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Abstract 

Purpose: Liver was one of the most common distant metastatic sites in breast cancer. 
Patients with distant metastasis were identified as American Joint Committee on Can-
cer (AJCC) stage IV indicating poor prognosis. However, few studies have predicted 
the survival in females with T1-2N0-1 breast cancer who developed liver metasta-
sis. This study aimed to explore the clinical features of these patients and establish 
a nomogram to predict their overall survival.

Results: 1923 patients were randomly divided into training (n = 1154) and validation 
(n = 769) cohorts. Univariate and multivariate analysis showed that age, marital status, 
race, estrogen receptor (ER), progesterone receptor (PR), human epidermal growth 
factor receptor-2 (HER2), chemotherapy, surgery and bone metastasis, brain metastasis 
were considered the independent prognostic indicators. We developed a nomogram 
according to these ten parameters. The consistency index (c-index) was 0.72 (95% con-
fidence interval CI 0.70–0.74) in the training cohort, 0.72 (95% CI 0.69–0.74) in the vali-
dation cohort. Calibration plots indicated that the nomogram-predicted survival 
was consistent with the recorded 1-, 3- and 5-year prognoses. Decision curve analysis 
curves in both the training and validation cohorts demonstrated that the nomogram 
showed better prediction than the AJCC TNM (8th) staging system. Kaplan Meier curve 
based on the risk stratification system showed that the low-risk group had a better 
prognosis than the high-risk group (P < 0.001).

Conclusions: A predictive nomogram and risk stratification system were constructed 
to assess prognosis in T1-2N0-1 breast cancer patients with liver metastasis in females. 
The risk model established in this study had good predictive performance and could 
provide personalized clinical decision-making for future clinical work.

Keywords: Liver metastasis, Breast cancer, Nomogram, Prognosis, SEER program

Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you 
modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of 
it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise 
in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted 
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy 
of this licence, visit http:// creat iveco mmons. org/ licen ses/ by- nc- nd/4. 0/.

RESEARCH

Wang et al. BioMedical Engineering OnLine           (2024) 23:81  
https://doi.org/10.1186/s12938‑024‑01274‑4

BioMedical Engineering
OnLine

*Correspondence:   
ydchen@zju.edu.cn; 8xi@zju.
edu.cn

1 Department of Surgery, 
the Fourth Affiliated Hospital 
of School of Medicine, 
and International School 
of Medicine, International 
Institutes of Medicine, Zhejiang 
University, Yiwu, China
2 Department of Breast 
Surgery and Oncology (Key 
Laboratory of Cancer Prevention 
and Intervention, China National 
Ministry of Education, Key 
Laboratory of Molecular Biology 
in Medical Sciences, Zhejiang, 
China), Ministry of Education, 
The Second Affiliated Hospital, 
Zhejiang University School 
of Medicine, Hangzhou, 
Zhejiang, China
3 Department of Surgery, The 
Second Affiliated Hospital, 
Zhejiang University School 
of Medicine, Hangzhou, China

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12938-024-01274-4&domain=pdf


Page 2 of 13Wang et al. BioMedical Engineering OnLine           (2024) 23:81 

Introduction
Breast cancer is the most common type of cancer affecting women worldwide [1]. The 
vast majority of cases occurred in women, and male breast cancer accounted for about 
1% of all breast cancer cases [2]. Some patients were diagnosed at an early, localized 
stage and the 5-year survival rate for them was more than 90% [3]. Large local mass and 
distant organ metastasis were the main causes of treatment failure and death in breast 
cancer patients [4]. Breast cancer predominantly metastasized to the bones, liver, lungs 
and brain [5]. Compared to bone and lung metastases, the prognosis was generally 
poorer once liver metastasis occurred, even in patients who responded to systemic ther-
apy [6]. Some patients were found to have early local lesions with liver metastases and 
few previous population-based studies on prognostic evaluation existed. For instance, 
the benefit of removing the primary lesion in patients with breast cancer with liver 
metastasis (BCLM) remained contentious [7].

American Joint Committee on Cancer (AJCC) TNM staging system was widely 
regarded as the gold standard for prognostic prediction in tumor patients [8]. However, 
the AJCC staging system ignored individual characteristics such as histological classifi-
cation and was not precise enough to predict the individualized survival probability of 
breast cancer patients. Previous studies have found that age, tumor size, grade, surgery, 
chemotherapy, radiotherapy, and distant metastasis are related to the prognosis and 
survival of breast cancer [9]. Recently, the nomogram has been used frequently in the 
clinical practice of cancer prognosis [10]. In this study, data of patients who were diag-
nosed as T1-2N0-1 BCLM were collected from the Surveillance, Epidemiology, and End 
Results (SEER) database to evaluate prognosis, develop an effective prediction model, 
enable physicians to identify high-risk patients, optimize therapeutic strategies and pro-
vide guidance for clinical practice.

Results
Patient demographic and clinical characteristics

In total, we included 1923 patients which were divided into two cohorts randomly: 1154 
patients in the training cohort, and 769 patients in the validation cohort. The major-
ity of patients were Caucasian, and the numbers of married and unmarried individuals 
were roughly equivalent. Grade III represented the largest proportion among the known 
grades, with 80.8% of patients having an ICD-O-3 code of 8500. The majority of patients 
underwent chemotherapy, while surgical or radiation interventions were less common. 
A comparison between the two cohorts identified significant differences in laterality 
(p < 0.05). Age, race, marital status, pathological grade, T stage, N stage, pathological 
stage, surgery, radiotherapy, chemotherapy, molecular subtype, pathological type, tumor 
size, brain metastasis, bone metastasis and lung metastasis were found to not be signifi-
cantly different (p > 0.05), as shown in Table 1.

Establishment of the overall survival (OS) nomogram

We used univariate and multivariate Cox proportional hazards regression analyses to 
screen prognostic factors of OS. Univariate Cox regression analysis found that there 
were statistically significant differences in age, race, marital status, T stage, N stage, 
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Table 1 Demographics and clinical characteristics of T1-2N0-1 BCLM at diagnosis

Total Training cohort Validation cohort P value

Age, median [range] 58 [48,69] 58 [48,68] 59 [49,70] 0.084

Race, n (%)

 White 1470 (76.4) 894 (77.5) 576 (74.9) 0.066

 Black 287 (14.9) 155 (13.4) 132 (17.2)

 Others 166 (8.6) 105 (9.1) 61 (7.9)

Marital status, n (%) 0.744

 Married 944 (49.1) 570 (49.4) 374 (48.6)

 Unmarried 979 (50.9) 584 (50.6) 395 (51.4)

Grades, n (%) 0.065

 I 88 (4.6) 43 (3.7) 45 (5.9)

 II 715 (37.2) 441 (38.2) 274 (35.6)

 III 827 (43.0) 485 (42.0) 342 (44.5)

 Unknown 293 (15.2) 185 (16.0) 108 (14.0)

 Tumor size 10 [1, 30] 10 [1, 30] 10 [1, 30] 0.914

T Stage, n (%) 0.228

 T1 557 (29.0) 346 (30.0) 211 (27.4)

 T2 1366 (71.0) 808 (70.0) 558 (72.6)

N Stage, n (%) 0.611

 N0 712(37.0) 422(36.6) 290(37.7)

 N1 1211(63.0) 732(63.4) 479(62.3)

Laterality, n (%) 0.001

 Left 986 (51.3) 628 (54.4) 358 (46.6)

 Right 937 (48.7) 526 (45.6) 411 (53.4)

ER, n (%) 0.089

 Negative 593 (30.8) 339 (29.4) 254 (33.0)

 Positive 1330 (69.2) 815 (70.6) 515 (67.0)

PR, n (%) 0.716

 Negative 883 (45.9) 526 (45.6) 357 (46.4)

 Positive 1040 (54.1) 628 (54.4) 412 (53.6)

HER2, n (%) 0.451

Negative 1163 (60.5) 690 (59.8) 473 (61.5)

Positive 760 (39.5) 464 (40.2) 296 (38.5)

Surgery, n (%) 0.473

 No 1489 (77.4) 900 (78.0) 589 (76.6)

 Yes 434 (22.6) 254 (22.0) 180 (23.4)

Chemotherapy, n (%) 0.886

 No 501 (26.1) 302 (26.2) 199 (25.9)

 Yes 1422 (73.9) 852 (73.8) 570 (74.1)

Radiotherapy, n (%) 0.978

 No 1491 (77.5) 895 (77.6) 596 (77.5)

 Yes 432 (22.5) 259 (22.4) 173 (22.5)

Brain metastatic, n (%) 0.053

 No 1778 (92.5) 1056 (91.5) 722 (93.9)

 Yes 145 (7.5) 98 (8.5) 47 (6.1)

Lung metastatic, n (%) 0.407

 No 1415 (73.6) 857 (74.3) 558 (72.6)

 Yes 508 (26.4) 297(25.7) 211 (27.4)

Bone metastatic, n (%) 0.801

No 907 (47.2) 547 (47.4) 360 (46.8)
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estrogen receptor (ER), progesterone  receptor (PR), human epidermal growth factor 
receptor-2 (HER2), surgery, chemotherapy, brain metastasis, bone metastasis and lung 
metastasis (p < 0.05) (Table 2).

Thirteen statistically significant variables from the aforementioned univariate Cox 
regression analysis were included in the multivariate analysis. Age, race, marital sta-
tus, ER, PR, HER2, surgery, brain metastasis, bone metastasis and chemotherapy were 
proven to be independent risk factors for T1-2N0-1 BCLM and these variables were ulti-
mately used to construct the nomogram (Fig. 1). Risk scores for each variable were cal-
culated to predict the 1-, 3-, and 5-year OS of patients.

Validation of the OS nomogram

The c-index was 0.72 (95% CI 0.70–0.74) in the training cohort and 0.72 (95% CI 0.69–
0.74) in the validation cohort. For receiver operating characteristic (ROC) curves, the 
area under the receiver operating characteristic curve (AUC) values at 1-, 3-, and 5-year 
in the training cohort were 0.781, 0.772 and 0.771. The AUC values at 1-, 3-, and 5-year 
in the validation cohort were 0.749, 0.766 and 0.748 (Fig. 2). Calibration curves for inter-
nal validation of the nomogram showed that the predicted OS was approximated to the 
actual OS (Fig. 3). Besides, decision curve analysis (DCA) showed that the nomogram 
was more effective in increasing the net clinical benefit compared to AJCC TNM stag-
ing, bone metastasis and brain metastasis variables (Fig. 4).

Risk stratification system

Because these results showed excellent prediction efficiency in survival of the nomo-
gram, we calculated total points based on the predicted score calculated by the nom-
ogram. According to the cutoff value (median points), all the patients were separated 
into low-risk (total points < 126) and high-risk (total points ≥ 126) groups. The low-risk 
patients had significantly better OS than the high-risk patients (p < 0.0001) by Kaplan–
Meier analyses (Fig. 5) which demonstrated the validity of the risk stratification system.

Discussion
As breast cancer incidence rates increased continuously, oncologists were faced with the 
critical task of making accurate prognostic judgments for various breast cancer types 
[11]. It was important to note that BCLM was a complex and heterogeneous disease, 
and the different pathological subtypes and treatment modalities employed could have a 
significant impact on patient survival [12]. According to the AJCC TNM staging system, 
BCLM were classified as stage IV. T1-2N0-1 BCLM in females was only a minority, and 
consequently, there have been few studies conducted on the prognosis of such patients.

Table 1 (continued)

Total Training cohort Validation cohort P value

Yes 1016 (52.8) 607 (52.6) 409 (53.2)

ICD-O-3, n (%) 0.996

 8500 1553 (80.8) 932 (80.8) 621 (80.8)

 Others 370 (19.2) 222 (19.2) 148 (19.2)
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Table 2 The results of univariate and multivariate Cox regression analyses on variables

Variables Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age 1.030 (1.024–1.035)  < 0.001 1.021 (1.015–1.028)  < 0.001

Race

 White Reference Reference

 Black 1.416 (1.153–1.739)  < 0.001 1.476 (1.191–1.828)  < 0.001

 Others 1.002 (0.760–1.320) 0.989 1.190 (0.900–1.574) 0.222

Marital status

 Married Reference Reference

 Unmarried 1.512 (1.301–1.757)  < 0.001 1.267 (1.084–1.479) 0.003

Grades

 I Reference

 II 0.782 (0.526–1.163) 0.225

 III 0.873 (0.588–1.294) 0.498

 Unknown 1.124 (0.738–1.711) 0.586

 Tumor size 0.9991 (0.9932–1.005) 0.778

T Stage

 T1 Reference

 T2 1.072 (0.910–1.264) 0.403

N stage

 N0 Reference Reference

 N1 0.756 (0.649–0.881)  < 0.001 0.921 (0.787–1.079) 0.309

Laterality

 Left Reference

 Right 1.021 (0.879–1.186) 0.785

ER

 Negative Reference Reference

 Positive 0.650 (0.554–0.762)  < 0.001 0.595 (0.480–0.739)  < 0.001

PR

 Negative Reference Reference

 Positive 0.683 (0.588–0.793)  < 0.001 0.725 (0.593–0.888) 0.002

HER2

 Negative Reference Reference

 Positive 0.531 (0.453–0.623)  < 0.001 0.534 (0.448–0.636)  < 0.001

Surgery

 No Reference Reference

 Yes 0.627 (0.517–0.759)  < 0.001 0.740 (0.608–0.900) 0.003

Chemotherapy

 No Reference Reference

 Yes 0.489 (0.417–0.574)  < 0.001 0.628 (0.522–0.755)  < 0.001

Radiotherapy

 No Reference

 Yes 1.174 (0.988–1.396) 0.068

Brain metastatic

 No Reference Reference

 Yes 2.298 (1.810–2.917)  < 0.001 2.061 (1.603–2.650)  < 0.001

Lung metastatic

 No Reference Reference

 Yes 1.560 (1.324–1.838)  < 0.001 1.158 (0.972–1.378) 0.100
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In the present study, we conducted a retrospective analysis to investigate the 
demographic, clinicopathological, and prognostic features of female patients with 
T1-2N0-1 breast cancer who developed liver metastasis, using data from the SEER 

Table 2 (continued)

Variables Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Bone metastatic

 No Reference Reference

 Yes 1.350 (1.161–1.570)  < 0.001 1.235 (1.054–1.447) 0.009

ICD-O-3

 8500 Reference

 Others 1.134 (0.942–1.365) 0.183

Fig. 1 A nomogram for T1-2N0-1 BCLM patients
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Fig. 2 ROC of the nomogram for 1-, 3-, and 5-year prediction. A Training cohort based on the nomogram. B 
Validation cohort based on the nomogram

Fig. 3 Calibration plots of 1-, 3-, and 5-year in the training cohort (A, C, E) and the validation cohort (B, D, F)
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database. Although there was a significant difference in laterality between the two 
cohorts, there was no evidence indicating a significant impact of laterality on sur-
vival [13]. We utilized the Cox proportional hazards model to identify independent 
risk factors. As prognostic statistical models, nomograms could directly present the 

Fig. 4 DCA curves of 1-, 3-, and 5-year in the training cohort (A, C, E) and the validation cohort (B, D, F)

Fig. 5 Kaplan curves of low- and high-risk groups in the training cohort A and validation cohort B 
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predicted OS. Our analysis revealed that old age, being single, non-white ethnicity, 
hormone receptor (HR) negativity, HER2 negativity, lack of chemotherapy or sur-
gery, bone metastases, and brain metastases were all significantly associated with a 
reduced OS.

The incidence of breast cancer was known to increase with advancing age. As the gen-
eral population continues to age, more attention is being focused on the rising number of 
older breast cancer patients who require specialized care. Compared to younger women, 
older age was relevant to early mortality in patients with stage IV [14], and had not been 
shown to offer a satisfactory improvement in prognosis [15]. Older patients were tended 
to receive less aggressive treatment and often burdened by comorbid chronic illnesses, 
which could result in shorter OS. There is mounting evidence that black women experi-
ence lower survival rates [16], which may indicate racial heterogeneity in breast cancer 
[17]. We found being married was a protective factor among the target population for 
this study and it is consistent with the conclusions of prior studies [18]. The survival 
advantages of married patients may benefit from the impact that social support [19].

Based on our analysis, we believed that prognosis in T1-2N0-1 BCLM patients was 
independent of the T stage and N stage. This finding was supported by previous research, 
which has indicated that only T4-stage breast cancer is included in the risk stratification 
for BCLM patients. The association between tumor subtype and distant metastasis has 
been extensively discussed [20]. Tumor subtype represents a significant risk factor for 
OS in breast cancer patients. Numerous studies have demonstrated that triple-negative 
breast cancer (TNBC) was often associated with the worst prognosis in breast cancer 
[21]. TNBC also implied a poor prognosis in our study, with HER2-enriched cases faring 
slightly better. We could choose endocrine drugs or molecular targeted drugs to improve 
the prognosis of patients with HR or HER2-positive.

The customary interventions for neoplasms comprise surgery, chemotherapy and radio-
therapy. For women with breast cancer who have developed metastatic disease, systemic 
therapy (ST) is the primary therapeutic approach and chemotherapy has been recom-
mended in the guideline [22]. Our study found that surgery and chemotherapy were both 
beneficial for OS in patients with T1-2N0-1 BCLM. MF07-01 randomized clinical trial 
compared the efficacy of locoregional treatment (LRT) followed by systemic therapy with 
ST alone for stage IV BC patients [23], and the 5- and 10-year follow-up analyses of this 
clinical trial demonstrated that patients with solitary or multiple liver metastases had ben-
efited from LRT in terms of locoregional progression and OS [24]. A diminutive clinical 
study conducted in Austria showed that local surgery did not contribute to the betterment 
of patients with stage IV breast cancer [25] and Khan et al. have recently shown results of 
the EA2108 trial and come to similar conclusions [26]. Nonetheless, there was no clinical 
literature that has reported surgical advantages for locally early-stage IV breast cancer. The 
role of LRT remains controversial. A meta-analysis involving 28,693 participants demon-
strated that stage IV patients who underwent operation of breast tumors had better sur-
vival [27]. Studies have revealed a higher proportion of patients with small primary tumors 
in the surgical population [28], and those with negative margins had better OS compared to 
those with positive margins. Our study subjects were patients with locally early BCLM, and 
the probability of obtaining negative surgical margins was higher in stage IV patients, which 
may indicate a better prognosis. For T1-2N0-1 BCLM patients, surgical resection should 
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be one of the treatment options suggested by the oncologist. The radiotherapy showed 
borderline statistical significance in the univariate analysis. Xiong et  al. found radiother-
apy was also a treatment that affected the prognosis [29]. Their study included all patients 
with BCLM, whereas our study only included patients with T1-2N0-1 BCLM. Breast can-
cer patients with distant metastases are more likely to choose mastectomy over breast-con-
serving procedures. A meta-analysis indicated that in women with lymph node-negative 
(N0) breast cancer, post-mastectomy radiotherapy did not impact breast cancer mortality 
or overall mortality [30]. However, in patients with only 1–3 positive lymph nodes (N1), 
post-mastectomy radiotherapy reduced breast cancer mortality, potentially leading to the 
borderline statistical significance observed within this population.

The typical sites of breast cancer metastasis were bones, lungs, liver and brain. The prog-
nosis for brain metastases was widely considered worse than that of metastases from any 
other site [31]. We have derived some intriguing inferences from the use of a nomogram. 
Specifically, our nomogram indicated that both bone and brain metastases were related to 
shorter OS, while no such correlation was observed for lung metastases. Gerratana found 
lung metastases presented the most favorable prognosis in visceral metastasis followed by 
bone, liver and brain in breast cancer [32]. Liver metastases may represent a particularly 
hazardous factor in comparison to lung metastases.

We noted that numerous studies have been conducted on prognostic factors in patients 
with BCLM. For example, Lei et al. reported that older, non-white ethnicity, unmarried, tri-
ple-negative pathological type, uninsured, extrahepatic metastasis, and not receiving chem-
otherapy or primary site surgery were associated with poor prognosis in BCLM patients 
which was generally consistent with our findings [33]. However, there has been no research 
specifically focused on T1-2N0-1 BCLM patients. Our study showed that the nomogram 
was superior to the AJCC staging system in predicting OS in this particular group, provid-
ing a valuable tool for clinical diagnosis and treatment.

Limitations
Certain limitations to our study needed to be acknowledged. First, the SEER database had 
limited information to include other variables in our study, such as ECOG performance sta-
tus, Ki-67 expression, liver function parameters, and the number and size of liver metasta-
ses. Second, the SEER database was unable to provide more detailed treatment information, 
especially on the timing and regimen of various treatments such as surgery, chemotherapy, 
endocrine therapy, and anti-HER2 therapy, to optimize individualized treatment for newly 
diagnosed BCLM patients. The restricted predictors also weakened the strength of the 
study. Moreover, the validation of the model was based on the same population, which may 
introduce bias. Therefore, it was necessary to carefully evaluate the predictive effect of these 
variables. In addition, the graph was developed using retrospective data, which required 
further studies with external validation in large and prospective cohorts.

Conclusion
In summary, we have successfully established and validated a nomogram based on the 
SEER database to predict the 1-year, 3-year, and 5-year survival of T1-2N0-1 BCLM 
patients. The nomogram presented here was effective in predicting OS, which may pro-
vide clinicians with useful guidelines for individualized treatment plans.
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Methods
Patient selection and data extraction

The SEER database, encompassing patients from 18 cancer registries and account-
ing for roughly 30% of the US population, served as the primary source of patient 
information for this study, which was obtained using the SEER*Stat software (version 
8.4.0; National Cancer Institute, USA). Ethical approval and informed consent were 
not required for our study. Since the SEER database only collected information about 
organ metastases data from 2010, the demographic, tumor, treatment, and follow-up 
information of breast cancer patients from 2010 to 2019 was examined, and the inclu-
sion criteria comprised: (1) female patients with primary T1-2N0-1 BCLM; (2) com-
plete follow-up information. The exclusion criteria were displayed in Fig. 6.

Development and validation of the nomogram

Development

We randomly divided the patients into two groups for the development and internal 
validation of the nomogram, with 60% being assigned to the training cohort and 40% 
to the validation cohort. Univariate and multivariate Cox proportional hazards mod-
els were used to assess the independent risk factors associated with OS by calculating 
the hazard ratio and 95% CI in the training set. Variables with p < 0.05 in the univari-
ate analysis were selected for the multivariate analysis to estimate the significance of 
each variable. Variables with statistical significance in the multivariate Cox regression 
analysis were selected as candidate variables for constructing the nomogram to pre-
dict survival. The R package ‘‘survival’’ was applied to calculate risk scores and ‘‘rms’’ 
was applied to construct the nomogram. The nomogram was then developed using a 
multivariate Cox regression model, with each variable individually listed and assigned 

Fig. 6 The study flowchart of the selection process
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a corresponding number of points based on its magnitude. The cumulative score for 
all variables is then aligned with a scale to predict OS at 1, 3, and 5 years.

Validation

The c-index and calibration curves were used to evaluate the performance of the nomo-
gram and the AUC was used to test the accuracy in the training and validation cohorts. 
Additionally, a DCA was performed for both cohorts. We also constructed relevant mor-
tality risk classification systems to distinguish patients with a high or low risk of mortal-
ity. Survival curves were plotted using the Kaplan–Meier method.

Statistical analysis

Age and tumor size were presented as median and percentile and other variables were 
presented as frequency and percentage. Age was compared using Mann–Whitney U test 
and other variables were compared using Pearson’s chi-square test. Statistical analyses 
were performed using the RStudio version 4.2.1. All tests of statistical significance were 
2-sided, and a P-value < 0.05 was considered statistically significant.
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