other studies
(Lage et al. 2008; Decroisette et al. 2011; Felix et al.
2011). The high numbers of outpatient visits and proce-
dures observed in our study probably reflect the use of
multiple fractions of radiotherapy. A study in patients
with breast or prostate cancer with bone metastases in
Portugal reported a mean of 8.4 sessions per treatment
for radiation to bone (Felix et al. 2011). In a retrospect-
ive study of palliative radiotherapy for bone metastases
in Spain, only 25% of cases received single-fraction
(800 cGy) treatment, with 59% receiving five- or ten-
fraction regimens (Expósito et al. 2012). The lower num-
ber of procedures and outpatient visits reported in
the UK for radiation to bone is probably owing to a pref-
erence for single-fraction radiotherapy over multiple-
fraction treatment. Surveys of radiotherapy for bone
metastases in the UK reported a mean of about three
fractions per treatment, with approximately 60% of treat-
ments delivered as a single fraction (Williams et al.
2007; Royal College of Radiologists 2007). The length of
inpatient stay for radiation to bone was also much
shorter in the UK than elsewhere, which could again re-
flect the preference for single-fraction over multiple-
fraction radiotherapy.
Our study had some limitations. As discussed in

Hoefeler et al., the duration of follow-up for this study
was shorter than planned (6.9–10.9 months) owing to
slow recruitment (possibly because the trial was non-
interventional) and early withdrawal from the study as a
result of patient death (Hechmati et al. 2011). The sam-
ple sizes for surgery to bone and spinal cord compres-
sion were limited and may not have been sufficient to
provide a generalizable HRU estimation. Similarly, the
applicability of estimations of the duration of inpatient
stays may have been limited by the small sample sizes.
Other limitations to the study included some data being
inaccessible to investigators at all study sites. For ex-
ample, information about home health visits or nursing
home stays was not always relayed back to the main hos-
pital, making it difficult to capture resource use associ-
ated with these events. It should also be noted that the
incidence of SREs reported here is not representative of
the real-world distribution of SRE types, because they
are impacted by the index SRE recruitment cells and the
inclusion criteria stating patients must have an ECOG
performance status of 2 or less and a life expectancy of
at least 6 months. Furthermore, pain was not defined
as an SRE, although this common complication from
poorly treated bone metastases could have led to sub-
stantial HRU and lengthy inpatient stays. These limita-
tions would be expected to result in an underestimation
of the overall HRU associated with SREs, and therefore
the true burden of SREs may be even greater than sug-
gested by these results.
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These data indicate that preventing SREs in patients
with bone metastases secondary to breast cancer would
substantially reduce HRU. Bisphosphonates, such as zo-
ledronic acid, have been widely used to reduce the oc-
currence of SREs. Denosumab, a monoclonal antibody
to RANKL, has recently been approved for the preven-
tion of SREs in patients with bone metastases from solid
tumors (European Medicines Agency 2012), and has
been shown to be superior to zoledronic acid at reducing
the incidence of SREs (Fizazi et al. 2011; Henry et al.
2011; Stopeck et al. 2010).
In conclusion, all types of SRE arising from bone me-

tastases in patients with breast cancer are associated
with considerable HRU. Therefore, treatments that delay
or prevent SREs may reduce the burden imposed on
healthcare systems across Europe.

Ethical standards
This study was carried out in accordance with the
current laws of the countries in which it was performed.
Written informed consent was obtained from each pa-
tient or their legally acceptable representative. A copy of
the protocol, proposed informed consent form, other
written patient information, and any proposed advertis-
ing material were submitted to the independent ethics
committee/institutional review board for written ap-
proval where necessary.

Competing interest
D. Lüftner has received honoraria for presentations and has acted as a
member of advisory boards for Amgen.
V. Lorusso has no conflicts of interest to declare.
I. Duran has no conflicts of interest to declare.
G. Hechmati is an employee of Amgen and holds stock.
C. Garzon-Rodriguez acted as a consultant for Amgen.
J. Ashcroft has acted as a consultant for Amgen and has received honoraria
for presentations
A. Bahl has acted as a member of advisory boards for Amgen and has
received honoraria for presentations.
P. Ghelani is a consultant to Amgen.
R. Wei is an employee of Amgen and holds stock.
E. Thomas is an employee of Amgen and holds stock.
H. Hoefeler has acted as a member of advisory boards for Amgen.

Authors’ contribution
GH and RW were involved in the conception and design of the study.
DL, VL, ID, GH, CGR, JA, AB and HH were involved in patient data collection
and acquisition of data. All authors were involved in analysis and interpretation
of data and drafting the manuscript. All authors read and approved the final
manuscript.

Acknowledgments
The authors thank Dr Kim Allcott (PhD) from Oxford PharmaGenesis™ Ltd
(UK) who provided medical writing support. Funding for this support was
provided by Amgen (Europe) GmbH. This study was funded by Amgen Inc.

Author details
1Charité Universitätsmedizin Berlin, Berlin, Germany. 2National Cancer
Institute IRCCS Giovanni Paolo II, Bari, Italy. 3Oncology Institute ASL, Lecce,
Italy. 4Centro Integral Oncológico Clara Campal (CIOCC), Madrid, Spain.
5Health Economics, Amgen (Europe) GmbH, Zug, Switzerland. 6Instituto
Catalán d’Oncología ICO-IDIBELL, Barcelona, Spain. 7Pinderfields General
Hospital, Wakefield, UK. 8University Hospitals Bristol, Bristol, UK. 9Biostatistics,
Ovatech Solutions, London, UK. 10Biostatistics, Amgen Inc, Thousand Oaks,
CA, USA. 11Scientific Publications, Amgen (Europe) GmbH, Zug, Switzerland.
12Forschungszentrum Ruhr, Witten, Germany.

Received: 25 June 2014 Accepted: 25 June 2014
Published: 30 June 2014
References
Barlev A, Song X, Ivanov B, Setty V, Chung K (2010) Payer costs for inpatient

treatment of pathologic fracture, surgery to bone, and spinal cord
compression among patients with multiple myeloma or bone metastasis
secondary to prostate or breast cancer. J Manag Care Pharm 16:693–702

Coleman RE (1997) Skeletal complications of malignancy. Cancer 80:1588–1594
Coleman RE (2001) Metastatic bone disease: clinical features, pathophysiology

and treatment strategies. Cancer Treat Rev 27:165–176
Coleman RE (2006) Clinical features of metastatic bone disease and risk of

skeletal morbidity. Clin Cancer Res 12:6243s–6249s
Costa L, Badia X, Chow E, Lipton A, Wardley A (2008) Impact of skeletal

complications on patients’ quality of life, mobility, and functional
independence. Support Care Cancer 16:879–889

Decroisette C, Monnet I, Berard H, Quere G, Le Caer H, Bota S, Audigier-Valette C,
Geriniere L, Vernejoux JM, Chouaid C (2011) Epidemiology and treatment
costs of bone metastases from lung cancer: a French prospective, observational,
multicenter study (GFPC 0601). J Thorac Oncol 6:576–582, doi:10.1097/
JTO.0b013e318206a1e3

Delea T, Langer C, McKiernan J, Liss M, Edelsberg J, Brandman J, Sung J, Raut M,
Oster G (2004) The cost of treatment of skeletal-related events in patients
with bone metastases from lung cancer. Oncology 67:390–396

Delea T, McKiernan J, Brandman J, Edelsberg J, Sung J, Raut M, Oster G (2006)
Retrospective study of the effect of skeletal complications on total medical
care costs in patients with bone metastases of breast cancer seen in typical
clinical practice. J Support Oncol 4:341–347

DePuy V, Anstrom KJ, Castel LD, Schulman KA, Weinfurt KP, Saad F (2007)
Effects of skeletal morbidities on longitudinal patient-reported outcomes
and survival in patients with metastatic prostate cancer. Support Care Cancer
15:869–876

European Medicines Agency (2012) Denosumab (XGEVA) summary of product
characteristics. http://www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/002173/WC500110381.pdf

Expósito J, Jaen J, Alonso E, Tovar I (2012) Use of palliative radiotherapy in brain
and bone metastases (VARA II study). Radiat Oncol 7:131, doi:10.1186/1748-
717X-7-131

Felix J, Andreozzi V, Soares M, Borrego P, Gervasio H, Moreira A, Costa L, Marcelo
F, Peralta F, Furtado I, Pina F, Albuquerque C, Santos A, Passos-Coelho JL
(2011) Hospital resource utilization and treatment cost of skeletal-related
events in patients with metastatic breast or prostate cancer: estimation for
the Portuguese National Health System. Value Health 14:499–505,
doi:10.1016/j.jval.2010.11.014

Fizazi K, Carducci M, Smith M, Damião R, Brown J, Karsh L, Milecki P, Shore N,
Rader M, Wang H, Jiang Q, Tadros S, Dansey R, Goessl C (2011) Denosumab
versus zoledronic acid for treatment of bone metastases in men with
castration-resistant prostate cancer: a randomised, double-blind study.
Lancet 377:813–822

Gunther O, Body JJ, Sleeboom H, Hechmati G, Pereira J, Maniadakis N, Terpos E,
Acklin YP, Finek J, Mossman T, Von Moos R (2011) Health resource utilisation
(HRU) associated with skeletal-related events (SREs) in patients with bone
metastases (BMS): results from a retrospective, multinational European study.
Value Health 14:A455–A456, doi:10.1016/j.jval.2011.08.1216

Hechmati G, Hoefeler H, Bahl A, Lüftner D, Lorusso V, Garzón Rodriguez C, Ashcroft J,
Suenaert P, Wei R, Durán I (2011) Skeletal-related events in patients with bone
metastases lead to considerable health resource utilisation in Europe: analysis of
a multinational observational study. Value Health 14:168

Henry DH, Costa L, Goldwasser F, Hirsh V, Hungria V, Prausova J, Scagliotti GV,
Sleeboom H, Spencer A, Vadhan-Raj S, von Moos R, Willenbacher W, Woll PJ,
Wang J, Jiang Q, Jun S, Dansey R, Yeh H (2011) Randomized, double-blind
study of denosumab versus zoledronic Acid in the treatment of bone
metastases in patients with advanced cancer (excluding breast and prostate
cancer) or multiple myeloma. J Clin Oncol 29:1125–1132

Katzer A, Meenen NM, Grabbe F, Rueger JM (2002) Surgery of skeletal metastases.
Arch Orthop Trauma Surg 122:251–258

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002173/WC500110381.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/002173/WC500110381.pdf


Lüftner et al. SpringerPlus 2014, 3:328 Page 10 of 10
http://www.springerplus.com/content/3/1/328
Lage MJ, Barber BL, Harrison DJ, Jun S (2008) The cost of treating skeletal-related
events in patients with prostate cancer. Am J Manag Care 14:317–322

Lipton A, Theriault RL, Hortobagyi GN, Simeone J, Knight RD, Mellars K, Reitsma
DJ, Heffernan M, Seaman JJ (2000) Pamidronate prevents skeletal
complications and is effective palliative treatment in women with breast
carcinoma and osteolytic bone metastases: long term follow-up of two
randomized, placebo-controlled trials. Cancer 88:1082–1090

Norgaard M, Jensen AO, Jacobsen JB, Cetin K, Fryzek JP, Sorensen HT (2010) Skeletal
related events, bone metastasis and survival of prostate cancer: a population
based cohort study in Denmark (1999 to 2007). J Urol 184:162–167

Pockett RD, Castellano D, McEwan P, Oglesby A, Barber BL, Chung K (2010)
The hospital burden of disease associated with bone metastases and
skeletal-related events in patients with breast cancer, lung cancer, or
prostate cancer in Spain. Eur J Cancer Care (Engl) 19:755–760,
doi:10.1111/j.1365-2354.2009.01135.x

Royal College of Radiologists (2007) Single fraction radiotherapy for bone
metastases. http://www.rcr.ac.uk/docs/oncology/pdf/bonemetsreport.pdf.
Accessed 2 November 2012

Saad F, Lipton A, Cook R, Chen YM, Smith M, Coleman R (2007) Pathologic
fractures correlate with reduced survival in patients with malignant bone
disease. Cancer 110:1860–1867

Schulman KL, Kohles J (2007) Economic burden of metastatic bone disease in the
U.S. Cancer 109:2334–2342

Steliarova-Foucher E, O’Callaghan M, Ferlay J, Masuyer E, Forman D, Comber H,
Bray F (2012) European Cancer Observatory: cancer incidence, mortality,
prevalence and survival in Europe. Version 1.0 (September 2012) European
Network of Cancer Registries, International Agency for Research on Cancer.,
http://eco.iarc.fr. Accessed 25 March 2013

Stopeck AT, Lipton A, Body JJ, Steger GG, Tonkin K, de Boer R, Lichinitser M,
Fujiwara Y, Yardley D, Viniegra M, Fan M, Jiang Q, Dansey R, Jun S, Braun A,
Investigators obotBCSS (2010) 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 28:5132–5139

Svendsen ML, Gammelager H, Svaerke C, Yong M, Chia VM, Christiansen CF,
Fryzek JP (2013) Hospital visits among women with skeletal-related events
secondary to breast cancer and bone metastases: a nationwide
population-based cohort study in Denmark. Clin Epidemiol 5:97–103,
doi:10.2147/CLEP.S42325 clep-5-097

Thompson SG, Barber JA (2000) How should cost data in pragmatic randomised
trials be analysed? BMJ 320:1197–1200

Weinfurt KP, Castel LD, Li Y, Timbie JW, Glendenning GA, Schulman KA (2004)
Health-related quality of life among patients with breast cancer receiving
zoledronic acid or pamidronate disodium for metastatic bone lesions. Med
Care 42:164–175

Williams MV, Summers ET, Drinkwater K, Barrett A (2007) Radiotherapy dose
fractionation, access and waiting times in the countries of the UK in 2005.
Clin Oncol (R Coll Radiol) 19:273–286, doi:10.1016/j.clon.2007.03.011

doi:10.1186/2193-1801-3-328
Cite this article as: Lüftner et al.: Health resource utilization associated
with skeletal-related events in patients with advanced breast cancer:
results from a prospective, multinational observational study.
SpringerPlus 2014 3:328.
Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

http://www.rcr.ac.uk/docs/oncology/pdf/bonemetsreport.pdf
http://eco.iarc.fr/

	Abstract
	Introduction
	Methods
	Patients
	Study design
	Statistical analyses

	Results
	Study population
	Skeletal-related events
	Health resource utilization
	Inpatient stays
	Outpatient visits
	Procedures performed
	Emergency room and home health visits, and nursing home/long-term care facility stays


	Discussion
	Ethical standards

	Competing interest
	Authors’ contribution
	Acknowledgments
	Author details
	References

