:' frontiers ‘ Frontiers in Endocrinology

@ Check for updates

OPEN ACCESS

Veronica Vella,
University of Catania, Italy

Paramita Dasgupta,

Cancer Council Queensland, Australia
Mohamed Adel Elbasiony,

Mansoura University, Egypt

Jian-Ming Yan
1758387447@qqg.com

These authors have contributed equally to
this work

06 February 2023
12 June 2023
23 June 2023

Pu C-C, Yin L and Yan J-M (2023) Risk
factors and survival prediction of young
breast cancer patients with liver
metastases: a population-based study.
Front. Endocrinol. 14:1158759.

doi: 10.3389/fendo.2023.1158759

© 2023 Pu, Yin and Yan. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that
the original publication in this journal is
cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Endocrinology

Original Research
23 June 2023
10.3389/fendo.2023.1158759

Risk factors and survival
prediction of young breast cancer
patients with liver metastases: a
population-based study

Chen-Chen Pu™, Lei Yin* and Jian-Ming Yan™

‘Department of Breast and Thyroid Surgery, The First People’s Hospital of Taicang, Taicang Affiliated
Hospital of Soochow University, Taicang, Jiangsu, China, 2Department of Breast and Thyroid Surgery,
Wuzhong People’s Hospital of Suzhou City, Suzhou, Jiangsu, China

Background: The risk and prognosis of young breast cancer (YBC) with liver
metastases (YBCLM) remain unclear. Thus, this study aimed to determine
the risk and prognostic factors in these patients and construct predictive
nomogram models.

Methods: This population-based retrospective study was conducted using data
of YBCLM patients from the Surveillance, Epidemiology, and End Results
database between 2010 and 2019. Multivariate logistic and Cox regression
analyses were used to identify independent risk and prognostic factors, which
were used to construct the diagnostic and prognostic nomograms. The
concordance index (C-index), calibration plot, receiver operating characteristic
(ROC) curve, and decision curve analysis (DCA) were used to assess the
performances of the established nomogram models. Propensity score
matching (PSM) analysis was used to balance the baseline characteristics
between the YBCLM patients and non-young patients with BCLM when
comparing overall survival (OS) and cancer-specific survival (CSS).

Results: A total of 18,275 YBC were identified, of whom 400 had LM. T stage, N
stage, molecular subtypes, and bone, lung, and brain metastases were
independent risk factors for LM developing in YBC. The established diagnostic
nomogram showed that bone metastases contributed the most risk of LM
developing, with a C-index of 0.895 (95% confidence interval 0.877-0.913) for
this nomogram model. YBCLM had better survival than non-young patients with
BCLM in unmatched and matched cohorts after propensity score matching
analysis. The multivariate Cox analysis demonstrated that molecular subtypes,
surgery and bone, lung, and brain metastases were independently associated with
OS and CSS, chemotherapy was an independent prognostic factor for OS, and
marital status and T stage were independent prognostic factors for CSS. The C-
indices for the OS- and CSS-specific hnomograms were 0.728 (0.69-0.766) and
0.74 (0.696-0.778), respectively. The ROC analysis indicated that these models
had excellent discriminatory power. The calibration curve also showed that the
observed results were consistent with the predicted results. DCA showed that the
developed nomogram models would be effective in clinical practice.
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Conclusion: The present study determined the risk and prognostic factors of
YBCLM and further developed nomograms that can be used to effectively identify
high-risk patients and predict survival outcomes.
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Introduction

Breast cancer (BC) is the most frequently diagnosed malignancy
among women worldwide and is also the main cause of cancer-
related deaths in women (1). BC incidence increases with age, with
the majority of initially diagnosed patients being > 40 years. Age is
also a vital factor for the survival of patients with BC; compared
with older patients, young patients often have an inferior prognosis
(2-4). The European Society for Medical Oncology guidelines
define young patients with BC (YBC) as those aged < 40 years
(5). BC in young patients is relatively rare, accounting for
approximately 5-15% of all invasive BC cases (6, 7). However,
some studies have revealed that BC in young patients is much more
aggressive and correlates with a poor prognosis (8-10). All this
evidence suggests differences in features and survival between YBC
and older patients with BC (OBC).

Although the survival rate of patients with BC has significantly
improved owing to recent advances in early diagnoses and
comprehensive treatment strategies, the occurrence of distant
metastasis cannot be ignored. An estimated 20-30% of patients with
BC develop metastases during diagnosis or treatment, and metastases
account for approximately 90% of cancer-related deaths (11). Distant
metastases can severely disrupt the 5-year overall survival (OS) rate: BC
patients with distant metastases have a 5-year OS rate of 25%, whereas
those without distant metastases have a rate of 80% (12, 13). BC exhibits
metastatic propensity in distinct organs—called metastatic heterogeneity
—and results in varied treatment and survival responses. The common
metastatic patterns of BC include the bone, lung, liver, and brain. Among
these organs, the occurrence rate of liver metastases (LM) is lower than
bone and lung metastases, but with an estimated 5-year OS rate of 8.5%,
which is worse than that of bone and lung metastases (13). However, few
large-scale population studies have focused on YBC with LM (YBCLM).
Our understanding of the clinicopathological features and prognosis of
these patients, especially the distinct differences between YBCLM and
OBC with LM (OBCLM), is limited. To address this deficiency, we
performed a retrospective population-based study using data from the
Surveillance Epidemiology and End Results (SEER) database to 1)
identify the risk factors for LM in YBC; 2) compare the features and
survival between YBCLM and OBCLM; and 3) establish risk and
prognostic nomograms for YBCLM to help clinicians accurately
predict the development of LM and survival in YBC.
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Materials and methods
Patients

Anonymized patient-level data were obtained from the SEER
database, which is the largest publicly available database of
patients with cancer in the United States and contains high-
quality information on cancer incidence and survival for
approximately 26% of the country’s population (14). The
database (Incidence - SEER Research Plus Data, 17 registries,
Nov 2021 Sub, 2000-2019) was searched to identify BC cases
diagnosed between 2010 and 2019 using histology codes (ICD-0-
3:8500) and their corresponding locations (Site recode ICD-O-3/
World Health Organization [WHO] 2008: breast) (15). Three
types of BC were identified: YBC without LM, YBCLM, and
OBCLM. Patients who met the following criteria were included:
1) breast cancer as the only primary malignancy and 2) adequate
information on survival time and follow-ups. Since identifying
information of patients with malignancies was removed from the
SEER database, ethics committee review and informed consent
were not required.

Variables

The following baseline demographic and clinicopathological
characteristics of the included patients were obtained using the
SEER*Stat 8.4.0 software: age at diagnosis (<30yr, =30yr), race
(white, black, other), sex (female, male), marital status (married,
single, Others), pathological differentiation (grade I, II, III, IV),
TNM stage (TNM-L, IL, III, IV), molecular subtype (Luminal A,
Luminal B, HER2, Triple-negative), LM (yes, no), lung, bone, and
brain metastases (yes, no), surgeries (no surgery, breast conserving
surgery, mastectomy), radiotherapy (yes, no/unknown), and
chemotherapy (yes, no/unknown). We chose OS and cancer-
specific survival (CSS) as primary endpoints. OS was defined as
the time between the initial diagnosis of BC and death from all
causes or the last follow-up, whereas CSS was defined as the time
between the initial diagnosis of BC and death due to BC or the last
follow-up. All these data were required in this study; therefore,
patients without these data were excluded.
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Statistical analysis

Continuous and categorical data are presented as mean *
standard deviation and numbers with percentages, respectively.
Differences in continuous and categorical data were evaluated
using t-tests and chi-square tests. To identify the independent
risk factors for predicting LM in YBC, a multivariate logistic
regression analysis was performed for odds ratios (ORs) with 95%
confidence intervals (CIs). Independent risk factors were
incorporated into the construction of the risk nomogram. The
Kaplan-Meier method was used to assess OS and CSS, and the
log-rank test was used to assess differences. A multivariate Cox
regression analysis was performed to assess the influence of
demographic and clinicopathological characteristics on OS and
CSS as hazard ratios (HRs) with 95% CIs and to identify
independent prognostic factors. Propensity score matching (PSM)
analysis was widely used in observational study to reduce selection
on bias across different groups (16), which was conducted to
balance the baseline characteristics between the YBCLM and
OBCLM groups when comparing the OS and CSS. OS- and CSS-
specific nomograms of YBCLM were established on the basis of
independent prognostic factors obtained from the multivariate Cox
regression analysis to predict the survival of YBCLM. Harrel’s
consistency index (C-index) was calculated the prediction
performance of the nomogram models (17). The receiver
operating characteristic (ROC) curve were used to validate the
accuracy of the established nomogram, and a calibration curve plot
was drawn to confirm the discrimination of the nomogram. A
decision curve analysis (DCA) was conducted to determine the
clinical utility of the established nomogram models by quantifying
net income under different threshold probabilities (18). All
statistical analyses were performed using R software (http://
www.r-project.org). All P-values were two-sided, and P < 0.05
was regarded as statistically significant.

Results
Patients’ baseline characteristics

According to the inclusion criteria, the data of 18,275 YBC
diagnosed between 2010 and 2019 were extracted from the SEER
database. Among them, 400 patients had LM at the initial diagnosis.
Table 1 presents the baseline demographic and clinicopathological
characteristics as well as the treatment of YBC with or without LM.
Significant differences were detected between two groups in terms of
age, race, marital status, pathological grade, molecular subtype, etc.
YBCLM tended to be younger, with an average age of 33.6 (33.6 +
4.2 vs 34.6 + 3.8 years), non-White (33.5 vs 28.5%), and unmarried
(46.0 vs 39.4%). Regarding molecular subtypes, YBC with luminal B
(29.8 vs. 19.4%) and HER2 (21.0 vs. 7.0%) were most likely to
develop LM. Grade III (65.7%) was the most common degree of
pathological differentiation. The most common stages of T and N
were T2 (35.2%) and N1 (54.8%). In terms of treatment, 34.5% of
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YBCLM underwent surgery, 91.5% received chemotherapy, and
29.7% received radiotherapy.

Independent risk factor for YBCLM

Next, the multivariate logistic regression analysis was
performed to identify independent factors for predicting LM in
YBC. As shown in Figure 1, T and N stages, molecular subtypes, and
bone, lung, and brain metastases were independent risk factors.
Among these factors, YBC with bone metastases had the highest
possibility of developing LM (OR=18.8, 95% CI 14.5-24.4). As for
the molecular subtypes, compared with YBC with HR+/HER2-,
those with HR-/HER2+ had the highest risk of LM (OR=4.81, 95%
CI 3.42-6.76), followed by HR+/HER2+ and triple-negative BC.

Establishment of a diagnostic nomogram
for YBCLM

A risk prediction nomogram model for YBC developing LM
was established on the basis of the independent predictive factors
obtained from the multivariate logistic regression analysis. The C-
index for this diagnostic nomogram was 0.895 (95% CI 0.877-
0.913) (Figure 2A). Consistent with the results of the multivariate
logistic analysis, bone metastases contributed the most risk of LM
developing, followed by the molecular subtypes of HR-/HER2+,
lung metastases, etc. The ROC analysis revealed that the area under
the curve (AUC) value of this risk nomogram is 0.892 (95% CI
0.878-0.913), indicating that this model had excellent
discriminatory power (Figure 2B). The calibration curve also
showed that the observed results were consistent with the
predicted results (Figure 2C). The DCA showed that the risk
nomogram model is effective in clinical practice (Figure 2D).

Differences in characteristics and survival
between YBCLM and OBCLM

We also identified 2,525 OBCLM from the SEER database
diagnosed between 2010 and 2019. As shown in Table 2, significant
differences were observed in race, marital status, lung metastases, and
the use of surgery and chemotherapy. YBCLM tended to be non-
White, without lung metastases, and more likely to undergo surgery
and chemotherapy. Survival analysis showed that YBCLM had better
OS (mOS: 38 vs 21 m) and CSS (mCSS: 44 vs 23 m) than OBCLM in
the unmatched cohort (P<0.01 for both) (Figures 3A, B). We then
compared the differences in OS and CSS in the matched cohort after
PSM analysis, balancing confounding factors (1:1). No significant
differences were observed in any of the characteristics between
YBCLM and OBCLM cases in matched cohort for OS and CSS
(Supplementary Tables 1, 2). In the matched cohort, the survival
analysis showed that YBCLM had significantly better OS (P=0.021)
than OBCLM, but not CSS (P=0.065) (Figures 3C, D).
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TABLE 1 The demographic and clinicopathological characteristics of YBC patients with and without liver metastases.

Characteristics YBC patients with LM (N=400) YBC patients without LM (N=17878) P Value
Age (mean + SD) 33.6 + 4.2 34.6 + 3.8 P<0.01
‘ Sex
Female 399 (99.8%) 17831 (99.7%) 1.00
Male 1 (0.2%) 47 (0.3%)
‘ Race
White 266 (66.5%) 12774 (71.5%) P<0.01
Black 91 (22.8%) 2613 (14.6%)
Other 43 (10.7%) 2491 (13.9%)
Laterality
Left 192 8973 P=0.65
Right 208 8901
Bilateral 0 4
‘ Marital status
Married 216 (54.0%) 10829 (60.6%) P<0.01
Single 159 (39.8%) 5682 (32.7%)
Others 25 (6.2%) 1367 (7.7%)
‘ Grade
I 9 (2.3%) 1151 (6.4%) P<0.01
I 125 (31.2%) 6039 (33.8%)
11 263 (65.7%) 10625 (59.4%)
v 3 (0.8%) 63 (0.4)
AJCCT
TO-1 39 (9.8%) 6678 (37.4%) P<0.01
T2 145 (35.2%) 8320 (46.5%)
T3 112 (28.0%) 2111 (11.8%)
T4 104 (26.0%) 769 (4.3%)
AJCC-N
NO 68 (17.0%) 9006 (50.4%) P<0.01
N1 219 (54.8%) 6596 (36.9%)
N2 51 (12.7%) 1378 (7.7%)
N3 62 (15.5%) 898 (5.0%)
Subtype
Luminal A 132 (33.0%) 9523 (53.3%) P<0.01
Luminal B 119 (29.8%) 3464 (19.4%)
HER2 84 (21.0%) 1250 (7.0%)
Triple-negative 65 (16.2%) 3641 (20.3%)
Surgery
BCS 37 (9.3%) 6370 (35.6%) P<0.01
(Continued)
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TABLE 1 Continued

10.3389/fendo.2023.1158759

Characteristics YBC patients with LM (N=400) YBC patients without LM (N=17878) P Value
Mastectomy 101 (25.2%) 10385 (58.1%)
No surgery 262 (65.5%) 1123 (6.3%)
Radiation P<0.01
Yes 119 (29.7%) 8998 (50.3%)
No/Unknown 281 (70.3%) 8880 (49.7%)
Chemotherapy P<0.01
Yes 366 (91.5%) 14506 (81.1%)
No/Unknown 34 (8.5%) 3372 (18.9%)
Bone metastases P<0.01
Yes 219 (54.8%) 498 (2.8%)
No 181 (45.2%) 17380 (97.2%)
Lung metastases P<0.01
Yes 82 (20.5%) 164 (0.9%)
No 318 (79.5%) 17714 (99.1%)
Brain metastases P<0.01
Yes 33 (8.3%) 34 (0.2%)
No 367 (91.7%) 17844 (99.8%)

FIGURE 1

Forest plot of risk factors for developing liver metastases (LM) in young patients with breast cancer (YBC).
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FIGURE 2

Nomogram to assess the risk of liver metastases (LM) in young patients with breast cancer (YBC) (A). Receiver operating characteristic (ROC) analysis
(B), calibration curve (C), and decision curve analysis (DCA) (D) are used to assess the performance of the established nomogram.

Specificity

Net Benefit

— Nomogram
A

= Nons

Independent prognostic factor for OS and

CSS in YBCLM

The multivariate Cox regression analysis was used to

determine significant independent prognostic factors. As

shown in Table 3, the multivariate Cox analysis demonstrated

that molecular subtypes, use of surgery, and presence of bone,
lung, and brain metastases were independently associated

with OS and CSS (P<0.05 for all).

Chemotherapy was an

independent prognostic factor for OS, whereas marital status

TABLE 2 The demographic and clinicopathological characteristics of YBC patients with LM and OBC patients with LM.

Characteristics YBC patients with LM (N=400) OBC patients with LM (N=2525) P Value
Sex
Female 399 2509 P=0.56
Male 1 16
Race
White 266 1854 P<0.01
Black 91 417
Other 43 254
‘ Laterality
Left 192 1283 P=0.34
Right 208 1236
Bilateral 0 6
‘ Marital status
Married 216 1213 P<0.01
Single 159 583
Others 25 729
(Continued)
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TABLE 2 Continued

Characteristics

YBC patients with LM (N=400)

OBC patients with LM (N=2525)

10.3389/fendo.2023.1158759

P Value

1 9 76 P=0.33
11 125 882
1 263 1554
v 3 13

TO-1 39 280 P<0.01
T2 145 882
T3 112 463
T4 104 900

No 68 487 0.69
N1 219 1320
N2 51 335
N3 62 383

Luminal A 132 1007 0.04
Luminal B 119 647
HER2 84 445
Triple-negative 65 426

Yes

119

BCS 37 214 P<0.01
Mastectomy 101 435
No surgery 262 1876

652

No/Unknown

Yes

281

366

1873

1832

No/Unknown

Yes

34

219

693

No

Yes

181

82

1076

903

No

Yes

318

33

1622

210

No

367

2315
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FIGURE 3
Kaplan—Meier curve of overall survival (OS) and cancer-specific survival (CSS) in young breast cancer with liver metastases (YBCLM) and non-YBCLM
in the unmatched (A, B) and matched (C, D) cohorts after propensity score matching (PSM).

TABLE 3 Multivariate Cox regression analysis for OS and CSS among YBC patients with LM.

oS CSS
Characteristics
HR with 95%(Cl P Value HR with 95%Cl P Value
Age
<30yr Reference Reference
>30yr 0.83 (0.64-1.42) 0.96 1.00 (0.66-1.54) 0.98
‘ Race
White Reference Reference
Black 1.12 (0.79-1.59) 0.53 1.08 (0.75-1.56) 0.67
Other 0.96 (0.57-1.60) 0.86 0.75 (0.41-1.36) 0.34
‘ Laterality
Left Reference Reference
Right 0.82 (0.61-1.10) 0.19 0.78 (0.57-1.07) 0.12
‘ Marital status
Married Reference Reference
Single 1.38 (0.99-1.91) 0.06 1.45 (1.03-2.03) 0.03
Others 1.14 (0.61-2.11) 0.68 1.14 (0.60-2.18) 0.69
‘ Grade
1 Reference Reference

(Continued)
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TABLE 3 Continued

Characteristics

0S
HR with 95%(Cl

P Value

C
HR with 95%Cl

10.3389/fendo.2023.1158759

SS

P Value

I 0.54 (0.20-1.46) 0.23 0.52 (0.19-1.42) 0.20
111 0.78 (0.29-2.09) 0.63 0.78 (0.29-2.10)) 0.62
v 1.61 (0.27-9.65) 0.60 1.84 (0.30-11.2) 0.51
AJCC-T
T0/1 Reference Reference
T2 1.18 (0.63-2.20) 0.61 1.29 (0.65-2.54) 0.46
T3 1.20 (0.63-2.26) 0.58 1.34 (0.67-2.67) 0.41
T4 1.82 (0.96-3.44) 0.07 2.02 (1.01-4.03) 0.04
AJCC-N
NO Reference Reference
N1 0.91 (0.59-1.41) 0.66 0.90 (0.57-1.40) 0.63
N2 1.46 (0.85-2.51) 0.17 1.37 (0.77-2.43) 0.28
N3 1.16 (0.68-1.97) 0.58 1.05 (0.60-1.84) 0.86
Subtype
Luminal A Reference Reference
Luminal B 0.46 (0.31-0.68) <0.01 0.40 (0.26-0.61) <0.01
HER2 0.63 (0.41-0.98) 0.04 0.57 (0.36-0.91) 0.02
Triple-negative 2.26 (1.45-3.53) <0.01 2.25 (1.41-3.59) <0.01
‘ Surgery
No surgery Reference Reference
BCS 0.52 (0.29-0.93) 0.03 0.50 (0.27-0.94) 0.03
Mastectomy 0.61 (0.41-0.89) 0.01 0.62 (0.41-0.93) 0.02
‘ Radiation
No/Unknown Reference Reference
Yes 1.10 (0.78-1.55) 0.59 1.13 (0.78-1.64) 0.51
‘ Chemotherapy
No/Unknown Reference Reference
Yes 0.49 (0.29-0.82) <0.01 0.68 (0.38-1.23) 0.20
‘ Bone metastases
No/Unknown Reference Reference
Yes 1.44 (1.05-1.97) 0.03 1.53 (1.09-2.14) 0.01
‘ Lung metastases
No/Unknown Reference Reference
Yes 1.54 (1.10-2.17) 0.01 1.47 (1.03-2.11) 0.04
‘ Brain metastases
No/Unknown Reference Reference
Yes 1.69 (1.01-2.84) 0.04 2.00 (1.17-3.41)) 0.01
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and T stage were independent prognostic factors for CSS
(P<0.05 for all).

Establishment of OS- and CSS-specific
nomograms for YBCLM

Next, we established OS- and CSS-specific prognostic nomogram
models using the abovementioned independent prognostic factors to
predict the survival of YBCLM. As shown in Figure 4A, molecular
subtypes had the most influence on the OS-specific nomogram,
followed by the use of surgery and chemotherapy. Regarding the
CSS-specific nomogram, molecular subtypes were also the leading
prognostic factor, followed by brain metastases and the use of surgery
(Figure 4B). Among these factors, the triple-negative subtype
accounted for the highest risk of death due to BC or other reasons.

A OS-specific nomogram

10.3389/fendo.2023.1158759

The C-indices for the OS- and CSS-specific nomograms were 0.728
(0.69-0.766) and 0.74 (0.696-0.778), respectively, suggesting that
both prediction models had a good discrimination power. The
calibration curve of the OS- and CSS-specific nomograms
demonstrated that the predicted probability was consistent with the
actual probability for OS and CSS predictions, suggesting an accurate
predictive effect of the established nomogram (Figure 5). The ROC
analysis showed that the AUC values of the OS-specific nomogram
for 1-, 2-, and 5-year OS were 0.753, 0.773, and 0.761, respectively,
and those for the CSS-specific nomogram were 0.755, 0.781, and
0.787, respectively (Figures 6A, B). The DCA was also conducted to
assess the clinical practice value of these nomograms in predicting the
survival of YBCLM. As illustrated in Figures 6C, D, the DCA
suggested that the OS- and CSS-specific nomograms had a
significant positive net benefit from the risk of death, indicating
their real-world clinical practice value in predicting survival.
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FIGURE 4

Nomograms for predicting 1-, 2-, and 5-year overall survival (OS) (A) and cancer-specific survival (CSS) (B)
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FIGURE 5
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Calibration curves for predicting overall survival (OS) (A) and cancer-specific survival (CSS) (B) at 1, 2, and 5 years

Discussion

Although LM are not an uncommon metastatic pattern in BC,
few studies have focused on risk and survival analyses for YBCLM.
It remained unclear about the clinicopathological characteristics
and survival of YBCLM patients, especially the difference between
YBCLM and OBCLM. Thus, we conducted this study using the data
from SEER database. To the best of our knowledge, our study is the
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FIGURE 6

first population-based comprehensive retrospective study focus on
YBC patients with liver metastases. First, we described
clinicopathological features and prognosis of YBCLM patients,
and compared with YBC patients without LM, OBC patients with
LM. Second, improving the survival of YBC, requires timely
evaluation of the risk probability of LM in YBC and the survival
probability of YBCLM during early screening, which could facilitate
early prevention and clinical interventions to prolong survival.
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Time-dependent receiver operating characteristic (ROC) curves of the overall survival (OS)-specific nomogram (A) and cancer-specific survival
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Thus, the present study also identified the risk factor for developing
LM, as well as prognostic factors associated with OS and CSS among
YBCLM patients. Meanwhile, the risk and prognostic nomograms
for YBCLM were constructed and validated, which could help
clinicians accurately predict the development of LM and survival
in YBC.

The data showed that T and N stages, molecular subtypes, and
bone, lung, and brain metastases were significantly associated with
the risk of developing LM in YBC. T or N stage can often reflect
tumor burden and depth and the extent of tumor invasion, so an
advanced T or N stage representing a high risk of distant metastases,
including LM, is doubtful. The bone is the most common metastatic
site of BC, accounting for approximately 75% of metastatic cases,
and the lung is the second most frequent metastasis site.
Approximately 15-30% of metastatic BC cases can develop brain
metastases, indicating an extremely short survival time (19). Bone
and lung metastases often have better OS than LM (20). All these
metastatic patterns can increase the risk of LM occurring (21),
especially bone metastases. Our data demonstrated that bone
metastases contributed the most risk of LM developing in YBC.
YBC with bone metastases have more than an 18-fold risk of LM
development, suggesting YBC patients with bone metastases are
generally at a high risk of developing multiple distant organ
metastases, especially liver metastases.

In addition, the possibility or risk of developing liver metastases
varied among patients with different subtypes of breast cancer. Our
data also confirmed that those patients with the HER2+ or triple-
negative subtype had a significantly greater risk of developing LM
than those with the HR+/HER2- subtype in YBC, which is
consistent with previous research on the metastatic patterns of
different BC subtypes (22-24). Mechanistically, previous studies
have demonstrated the potential association of cytokines,
chemokine receptors, and neutrophil extracellular traps with LM
among different subtypes of BC (25-27). For example, previous
evidence has demonstrated that HER2 could upregulate the
expression of chemokine receptor-4 (CXCR4), thereby promoting
LM via the CXCLI12/CXCR4 signaling pathway (28), and
overexpression of fibroblast growth factor homologous factor
could induce the formation and occurrence of LM in triple-
negative BC (29). In general, these findings underscore that BC
molecular subtypes and properties may be associated with the
correlation between specific features of the tumor and metastases
to specific sites, resulting in molecular subtype-based LM of BC.
Due to the design of retrospective study, we are not able to evaluate
the association between molecular subtypes and liver metastases of
YBC patients mechanistically.

It has been known that novel treatment options and different
metastatic sites have profoundly changed the prognostic value of
molecular subtypes in patients with BC. Historically, HR+/HER2- BC
has been considered to have a favorable prognosis. After the clinical
application of anti-HER2-targeted therapy, patients with HR+/HER2
+ seemed to have the best prognosis, whereas those with triple-
negative BC had the worst survival among metastatic BCs (30).
Patients with HR2+/HER2- and HR-/HER2+ are considered to have
similar survival rates among patients with metastatic BC (31). Our
data also showed that YBCLM patients with HR-/HER2+ have a
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relatively better OS and CSS than those with HR+/HER2-, which is
consistent with the data of a previous report (32). Previous studies
have provided evidence for this discrepancy. Compared with patients
with HR+/HER2- BC without visceral metastases, those with visceral
metastases are less sensitive to endocrine therapy, leading to a worse
prognosis (33, 34). Meanwhile, the spatial heterogeneity of distant
metastases may contribute to the different responses to endocrine
therapy among patients with metastatic HR+/HER2- BC (34). He
et al. reported that patients with HR+/HER2- BC with LM who
received fulvestrant therapy had significantly shorter median
progression-free survival than those with lung metastases (33).
With substantial progress in our understanding of the biology of
HER+/HER2- BC, novel targeted drugs, such as CDK4/6 inhibitors,
have been developed (35). A subsequent study demonstrated that
patients with HR+/HER2- BC with visceral metastases could benefit
from combining novel targeted therapy with endocrine therapy (36-
38). Thus, endocrine therapy plus targeted therapy may be more
appropriate for YBCLM with HR+/HER2-, but this should be
confirmed in future trials. Except for systematic treatment, local
treatments for BC with LM including surgery and radiotherapy, are
most commonly used when the liver is the only site of metastasis and
liver oligometastases (39). The role of liver resection and ablation in
the modern treatment of BCLM remains unclear. Several case series
have shown the clinical benefits of surgery or ablation in conjunction
with systemic therapy (40-42). Studies have revealed the prognostic
factors useful for choosing eligible patients for surgery, including
single LM, estrogen-positive BC, non-triple negative tumor, and a
good response to systemic treatment (43-45). Meanwhile, studies
opposing liver surgery argue that it might delay or even interrupt
systemic treatment; however, these studies lack a high level of
evidence and have a low sample size. Sunden et al. conducted a
nationwide registry-based study demonstrating that surgery for
BCLM is safe and has a survival benefit in one in five patients with
BCLM without extrahepatic spread (45). Consistent with the findings
of this study, our data also indicated a clinical benefit of surgery for
YBCLM, regardless of OS or CSS. Although there was no further
detailed information on the YBCLM who underwent surgery in our
study, all this evidence suggests that surgery may play a vital role in
these patients, especially those with advantageous factors for selecting
surgery. Owing to the nature of retrospective studies, prospective
trials that avoid selection bias are warranted to elucidate the accurate
potential of surgery in patients with BCLM.

Obviously, our study also had several potential limitations,
similar to other SEER database-based population studies, that
cannot be neglected (15, 46). First, the nomogram was based only
on retrospective studies without any external validation cohorts,
which may limit the accuracy and reliability of these results. Second,
because of the retrospective nature of the studies, selection bias is
unavoidable. Third, the SEER database only provides information
regarding distant metastases from 2010, with the omission of
previous cases, which also limits the sample size. Fourth, some
potentially crucial features, including the number and location of
LM, information on endocrine and targeted therapies, sequence of
distant organ metastases and liver function, are unavailable in the
SEER database, which influences the reliability of the outcomes.
Despite the established nomogram showing excellent predictive
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performance, more YBCLM cases from a real-world cohort are
required to confirm our results.

In conclusion, we identified the risk and prognostic factors of BC
with LM in young patients using the data from the SEER database
and constructed nomograms to predict the diagnosis and prognosis
of YBCLM, which has excellent predictive performance and clinical
utility. These nomogram models can help physicians execute tailored
risk assessments, clinical decision-making, and follow-up plans.
These results are also essential for the management of YBC
patients and for further prospective studies on this disease.
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