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Incidence and risk factors of lymph node metastasis in breast 
cancer patients without preoperative chemoradiotherapy and 
neoadjuvant therapy: analysis of SEER data
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Background: Breast cancer (BC) is the leading cause of death in the female reproductive system, often 
linked to lymph node involvement, indicating poor prognosis. This study investigated lymph node metastasis 
incidence and risk factors in M0 stage BC patients who hadn’t received preoperative chemoradiotherapy or 
neoadjuvant therapy. We explored the influence of various factors on lymph node metastasis.
Methods: We conducted a retrospective analysis using Surveillance, Epidemiology, and End Results 
data from BC patients diagnosed between 2010 and 2015. Binary logistic regression and propensity score 
matching (PSM) assessed significant factors in BC patients without preoperative treatment. We developed 
predictive nomograms and evaluated model performance using the concordance index, calibration curve, 
area under the curve, and decision curve analysis.
Results: Among 256,504 eligible BC patients, 25.57% had lymph node metastasis. Multivariate logistic 
regression revealed associations between lymph node metastasis and younger age, African-American 
ethnicity, central/nipple location, lobular carcinoma, human epidermal growth factor receptor 2 (HER2)-
positive status, grade III classification, and T3 stage. PSM confirmed these findings. Interactions were 
identified between age, race, primary site, histology, breast subtype, grade, and T stage, all influencing lymph 
node metastasis.
Conclusions: This retrospective study identified lymph node metastasis in female BC patients with 
distinct clinicopathological characteristics who received no preoperative treatment. We constructed valuable 
nomograms, revealing that: (I) young age (<35 years), African-American race, central/nipple location, 
infiltrating duct carcinoma, HER2 positivity, high histological grade (grade III), and larger tumor size are 
risk factors for regional lymph node metastasis; (II) lymph node metastasis may not solely represent the 
invasive nature of triple-negative BC; (III) patients with different BC subtypes in T1c–T2 stages may benefit 
from individualized neoadjuvant treatment strategies.
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Introduction

Breast cancer (BC) is the leading cause of death in the 
female reproductive system, accounting for 31% of 
cancer cases and 15% of cancer-related deaths in women. 
The incidence of BC in women is increasing by 0.5% 
annually (1). Based on statistical data, the overall incidence 
rate of positive sentinel lymph nodes in BC patients is 
approximately 33%. Patients who test positive for lymph 
node involvement often experience a higher mortality rate 
and an elevated risk of disease recurrence (2,3).

The lymphatic vessels within the breast form an open 
system within the surrounding matrix environment (4).  
As breast tumors develop, they have a significant chance of 
invading nearby lymph nodes or lymphatic vessels, using 
the lymphatic system within the breast for metastasis, 
resulting in multiple invasive tumor foci. The high 
heterogeneity of BC contributes to different disease 
progression and prognosis. Therefore, certain patient 
and tumor characteristics remain valuable in assessing the 
status of lymph node metastasis (5). Evaluating the burden 
of lymph node metastasis in BC is crucial for neoadjuvant 

therapy (NAT) planning, initial surgical procedures, 
and guiding axillary treatment (6). Although existing 
literature has described some risk factors for lymph node 
metastasis (2,7,8), a comprehensive and in-depth analysis 
of various clinicopathological factors influencing lymph 
node metastasis has not been conducted. Moreover, the 
sample sizes in previous investigations are often small or 
limited to data from a single medical center, which may lack 
representativeness. Therefore, based on a large sample of 
retrospective survey data from the period of 2010 to 2015, 
this study aims to construct a predictive model to examine 
the accuracy of previous experiences and provide a detailed 
analysis and summary of each predictive factor. This will lay 
the foundation for further refinement of future predictive 
models.

First, we used chi-square tests to screen for influencing 
factors with significant differences in these large sample 
data. Then, we conducted univariate and multivariate 
logistic regression analyses to analyze the impact of different 
subgroups within each factor on lymph node positivity. 
Additionally, the influence of different clinicopathological 
characteristics on lymph node metastasis in BC may 
yield inconsistent results due to uncontrolled potential 
confounding factors. Therefore, it is essential to employ 
propensity score analysis to assess the association between 
each independent clinicopathological factor of interest and 
the outcome (9). To create a balanced cohort, we utilized 
inverse probability weighting (IPW). Our plan is to evaluate 
the impact of confounding factors on lymph node metastasis 
by comparing univariate and multivariate logistic regression 
analyses before and after propensity score matching (PSM). 
Subsequently, we will construct a nomogram based on 
consistent influencing factors identified from the results of 
univariate logistic regression analysis, multivariate logistic 
regression analysis, and univariate logistic regression 
analysis after PSM. We will also investigate potential 
reasons for any discrepancies between PSM and univariate/
multivariate logistic regression in specific clinicopathological 
characteristics. We present this article in accordance with 
the TRIPOD reporting checklist (available at https://
gs.amegroups.com/article/view/10.21037/gs-23-258/rc).

Highlight box

Key findings
• A nomogram has been developed to predict the probability of 

lymph node metastasis in a patient who has not received any 
preoperative treatment.

What is known and what is new?
• Prior to this study, the existing nomograms used for predicting 

lymph node metastasis in breast cancer (BC) were constructed with 
limited data and lacked adequate representativeness.

• In this study, a substantial sample size was used to create 
nomograms that incorporate a range of clinical and pathological 
factors for the prediction of lymph node metastasis in BC. These 
nomograms serve as more precise and reliable tools to support 
clinical medical decision-making.

What is the implication, and what should change now?
• This study, based on the established nomogram, identified certain 

potential risk factors associated with lymph node metastasis.
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SEER Research Plus Data, 17 Registries, Nov 2021 Sub [2000–2019]

2010–2015

Female patients aged over 20 years old

Neoadjuvant therapy not given diagnosed with primary breast cancer

No radiation and/or cancer-directed surgery & radiation after surgery

M0

Exclude “T0”, “Ta”, “Tis”, “Tispu”, “Tispd”, “T4”, “T4a”, “T4a(s)”, “T4a(m)”, 

“T4b”, “T4b(s)”, “T4b(m)”, “T4c”, “T4d”, “T4e”, “T4 NOS(s)”, “T4 NOS(m)”, 

“T4 NOS”, “NA”, “TX”, “Blank(s)” in the AJCC 7th T [1988–2015]

(n=256,504)

Exclude the part without 
lymph node dissection

(n=23,774)

Total amount
(n=232,730)

Detailed column in case listing session-1

(I) Patient ID

(II) Regional nodes examined (1988+)

(III) Regional nodes positive (1988+)

(IV) Age recodes with single ages and 100+

(V) Race recode (W, B, AI, API)

(VI) Primary site-labeled

(VII) ICD-O-3 hist/behav

(VIII) Breast subtype (2010+)

(IX) Grade

(X) Derived AJCC T, 7th [2010–2015]

Lymph nodes negative 
(n=173,218)

Lymph nodes positive
(n=59,512)

Figure 1 The flow diagram of participant inclusion and exclusion. SEER, Surveillance, Epidemiology, and End Results; NOS, not otherwise 
specified; AJCC T, the T staging of Cancer Staging Manual of the American Joint Committee on Cancer; W, White; B, Black; AI, American 
Indian or Alaskan Native; API, Asian or Pacific Islander; ICD-O-3 hist/behav, 3rd edition of the International Classification of Diseases for 
Oncology histology code and behavior.

Methods

Patient selection

We searched and downloaded medical records of BC 
patients from the Surveillance, Epidemiology, and End 
Results (SEER) database (SEER Research Plus Data,  
17 Registries, Nov 2021 Sub, 2000–2019), which covers 
cancer incidence and survival records of over one-third of 
the US population. We collected data from 256,504 patients  
based on the following criteria: (I) January 2010 to 
December 2015; (II) female patients aged over 20 years old;  
(III) no NAT given; (IV) diagnosed with primary BC; (V) 
no radiation and/or cancer-directed surgery & radiation 

after surgery; (VI) M0 stage; (VII) unilateral and unifocal 
tumor; (VIII) not classified as “T0”, “Ta”, “Tis”, “Tispu”, 
“Tispd”, “T4”, “T4a”, “T4a(s)”, “T4a(m)”, “T4b”, 
“T4b(m)”, “T4(c)”, “T4d”, “T4e”, “T4 NOS(s)”, “T4 
NOS(m)”, “T4 NOS”, “NA”, “TX”, and “Blank(s)” in the 
T staging of the 7th Cancer Staging Manual of the American 
Joint Committee on Cancer (AJCC 7th T 1988–2015); and 
(IX) exclusion of multiple BC lesions. The flowchart of 
participant inclusion and exclusion is shown in Figure 1.  
Ethical approval was not required for this study as the 
clinical data of recruited BC patients were collected from 
publicly available and anonymized data in the SEER 
database. The study was conducted in accordance with the 
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Declaration of Helsinki (as revised in 2013).

Variable description

The demographic and clinical characteristics of the 
participants are as follows: (I) the independent variables 
included age at diagnosis (20–44, 45–55, 56+ years), race 
(White, Black, Asian or Pacific Islander, others), primary 
site (upper-outer quadrant, upper-inner quadrant, lower-
outer quadrant, lower-inner quadrant, central portion 
& nipple, others), histology (infiltrating duct carcinoma, 
lobular carcinoma, mucinous adenocarcinoma, others), 
breast subtype [hormone receptor (HR)+/human epidermal 
growth factor receptor 2 (HER2)−, HR−/HER2−, HR+/
HER2+, HR−/HER2+, unknown; +, positive; −, negative], 
grade (I = well differentiated, II = moderately differentiated, 
III = poorly differentiated, IV = undifferentiated, unknown), 
T stage (derived AJCC, 7th) (T1mic, T1a, T1b, T1c, T2, 
T3, unknown; mic, microinvasive carcinoma); and (II) the 
outcome variable is determined based on the information 
provided in the “Regional nodes positive (1988+)” column, 
where values greater than 1 are considered to be positive for 
lymph node involvement.

Statistical analysis

This study employed a retrospective cross-sectional survey 
for statistical analysis. Patient and tumor characteristics 
were presented as percentages, and data were analyzed using 
chi-squared tests or Fisher’s exact tests. A P value less than 
0.05 was considered statistically significant. All statistical 
analyses were performed using SPSS version 25.0. In order 
to visualize the differences more intuitively, relevant analysis 
results were transformed into stacked bar charts using 
Microsoft Office Excel 2019. We conducted univariate 
and multivariate logistic regression analyses using SPSS 
version 25.0. Furthermore, R software (version 4.2.1) was 
utilized to perform propensity score reweighting analysis 
on selected data based on individual independent factors, 
followed by univariate binary logistic regression analysis. 
Nomograms based on regression models, calibration curves 
were generated using various functional packages such as 
RMS, Foreign, Cmprsk, and other software. A two-tailed  
P value less than 0.05 was considered statistically significant  
(*, P<0.05; **, P<0.01). We validated the developed predictive 
model using internally generated validation data through 
a 3:1 random allocation. The sensitivity and specificity of 
the constructed nomogram were reflected using receiver 

operating characteristic (ROC) curves, while its accuracy was 
evaluated and validated using calibration plots. Additionally, 
decision curve analysis (DCA) was utilized to calculate the 
net benefits for each risk threshold probability.

Results

Baseline characteristics of enrolled patients

Figure 2 presents the overall cohort, which included a total 
of 232,730 eligible BC patients. Among them, 25.57% 
(n=59,512) had positive lymph nodes (PLNs), and 74.43% 
(n=173,218) had negative lymph nodes (NLNs). Additional 
demographic and clinical characteristics of the recruited BC 
patients were also provided. Significant differences were 
observed in age, race, primary site, histology, breast subtype, 
grade, T stage (derived AJCC, 7th), and other factors. In 
the age group, the 56+ subgroup had the highest number 
of patients (n=155,765). Among the three age groups, the  
20–44 subgroup had the highest percentage of PLN (35.13%), 
indicating that PLN is more likely to occur in younger 
women. In the race group, the largest number of patients 
were white people (n=187,111), while the highest percentage 
of PLN was observed in black patients (29.94%). In the 
analysis and comparison within the group of primary sites, 
excluding “others”, the upper-outer quadrant had the highest 
number of patients (n=80,331), and the central portion & 
nipple had the highest percentage of PLN (34.47%). In the 
group of histology, infiltrating duct carcinoma had the highest 
number of patients (n=173,008), while lobular carcinoma 
had the highest percentage of PLN (29.72%). Among the 
group of breast subtype, the HR+/HER2− subgroup had the 
highest number of patients, but the highest percentage of 
PLN was observed in HR−/HER2+ BC patients (31.16%). In 
the grade group, grade II had the highest number of patients 
(n=27,702), while grade III had the largest percentage of 
PLN (33.83%). In the group of T stage, the largest number 
of patients belonged to the T1c category (n=88,707), while 
the highest percentage of PLN was observed in the T3 
category. Consistent with our expectations, larger tumors 
were associated with a higher likelihood of lymph node 
metastasis. Additionally, the baseline characteristics of the 
training and validation cohorts are provided in Tables S1-S7.

Logistic regression analysis and propensity score validation 
of lymph node occurrence in BC patients

Single-factor and multiple-factor logistic regression analyses 

https://cdn.amegroups.cn/static/public/GS-23-258-Supplementary.pdf
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Figure 2 Clinicopathological features of BC patients diagnosed with and without lymph node metastasis (chi-square test; P<0.001 for each 
independent factor). HR, hormone receptor; HER2, human epidermal growth factor receptor 2; AJCC T, the T staging of Cancer Staging 
Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma; BC, breast cancer.

were conducted to assess the independent risk factors for 
lymph node occurrence (PLN) in newly diagnosed BC 
patients. The results showed that the diagnosis age, race, 
primary site, histology, breast subtype, grade, and T stage 
(derived AJCC, 7th) was significantly associated with PLN 
occurrence (Table 1).

In the age group, the 45–55 subgroup [odds ratio (OR) 
=0.86; 95% confidence interval (CI): 0.83–0.892, P<0.001] 
and the 56+ subgroup (OR =0.652; 95% CI: 0.631–0.674, 
P<0.001) had significantly lower PLN occurrence rates 
compared to the 20–44 subgroup. In terms of race, Asian 
or Pacific Islander had a significantly lower risk of PLN 
occurrence (OR =0.864; 95% CI: 0.834–0.896; P<0.001) 
compared to black people (OR =1.152; 95% CI: 1.114–

1.191; P<0.001). In the group of primary sites, there was 
no significant difference in PLN occurrence between the 
upper-outer quadrant and lower-outer quadrant (OR =1; 
95% CI: 0.962–1.041; P=0.993). The upper-inner quadrant 
(OR =0.567; 95% CI: 0.547–0.588; P<0.001) and lower-
inner quadrant (OR =0.754; 95% CI: 0.718–0.791; P<0.001) 
had a lower PLN risk compared to the upper-outer 
quadrant, while the central portion & nipple had the highest 
PLN risk (OR =1.387; 95% CI: 1.324–1.452; P<0.001). 
In terms of histology, mucinous adenocarcinoma had a 
significantly lower risk of PLN (OR =0.21; 95% CI: 0.187–
0.236; P<0.001) compared to infiltrating duct carcinoma. 
Infiltrating lobular carcinoma showed inconsistent results 
in single-factor analysis (OR =1.234; 95% CI: 1.197–1.272; 
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Table 1 Results of univariate and multivariate logistic regression analysis and validation of PSM in BC patients

Characteristics
Total 

(n=232,730)

Single factor regression 
analysis

Multi-factor regression 
analysis

PSM

OR (95% CI) P value OR (95% CI) P value N OR (95% CI) P value

Age (years) 113,000

20–44 21,893 Reference Reference 12,772 Reference

45–55 55,072 0.752 (0.727, 0.777) <0.001 0.86 (0.83, 0.892) <0.001 28,218 0.87 (0.834, 0.908) <0.001

56+ 155,765 0.553 (0.536, 0.57) <0.001 0.652 (0.631, 0.674) <0.001 72,010 0.676 (0.651, 0.702) <0.001

Race/ethnicity 112,160

White 187,111 Reference Reference 88,650 Reference

Black 22,204 1.272 (1.233, 1.311) <0.001 1.152 (1.114, 1.191) <0.001 11,718 1.09 (1.049, 1.133) <0.001

Asian or Pacific Islander 20,989 0.962 (0.931, 0.995) 0.023 0.864 (0.834, 0.896) <0.001 10,554 0.879 (0.845, 0.916) <0.001

Others 2,426 1.152 (1.054, 1.26) 0.002 1.071 (0.972, 1.18) <0.001 1,238 1.125 (1.006, 1.259) 0.04

Primary site 113,164

Upper-outer quadrant 80,331 Reference Reference 39,261 Reference

Upper-inner quadrant 30,100 0.57 (0.551, 0.589) <0.001 0.567 (0.547, 0.588) <0.001 13,097 0.564 (0.541, 0.587) <0.001

Lower-outer quadrant 18,148 1.006 (0.97, 1.044) 0.729 1 (0.962, 1.041) 0.993 8,993 1.004 (0.959, 1.051) 0.87

Lower-inner quadrant 13,689 0.691 (0.661, 0.723) <0.001 0.754 (0.718, 0.791) <0.001 6,048 0.729 (0.691, 0.77) <0.001

Central portion & nipple 11,339 1.467 (1.407, 1.529) <0.001 1.387 (1.324, 1.452) <0.001 6,164 1.359 (1.287, 1.436) <0.001

Others 79,123 1.057 (1.034, 1.081) <0.001 1.008 (0.984, 1.032) 0.534 39,601 1.002 (0.974, 1.03) 0.895

Histology 112,268

Infiltrating duct 
carcinoma

173,008 Reference Reference 82,470 Reference

Lobular carcinoma 22,611 1.234 (1.197, 1.272) <0.001 0.907 (0.876, 0.939) <0.001 12,338 0.923 (0.889, 0.959) <0.001

Mucinous 
adenocarcinoma

4,763 0.214 (0.192, 0.24) <0.001 0.21 (0.187, 0.236) <0.001 1,677 0.218 (0.192, 0.246) <0.001

Others 32,348 1.011 (0.984, 1.039) 0.418 0.922 (0.895, 0.95) <0.001 15,783 0.938 (0.907, 0.971) <0.001

Breast subtype 113,496

HR+/HER2− 172,052 Reference Reference 80,843 Reference

HR−/HER2− 21,026 0.965 (0.934, 0.998) 0.037 0.585 (0.563, 0.608) <0.001 12,220 0.622 (0.598, 0.646) <0.001

HR+/HER2+ 19,572 1.325 (1.283, 1.369) <0.001 1.018 (0.982, 1.055) 0.329 10,985 1.035 (0.995, 1.077) 0.089

HR−/HER2+ 7,494 1.345 (1.279, 1.414) <0.001 1.017 (0.961, 1.076) 0.572 4,169 1.06 (0.996, 1.129) 0.066

Unknown 12,586 0.799 (0.765, 0.835) <0.001 0.862 (0.821, 0.905) <0.001 5,279 0.889 (0.841, 0.94) <0.001

Grade 112,530

Grade I 57,948 Reference Reference 19,819 Reference

Grade II 103,263 2.051 (1.997, 2.106) <0.001 1.466 (1.425, 1.509) <0.001 51,184 1.404 (1.359, 1.452) <0.001

Grade III 63,778 2.86 (2.781, 2.941) <0.001 1.648 (1.594, 1.704) <0.001 38,585 1.444 (1.395, 1.495) <0.001

Grade IV 589 2.196 (1.832, 2.631) <0.001 1.478 (1.213, 1.801) <0.001 312 1.329 (1.062, 1.662) 0.013

Unknown 7,152 1.224 (1.148, 1.306) <0.001 1.191 (1.108, 1.28) <0.001 2,630 1.117 (1.029, 1.212) 0.008

Table 1 (continued)
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Table 1 (continued)

Characteristics
Total 

(n=232,730)

Single factor regression 
analysis

Multi-factor regression 
analysis

PSM

OR (95% CI) P value OR (95% CI) P value N OR (95% CI) P value

Derived AJCC T, 7th 118,970

T1mic 4,961 Reference Reference 1,654

T1a 18,934 1.166 (1.007, 1.35) 0.04 1.233 (1.063, 1.43) 0.006 6,333 1.189 (1.018, 1.387) 0.028

T1b 46,376 2.196 (1.917, 2.514) <0.001 2.36 (2.055, 2.71) <0.001 16,942 2.233 (1.935, 2.578) <0.001

T1c 88,707 5.994 (5.247, 6.846) <0.001 6.057 (5.288, 6.938) <0.001 44,050 5.187 (4.507, 5.969) <0.001

T2 64,551 15.698 (13.743, 
17.93)

<0.001 15.122 (13.201, 
17.322)

<0.001 42,844 11.673 (10.141, 
13.436)

<0.001

T3 8,816 35.795 (31.149, 
41.133)

<0.001 34.704 (30.106, 
40.004)

<0.001 6,993 25.002 (21.494, 
29.082)

<0.001

Unknown 385 4.082 (3.027, 5.506) <0.001 4.214 (3.117, 5.697) <0.001 154 4.403 (3.104, 6.244) <0.001

+, positive; −, negative. PSM, propensity score matching; BC, breast cancer; OR, odds ratio; CI, confidence interval; HR, hormone 
receptor; HER2, human epidermal growth factor receptor 2; AJCC T, the T staging of Cancer Staging Manual of the American Joint 
Committee on Cancer; mic, microinvasive carcinoma.

P<0.001) and multiple-factor analysis (OR =0.907; 95% 
CI: 0.876–0.939; P<0.001). Further evaluation using PSM 
would be considered. Triple-negative BC (TNBC) (OR 
=0.585; 95% CI: 0.563–0.608; P<0.001) had a lower risk of 
PLN compared to HR+/HER2− patients. HR+/HER2+ (OR 
=1.018; 95% CI: 0.982–1.055; P=0.329) and HR−/HER2+ 
patients (OR =1.017; 95% CI: 0.961–1.076; P=0.572) did 
not show statistically significant differences in PLN risk 
compared to HR+/HER2− patients. In terms of grade, grade 
II (OR =1.466; 95% CI: 1.425–1.509; P<0.001), grade III 
(OR =1.648; 95% CI: 1.594–1.704; P<0.001), and grade 
IV (OR =1.478; 95% CI: 1.213–1.801; P<0.001) were all 
identified as risk factors for PLN occurrence in BC patients. 
Furthermore, in the T stage (derived AJCC, 7th), the risk of 
PLN increased with the size of the tumor, with T3 having 
the highest risk (OR =34.704; 95% CI: 30.106–40.004; 
P<0.001). This suggests a correlation between tumor size 
and the likelihood of lymph node involvement, possibly 
indicating the progression of the disease.

After  PSM, a  certain number of  pat ients  were 
successfully matched in each independent factor. 
The baseline characteristics between the two groups, 
including diagnostic age (n=113,000), race (n=112,160), 
primary site (n=113,164), histology (n=112,268), breast 
subtype (n=113,496), grade (n=112,530), and T stage 
(derived AJCC, 7th) (n=118,970), achieved good balance 
[standardized mean difference (SMD) <0.2, see Tables 1-3 

and Tables S1-S7]. In the PSM dataset, the results of the 
single-factor logistic regression analysis were consistent 
with the previous results of the multivariable regression 
analysis. This indicates that the analysis results have a 
strong level of credibility.

The establishment of the BC lymph node metastasis 
prediction model

In the original cohort of 232,730 patients, we allocated 
174,548 to the training set (75.0%) and 58,182 patients to 
the validation set (25.0%) (Tables 2,3). The flowchart of 
participant inclusion and exclusion is shown in Figure 1. 
We established a nomogram to visually display the score 
distribution and the predicted probabilities of risk factors 
(Figure 3). How do we utilize this model? For example, a 
46-year-old (score: 7.5) African American (score: 8) female 
with BC, presenting with a tumor located in the lower-
inner quadrant (score: 7.5), histologically diagnosed as 
invasive ductal carcinoma (score: 46), molecular subtype 
HR−/HER2+ (score: 16), unknown grade (score: 5),  
and T stage classified as T1c (score: 50). The total 
score is 7.5+8+7.5+46+16+5+50=140, corresponding to 
an estimated probability of lymph node metastasis of 
approximately 25%. In clinical practice, it is easy for us 
to estimate the probability of lymph node metastasis in 
patients using this nomogram. In order to better utilize 

https://cdn.amegroups.cn/static/public/GS-23-258-Supplementary.pdf
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Table 2 Clinicopathological features of the training set and the validation set

Characteristics Training dataset Validation dataset P value

Lymph nodes status, n (%)

Negative 129,864 (74.4) 43,354 (74.5) 0.587981222

Positive 44,684 (25.6) 14,828 (25.5) NA

Age (years), n (%)

20–44 16,464 (9.4) 5,429 (9.3) 0.741465412

45–55 41,269 (23.6) 13,803 (23.7) NA

56+ 116,815 (66.9) 38,950 (66.9) NA

Race/ethnicity, n (%)

White 140,277 (80.4) 46,834 (80.5) 0.705380076

Black 16,688 (9.6) 5,516 (9.5) NA

Asian or Pacific Islander 15,742 (9.0) 5,247 (9.0) NA

Others 1,841 (1.1) 585 (1.0) NA

Primary site, n (%)

Upper-outer quadrant 60,201 (34.5) 20,130 (34.6) 0.69553622

Upper-inner quadrant 22,605 (13.0) 7,495 (12.9) NA

Lower-outer quadrant 13,582 (7.8) 4,566 (7.8) NA

Lower-inner quadrant 10,323 (5.9) 3,366 (5.8) NA

Central portion & nipple 8,551 (4.9) 2,788 (4.8) NA

Others 59,286 (34.0) 19,837 (34.1) NA

Histology, n (%)

Infiltrating duct carcinoma 129,679 (74.3) 43,329 (74.5) 0.324136699

Lobular carcinoma 16,970 (9.7) 5,641 (9.7) NA

Mucinous adenocarcinoma 3,626 (2.1) 1,137 (2.0) NA

Others 24,273 (13.9) 8,075 (13.9) NA

Breast subtype, n (%)

HR+/HER2− 129,081 (74.0) 42,971 (73.9) 0.874052188

HR−/HER2− 15,706 (9.0) 5,320 (9.1) NA

HR+/HER2+ 14,696 (8.4) 4,876 (8.4) NA

HR−/HER2+ 5,615 (3.2) 1,879 (3.2) NA

Unknown 9,450 (5.4) 3,136 (5.4) NA

Grade, n (%)

Grade I 43,385 (24.9) 14,563 (25.0) 0.077366972

Grade II 77,711 (44.5) 25,552 (43.9) NA

Grade III 47,670 (27.3) 16,108 (27.7) NA

Grade IV 453 (0.3) 136 (0.2) NA

Unknown 5,329 (3.1) 1,823 (3.1) NA

Table 2 (continued)
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Table 2 (continued)

Characteristics Training dataset Validation dataset P value

Derived AJCC T, 7th, n (%)

T1mic 3,734 (2.1) 1,227 (2.1) 0.93774038

T1a 14,211 (8.1) 4,723 (8.1) NA

T1b 34,758 (19.9) 11,618 (20.0) NA

T1c 66,591 (38.2) 22,116 (38.0) NA

T2 48,351 (27.7) 16,200 (27.8) NA

T3 6,606 (3.8) 2,210 (3.8) NA

Unknown 297 (0.2) 88 (0.2) NA

+, positive; −, negative. NA, not available; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; AJCC T, the T staging 
of Cancer Staging Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.

Table 3 Clinicopathological features with and without lymph node metastases in the training and testing set

Characteristics

Training dataset Validation dataset

Regional nodes status
Total

Regional nodes status
Total

Negative Positive Negative Positive

Total, n (%) 129,864 (74.40) 44,684 (25.60) 174,548 (100.00) 43,354 (74.51) 14,828 (25.49) 58,182 (100.00)

Age (years), n (%)

20–44 10,699 (64.98) 5,765 (35.02) 16,464 (100.00) 3,502 (64.51) 1,927 (35.49) 5,429 (100.00)

45–55 29,276 (70.94) 11,993 (29.06) 41,269 (100.00) 9,862 (71.45) 3,941 (28.55) 13,803 (100.00)

56+ 89,889 (76.95) 26,926 (23.05) 116,815 (100.00) 29,990 (77.00) 8,960 (23.00) 38,950 (100.00)

Race/ethnicity, n (%)

White 104,919 (74.79) 35,358 (25.21) 140,277 (100.00) 35,132 (75.01) 11,702 (24.99) 46,834 (100.00)

Black 11,669 (69.92) 5,019 (30.08) 16,688 (100.00) 3,888 (70.49) 1,628 (29.51) 5,516 (100.00)

Asian or Pacific Islander 11,947 (75.89) 3,795 (24.11) 15,742 (100.00) 3,914 (74.60) 1,333 (25.40) 5,247 (100.00)

Others 1,329 (72.19) 512 (27.81) 1,841 (100.00) 420 (71.79) 165 (28.21) 585 (100.00)

Primary site, n (%)

Upper-outer quadrant 44,305 (73.60) 15,896 (26.40) 60,201 (100.00) 14,818 (73.61) 5,312 (26.39) 20,130 (100.00)

Upper-inner quadrant 18,772 (83.04) 3,833 (16.96) 22,605 (100.00) 6,220 (82.99) 1,275 (17.01) 7,495 (100.00)

Lower-outer quadrant 9,987 (73.53) 3,595 (26.47) 13,582 (100.00) 3,347 (73.30) 1,219 (26.70) 4,566 (100.00)

Lower-inner quadrant 8,277 (80.18) 2,046 (19.82) 10,323 (100.00) 2,692 (79.98) 674 (20.02) 3,366 (100.00)

Central portion & nipple 5,592 (65.40) 2,959 (34.60) 8,551 (100.00) 1,838 (65.93) 950 (34.07) 2,788 (100.00)

Others 42,931 (72.41) 16,355 (27.59) 59,286 (100.00) 14,439 (72.79) 5,398 (27.21) 19,837 (100.00)

Table 3 (continued)
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Table 3 (continued)

Characteristics

Training dataset Validation dataset

Regional nodes status
Total

Regional nodes status
Total

Negative Positive Negative Positive

Histology, n (%)

Infiltrating duct carcinoma 96,524 (74.43) 33,155 (25.57) 129,679 (100.00) 32,340 (74.64) 10,989 (25.36) 43,329 (100.00)

Lobular carcinoma 11,987 (70.64) 4,983 (29.36) 16,970 (100.00) 3,905 (69.23) 1,736 (30.77) 5,641 (100.00)

Mucinous adenocarcinoma 3,382 (93.27) 244 (6.73) 3,626 (100.00) 1,055 (92.79) 82 (7.21) 1,137 (100.00)

Others 17,971 (74.04) 6,302 (25.96) 24,273 (100.00) 6,054 (74.97) 2,021 (25.03) 8,075 (100.00)

Breast subtype, n (%)

HR+/HER2− 96,554 (74.80) 32,527 (25.20) 129,081 (100.00) 32,179 (74.89) 10,792 (25.11) 42,971 (100.00)

HR−/HER2− 11,862 (75.53) 3,844 (24.47) 15,706 (100.00) 4,009 (75.36) 1,311 (24.64) 5,320 (100.00)

HR+/HER2+ 10,144 (69.03) 4,552 (30.97) 14,696 (100.00) 3,392 (69.57) 1,484 (30.43) 4,876 (100.00)

HR−/HER2+ 3,848 (68.53) 1,767 (31.47) 5,615 (100.00) 1,311 (69.77) 568 (30.23) 1,879 (100.00)

Unknown 7,456 (78.90) 1,994 (21.10) 9,450 (100.00) 2,463 (78.54) 673 (21.46) 3,136 (100.00)

Grade, n (%)

Grade I 36,795 (84.81) 6,590 (15.19) 43,385 (100.00) 12,366 (84.91) 2,197 (15.09) 14,563 (100.00)

Grade II 56,854 (73.16) 20,857 (26.84) 77,711 (100.00) 18,707 (73.21) 6,845 (26.79) 25,552 (100.00)

Grade III 31,518 (66.12) 16,152 (33.88) 47,670 (100.00) 10,687 (66.35) 5,421 (33.65) 16,108 (100.00)

Grade IV 329 (72.63) 124 (27.37) 453 (100.00) 94 (69.12) 42 (30.88) 136 (100.00)

Unknown 4,368 (81.97) 961 (18.03) 5,329 (100.00) 1,500 (82.28) 323 (17.72) 1,823 (100.00)

Derived AJCC T, 7th, n (%)

T1mic 3,561 (95.37) 173 (4.63) 3,734 (100.00) 1,169 (95.27) 58 (4.73) 1,227 (100.00)

T1a 13,466 (94.76) 745 (5.24) 14,211 (100.00) 4,448 (94.18) 275 (5.82) 4,723 (100.00)

T1b 31,385 (90.30) 3,373 (9.70) 34,758 (100.00) 10,500 (90.38) 1,118 (9.62) 11,618 (100.00)

T1c 51,423 (77.22) 15,168 (22.78) 66,591 (100.00) 17,198 (77.76) 4,918 (22.24) 22,116 (100.00)

T2 27,395 (56.66) 20,956 (43.34) 48,351 (100.00) 9,144 (56.44) 7,056 (43.56) 16,200 (100.00)

T3 2,389 (36.16) 4,217 (63.84) 6,606 (100.00) 819 (37.06) 1,391 (62.94) 2,210 (100.00)

Unknown 245 (82.49) 52 (17.51) 297 (100.00) 76 (86.36) 12 (13.64) 88 (100.00)

+, positive; −, negative. HR, hormone receptor; HER2, human epidermal growth factor receptor 2; AJCC T, the T staging of Cancer Staging 
Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.

this nomogram, we also employed the following objective 
evaluation methods to analyze the sensitivity, specificity, 
and accuracy of the model. The calibration curves with 
similar area under the curve (AUC) values demonstrate 
the good predictabi l i ty  of  our nomogram model  
(Figure 4A,4B ) .  DCA suggests  that the threshold 

probability of 0–0.6 is the most favorable predictive factor 
for lymph node metastasis (Figure 4C,4D). The calibration 
curve with a concordance index (C-index) of 0.749 (95% 
CI: 0.747–0.752) indicates a strong consistency between 
the observed values and the predicted probabilities  
(Figure 4E,4F).
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Figure 3 Seven independent factors, including age, race, primary site, histology, breast subtype, grade, derived AJCC T, 7th were included 
in the nomogram. HR, hormone receptor; HER2, human epidermal growth factor receptor 2; AJCC T, the T staging of Cancer Staging 
Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.

Discussion

The topic of lymph node metastasis in BC has been 
extensively researched in the past. Previous studies by 
Van Zee et al. constructed a nomogram for predicting the 
likelihood of additional nodal metastases in BC patients 
with a positive sentinel node biopsy, but it had limitations as 
it only focused on preoperative biopsy-positive patients (10). 
Bevilacqua et al. included 3,786 cases of invasive BC between 
1996 and 2002, who did not receive NAT, to develop 
an effective nomogram for predicting the probability of 
positive sentinel lymph nodes. However, the included 
clinical features in the nomogram were not sufficiently 
detailed, for example, the location was categorized only as 
upper-inner quadrant and other. Additionally, the predictive 
factors of the nomogram did not include molecular 
subtypes, which resulted in a lack of precision (2). Li  
et al. constructed a nomogram for lymph node metastasis 
in T1–2 and non-metastatic (M0) BC patients using the 
SEER database, but their model did not exclude patients 
with multiple tumors or those who did not undergo 
lymph node dissection (11). Gao et al. (8) developed 
nomogram models for stratified prediction of axillary 

lymph node metastasis in cN0 BC patients using SEER 
data from 2010 to 2015. However, it’s important to note 
an anomaly in the SEER database during the years 2010 
to 2015—it lacks the capability to selectively identify 
cN0 BC patients. The only columns where cN0 stage 
patients can be reliably identified are “Derived SEER 
Combined N [2016–2017]” and “Derived SEER Combined 
N Src [2016–2017]”. In contrast, other columns can 
solely screen BC patients who have been clinically or 
pathologically determined as N0 stage. Consequently, 
the screening method provided in this study lacks the 
necessary specificity, which may impact the accuracy of 
the results. In our study, we specifically excluded patients 
who received NAT or radiation therapy before surgery 
and excluded patients with M1, T0, Tis, and T4 stages 
to accurately study the impact of independent factors on 
lymph node metastasis in female BC. Since traditional level 
I and II axillary lymph node dissection (ALND) requires 
at least 10 lymph nodes for pathological evaluation (12),  
we performed statistical analysis on the number of lymph 
node biopsies greater than 5, greater than 10, and greater 
than 12 before establishing the model (Figure 5). We found 
that the lymph node positivity rate in the downloaded 
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Figure 4 Nomogram of lymph node metastasis risk prediction in BC patients who did not receive any treatment before surgery. (A) The 
ROC curve of training set. (B) The ROC curve of validation data. (C) The DCA curve of training set. (D) The DCA curve of validation 
data. (E) The calibration curve of training cohort. (F) The calibration curve of validation data. ROC, receiver operating characteristic; AUC, 
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Figure 5 Statistical description of LN status at regional nodes examined >5, >10, and >12. LN, lymph node; AJCC T, the T staging of 
Cancer Staging Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.

data was higher than our expectations, so we reviewed the 
literature on lymph node positivity rates in different T 
stages in the past. In previous literature surveys, Iwasaki 
et al. conducted a retrospective study on 823 T1N0M0 
invasive BC patients, with a lymph node metastasis rate 
of 25% (208/823) for T1N0M0 invasive BC (13). Tan  
et al. conducted a retrospective study on 380 early-stage BC 
patients, with lymph node positivity rates of 4.3% for T1a, 
18.9% for T1b, and 27.6% for T1c (14).

In our analysis, we found that the lymph node positivity 
rates in T1mic BC patients who underwent lymph node 
dissection were significantly higher than those reported in 
previous literature. The positivity rate was 20.56% for more 
than five lymph nodes, 41.71% for more than 10 lymph 
nodes, and as high as 50.00% for more than 12 lymph 
nodes. This discrepancy suggests that there may be some 
bias in the data entry process. One possible explanation is 
that many patients who undergo lymph node dissection 
are suspected of having lymph node positivity, prompting 
physicians to consciously perform the procedure. Based on 
previous clinical experience data, we excluded patients who 
did not undergo lymph node dissection and established a 

more reasonable predictive model.
Our study is the first to utilize the SEER database 

to construct a nomogram for lymph node metastasis in 
BC patients who have not received any treatment. The 
nomogram was well validated. With the risk prediction 
model we established, we can promptly and scientifically 
assess and provide personalized treatment for high-
risk patients, which has significant implications for their 
treatment outcomes.

In our present study, we initially conducted comparisons 
among various subgroups based on clinical and pathological 
characteristics through univariate and multivariate 
regression analyses. Following PSM, we noted that there 
were no substantial alterations in the distinctions between 
these subgroups when compared to the reference group. 
This implies that there is no significant interaction among 
the various clinical-pathological characteristics, and some 
hints regarding the relationships between individual 
subgroups can be gleaned from the results of univariate, 
multivariate, and PSM analyses. Therefore, it is not 
difficult to conclude that the risk factors for regional lymph 
node metastasis include young age (<45 years old), black 
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ethnicity, involvement of the central portion and nipple, 
infiltrating duct carcinoma, HER2 positivity, grade III, 
and large tumor size. On the other hand, Asian or Pacific 
Islander ethnicity, upper-inner and lower-inner quadrants, 
mucinous adenocarcinoma, triple-negative subtype, low 
grade, and small tumor size is considered protective factors 
against lymph node metastasis.

BC accounts for a relatively small proportion in young 
women (Figure 2), approximately 9.4%. However, the 
positive lymph node ratio (PLNR) is highest among young 
women and tends to decrease with increasing age. The 
definition of young women varies among articles (15-17), 
therefore, this study used the range of perimenopausal 
women (45–55 years) as the dividing line (18), classifying 
women into young, perimenopausal, and elderly groups to 
investigate the impact of age on lymph node metastasis. It 
has been reported that young women are associated with 
poor prognosis in BC (19). Some retrospective studies also 
suggest a higher risk of recurrence after breast-conserving 
surgery in young women compared to older women (16,20). 
Patients younger than 40 years old more commonly exhibit 
lymphocytic stromal reaction, histologic grade 3, and 
extensive ductal carcinoma in situ (DCIS) (21), which is 
consistent with the findings of this data analysis, indicating 
that young women with BC have more aggressive biological 
behavior compared to older women.

Among the racial categories, Black women are more 
likely to experience lymph node metastasis. Even after 
adjusting for independent factors such as age, tumor 
location, histology, BC subtype, grade, and T stage (Table 1), 
Black women still show a statistically significant difference 
in lymph node positivity compared to White women, with 
an OR of 1.09 times higher for Black women (95% CI: 
1.049–1.133, P<0.001). This conclusion has been widely 
validated in previous studies (7,22,23).

Regarding the primary tumor location, we found that 
the highest risk of lymph node metastasis is in the central 
portion and nipple, followed by the outer-upper and outer-
lower quadrants (Table 1). There were no statistically 
significant differences in lymph node metastasis risk 
between the outer-upper and outer-lower quadrants in both 
univariate and multivariate logistic regression analyses and 
PSM, which aligns with previous research (24).

In terms of molecular subtypes, our analysis through 
multivariate regression analysis, PSM, and column line 
chart analysis all showed no significant difference in lymph 
node metastasis risk among HR+/HER2−, HR+/HER2+, and 
HR−/HER2+ subtypes (P=0.089; P=0.066). Interestingly, 

the lymph node metastasis rate of TNBC is lower than that 
of hormone receptor-positive, HER2− patients. Although 
this observation may seem counterintuitive. It has also 
been reflected in previous studies. In a retrospective study 
by Si et al., luminal HER2+ was associated with the highest 
lymph node positivity (49.0%), followed by luminal HER2− 
(46.8%), HER2+ (44.4%), luminal A (36.5%), and TNBC 
(34.7%). The occurrence of LN metastases was lowest in 
the TNBC subtype (25).

It is possible that the HR+/HER2− subtype of BC tumors 
may have a higher proportion of luminal B subtype. In a 
retrospective study by Xiong et al., the LNM rates were 
72.0% for luminal B HER2+, 51.9% for luminal B, 50.0% for 
TNBC, and 37.4% for luminal A, with statistically significant 
differences observed (26). Similarly, in a retrospective study 
by Cheng et al. investigating the relationship between 
molecular subtypes and clinicopathological features 
of BC in Chinese women, the basal-like subtype had a 
significantly lower risk of lymph node metastasis compared 
to luminal A, luminal B, and HER2+ subtypes (27). Min  
et al. also conducted a retrospective analysis of clinical and 
pathological features of 16,552 patients who underwent 
breast surgery at Samsung Medical Center from 2000 to 
2015. The results showed a higher incidence of lymph 
node metastasis in the luminal subtype compared to HER2 
and TNBC, with the lowest lymph node metastasis rate 
observed in the TNBC subtype (28). These clinical studies 
have reported a lower lymph node metastasis risk in TNBC.

In fact, it is well recognized that TNBC is prone to 
recurrence and distant metastasis, resulting in a relatively 
poorer prognosis compared with other BC subtypes (29). It 
is widely accepted in the field that lymph node metastasis 
is a precursor event to distant metastasis. Based on this 
premise, most researchers have traditionally believed that 
TNBC has a higher likelihood of lymph node involvement. 
The conclusion drawn from our statistical analysis seems 
contradictory to previous experience. However, we believe 
that although TNBC has the lowest risk of lymph node 
metastasis, this does not exclude its “aggressiveness”. Under 
the same treatment, TNBC has a worse prognosis (29), 
and it is often more likely to develop visceral metastases, 
including lung, liver, and brain metastases (30). Indeed, 
there is a substantial body of research that supports the 
notion that BC can progress to distant metastasis without 
necessarily involving axillary lymph node metastasis as an 
intermediate step (31). This study suggests that the rate of 
axillary lymph node metastasis in TNBC is relatively lower. 
However, it is important to note that this result should 
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not be construed as evidence for a better prognosis among 
TNBC patients.

In the analysis of T-stage and lymph node positivity, it 
is easy to observe that the risk of lymph node metastasis 
increases with tumor size, as also demonstrated in the study 
by Wu et al. (32). However, there are clinical examples 
of small primary tumors with extensive lymph node  
metastasis (33) or distant metastasis (34), indicating 
that a small primary tumor does not always indicate a 
better prognosis. Although lymph node metastasis is not 
as immediately life-threatening as lung, liver, or brain 
metastasis, it still requires our attention. In our analysis, 
we observed that the incidence of lymph node metastasis 
in T1c stage BC patients was 22.64%, while it increased 
to 43.4% in T2 stage patients. Our nomogram further 
indicates that T1c stage BC receives a higher score, 
approximately 50 points, compared to the highest scores 
observed in other subgroups. This suggests that patients 
in T1c and T2 stages, particularly those facing delayed 
surgery, may consider NAT as a potential strategy to reduce 
the risk of lymph node metastasis. However, it’s important 
to note that the decision for adjuvant therapy should be 
based on additional clinical research findings to ensure its 
appropriateness.

There are several limitations of our study. The 
database does not include additional information such 
as imaging features, Ki-67, vascular embolism, vascular 
invasion, nerve invasion, etc. (35,36). Including these 
biomarkers would enhance the accuracy of the developed 
model. Additionally, The SEER database lacks detailed 
information on NAT regimens, and this study did not 
provide a detailed comparison. Further clinical research is 
needed to validate the efficacy of different NAT regimens 
for different tumor types.

Conclusions

This retrospective study revealed the lymph node 
positivity status of female BC patients with distinct 
clinicopathological characteristics who did not receive 
any treatment preoperatively. Valuable nomograms were 
constructed based on these patient populations. The study 
results demonstrate strong reliability through various 
calibration and discrimination statistical methods, making 
them potential tools for guiding clinical diagnosis and 
individualized treatment.

Risk factors for regional lymph node metastasis include 
young age (<35 years), Black race, central portion & nipple 

involvement, infiltrating duct carcinoma, HER2 positivity, 
grade III, and large tumor size.

Although TNBC has the lowest risk of lymph node 
metastasis, this does not exclude the “aggressiveness” of 
TNBC, as it still has a poorer prognosis under the same 
treatment.

Patients in T1c and T2 stages, particularly those 
with delayed surgery, may consider NAT to mitigate the 
potential threat of lymph node metastasis.
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Table S1 SMD of age

Characteristics
Level

SMD
Negative Positive

N 56,500 56,500

Race, n (%) 0.01

White 44,527 (78.81) 44,734 (79.18)

Black 6,221 (11.01) 6,068 (10.74)

Asian or Pacific Islander 5,107 (9.04) 5,041 (8.92)

Others 645 (1.14) 657 (1.16)

Primary site, n (%) 0.023

Upper-outer quadrant 20,365 (36.04) 20,249 (35.84)

Upper-inner quadrant 5,101 (9.03) 5,087 (9.00)

Lower-outer quadrant 4,358 (7.71) 4,661 (8.25)

Lower-inner quadrant 2,791 (4.94) 2,693 (4.77)

Central portion & nipple 3,293 (5.83) 3,403 (6.02)

Others 20,592 (36.45) 20,407 (36.12)

Histology, n (%) 0.009

Infiltrating duct carcinoma 42,409 (75.06) 42,215 (74.72)

Lobular carcinoma 5,965 (10.56) 6,093 (10.78)

Mucinous adenocarcinoma 331 (0.59) 326 (0.58)

Others 7,795 (13.80) 7,866 (13.92)

Breast subtype, n (%)

HR+/HER2− 40,689 (72.02) 41,128 (72.79) 0.019

HR−/HER2− 5,126 (9.07) 5,041 (8.92)

HR+/HER2+ 5,736 (10.15) 5,630 (9.96)

HR−/HER2+ 2,255 (3.99) 2,141 (3.79)

Others 2,694 (4.77) 2,560 (4.53)

Grade, n (%) 0.021

Grade I 8,505 (15.05) 8,722 (15.44)

Grade II 26,189 (46.35) 26,383 (46.70)

Grade III 20,277 (35.89) 20,006 (35.41)

Grade IV 169 (0.30) 153 (0.27)

Unknown 1,360 (2.41) 1,236 (2.19)

AJCC T, n (%) 0.009

T1mic 230 (0.41) 231 (0.41)

T1a 1,027 (1.82) 1,020 (1.81)

T1b 4,488 (7.94) 4,491 (7.95)

T1c 20,015 (35.42) 20,086 (35.55)

T2 27,558 (48.78) 27,453 (48.59)

T3 3,103 (5.49) 3,155 (5.58)

Unknown 79 (0.14) 64 (0.11)

+, positive; −, negative. SMD, standardized mean difference; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; 
AJCC T, the T staging of Cancer Staging Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.
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Table S2 SMD of race

Characteristics
Level

SMD
Negative Positive

N 56,080 56,080

Age (years), n (%) 0.007

20–44 6,736 (12.01) 6,864 (12.24)

45–55 14,680 (26.18) 14,659 (26.14)

56+ 34,664 (61.81) 34,557 (61.62)

Primary site, n (%) 0.012

Upper-outer quadrant 20,275 (36.15) 20,126 (35.89)

Upper-inner quadrant 5,055 (9.01) 5,075 (9.05)

Lower-outer quadrant 4,693 (8.37) 4,616 (8.23)

Lower-inner quadrant 2,743 (4.89) 2,685 (4.79)

Central portion & nipple 3,362 (6.00) 3,333 (5.94)

Others 19,952 (35.58) 20,245 (36.10)

Histology, n (%) 0.008

Infiltrating duct carcinoma 42,044 (74.97) 41,884 (74.69)

Lobular carcinoma 5,954 (10.62) 6,062 (10.81)

Mucinous adenocarcinoma 314 (0.56) 326 (0.58)

Others 7,768 (13.85) 7,808 (13.92)

Breast subtype, n (%) 0.017

HR+/HER2− 40,529 (72.27) 40,831 (72.81)

HR−/HER2− 5,236 (9.34) 5,020 (8.95)

HR+/HER2+ 5,530 (9.86) 5,555 (9.91)

HR−/HER2+ 2,235 (3.99) 2,125 (3.79)

Others 2,550 (4.55) 2,549 (4.55)

Grade, n (%) 0.013

Grade I 8,757 (15.62) 8,683 (15.48)

Grade II 25,818 (46.04) 26,182 (46.69)

Grade III 20,082 (35.81) 19,824 (35.35)

Grade IV 152 (0.27) 155 (0.28)

Unknown 1,271 (2.27) 1,236 (2.20)

AJCC T, 7th, n (%) 0.01

T1mic 256 (0.46) 231 (0.41)

T1a 992 (1.77) 1,020 (1.82)

T1b 4,398 (7.84) 4,491 (8.01)

T1c 20,161 (35.95) 20,086 (35.82)

T2 27,121 (48.36) 27,118 (48.36)

T3 3,087 (5.50) 3,070 (5.47)

Unknown 65 (0.12) 64 (0.11)

+, positive; −, negative. SMD, standardized mean difference; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; 
AJCC T, the T staging of Cancer Staging Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.
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Table S3 SMD of primary site

Characteristics
Level

SMD
Negative Positive

N 56,582 56,582

Age (years), n (%) 0.011

20–44 6,818 (12.05) 7,009 (12.39)

45–55 15,023 (26.55) 14,852 (26.25)

56+ 34,741 (61.40) 34,721 (61.36)

Race, n (%) 0.013

White 44,641 (78.90) 44,789 (79.16)

Black 6,331 (11.19) 6,113 (10.80)

Asian or Pacific Islander 4,942 (8.73) 5,028 (8.89)

Others 668 (1.18) 652 (1.15)

Histology, n (%) 0.011

Infiltrating duct carcinoma 42,387 (74.91) 42,274 (74.71)

Lobular carcinoma 5,932 (10.48) 6,115 (10.81)

Mucinous adenocarcinoma 325 (0.57) 326 (0.58)

Others 7,938 (14.03) 7,867 (13.90)

Breast subtype, n (%) 0.011

HR+/HER2− 41,046 (72.54) 41,167 (72.76)

HR−/HER2− 5,105 (9.02) 5,068 (8.96)

HR+/HER2+ 5,610 (9.91) 5,634 (9.96)

HR−/HER2+ 2,263 (4.00) 2,148 (3.80)

Others 2,558 (4.52) 2,565 (4.53)

Grade, n (%) 0.013

Grade I 8,747 (15.46) 8,723 (15.42)

Grade II 26,046 (46.03) 26,363 (46.59)

Grade III 20,339 (35.95) 20,099 (35.52)

Grade IV 155 (0.27) 156 (0.28)

Unknown 1,295 (2.29) 1,241 (2.19)

AJCC T, 7th, n (%) 0.01

T1mic 211 (0.37) 231 (0.41)

T1a 1,038 (1.83) 1,020 (1.80)

T1b 4,433 (7.83) 4,491 (7.94)

T1c 20,165 (35.64) 20,086 (35.50)

T2 27,554 (48.70) 27,486 (48.58)

T3 3,121 (5.52) 3,204 (5.66)

Unknown 60 (0.11) 64 (0.11)

+, positive; −, negative. SMD, standardized mean difference; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; 
AJCC T, the T staging of Cancer Staging Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.
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Table S4 SMD of histology

Characteristics
Level

SMD
Negative Positive

N 56,134 56,134

Age (years), n (%) 0.018

20–44 6,574 (11.71) 6,871 (12.24)

45–55 14,936 (26.61) 14,669 (26.13)

56+ 34,624 (61.68) 34,594 (61.63)

Race, n (%) 0.016

White 44,215 (78.77) 44,509 (79.29)

Black 6,220 (11.08) 5,966 (10.63)

Asian or Pacific Islander 5,066 (9.02) 5,006 (8.92)

Others 633 (1.13) 653 (1.16)

Primary site, n (%) 0.006

Upper-outer quadrant 20,048 (35.71) 20,100 (35.81)

Upper-inner quadrant 5,035 (8.97) 5,077 (9.04)

Lower-outer quadrant 4,689 (8.35) 4,618 (8.23)

Lower-inner quadrant 2,711 (4.83) 2,680 (4.77)

Central portion & nipple 3,429 (6.11) 3,400 (6.06)

Others 20,222 (36.02) 20,259 (36.09)

Breast subtype, n (%) 0.011

HR+/HER2− 40,834 (72.74) 40,867 (72.80)

HR−/HER2− 5,090 (9.07) 5,042 (8.98)

HR+/HER2+ 5,596 (9.97) 5,552 (9.89)

HR−/HER2+ 2,023 (3.60) 2,128 (3.79)

Unknown 2,591 (4.62) 2,545 (4.53)

Grade, n (%) 0.012

Grade I 8,786 (15.65) 8,718 (15.53)

Grade II 25,916 (46.17) 26,221 (46.71)

Grade III 20,018 (35.66) 19,797 (35.27)

Grade IV 145 (0.26) 156 (0.28)

Unknown 1,269 (2.26) 1,242 (2.21)

AJCC T, 7th, n (%) 0.006

T1mic 220 (0.39) 231 (0.41)

T1a 1,004 (1.79) 1,020 (1.82)

T1b 4,492 (8.00) 4,491 (8.00)

T1c 20,073 (35.76) 20,086 (35.78)

T2 27,124 (48.32) 27,047 (48.18)

T3 3,152 (5.62) 3,195 (5.69)

Unknown 69 (0.12) 64 (0.11)

+, positive; −, negative. SMD, standardized mean difference; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; 
AJCC T, the T staging of Cancer Staging Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.
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Table S5 SMD of breast subtype

Characteristics
Level

SMD
Negative Positive

N 56,748 56,748

Age (years), n (%) 0.011

20–44 6,935 (12.22) 7,129 (12.56)

45–55 15,110 (26.63) 14,950 (26.34)

56+ 34,703 (61.15) 34,669 (61.09)

Race, n (%) 0.012

White 44,750 (78.86) 44,857 (79.05)

Black 6,386 (11.25) 6,196 (10.92)

Asian or Pacific Islander 4,977 (8.77) 5,036 (8.87)

Others 635 (1.12) 659 (1.16)

Primary site, n (%) 0.018

Upper-outer quadrant 20,529 (36.18) 20,348 (35.86)

Upper-inner quadrant 5,152 (9.08) 5,083 (8.96)

Lower-outer quadrant 4,654 (8.20) 4,679 (8.25)

Lower-inner quadrant 2,854 (5.03) 2,701 (4.76)

Central portion & nipple 3,427 (6.04) 3,417 (6.02)

Others 20,132 (35.48) 20,520 (36.16)

Histology, n (%) 0.006

Infiltrating duct carcinoma 42,418 (74.75) 42,460 (74.82)

Lobular carcinoma 6,106 (10.76) 6,093 (10.74)

Mucinous adenocarcinoma 304 (0.54) 326 (0.57)

Others 7,920 (13.96) 7,869 (13.87)

Grade, n (%) 0.011

Grade I 8,750 (15.42) 8,686 (15.31)

Grade II 26,112 (46.01) 26,400 (46.52)

Grade III 20,468 (36.07) 20,255 (35.69)

Grade IV 151 (0.27) 157 (0.28)

Unknown 1,267 (2.23) 1,250 (2.20)

AJCC T, 7th, n (%) 0.011

T1mic 225 (0.40) 231 (0.41)

T1a 1,034 (1.82) 1,020 (1.80)

T1b 4,342 (7.65) 4,491 (7.91)

T1c 20,220 (35.63) 20,086 (35.40)

T2 27,770 (48.94) 27,705 (48.82)

T3 3,094 (5.45) 3,151 (5.55)

Unknown 63 (0.11) 64 (0.11)

SMD, standardized mean difference; AJCC T, the T staging of Cancer Staging Manual of the American Joint Committee on Cancer; mic, 
microinvasive carcinoma.
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Table S6 SMD of grade

Characteristics
Level

SMD
Negative Positive

N 56,265 56,265

Age (years), n (%) 0.008

20–44 6,768 (12.03) 6,862 (12.20)

45–55 14,925 (26.53) 14,745 (26.21)

56+ 34,572 (61.44) 34,658 (61.60)

Race, n (%) 0.018

White 44,404 (78.92) 44,621 (79.31)

Black 6,255 (11.12) 5,965 (10.60)

Asian or Pacific Islander 4,992 (8.87) 5,026 (8.93)

Others 614 (1.09) 653 (1.16)

Primary site, n (%) 0.014

Upper-outer quadrant 20,076 (35.68) 20,198 (35.90)

Upper-inner quadrant 4,916 (8.74) 5,082 (9.03)

Lower-outer quadrant 4,709 (8.37) 4,618 (8.21)

Lower-inner quadrant 2,753 (4.89) 2,686 (4.77)

Central portion & nipple 3,418 (6.07) 3,382 (6.01)

Others 20,393 (36.24) 20,299 (36.08)

Histology, n (%) 0.008

Infiltrating duct carcinoma 42,163 (74.94) 41,979 (74.61)

Lobular carcinoma 5,999 (10.66) 6,089 (10.82)

Mucinous adenocarcinoma 334 (0.59) 326 (0.58)

Others 7,769 (13.81) 7,871 (13.99)

Breast subtype, n (%) 0.023

HR+/HER2− 40,680 (72.30) 41,003 (72.87)

HR−/HER2− 5,335 (9.48) 5,019 (8.92)

HR+/HER2+ 5,563 (9.89) 5,575 (9.91)

HR−/HER2+ 2,226 (3.96) 2,116 (3.76)

Unknown 2,461 (4.37) 2,552 (4.54)

AJCC T, 7th, n (%) 0.011

T1mic 223 (0.40) 231 (0.41)

T1a 1,035 (1.84) 1,020 (1.81)

T1b 4,473 (7.95) 4,491 (7.98)

T1c 20,059 (35.65) 20,086 (35.70)

T2 27,320 (48.56) 27,151 (48.26)

T3 3,093 (5.50) 3,222 (5.73)

Unknown 62 (0.11) 64 (0.11)

+, positive. −, negative. SMD, standardized mean difference; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; 
AJCC T, the T staging of Cancer Staging Manual of the American Joint Committee on Cancer; mic, microinvasive carcinoma.
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Table S7 SMD of derived AJCC T, 7th

Characteristics
Level

SMD
Negative Positive

N 59,485 59,485

Age (years), n (%) 0.011

20–44 7,584 (12.75) 7,674 (12.90)

45–55 16,223 (27.27) 15,926 (26.77)

56+ 35,678 (59.98) 35,885 (60.33)

Race, n (%) 0.013

White 46,908 (78.86) 47,051 (79.10)

Black 6,839 (11.50) 6,631 (11.15)

Asian or Pacific Islander 5,103 (8.58) 5,126 (8.62)

Others 635 (1.07) 677 (1.14)

Primary site, n (%) 0.006

Upper-outer quadrant 21,330 (35.86) 21,205 (35.65)

Upper-inner quadrant 5,064 (8.51) 5,108 (8.59)

Lower-outer quadrant 4,837 (8.13) 4,813 (8.09)

Lower-inner quadrant 2,732 (4.59) 2,720 (4.57)

Central portion & nipple 3,828 (6.44) 3,891 (6.54)

Others 21,694 (36.47) 21,748 (36.56)

Histology, n (%) 0.011

Infiltrating duct carcinoma 43,985 (73.94) 44,137 (74.20)

Lobular carcinoma 6,661 (11.20) 6,707 (11.28)

Mucinous adenocarcinoma 313 (0.53) 326 (0.55)

Others 8,526 (14.33) 8,315 (13.98)

Breast subtype, n (%) 0.015

HR+/HER2− 43,040 (72.35) 43,298 (72.79)

HR−/HER2− 5,344 (8.98) 5,155 (8.67)

HR+/HER2+ 5,954 (10.01) 6,031 (10.14)

HR−/HER2+ 2,428 (4.08) 2,334 (3.92)

Unknown 2,719 (4.57) 2,667 (4.48)

Grade, n (%) 0.006

Grade I 8,761 (14.73) 8,787 (14.77)

Grade II 27,632 (46.45) 27,700 (46.57)

Grade III 21,622 (36.35) 21,548 (36.22)

Grade IV 153 (0.26) 166 (0.28)

Unknown 1,317 (2.21) 1,284 (2.16)

+, positive; −, negative. SMD, standardized mean difference; AJCC T, the T staging of Cancer Staging Manual of the American Joint 
Committee on Cancer; HR, hormone receptor; HER2, human epidermal growth factor receptor 2.


