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Introduction: Cancer in patients of childbearing age continues to become
increasingly common. The purpose of this study was to explore the impact of
metastatic breast cancer (MBC) on overall survival (OS) and cancer-specifific
survival (CSS) in patients of childbearing age and to construct prognostic
nomograms to predict OS and CSS.

Methods: Data from MBC patients of childbearing age were obtained from the
Surveillance, Epidemiology, and End Results (SEER) database between 2010
and 2015, and the patients were randomly assigned into the training and
validation cohorts. Univariate and multivariate Cox analyses were used to
search for independent prognostic factors impacting OS and CSS, and these
data were used to construct nomograms. The concordance index (C-index),
area under the curve (AUC), and calibration curves were used to determine the
predictive accuracy and discriminative ability of the nomograms. Additional
data were obtained from patients at the Yunnan Cancer Hospital to further
verify the accuracy of the nomograms.

Results: A total of 1,700 MBC patients of childbearing age were identifified from
the SEER database, and an additional 92 eligible patients were enrolled at the
Yunnan Cancer Hospital. Multivariate Cox analyses identifified 10 prognostic
factors for OS and CSS that were used to construct the nomograms. The
calibration curve for the probabilities of OS and CSS showed good agreement
between nomogram prediction and clinical observations. The C-index of the
nomogram for OS was 0.735 (95% Cl = 0.725-0.744); the AUC at 3 years was
0.806 and 0.794 at 5 years.The nomogram predicted that the C-index of the
CSSwas 0.740 (95% Cl = 0.730—- 0.750); the AUC at 3 years was 0.811 and 0.789
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at 5 years. The same results were observed in the validation cohort. Kaplan—
Meier curves comparing the low-,medium-, and high-risk groups showed
strong prediction results for the prognostic nomogram.

Conclusion: We identifified several independent prognostic factors and
constructed nomograms to predict the OS and CSS for MBC patients of
childbearing age.These prognostic models should be considered in clinical
practice to individualize treatments for this group of patients.

KEYWORDS

metastatic breast cancer (mbc), childbearing age, females, nomogram,

SEER, prognosis

Introduction

Breast cancer (BC) is the most frequent malignancy in
women worldwide and remains the second leading cause of
cancer-associated death in women (1, 2). Although the 5-year
survival of BC is relatively high compared to other malignant
tumors, distant metastasis remains a major cause of mortality.
Previously, it has been reported that an increasing number of
patients with metastatic breast cancer (MBC) are diagnosed at
younger ages. Women of childbearing age tend to have an
increased risk of disease progression (3). As women gradually
postpone childbirth, the incidence of pregnancy-associated
cancers has increased, causing a clinical challenge (4-6). There
are distinct differences in the clinicopathologic characteristics
and therapeutic strategies used in the management of cancers in
women of childbearing age (7, 8). At childbearing age, the
endocrine and reproductive functions of the ovaries reach a
peak, modulating the secretion of hormones throughout the
female body that may create a more oncogenic environment.
Previous research has shown that the incidence of thyroid
carcinoma in parturient women is higher compared to
nulliparous women. These data are particularly important, as
thyroid carcinoma has become the second most prevalent
malignancy in women during pregnancy and during the
reproductive stage (9). In addition, stage IV BC is a
heterogeneous disease that is characterized by different
metastatic sites, molecular subtypes, and diverse
histopathologic features. Therefore, it is essential for MBC
patients of childbearing age to have accurate predictions of
outcomes and to define optimal treatment strategies.

Different treatment modalities are used in the management
of patients at different physiological stages of life. For example,
chemotherapy is effective in the treatment of stage IV BC, yet the
adverse effects including amenorrhea and ovarian failure are
more common in high-risk women of reproductive age (10). The
development of personalized treatments requires more accurate
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risk estimation based on the specific clinicopathologic
characteristics of patients.

Nomograms are accurate tools to predict cancer prognosis by
quantifying individual risk based on clinicopathologic variables
(11-13). Predicted individual survival results obtained from
prognostic models can inform treatment selection. In a previous
study, Zhao et al. (14) developed a nomogram to predict survival
outcomes in MBC patients. However, to the best of our
knowledge, nomograms to accurately predict the survival of
MBC patients of childbearing age have not yet been established.
This study screened the factors most associated with survival in
women of childbearing age by performing univariate and
multivariate Cox regression models. These data were integrated
into a prognostic nomogram to predict the overall survival (OS)
and cancer-specific survival (CSS) probabilities for MBC patients
of reproductive age.

Materials and methods
Data sources and study design

The Surveillance, Epidemiology, and End Results (SEER)
database stores a range of data concerning the current
population demographics and provides access to specific
information for related studies. The SEER database covers the
majority of tumor types and collects cancer-related data including
tumor characteristics, treatments, follow-up information, and the
vital status of patients from different geographic areas for
approximately 3 million patients (15).

The SEER*Stat software was used to extract data from MBC
patients of childbearing age from 2010 to 2015. To identify
suitable patients, the following inclusion criteria were set: 1) age
ranging from 18 to 49 years at diagnosis, 2) female gender, 3)
histology of infiltrating duct carcinoma, 4) BC diagnosed as the
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first and only primary tumor, 5) stage IV BC based on the
American Joint Committee on Cancer (AJCC) TNM staging
system, 6) positive pathological diagnosis, and 7) available
follow-up information.

The exclusion criteria were as follows: 1) tumors of unknown
differentiation grade, 2) unknown breast subtype, 3) undefined
TNM staging, 4) unknown tumor sizes, 5) unknown races, 6)
unknown marital status, and 7) unknown survival time. Data
were also obtained from MBC patients of childbearing age who
were initially diagnosed at the Yunnan Cancer Hospital between
January 2012 and August 2016.

Study variables

Patients were randomly assigned into the training and validation
cohorts at a 7:3 ratio, and the relevant variables were extracted from
the training cohort. Demographics included the age at diagnosis (18-
30 years, 30-40 years, and 40—49 years), year of diagnosis (2010-2012
and 2013-2015), marital status (married and unmarried), and race
(white, black, and others). Tumor characteristics included
differentiation grade (grades I-IV), tumor size (<20 mm, 20-50
mm,and >50 mm), tumor location (central, upper, lower, axillary
tail, and overlapping), laterality (left and right), molecular subtype
(HR+/HER2-, HR+/HER2+, HR-/HER2+ and HR-/HER2-), TNM
stage, and metastatic site (bone, brain, lung, and liver). Treatment
modalities included surgery of the primary tumor (yes and no),
chemotherapy (yes and no/unknown), and radiotherapy (yes and
no/unknown).

Development and validation of a
predictive nomogram

Based on the results of the Cox regression analysis, two
nomograms were developed to predict OS and CSS at 3 and 5
years. The concordance index (C-index) was used to assess the
performances of these nomograms that refers to the proportion
of all patient pairs whose predicted results were consistent with
the actual results. Studies have defined the C-index thresholds
for the predictive accuracy of nomograms as low (0.50-0.70),
medium (0.71-0.90), and high accuracy (>0.90) (16). A
bootstrapping method with 1,000 repetitions was performed to
create calibration curves to validate the model in the training and
validation cohorts. An extra external validation cohort from an
independent group of Chinese patients was used to validate the
accuracy and precision of the nomogram. Statistical analyses
were carried out using R software (version 4.0.5).

Based on the analysis scores for each variable in the
nomograms, the total points for all eligible patients from the
SEER database were calculated. The patients were classified into
low-, medium-, and high-risk groups based on the total scores of
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the nomogram using the X-Tile software. Kaplan-Meier
analyses (including OS and CSS) and the log-rank test were
used to test the accuracy of the prediction outcomes from the
prognostic models.

Follow-up

Data were retrospectively collected from MBC patients aged
18-49 years who were diagnosed between January 2012 and
August 2016. The patients were followed up by telephone
interviews, and the follow-up cutoff time was 1 June 2021 for
the recording of survival outcomes (survival or death). The
primary endpoints were OS and CSS. OS was defined as the
time interval between the diagnosis of MBC and death or the
date of the last follow-up. CSS was calculated as the time from
the diagnosis to death from cancer.

Statistical analyses

The categorical variables including demographics, tumor
characteristics, and treatment were compared using a chi-
square test. The primary endpoints were OS and CSS. The
independent risk factors for OS and CSS were determined by
univariate and multivariate Cox proportional risk regression
models. The parameters refer to the hazard ratio (Hr) with a
corresponding 95% confidence interval (CI). The analyses were
carried out using SPSS software (version 26.0). The total score
for each patient was calculated using R software (4.0.5, http://
www.Rproject.org) based on the established Cox regression. The
optimum cutoff value was selected using X-Tile (Version 3.6.1).
The outcomes for low-, medium-, and high-risk patients were
plotted using the Kaplan-Meier method and compared using a
log-rank test. P-values of <0.05 for all of the variables were
considered statistically significant.

Results
Patient characteristics

Data from a total of 22,670 patients in the SEER database
and an additional 92 eligible patients from Yunnan Cancer
Hospital were analyzed in this study. After screening, 1,700
eligible patients met the inclusion criteria (Figure 1). Patients
from the SEER database were randomly assigned to the training
and validation cohorts at a ratio of 7:3. As presented in Table 1,
there were 1,192 patients in the training cohort and 508 patients
in the validation cohort. Most patients in the training cohort
were 40-49 (59.2%) years old, 35.1% were 30-40 years old, and
5.7% were <30 years old. The majority of patients in both
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FIGURE 1

A flow diagram showing the screening process for the analysis of patients in the SEER and Yunnan cohorts.

cohorts presented with bone metastasis. The most common BC
subtype was luminal A (HR+/HER2-) disease, and the majority
of patients received chemotherapy. Nearly half of the patients
were married.

Independent prognostic factors in
metastatic breast cancer

In the training cohort, the results of univariate Cox analysis
for OS showed that race, differentiation grade, tumor size, T stage,
surgery, chemotherapy, radiotherapy, metastasis (liver, brain, and
lung), BC subtype, and marital status were significant prognostic
factors. These factors were then analyzed in multivariate Cox
analysis. Our results showed that race, differentiation grade, T
stage, surgery, chemotherapy, metastasis (liver, brain, and lung),
BC subtype, and marital status were independent risk factors for
OS in MBC patients (Figures 2A, B).

Univariate and multivariate Cox analyses were performed to
screen the prognostic factors related to CSS. As presented in
Figures 2C, D, race, differentiation grade, tumor size, T stage,
surgery, chemotherapy, radiotherapy, metastasis (liver, brain, and
lung), BC subtype, and marital status were significantly associated
with CSS. Multivariate analysis showed that the independent
prognostic factors for CSS included race, differentiation grade, T
stage, surgery, chemotherapy, metastasis (liver, brain, and lung),
BC subtype, and marital status.

Prognostic nomogram for survival

Data from the multivariate Cox regression analyses in the
training cohort were used to develop predictive nomograms for
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OS and CSS at 3 and 5 years by integrating all of the independent
prognostic factors. Both models indicated that the BC subtype
had the largest impact on prognosis, followed by tumor grade
and brain and liver metastases. Other factors included T stage,
lung metastasis, surgery, chemotherapy, race, and marital status
that had a moderate influence on OS and CSS. The specific
scoring system for both nomograms is shown in Figure 3. Our
nomogram can be interpreted, as each variable in the graph
corresponded to a score according to the weight calculated by
multivariate Cox regression analysis. The sum of the scores for
all variables was used to give a total risk score for each patient to
infer the OS and CSS. The specific methods for the nomogram
interpretation have been previously reported (17).

In the calculation of the nomogram, for example, a black
patient with poorly differentiated triple-negative BC classified as
T2 who has received surgery and chemotherapy. The scores of
each risk factor are black (10), married (0), poorly differentiated
(40), triple-negative BC (100), T2 (10), surgery (0), and
chemotherapy (0); so, the total score is 160. Our model
predicts that the probability of the OS of patients at 3 years is
40% and the probability of OS at 5 years is 20%.

Validation of the nomogram

The C-index for OS predicted by the nomogram was 0.735
(95% CI = 0.725-0.744). The AUC [receiver operating
characteristic (ROC) curve] at 3 years was 0.806 (95% CI:
0.78-0.83) and 0.794 at 5 years (95% CI: 0.76-0.82). The
nomogram predicted that the C-index for CSS was 0.740 (95%
CI = 0.730-0.750). The AUC (ROC curve) at 3 years was 0.811
(95% CI: 0.79-0.84) and at 5 years was 0.798 (95% CI: 0.77-
0.83). These data showed that the nomograms were consistent
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TABLE 1 Summary of the demographics and clinicopathologic characteristics of the patient cohorts.

Demographic or characteristic

Age, years (N%)
18-30
30-40
40-49

Year of diagnosis, N (%)

2010-2012

2013-2015
Race, N (%)

White

Black

Other'
Laterality, N (%)

Left

Right
Location, N (%)

Central®

Upper

Lower

Axillary tail

Overlapping

Unknown
Grade, N (%)

Well-differentiated; Grade I
Moderately differentiated; Grade IT
Poorly differentiated; Grade IIT
Undifferentiated; Grade IV

Tumor size (mm), N (%)

<20
20-50
>50
T Stage, N (%)
T,
T2
Ts
T,
N Stage, N (%)
No
N,
N,
N3
Breast Surgery, N (%)
No
Yes
Chemotherapy, N (%)
No
Yes
Radiotherapy, N (%)
No/Unknown

Frontiers in Oncology

Totaln=1,700

97
597
1,006

826
874

1,147
365
188

851
849

99
576
184

413
421

74
596
1,022

192
659
849

188

692

373

447

274

251
303

870
830

314
1,386

923

Training cohortn=1,192 (N%)

68 (5.7%)
418 (35.1%)
706 (59.2%)

565 (47.4%)
627 (52.6%)

823 (69%)
248 (20.8%)
121 (10.2%)

599 (50.3%)
593 (49.7%)

70 (5.9%)
407 (34.1%)
134 (11.2%)

4(0.3%)
303 (25.4%)
274 (23%)

47 (3.9%)
425 (35.7%)
715 (60%)
5 (0.4%)

135 (11.3%)
476 (39.9%)
581 (48.7%)

133 (11.2%)
493 (41.4%)
271 (22.7%)
295 (24.7%)

198 (16.6%)
610 (51.2%)
175 (14.7%)
209 (17.5%)

595 (49.9%)
597 (50.4%)

228 (19.1%)
964 (80.9%)

633 (53.1%)

05
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29 (5.7%)
179 (35.2%)
300 (59.1%)

261 (51.4%)
247 (48.6%)

324 (63.8%)
117 (23%)
67 (13.2%)

252 (49.6%)
256 (50.4%)

29 (5.7%)
169 (33.3%)
50 (9.8%)
3 (0.6%)
110 (21.7%)
147 (28.9%)

27 (5.3%)
171 (33.7%)
307 (60.4%)

3 (0.6%)

57 (11.2%)
183 (36%)
268 (52.8%)

55 (10.8%)
199 (39.2%)
102 (20.1%)
152 (29.9%)

76 (15%)
262 (51.6%)
76 (15%)
94 (18.5%)

275 (54.1%)
233 (45.9%)

86 (16.9%)
422 (83.1%)

290 (57.1%)

Validation cohortn=508 (N%) P-value

0.998

0.133

0.072

0.808

0.132

0.536

0.278

0.156

0.845

0.111

0.285

0.131

(Continued)
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TABLE 1 Continued

Demographic or characteristic =~ Totaln=1,700

Yes 777
Metastasis pattern, N%, Yes vs. No

Liver only 538

Brain only 98

Bone only 1,051

Lung only 423
Breast subtype, N (%)

HR+/HER2- (Luminal A) 829

HR+/HER2+ (Luminal B) 389

HR-/HER2+ (HER2-enriched) 204

HR-/HER2- (Triple-Negative) 278
Marital status, N (%)

Unmarried 762

Married 938

! American Indian/AK Native, Asian/Pacific Islander.
2 Central portion of the breast or nipple.

Training cohortn=1,192 (N%)

559 (46.9%)

365 (30.6%)
70 (5.9%)
739 (62%)

292 (24.5%)

582 (48.8%)
268 (22.5%)
142 (11.9%)
200 (16.8%)

527 (44.2%)
665 (55.8%)

10.3389/fonc.2022.999873

Validation cohortn=508 (N%) P-value
218 (42.9%)
173 (34.1%) 0.163
28 (5.5%) 0.770
312 (61.4%) 0.822
131 (25.8%) 0.573
0.862
247 (48.6%)
121 (23.8%)
62 (12.2%)
78 (15.4%)
0.437

235 (46.3%)
273 (53.7%)

3 Luminal A:ER(+),PR(+) and HER2(-) Luminal B:ER(+),PR(+) and HER2(+) HER2-enriched:ER(-),PR(-) and HER2(+) Triple-Negative:ER(-),PR(-) and HER2(-).

between the predicted and actual survival of MBC patients of
reproductive age (Figure 4). In the validation cohort, the
predicted OS C-index was 0.710 (95% CI = 0.695-0.725). The
AUC (ROC curve) at 3 years was 0.819 (95% CI: 0.8-0.83) and at
5 years was 0.789 (95% CI: 0.77-0.8). The nomogram predicted
that the C-index of CSS was 0.712 (95% CI = 0.697-0.728). The
AUC (ROC curve) at 3 years was 0.817 (95% CI: 0.79-0.83) and
at 5 years was 0.786 (95% CI: 0.76-0.8). The data are presented
in Supplementary Figure SI.

Data from the external validation cohort from Yunnan
Cancer Hospital were used to further demonstrate the
accuracy of the nomogram. In this group of patients, the C-
index for OS was 0.721 (95% CI = 0.673-0.769) and for CSS was
0.712 (95% CI = 0.659-0.765).

Kaplan—Meier Analysis

To exclude the influence of different BC molecular subtypes
(HR+/HER2-, luminal A; HR+/HER2+, luminal B; HR-/HER2+,
HER2-enriched; HR-/HER2-, triple-negative) on the stability
and accuracy of the model, Kaplan-Meier curves for OS were
generated for low-, middle-, and high-risk patient groups in the
training set, the validation set, and the four molecular subtypes.
Specifically, the method further divided the patients from the
training and validation sets and the samples from different
subtypes into three subgroups (low-, medium-, and high-risk
groups) according to the total score of the nomogram. These
classifications were used to construct the survival curve. The
same method was used in the analysis of CSS, and a Kaplan-
Meier survival curve was generated based on data in the training
dataset and the four molecular types after subgroup analysis
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(Figure 5). Data from the verification analysis are presented in
the Supplementary Material and Figure 2.

After grouping according to the molecular classification of
BC, the prognoses of patients in the low-, medium-, and high-
risk subgroups in the survival curve based on the nomogram
were significantly different (P < 0.0001), indicating good
prediction capabilities of the nomogram.

X-Tile evaluates all possible divisions of data by dividing the
data into several groups (18). Correlation can be calculated in
each partition through various standard statistical tests. The
program can select the highest %> values to determine the
optimal segmentation of data. The calculations made by X-Tile
were verified by StatView 5.0.1 (SAS Institute, Cary, NC, USA).
We divided the OS and CSS of the training cohort according to
the method described above. The risk score for OS in the low-
risk group ranged from 426 to 498. The risk score in the
medium-risk group ranged from 499 to 565, and the risk score
in the high-risk group was >566. Similarly, for CSS, the risk score
ranged from 406 to 527 in the low-risk group, 528 to 593 in the
medium-risk group, and 594 to 693 in the high-risk group.
Interestingly, most high-risk patients had triple-negative BC.
The luminal B molecular subtype is essential in the low-risk
population, and the other molecular types were attributed to the
medium-risk population. The risk groups can be robustly
divided according to molecular subtypes.

Discussion

BC is the second-highest cause of cancer-related mortality in
women and continues to pose a major threat to women’s health
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Univariate (A) and multivariate (B) Cox proportional hazards regression analysis of OS in the training cohort. Univariate (C) and multivariate
(D) Cox proportional hazards regression analysis of CSS in the training cohort. 1: American Indian/AK Native, Asian/Pacific Islander; 2: central

portion of breast or nipple.

(19, 20). Women are capable of bearing children during a
particular age range during which the endocrine and female
reproductive systems are mature or fully functional. Breast
development is a female secondary sexual characteristic that
occurs in response to hormonal stimulation and results in the
physiological characteristics of women of childbearing age (7, 8,
21).
controlled by hormones that are related to the metabolism of

Studies have demonstrated that human cancers are

endogenous estrogens (22). In addition, it has been shown that
young women and elderly patients have distinct changes in gene
expression (23).

Nomograms are widely used in prediction models.
Previously, Wang et al. (24) developed a prognostic
nomogram for patients after bile duct surgery, and its
performance was compared to conventional staging. The
authors demonstrated that the nomogram was more accurate
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than conventional staging in predicting patient survival. Xie
et al. (25) identified 56 differentially expressed mRNAs and
determined that 26 of these differentially expressed genes were
related to metastasis-free survival (MFS). Using these data, the
authors developed a nomogram based on mRNA characteristics
and clinical-related risk factors to predict the individual
disease risk.

Several studies have taken similar approaches to developing
risk prediction models (26, 27). We established a prognostic
nomogram based on an analysis of the SEER database for OS
and CSS in stage IV BC patients of childbearing age. Based on
Cox regression, the nomogram could accurately predict OS and
CSS at 3 and 5 years in stage IV BC patients. The primary cohort
C-index (OS: 0.735, CSS: 0.74) and calibration curve indicated
that the nomogram had a satisfactory performance. While
previous prognostic nomograms have been developed in BC
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FIGURE 3

The prognostic nomograms for OS (A) and CSS (B) in MBC patients of childbearing age in the training cohort. Example of the nomogram. The
nomogram can be used to calculate the prediction probability of OS and CSS. The nomogram shows the influence of different prediction
variables. The influence of each variable is represented by the horizontal lines, with longer lines indicating a greater impact. The influence of
each variable is visualized through multiple points on the corresponding horizontal line. By adding points related to each variable, the expected
score size can be read on the response horizontal line at the bottom of the nomogram.

patients of childbearing age (28), the majority of research has from the Breast Department of Yunnan Cancer Hospital to

been conducted in triple-negative BC. The data presented in this obtain survival data at 3 and 5 years. These data were used to
study are more extensive and cover all stage IV BC patients of validate the OS and CSS nomograms with encouraging results

childbearing age. We also selected patients of childbearing age (C-index OS: 0.721, CSS: 0.712).

Frontiers in Oncology 08 frontiersin.org


https://doi.org/10.3389/fonc.2022.999873
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ma et al.
A
o | —
[-e) ,:’/
@ /
4 L
© // -
g e S
7
T <
n o
~
o
® 3-Year AUC = 0.806
o | 5-Year AUC = 0.794
e T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
C
Q|
>
=
9 |
2o
[e]
s 9
- O
©
2
> ¥
5 o
2]
T N
3 o
° ~e— 3-Year Survival
< o_| —e— 5-Year Survival
5 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
Nomogram predicted survival probability
FIGURE 4

10.3389/fonc.2022.999873

1.0

0.8

rd

0.4

Sensitivity
¥ 0.6

N ]
o
® 3-Year AUC = 0.811
o . 5-Year AUC = 0.798
e T T T T T T
0.0 0.2 04 0.6 0.8 1.0
1-Specificity
D
<
> < |
=
g8 ® |
fo
°
a ©|
— o
T
2
2 Y
5 o
2]
T N
3 o
° ~e— 3-Year Survival
< o | —e— 5-Year Survival
°© T | T T |
0.0 0.2 0.4 0.6 0.8 1.0

Nomogram predicted survival probability

The ROC curve of the nomogram in the training cohort. (A) The AUC for OS at 3 years was 0.806 and at 5 years was 0.794. (B) The AUC for CSS at 3
years was 0.811 and at 5 years was 0.798. (C) The calibration curves for OS of the nomograms. (D) The calibration curves for CSS of the nomograms.

In the nomogram, the variables affecting OS and CSS were
the same. In the univariate Cox analysis of OS and CSS, race,
tumor grade, tumor diameter, chemoradiotherapy, surgery,
distant metastasis, BC cancer subtype, and marital status
affected survival. In the multivariate Cox analysis, tumor
diameter and radiotherapy did not affect OS and CSS. Gebski
et al. (29) suggested that there was no direct evidence that
radiotherapy is associated with OS in BC patients. Studies have
suggested that tumor diameters <3 cm are generally considered a
favorable prognostic factor (30). However, Mao et al. (31)
suggested that tumor diameter is not an independent factor
for OS and CSS, which was consistent with our findings.

Liu et al. (32) hypothesized that surgical resection of the
primary tumor is beneficial to the survival of new stage IV BC
patients and developed a nomogram to identify patients who
could benefit from primary tumor resection. The study included
13 factors [e.g., race, cohabitation, tumor grade, tissue type,
molecular subtype, metastasis (brain, liver, and lung), and
chemotherapy] that were mostly consistent with our results.
These data further support the validity of our findings. In
addition, Mou et al. (33) showed that some clinical features
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and serological markers (pathological type of disease, multiple
bone metastases, organ metastasis, and serum lactate
dehydrogenase levels) can predict the OS in patients with
metastatic BC. Pathological type, multiple bone metastases,
and organ metastasis were consistent with our findings.

Related studies have demonstrated that chemotherapy plays
a significant role in treating the large tumor burden, lymph node
invasion, or recurrent/metastatic BC. Marital status was also an
independent risk factor for patient prognosis. Tao et al. (34)
analyzed patients with metastatic bladder cancer based on
marital status and showed that while marital status had little
impact on OS, it was an independent prognostic factor (34, 35).
These data may be explained as married patients may prefer to
accept and cooperate during treatment. Ethnicity was also
included in the nomogram. Studies have shown that black
women have a poor prognosis due to their biological
differences and socioeconomic status, and even geographical
factors and national policies (36-38).

BC is divided into four subtypes, specifically, luminal A,
luminal B, HER2-enriched, and triple-negative forms. From
an epidemiological perspective, patients with luminal A BC
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Kaplan—Meier analysis of patients in the training cohort. The survival curves were generated from the score calculated by the nomograph for OS
(A) and CSS (B). In patients with luminal A BC, the survival curve was generated from the score calculated by the nomograph: OS (C) and CSS
(D). In patients with the luminal B subtype, the survival curve was generated from the score calculated by the nomograph: OS (E) and CSS (F). In
patients with the HER2-enriched subtype, the survival curve was generated from the score calculated by the nomograph: OS (G) and CSS (H). In
patients with the triple-negative subtype, the survival curve was generated from the score calculated by the nomograph: OS (l) and CSS (J).

are usually older than those who have the other subtypes and
the prognosis for luminal A disease is better. However,
according to Belhadj et al. (39), in western Algeria, younger
(<40 years) and intermediate-age patients (41-54 years) were
most likely to have luminal A BC, whereas older patients had
triple-negative disease and had the highest mean disease-free
survival (DFS). Young women are generally considered as
having HER2+ or triple-negative molecular subtypes and may
have a poor prognosis. A study in China by Li et al. (40) found
that younger patients (<35 years) tended to have larger
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tumors, positive lymph nodes, higher histological grades,
non-luminal type disease, higher Ki67 expression, and
poorer prognosis. Patients with triple-negative tumors were
the youngest (mean 48.4 years) and had the greatest
proportion of grade 3 histology and a poor prognosis.
Therefore, there is a need to study this particular group of
patients at reproductive age. Unfortunately, however, no
reproductive information was retrieved from the SEER
database or the external validation cohort, and further data
are needed to verify the robustness of our model.
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While our study provides intriguing results, it has several
limitations. Firstly, our study was conducted using data from the
SEER database in which most patients (69%) were Caucasian
and may be genetically different from Chinese patients.
Secondly, the SEER data and validation in Yunnan Cancer
Hospital were retrospectively analyzed and subject to bias.
Thirdly, the SEER database did not provide clear information
on other patients and treatment methods such as smoking,
related serum markers, chemotherapy regimens, targeted
therapies, and endocrine therapies. Finally, the SEER database
did not capture data relating to the fertility of the patients. In
future studies, we will focus on collecting more clinical
information to update our nomogram and guide clinical
treatments. Our nomogram can still be used to guide
personalized risk prediction and the staging of metastatic BC
patients of childbearing age.
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