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Background: Surgery remains the mainstay of treatment for breast cancer spinal metastasis 
(BCSM) to relieve symptoms and improve the quality of life of BCSM patients. Therefore, it 
is important to effectively predict the prognosis of patients to determine whether they can 
undergo surgical operation. However, the prevalent methods for prognosis evaluation lack 
specificity and sensitivity for indicated malignancies like breast cancer because they are built 
on a relatively small number of heterogeneous types of primary tumors. The aim of the 
present study was to explore a novel predictive model based on the clinical, pathological and 
blood parameters obtained from BCSM patients before they received surgical intervention.
Methods: Altogether, 144 patients were included in this study. Univariate and multivariate 
analyses were performed to investigate the significance of preoperative parameters and 
identify independent factors for prognostic prediction of BCSM. A nomogram for survival 
prediction was then established and validated. Time-dependent ROC (TDROC) curves were 
graphed to evaluate the accuracy of the novel model vs other scoring systems including 
Tomita Score, revised Tokuhashi Score, modified Bauer Score and New England Spinal 
Metastasis Score. P values <0.05 were considered statistically significant.
Results: Independent factors, including preoperative postmenopausal (P=0.034), visceral 
metastasIs (P=0.021), preoperative Frankel Score (P=0.001), estrogen receptor status 
(P=0.014), platelet-to-lymphocyte ratio (P=0.012), lymphocyte-monocyte ratio (P<0.001) 
and albumin-globulin ratio (P=0.017), were selected into the nomogram model with the 
C-index of 0.834 (95% CI, 0.789–0.890). TDROC curves showed that the Changzheng 
Hospital (CZ) Score system had the best performance and exhibited the largest IAUC 
value in comparison with the other scoring systems.
Conclusion: We constructed a nomogram model known as CZ Score based on the sig-
nificant factors to predict the prognosis for BCSM patients. The result showed that CZ Score 
had a better value for prognostic evaluation and surgical decision-making as compared with 
the other scoring systems.
Keywords: breast cancer, spine metastases, nomogram, scoring system, prognosis

Introduction
Personalized management of primary breast cancer using the surgery-based multi-
disciplinary treatment strategy has percolated into the mainstream and gained good 
prognosis of patients.1 However, extension of the patients’ lifespan may in turn 
increase the risk of spinal metastasis of the primary cancer, which is a dilemma in 
front of the clinical oncologists.2 Surgery also plays a vital role in the management 
of spinal metastasis secondary to breast cancer in that it can alleviate intractable 
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pain, relieve nerve compression and reconstruct the spinal 
stability.3–6 However, not all patients are candidates for 
surgical resection and therefore specific treatment options 
should be selected according to the general condition and 
life expectancy of individual patients. Unfortunately, there 
is no generally accepted method to evaluate the prognosis 
of patients with spinal metastatic lesions before surgery. 
Although there have been various scoring systems to help 
predict patients’ life expectancy for treatment decision- 
making, including Tomita, revised Tokuhashi and 
Bauer,7–9 there is no evidence-based clue to decide 
which one is more accurate for prognostic prediction.10,11 

In addition, all these scoring systems were established two 
or three decades ago and need to be updated and upgraded, 
given the continuous progress in disease diagnosis and 
treatment. The New England Spinal Metastasis Score 
(NESMS) is just such a new observational model.12 

What is more, most of these systems lack specificity and 
sensitivity for indicated malignancies because they are 
built on relatively small numbers of heterogeneous types 
of primary tumors.

Certain tumor types including breast cancer have spe-
cific and characteristic gene expression patterns.13–15 

According to the expression of estrogen receptor (ER), 
progesterone receptor (PR) and human epidermal growth 
factor receptor-2 (Her2), breast cancer is classified into 
different sub-types including luminal, Her2 and triple 
negative.16 Numerous studies have demonstrated different 
sub-types of breast cancer have different clinical out-
comes. The luminal sub-type is considered more prone to 
form bone metastasis, but it also has a relatively good 
prognosis.17,18 Besides, it is reported in the published 
literature that gene expression signatures of certain tumor 
types have good performance in predicting the clinical 
prognosis.19–21 Therefore, we considered that the gene 
expression patterns characteristics should be taken into 
account in establishing a prognostic model of breast cancer 
spine metastasis (BCSM).

Recently, numerous studies have focused on common 
blood parameters that indicate great significance of clinical 
evaluation of prognosis and treatment.22–24 Blood tests can 
reflect inflammatory response, immunity, and visceral 
functions. Different parts of the preoperative parameters 
and their combinations have been conducted to predict the 
prognosis in different cancers.25–27 In the process of exam-
ining the complex scoring systems currently available, we 
noticed that they did not contain the specific pathological 
indicators and normal preoperative blood parameters, 

although most of them are less costly and easily accessi-
ble. The aim of the present study was to explore a novel 
predictive model based on the clinical, pathological and 
blood parameters obtained from 144 BCSM patients 
before they received surgical intervention.

Patients and Methods
Patients
In a previous study,28 we reported a series of 87 BCSM 
patients and identified that visceral metastasis, multiple 
metastases of the spine and post-operative chemotherapy 
were independent clinical prognostic factors. Currently, 
we updated the existing data and proposed to evaluate 
prognosis in a new cohort of 179 patients with breast 
cancer in our center from January 2005 to 
December 2018. Of them, 144 patients were ultimately 
included in this study after a series of screening pro-
cesses (Figure 1). All patients underwent surgical resec-
tion and subsequent chemotherapy, radiotherapy, 
endocrine/targeted therapy and/or bisphosphonate ther-
apy according to the advice of the attending oncologists 
(Table S1). This research project was approved by the 
Ethics Committee of Changzheng Hospital (Shanghai, 
China), and informed consent was obtained from each 
participating patient. All procedures performed in the 
research involving human participants were in accor-
dance with the Declaration of Helsinki.

The medical records of the patients, including clin-
ical and operative reports, pathology reports and labora-
tory reports were retrospectively reviewed and analyzed. 
All patients were followed up every 3 months for the 
first 6 months after surgery, then every 6 months for the 
next 2 years and annually thereafter. The enrolled 
patients were all followed up for at least 6 months or 
until death and the final statuses (died of disease/alive 
with disease) were acquired through telephone 
interviews.

Variables
Demographic data and clinical information were collected 
from the medical records of the patients. The duration of 
spinal symptoms was from the onset of neurological symp-
toms to clinical treatment. Spine metastasis-free survival 
(SMFS) refers to time between the primary diagnosis and 
spinal metastasis. The Eastern Cooperative Oncology 
Group (ECOG) performance status, and the pre- and post-
operative Frankel score were used to evaluate the 
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neurological status (Table S2). Tomita Score, revised 
Tokuhashi Score and modified Bauer Score were assessed 
preoperatively. Postoperatively, tumor samples were sub-
jected to pathological evaluation by two pathologists inde-
pendently and ER, PR and Her2 statuses were recorded.

Four types of laboratory blood tests were retrieved for 
prognostic prediction. Blood cell parameters included the 
neutrophil-to-lymphocyte ratio (NLR), platelet-to- 
lymphocyte ratio (PLR) and lymphocyte-to-monocyte 
ratio (LMR). Blood biochemistry indexes included the 
albumin-to-globulin ratio (AGR), calcium (Ca2+), alkaline 
phosphatase (ALP) and lactic dehydrogenase (LDH). 
Hemostatic parameters included D-dimer (D-D). Tumor 
markers included CA125 and CA153.

Statistical Methods
Statistical calculations were carried out using SPSS for 
Windows, version 22.0.0 (SPSS, IBM corp., New York, 
USA), GraphPad Prism for Windows, version 7 (GraphPad 
Software Inc., La Jolla, CA, USA) and R project version 
3.4.3 (http://www.r-project.org/). Overall survival (OS) 
was measured as the date from spinal metastasis to cancer- 
related death, or to March 2019 for living patients. Age 
and the duration of spinal symptoms were switched into 
binary variables. The optimal cut-off values were accord-
ing to their median values. X-tile 3.6.1 software 20 (Yale 
University, New Haven, CT, USA) was performed to 
determine the optimal cut-off values for NLR, PLR and 
LMR, while other blood markers were determined by their 

Figure 1 Flowchart of patients included in this study.
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clinical standards derived by the Clinical Laboratory 
Department of the said hospital. All clinical factors were 
subjected to univariate and multivariate Cox regression 
analyses to identify whether they were independent prog-
nostic factors. OS was calculated by the Kaplan–Meier 
method, and the difference of variables was compared 
using Log rank tests. A P value (two-sided) of <0.05 
was considered statistically significant.

R software version 3.4.3 with related packages was 
then used to formulate a nomogram model known as 
Changzheng (CZ) Score based on the results of multi-
variate analysis. The risk score for each significant factor 
was created by β coefficient, ranging from 0 to 100 points. 
The corresponding predicted 6-, 12-, 24-, and 36-month 
OS (proportion) were also calculated. According to the 
points-patient distribution diagram and the OS-points scat-
ter diagram, the cut-off values of the total points were 
determined to distinguish different prognostic conditions. 
Patients were thus divided into three groups and the survi-
val curves were mapped by the Kaplan–Meier method. 
Predictive accuracy was assessed by discrimination and 
calibration. Harrell’s concordance index (C-index) was 
measured for discrimination, while calibration curves 
were graphed to evaluate the consistency of the nomo-
gram-predicted OS and actual OS.

Time-dependent receiver operating characteristic 
(TDROC) curves were constructed to evaluate the predic-
tive performance of CZ Score and other score systems, 
using R software version 3.4.3 with “survivalROC” and 
“timeROC” packages. ROC curves for predicting 6-, 12-, 
24-, and 36-month OS in each of the four score systems 
were depicted and compared. An integrated area under the 
curve (IAUC) from TDROC curves was graphed.

Results
Demographics and Clinical 
Characteristics
A total of 144 women patients with a mean age of 53.08 
±9.53 (median 53, range 27–77) years were retrospectively 
reviewed (Table 1). The mean duration of spinal symp-
toms was 27.83±51.90 (median 12, range 4–384) weeks 
and the mean SMFS was 55.67±52.73 (median 44.5, range 
0–240) months. The metastatic locations in these patients 
were recorded, including 36 in the cervical spine, 82 in the 
thoracic spine, 61 in the lumbar spine, and 15 in the 
sacrum. Of the 144 included patients, 99 (69%) suffered 
varying degrees of multiple spinal metastases. According 

to the ER, PR and Her2 status, the primary cancer was 
classified as the luminal sub-type in 84 patients, Her2 sub- 
type in 26 patients, and the triple-negative sub-type in 34 
patients. During the entire follow-up period, 82 patients 
succumbed to the disease, and the other 62 patients were 
alive.

Univariate and Multivariate Analyses of 
Prognostic Factors for OS
Altogether 27 parameters were subjected to univariate 
analysis for prognostic prediction, and of them 18 were 
identified as positive (P<0.05) (Table 2). These factors 
were then submitted to the Cox proportional hazard 
model for multivariate analysis, and ultimately 7 indepen-
dent factors remained highly significant, including post-
menopausal [HR: 1.697 (1.040–2.770), P=0.034], visceral 
metastasis [HR: 1.980 (1.110–3.532), P=0.021], preopera-
tive Frankel Score [HR: 1.730 (1.239–2.416), P=0.001], 
ER status [HR: 0.531 (0.321-0.880), P=0.014], PLR [HR: 
2.021 (1.170–3.493), P=0.012], LMR [HR: 0.172 (0.093- 
0.318), P<0.001], and AGR [HR: 0.531 (0.316-0.893), 
P=0.017] (Table 2).

Construction and Evaluation of the CZ 
Score Model
The 7 independent factors for OS were further analyzed to 
establish a CZ Score nomogram model (Figure 2), with 
a C-index of 0.834 (95% CI, 0.789-0.890) that indicated 
good performance for OS prediction of patients with 
BCSM. In addition, the calibration curves for the prob-
ability of 6-, 12-, 24- and 36-month OS showed good 
consistency between nomogram prediction and actual 
observation (Figure 3). Thus, we calculated the CZ Score 
for each patient and graphed corresponding points-patient 
distribution diagrams and OS-points scatter diagrams 
(Figure 4A and B). Patients were then divided into three 
groups as Groups A, B and C, which represented good 
prognosis (≤110 points), moderate prognosis (110–240 
points) and poor prognosis (>240points) respectively. 
Patients in Group A had significantly longer OS than 
those in the other two groups (Log rank test, p<0.001) 
(Figure 4C).

Comparison with Other Scoring Systems
TDROC curves were used for comparison of CZ Score 
with Tomita Score, revised Tokuhashi Score, modified 
Bauer Score and NESMS (Figure 5). The result showed 
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that CZ Score had the best performance and possessed the 
largest IAUC value than the other scoring systems. At 
indicated time points, AUCs of CZ Score were 

significantly higher than those of the other scoring systems 
except for the revised Tokuhashi Score at 6- and 12-month 
(Table 3, Figure S1).

Table 1 Demographics and Clinical Characteristics of 144 Patients with Breast Cancer Spine Metastases

Variables Overall (n=144) Alive (n=62) Died (n=82)

Age, mean (SD), yr 53.08 (9.53) 52.95 (9.80) 53.18 (9.37)
Duration of Spinal Symptoms, median (range), week 12 (4, 384) 16 (4, 384) 12 (4, 144)

SMFS, median (range), mo 44.5 (0, 240) 36.5 (0, 240) 45 (0, 192)

Primary Tumor Grade, n (%)

1 56 (38.89) 27 (43.55) 29 (35.37)
2 51 (35.42) 19 (30.64) 32 (39.02)

3 37 (25.69) 16 (25.81) 21 (25.61)

Tumor Location, n (%)

C 36 (25.00) 16 (25.81) 20 (24.39)

T 82 (56.94) 32 (51.61) 50 (80.65)
L 60 (41.67) 31 (50.00) 29 (35.37)

S 15 (10.42) 1 (1.61) 14 (17.07)

Multiple, n (%) 99 (68.75) 37 (59.68) 62 (75.61)

ECOG

1–2 65 (45.14) 33 (53.23) 32 (39.02)
3–5 79 (54.86) 29 (46.77) 50 (60.98)

ER Status, n (%)
Positive 79 (54.86) 36 (58.06) 43 (52.44)

Negative 65 (45.14) 26 (41.94) 39 (47.56)

PR Status, n (%)

Positive 46 (31.94) 22 (35.48) 24 (29.27)

Negative 98 (68.06) 40 (64.52) 58 (70.73)

Her2 Status, n (%)

Positive 70 (48.61) 31 (50.00) 39 (47.56)
Negative 74 (51.39) 31 (50.00) 43 (52.44)

Subtypes, n (%)
Luminal (A/B) 26/58 (18.06/40.28) 10/28 (16.13/45.16) 16/30 (19.51/36.89)

Her2 26 (18.06) 10 (16.13) 16 (19.51)

TNBC 34 (26.61) 14 (22.58) 20 (24.39)

Tomita Score, n (%)

2–3 36 (25.00) 21 (33.87) 15 (18.29)
4–5 82 (56.94) 34 (45.84) 48 (58.54)

6–7 26 (18.06) 7 (11.29) 19 (23.17)

Revised Tokuhashi Score, n (%)

0–8 17 (11.81) 4 (6.45) 13 (15.85)

9–11 67 (46.53) 26 (41.94) 41 (50.00)
12–15 60 (41.66) 32 (51.61) 28 (34.15)

Revised Bauer Score, n (%)
0–2 31 (21.53%) 10 (16.13) 21 (25.61)

3–4 113 (78.47%) 52 (83.87) 61 (74.39)

Abbreviations: BCdiag, breast cancer diagnosis; SMSF, spine metastasis-free survival; DOD, died of disease; AWD, alive with disease; yr, year; mo, month.
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Table 2 Univariate and Multivariate Analyses of the Clinical and Serum Factors Affecting Overall Survival of Patients with Breast 
Cancer Spine Metastases

Factors Univariate Multivariate

Cases Events Χ2 p-value B HR 95% CI p-value

Age (year) > 53 68 38 3.275 0.070 NI

≤ 53 76 44

Postmenopausal Yes 56 36 6.772 0.009** 0.529 1.697 1.040–2.770 0.034*

No 88 46

Duration of Spinal Symptoms (week) > 12 64 32 0.210 0.646 NI

≤ 12 80 50

Primary Tumor Grade 1 56 29 2.372 0.305 NI

2 51 32

3 37 21

Primary Surgery Yes 120 72 0.004 0.947 NI

No 24 10

Cervical Tumor Yes 36 20 0.030 0.863 NI

No 108 62

Multiple Spinal Metastases Yes 99 62 7.716 0.005** NS

No 45 20

Extra-spinal Bone Metastases Yes 48 31 6.070 0.014* NS

No 96 51

Visceral Metastases Yes 35 24 24.527 <0.001*** 0.683 1.980 1.110–3.532 0.021*

No 109 58

Pre-op Chemotherapy Yes 66 46 0.001 0.969 NI

No 78 36

Pre-op Radiotherapy Yes 33 27 0.293 0.588 NI

No 111 55

Pre-op Endocrine/Targeted Therapy Yes 22 16 0.025 0.876 NI

No 122 66

ECOG Status 1–2 79 50 15.143 <0.001*** NS

3–5 65 32

Pre-op Frankel Score A-B 18 15 45.948 <0.001*** 0.548 1.730 1.239–2.416 0.001**

C 50 28

D-E 76 39

ER Status Positive 79 43 12.292 <0.001*** −0.633 0.531 0.321–0.880 0.014*

Negative 65 39

(Continued)
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Discussion
Preoperative prognostic prediction of patients with spinal 
metastatic lesions plays a vital role in surgical decision- 
making. However, the currently available scoring systems 
lack sensitivity and specificity for modern patients with 
complex manifestations in clinical practice because most 
of them were constructed about 40 years ago.10,11 Ahmed 
et al reviewed a series of 176 patients and compared nine 

scoring systems, finding that the prognostic value of the 
revised Tokuhashi Score was better than that of Tomita 
Score and modified Bauer Score.29 A study by Pollner 
et al11 demonstrated that Tomita Score and modified 
Bauer Score separated the classes of patients with good 
and moderate prognosis, and patients with poor conditions 
were easily identified with revised Tokuhashi Score.11 As 
most of the above-mentioned systems were constructed on 

Table 2 (Continued). 

Factors Univariate Multivariate

Cases Events Χ2 p-value B HR 95% CI p-value

PR Status Positive 46 24 4.411 0.036* NS

Negative 98 58

Her2 Status Positive 70 39 0.141 0.707 NI

Negative 74 43

NLR > 5.93 26 22 49.559 <0.001*** NS

≤ 5.93 118 60

PLR > 175.15 52 42 45.884 <0.001*** 0.704 2.021 1.170–3.493 0.012*

≤ 175.15 92 40

LMR > 1.95 107 50 78.605 <0.001*** −1.762 0.172 0.093–0.318 <0.001***

≤ 1.95 37 32

AGR > 1.5 48 26 6.958 0.008** −0.632 0.531 0.316–0.893 0.017*

≤ 1.5 96 56

Ca2+ (mmol/L) > 2.25 114 63 5.819 0.016* NS

≤ 2.25 30 19

ALP (U/L) > 129 33 61 13.578 <0.001*** NS

≤ 129 111 21

LDH (U/L) > 245 41 25 26.524 <0.001*** NS

≤ 245 103 57

D-Dimer (ug/L) > 500 74 48 21.469 <0.001*** NS

≤ 500 70 34

CA125 (U/mL) > 35 42 27 8.974 0.003** NS

≤ 35 102 55

CA153 (U/mL) > 25 80 47 9.347 0.002** NS

≤ 25 64 35

Notes: *p<0.05; **p<0.01; ***p<0.001. 
Abbreviations: Pre-op, preoperative; ECOG, Eastern Cooperative Oncology Group; ER, estrogen receptor; PR, progesterone receptor; Her2, human epidermal growth 
factor receptor-2; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; AGR, albumin-to-globulin ratio; ALP, 
alkaline phosphatase; LDH, lactate dehydrogenase; NI, not included in the multivariate analysis; NS, not significant in the multivariate analysis.
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a relatively small number of patients with heterogeneous 
types of primary tumors, they lack specificity and sensi-
tivity for indicated malignancies. The number of patients 
in Tomita Score is 67 including 14 cases of BCSM.7 

Similarly, of the 128 cases in the revised Tokuhashi 
Score, 19 had primary breast cancer, and of the 88 cases 
with spinal metastasis in Bauer Score, 14 were metasta-
sized from breast cancer.30,31 In addition, even for indi-
cated types of primary tumors, their clinical prognosis 
could be quite different due to specific gene expression 
characteristics. For example, patients with the luminal sub- 
type of breast cancer were considered to have better prog-
nosis than patients with the triple-negative sub-type.17,18 

The research of molecular markers of spinal metastatic 
tumors has also proved that such markers can alter the 
management/surgical paradigms utilized.32 A new score 
model called NESMS has attracted much attention in 
recent years, which adds two indexes of ambulatory func-
tion and serum albumin based on the modified Bauer 

Score.12 In general, the determination of the appropriate 
treatment of spinal metastatic tumors should be compre-
hensive and persuasive. The NOMS (neurologic, oncolo-
gic, mechanical, and systemic) framework just provides 
such a concept in treatment selection.33 In the current 
study, we attempted to establish a new nomogram scoring 
system for predicting the patient’s life expectancy based 
on multidimensional factors including the clinical features, 
molecular sub-types and blood indexes, which is named as 
CZ Score. Based on retrospective review and analysis of 
BCSM 144 patients, this CZ scoring system exhibited 
better performance as compared with the currently avail-
able scoring systems. The detailed data about the differ-
ences between our CZ scoring system and the other 
scoring systems are shown in Table 4.

We identified postmenopausal, visceral metastasis, pre-
operative Frankel Score, ER status, PLR, LMR and AGR 
as independent prognostic factors for patients with BCSM 
by using univariate and multivariate analyses. The 

Figure 2 CZ Score nomogram model for prognostic prediction of patients with Breast Cancer Spine Metastases. 
Abbreviations: Pre-op, preoperative; ER, estrogen receptor; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; AGR, albumin-to-globulin ratio.
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menopause status has never been included in any previous 
score system. However, this index is important for patients 
with BCSM, because most patients are female and breast 
cancer is closely related to sex hormones. Another reason 
for the low OS of postmenopausal patients may be that 

they were relatively obese with cardiovascular dysfunction 
and low bone mineral density.34 Due to the decline of the 
ovarian function and the exhaustion of estrogen secretion, 
menopause has become a key turning point for patients’ 
prognosis.35 In patients with visceral metastasis, it is 

Figure 3 The calibration curves for the probability of (A) 6-month, (B) 12-month, (C) 24-month and (D) 36-month overall survival.

Figure 4 The evaluation of CZ Score model for prognostic prediction of patients with breast cancer spine metastases. (A) The distribution diagram for total points of CZ 
Score for corresponding patient. (B) The scatter diagram for total points of CZ Score and survival status for each patient. (C) Kaplan–Meier curves for survival of Group 
A (≤110 points), Group B (110–240 points) and Group C (>240points).
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usually indicated that the disease has progressed to the 
terminal stage, when various treatment methods are often 
difficult to achieve the desired effect, so the survival time 
of patients is not satisfactory.36 Also, Frankel score is 
a widely accepted indicator for prognostic prediction.37 

Patients in grade D and E have better muscle and nerve 
functions, which indicate better prognoses.

In our previous studies,28,38 we identified that patients 
with ER-positive breast cancer or luminal breast cancer 
(mainly represented by positive ER) were more prone to 
form bone metastasis. However, these patients also possess 
a relatively better prognosis than patients with other sub- 
types. In this study, we further demonstrated the similar 
conclusion in a larger series of patients and identified the 
ER status as a protective prognostic factor.

The activation of platelets is supposed to play a key 
role in tumor progression, angiogenesis, extracellular 
matrix degradation and release of adhesion molecules 

and growth factors.39 Also, an increased blood platelet 
count may be a reflection of systemic inflammation 
response to the tumor.40 A decrease in lymphocyte count 
is considered to be responsible for an insufficient immu-
nologic reaction to the tumor, thus promoting tumor pro-
gression and metastasis.41,42 Monocytes are known to 
infiltrate tumors and differentiate into tumor-associated 
macrophages, such as osteoclasts in bone tumors, which 
are involved in tumor proliferation, invasion, metastasis, 
neovascularization, and recurrence.42 In this study, we 
demonstrated that high PLR and low LMR (which indicate 
a high level of platelets and monocytes, and a low level of 
lymphocytes) are associated with poor survival in patients 
with BCSM. AGR is reported as a prognostic indicator for 
several cancers in prior studies, which is consistent with 
our finding that a lower preoperative AGR level was 
correlated with poor prognosis. The low albumin status 
usually reflects poor nutrition and chronic inflammation, 
and the high non-albumin protein status also reveals 
inflammation.43

Besides, some important tumor markers in univariate 
analysis were excluded as independent factors by multivari-
ate analysis. One possible reason may be that although these 
tumor markers were recognized to be closely related to 
primary tumors, they were less accurate for metastatic 
patients.44,45 Based on the 7 prognostic factors, we con-
structed the CZ Score model. Patients were classified into 
three groups as Group A (≤110 points, median survival 30 
months), B (110–240 points, median survival 16 months), 
and C (>240points, median survival 6.5 months). The ROC 
curves and the matching AUCs revealed that the CZ Score 
has sufficient sensitivity and specificity for prognostic pre-
diction and surgical decision-making of patients with BCSM.

Figure 5 Time-dependent ROC curves of CZ Score, Tomita Score, revised 
Tokuhashi Score, modified Bauer Score and NESMS.

Table 3 Integrated Area Under the Curve for the CZ Score, Tomita Score, Revised Tokuhashi Score, Modified Bauer Score and 
NESMS from Time-Dependent ROC Analysis

Prediction 
Period (mo)

IAUC

CZ Score Tomita p Revised 
Tokuhashi Score

p Modified 
Bauer Score

p NESMS p

6 0.880 

(0.714–1.046)

0.772 

(0.635–0.909)

<0.001*** 0.827 

(0.715–0.940)

0.545 0.729 

(0.601–0.857)

<0.001*** 0.559 

(0.314–0.798)

<0.001***

12 0.906 

(0.823–0.989)

0.782 

(0.689–0.875)

<0.001*** 0.789 

(0.686–0.893)

0.066 0.778 

(0.690–0.867)

<0.001*** 0.655 

(0.517–0.796)

<0.001***

24 0.922 

(0.870–0.974)

0.740 

(0.652–0.829)

<0.001*** 0.776 

(0.686–0.867)

0.003** 0.712 

(0.620–0.804)

<0.001*** 0.627 

(0.523–0.731)

<0.001***

36 0.884 

(0.819–0.948)

0.666 

(0.569–0.764)

<0.001*** 0.700 

(0.597–0.803)

<0.001*** 0.649 

(0.549–0.750)

<0.001*** 0.597 

(0.496–0.698)

<0.001***

Notes: **p<0.01; ***p<0.001. 
Abbreviation: mo, month.
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There are several limitations in the current study. First, 
our study was a retrospective review of patients in a single 
center. Besides, as all the included patients received surgi-
cal interventions and contributed to a relatively better 
prognosis, potential selective bias was unavoidable. 
Finally, the study lacked validation to confirm whether it 
could be applied in other relative cases. However, our CZ 
Score model can still provide some clinical implications, 
and prospective studies with larger numbers of patients are 
needed for further validation.
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