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Introduction: Bone is the most common distant site of breast cancer metastasis. Skeletal lesions can cause
significant morbidity due to pain, pathologic fracture, and electrolyte abnormalities. Current treatment
for patients with bone metastases (BoM) from breast cancer is highly personalized and often involves
a multidisciplinary approach with chemotherapy, hormone therapy, bone-targeted antiresorptive agents,
radiation therapy, and surgery. We have retrospectively collected clinical data from a series of patients
with bone metastases to evaluate the clinical characteristics, prognostic factors, and survival patterns
of patients with breast cancer BoM receiving standard multimodal therapy.
Methods: A consecutive series of 167 patients with breast cancer BoM treated at a single institution
between August 2013 and March 2020 were identified. Clinical information was obtained from the med-
ical record and survival analyses were performed to evaluate patient outcomes and identify prognostic
factors.
Results: Thirty-seven patients (22%) presented with de novo BoM – bone metastases at the time of breast
cancer diagnosis – and were 2.6 times more likely to die within the study period than those with asyn-
chronous BoM (HR = 2.62, p = <0.0001). Patients who received bone-targeted medical therapy were 61%
less likely to die after BoM diagnosis than those who did not (HR = 0.39, p = 0.001). Operative stabilization
of BoM was more frequently employed in patients with lytic (p = 0.02) or mixed (p = 0.02) tumors than it
was for those with blastic lesions. Patients treated with surgery had a lower overall bone metastasis sur-
vival than those treated without (p < 0.03).
Discussion: These findings reflect the current patterns in metastatic breast cancer treatment and associ-
ated outcomes. In a series of 167 consecutive patients, we demonstrate the natural history of breast can-
cer with BoM being treated with modern multimodal therapy. Understanding these treatment patterns
and prognostic factors enhances the provider’s ability to counsel patients and direct appropriate
treatments.
� 2021 The Authors. 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

Breast cancer is the most common cancer diagnosis in women
globally with an estimated two million new cases each year [1].
In the U.S., breast cancer currently affects over 3.5 million men
and women. Metastatic disease is the primary cause of cancer-
related mortality and affects approximately 30% of patients with
breast cancer [2–5]. While early diagnosis and treatment for pri-
mary disease has seen significant improvements over the last three
decades [6], the overall 5-year survival rate for patients with

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbo.2021.100363&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jbo.2021.100363
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:hankinsml@upmc.edu
mailto:cns45@pitt.edu
mailto:bev_hersh@mac.com
mailto:heimte@upmc.edu
mailto:belaynehr2@upmc.edu
mailto:Dooley.Sean@medstudent.pitt.edu
mailto:leeav@upmc.edu
mailto:oesterreichs@upmc.edu
mailto:lucaspc@upmc.edu
mailto:puhallasl@upmc.edu
mailto:weiskr@upmc.edu
mailto:weiskr@upmc.edu
mailto:rjw63@pitt.edu
https://doi.org/10.1016/j.jbo.2021.100363
http://www.sciencedirect.com/science/journal/22121374
http://www.elsevier.com/locate/jbo


M.L. Hankins, C.N. Smith, B. Hersh et al. Journal of Bone Oncology 29 (2021) 100363
metastatic disease has remained unchanged at around 20–30% [7].
Bone is the most common site of distant breast cancer metastasis
and is involved in 65–80% of patients with metastatic disease [8].
BoM can be lytic, blastic, or mixed [9,10] and are associated with
pathologic fracture, endocrine dysregulation, damage to local
structures [10–13], and increased mortality [11,14]. Living with
BoM has a dramatic impact on the patients’ quality of life and
causes significant pain, physical disability, and potential loss of
employment.

There have been significant improvements in breast cancer
therapy in recent years and more patients are living longer with
BoM with the use of adjuvants such as chemotherapy, radiation
therapy, and hormonal therapy to reduce the incidence and mor-
bidity of metastasis. Better strategies have also been developed
specifically for loco-regional and systemic control of BoM, includ-
ing advances in orthopaedic surgery techniques, radiotherapy,
and bone-targeting agents [10]. Results from recent trials consis-
tently support the efficacy of bone-targeting agents (i.e. bisphos-
phonates, denosumab) in reducing the incidence of BoM and the
rate of BoM-related morbidity. As such, these have become a main-
stay of treatment [15]. These agents decrease the lytic action of
cancer in bone through osteoclast inhibition. This inhibition also
interrupts physiologic bone remodeling, which predisposes this
population to atypical fractures, osteonecrosis of the jaw, systemic
electrolyte abnormalities, and renal failure [9,10]. If these side
effects are experienced, treatment with bone-targeting therapy
generally needs to be discontinued.

There is currently no universally accepted paradigm for the
treatment of BoM in breast cancer. At our institution, patients with
BoM that have estrogen receptor positive (ER+) also known as hor-
mone receptor positive breast tumors are treated with sequential
endocrine therapy with aromatase inhibitors and fulvestrant in
combination with agents such as CDK 4/6 inhibitors (palbociclib,
ribociclib, or abemaciclib), or the mTOR inhibitor, everolimus.
Additional chemotherapy may be given if the patient has visceral
metastasis or if there has been progression despite multiple lines
of endocrine therapy. In patients with triple-negative breast can-
cer, chemotherapy is generally employed starting with a taxane
or capecitabine with transition to other agents as needed if the dis-
ease progresses. For patients with HER2+ breast tumors, initial
treatment generally includes a taxane with trastuzumab or per-
tuzumab followed by trastuzumab emtansine as a second line
agent. After these initial lines of therapy, many patients continue
to receive individualized treatment as deemed appropriate by their
medical oncologist. The decision to pursue surgical intervention for
bone lesions in patients with metastatic breast cancer is multifac-
torial and made based on a thorough, personalized assessment
with the patient that involves discussion with the medical and
radiation oncologists. The surgical treatment of metastatic disease
is often preceded by systemic therapy of the patient’s primary dis-
ease as directed by medical oncology.

The absence of clear treatment guidelines is a challenge to both
patients and physicians. The surgical treatment of BoM involves
stabilizing or replacing the compromised bone. This is a palliative
solution that does not aim to ‘‘cure” the disease or address the for-
mation or growth of new metastases. There remains significant
variability in the treatment indicated in each case of BoM based
on breast cancer type, prior treatments, patient symptoms and
characteristics, including the degree of pain at rest and with ambu-
lation, overall performance and health status, the location of skele-
tal disease, the predominance of lytic or blastic disease, and other
considerations related to the individual patient’s circumstances.

If surgical intervention is indicated, native bone is preserved
with intramedullary or extramedullary fixation with or without a
structural adjuvant such as polymethyl methacrylate bone cement
whenever feasible. Replacement of bone or joints with endopros-
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theses is performed if the volume of healthy bone is determined
to be inadequate to support bone/joint preservation. The goal of
any surgical intervention is to maximize the patient’s immediate
mobility and quality of life [16,17].

A major obstacle in the care of patients with metastatic breast
cancer is the poor understanding of BoM biology and lack of clear
guidelines driving the decision to pursue surgical treatment. In this
study, we aim to identify the clinical characteristics, prognostic
factors, and survival of a cohort of patients with breast cancer
BoM to provide an updated understanding of the clinical patterns
of this disease and to assist in the multidisciplinary decisions sur-
rounding surgical intervention. We have retrospectively reviewed
the clinical data of all patients seen in our orthopedic oncology
practice between August 2013 and March 2020 to identify prog-
nostic factors in the context of modern treatment strategies
employed by a multidisciplinary musculoskeletal oncology team.
2. Methods

2.1. Patient inclusion criteria and chart review

This study was approved by the University of Pittsburgh Institu-
tional Review Board committee (STUDY20010034). We performed
a retrospective chart review using the ICD-10 codes C79.51 (sec-
ondary malignant neoplasm of bone), C79.9 (secondary malignant
neoplasm of unspecified site), C79.81 (secondary malignant neo-
plasm of breast), and C50 (malignant neoplasm of breast) to iden-
tify patients with suspected breast cancer BoM seen in our practice
by four board-certified, fellowship-trained orthopaedic oncologists
between August 2013 and March 2020. This search yielded 896
subjects. After preliminary chart review, 191 patients were con-
firmed to have a final pathologic diagnosis of metastatic breast
cancer and underwent further review. In surgically treated
patients, a board-certified pathologist confirmed the diagnosis of
breast cancer BoM as dictated by our treatment paradigm.
Twenty-four patients were excluded from complete review as they
were found to have concomitant primary carcinomas of different
histological subtypes other than breast cancer.

Demographic information collected on the remaining 167
patients included sex, race, and age at breast cancer and BoM diag-
nosis; tumor histology; primary tumor and BoM receptor status
including the quantitative estrogen receptor (ER) and/or proges-
terone receptor (PR) H-scores (a measure of nuclear immunoreac-
tivity applicable to steroid receptors); types of treatment received
(chemotherapy, radiation therapy, hormonal therapy, bone-
targeted therapy, and surgery); type and location of bone lesions;
and date of last follow up or death.
2.2. Statistical analyses

Overall survival (OS) was defined as the time from primary
breast cancer diagnosis until death or last follow-up. BoM survival
(BMS) was defined as the time from BoM diagnosis until death or
last follow-up. Survival functions were plotted using the Kaplan-
Meier method. Cox proportional hazards models were used to
assess relationships between each of the two survival outcomes
and prognostic factors (de novo status, diagnosis age, received sur-
gery, ER primary, endocrine therapy, radiotherapy, chemotherapy,
bone-targeted therapy, CDK inhibitor treatment, race, and histo-
logical subtype). Multivariable Cox proportional hazards models
for each of the two survival outcomes were created using the fac-
tors that were significant in the univariate models with backwards
selection to develop a final model. Chi-square tests with post-hoc
probing adjusted with the Holm-Bonferroni method were
employed to compare the rate of surgical intervention across types



Table 1
Patient demographics and disease characteristics.

Category Subcategory N %

Life Status Alive 62 37.1
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and sites of bone lesions. Age was analyzed as a continuous vari-
able and the remainder of variables were considered categorical.
An alpha level of 0.05 was used for all statistical tests. Analysis
was performed in SAS version 9.4.
Deceased 105 62.9
Race Caucasian 152 91.3

African-American 13 7.6
Asian 2 1.2

de novo BM Yes 37 22.2
No 130 77.8

Metastases Bone only 24 14.4
Other sites 143 85.6

Surgery Yes 76 45.5
No 91 54.5

Pathology Subtype Ductal 134 80.2
Lobular 14 8.4
Ductal and Lobular (Mixed) 9 5.4
Unknown 10 6.0
3. Results

3.1. Patient characteristics

Patients with histologically confirmed breast cancer BoM
(n = 191) underwent full review and demographics were obtained
(Fig. 1). Twenty-four subjects were excluded from further analyses
due to concomitant or historical diagnoses of another carcinoma.
Patient demographics and disease characteristics are illustrated
in Table 1.

The majority of patients were Caucasian (n = 152), while
patients identifying as African American (n = 13) and Asian
(n = 2) were present in smaller numbers. All patients were female.
Of the 167 patients, 37 (22.2%) presented with BoM at the time of
breast cancer diagnosis (de novo BoM).
4. Breast cancer histologic subtypes:

The histologic subtype was ductal in 80.2% of patients (Table 1)
and the majority of primary breast tumors were ER+ and HER2�
(71.6%). The majority of patients received endocrine therapy,
chemotherapy, and radiation therapy (Table 2). The majority of
BoM were also ER+ and HER2� (71.3%) (Table 3). Receptor discor-
dance was highest among ER� BoM; the corresponding primary
tumors from these patients were often ER+ (45.5%). Mean patient
age and average interval of time from cancer diagnosis to diagnosis
of BoM are shown in Table 4.

4.1. Bone metastasis subtypes

BoM were characterized by lesion type (lytic, blastic, or mixed)
and site (spine, pelvis, upper extremity, lower extremity, or multi-
ple sites) (Fig. 2). Patients with lytic or mixed lesions had higher
rates of surgical intervention compared with patients who had
Fig. 1. Flow-chart for retro
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blastic lesions (p = 0.02). Patients with lower extremity BoM were
more likely to be treated surgically than patients with BoM in the
pelvis (p = 0.005) or the spine (p = 0.001).
4.2. Overall survival and bone metastasis survival

Median OS was 121.2 months (95% CI: 92.7, 165.7) (Fig. 3A), and
median BMS was 45.9 months (95% CI: 39.9, 56.9) (Fig. 3B). Median
OS for patients with de novo BoM was 58.3 months (95% CI: 34.9,
118.8) compared with 139.7 months (95% CI: 110.1, 212.6) in
patients with asynchronous BoM (Fig. 4A). Median BMS was higher
in patients with de novo disease compared to patients with asyn-
chronous metastases although this difference was not statistically
significant (HR = 0.69, p-value = 0.14) (Fig. 4B, Table 5). Overall
mortality was much higher in patients with de novo BoM; this
group was almost three times more likely to die within the study
period than those with asynchronous BoM while controlling for
age and primary ER status (HR = 2.62, p = <0.0001). Our multivari-
able model revealed that de novo status remained associated with
lower OS after controlling for age at diagnosis and ER status
(Table 6).
spective study design.



Table 2
Treatments received based on receptor status of breast primary.

Breast Primary
Hormonal Status

N (%)* Received Endocrine
Therapy

Received HER2
Therapy

Received
Chemotherapy

Received
Radiation

Received
Palbociclib

ER+/HER2� 106/148(71.6%) 105/106 8/106 100/106 98/106 62/106
ER+/HER2+ 26/148 (17.6%) 26/26 22/26 26/26 24/26 10/26
ER-/HER2+ 3/148 (2.0%) 2/3 3/3 3/3 1/3 0/3
ER-/HER2� 13/148 (8.8%) 4/13 0/13 13/13 10/13 2/13

*Total number of patients (n = 148) that receptor status and all treatment information were documented in clinical records for ER, PR, and HER2 for primary tumors.

Table 3
Characteristics of patient bone metastases.

Bone Metastasis
Hormonal Status

N (%)* Receptor
Discordanceǂ

De Novo Other Metastatic
Sites

Received Bone-Targeted
Therapy

Received
Surgery

ER+/HER2� 57/80 (71.3%) 12/57 (21%) 15/57 (26.3%) 50/57 (87.7%) 53/57 (98.1%) 35/57 (61.4%)
ER+/HER2+ 10/80 (12.5%) 2/10 (20%) 1/10 (10%) 9/10 (90%) 9/10 (90%) 4/10 (40%)
ER-/HER2+ 2/80 (2.5%) 2/2 (100%) 1/2 (50%) 1/2 (50%) 2/2 (100%) 0/2 (0%)
ER-/HER2� 11/80 (13.7%) 5/11 (45.5%) 0/11 (0%) 9/11 (81.8%) 7/11 (63.6%) 2/11 (18.2%)

*Total number of patients (n=80) that receptor status was documented in clinical records for ER, PR, and HER2 for both primary tumors and bone metastases.
ǂRecorded if any of the receptors (ER, PR, HER2) switched from what was reported for the primary tumor.

Table 4
Mean patient age at time of primary breast cancer diagnosis and diagnosis of bone
metastasis, and interval between diagnoses.

Mean
(years)

Range
(years)

Age at primary breast cancer diagnosis 54 31–91
Age at onset of metastatic bone disease 59 31–93
Time from primary dx to first bone met (including

de novo disease)
5 0–35

Fig. 2. Characteristics of BoM categorized into those that received surgery (OP) and those
(spine, pelvis, upper extremity = UE, lower extremity = LE, and multiple sites). UNK = u
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4.3. Age, receptor status, and treatment as prognostic factors

Multivariable modeling revealed that increased age at diagnosis
was associated with decreased OS (HR = 1.03, 95% CI: 1.01, 1.05,
p = 0.001) while controlling for de novo status and primary ER sta-
tus. ER-positivity in primary tumors was associated with increased
OS (HR = 0.5, p = 0.03) and BMS (HR = 0.32, p = 0.001). Patients with
an ER+ primary tumor were 61% less likely to die within the study
period than patients with ER� primary tumors (HR = 0.39, 95% CI:
0.21, 0.75, p = 0.005) (Table 6). African American patients exhibited
that did not (NOOP) for A.) lesion type (lytic, blastic, or mixed) and B.) site of lesion
nknown in cases where this information was not recorded.



Fig. 3. Kaplan-Meier survival estimates of survival for all patients. A.) Median survival after primary breast cancer diagnosis was 121.2 months (95% CI: 92.7, 165.7). B.)
Median survival after diagnosis of BoM was 45.9 months (95% CI: 39.9, 56.9).
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decreased OS (HR = 2.5, p = 0.01) compared with Caucasian
patients. Patients receiving endocrine (HR = 0.27, p = 0.0001),
bone-targeted (HR = 0.39, p = 0.001), and CDK-inhibitor
(HR = 0.56, p = 0.003) therapies were more likely to survive after
BoM diagnosis (Table 5).

Patients treated with endocrine therapy demonstrated
increased BMS and were 67% less likely to die after BoM diagnosis
than those who did not receive endocrine therapy, while control-
ling for use of surgery and bone-targeted therapy (HR = 0.33, 95%
CI: 0.14, 0.82, p = 0.02). Patients who received bone-targeted ther-
apy were 54% less likely to die after BoM diagnosis than those who
did not while controlling for use of endocrine therapy and surgery
(HR = 0.46, 95% CI: 0.23, 0.93, p = 0.03). Patients with mixed inva-
sive ductal carcinoma (IDC) and invasive lobular carcinoma (ILC)
5

histological subtypes were over 3 times more likely to die after
BoM diagnosis than patients with IDC or ILC alone while control-
ling for use of endocrine therapy, bone-targeted therapy, and sur-
gery (HR = 3.49, 95% CI: 1.65, 7.41, p = 0.001) (Table 7).

4.4. Surgical treatment as a prognostic factor

Kaplan-Meier (KM) survival estimates were used to compare
patients treated with and without surgery. Median OS for operative
patients was 88.9 months (95% CI: 69.6, 163.7) and for non-
operative was 139.7 months (95% CI: 99.8, 184.3). Median BMS
for operative was 39.9months (95% CI: 27.9, 45.9), and 59.5months
(95% CI: 42.3, 86.4) for non-operative. Overall, patients that
received surgery had decreased OS and BMS (Fig. 5).



Fig. 4. Kaplan-Meier survival estimates to compare patients with de novo BoM versus those with asynchronous metastases. A.) Median overall survival for patients with de
novo BoM was 58.3 months (95% CI: 34.9, 118.8), while median survival for patients with asynchronous BoM was 139.7 months (95% CI: 110.1, 212.6). B.) Median BoM
survival for de novo patients was 58.3 months (95% CI: 33.9, 116.7), and 42.9 months (95% CI: 35, 55.6) for those with asynchronous metastases.
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KM plots were also utilized to compare survival between
patients with de novo disease and those with asynchronous BoM
who were treated with and without surgery (Fig. 6). Median OS
for patients with de novo disease treated operatively was
58.3 months (95% CI: 23.9, 168.2) compared with 59.9 months
(95% CI: 34.6, 183) in patients with de novo disease treated nonop-
eratively. In patients with asynchronous metastases, those treated
operatively had an OS of 114.2 months (95% CI: 79.2, 212.6) com-
pared with 175.1 months (95% CI: 113.8, 247.5) for those treated
nonoperatively. Patients with de novo metastases treated opera-
tively were roughly 3 times more likely to die within the study per-
iod than those without de novo metastases who were treated
nonoperatively (p = 0.0005). Furthermore, operative patients with
6

de novo metastases were 2.5 more likely to die within the study
period than operative patients without de novo disease (p = 0.01).
Patients with asynchronous metastases treated operatively were
73% more likely to die within the study period than those treated
nonoperatively (p = 0.01).
5. Discussion

Review of the basic clinical characteristics of this series of
patients corroborates the findings reported previously in the liter-
ature. The mean age of breast cancer diagnosis in our study was
54 years. In similar cohorts of patients with breast cancer BoM,



Table 5
Results from univariate Cox proportional hazards model assessing influence of de novo status, age at diagnosis (dx age), receiving surgery, ER status of primary tumor, race,
treatment endocrine therapy, chemotherapy, radiation, bone-targeted therapy, and CDK inhibitors on overall survival (OS) and bone metastasis survival (BMS). *Mixed- refers to
patients with tumors displaying both ILC and IDC subtypes.

Parameter OS BMS

Hazard Ratio P-value Hazard Ratio P-value

De novo Status <0.0001 2.62 0.14 0.69
Age at Dx 0.0003 1.03 0.11 1.01
Received Surgery (ref = yes) 0.2 1.29 0.03 1.52
ER primary, n = 160 (ref = negative) 0.03 0.5 0.001 0.32
Race African American vs. Caucasian 0.01 2.5 0.12 1.72

Asian vs. Caucasian 0.79 1.3 0.63 0.62
Endocrine Therapy (ref = no) 0.13 0.59 0.0001 0.27
Chemotherapy (ref = no) 0.1 3.32 0.16 2.8
Radiotherapy, n = 163 (ref = no) 0.48 0.79 0.76 0.9
Bone-targeted therapy, n = 165 (ref = no) 0.25 0.72 0.001 0.39
CDK inhibitor therapy (ref = no) 0.08 0.7 0.003 0.56
Histological Subtype, n = 157 ILC vs IDC 0.32 1.4 0.81 1.1

Mixed* vs IDC 0.02 2.4 0.01 2.7

Table 6
Results from multivariable Cox proportional hazards model reveals significant parameters assessing
influence of de novo status, age at diagnosis, and ER status of primary tumor on overall survival (OS).

Parameter OS

P-value 95% CI Hazard Ratio

De novo Status 0.002 1.36, 3.81 2.27
Age at Dx 0.001 1.01, 1.05 1.03
ER primary, n = 160 (ref = negative) 0.005 0.21, 0.75 0.39

Table 7
Results from multivariable Cox proportional hazards model reveals significant parameters assessing influence of receiving surgery, endocrine therapy, bone-targeted therapy, and
histological subtype on bone metastasis survival (BMS). *Mixed- refers to patients with tumors displaying both ILC and IDC subtypes.

Parameter BMS

P-value 95% CI Hazard Ratio

Received Surgery (ref = yes) 0.003 1.24, 2.92 1.9
Endocrine Therapy (ref = no) 0.02 0.14, 0.82 0.33
Bone-targeted therapy, n = 165 (ref = no) 0.03 0.23, 0.93 0.46
Histological Subtype, n = 157 ILC vs IDC 0.23 0.76, 3.20 1.56

Mixed* vs IDC 0.001 1.65, 7.41 3.49
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median age has been found to be between 46 and 67 years [18–23].
Our analysis demonstrated that older age at diagnosis is a poor
prognostic factor for overall survival, an association previously
found in some series [24] but not others [21].

In our cohort, median OS was 121.2 months (10.1 years). Previ-
ous studies have reported survival of 7–9 years in patients with
breast cancer BoM [21,22]. Median survival after BoM diagnosis
has been reported to be 2.7 years [19], which was lower than the
45.9 months (3.8 years) BMS we observed in our patient popula-
tion. This may be due to the evolving treatments and modern mul-
timodal therapeutic approaches for metastatic disease.

We observed a high percentage of ER+ cases in our sample,
reflecting our cohort’s consistency with the well-established ten-
dency for ER+ breast cancer to metastasize to bone [24–27]. BoM
occurs predominantly in ER+ breast cancers, and generally main-
tains ER+ receptor status [12,20,28–30]. Our assessment of recep-
tor discordance, which was established if the ER or HER2 status
of the primary tumor was not mirrored in the BoM histology,
demonstrated that it was more common for ER+ tumors to switch
to ER� metastases than the converse. This is consistent with other
reported literature [31,32] and may be associated with acquired
7

endocrine therapy resistance [33–35]. Previous research has found
a strong association between ER status and survival in patients
with BoM [24], which is recapitulated by our findings: ER-
positivity was associated with longer OS (HR = 0.5, p = 0.03) and
BMS (HR = 0.32, p = 0.001).

Patients with de novo skeletal metastases represented 22.2% of
patients in our group, which is similar to what has been found
by others: in a study of 1445 patients with bone-only metastases,
Parkes et al. found 31% of patients to have de novo BoM [22]. In a
series of patients with Stage IV breast cancer, Shen et al. found that
35% of patients had de novo metastatic disease, and about half of
these were de novo bone lesions [36]. The Cox proportional hazards
model demonstrated that patients diagnosed with BoM at the time
of breast cancer diagnosis were almost three times more likely to
die than women with asynchronous metastases, which is consis-
tent with previous results [20,24].

Patients treated nonoperatively had better BMS (p = 0.03).
Interestingly, we reported that patients who received bone-
targeted therapy were 54% less likely to die after BoM diagnosis
than those who did not while controlling for use of endocrine ther-
apy and surgery. This finding was unexpected, and its explanation



Fig. 5. Kaplan-Meier survival estimates to compare patients that received surgery versus those that did not have this in their treatment plan. A.) Median overall survival for
operative was 88.9 months (95% CI: 69.6, 163.7), while median survival for non-operative was 139.7 months (95% CI:99.8, 184.3). B.) Median BoM survival for operative was
39.9 months (95% CI: 27.9, 45.9), and 59.9 months (95% CI: 42.3, 86.4) for non-operative.
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is likely multifactorial. At our institution, bone-targeting therapy
(BTT) in the form of bisphosphonates or denosumab is uniformly
employed in patients with bone metastases. Exceptions are made
in rare cases of allergy, patient refusal for concerns of side effects,
or history of poor dentition or other serious dental issues. Patients
treated operatively probably had more aggressive lesions (i.e. lytic,
larger in size, completed fracture, weight-bearing bone, more pain-
ful), which would have prompted the decision to proceed with sur-
gical intervention. We investigated this in more detail and found
that patients treated operatively were more likely to have lytic or
mixed lesions compared to blastic lesions and they occurred more
frequently in their lower extremities than other areas. Surgical
intervention was not associated with a difference in OS or BMS
8

in patients with de novo BoM. These findings reflect the complex,
highly personalized care decision to involve surgical treatment;
timing of metastasis has not been shown to be a useful factor in
directing the decision to proceed with surgical intervention.
Rather, the lesion’s characteristics, location, size, and associated
symptoms along with the patient’s performance status directs
operative versus nonoperative treatment. At our Institution,
fellowship-trained musculoskeletal oncologists employ a system
similar to that described by Mirels, et al. [37,38] who espoused a
multifaceted approach to surgical decision-making in patients with
osseous metastases. Lesion characteristics refer to the lesion’s
radiographic appearance as lytic, blastic, or mixed. Purely lytic
lesions present a greater threat to skeletal integrity and typically



Fig. 6. Kaplan-Meier survival estimates to compare patients with de novo or asynchronous metastases that received surgery versus those that did not have this in their
treatment plan. A.) Median overall survival for de novo, operative was 58.3 months, while median survival for de novo, non-operative was 59.9 months. Asynchronous
metastases, operative was 114.2 months, while non-operative was 175.1 months. B.) Median BoM survival for de novo, operative was 58.3 months, while median survival for
de novo, non-operative was 59.9 months. Asynchronous metastases, operative was 35.7 months, while non-operative was 56.9 months. OP = operative, NOOP = non-operative.
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warrant a more aggressive approach than mixed or lytic disease.
Tumor location is in itself multifaceted as both the location of
the affected bone and the location of disease within that bone
are important in surgical decision-making. For example, lower
extremity long bones (femur, tibia) are typically approached much
more urgently than upper extremity bones (humerus, ulna, radius)
for the simple reason that ambulation is crucial for nearly all activ-
ities of daily life. A lower extremity pathological fracture is there-
fore a devastating event that should be prevented as it would likely
render the patient immobile, bed-bound, and in considerable pain.
Additionally, the location within the bone is important as cortical
bone accounts for a greater proportion of the bone’s structural
integrity than intermedullary bone. Cortically destructive lesions
are therefore more worrisome from a biomechanical standpoint.
The most important associated symptom is pain. Patients who
experience pain with every step and/or pain at rest are closer to
an adverse skeletal event than patients who only have occasional
or activity-associated pain. All of these factors, along with the
patient’s goals and wishes are weighed, and evaluated for a person-
alized approach to each patient’s particular disease.

This study has several limitations. It is a retrospective analysis
with a relatively small sample size, and certain variables, such as
treatment, were relatively homogenous among the group based
on current treatment standards. The majority of our patients had
ER+/HER2� breast tumors, with many of them receiving similar
systemic therapy, thus limiting our ability to detect differences
in outcome based on specific treatment regimens. However, the
relatively uniform combination of therapies received by most
patients, including surgical intervention by four board-certified,
fellowship-trained orthopaedic oncology surgeons with consistent
medical and radiation oncology collaboration from a single institu-
tion may have assisted in limiting confounding factors in the sur-
vival analysis.

The majority of our patients were Caucasian, which reflects the
demographic of our geographical catchment area of southwestern
Pennsylvania. Even so, barriers related to socioeconomic factors for
underrepresented minorities [39] as well as a racial survival dis-
parity for African American women compared to their Caucasian
counterparts has been previously described [40]. We observed that
African American women had decreased OS (p = 0.01) compared
with Caucasian women. These data must be interpreted with cau-
tion by virtue of the retrospective nature and data source, missing
values for key prognostic factors, and the aforementioned demo-
graphic factors inherent to our study population. Additional
research is needed in the form of larger, prospective studies that
are powered to explore the possible contributions of race to differ-
ences in metastatic outcomes.

To our knowledge, this is the most comprehensive examination
of clinical characteristics and prognostic factors in patients with
breast cancer BoM treated with and without orthopaedic surgery,
and is the first study to look specifically at outcomes associated
with operative versus nonoperative treatment in a population of
patients with breast cancer BoM. Even though surgery is a com-
monly rendered treatment for patients with breast cancer bone
metastases, we were not aware of any studies in the literature that
compared outcomes between surgical and non-surgical patients
within the same clinical practice. It seems that our curiosity was
warranted, as we would not have predicted that non-operative
patients would have better survival. Indeed, the surgery versus
non-surgery groups (76 versus 91 patients, respectively) were an
almost even split which made comparison between these groups
attractive to us.

To date, we have no reliable means of preventing or curing BoM
[30,41] and metastatic disease continues to cause the majority of
morbidity and mortality associated with breast cancer. Further
investigation of the disease characteristics in these patients and
10
analysis of their outcomes is needed to develop a better under-
standing of prognostic factors. This will allow providers to better
educate patients and direct goals of care.

Future directions include identifying and validating novel
genetic therapeutic targets in breast cancer BoM. We have estab-
lished a prospectively maintained tissue repository to house BoM
samples from breast cancer patients. In conjunction with our clin-
ical information, this is a singularly unique resource which pro-
vides the potential to identify and validate genomic profiles that
could be utilized to uncover novel therapeutic interventions.
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