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Purpose: Bone is one of the most common sites of breast cancer metastasis, and population-based
studies of patients with bone metastasis in initial metastatic breast cancer (MBC) are lacking.
Materials and methods: From 2010 to 2013, 245,707 breast cancer patients and 8901 patients
diagnosed with initial bone metastasis were identified by Surveillance, Epidemiology, and End
Results database of the National Cancer Institute. Multivariate logistic and Cox regression were
used to identify predictive factors for the presence of bone metastasis and prognosis factors.
Kaplan—Meier method and log-rank test were used for survival analysis.

Results: Eight thousand nine hundred one patients with initial MBC had bone involvement,
accounting for 3.6% of the entire cohort and 62.5% of the patients with initial MBC. Also,
70.5% of patients with bone metastasis were hormone receptor (HR) positive (HR+/human
epidermal growth factor receptor 2 [HER2]—: 57.6%; HR+/HER2+: 12.9%). Patients with
initial bone metastasis had a better 5-year survival rate compared to those with initial brain,
liver, or lung metastasis. HR+/HER2— and HR+/HER2+ breast cancer had a propensity of
bone metastasis in the entire cohort and were correlated with better prognosis in patients with
initial bone metastasis. Local surgery had significantly improved overall survival in initial MBC
patients with bone metastasis.

Conclusion: Our study has provided population-based estimates of epidemiologic characteristics
and prognosis in patients with bone metastasis at the time of breast cancer diagnosis. These find-
ings would lend support to optimal surveillance and treatment of bone metastasis in breast cancer.
Keywords: initial metastatic breast cancer, bone, molecular subtype, survival

Introduction
Bone is one of the most common sites in patients with metastatic breast cancer (MBC)
as 60%—75% of MBCs are firstly diagnosed with bone metastasis.! Severe osteodynia,
pathologic fractures, and nerve compression are the three most common symptoms
of bone metastasis and are associated with poorer outcome and reduced life qual-
ity. However, there still remains a large proportion of patients who have no clinical
symptom and miss detection of bone metastasis at the diagnosis of breast cancer.**
As most studies of bone metastasis are based on data from relapsed breast cancer,
population-based studies relating to prevalence pattern and survival of patients with
bone metastasis in initial MBC are still rare.

Breast cancer is a heterogeneous disease in which the biologic behavior of
cancer cells and the outcomes of breast cancer patients greatly vary among dif-
ferent molecular subtypes (luminal A, luminal B, human epidermal growth factor
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receptor 2 [HER2]-enriched, basal-like) based on the status
of estrogen receptor (ER), progesterone receptor (PR), and
HER?2.78 Studies have shown that the risk of bone metastasis
is subtype dependent in breast cancer.”!® Luminal A breast
cancer with positive expression of ER/PR was reported to
have a higher propensity to develop bone metastasis.!! With
the assessment of the gene expression of the primary tumor,
studies reported that over 60% of primary tumors, which
subsequently developed bone metastasis, were ER-positive/
PR-positive breast cancer.'? Delpech et al further showed
that the risk of bone metastasis in patients with hormone
receptor (HR)-positive breast cancer was 1.66 times higher
than the risk of patients with HR-negative breast cancers
by developing a bone metastasis prediction model.!* With
regard to HER2-enriched subtype, women with HER2-
enriched cancer were less likely to have bone metastasis,
compared to those with HER2-negative breast cancer.'*
Although the risk of bone metastasis is different among
diverse molecular subtypes of breast cancer, integration of
these genes for the prediction of bone metastasis is seldom
reported and outcomes among different molecular subtypes
remain unclear in initial MBC with bone metastasis.

The purpose of our study is to use the Surveillance, Epi-
demiology, and End Results (SEER) database to assess the
incidence of bone metastasis in initial MBC and to character-
ize patients with bone metastasis in initial MBC. Further, we
would provide survival estimate and identify the prognostic
factors for patients who have developed bone metastasis at
the time of breast cancer diagnosis.

Materials and methods

The SEER database including 18 registries accounts for 30%
of the US population.’® We searched patients with invasive
breast cancer between January 2010 and December 2013.
Patients with only a death certificate or autopsy, as well as
those with incomplete follow-up were not included in our
study. Then, we excluded patients with unknown age or
younger than 18; thus, 245,707 patients were included in
our study. Among these, 14,246 patients were diagnosed
with initial MBC and 8901 patients with breast cancer were
diagnosed as having initial bone metastasis. The follow-up
period was from January 2010 to December 2014.

We defined patients’ related variables including age at
diagnosis (18-40, 41-60, and 61-80 years), sex (female
and male), marital status (married, unmarried/divorced, and
unknown), race (white, black, other [including American
Indian/Alaska (AK) Native, Asian/Pacific Islander], and
unknown), and Hispanic origin (yes and no). Cancer-related

variables included tumor grade (grade I, grade II, grade 111,
and unknown), laterality (right, left, and unknown), primary
tumor (T) stage (T1, T2, T3, T4, and unknown), regional
lymph node stage (NO, N1, N2, N3, and unknown), and
molecular subtype of breast cancer (HR+/HER2—, HR+/
HER2+, HR—/HER2+, triple-negative breast cancer [TNBC],
and unknown). Information of local surgery was defined as
surgery and no surgery, and metastasis status was categorized
as bone metastasis only, multiple/other metastasis, no and
unknown).

We calculated incidence of bone metastasis as the number
of patients with bone metastasis at initial diagnosis divided by
the number of patients in the entire cohort (bone metastasis
in the entire cohort) or patients with MBC at initial diagnosis
(bone metastasis in the initial MBC cohort).

Statistical methods
Rates of overall survival (OS) and cancer-specific survival
(CSS) were calculated in the entire cohort and in patients
with MBC subdivided based on metastasis location (bone,
brain, liver, and lung). Univariate logistic analysis was used
to assess significant characteristics correlated with the ini-
tial bone metastasis. Then, the significant factors (P<0.05)
were included in the multivariate logistic analysis to find
independently the prognostic variables for the initial bone
metastasis in the whole cohort. Univariate and multivariate
Cox regression models were used to analyze the association of
OS with clinical variables. Survival analysis was performed
by Kaplan—Meier method and log-rank test.

All data was obtained using SEER *Stat Software version

8.3.4 (https://seer.cancer.gov/seerstat/). Statistical analyses
were performed by SPSS statistical software version 22.
All P values were two-sided, and P<0.05 was considered
significant.

Ethical approval
Our study complied with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards.

Results
Patients’ characteristics and the bone

metastasis pattern

Exactly 245,707 patients were diagnosed with invasive breast
cancer between 2010 and 2013; 3.6% of the entire cohort
was diagnosed with bone metastasis at the initial diagnosis,
accounting for 62.5% of patients with initial MBC (Table 1).
Also, 57.6%, 12.9%, 5.1%, and 8% of patients with initial
bone metastasis had HR+/HER2—, HR+/HER2+, HR—/
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Table | Incidence of breast cancer with initial bone metastasis by the molecular subtype

Molecular Number (%) Incidence of bone metastasis, %

subtype Entire cohort Initial MBC Bone In the entire Among MBC
metastasis cohort patients

HR+/HER2— 164,630 (67) 7117 (50) 5128 (57.6) 3.1 72.1

HR+/HER2+ 22,798 (9.2) 1805 (12.7) 1150 (12.9) 5 63.7

HR—-/HER2+ 10,009 (4.1) 988 (6.9) 452 (5.1) 4.5 45.7

TNBC 25,965 (10.6) 1653 (11.6) 715 (8) 28 433

Unknown 22,305 (9.1) 2683 (18.8) 1456 (16.4) 6.5 543

Total 245,707 (100) 14,246 (100) 8901 (100) 3.6 62.5

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MBC, metastatic breast cancer; TNBC, triple-negative breast cancer.

HER2+, and TNBC subtypes of breast cancer. There was a
higher proportion of HR+ breast cancer in the cohort with
initial bone metastasis compared to those with initial MBC
(70.5% vs 62.7%), while less patients with bone metastasis
were diagnosed with HR— breast cancer compared to that in
the MBC cohort (13.1% vs 18.5%). Median follow-up in the
entire cohort and in patients with initial bone metastasis was
31 and 18 months, respectively.

In the entire cohort, patients of Hispanic origin (no vs yes:
odds ratio [OR]=1.256, 95% CI=1.163-1.356) and of Ameri-
can Indian/AK Native or Asian/Pacific Islander (other) race
(other vs white: OR=0.748, 95% CI=0.682—0.819) were cor-
related with lower odds of having initial bone metastasis, and
patients with advanced T stage (T2 vs T1: OR=3.278, 95%
CI=3.035-3.540; T3 vs T1: OR=6.766, 95% CI=6.175-7.413;
T4 vs T1: OR=22.112, 95% CI=20.310-24.073) and lymph
node involvement (N1 vs NO: OR=2.765, 95% CI=2.605—
2.934; N2 vs NO: OR=2.238, 95% CI=2.050-2.443; N3 vs
NO: OR=3.564, 95% CI=3.268-3.887) were correlated with
significantly higher odds of developing initial bone metas-
tasis. With regard to molecular subtype in the entire cohort
of breast cancer, patients with HR+/HER2+ subtype were
more likely to have initial bone metastasis (HR+/HER2+ vs
HR+/HER2—: OR=1.105, 95% CI=1.027-1.187), while those
with HR—/HER2— or TNBC were less likely to have initial
bone metastasis compared to those with HR+/HER2— breast
cancer (HR—/HER2+ vs HR+/HER2—: OR=0.700, 95%
CI=0.628-0.780; TNBC vs HR+/HER2—: OR=0.520, 95%
CI=0.476-0.567). Multivariate logistic analysis regarding
the risk factor screening in the entire cohort or MBC cohort
is listed in Table 2.

Survival of the initial bone metastasis
breast cancer

The 5-year survival rate based on OS and CSS was 23.7%
and 35.4% in the initial MBC, respectively (Figure 1A, B).

Patients with initial bone metastasis (5-year survival rate for
08S5=22.8%; 5-year survival rate for CSS=33.6%) had a much
better prognosis than those with initial brain (5-year survival
rate for OS=12%; S-year survival rate for CSS=20.3%), liver
(5-year survival rate for OS=12.5%; 5-year survival rate for
CSS=19.3%), or lung metastasis (5-year survival rate for
0S=16.8%; 5-year survival rate for CSS=26.9%). Among
patients with initial bone metastasis, patients with only bone
metastases had a significantly better survival compared to
patients with multiple metastases (bone vs multiple: median
survival=37 vs 21 months, P<0.001; Figure 2A). With
regard to the molecular subtype, we discovered that median
survival of bone metastasis breast cancer was the shortest
(10 months) in patients with TNBC and was the longest (41
months) in those with HR+/HER2+ subtype (Figure 2B). In
primary bone metastasis breast cancer, local surgery could
prominently prolong the survival compared to those with no
surgery (surgery vs no surgery: median survival=43 vs 25
months, P<0.001; Figure 2C).

Multivariate Cox regression model showed that patients
of black race (black vs white: hazard ratio=1.202, 95%
CI=1.113-1.298), in T4 stage (T4 vs T1: hazard ratio=1.270,
95% CI=1.144-1.411), with multiple metastases (bone only
vs multiple: hazard ratio=0.602, 95% CI=0.568-0.638), and
with TNBC (TNBC vs HR+/HER2—: hazard ratio=2.577,
95% CI=2.346-2.830) were correlated with higher risk of
mortality due to breast cancer with initial bone metastasis.
Patients who had their primary tumors resected had a 0.57
times lower risk of mortality compared to patients who did
not accept local surgery (surgery vs no surgery: hazard
ratio=0.570, 95% CI=0.528-0.615). Significant results are
presented in Table 3.

Discussion
Our study has firstly reported the incidence of bone metastasis
at the initial diagnosis of breast cancer and has found that
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Table 2 Multivariate logistic regression for the presence of bone metastasis in patients with breast cancer

Characteristics

Patients, no. (%)

In the entire cohort®

Among initial MBC patients®

Entire cohort With bone OR (95% CI) P-value OR (95% CI) P-value
(n=245,707) metastasis
(n=8901)

Age, years

18—40 13,920 (5.7) 613 (6.9) | (Reference) NA | (Reference) NA

41-60 100,422 (40.9) 3534 (39.7) 0.977 (0.889-1.073) 0.629 0.924 (0.794-1.075) 0.306

61-80 106,504 (43.3) 3758 (42.2) 1.056 (0.961-1.162) 0.258 0.831 (0.713-0.969) 0.018

>80 24,861 (10.1) 996 (11.2) 0.798 (0.711-0.895) <0.001 0.624 (0.522-0.746) <0.001
Sex

Female 243,786 (99.2) 8800 (98.9) | (Reference) NA | (Reference) NA

Male 1921 (0.8) 101 (1.1) 0.956 (0.766—1.193) 0.69 0.996 (0.704-1.411) 0.984
Marital status

Married 130,200 (53) 3778 (42.5) | (Reference) NA | (Reference) NA

Unmarried 100,495 (40.9) 4631 (52) 1.285 (1.223-1.350) <0.001 1.086 (1.005-1.174) 0.038

Unknown 15,012 (6.1) 492 (5.5) 0.891 (0.802-0.989) 0.031 0.970 (0.826—1.138) 0.704
Race

White 195,472 (79.6) 6914 (77.7) | (Reference) NA | (Reference) NA

Black 27,193 (11.1) 1353 (15.2) 0.980 (0.915-1.048) 0.548 0.749 (0.678-0.827) <0.001

Other® 21,393 (8.7) 601 (6.8) 0.748 (0.682-0.819) <0.001 0.809 (0.701-0.933) 0.004

Unknown 1649 (0.6) 33 (0.3) 0.451 (0.313-0.651) <0.001 0.863 (0.485-1.536) 0.618
Hispanic origin

Yes 26,247 (10.7) 919 (10.3) | (Reference) NA | (Reference) NA

No 219,460 (89.3) 7982 (89.7) 1.256 (1.163—-1.356) <0.001 1.185 (1.052-1.335) 0.005
Tumor grade

Grade | 51,978 (21.2) 620 (7) | (Reference) NA | (Reference) NA

Grade Il 100,106 (40.7) 3107 (34.9) 1.582 (1.444-1.732) <0.001 1.159 (0.981-1.368) 0.082

Grade llI 74,259 (30.2) 2793 (31.4) 1.341 (1.218-1.476) <0.001 0.694 (0.588-0.820) <0.001

Unknown 19,364 (7.9) 2381 (26.7) 3.066 (2.765-3.401) <0.001 0.957 (0.806—1.137) 0.62
Laterality

Right 119,979 (48.8) 4127 (46.4) | (Reference) NA | (Reference) NA

Left 124,036 (50.5) 4292 (48.2) 0.998 (0.953-1.046) 0.946 0.985 (0.914-1.061) 0.69

Unknown 1692 (0.7) 482 (5.4) 3.071 (2.638-3.577) <0.001 1.188 (0.992-1.422) 0.061
T stage

TI 139,529 (56.8) 1053 (11.8) | (Reference) NA | (Reference) NA

T2 69,406 (28.2) 2306 (25.9) 3.278 (3.035-3.540) <0.001 1.098 (0.964-1.250) 0.16

T3 14,341 (5.8) 1166 (13.1) 6.766 (6.175-7.413) <0.001 1.087 (0.937-1.262) 0.271

T4 10,447 (4.3) 2519 (28.3) 22.112 (20.310-24.073) <0.001 1.183 (1.038-1.349) 0.012

Unknown 11,984 (4.9) 1857 (20.9) 12.827 (11.632-14.145) <0.001 1.050 (0.908-1.214) 0.512
N stage

NO 163,122 (66.4) 2190 (24.6) | (Reference) NA | (Reference) NA

NI 54,522 (22.2) 3569 (40.1) 2.765 (2.605-2.934) <0.001 1.132 (1.027-1.249) 0.013

N2 12,630 (5.2) 899 (10.1) 2.238 (2.050-2.443) <0.001 0.995 (0.865—1.144) 0.941

N3 8210 (3.3) 1078 (12.1) 3.564 (3.268-3.887) <0.001 0.862 (0.759-0.980) 0.024

Unknown 7223 (2.9) 1165 (13.1) 5.070 (4.593-5.596) <0.001 0.883 (0.777-1.004) 0.057
Subtype

HR+/HER2— 164,630 (67) 5128 (57.6) | (Reference) NA | (Reference) NA

HR+/HER2+ 22,798 (9.3) 1150 (12.9) 1.105 (1.027-1.187) 0.007 0.711 (0.634-0.797) <0.001

HR—-/HER2+ 10,009 (4.1) 452 (5.1) 0.700 (0.628-0.780) <0.001 0.354 (0.307-0.408) <0.001

TNBC 25,965 (10.5) 715 (8) 0.520 (0.476-0.567) <0.001 0.340 (0.302-0.382) <0.001

Unknown 22,305 (9.1) 1456 (16.4) 0.825 (0.763-0.892) <0.001 0.543 (0.487-0.604) <0.001

Notes: *Patients with unknown information of bone metastasis were excluded from the entire cohort and the MBC cohort in the logistic model (n=5064 and n=446;
respectively). *Other including American Indian/Alaska Native, Asian/Pacific Islander.

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; MBC, metastatic breast cancer; OR, odds ratio; TNBC, triple-negative breast
cancer; NA, not available.
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Figure | Survival rate based on (A) OS and (B) breast CSS in patients with initial metastatic breast cancer.

Abbreviations: CSS, cancer-specific survival; OS, overall survival.

HR+ status, white race, young age (18—40 years), advanced
T stage, and higher tumor grade are the risk factors of the
initial bone metastasis. Further, we found that patients with
initial bone metastasis had a better survival compared to those
with initial brain, liver, or lung metastasis. Patients of old age
(>40), black race, higher tumor grade, T4 stage, and TNBC
were correlated with higher mortality risk, while those who
underwent local surgery were associated with lower mortal-
ity risk. As our study is based on SEER database with 30%
coverage of the USA population, bone metastasis incidence

and survival estimates that we have reported are highly rep-
resentative of the general population.

Bone is one of the most susceptible sites for cancer
metastasis, especially in breast cancer.'® Our study found
that 62.5% of patients with initial MBC were diagnosed
with bone metastasis, which was consistent with the previous
reports.'” Several factors were suggested to be responsible for
bone metastasis. As metastasis through blood plays a major
role in distant metastasis in breast cancer, the rich blood
flow in the bone marrow and the stream of blood from the
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Figure 2 Survival analysis among patients with initial bone metastasis.

Notes: (A) Patients were stratified as bone metastasis only and multiple metastasis (bone vs multiple: median survival=37 vs 21 months, P<0.001). (B) Patients were stratified
as HR+/HER2—- (median survival=33 months), HR+/HER2+ (median survival=4] months), HR—/HER2+ (median survival=27 months), TNBC (median survival=10 months),
and unknown (median survival=18 months) (P<0.001). (C) Patients were stratified according to whether they underwent local surgery or not (surgery vs no surgery: median

survival=43 vs 25 months, P<0.001).

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; TNBC, triple-negative breast cancer.

breast to the skeleton via the vertebral-venous plexus would
significantly increase the risk of cancer metastasis to bone.'®
Otherwise, bone is suggested to be a large repository of
growth-stimulating factors including fibroblast growth fac-
tors, platelet-derived growth factors, and bone morphogenetic
proteins. These factors, released and activated in bone, could
stimulate growth of tumor cells and act as a fertile ground
for metastasis formation.!*?® Although bone metastasis is
commonly seen in MBC, the preferential metastasis sites
of breast cancer were reported to be different based on HR
status and HER2.%! HR+ or HER2— breast cancers are more
likely to have skeletal involvement among patients with breast
cancer recurrence.” Further, our results showed a similar

pattern of cancer metastasis among patients with initial
MBC as the HR+ status (HR+/HER2— and HR+/HER2+)
was significantly correlated with initial bone metastasis and
most (57.6%) of the patients with initial bone metastasis
had a positive expression of HR. The mechanism regarding
the propensity of bone metastasis for HR+ breast cancer
remains unknown; however, some studies pointed out that this
phenomenon may be associated with tumor dormancy.??2*
Studies suggested that dissemination of breast cancer cells
takes place long before the detection of cancer metastasis
and most of these disseminated cancer cells die while part of
them might survive and become dormant in bone marrow.**%
The dormant cancer cells with positive expression of HR,
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Table 3 Univariate and multivariate Cox regression for overall survival among patients with initial bone metastasis

Variate Univariate Multivariate
Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Age, years <0.001 <0.001
18—40 | (Reference) NA | (Reference) NA
41-60 1.391 (1.217-1.590) <0.001 1.362 (1.190-1.558) <0.001
61-80 1.839 (1.611-2.098) <0.001 1.747 (1.528-1.999) <0.001
>80 3.032 (2.625-3.502) <0.001 2.698 (2.325-3.130) <0.001
Sex (male vs female) 0.968 (0.740-1.265) 0.8l11 0.9996 (0.760—1.304) 0.975
Marital status <0.001 <0.001
Married | (Reference) NA | (Reference) NA
Unmarried 1.468 (1.384-1.556) <0.001 1.266 (1.191-1.345) <0.001
Unknown 1.285 (1.133-1.457) <0.001 1.166 (1.027-1.324) 0.018
Race <0.001 <0.001
White | (Reference) NA | (Reference) NA
Black 1.312 (1.219-1.412) <0.001 1.202 (1.113-1.298) <0.001
Other® 0.915 (0.815-1.027) 0.133 0.935 (0.832-1.051) 0.259
Unknown 0.524 (0.272-1.007) 0.053 0.452 (0.234-0.870) 0.17
Hispanic origin (yes vs no) 0.854 (0.777-0.938) 0.001 0.963 (0.875—-1.061) 0.446
Tumor grade <0.001 <0.001
Grade | | (Reference) NA | (Reference) NA
Grade |l 1.252 (1.099-1.425) 0.001 1.180 (1.036—1.345) 0.013
Grade llI 1.760 (1.547-2.002) <0.001 1.581 (1.383-1.807) <0.001
Unknown 2.054 (1.804-2.339) <0.001 1.393 (1.217-1.595) <0.001
Laterality <0.001 <0.001
Right | (Reference) NA | (Reference) NA
Left 1.037 (0.979-1.098) 0.215 1.049 (0.991-1.111) 0.102
Unknown 1.388 (1.235-1.561) <0.001 0.796 (0.698-0.907) 0.001
T stage <0.001 <0.001
TI | (Reference) NA | (Reference) NA
T2 1.015 (0.913-1.129) 0.78 1.052 (0.945-1.171) 0.352
T3 1.100 (0.977-1.239) 0.117 1.102 (0.976—1.245) 0.115
T4 1.550 (1.400-1.715) <0.001 1.270 (1.144-1.411) <0.001
Unknown 1.813 (1.633-2.013) <0.001 1.321 (1.180-1.480) <0.001
N stage <0.001 0.096
NO | (Reference) NA | (Reference) NA
NI 0.970 (0.903-1.042) 0.409 0.935 (0.868-1.007) 0.075
N2 0.870 (0.782-0.967) 0.01 0.990 (0.886—1.106) 0.856
N3 0.894 (0.809-0.987) 0.027 1.005 (0.905-1.115) 0.931
Unknown 1.480 (1.354-1.618) <0.001 1.048 (0.954-1.152) 0.324
Metastasis status (bone only vs multiple) 0.538 (0.509-0.569) <0.001 0.602 (0.568-0.638) <0.001
Subtype <0.001 <0.001
HR+/HER2- | (Reference) NA | (Reference) NA
HR+/HER2+ 0.851 (0.774-0.937) 0.001 0.801 (0.726-0.883) <0.001
HR—/HER2+ 1.252 (1.100-1.426) 0.001 1.128 (0.988-1.289) 0.076
TNBC 2.777 (2.539-3.038) <0.001 2.577 (2.346-2.830) <0.001
Unknown 2.014 (1.874-2.164) <0.001 1.605 (1.485-1.735) <0.001
Surgery (surgery vs no surgery) 0.485 (0.453-0.520) <0.001 0.570 (0.528-0.615) <0.001

Note: *Other including American Indian/Alaska Native, Asian/Pacific Islander.

Abbreviations: HER2, human epidermal growth factor receptor 2; HR, hormone receptor; ORs, odds ratios; TNBC, triple-negative breast cancer; NA, not available.

which are hormone responsive, could be reactivated by
steroid hormone and they subsequently develop metastasis
disease in bone.?

Next, we assessed the survival rates depending on OS
and CSS among patients with MBC and observed that
outcome of patients with initial bone metastasis was better

than those with initial brain, liver, or lung metastasis. The
consequences of cancer metastasis are often devastating as
the cancer cells would cause tissue damage and destruction

26 In breast cancer, bone

of organs with metastatic diseases.
metastasis is predominantly characterized as osteolytic,

which causes severe pain, pathologic fracture, or nerve
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compression, and is considered to be less deadly compared
to metastasis of brain, liver, and lung.?’-*® As the cancer cells
have spread widely in MBC patients, chemotherapy and
targeted therapy (endocrine therapy and anti-HER?2 therapy)
become optimal options for cancer treatment. Patients with
HR+ breast cancer, which is highly responsive to targeted
therapy (endocrine therapy), as well as those with HER2+
breast cancer, which is responsive to anti-HER2 therapy,
could achieve tumor remission and improved survival with
endocrine therapy.?*** Thus, the better outcome in patients
with initial bone metastasis might be attributed to the higher
proportion of patients with HR+ diseases. Consistently, in
breast cancer with initial bone metastasis, we observed a
significantly lower mortality risk for patients with HR+ or
HER2+ breast cancer compared to those with TNBC, which
was unresponsive to targeted therapy.

Since organ destruction resulting from cancer metastasis
is the major cause of death in MBC, local surgery to primary
tumor was thought to be invalid to improve cancer survival.’!
Interestingly, our study showed that surgical removal of the
primary tumor might improve cancer survival in newly diag-
nosed breast cancer with bone metastasis. Consistently, both
retrospective studies and randomized trials have indicated
that local surgery may improve cancer survival by lowering
the tumor burden in initial MBC.3234 A study using a cancer
transplantation model in mice suggested that local surgery
of the primary tumor improves survival by both reducing the
tumor burden and enhancing sensitivity to chemotherapy.®
Meanwhile, the results of experimental and clinical studies
were opposed the survival benefit of local surgery based on the
theory that surgical removal of the primary tumor would prompt
growth of metastasis by increasing the adhesion of circulating
tumor cells to the vascular endothelium of target organs and
inducing inflammatory cascade.*'*® Thus, the survival benefit
oflocal surgery remains unclear in initial MBC and more well-
designed studies are required to guide cancer therapy.

There are some limitations in our study. As our study is
retrospective, selection bias and missing data are inevitable.
Details of systemic therapy including anti-HER2 therapy,
endocrine therapy, and chemotherapy are not available in
our study, and the relevant biases may exist. Randomized
and prospective studies with large patient cohort are required
to identify the validity of surgery in initial MBC with bone
metastasis.

Conclusion

Our study has reported the epidemiology of patients with
bone metastasis in initial MBC based on a general population
in the USA. Patients with bone metastasis had a superior

prognosis compared to those with visceral/brain metastasis
in initial MBC. Incidence and survival differences of initial
bone metastasis were well described according to the different
molecular subtypes in initial MBC. We also discovered that
local surgery could significantly improve cancer survival,
suggesting that patients with bone metastasis might consider
local surgery in initial MBC.
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