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Purpose: Our research aims to study the bone metastatic patterns and prognostic outcomes
in elderly breast cancer (BC) and to develop elder-specific nomograms.

Methods: We downloaded the data of BC patients between 2010 and 2016 from the
Surveillance, Epidemiology, and End Results database. The differences in clinical features
and prognosis between young (age < 65) and elderly (age > 65) BC patients were compared.
The univariate and multivariate Cox analyses were used to determine the overall survival
(OS)- and cancer-specific survival (CSS)-related variables and establish two nomograms
of BC patients with bone metastasis (BCBM). The receiver operating characteristic (ROC)
curve with area under the curve (AUC), calibration curve, decision curve analysis (DCA),
and Kaplan—Meier survival curve were selected to evaluate nomograms.

Results: A total of 230,177 BC patients were enrolled in our research, including 142,025 young
and 88,152 elderly patients. The prognosis of elderly BCBM patients was significantly worse than
young patients. Age, race, breast subtype, tumor size, tumor grade, brain metastasis, liver metas-
tasis, surgery, and chemotherapy were independent prognostic variables for elderly BCBM patients,
including OS and CSS. The AUC values at 12, 18, and 24 months were 0.750, 0.751, and 0.739 for
OS nomogram and 0.759, 0.762, and 0.752 for CSS nomogram in the training cohort, which were
higher than the AUC values of all single independent prognostic variables. The survival curve
showed a distinct prognosis between low-, median- and high-risk groups (p < 0.001). Finally,
calibration curves and DCA indicated that both nomograms have favorable performance.
Conclusion: Elderly and young patients presented with different bone metastatic frequencies,
clinical features, and prognostic outcomes. Two elder-specific nomograms incorporating nine
clinical variables were established and validated to be a valuable predictor for elderly BCBM
patients.

Keywords: clder patients, breast cancer, bone metastasis, nomogram, overall survival,
cancer-specific survival

Introduction
Breast cancer (BC) is the most common cancer and the second leading cause of death
among women globally." With the rapid development of treatment methods such as
surgery, chemotherapy, and immunotherapy, the treatment effectiveness of primary BC
has been dramatically improved. However, distant metastases led to 80% of cancer-
associated death, which gradually become one of the hot issues for oncologist.”

Bone metastasis (BM) is one of the most frequent metastatic patterns for BC
patients, accounting for 41.4-65.9% of all metastatic cases.”* Recent progress
in BC therapy has improved the patients’ prognosis but conversely increased the
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BM risk.’ Due to non-response to chemotherapy, incom-
plete surgical resection, and resistance to checkpoint
inhibitors, BC with BM (BCBM) is notoriously difficult
to cure. The median survival for BCBM patients was
only 19 months, and the 5-year survival rate was only
13%.%7 Recently, several studies were conducted to study
BCBM
Clinicopathological data, laboratory tests, and genomic

the  prognostic  factors  for patients.
data were confirmed as prognostic predictors for BCBM
patients,® '® and several studies aimed to develop prog-
nostic nomograms for BCBM patients.®'®"'* However,
elderly BC patients have their own unique characteristics,
which suggested that we need to conduct a specific study
for this special population.?® %2

In this study, we obtained population-based data of BC
patients to investigate the characteristics of elderly BC
patients and aimed to establish two novel nomograms to
predict the overall survival (OS) and cancer-specific sur-

vival (CSS) of elderly BCBM patients.

Methods

Data and Cohort Definition

The data of present study cohort was extracted from the
Surveillance, Epidemiology, and End Results (SEER) data-
base using the SEER*Stat software (version 8.3.6). Adult
female patients (>18 years) diagnosed as BC between 2010
and 2016 were included. The information obtained in our
study for each patient include age at diagnosis, race, histolo-
gical type, tumor grade, T stage, N stage, surgery, radiotherapy,
chemotherapy, distant metastasis (bone, liver, brain, and lung),
tumor size, tumor subtype, marital status, cause of death, vital
status, and survival time. Patients lacking one or more above
study.
Meanwhile, patients with previous diagnosed tumor or survi-

characteristics data were excluded from this
val time less than one month were excluded. All included
patients were included and divided into young (age < 65)
and elderly groups (age > 65). The prognostic difference
between young and elderly patients was compared with
Kaplan—Meier (K-M) and the multivariate Cox regression
models were used to adjust the potential confounding factors.

Statistical Analysis

All statistical analyses in the present study were performed
in the R software (version 3.6.1). Two-sided P value <0.05
was considered as statistically significant. Categorical
variables are reported as frequencies and proportions.
Continuous variables are reported as means (standard

deviation, SD) and medians (interquartile ranges, IQR).
The Student’s f-test and chi-square test were performed
to identify the difference between clinicopathological data
between young and elderly patients.

Furthermore, we focused on the elderly group to
First, all
BCBM patients were randomly divided into training
(70%) and wvalidation (30%) cohorts. The nomograms
were developed in the training cohort and validated in

develop elder-specific nomograms. elderly

the validation cohort. The X-tile software was used to
determine the optimal cutoff value of tumor size and age.
The univariate and multivariate Cox analyses were per-
formed to determine the independent OS- and CSS-related
variables. Subsequently, two nomograms were developed
based on the independent OS- and CSS-related variables,
respectively. The time-dependent receiver operating char-
acteristic (ROC) curve with area under the curve (AUC)
was used to evaluate the discrimination of nomograms.
The calibration curve and decision curve analysis (DCA)
were used to show the calibration and clinical utilization
of nomograms, respectively.

To confirm that our nomograms are robust tools for
predicting the prognosis for elderly patients, more com-
prehensive analyses were performed. According to the
total point of each patient, the optimal cutoff points were
determined by the X-tile software and the K-M survival
curve with a Log rank test was used to show the prognos-
tic difference of different risk groups. In addition, to con-
firm that the predictive ability of our nomograms was
better than
dependent ROC curves of all independent prognostic vari-

single prognostic variables, the time-

ables were generated to compared with the nomogram.

Results

Patient Characteristics

Totally, 230,177 BC patients were enrolled, including
142,025 young and 88,152 elderly patients. The detailed
information of included patients is shown in Table 1. The
median follow-up time was 40 (IQR: 23-60) months.
A total of 23,852 patients dead during the follow-up per-
iod, and 14,295 patients dead due to the breast cancer.
Compared with young BC patients, elderly patients tended
to have a higher incidence of Luminal A subtype, higher
incidence of the white race, higher rate of widowed status,
higher rate of Lobular type, lower tumor grade, smaller
tumor size, lower T and N stage, and lower incidence of
bone, brain, liver, and lung metastases (Table 1). For the
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Table | Baseline Clinical Characteristics of Younger and Elderly
Breast Cancer Patients

Characteristics Age < 65 Age > 65 P
(n =142,025) | (n=88,152)
Molecular subtype <0.001
HR+/HER2- 99,811 70,399
HR+/HER2+ 17,396 6851
HR-/HER2+ 7228 2787
TNBC 17590 8115
Race <0.001
Black 17,207 7926
White 109,186 73,775
Other 15,632 6451
Marital status <0.001
Married 91,520 43,386
Unmarried/Domestic 570 I51
Partner
Divorced 16,087 9921
Separated 2049 495
Widowed 5215 25,407
Single (never married) 26,584 8792
Histological type <0.001
Ductal 111,160 63,913
Lobular 10,983 9355
Mixed ductal and lobular 7989 5152
Others 11,893 9732
Tumor grade <0.001
| 29515 24,146
1l 60061 41,410
1] 52018 22,410
v 431 186
Tumor size, mm 24.20+23.92 21.39+£20.98 <0.001
T stage <0.001
TI 80,248 56,053
T2 47,158 24,885
T3 10,202 4261
T4 4417 2953
N stage <0.001
NO 90,550 65,852
NI 37,908 16,366
N2 8513 3649
N3 5054 2285
Bone metastasis 3275 1779 <0.001
Brain metastasis 331 147 0.001
Liver metastasis 1379 556 <0.001
Lung metastasis 1361 965 0.001
Surgery performed 135,529 83,121 <0.001
Chemotherapy performed 76,848 20,007 <0.001
Radiation therapy performed 81,923 46,263 <0.001

treatment, the rates of surgery, chemotherapy, and radio-
therapy in the elderly group were all significantly lower
than young patients (Table 1). Generally, compared with
young patients, elderly patients tended to have favorable
tumor status but poor treatment status.

Among 230,177 BC patients, 5054 patients (2.2%)
were diagnosed with BM at presentation. The incidence
of BM was higher than other distant sites, including lung
(1.0%), liver (0.8%), and brain (0.2%). The incidence of
BM for elderly patients was significantly lower than young
patients (2.0% verse 2.3%, p < 0.002) (Table 1). To further
validate this finding, the multivariate logistic analysis was
performed to adjust for confounding variables including
race, marital status, histological type, tumor grade, T stage,
N stage, tumor size, and molecular subtype. The results
showed that the young group tended to have more BM
[Odds ratio (OR)=1.078, 95% confidence interval (CI)
1.008-1.154, p=0.029]. Similar with the total cohort,
there were statistically significant differences in demo-
graphic information, primary tumor status, treatment, and
distant metastasis between young and elderly BCBM
patients (Table 2). However, there was not significant
difference in tumor size between young and elderly
BCBM patients (Table 2).

Prognostic Difference Between Young
and Elderly BCBM Patients

Two K-M survival curves are shown in Figure 1, which show
that the OS and CSS of young and elderly BCBM patients.
Log rank tests indicated that elderly BCBM patients have
a worse prognosis than young patients (Figure 1A and B).
After adjusting for confounding variables, the multivariate
analysis confirmed that age was an independent prognostic
factor for OS [Hazard ratio (HR) 1.306, 95% CI 1.199—1.423,
p<0.001] (Figure 1A) and CSS [Hazard ratio (HR) 1.231, 95%
CI 1.125-1.347, p < 0.001] (Figure 1B). We further investi-
gated the impact of age on the prognosis in different molecular
subtypes. The elderly cohort showed significantly worse OS
and CSS than the young cohort in HR+/HER2—, HR+/HER2+,
and HR—/HER2+ subtypes (Figure 1C—G and I). The prog-
nosis of the elderly TNBC cohort was worse than the young
TNBC cohort, but there was no significance (Figure 1H and J).
Thus, we speculated that it may be attributed to the extremely
poor prognosis of TBNC patients.

Prognostic Factors for Elderly BCBM

The optimal cutoff values for age and tumor size were 80
years and 72 mm, respectively. Patients aged 65—79 years
were included in the relatively young group, while patients
aged >80 years were included in the relatively old group.
Meanwhile, patients with tumor size of 1-72 mm were
included in the small tumor group, while patients with
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Table 2 Baseline Clinical Characteristics of Younger and Elderly
BCBM

Characteristics Age<65 Age>65 P
(n=3275) (n=1779)
Molecular subtype <0.001
HR+/HER2- 2076 1319
HR+/HER2+ 633 225
HR-/HER2+ 244 75
TNBC 322 160
Race <0.001
Black 584 2,232,569
White 2397 1464
Other 294 92
Marital status <0.001
Married 1723 731
Unmarried/Domestic 14 2
Partner
Divorced 389 242
Separated 72 14
Widowed 159 541
Single (never married) 918 249
Histological type <0.001
Ductal 2569 1280
Lobular 299 260
Mixed ductal and lobular 162 13
Others 245 126
Tumor grade <0.001
| 255 200
I 1480 910
1] 1526 665
v 14 4
Tumor size, mm 50.90+42.79 49.32+41.90 0.208
T stage 0.007
TI 399 261
T2 1253 636
T3 681 331
T4 942 551
N stage <0.001
NO 637 479
NI 1611 821
N2 480 219
N3 547 260
Brain metastasis 212 82 0.007
Liver metastasis 795 301 <0.001
Lung metastasis 734 455 0.011
Surgery performed 1293 586 <0.001
Chemotherapy performed 2224 687 <0.001
Radiation therapy 1493 647 <0.001
performed

Abbreviation: BCBM, breast cancer with bone metastasis.

tumor size >73 mm were included in the large tumor
group. In the univariate Cox analysis, twelve variables
were confirmed as OS-related factors, and eleven variables
were confirmed as CSS-related factors (Figure S1).
Furthermore, multivariate Cox analysis indicated that

age, race, grade, surgery, chemotherapy, brain metastasis,
liver metastasis, tumor size, and breast subtype were inde-
pendent OS- and CSS-related factors (Figures 2 and S2).

Elderly-Specific Nomograms

Construction

Two nomograms integrating nine independent prognostic
factors were constructed (Figure 3A and B). The scores
assigned to each variable can be viewed in detail in
Table 3. By adding individual score of those nine vari-
ables, doctors could obtain the total score and determine
a specific probability of 12, 18, and 24 months survival.
The AUC values of OS nomogram in the training cohort
were 0.750, 0.751, and 0.739 at 12, 18, and 24 months,
respectively (Figure 4A). Additionally, the AUC values of
the CSS nomogram in the training cohort were 0.759,
0.762, and 0.752 at 12-, 18, and 24 months, respectively
(Figure 4D). The calibration curves of nomograms in the
training cohort indicated favorable consistencies between
the predicted and actual prognosis (Figure 5A-F). The
DCA curves for the training cohort at 12, 18, and 24
months were also generated and shown in Figure 6A—F.
The nomogram showed great positive net benefits across
wide ranges of death risk in the training cohort, indicating
its favorable clinical utility in predicting 12, 18, and 24
months OS and CSS.

Validation of Nomograms

Totally, 532 patients were enrolled in the validation cohort.
In the validation cohort, the AUC values of the OS nomo-
gram were 0.731, 0.721, and 0.699 at 12, 18, and 24 months
(Figure 4G). Similarly, the AUC values of the CSS nomo-
gram were also satisfactory, which were higher than 0.710 at
three time points (Figure 4J). The calibration curves and
DCA results of nomograms in the validation cohort also
showed favorable performance (Figures 5G-L and 6G-L).

Risk Stratification Model for Elderly
BCBM Patients

According to each patient’s score from the nomogram, the
cutoff values were determined in the X-tile software. For
the OS nomogram, 255 and 309 were two cut points, and
all patients were stratified into three groups: low-risk
group (n = 433, 34.7%; total score < 255), middle-risk
group (n = 672, 53.9%; total score 255-309), and high-risk
group (n = 142, 11.4%; total score > 309). Similarly, 263
and 313 were identified as two cut points for CSS
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Figure | Survival curves showed the distinct prognosis between young and elderly breast cancer patients with bone metastasis. (A) Overall survival in all breast cancer
patients with bone metastasis. (B) Cancer-specific survival in all breast cancer patients with bone metastasis. (C) Overall survival in total Luminal A (HR+/HER2-) patients
with bone metastasis. (D) Overall survival in total Luminal B (HR+/HER2+) patients with bone metastasis. (E) Cancer-specific survival in total Luminal A (HR+/HER2-)
patients with bone metastasis. (F) Cancer-specific survival in total Luminal B (HR+/HER2+) patients with bone metastasis. (G) Overall survival in HER2 enriched (HR-/HER2
+) cohort. (H) Overall survival in triple-negative (HR-/HER2-) patients with bone metastasis. (I) Cancer-specific survival in HER2 enriched (HR-/HER2+) patients with bone
metastasis. (J) Cancer-specific survival in triple-negative (HR-/HER2-) patients with bone metastasis.

Abbreviations: HR, hormone receptor; HER2, human epidermal growth factor receptor 2.

signature. The prognosis was significantly different
between three risk groups (Figure 4B, C, E and F). For
the validation cohort, the cut points in the training cohort
used. K-M
a significantly distinct outcome between three risk groups

(Figure 4H, I, K and L).

were survival curves also indicated

Subgroup Analysis of Nomograms

According to the ROC analysis and K-M survival analysis,
we can find that both OS nomogram and CSS nomogram
can effectively predict the prognosis of elderly BCBM
patients. However, whether these two nomograms perform
well in subgroups is unclear. Therefore, we further per-
formed the subgroup analysis to study the prognostic value
of nomograms in the different age and grade groups. In the

training cohort, both nomograms showed satisfactory
prognostic  differentiation ability in four subgroups
(Figure 7A-D). In all subgroups, patients at high risk
had a worse prognosis than those at middle risk, and
patients in the low-risk group had the best prognosis
(Figure 7A-D). The above results were also confirmed in

the validation cohort (Figure 7E—H).

Comparison of Predictive Accuracy
Between the Nomogram and a Single

Independent Factor

As shown in Figure 2, nine independent prognostic vari-
ables were confirmed. The ROC curves of these variables
are shown in Figure 8. Generally, the AUC values of all
independent prognostic variables were higher than 0.500.
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Overall survival Cancer specific survival
Hazard ratio P HR(95%CI) Hazard ratio P HR(95%CI)
Age=80 - 0.000 1.39(1.17,1.64) i 0.003 1.32(1.1,1.59)
Race
Black
White HH 0.004 0.73(0.59,0.9) HE 0.008 0.74(0.59,0.92)
Other —— 0.411 0.86(0.59,1.24) —— 0.804 0.95(0.65,1.39)
Grade
|
Il - 0.041 1.31(1.01,1.71) —— 0.025 1.39(1.04,1.85)
I} — 0.000 1.72(1.3,2.26) — 0.000 1.85(1.37,2.5)
v — > 0.028 3.79(1.16,12.4) — > 0.027 3.83(1.16,12.6)
N
0
1 HH 0.082 0.86(0.72,1.02)
2 —— 0.582 0.93(0.72,1.2)
3 i 0.140 0.83(0.66,1.06)
Surgery - 0.000 0.58(0.49,0.69) - 0.000 0.57(0.48,0.68)
Chemotherapy L] 0.000 0.61(0.51,0.72) - 0.000 0.62(0.51,0.74)
Brain metastasis —— 0.000 1.87(1.41,2.49) —— 0.000 1.89(1.4,2.54)
Liver metastasis —— 0.000 1.88(1.57,2.26) —— 0.000 2.03(1.68,2.45)
Lung metastasis i 0.420 1.07(0.91,1.26) L 3 0.330 1.09(0.92,1.29)
Tumor size27.3 cm —— 0.001 1.39(1.15,1.68) —— 0.001 1.41(1.16,1.72)
Marital_status
Divorced
Married HH 0.073 0.82(0.66,1.02) i 0.112 0.83(0.66,1.04)
Separated —— 0.208 0.59(0.26,1.35) —— 0.171 0.53(0.22,1.31)
Single (never married) i 0.304 0.87(0.66,1.14) - 0.196 0.83(0.62,1.1)
Unmarried/Domestic Partner = 0.616 1.66(0.23,12.02) - 0.522 1.91(0.26,13.83)
Widowed i 0.827 1.02(0.82,1.28) —— 0.559 1.07(0.85,1.36)
Breast_Subtype
luminalA
luminalB i 0.068 1.24(0.98,1.56) —— 0.164 1.19(0.93,1.53)
HER2+ e 0.111 1.36(0.93,1.97) — 0.394 1.2(0.79,1.8)
TNBC ——#—— (0.000 2.63(2.03,3.42) ——&—— 0.000 2.75(2.1,3.6)
:7 0'5 : 1‘5 ; 2‘5 ; 3‘5 l; 0‘5 : 1'5 ; 2‘5 ZI! 3‘5
Hazard ratio Hazard ratio

Figure 2 The forest plot showed the results of multivariate Cox analyses for elderly breast cancer patients with bone metastasis.

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

In the training cohort, tumor grade and tumor subtype discrimination, calibration, and clinical utilization.

were the top two strongest prognostic variables
(Figure 8A-F). In the validation cohort, the AUC values
of liver metastasis were always higher than other indica-
tors at 12, 18, and 24 months (Figure 8G—L). However, the
AUC values of all single independent factors were lower
than the AUC values of nomograms (Figure 8A-L).

Discussion

Bone is one of the most common metastatic sites in BC
patients. The incidence, risk factors, and prognostic factors
have been reported in recent studies. The nomograms for
predicting the prognosis for BCBM patients were devel-
oped by Wang et al.'® However, it is still controversial
whether elderly BCBM patients were distinct from young
patients. In this study, our results suggested that the inci-
dence of BM in the elderly BC patients is lower but the
prognosis is poor. Two nomograms incorporating nine
clinicopathological variables were conducted and vali-
dated. The further comprehensive evaluation confirmed
that our elderly specific nomograms have favorable

Finally, two risk stratification models were developed
according to each patient’s total score from the nomogram.

To our knowledge, it is the first study to establish
prognostic models for elderly BCBM patients. Compared
with previous nomograms, our nomograms have several
advantages. First, compared with the nomograms devel-
oped by Wang, our nomograms were elderly-specific tools.
Patients with BC in the elderly and young have distinct
molecular characteristics and need different clinical man-
agement strategies.” > The present results also confirmed
that are many differences between younger and older BC
patients and our elder-specific nomograms were better
predictors for elder BCBM patients. Secondly, BCBM
patients older than 80 were included in our research,
study.'®
Octogenarian BC patients have a poor prognosis, but risk

which were not included in Wang’s
stratification and the subgroup of women age >80 years
may benefit from more aggressive treatment.”*** Finally,
several novel tools and methods were used in the present

study. The X-tile, a new bioinformatics tool for biomarker
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Figure 3 Two nomograms were generated for predicting OS and CSS for elderly BCBM patients, respectively. (A) Nomogram incorporating nine clinicopathological

variables for predicting the OS of elderly BCBM patients; (B) nomogram incorporating
Abbreviations: OS, overall survival; CSS, cancer-specific survival; BCBM, breast cance

assessment and outcome-based cut-point optimization, was
selected to determine the optimal cutoff value of age,
tumor size, and risk score.?’ Based on the X-tile and the
score of each patient, two risk stratification models were
developed and K-M survival showed a distinct prognosis
between three groups.

Age was determined as an independent prognostic fac-
tor for elderly BCBM patients. Although they were all
older patients, we found that there was an age-related
survival among them and patients with age > 80 have

nine clinicopathological variables for predicting the CSS of elderly BCBM patients.
r with bone metastasis.

poorer OS and CSS. BC patients in the 80 and over age
group were commonly diagnosed with advanced disease
compared to younger patients who were diagnosed more
commonly with early disease.”® Another novel reported
finding in the BC patients >80 years is that those patients
discontinued the prescribed therapy earlier and more fre-
quently than younger patients.’’*® The comprehensive
influence of factors may result in the worse prognosis of
octogenarian patients. Another prognostic demographic
variable is race, which has been widely reported in
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Table 3 Point Assignment for Specific Categories of the
Variables Included in the Nomograms

Variable OS Nomogram CSS Nomogram

Molecular subtype

HR+/HER2- 29 29

HR+/HER2+ 41 38

HR—/HER2+ 44 38

TNBC 82 82
Age, year

65-79 29 29

280 51 48
Race

Black 29 29

White 12 13

Other 19 25
Tumor grade

| 29 29

I 43 45

11l 57 60

v 100 100
Tumor size, mm

1-72 29 29

273 46 47
Brain metastasis

No 29 29

Yes 64 63
Liver metastasis

No 29 29

Yes 64 66
Surgery

No 29 29

Yes 0 0
Chemotherapy

No 29 29

Yes 2 4

previous studies.?*?°! However, the race has a different
effect on prognosis in different BC patients. In our
research, African American patients have the worst prog-
nosis, which maybe because they are usually diagnosed at
an advanced stage.

For tumorous factors, tumor grade is the most impor-
tant prognostic factor in our research. The higher the
tumor grade, the worse the prognosis of the patients,
which was consistent with the previous studies.'®**
Multiorgan and multiple BM were confirmed as risk fac-
tors for BCBM patients.'®'® In the present study, we
precisely determine that liver and brain metastases, but
not lung, were independent prognostic factors of elderly
BCBM patients. Previous studies focused on BCBM

patients of all ages confirmed that lung metastases was
an independent risk factors.***> Combined with the results
of this study, we found that lung metastasis appears to be
an age-specific prognostic factor for BCBM patients.
However, the mechanism of this results needs to be further
studied and whether this phenomenon also exists in other
tumors deserves further study. Tumor size was another
prognostic factor for elderly BCBM patients. Using
X-tile software to convert continuous variables into cate-
gorical variables has been widely used in clinical cancer
research.***> We determine 72 mm as the cutoff value of
tumor size, which was proved to be a good way to stratify
the prognosis of patients.

In our research, both surgery and chemotherapy were
determined as protective factors. In recent years, several
studies indicated that local surgery could achieve improve-
ment in the prognosis of metastatic BC.***° Xiong et al
reported that patients with BM alone (and primary tumor
<5 cm) can benefit from surgery.”® Consistently, a large
cohort retrospective study indicated that local surgery had
significantly improved OS in BCBM patients.*” However,
one study has put forward a different conclusion that the
resection of the primary tumor has no significant improve-
ment in the prognosis of BCBM.*' Therefore, prospective
and randomized controlled studies are needed to further
study this scientific question. Chemotherapy is the funda-
mental treatment for BCBM patients and new chemother-
apeutic agents such as etirinotecan and nab-paclitaxel have
been established in recent years.*” However, the most
effective regimen in the treatment of BM has not been
defined.** Treatments developed in recent years, such as
cytokine therapy, bone-modifying agents, and small-
molecule inhibitor, are expected to become effective treat-
ments for BCBM patients.

There are several limitations to our research. First, it is
a retrospective study based on the SEER database. Some
important prognostic data, such the detailed information
about treatment and comorbidities of each patient were not
available. Secondly, the old age was defined as being 65 or
older in the present study. However, both in this study and
in previous studies, patients>80/70 years old appeared to
have a poorer prognosis.***** It is not clear whether
special studies are necessary for this super-aged group.
Finally, although the prognostic nomograms and risk stra-
have been established for BCBM
patients, the appropriate management for patients in each

tification models

group remains unclear.
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Abbreviations: ROC, receiver operating characteristic; OS, overall survival; CSS, cancer-specific survival; AUC, area under the curve.

Conclusion

In summary, this study found that elderly BC patients with
a lower incidence of BM but with poor prognosis. Nine
clinicopathological variables were significantly related to

the prognosis of elderly BCBM. Two simple nomograms

based on these variables had favorable discrimination,
calibration, and clinical utility. It could be a useful tool

for the patient’s consultation and doctor’s evaluation.
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Figure 6 Decision curve analyses showed the calibration of OS and CSS nomograms in the training and validation cohorts. The decision curve analyses for OS (A-C) and
CSS (D-F) nomograms in the training cohort. The decision curve analyses for OS (G-l) and CSS (J-L) nomograms in the validation cohort.
Abbreviations: OS, overall survival; CSS, cancer-specific survival.
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Figure 7 Subgroup analyses of nomograms. The survival curves show the distinct OS in age<80 (A), age = 80 (A), grade |-l (B), and grade IlI-IV (B) subgroups in the
training cohort; The survival curves to show the distinct CSS in age < 80 (C), age = 80 (C), grade |-l (D), and grade llI-IV (D) subgroups in the training cohort; The survival
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Abbreviations: OS, overall survival; CSS, cancer-specific survival.
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Figure 8 Comparison of AUC values between nomogram and single independent factors. The ROC curves of OS nomogram and all independent predictors at 12 (A), 18
(B), and 24 months (C) in the training cohort; The ROC curves of CSS nomogram and all independent predictors at 12 (D), 18 (E), and 24 months (F) in the training cohort;
The ROC curves of OS nomogram and all independent predictors at 12 (G), 18 (H), and 24 months (l) in the validation cohort; The ROC curves of CSS nomogram and all
independent predictors at 12 (J), 18 (K), and 24 months (L) in the validation cohort.

Abbreviations: TP, true positive; FP, false positive; AUC, area under the curve; ROC, receiver operating characteristic; OS, overall survival; CSS, cancer-specific survival.
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