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Abstract
Purpose Women with breast cancer frequently develop pain-
ful bone metastases. This retrospective study was designed to
longitudinally characterize patterns of patient-reported symp-
toms among patients with breast cancer relative to the diagno-
sis of bone metastases.
Methods Patient records were identified from the Oncology
Services Comprehensive Electronic Records (OSCER) data-
base which includes outpatient oncology practices across the
USA. Symptom burden was assessed by Patient Care Monitor
(PCM) assessments, which are administered as part of routine
care in a subset of these practices. Eligible patients were wom-
en diagnosed with breast cancer (ICD-9-CM 174.xx) who
developed bone metastases (ICD-9-CM 198.5) and had ≥1

PCM assessment between January 2007 and December
2012. The pre-specified endpoint was the occurrence of mod-
erate to severe symptom burden, defined as PCM score ≥4 (0–
10 scale).
Results One thousand one hundred five women (median
age, 61) met the eligibility criteria. Worsening of symp-
toms, particularly fatigue and pain, occurred in the
months leading up to the diagnosis of bone metastases.
After bone metastases diagnosis, the rate of increase in
the proportion of patients experiencing moderate/severe
symptoms slowed, but continued to climb during follow-
up. Median time to moderate/severe symptoms was
0.9 month for fatigue, 1 month for pain, 2.9 months for
trouble sleeping, and 7.7 months for numbness/tingling.
Half of the patients received bone-targeted agents after
diagnosis of bone metastases.
Conclusions Symptom burden, especially pain and fa-
tigue, increased both before and after the diagnosis of
bone metastases, highlighting the need for proactive mon-
itoring and management of symptoms in breast cancer
patients.
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Introduction

Over 70 % of women with advanced breast cancer will
eventually develop metastases to the bone, the most com-
mon site of distant metastasis in this population [1]. The
consequences of bone metastases are severe and include
pain, skeletal-related events (pathological fracture, spinal
cord compression, and the need for surgery or radiother-
apy to bone), and decreased health-related quality of life

This study was presented at the 36th Annual San Antonio Breast Cancer
Symposium, December 10–14, 2013.

Electronic supplementary material The online version of this article
(doi:10.1007/s00520-016-3154-x) contains supplementary material,
which is available to authorized users.

* Charles Cleeland
ccleeland@mdanderson.org

1 Department of Symptom Research, MD Anderson Cancer Center,
University of Texas, 1515 Holcombe Boulevard, Unit Number:
1450, Room Number: FCT11.5064, Houston, TX 77030, USA

2 Kantonsspital Graubünden, Chur, Switzerland
3 Vector Oncology, Memphis, TN, USA
4 IMS Health, Plymouth Meeting, PA, USA
5 Amgen Inc., South San Francisco, CA, USA
6 Amgen Inc., Thousand Oaks, CA, USA

Support Care Cancer (2016) 24:3557–3565
DOI 10.1007/s00520-016-3154-x

http://dx.doi.org/10.1007/s00520-016-3154-x
http://crossmark.crossref.org/dialog/?doi=10.1007/s00520-016-3154-x&domain=pdf


(HRQoL). Bone pain is usually the first symptom of bone
metastases, leading to their diagnosis and subsequent
management. Treatments such as bone-targeted agents
(intravenous bisphosphonates [zoledronic acid and
pamidronic acid] or denosumab) can reduce pain and
skeletal-related events in patients with bone metastases
[2–4]. Analgesic medication and external beam radiation
therapy are also frequently used in the management of
pain in these patients [5, 6].

Understanding the symptoms associated with the de-
velopment of bone metastases might provide information
leading to better management of patients with advanced
breast cancer. Pain, fatigue, depression, distress, anxiety,
disturbed sleep, dry mouth, numbness/tingling, and gas-
trointestinal symptoms have been identified as key prob-
lems in this population [7–10]. In the Eastern Cooperative
Oncology Group (ECOG) Symptom Patterns and Practice
(SOAPP) study [7], which used the M.D. Anderson
Symptom Inventory (MDASI) [11] to evaluate symptoms,
the seven most prevalent moderate to severe symptoms in
1544 patients with breast cancer were identified as (in
order from highest to lowest prevalence): fatigue/tired-
ness, disturbed sleep, pain, dry mouth, distress, numbness
tingling, and sadness. Studies examining symptom-related
outcomes in women diagnosed with metastatic breast can-
cer have shown that cancer-related symptoms increased
over time along with disease progression [12] and that
increases in depression and pain predicted increases in
trouble sleeping [13].

As bone metastases are often initially asymptomatic,
they may not be diagnosed and treated until bone pain
or skeletal complications have occurred; therefore, dam-
age to the bone structure may already be substantial, al-
though this has yet to be proven. Prospective data on the
changes in symptom burden in relation to the diagnosis of
bone metastases may reveal clues to earlier diagnosis and
management. There are few longitudinal data on symptom
burden in women with metastatic breast cancer [12–14],
and none of these studies evaluated symptom trajectory
for individual symptoms with reference to the diagnosis
or onset of bone metastases. We hypothesized that pain
and other symptoms may increase before a diagnosis of
bone metastases is made.

Using real-world data from electronic health records of
patients from oncology practices in the USA, this retro-
spective study was designed to longitudinally characterize
patterns of patient-reported symptoms among patients
with breast cancer relative to the diagnosis of bone me-
tastases. The primary objective was to characterize
patient-reported symptoms over time using data collected
from the Patient Care Monitor (PCM) instrument, while
pain management trends and use of bone-modifying
agents were exploratory objectives.

Methods

Eligible patients

Patient records were identified from the Oncology Services
Comprehensive Electronic Records (OSCER) database,
which includes data from outpatient oncology/hematology
practices across the USA [15]. Over a 7-year data span
(2005–2012), these databases contained information on ap-
proximately 560,000 patients from over 65 community-
based or hospital-affiliated oncology/hematology practices in
over 35 states. The Vector Oncology data is a subset of
OSCER including ten oncology practices. Participating prac-
tices are located in the Northwest, Midwest, and Northeast
USA, but the majority of patients are from practices in the
South USA. Practices range in size from 2 to more than 20
physicians, are rural and urban, and are not all members of any
one group purchasing organization. Eligible patients were
women diagnosed with invasive breast cancer (ICD-9-CM
174.xx) who developed bone metastases (ICD-9-CM 198.5)
during their care and had ≥1 Vector Oncology PCM assess-
ment between January 2007 and October 2012. During the
study period, three bone-targeted therapies were available
for the prevention of skeletal-related events for breast cancer
pat ients wi th bone metas tases : two int ravenous
bisphosphonates (zoledronic acid [Zometa®] and pamidronic
acid [Aredia®]) and denosumab (XGEVA®), a fully human
monoclonal antibody against RANKL, approved in the USA
since November 2010.

Patient-reported outcome measure

The PCM version 2.0 is a validated instrument for summariz-
ing oncology-related patient symptoms [16–18]. Patients
complete the PCM surveys typically prior to their office visit
or before a chemotherapy infusion using a touch screen tablet
personal computer (requires 10–12 min to complete). The
PCM assesses 86 individual symptoms and generates six in-
dices that describe global function, including general physical
symptoms, treatment side effects, despair, acute distress, im-
paired ambulation, and impaired performance. Patients were
asked to rate symptoms on an 11-point scale: 0 = not a prob-
lem to 10 = as bad as possible. Moderate or severe symptoms
were defined by a PCM score ≥4 based on an analysis of Brief
Pain Inventory–Short Form (also an 11-point Likert scale)
results [19]. The six PCM items selected for this study (fa-
tigue, trouble sleeping, physical pain, anxious, numbness/tin-
gling, and loss of interest in others) were based on the subset
of symptoms previously identified as the seven most prevalent
moderate to severe symptoms in the ECOG SOAPP study (in
order from highest to lowest prevalence: fatigue/tiredness,
disturbed sleep, pain, dry mouth, distress, numbness/tingling,
and sadness) [7]. As the PCM data available to us did not

3558 Support Care Cancer (2016) 24:3557–3565



contain the item dry mouth, we could not evaluate this symp-
tom. To evaluate distress, we selected the PCM item Banxious,
^ and to evaluate sadness, we selected the PCM item Bloss of
interest in others,^ which is a measure of depression [18].

Endpoints

The pre-specified endpoint in this study was a PCM score
representing moderate to severe symptom burden (PCM score
of ≥4).

Statistical analyses

Analyses were conducted relative to two different definitions:
(1) the recorded diagnosis of bone metastases (Fig. 1) and (2)
the onset of bone metastases (Fig. 2), which was established as
1 month prior to the recorded diagnosis date, because we
noted that the investigation and subsequent diagnosis of bone
metastasis is typically triggered by an increase in symptoms,
indicating that the actual onset occurred earlier.

Mean PCM score and proportion of patients with moderate
to severe symptom burden were reported by 2-month intervals
during the year before and after the diagnosis of bone
metastases; missing PCM values were not imputed. A gener-
alized linear mixed model was used to evaluate symptom pro-
gression before and after diagnosis of bone metastasis.

Kaplan-Meier methods were used to estimate the time to
development of moderate to severe symptoms after the onset
of bone metastases. Patients had to have at least 1 PCM record
from the onset of diagnosis of bone metastases to 7 months
after (n = 822), thereby excluding patients whose first PCM
record was obtained more than 6 months after the onset of
bone metastases. Patients with PCM score ≥4 at the onset of
bone metastases or in the prior 3 months were represented as
having the symptom at time 0.

Cox proportional hazards models, with factors defined a
priori based on clinical judgement and expert opinion, were
used to model effects on specific symptoms in multivariate
analysis. Baseline factors in the model included race, age,
visceral metastases, bone-targeted agent treatment, prior
taxane therapy (before diagnosis of bone metastases), chemo-
therapy (after diagnosis of bone metastases), brain metastases,
liver metastases, and lung metastases. Symptoms were
modeled individually.

Results

Patients

A total of 1105 women met the eligibility criteria. Patients had
a median age of 61 (range, 52–70); 57 % were Caucasian and
23 % were African-American (Table 1). Slightly over half
(55 %) had metastases to the bone only, while 45 % also had
metastases to another site (25 % liver, 18 % lung, and 14 %
brain). Data were not collected on which site of metastases
was the first to be diagnosed. For those who had a stage re-
corded in the electronic medical record (n = 749), 307 (49 %)
had stage IV disease as the earliest stage recorded. We note
that the stage distribution does not reflect a typical distribution
at diagnosis because patients had to have bone metastases to
be included in the study. The median time from cancer diag-
nosis to diagnosis of bone metastases was 20.5 months.
Fifteen percent had breast cancer and bone metastases diag-
noses on the same day, and another 10 % had the bone metas-
tases diagnosis within 30 days of the original cancer
diagnosis.

Analgesic medication and bone-targeted agents

No substantial increase in analgesic medication use was
observed before vs after diagnosis of bone metastases, with
30 % receiving prescriptions for pain medications in the

Fig. 1 Symptom burden over time relative to the diagnosis of bone
metastases. a Mean PCM score over time. b Proportion of patients with
moderate or severe symptoms (PCM score ≥4). The number of patients
assessed at each time point and for each PCM item is shown in
Supplemental Table S1
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6 months before diagnosis of bone metastases compared with
34 % after the diagnosis (Table 1). Similarly, 10 % of patients
were receiving strong opioid medications before the diagnosis
compared with 7 % after. A total of 182 patients (16 %) were
either new to pain medication or increased the strength of their
prior pain medication after diagnosis of bone metastases. We
note that an underestimation of analgesic use was anticipated
in this study because the oncology patient record, despite
capturing details of medications administered or prescribed
in the oncology clinic, may not reliably capture those
medications obtained over the counter or prescribed by
another physician or at a different center, such as in the
hospital.

Half of the patients (n = 527; 48 %) were receiving
bone-targeted therapy after the diagnosis of bone

metastases. Most patients received bisphosphonates
(n = 469) and some received the RANK ligand inhibitor,
denosumab (n = 70); two patients received both. The
median (Q1, Q3) time to use of bone-targeted therapy after
diagnosis of bone metastases was 43 (25, 152) days. In the
first year after the diagnosis of bone metastases, 772
patients (70 %) were on either bone-targeted agents and/
or chemotherapy (endocrine therapy is not included): 43 %
of these patients were on both, 39 % were on bone-targeted
agents only, and 18 % were on chemotherapy only. Of the
611 patients on chemotherapy after diagnosis of bone
metastases in the first year, 21 % had chemotherapy both
6 months before and 6 months after the diagnosis. Of these,
49 % remained on the same chemotherapy in both the pre-
and post-period.

a Fatigue

b Physical pain

c Trouble sleeping

d  Numbness/tingling

e Anxiety 

f Loss of interest in others

Fig. 2 Kaplan-Meier estimated proportion of patients with moderate to severe symptoms over time. a Fatigue. b Physical pain. c Trouble sleeping. d
Numbness/tingling. e Anxious. f Loss of interest in others
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Table 1 Patient characteristics
Characteristic n = 1105

Median (range) age, years 61 (52, 70)

Race, n (%)

Caucasian 624 (57 %)

African-American 256 (23 %)

Hispanic 4 (<1 %)

Asian 3 (<1 %)

Other 218 (20 %)

Months from breast cancer diagnosis to bone metastases, median (Q1, Q3) 20.5 (1.0, 57.8)

Cancer stage (earliest recorded in CRF), n (%)

Number of patients with available stage 749

Stage 1 115 (15 %)

Stage 2 190 (25 %)

Stage 3 137 (18 %)

Stage 4 307 (41 %)

Location of metastases, n (%)

Bone only 605 (55 %)

Bone and other site(s) 500 (45 %)

Liver 272 (25 %)

Lung 195 (18 %)

Brain 152 (14 %)

Other 189 (17 %)

n = 1105

Treatments received before diagnosis of bone metastases, n (%)

Chemotherapy or biologic agents 616 (56 %)

Taxanes 429 (39 %)

Biologic agents 129 (12 %)

Hormonal therapies 457 (41 %)

Pain medication use

Before diagnosis of bone metastasesa 336 (30 %)

Non-opioidb 57 (5 %)

Opioid medication for moderate painc 31 (3 %)

Strong opioid medicationsd 109 (10 %)

After diagnosis of bone metastases 379 (34 %)

Non-opioidb 73 (7 %)

Opioid medication for moderate painc 50 (5 %)

Strong opioid medicationsd 74 (7 %)

Increase in medication strength or new medication use from before to after
diagnosis of bone metastases

182 (16 %)

Non-opioidb 30 (3 %)

Opioid medication for moderate painc 22 (2 %)

Strong opioid medicationsd 54 (5 %)

Bone-targeted agents received after diagnosis of bone metastases, n (%) 527 (48 %)

aMedication use was collected for the 6 months before the diagnosis of bone metastases
b Non-opioid medications included acetaminophen (ASA), aspirin, ibuprofen, and naproxen
cOpioid medications for moderate pain included ASA-codeine, ASA/oxycodone, aspirin/oxycodone, and ASA/
hydrocodone
d Strong opioid medications included morphine sulfate, hydromorphone, and fentanyl
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Symptom burden

Worsening of symptoms, as measured by PCM scores, oc-
curred in the 2 to 4 months leading up to the diagnosis of bone
metastases (Fig. 1a). Fatigue and pain, in particular, rose
sharply prior to the diagnosis. The proportion of patients with
moderate to severe symptoms also rose prior to diagnosis
(Fig. 1b). The estimated increase in risk per month that pa-
tients would develop moderate to severe symptoms leading up
to diagnosis was 9 % (P < 0.001) for both fatigue and pain and
19 % (P < 0.001) for numbness/tingling. For the other symp-
toms, change in risk over time of developing moderate to
severe symptoms prior to bone metastases was not statistically
significant (trouble sleeping, 3 %, P = 0.1; anxiety, 0 %,
P = 0.8; loss of interest in others, 17 %, P = 0.2). After the
diagnosis of bone metastases, symptom burden appeared to
decrease (Fig. 1a, b). The number of patients evaluated at each
time point by PCM item is shown in Supplemental Table S1.
The estimated decrease in risk per month that patients would
develop moderate to severe symptoms after diagnosis was 5%
(P = 0.02) for loss of interest in others, 1 % (P = 0.04) for
trouble sleeping, and 1 % (P = 0.03) for anxiety. For the other
symptoms, estimated risk of developing moderate to severe
symptoms after bone metastases was found to increase over
time (fatigue, 2 %,P < 0.001; pain, 0.8 %,P = 0.09; numbness
and tingling, 0.3 %, P = 0.74).

Using Kaplan-Meier methodology, the proportion of pa-
tients with moderate to severe symptoms over time after the
onset of bone metastases (defined as 1 month prior to diagno-
sis of bone metastasis) was estimated (Fig. 2). Patients who
already had the symptom at moderate to severe intensity at the
onset of bone metastases are included in the analysis, and this
proportion is represented at time zero. Pain and fatigue were
the earliest symptoms to reach their median time to moderate/
severe intensity, which occurred within 1 month or less after
the onset of bone metastases (Fig. 2a, b) and affected a major-
ity of patients by 3 months after onset of bone metastases.
Moderate to severe trouble sleeping and numbness/tingling
commenced later, at a median 2.9 and 7.7 months, respective-
ly, and also affected the majority of patients by the 1-year time
point (Fig. 2c, d). Median time to moderate/severe anxiety
was 14.7 months, and about half of the patients had this symp-
tom at 1 year (Fig. 2e). Median time to loss of interest in others
was not reached, and this symptom affected fewer patients
(Fig. 2f).

Cox proportional hazards models were used to evaluate the
impact of specific factors defined a priori associated with
moderate/severe symptoms for each of the six variables.
Baseline factors in the model included race, age, visceral me-
tastases, bone-targeted agent treatment, prior taxane therapy,
chemotherapy, brain metastases, liver metastases, and lung
metastases. Fatigue was associated with chemotherapy use
(HR 1.3; 95 % CI 1.1, 1.5) and prior taxane therapy (HR

1.3; 95 % CI 1.1, 1.7). The presence of visceral metastases
(HR 1.3; 95 % CI 1.0, 1.6) was a factor significantly associ-
ated with pain. Trouble sleeping was associated with age (HR
0.99; 95 % CI 0.98, 1.0). For anxiety, significant factors in-
cluded African-American race (compared with Caucasian;
HR 0.6; 95 % CI 0.4, 0.7), age (HR 0.99; 95 % CI 0.98,
1.0), and presence of visceral metastases (HR 1.5; 95 % CI
1.1, 2.1). Numbness/tingling was associated with African-
American race (compared with Caucasian; HR 1.3; 95 % CI
1.1, 1.6), age (HR 0.99; 95% CI 0.98, 1.0), and chemotherapy
(HR 1.3; 95% CI 1.1, 1.6), although the association with prior
taxane therapy did not reach significance (HR 1.3; 95 % CI
0.98, 1.6). The site of metastases (lung/liver/brain) did not
have significant effects on time to development of moderate
or severe symptoms after the diagnosis of bone metastases.

Discussion

Numerous studies have reported symptom trajectories in pa-
tients with breast and other cancers relative to specific events
such as initial diagnosis, surgery, chemotherapy, and death
[10, 20–28]. The present study contributes to the understand-
ing of symptom trajectory in the context of the onset and
diagnosis of bone metastatic disease, showing that both the
severity of symptoms as well as the proportion of patients
experiencing moderate to severe symptoms began to increase
for several months prior to the actual diagnosis of bone me-
tastases. In particular, the risk of developing moderate or se-
vere fatigue, pain, and numbness/tingling increased signifi-
cantly in the months leading up to the diagnosis. The clinical
implications of these findings are that oncologists should be
aware that increasing symptoms in patients with advanced
breast cancer may predict or reflect the onset of bone metas-
tases. Earlier detection and treatment of bone metastases has
the potential to reduce the increase of pain as well as to pre-
vent skeletal events and loss of mobility incurred from bone
destruction when bone metastases are discovered at a later
stage.

Notably, after the diagnosis of bone metastases, the burden
of fatigue, pain, and anxiety appeared to decrease or flatten,
likely reflecting the effects of more aggressive patient man-
agement [6] which included introduction or intensification of
pain medication, as well as the use of bone-targeted agents. A
large longitudinal study in a mixed cancer population also
reported a relatively flat burden of pain, nausea, anxiety, and
depression in the 6 months before death, and the authors sug-
gested that these symptoms are those for which medication
strategies exist, although they were unable to evaluate treat-
ment [27]. Alternatively, the decrease in PCM scores after
bone metastases diagnosis in our study might have been in-
fluenced by the effect of missing data due to patient attrition
and/or might reflect patient adjustment to progressive disease.
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The potential effects of increased patient management fol-
lowing diagnosis were also reflected in the Kaplan-Meier
curves for all of the symptoms (except for loss of interest in
others, a measure of depression), which showed a change in
trend at 30 days after onset of bone metastases, with acceler-
ation leading into the 30-day point and subsequent decelera-
tion. The cumulative proportion of patients with moderate to
severe symptoms increased over time for most symptoms,
particularly for pain and fatigue which affected a majority of
patients within 3 months of the onset of bone metastases.
Trouble sleeping and numbness/tingling had slower onsets,
but also affected a majority of patients at a moderate to severe
intensity within 1 year after the onset. Anxiety and loss of
interest in others developed in smaller proportions of patients,
with a slower course than the other symptoms.

Previous studies of longitudinal symptom burden in our
selected population, breast cancer patients with bone metasta-
ses, have reported increases of symptom burden over time, but
either examined symptom burden as a composite [12], rather
than individual symptoms, or focused on predictors of in-
creased symptoms [13]. The study most similar to ours eval-
uated symptom trajectory in the 6 months before death in a
mixed cancer population using the Edmonton Symptom
Assessment System [27]. These authors demonstrated that
fatigue, appetite, well-being, and drowsiness increased steadi-
ly in severity leading up to death, while pain, shortness of
breath, anxiety, depression, and nausea remained relatively
flat during this time period. In our study, we selected the group
of symptoms identified in the ECOG SOAPP study as the
most prevalent moderate to severe symptoms [7] in patients
with breast cancer (fatigue/tiredness, disturbed sleep, pain, dry
mouth, distress, numbness/tingling, and sadness) for which
there were corresponding PCM items: fatigue, trouble
sleeping, pain, anxious (as a measure of distress), numbness/
tingling, and loss of interest in others (as a measure depression
[18]). In addition to the differences in individual symptoms
selected for analysis in our study relative to previous studies,
our results offer a unique perspective on the trajectory of
symptoms owing to the anchoring of our analysis to the onset
and diagnosis bone metastases.

Despite the decrease in pain after diagnosis of bone metas-
tases, a substantial increase in analgesic use after bone metas-
tases diagnosis was not observed in the present study, with just
16 % of patients having new or increased pain medication
after diagnosis. A major limitation to this dataset is that anal-
gesic medication may have been provided by clinicians out-
side of the oncology practice. The proportion of patients in
this study receiving opioid medications in the period leading
up to diagnosis of bone metastases was approximately 10 %.
This percentage is similar, although slightly lower, than the
percentages of strong opioid use reported in an observational
study evaluating the prescription of analgesics in patients with
solid tumors (13 %) [29] and for patients with breast cancer

and bone disease enrolled in a phase 3 clinical trial (16 %)
[30].

The decrease in pain observed after the diagnosis of bone
metastases may be associated with the use of bone-targeted
agents and/or external beam radiation to manage pain without
use of opioid analgesics [2, 4, 30, 31]. Nearly half of the
patients were receiving bone-targeted agents and these agents
were prescribed rapidly following the diagnosis of bone me-
tastases. We note that the data for bone-targeted agents are far
more robust than for pain medication, as the former medica-
tions were administered in the oncologist’s office and were
therefore far more likely to be recorded. The observation that
half of the patients did not receive any treatment with bone-
targeted agents points to an opportunity to further improve
management of bone metastases in this population.

A unique aspect of this dataset was that patient-reported
outcomes were captured as part of routine assessment in the
clinical practice setting, thereby allowing symptom burden to
be studied over time relative to the diagnosis of bone metas-
tases in the absence of a clinical trial. In addition, many pa-
tients included in this study would otherwise have been ex-
cluded from a prospective clinical trial due to low ECOG
performance scores and/or limited life expectancy. Our study
describes real-world findings in a population of over 1000
women treated in clinical practice across the USA that is rep-
resentative of women treated in the community setting and
therefore more generalizable to the broader breast cancer pop-
ulation of the USA than the population studied in clinical
trials. Of note, the median time to diagnosis of bone metasta-
ses was 20 months in this population (in which half of the
patients had stage IV disease), shorter than that recently re-
ported for patients with local (stages 0–II) or regional disease
(stage III) (30 and 33 months, respectively) [32].

A strength of our study was the use of electronic medical
records; however, electronic datasets in the clinical practice
setting may also present some limitations as their use is still
evolving and validation studies of the sensitivity and specific-
ity of diagnostic and treatment data are needed. Importantly,
these data reflect only diagnoses and treatments provided in
the oncology clinic from community-based practices.
Although close to 90 % of community-based oncology/
hematology practices today have adopted electronic medical
records for the routine care of patients [33], during the study
period, the adoption of electronic health records was lower
and therefore our study may differ in practice patterns and
patient characteristics from the general US patient population.
The identification of patients with bone metastases reliant on
ICD-9 code in the OSCER database might be a source of
misclassification and selection bias; selection bias is also pos-
sible from the inclusion criterion requiring at least one PCM
assessment. Furthermore, analyses of pain medication use
were limited by missing data. Drugs that are administered
outside of the oncology clinic including oral medications
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and infusions) may not be recorded in the patient health re-
cord. These missing data are particularly important to the
analyses of pain medication, as a majority are oral and many
can be purchased over the counter at retail pharmacies.
Therefore, we cannot exclude the possibility of underestima-
tion of the pain medication use in this study, which may trans-
late into the underestimation of the pain burden associated
with the development of bone metastases in breast cancer
patients. There are also other medications that could affect
pain in cancer patients with bone metastases, such as bone-
targeted agents, corticosteroids, and anticonvulsants, which
may have confounded pain estimation. An additional limita-
tion to this study is that site selection was not based on a
random process since the data housed in OSCER with corre-
sponding PCM data were limited to the Vector Oncology data
from selected hematology/oncology practices.

In conclusion, we observed increasing symptom burden, par-
ticularly for pain and fatigue, both before and after the diagnosis
of bone metastases in women with breast cancer in this retro-
spective patient record study conducted in the USA. These find-
ings reinforce the need for symptoms to be proactively moni-
tored and managed by health care providers. Advanced detec-
tion and treatment of bone metastases could reduce symptom
burden and prevent further decline in HRQoL.
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