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Background: In breast cancer and prostate cancer patients, bone metastases (BM) present the main cause
of morbidity and often cause debilitating pain, impaired functioning and subsequent deterioration of
quality of life (QoL). The management of BM is still challenging. Maintenance or improvement in QoL
is the main goal of treatment. Antiresorptive treatment, such as denosumab and bisphosphonates, can
help to reduce the frequency of skeletal complications, to control bone pain and potentially to improve
QoL. The optimal time point for initiation of antiresorptive therapy is still discussed controversially. In
patients with BM, bone pain can be used as a surrogate measure of QoL. However, limited data exist
on health-related QoL in patients with BM under antiresorptive treatment. The PROBone registry study
evaluated complaints and limitations caused by BM of breast and prostate cancer patients using
patient-reported outcomes (PROs) in real-world in Germany.
Methods: Between 2014 and 2019, 500 patients with histological confirmation of advanced breast or
prostate cancer, diagnosed with BM at start of their first antiresorptive therapy were prospectively
enrolled in 65 outpatient-centers specialized in medical oncology across Germany. Changes of QoL were
assessed monthly from baseline until a maximum of 12 months using the validated pain score Functional
Assessment of Cancer Therapy Quality of Life Measurement in patients with bone pain (FACT-BP) supple-
mented by questions on general pain and on the impact of time spent for treatment of illness on patients’
daily activities. Statistical analysis was performed descriptively by relative and absolute frequencies.
Results: In total, 486 patients were eligible for final analysis, of these 310 were diagnosed with breast
cancer and 176 with prostate cancer. Median age was 67 years for breast cancer and 76 years for prostate
cancer patients. 79.7% of breast cancer and 59.7% of prostate patients started antiresorptive treatment
within 3 months after diagnosis of BM. More than 75% of patients suffered from bone pain at study inclu-
sion. In total 52% of breast cancer patients and 47.9% of prostate cancer patients reported to take pain
medication during the observation period. In breast and prostate cancer patients an initial pain reduction
after start of BTA was observed: General pain and bone pain levels as well as the median FACT-BP score
showed a constant improvement over the first months and maintained stable at a constant level after-
wards. Subgroup analysis showed that patients without pain at baseline reported distinctly better
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FACT-BP scores throughout the whole observation period than patients with pain at baseline. Looking at
time-stress (M)-scores, younger breast cancer patients (<65 years) showed highest burden especially
during the first months of treatment.
Conclusions: Our results indicate overall good adherence to current guideline recommendation, with
most breast and prostate cancer patients starting antiresorptive therapy within the first 3 months after
diagnosis of BM. This point gains even more importance as our data support current recommendations by
ESMO guidelines as well as by German evidence-based S3-guidelines for diagnosis and treatment of
breast and prostate cancer to initiate bone-targeted agents (BTA) as soon as BM are diagnosed, to keep
pain levels at the lowest level possible, to minimize the debilitating effects of metastatic bone pain
and maintain a good QoL. Bone pain management by an early use of BTA following BM diagnosis might
improve patient care.
� 2022 iOMEDICO AG. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Bone metastases (BM) represent one of the most common com-
plications of advanced cancer. Up to 70% of patients with advanced
breast cancer [1,2] and up to 90% of patients with advanced pros-
tate cancer [3] are affected. Bone complications are known as
skeletal-related events (SRE) and commonly defined as radiation
therapy or surgery to bone, pathologic fractures, spinal cord com-
pression, or tumor-induced hypercalcemia [4]. They may cause
pain, impair physical activity and negatively impact patients’ qual-
ity of life (QoL) [5]. Patients with BM frequently experience bone
pain as well as pathologic fractures and spinal cord compression
which results in debilitating cancer-related morbidity. Pain is often
underreported due to the patients’ reluctance to report pain [6].
Furthermore, in patients with bone metastases it often is inade-
quately assessed and under-treated. Bone-targeting agents (BTA),
such as denosumab or bisphosphonates, may prevent skeletal-
related complications and thus can relieve pain and improve the
QoL of patients with BM [7]. Validated patient-reported outcome
(PRO) instruments used to measure pain and impaired functioning
in patients with BM are scarce and pain assessment is still chal-
lenging although required to assess patients’ subjective experience
and although being of crucial importance to optimize treatment
and to reduce the burden of pain associated with metastatic bone
disease [6].

Health care resources are substantially effected by the costs
deriving from bone complications [8]. Considering the high num-
ber of patients developing BM and the fact that almost 50% of those
experience at least one SRE [9], it is obvious that optimal treatment
is an important concern.

Treatment of BM focuses on pain reduction and prevention or
delay of onset of SRE, aiming at maintaining or improving QoL of
patients and possibly prolong survival [10]. The main types of cur-
rently available BTA are bisphosphonates such as pamidronate and
zoledronate and the Receptor Activator of Nuclear factor Kappa B
(RANK)-Ligand inhibitor denosumab that act as inhibitors of bone
resorption [9,11,12]. These agents became an international stan-
dard of care in treatment of breast and prostate cancer patients
with BM [13]. Although BTA have been shown to reduce SRE and
reduce pain levels in patients with moderate to severe pain
[14,15], there is still an unmet need to optimize the use of BTA. Dif-
ferent treatment patterns, varying in time of commencing therapy,
treatment duration and dose intensity are under discussion [16–
18]. However starting treatment as soon as BM are diagnosed
whether symptomatic or not is recommended in clinical guidelines
[19]. Another important part of therapy of BM, that might help to
increase patients QoL is symptomatic treatment like pain medica-
tion, radionuclide therapy and local surgery [19].

Due to the correlation of pain with reduced QoL, (bone) pain can
be used as a surrogate measure of health-related QoL in patients
2

with BM [20,21]. However, also other factors like expenditure of
time for treatment have an impact on QoL and have to be consid-
ered for a complete assessment of the patients’ well-being.

There exist evidence suggesting that BTA might improve sur-
vival and reduce the risk of skeletal complications in patients with
BM from breast and prostate cancer [22,23]. However, there is still
a need for real-world data on the use of BTAs in patients with BM
and the progress in patient well-being.

We conducted the PROBone registry study, gathering data on
complaints and limitations specifically caused by BM in patients
with advanced breast or prostate cancer diagnosed with BM,
receiving antiresorptive therapy via patient-reported outcome
measures. Data are derived from a non-selected patient cohort
with BMs treated by office-based medical oncologists in Germany.
The aim of PROBone was to gain new insight into patient reported
pain and QoL during treatment with BTA in a real-world setting.
2. Patients and methods

2.1. Study design and patient eligibility

PROBone was a prospective multicenter, observational, epi-
demiologic patient-reported outcome (PRO) study conducted in
Germany. The project plan as well as patient information and
informed consent form, and patient questionnaire were reviewed
and approved by the ethics committee. The study was registered
at ClinicalTrials.gov (NCT02410044).

Eligible patients had histologically confirmed metastatic breast
or prostate cancer, were diagnosed with BM and at start of their
first antiresorptive therapy. Fluency in German and ability to fill
out a questionnaire were also prerequisites for enrollment. Written
informed consent was obtained from all patients. Enrollment was
restricted to patients who completed their first questionnaire no
longer than 7 days after start of their first antiresorptive treatment.

2.2. Data source

Patients’ demographical and clinical data were transferred from
medical records to a secure web-based electronic case report form
(eCRF) by designated site staff. For quality assurance, data plausi-
bility checks were performed, and queries were generated auto-
matically by the eCRF software. Data were fully pseudonymized
and all information collected in this study was treated strictly
confidentially.

2.3. Questionnaires

The PROBone questionnaire (Appendix table A1) consisted of
23 items. It consisted of the validated pain score Functional Assess-
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ment of Cancer Therapy Quality of Life Measurement in patients
with bone pain (FACT-BP, 16 bone pain items) [24] supplemented
by questions on general pain (visual analog scale (VAS), 1 general
pain-item) [25], questions on pain management (2 items on taking
of medication and effect of medication) and questions on the
impact of time spent for treatment of illness on patients’ daily
activities (4 time-stress-items on daily routine, social life, ability
to work and time burden).

Questionnaires were completed by the patients directly at the
site. The questionnaires (PRO) were captured through project-
specific configured tablets. Patients completed the questionnaires
via touch screen directly at study site. Data were transmitted
encoded and pseudonymized to a central database. In exceptional
cases, paper questionnaires were used. Patients were requested to
complete the first questionnaire at time of recruitment (referred to
as baseline) and afterwards at every routine visit but maximal once
per months for a time period of maximal twelve months.

2.4. Statistical analysis

Descriptive statistics were performed for analysis. The following
prespecified subgroups were used: entity (‘breast cancer’ vs. ‘prosta-
te cancer’), age (breast cancer: subgroups ‘<65 years’ vs. ‘�65 years’,
prostate cancer: subgroups ‘<75 years’ vs. ‘�75 years’), metastases
(‘bone only’ vs. ‘bone and other organs’), bone pain at baseline
(‘no pain’ vs. ‘tolerable pain’ vs. ‘heavy pain’), and pain at baseline
(‘no pain’ vs. ‘pain’ and ‘no pain’ vs. ‘tolerable pain’ vs. ‘heavy pain’).

Median time between diagnosis of bone metastasis and start of
antiresorptive treatment was evaluated, while patients with docu-
mented therapy start before or later than 30 months after diagno-
sis of bone metastasis were considered as outlier and excluded
from the analysis.

2.5. Patient-reported outcome

For analysis of questionnaires, time point analyses were per-
formed on a monthly basis: Each questionnaire was assigned to a
calculated month derived from the sum of days since first (base-
line) questionnaire. Baseline is defined as month 0. Visit 1 to
visit 12 are defined as calculated visit 1 to 12 months after baseline
visit by calculating date of questionnaire minus the date of base-
line questionnaire divided by 30.25. Decimals � 0.4 were rounded
down and decimals � 0.5 were rounded up to the nearest whole
value. Data of calculated months with values >12 were omitted
from the analysis.

A questionnaire was considered evaluable for calculation of the
FACT-BP-score when at least 8 items were completed and evaluable
for the M�score when at least 3 items were available. For single item
parameters, availability of the item was considered evaluable.

General pain-items were evaluated as single items. General
pain was determined using item C1 (VAS). The item C1 asks for
the presence of pain and respective intensity during the last seven
days relative to assessment date. For stratification of patients by
baseline pain, C1 (VAS) values were used. According to patients’
reported data at baseline assessment, patients were categorized
into two or three baseline pain occurrence groups, respectively.
Groups ‘no pain’ and ‘pain’ which corresponds to C1 answer cate-
gories ‘00 and ‘greater than00, respectively, or groups ‘no pain’, ‘tol-
erable pain’ and ‘heavy pain’ which corresponds to C1 answer
categories ‘00, ‘1-70 and ‘8-100, respectively.

The Scoring of the FACT-BP questionnaire was performed
according to respective manual [26] and is referred to as FACT-
BP score. The FACT-BP score ranges from 0 to 60. The higher the
score, the better the bone pain related QoL.

Bone pain was determined using item BP1 of the FACT-BP ques-
tionnaire that asks for the presence of bone pain at assessment
3

date. For stratification by baseline bone pain also item BP1 was
used. According to patients’ reported data at baseline assessment,
patients were categorized into three baseline bone pain groups
‘no pain’, ‘tolerable pain’ and ‘heavy pain’ which corresponds to
BP1 answer categories ‘00, ‘1,20 and ‘3,40, respectively.

For the four time-stress-items, a sum score (M�Score) was cal-
culated which represents the time-related distress due to time
spent on cancer treatment in daily life. The M�score is the sum
of the item categories (1–4), with higher M�scores reflecting
higher time-stress levels or more negative impact on daily life.

Pearson correlation coefficients were calculated to evaluate the
correlation between FACT–BP score and M�score at baseline and
visit 12, i.e. the putative correlation between QoL and the impact
of time spent on cancer treatment on daily life of patients with
advanced breast or prostate cancer. A correlation of ±�0.7 repre-
sents a high correlation [27].
4. Results

4.1. Patient population

Between 2014 and 2019, a total of 500 patients were enrolled in
65 outpatient-centers specialized in medical oncology across Ger-
many. Out of these, 496 patients were intended to be treated with
antiresorptive treatment. Ten patients were excluded from analy-
sis due to tumor location not being specified, wrong tumor entity
or antiresorptive therapy was applied more than 7 days prior to
study inclusion. The final analysis thus includes a data set of
486 patients with bone metastases, consisting of 176 patients
(36%) with prostate cancer and 310 patients (64%) with breast can-
cer. A consort diagram is provided in Fig. 1.

Baseline demographic and clinical data are shown in Table 1.
Median age at start of antiresorptive treatment was 76 years for pros-
tate cancer patients vs. 67 years for breast cancer patients. 46.5% of
breast cancer patients and 34.1% of prostate cancer patients had
metastases not limited to bone. Patients were enrolled into the study
at a median of 1.3 months after BM diagnosis.

About 95% of patients of both entities had not received any
antiresorptive treatment before. 4.6% of prostate cancer patients
and 4.9% of breast cancer patients had received prior antiresorptive
therapy; as reason for prior antiresorptive therapy prophylaxis of
osteoporosis was mostly reported (4.0% of prostate and 2.6% of
breast cancer patients).

The median time between diagnosis of BM and start of antire-
sorptive therapy was 1.3 months for the total population,
1.6 months for prostate cancer patients and 1.2 months for breast
cancer patients. 59.7% of patients with prostate and 79.7% of
patients with breast cancer started antiresorptive therapy within
3 months after diagnosis of BM.

In total 59.5% of patients completed the observation period of
12 months (61.6% breast cancer, 56.8% prostate cancer). While
19% of breast cancer and 21% of prostate cancer patients died dur-
ing the observation period, 18% of breast cancer and 22% of pros-
tate cancer patients did not complete the observation period due
to other reasons (lost-to-follow-up/ patient wish/ other).
4.2. Questionnaire return rate

In total, 3354 questionnaires were answered. At baseline 299
(97%) breast cancer and 175 (99%) prostate cancer patients
answered the questionnaire. In months 3, 6, 9 and 12, 63.9%,
47.7%, 39.0%, 31.9% questionnaires of breast cancer patients and
59.7%, 48.4%, 44.3%, 24.4% questionnaires of prostate cancer
patients were answered, respectively. After 6 months, question-
naires were available for almost 50% of included patients. Of the
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Fig. 1. Consort diagram. Patients were observed for a maximum of 12 months.

A. Jakob, Mark-Oliver Zahn, A. Nusch et al. Journal of Bone Oncology 33 (2022) 100420
3354 questionnaires, 2962 (88.3%) had a maximum of one item
missing. In total, 99.3% of questionnaires were evaluable for the
FACT-BP-score and 98% of questionnaires were evaluable for the
M�score. 97.9% and 98.7% of questionnaires were evaluable for
general pain and bone pain, respectively.

4.3. Pain

At baseline, 77.2% of patients suffered from pain as assessed by
the validated visual analog scale (VAS). About 15% of those patients
rated pain intensity as ‘heavy’. Mean general pain levels of both,
Table 1
Patient and tumor characteristics at baseline.

Age at inclusion
Median in years (min, max)
Age categories (breast cancer / prostate cancer)
<65 years / <75 years
�65 years / �75 years
Sex
Female
Male
Metastasis
Bone only
Bone and other sites

Time from diagnosis of BM to study inclusion
Median in months (min, max)

Time from diagnosis of BM to start of antiresorptive therapy
Median in months (min, max)

BM bone metastases.

4

breast and prostate cancer patients over time are depicted in
Fig. 2A. In general, breast cancer patients reported a higher pain
intensity compared to prostate cancer patients. For both breast
and prostate cancer patients, reported pain levels decreased over
time during the first three months of treatment. In the following
months, pain slightly increased to a constant level, but lower than
the initial pain level, for breast cancer patients. For prostate cancer
patients, pain intensity levels went back to baseline values after
three months. Looking at reported bone pain (assessed by item
BP1 of the FACT-BP questionnaire), a very similar curve can be
observed for mean bone pain levels (Fig. 2B). Mean FACT-
Breast cancer
n = 310

Prostate cancer
n = 176

67 (35, 92) 76.0 (52, 92)

130 (41.9%) 74 (42.0%)
180 (58.1%) 102 (58.0%)

304 (98.1%)
6 (1.9%) 176 (100.0%)

166 (53.5%) 116 (65.9%)
144 (46.5%) 60 (34.1%)

1.1 (0.0, 22.8) 1.6 (0.0, 24.9)

1.2 (0.0, 22.6) 1.6 (0.0, 24.9)



Fig. 2. Mean general pain (A, D, G), mean bone pain (B, E, H) and BP-Score/ QoL (C, F, I) stratified by tumor entity (A-C), age in breast cancer patients (D-F) and age in prostate
cancer patients (G-I) over 12 months. Error bars represent the 95% confidence interval at each time point. For general pain and bone pain: higher values indicate more pain,
for FACT–BP score: higher scores indicate a better QoL. QoL quality of life, FACT-BP Functional Assessment of Cancer Therapy – Bone Pain questionnaire. Only patients with
evaluable questionnaires were considered for analysis. This might explain divergent patient numbers.

Fig. 3. Mean FACT–BP score/ QoL stratified by pain occurrence at baseline over 12 months. Error bars represent the 95% confidence interval at each time point. Higher scores
indicate a better QoL. QoL quality of life, FACT BP Functional Assessment of Cancer Therapy Bone Pain. Only patients with evaluable questionnaires were considered for
analysis. This might explain divergent patient numbers.
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BP scores, reflecting patients QoL, for both entities are shown in
Fig. 2C. The course was comparable with that of mean general pain
and mean bone pain courses, with an improvement over the first
months and a return to a constant level that is slightly above base-
line level and about baseline level for breast and prostate cancer
5

patients, respectively. No differences were observed in mean gen-
eral pain levels, mean bone pain levels and mean FACT-BP scores
between the subgroups ‘age’ (‘<65 years’ vs. ‘�65 years’,
‘<75 years’ vs. ‘�75 years’) (Fig. 2D-I), and ‘metastasis location’
(‘bone only’ vs. ‘bone and other sites’) (data not shown). About
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50% of patients of both entities reported to use pain medication.
This percentage remained constant during the whole observation
period (breast cancer 48–60%; prostate cancer 42–52%). Effective-
ness of pain medication was on average reported as ‘somewhat –
quite a bit’. It equaled in both entities and age-groups and
remained stable over the observation period (data not shown).

FACT-BP score categorized by general pain occurrence (‘no pain’
vs. ‘pain’) at baseline is shown in Fig. 3. For patients with no pain at
baseline, FACT-BP scores slightly decreased during the first
3 months, while FACT-BP scores slightly increased during this time
for patients who experienced pain at baseline, before reaching a
plateau phase in both subgroups. However, throughout the whole
observation period, patients without pain at baseline reported gen-
erally higher FACT-BP scores than patients with pain at baseline.

Upon categorization into three baseline bone pain-subgroups
(‘no pain’, ‘tolerable pain’, ‘heavy pain’) there was also no overlap-
ping of the mean FACT-BP score levels across the entire observa-
tion period (Fig. 4A). During course of treatment, FACT–BP scores
deteriorate for patients starting with no bone pain, while FACT–
BP scores of patients with tolerable pain remain at a constant level
throughout observation and patients with heavy bone pain show
improvement in FACT–BP scores over time. This effect was more
prominent in older patients (breast cancer patients aged
‘�65 years’ and prostate cancer patients ‘�75 years’) than in
younger subgroups (breast cancer patients aged ‘<65 years’ and
prostate cancer patients ‘<75 years’) (data not shown).

Similar results were observed when categorizing into three
baseline general pain-subgroups in the course of mean FACT-
BP scores (Fig. 4B) as well as in the course of mean general pain
levels (Fig. 4C).
4.4. Impact of time requirement for treatment of illness on daily life

The time course of reported M�scores (time-stress score) per
age group and entity from baseline to twelve months is depicted
in Fig. 5. Breast cancer patients in the subgroup ‘<65 years’ started
and continued with comparable higher reported M�scores than
older breast cancer patients (�65 years) and prostate cancer
patients. Looking at individual mean changes of M�scores from
baseline, breast cancer patients show a decrease in M�scores,
while M�scores of prostate patients were mainly unchanged over
time. Furthermore, there were no differences in M�scores between
subgroups ‘metastasis location’ (data not shown).

Correlation between BP-score and M�scores at baseline and at
12 months show a moderate negative relationship between both
scores for prostate cancer patients at baseline (Pearson correlation
coefficient �0.5) as well as at 12 months of treatment (-0.6). For
breast cancer patients a respective negligible correlation of both
scores was found (-0.39 at baseline and �0.29 at 12 months of
treatment).
5. Discussion

Bone metastases cause severe pain, induce SREs like pathologi-
cal fractures and spinal cord compression, and negatively affect
daily functioning and QoL. The mechanisms leading to metastatic
cancer-induced bone pain are complex and metastatic pain is mul-
tifactorial, involving chronic background pain as well as episodic
breakthrough pain [28]. Therefore, different strategies need to be
applied to achieve optimal pain relief and QoL. These include cau-
sal treatments like local surgery or radiotherapy, treatment with
analgesics mainly for quick pain relief, and BTAs. BTAs are an
important component of metastatic pain management because
they not only reduce bone pain but also decrease the incidence
of SREs and delay the time to SRE occurrence. The therapeutic goal
6

of metastatic pain management is pain relief but also the preven-
tion of pain progression and SREs, and ultimately stabilization of
patients QoL [29].

The aim of the PROBone real-world study was to evaluate bone
metastasis related pain and health-related quality of life in patients
with breast or prostate cancer under treatment with bone-
targeting agents and to investigate correlations of baseline
patient-characteristics using PRO. With the PROBone data, we
could shed some more light onto some controversially discussed
topics in the field.

Questionnaire return rate of PROBone resembles those of previ-
ous published work [30]. Considering that more than 40% of
patients did not complete the observation period and thus, the
number of patients who can possibly return questionnaires signif-
icantly drops over time, questionnaire return rates in PROBone can
be rated as good. Close to 100% of questionnaires were evaluable.

It has been reported, that bone pain is a main factor accounting
for QoL in patients with BM and can be used as a surrogate mea-
sure of QoL [20,21]. With our results, we could confirm this corre-
lation by showing that curves for general pain, bone pain and
FACT-BP scores show resembling characteristics. In the following
‘‘pain” is used as a surrogate for ‘‘general pain” and ‘‘bone pain”.

At study entry, more than 75% of patients already reported to
suffer from pain and 15% of those reported pain intensity to be
‘heavy’. This is in line with data from other European real-world
studies: In a study by von Moos et al., physicians reported that
79% of breast cancer patients were experiencing bone pain at time
of BM diagnosis, compared to 73% of prostate cancer patients in a
similar study by Body et al. [31,32]. Metastatic disease is often
diagnosed due to pain as symptom. In a European survey con-
ducted in 2010, bone metastases were identified during staging/di-
agnosis of primary cancer in 38% and as a result of bone pain in 35%
of patients with solid cancer [33]. Interestingly, in that survey, in
Germany bone pain resulted in BM diagnosis in only 20% of
patients, while routine screening during follow-up was the main
method of BM detection (41%). Regarding our current study, it is
likely that a substantial proportion of the patients presenting with
pain at start of BTA were diagnosed for BM due to pain only shortly
before study entry.

However, there is also a substantial number of patients who
present with asymptomatic metastasis and incidence and severity
of bone pain are not necessarily proportionate to the number and
size of bone metastases [28]. Approximately 25% of patients with
bone metastases feel no pain [29]. This is in line with our data,
where about 25% of patients with BM reported no pain at study
start.

Nevertheless, current ESMO guidelines recommend initiating
treatment with BTA as soon as metastasis is diagnosed in breast
cancer and castration-resistant prostate cancer patients, whether
the metastasis is symptomatic or not [19]. Of the patients included
into the study, who all received BTA, 59.7% of patients with pros-
tate and 79.7% of patients with breast cancer started antiresorptive
therapy within 3 months after diagnosis of bone metastases. This
number might be subject to a bias as patients treated shortly after
diagnosis might be underrepresented in this study (mean time
between diagnosis of BM and inclusion into the study was
1.3 months), which limits the interpretability of the data. On the
other hand, numbers might be a bit to high due to a selection bias,
as physicians who participated in the study probably are above-
average aware of consequences of BM.

It is noticeable that especially in patients with prostate cancer, a
considerable number (40.3%) of patients is treated relatively late
during the disease (i.e. BTA treatment is started after 3 months
of BM diagnosis or later). However, it should be noted that in pros-
tate cancer, antiresorptive therapy is recommended dependent on
the stage of the disease, i.e., it should only be given in the
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Fig. 4. Mean FACT–BP score/ QoL (A + B) and mean general pain (C) stratified by bone pain intensity (A) and general pain intensity (B + C) at baseline over 12 months. Error
bars represent the 95% confidence interval at each time point. For general pain: higher values indicate more pain, for FACT-BP score: higher scores indicate a better QoL. BC
breast cancer, FACT BP Functional Assessment of Cancer Therapy Bone Pain, PC prostate cancer, QoL quality of life. Only patients with evaluable questionnaires were
considered for analysis. This might explain divergent patient numbers.
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Fig. 5. Mean M�Score (time-stress score) stratified by age and entity. Error bars represent the 95% confidence interval at each time point. Higher values indicate a greater
burden. Only patients with evaluable questionnaires were considered for analysis. This might explain divergent patient numbers.
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castration-resistant setting and is not recommended for patients
with hormone-sensitive prostate cancer [34,35].

Our data show that pain occurrence and intensity at onset of
therapy with BTA is prognostic for further course of pain and QoL
development. Thus, it appears increasingly important to start
treatment as early as possible, ideally before pain onset. Patients
without pain at baseline developed mild pain over the course of
treatment, while patients starting with pain suffered from higher
pain intensity levels over the whole observation period despite
pain improvement and never reached pain levels as low as of
patients that started without pain or tolerable pain. This is not only
true for prognosis of pain development but also for QoL as reflected
in FACT–BP–scores, with generally higher BP-scores and thus a bet-
ter QoL over the whole observation period for patients starting
without pain.

There are also examples in literature, where time from diagno-
sis of BM until start of therapy with BTA in breast cancer patients
was shorter compared to PROBone as described for a clinical reg-
istry in Schröder et al. (22 days) [36]. It would be interesting to
have pain and/or QoL data for this patient collective to evaluate
progress of these parameters in a younger patient group (62.9 years
median) treated closer to the time of diagnoses.

Although BTAs are generally well tolerated treatments, some
rare but relevant side effects can occur that should be managed
proactively, among them renal toxicity and osteonecrosis of the
jaw. Osteonecrosis of the jaw is one of the most important side
effects associated with BTA treatment. Therefore, ESMO practice
guidelines as well as German evidence-based S3-guidelines for
diagnosis and treatment of breast and prostate cancer strongly rec-
ommend oral examination and appropriate preventive dentistry
before initiation of BTA therapy for all patients. During BTA therapy
patients should receive regular dental/oral surgery review, avoid
invasive dental procedures, and maintain good oral hygiene
[19,37–39]. Regarding the German health care system, national
guidelines provide additional in-depth recommendations on pro-
8

phylactic and preventive measures, as well as early interventions,
helping to manage this relevant side effect [40].

We observed a clear pain reduction for the whole patient collec-
tive within the first treatment month, followed by further pain
decrease over the consecutive 2–3 months, as well as an accompa-
nying improvement in QoL. This effect of a quick first pain reduc-
tion by BTA is in line with the known pattern of action of BTA
and is reported in literature [41]. The observed increase of pain
in the following months to a plateau which remains below baseline
for breast cancer patients is also in line with previous observations
[42,43]. It can be speculated, why breast cancer patients initially
report stronger pain and a poorer QoL compared to prostate cancer
patients. Both gender and age could be reasons for the difference.
Compared to older patients, younger patients might have a more
active lifestyle, might still participate in working life and have
more obligations. Pain could hinder maintenance of such a lifestyle
and therefore be more wearing and sensed as more intense by
younger patients compared to older patients, who might live a life-
style allowing more rest and relaxation. Also, psychological burden
that can differ between genders and age groups might affect sensa-
tion of pain.

It has been reported that analgesic management of bone pain is
often insufficient and is performed in only up to 55% of patients
with metastatic disease [44,45]. In our study, 42–60% of patients
received analgesic pain medication during the observed treatment
time. Considering that not all patients suffered from bone pain,
administration of analgesic pain management in our study was sat-
isfactory but there is still room for improvement. Education of
physicians and patients along with enhanced communication
might help to optimize pain therapy.

Looking at the impact of time requirements for treatment of
cancer on daily life, which is assessed by the ‘M�score’ in our
study, disturbance in daily life seems to be a bigger burden for
younger patients, especially younger breast cancer patients. Simi-
lar to already discussed report of stronger pain, this could be
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explained with a more active lifestyle of younger patients who are
still in working life and experience more restrictions compared to
older patients.

Our data represent prospectively collected real word data of an
unselected patient collective that depicts treatment reality in Ger-
many. However, our study also has limitations. The non-
interventional design precludes causal conclusions on differences
between subgroups. There might be a bias by physician selection
as physicians with better awareness of issues related to bone
metastasis might be more likely to participate in the study. Fur-
thermore, it has to be considered that only about 60% of patients
were documented until the end of the observation period. More-
over, our results should be interpreted within the limitations of
the study design; data regarding association of pain or QoL with
factors such as tumor burden, tumor control, use of BMA, use of
analgesics or other interventions were not collected.
6. Conclusion

Early initiation of BTAs and adequate analgesia plays a key role
in cancer pain management. Our results support current recom-
mendations to initiate BTAs as soon as bone metastases are diag-
nosed to keep pain levels at the lowest level possible to
minimize the debilitating effects of metastatic bone pain and to
improve or maintain a good QoL as long as possible. Most patients
received BTAs close to the time of diagnosis of BM, according to
current recommendations, underscoring physicians’ awareness of
this important issue.
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