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ARTICLE INFO ABSTRACT

Purpose: The aim of this study is to provide some useful insights into the treatments, outcomes, and prognostic
factors of patients with breast cancer spine metastases (BCSM).

Methods: We report a retrospective case series analyzing 87 patients with BCSM who underwent surgical in-
terventions. Independent prognostic factors for SMFS and OS were extracted using univariate and multivariate
analyses, the Kaplan-Meier method and the Cox proportional hazards model.

Results: The mean time between primary diagnoses and spinal metastases was 46.8 (median 41, range 0-147
months) months. The analysis showed that lymph node metastasis (p = 0.043, HR 10.498, 95%CI
1.074-102.588) and estrogen receptor (ER) status (p = 0.004, HR 0.368, 95%CI 0.189-0.721) can significantly
affect SMFS. Furthermore, visceral metastasis (p = 0.042, HR 2.383, 95%CI 1.032-5.501), multiple metastases
(p = 0.035, HR 2.538, 95%CI 1.066-6.048) and post-op chemotherapy (p = 0.003, HR 0.312, 95%CI
0.144-0.675) have significant effects on OS. Lastly, patients identified as Luminal A subtype have longer OS.
Conclusions: Lymph node metastases and ER status are independent risk factors in predicting BCSM. Moreover,
visceral metastasis, multiple metastases of the spine and post-op chemotherapy are independent prognostic
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factors. Luminal subtypes have higher rate, but late onset of spine metastases and prolonged survival.

1. Introduction

Breast cancer (BC) is a leading cause of morbidity among females in
China. It was estimated that 270,000 Chinese were diagnosed with the
disease in 2015 and approximately 70,000 people died of the disease
[1,2]. With the advances in detection and treatment of primary tumors,
life expectancies of breast cancer patients are prolonged whereby me-
tastases have become the leading cause of death [3]. The multi-
disciplinary treating protocol, which is a personalized combination of
surgery and adjuvant therapies can prolong life expectancies of breast
cancer patients significantly [4]. However, longer survival leads to
greater incidence of tumor metastasis, including bone metastasis.

It is reported that over 65% of patients with advanced breast cancer
develop osteolytic bone metastases which mostly occurred in the spine
[5,6], and histologically, the Luminal subtypes of BC have the best
prognostic outcomes but are also more likely to be associated with bone
metastases [7,8]. Spinal metastases can cause pathological fractures
and spinal cords compression, which lead to severe pain and
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neurological dysfunction, such as paraplegia and bladder and/or bowel
dysfunction. These changes significantly impact on patients’ quality of
life [9], leading to unfavorable prognoses. Idea treatment strategies for
spinal metastatic diseases, including BCSM, requires multidisciplinary
collaborations, which calls for specialists in surgery, oncology, radio-/
chemo-therapy, pain management, rehabilitation and nursing [10,11].
With the advances of surgical techniques and inplant instruments, ag-
gressive interventions were becoming more available and accessible.
Tumor excision, pain relief, mechanical stabilization and even regain of
neurological functions could all be obtained immediately after surgical
treatment, which provided an opportunity for further systematic
therapies.

Several studies on outcomes and prognostic factors of patients with
spinal metastases from heterogeneous types of primary tumors con-
cluded some recommendations for treatment opinions. However, only a
limited number of previous studies have specially focused on BCSM
[12]. Moreover, these studies investigated a relatively small number of
patients and limited follow-up except for the study by Sciubba et al.
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[13]. Moreover, most of these studies are based on North America and
Western Europe, related researches for Asian people are missing. Fur-
thermore, although Sciubba's and Tan's studies involved some receptor
expression data of the tumor, the importance of prognostic and in-
dicative value of pathological classification on BCSM are still under
consideration [13,14]. In order to provide some useful insights into the
treatments, outcomes, and prognostic factors for this challenging dis-
ease, we retrospectively analyzed a series of 87 patients with BCSM in
our spine tumor center.

2. Materials and methods
2.1. Patients

With the inclusion criteria being pathologically diagnosed spinal
metastatic breast cancer that underwent surgical interventions in our
department, a total of 87 consecutive hospitalized patients from
January 2005 to December 2015 were reviewed. This study was ap-
proved by the hospital ethics committee, and informed consents were
obtained from the participants.

Patients’ medical records, images and pathology reports were ret-
rospectively reviewed and analyzed. All patients were followed every 3
months for the first 6 months after surgery, every 6 months for the
following 1.5 years, and once a year thereafter. Patients were followed
for at least 1 year or until death. Information including general con-
ditions, local tumor control, new lesions onset, neurological status,
current systematic treatment strategies are reviewed and documented.
Final statuses (died of disease/alive with disease/no evidence of dis-
ease) were acquired through telephone interviews.

2.2. Treatment

All patients in this series received surgical interventions after
thorough assessments. Surgery indications are as follow: (1) Confirmed
spinal metastases along with intolerable pain and neurological defects.
(2) Tumor was not significantly reduced or even enlarged after adjuvant
therapies. (3) An estimated life expectancy of greater than 3 months.
Individualized surgical strategy was decided for each patient mainly
based on their Tomita, revised Tokuhashi and Spinal Instability
Neoplastic Score (SINS). Postoperatively, all tumor samples underwent
pathological analysis for diagnosis and classification. Postoperative
adjuvant treatments were delivered to patients according to their pa-
thological subtypes and individual status.

2.3. Statistical analysis

Quantitative data are described by means (median, range), and
qualitative data are described as counts and percentages. A series of
clinical factors as follow were analyzed to identify independent vari-
ables that could predict prognosis. Patient factors include age, sex, age
of breast cancer diagnosis (age BCdiag), time between the primary di-
agnose and spinal metastasis (spine metastasis free survival, SMFS),
primary tumor grade, menstrual history (postmenopausal status at
primary diagnosis), visceral and lymph node metastatic status, pre-
operative Eastern Cooperative Oncology Group (ECOG) score and pre-
operative Frankel score. Tumor factors include tumor location and its
pathological subtype. Treatment factors include surgical intervention,
intraoperative blood loss, bisphosphonate treatment and adjuvant
therapies used. Factors such as the Tomita, revised Tokuhashi and SINS
scores were ruled out for the purpose of this study because they are
considered to have similar or combined significance with factors al-
ready mentioned.

SMFS was defined as the date from primary tumor diagnoses to
spine metastasis. OS was measured as the date from spine metastasis to
cancer related death, or December 2016. Survival curves were con-
structed according to the Kaplan-Meier method, and the log-rank test
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Table 1
Demographics and clinical characteristics of 87 patients with breast cancer
spine metastases.

Age (year) Mean 52 Median 52 Range 27-77
Sex (F/M) 85 2
Age BCdiag (year) Mean 48 Median 48 Range 27-73
Time of symptom (week) Mean 4.8 Median 3 Range 1-36
SMFS (month) Mean 46.8 Median 41 Range 0-147
Primary surgery 77 88.51%
Bone metastasis first 9 10.34%
Tumor location C 20 22.99%

T 46 52.87%

L 37 42.53%

S 11 12.64%

Multiple 58 66.67%
ECOG Mean 2.85 Median 3 Range 2-4
Tomita Mean 4.05 Median 4 Range 3-7
Tokuhashi Mean 11.46 Median 12 Range 6-14
SINS Mean 10.10 Median 10 Range 5-15
Tumor excision/PVP 78/9
Blood loss (ml) Mean 1471.8  Median Range

1350 100-4500

Frankel Pre Post

A 5 0

B 5 6

C 31 3

D 45 28

E 1 48
ER(+/-) 33 30
PR(+/-) 22 41
Her2(+/-) 28 26
Subtypes (Luminal (A/B)/ 34(8/26) 13 11

Her2/TNBC)

CA-153(+/-) 40 5
E-cadherin(+/—) 35 7

was used to compare the survival curves. Univariate analysis was car-
ried out to assess clinical prognostic factors for SMFS and OS. Factors
with p values of <0.1 were subjected to multivariate analysis using the
Cox proportional hazards model to further explore observed differences
in SMFS and OS respectively to identify independent prognostic factors.
A p value (two-sided) of <0.05 was considered significant. All analyses
were carried out using SPSS for Windows, version 22.0.0 (SPSS, IBM
corp., New York, USA).

3. Result

A total of 85 women and 2 men with a mean age of 52 (median 52,
range 27-77) years were retrospectively reviewed (detailed in Table 1).
The mean age BCdiag was 48 (median 48, range 27-73) years. The
mean SMFS, including 9 patients who were diagnosed of breast cancer
with bone metastasis prior to primary site, was 46.8 (median 41, range
0-147 months) months. The locations of spinal metastatic lesions were
noted, including 20 on the cervical spine, 46 on the thoracic spine, 37
on the lumber spine and 11 on the sacrum. Among them, 58 patients
have multi-level, connected or separated metastases.

A total of 8 patients received percutaneous vertebroplasty (PVP)
therapies while the others underwent tumor excision. Vertebrectomies
(in 75 patients) or laminectomies (in 3 patients) with reconstruction
were adopted for thoracic/lumbar vertebrae using a posterior approach
and for cervical vertebrae using an anterior or anterior-posterior ap-
proach. The average blood loss was 1471.8 (median 1350, range
100-4500) ml.

All patients who underwent surgeries had their preoperative
symptoms alleviated (detailed in Table 1) and no local recurrences were
observed within 6 months. Most patients experienced smooth re-
coveries except 2 patients suffered from acute post-op hematomas who
underwent immediate removal surgeries, and another 2 patients de-
veloped pleural effusions, which were managed with chest tube pla-
cement. Their outcomes were satisfactory.
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Fig. 1. Analysis of factors affecting BCSM. (A) Distribution of breast cancer subtypes with spine metastases. (B)-(C) Kaplan-Meier curves of Spine Metastasis Free
Survival (SMFS) for (B) Lymph Node and (C) ER status. (D)-(G) Kaplan—-Meier curves of SMFS for (D) ER, (E) PR, (F) Her2 status and (G) different subtypes of breast

cancer.

All or part of the ER, progesterone receptor (PR) and Her2 statuses
were documented in pathological reports of 64 patients (Table 1). More
specifically, 8 patients were subtyped as Luminal A (14%), 26 patients
were subtyped as Luminal B (45%), 13 patients were subtyped as Her-2
(22%) and 11 patients were Triple negative (19%) (Fig. 1A).

3.1. Univariate and multivariate analysis of prognostic factors for SMFS

The 1-year, 3-year and 5-year SMFS rate were 85.9% = 3.9%,
61.5% * 5.5% and 35.9% =+ 5.4% respectively, with a median SMFS
of 44.0 3.9 months (95%CI 36.3-51.7). Potential prognostic factors
were listed in Table 2. Univariate analysis showed that patients with
elder age (age BCdiag, p = 0.092), postmenopausal status at primary
tumor diagnosis (p = 0.073), higher grade (p = 0.001) and lymph node
positive (p < 0.001) of primary tumor had a significantly lower SMFS,
while the ER positive (p < 0.001) ones had a prolonged SMFS.

Results from multivariate analysis confirmed that lymph node me-
tastasis (p = 0.043, HR 10.498, 95%CI 1.074-102.588) and ER status
(p = 0.004, HR 0.368, 95%CI 0.189-0.721) were risk factors for spinal
metastasis. However, age BCdiag, menstrual history and primary tumor
grade were not independent prognostic factors for SMFS according to
the Cox proportional hazard analysis outcome. The Kaplan-Meier
curves of SMFS using lymph node and ER status are shown in Fig. 1B
and C.

Kaplan—-Meier survival analysis was performed by categorizing

=+
=+

Table 2

Univariate and multivariate analysis of Spine Metastasis Free Survival (SMFS).

patients according to their ER, PR and Her2 statuses. Although patients
with Luminal subtypes had higher rates of spinal metastases, their SMFS
were prolonged compared to those of the other two subtypes
(Fig. 1D-G).

3.2. Univariate and multivariate analysis of prognostic factors for OS

3 patients were lost to follow-up. In the remaining patients, 43
(51%) died of the disease. The 1-year, 3-year and 5-year OS rate were
77.6% * 4.7%, 47.4% * 6.7% and 19.9% =+ 7.7% respectively, with
a median OS of 36.0 = 7.5 months (95%CI 21.3-50.7). Potential
prognostic factors affecting OS are shown in Table 3. Statistical analysis
using the Kaplan—-Meier method showed that poorer OS was associated
with patients whose age >52 (p = 0.041); postmenopausal
(p = 0.035); developed visceral metastasis (p < 0.001); multiple me-
tastases in the spine (p = 0.006); ECOG score 3-5 (p < 0.001); pre-op
Frankel score A-C (p = 0.002); and without post-op chemotherapy
(p = 0.013), and bisphosphonate therapy (p = 0.001). These above
factors, along with post-op endocrine/targeted therapy (p = 0.099),
were used for further multivariable analysis, where visceral metastasis
(p = 0.042, HR 2.383, 95%CI 1.032-5.501), multiple metastases
(p = 0.035, HR 2.538, 95%CI 1.066-6.048) and post-op chemotherapy
(p = 0.003, HR 0.312, 95%CI 0.144-0.675) remained highly sig-
nificant. The Kaplan-Meier curves are shown in Fig. 2A-C.

In order to gain a deeper understanding of whether molecular

Factors N Univariate analysis Multivariate analysis
Median survival (months) p B HR(95% CI) p

Age of primary tumor (<47/>47, years) 36/42 60/37 0.092* NS

Postmenopausal (no/yes) 45/31 60/37 0.073* NS

Primary tumor grade (low/high) 27/51 72/37 0.001* NS

Lymph node (negative/positive) 24/54 72/37 <0.001* 2.351 10.498(1.074,102.588) 0.043*
Visceral metastasis (no/yes) 65/13 43/58 0.962 NI

Pre-op chemotherapy (no/yes) 21/57 47/44 0.871 NI

Pre-op radiotherapy (no/yes) 47/31 49/42 0.458 NI

Pre-op endocrine/targeted therapy (no/yes) 57/21(18/3) 42/60 0.124 NI

ER status (negative/positive) 28/28 25/61 <0.001* —0.998 0.368(0.189,0.721 0.004*
PR status (negative/positive) 38/18 44/49 0.748 NI

Her2 status (negative/positive) 23/25 51/41 0.971 NI
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Table 3
Univariate and multivariate analysis of Overall Survival (OS).

Journal of Bone Oncology 12 (2018) 38-43

Factors N Univariate analysis Multivariate analysis
Median survival (months) P B HR (95% CI) P

Age (<52/>52, years) 42/42 42/18 0.041* NS

Age of primary tumor (<47/>47, years) 38/46 33/36 0.447 NI

Postmenopausal (no/yes) 48/34 53/19 0.035* NS

Primary tumor grade (low/high) 28/51 29/33 0.989 NI

Lymph node (negative/positive) 24/55 37/33 0.701 NI

Visceral metastasis (no/yes) 65/14 37/8 <0.001* 0.868 2.383(1.032,5.501) 0.042*
Pre-op chemotherapy (no/yes) 27/57 39/33 0.757 NI

Pre-op radiotherapy (no/yes) 54/30 37/22 0.672 NI

Pre-op endocrine/targeted therapy (no/yes) 63/21(18/3) 33/53 0.517 NI

Cervical tumor (no/yes) 66/18 36/33 0.945 NI

Time of symptom (<4/>4, weeks) 57/27 36/29 0.714 NI

Spine metastasis time (<44/> 44, months) 37/39 37/18 0.116 NI

Multiple metastases (no/yes) 28/56 78/18 0.006* 0.932 2.538(1.066,6.048) 0.035*
ECOG Score (1,2/3-5) 36/48 46/17 <0.001* NS

Pre-op Frankel score (A-C/D, E) 39/45 16/39 0.002* NS

Surgical excision or PVP (PVP/surgery) 7/77 13/36 0.225 NI

Blood loss (<1500/>1500, ml) 46/31 33/46 0.197 NI

Post-op chemotherapy (no/yes) 36/48 22/46 0.013* —1.164 0.312(0.144,0.675) 0.003*
Post-op radiotherapy (no/yes) 63/21 29/46 0.200 NI

Post-op endocrine/targeted therapy (no/yes) 60/24(18/7) 25/53 0.099* NS

Bisphosphonate therapy (no/yes) 25/59 16/46 0.001* NS

markers, or in other words, breast cancer histopathology subtypes, af-
fects OS rates, we did subgroup analysis as for SMFS. The results
showed that patients of Luminal A subtypes were likely to have longer
OS, and ER negative tumors metastasize to the spine faster than ER
positive ones (p = 0.038). The presence or absence of the other two
markers showed no significant differences (p = 0.100 and p = 0.736)
(Fig. 2D-G).

4. Discussion

Bone metastases often present as challenges since the treatment
strategies for primary breast tumors are well developed, while those for
bone lesions are still unsatisfying [3]. Currently, surgical decompres-
sion followed with systematic treatments are widely accepted, but pa-
tients’ outcome variates and the median OS ranges from 18 to 36
months science 2002 [12]. In the present study, the median OS and the
1-year, 3-year and 5-year OS rate were all of dominance compared with
published literatures. Our results were also in accordance with the

latest published data concerning on outcomes of solid tumors spine
metastases, of which the 1-year, 3-year and 5-year OS were 62, 42, and
25% with stable spinal bone metastases (SBM) and 57, 38, and 22%
with unstable SBM [15].

Studies concerning on risk factors of BC bone metastases were
limited, and less for BCSM. Chen et al reviewed a total of 2133 patients
with BC, including 327 with bone metastases, of which mostly in the
spine [6]. Their results indicated that axillary lymph node metastases
and the concentrations of CA125, CA153, ALP and hemoglobin were
the independent risk factors for bone metastases in patients with breast
cancer. We also concluded from our series that lymph node metastasis is
a critical factor affecting SMFS. This is logical since the sentinel node
status is considered a critical indicator for tumor metastases [16].
Therefore, patients with lymphadenectasis should be monitored closely
for spine metastases at indicated period.

A well-accepted classification scheme for breast cancer is based on
the status of molecular markers ER, PR and Her2. Breast cancers can be
classified as Luminal A (ER and/or PR positive, Her2 negative), Luminal
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Fig. 2. Analysis of factors affecting Overall Survival (OS). (A)-(C) Kaplan-Meier curves of OS for (A) Visceral Metastasis, (B) Multiple Metastasis and (C) Post-op
Chemotherapy. (D)-(G), Kaplan-Meier curves of OS for ER (D), PR (E), Her2 (F) status and different subtypes of breast cancer (G).
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B (ER and/or PR positive, Her2 positive, or ER and/or PR positive, Her2
negative, but Ki67 > 14%), Her2 (ER and PR negative, Her2 positive)
and Triple negative (ER, PR and Her2 negative) [17]. Published lit-
eratures have shown that Luminal subtypes have better prognoses
compared with other subtypes as they are responsive to adjuvant en-
docrine and targeted therapies, while in the meantime, higher in-
cidence of bone metastases [8,18,19]. This is confirmed in our case
series, where the Luminal subtypes had a higher rate of spine metas-
tases and better outcomes. However, in our series, the ER positive and
the Luminal subtypes showed a delayed onset of spine metastases,
which is contrary with Chan-Seng's study [19]. Further studies based on
larger numbers of patients are need to make the clarification of this
confusion. While as far as it is concerned, reasons for out preliminary
finding may due to longer survival broadening the time window for
metastases. With additional time, the dormant breast cancer cells were
reactivated in the bone microenvironment, leading to subsequent life-
threatening resurgence [20].

Since the biological behavior of primary breast cancer is rather mild
compared to other malignancies such as liver or lung cancer, the Tomita
score system classifies it as ‘low-speed growth’ and represents 1 point
[21]. Additionally, in the revised Tokuhashi score system [22], breast
cancer represents 5 points, the highest among all primary tumor types.
These suggest a relatively good prognosis for patients with BCSM and
give solid indications for aggressive surgical interventions. However,
Tan KA et al. argued that for hormone and Her2 receptor negative tu-
mors, the Tokuhashi score should be decreased to 3 points due to their
poor prognosis compared with receptor positive ones [14]. In our
series, all 87 patients received appropriate surgical interventions and
satisfactory outcomes. Although patients with negative receptors also
had poor prognosis, we still advocate surgical interventions when pa-
tients’ general status were suitable for surgery. Poor prognosis of re-
ceptor negative tumors mostly due to lacks of effective systematic
treatment agents, however, the advantages of surgical interventions are
of prominent. Bone metastases and other organ metastases are un-
paralleled in the disease process. In the current study, visceral metas-
tases were not associated with SMFS, however, visceral metastases
significantly affected OS. This is consistent with the results from To-
kuhashi score, Tomita score, and literatures on spine metastases from
varied histology [23-25], because visceral metastases present the
terminal stage of cancers.

Multiple metastases in the spine is another factor that directly af-
fects OS, and also is an aspect in the scoring systems [22,24]. Metastatic
tumor masses that erode more than one vertebral segment usually re-
flect aggressive biological behavior, causing serious pain and in-
stability. This can lead to great risk of pathological fractures followed
by other devastating symptoms, thus shorter survival. Sciubba et al.
reported that metastases in the cervical region are associated with a
worse OS rate than those in other parts of the spine [26]. However, this
study did not demonstrate such findings. Postoperative chemotherapy
is the strongest indicator on OS rate while no other adjuvant therapies
show significant association. Chemotherapy protocol such as combined
cyclophosphamide, adriamycin and fluorouracil (CAF) has been proved
to be effective in chemo-sensitive breast cancers [27]. More im-
portantly, none of the preoperative interventions affects SMFS or OS.
Conservative therapeutic protocols can hardly eradicate tumor cells
since the bone microenvironment may provide firm shelter for tumor
cells from harm [28]. Thus, innovations that specifically target bone
metastases are urgently needed to deal with this intractable situation
[29,30]. This also emphasizes that bone surgery remains the keystone
of the treatment process.

Bisphosphonates, such as zoledronic acid, are widely used in the
treatment for osteoporosis and osteolytic bone tumors, preventing
skeletal-related events (SREs) [31]. A previous study in our department
had demonstrated that patients with metastatic non-small-cell lung
cancer had better survival after bisphosphonate treatment [32]. How-
ever, the current study only reported significant impact on OS in the
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univariate, but not multivariate analysis. This was probably due to in-
teractions amongst analyzed factors that led to statistically insignificant
result. This question requires further investigation, at this stage, we still
advocate for the routine use of bisphosphonate in the treatments of
BCSM.

Several limitations of this study should be mentioned. Firstly, the
results for SMFS may be more valid if the analysis can include random
primary breast cancer patients with and without spine metastasis.
However, because there are limited reports in this area, our results may
still provide valuable information. Secondly, as a retrospective study,
indications for therapies may act as confounding factors causing bias
when interpreting our findings with respect to therapies.

5. Conclusion

We demonstrated that lymph node metastases and ER status are
independent risk factors in predicting BCSM. And visceral metastasis,
multiple metastases of the spine and post-op chemotherapy are in-
dependent prognostic factors for OS. Furthermore, Luminal subtypes
had higher rate, but late onset of spine metastasis and prolonged sur-
vival. For patients with BCSM, a promising outcome could be achieved
by surgical intervention followed by proper adjuvant therapies.
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