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To prevent the overaggressive treatment of axillary lymph nodes (ALNs) in breast cancer, it is 
necessary to develop a convenient analysis method that accurately and comprehensively reflects 
whether ALNs are metastatic or nonmetastatic. We retrospectively analyzed data from patients 
who underwent surgery for breast cancer at the Weifang Hospital of Traditional Chinese Medicine 
between January 2019 and June 2023. Binary logistic regression analysis was used to predict the 
metastasis status of ALNs. The developmental data set included 531 patients (January 2019–June 
2023). The validation set included separate data points (n = 178, January 2019–June 2023). Multivariate 
analysis revealed that positive findings on breast physical examination, ultrasound grades of ALNs, 
lymphovascular invasion, and Her-2 status had significant predictive value for metastatic ALNs. Based 
on these findings, a 5-grade risk scoring system and 3-level management recommendations were 
developed. The risk of metastasis ranged from 11.25 to 93.46%, which was positively correlated with 
an increase in risk grade. The areas under the curve of the development and validation sets were 0.895 
and 0.865, respectively. Ultimately, a convenient, accurate and comprehensive web-based predictive 
model was constructed using various breast cancer clinical, imaging and pathological criteria to stratify 
ALNs according to the metastasis probability.
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LIQ	� Lower inner quadrant
LVI	� Lymphovascular invasion
MQ	� Multiple quadrant
MSKCC	� Memorial Sloan-Catelyn Cancer Center
NLR	� Neutrophil to lymphocyte ratio
PR	� Progesterone receptor
PLR	� Platelet lymphocyte ratio
ROC	� Receiver-operating characteristic
SLNB	� Sentinel lymph node biopsy
SLNs	� Sentinel lymph nodes
UOQ	� Upper outer quadrant
UIQ	� Upper inner quadran

Breast cancer is a common malignant tumor that poses a significant threat to human health1. As the first station 
of breast lymphatic drainage, the axillary lymph node (ALN) plays a crucial role in breast cancer. Precise 
assessment and management of ALNs are of utmost importance for regional disease control, accurate staging 
of breast cancer, individualized treatment decision-making, and reliable prognosis evaluation1,2. Currently, 
sentinel lymph node biopsy (SLNB) and axillary lymph node dissection (ALND) are clinically recognized as 
the gold standard procedures for assessing the pathological status of ALNs (pNx) in early-stage breast cancer2,3. 
However, both of these methods are invasive, and complications associated with axillary surgery, such as 
upper limb lymphedema, shoulder and back pain, arm numbness, and reduced arm strength, are inevitable, 
significantly impacting patients’ postoperative quality of life4,5. In recent years, the results of several rigorously 
designed prospective clinical trials, including the SOUND (NCT02167490), BOOG-2013-08 (NCT02271828), 
INSEMA (NCT02466737), and SOAPET (NCT04072653) trials, have been published. These trials investigated 
the feasibility of de-escalation surgical approaches for managing ALNs. Additionally, the KEYNOTE-522 study 
explored the efficacy and safety of novel neoadjuvant treatment regimens for patients with early-stage triple-
negative breast cancer, with all reporting positive efficacy data6–10. In this context, current clinical practice 
demands a more rigorous and scientific approach for the preoperative assessment of ALN status in breast cancer 
patients, to enable the development of more personalized and precise treatment plans.

Currently, the most commonly used non-invasive methods for clinically assessing the status of of ALN include 
physical examination and ultrasonography. Compared to traditional physical examination, ultrasonography, 
with its high-resolution imaging technology, offers a more detailed visualization of the morphological 
characteristics of ALNs, such as size, shape, boundary clarity, and internal echo properties, thereby enhancing 
diagnostic accuracy. However, ultrasonography is limited to providing information on lymph node morphology 
and is subject to operator dependence and subjectivity, which can compromise its accuracy11,12. Although the 
application of ultrasound-guided fine-needle aspiration cytology (FNAC) greatly makes up for the deficiencies 
of ultrasonographic diagnosis, the limited number of specimens obtained by fine-needle aspiration (FNA) may 
not fully reflect the extent of the disease, and the diagnosis is heavily reliant on the experience of the operator and 
pathologist, leading to a high degree of uncertainty13,14. To overcome the limitations of ultrasound diagnosis, 
multiple medical centers have developed a series of prediction models, such as the Memorial Sloan Kettering 
Cancer Center (MSKCC) model and SCH model based on breast tumor pathology features, as well as radiomics 
models based on PET-CT or breast MRI11,15–17. Although these predictive models largely mitigate the issues of 
operator dependence and subjectivity, they are characterized by incomplete coverage of predictive variables, 
high costs, procedural complexity, and limited popularizability, which restrict their clinical application12,18.

In practical clinical work, clinicians often need to comprehensively assess a variety of risk factors associated 
with lymph node metastasis when evaluating the status of ALNs in breast cancer patients. These include physical 
examination results, imaging features of the breast and ALNs (tumor size, tumor laterality, tumor location, diffuse 
distribution, multifocality, cluster calcification, etc.), pathological features of breast tumors (lymphovascular 
invasion (LVI), histologic grade, estrogen receptor (ER), progesterone receptor (PR), human epidermal growth 
factor receptor 2 (Her-2) status, Ki-67 expression, etc.), and nonspecific systemic inflammatory markers 
(neutrophil to lymphocyte ratio (NLR) and platelet lymphocyte ratio (PLR), among others)15,19–22. Unfortunately, 
at present, we still lack a pragmatic and convenient model to comprehensively represent the overall significant 
features of ALNs. In view of this, this study intends to develop and verify such a web-based prediction model, 
thereby achieving hierarchical management of ALNs in breast cancer, fulfilling the purpose of precision medical 
treatment, and improving the patient’s quality of life.

Materials and methods
This retrospective study was carried out in line with the moral standards stipulated in the Helsinki Declaration 
and the International Ethics Guide for Human Biomedical Research issued by the International Committee 
of Medical Scientific organizations. It was approved by the Medical Ethics Committee of Weifang Hospital of 
Traditional Chinese Medicine. The data collected in this study were all tested by Weifang Hospital of Traditional 
Chinese Medicine.

Study population
Clinical data (sex, age, menstrual state, findings on breast physical examination, ultrasound grades of ALNs, 
tumor imaging size, tumor laterality, tumor location, diffuse distribution, multifocality, cluster calcification, 
histologic grade, ER, PR, Her-2 state, Ki-67, LVI, neutrophil count, lymphocyte count and platelet count) from 
1022 patients with breast cancer treated in our hospital from January 2019 to June 2023 were collected. After 
excluding patients who did not meet the criteria for admission, 710 patients were ultimately enrolled.
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The inclusion criteria were as follows: 1) Invasive breast cancer confirmed pathologically; 2) ALND or SLNB 
surgery having been performed; 3) Availability of histopathology and immunohistochemistry results for the 
surgical specimen; 4) Assessment of ALN status and breast masses by ultrasound and mammography within 
one week prior to biopsy; and 5) Completion of routine blood tests at our hospital with results available before 
biopsy.

The exclusion criteria were as follows: 1) Incomplete medical records; 2) patients who had undergone 
neoadjuvant therapy; 3) patients with bilateral or recurrent breast cancer; 4) patients undergoing palliative 
surgery; 5) patients with other types of malignant tumors; 6) patients with acute or chronic infections and 
hematological diseases; 7) patients with a history of axillary surgery; and 8) patients who were taking antibiotics, 
immunosuppressants, or hormone drugs before routine blood tests.

Breast physical exam
All patients underwent a breast physical examination before the relevant auxiliary examination, and the positive 
breast signs included pathological nipple discharge, asymmetric thickening or nodularity, skin changes (peau 
d’orange, dimple sign, erythema, nipple excoriation, scaling, eczema, rupture), and secondary inverted nipples3.

Calculation of inflammatory indices
Peripheral venous blood was taken from the upper limb on an empty stomach before biopsy and sent to the 
laboratory department of our hospital for determination by an automatic hematology analyzer. The neutrophil 
(N), lymphocyte (L) and platelet (P) counts in the blood results were recorded. NLR = N/L; PLR = P/L23,24.

Ultrasonic evaluation
Two radiologists (with 15 and 10 years of experience in breast ultrasonography, respectively) performed 
ultrasound evaluation of the ALNs status and breast masses before biopsy. The image features of the ALNs status 
and masses were observed, measured and recorded. Tumor size was expressed as the longest diameter (cm) of 
the mass. Tumor laterality was recorded as left breast or right breast. Tumor location was recorded as upper outer 
quadrant, UOQ; lower outer quadrant, LOQ; upper inner quadrant, UIQ; lower inner quadrant, LIQ; central 
quadrant, CQ or multiple quadrant, MQ (the mass crosses two or more quadrants). The diffuse distribution of 
the mass was recorded as Yes or No. The multifocality of the mass was recorded as Yes or No. Multifocality was 
defined as foci of carcinoma separate from the primary tumor or a mass with diffuse distribution; no distinction 
was made between multifocality or multicentricity15.

The ultrasound grade of ALNs was divided into a negative group (including Types 1, 2, 3, and 4) and a 
positive group (including Types 5 and 6) based on cortical morphologic features. The cortical morphologic 
features of each type of lymph node were defined as follows: Type 1, hyperechoic with no visible cortex; Type 2, 
thin (< 3 mm) hypoechoic cortex; Type 3, hypoechoic cortex thicker than 3 mm; Type 4, generalized lobulated 
hypoechoic cortex; Type 5, focal hypoechoic cortical lobulation; and Type 6, totally hypoechoic node with no 
hilum25. When multiple types of lymph nodes were present in the same patient, the one with the highest grade 
was selected for inclusion.

Mammography evaluation
The patients underwent mammography before breast biopsy, and each breast was routinely photographed in 
2 positions, namely, the craniocaudal position and mediolateral oblique position. A double-blind analysis was 
conducted by two radiologists (with 5 and 10 years of experience in mammography, respectively) to analyze the 
mammography features. They reached consensus through consultation when different opinions were expressed. 
In this study, the image features of abnormal calcification in the breast were defined as 1) amorphous calcification 
of segment, line and cluster distribution; 2) rough heterogeneous calcification of single cluster distribution; and 
3) fine pleomorphic calcification26.

Surgery procedure for ALNs
The surgical methods for assessing ALNs include SLNB and ALND. For patients with clinically node-negative 
(cN0) status, ALNs were pathologically assessed using either SLNB alone or a combination of SLNB and ALND. 
For patients with clinically node-positive (cN1 +) status, ALNs were assessed using ALND. The sentinel lymph 
nodes (SLNs) were identified using blue dye and 99 m-Technetium sulfur colloid. In the protocol, an SLN was 
defined as any blue-stained node, any node with a blue-stained lymphatic channel leading directly to it, any 
node with a radioactive count at least 10% of the most radioactive node, or any pathologically palpable node. 
For patients with no more than two positive lymph nodes identified by SLNB, the decision to perform axillary 
dissection or not depended on the type of operation (breast-conserving therapy or mastectomy) and individual 
pathological characteristics 27.

Criteria for evaluating ALNs status
The final status (metastatic or nonmetastatic) of ALNs was postoperatively examined using serial sections with 
hematoxylin & eosin (H&E) staining. Macrometastases (> 2 mm cancer foci) or micrometastases (0.2–2 mm 
cancer foci) of ALNs were considered metastatic. It should be noted that the isolated tumor cells (ITCs, < 0.2 
mm) were considered negative in the final statistical analysis11,17.

Histopathological analysis
Breast specimens were analysed by 2 pathologists with 20 and 15 years of experience in breast disease, 
respectively. The pathological features included LVI status, histologic grade, ER status, PR status, Her-2 status 
and Ki-67 expression. The cutoff value of high expression of ER was based on the positive nuclear staining of 
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over 10% of the tumor cells26. The cutoff value of low expression of ER was based on the proportion of positive 
nuclear staining of tumor cells ≥ 1% and ≤ 10%26. The cutoff value of high expression of PR was based on 
the positive nuclear staining of over 20% of the tumor cells26. The cutoff value of low expression of PR was 
based on the proportion of positive nuclear staining of tumor cells ≥ 1% and ≤ 20%26. The Her-2 status was 
considered positive if the IHC score was 3 + 17. For Her-2 2 + expression, Her-2 status was determined with 
gene amplification by fluorescence in situ hybridization (FISH)11,17. Her-2 copy number > 6.0 or Her-2/CEP17 
(chromosome enumeration probe-17) ratio > 2.0 was defined as Her-2 positive17,28. A Ki-67 proliferative index 
of > 20% was considered high29.

Construction of prediction model
Of the 710 cases, there was only one male patient with breast cancer. This 1 case not only had no statistical 
significance in the total sample size of more than 700 cases, but also led to a decrease in the generalizability of the 
statistical results, so they were removed, and finally only 709 cases were included in the statistical data. Firstly, 
a random variable function was established for 709 cases of data included in the statistics. According to the 
quartile method, data less than 25% of the random number was defined as the validation set, and the remaining 
75% of the data was defined as the development set. Then the stepwise regression method was used to screen 
out the variables with significant prediction efficiency from the development set, and the logical regression 
equation was obtained. The β value of each variable in the equation was the score of each variable, while the 
score of a variable that was not included in the equation was zero. The total score of each sample was calculated 
by summation. Next, the ROC curve was drawn using the verification set data to evaluate the prediction model. 
Finally, the prediction score of each sample was calculated by using the logical regression equation and arranged 
in the order from low to high. According to the order, the scores of all samples were equally divided into 5 
segments, and each segment accounted for about 20%. The average metastatic probability of the sample in this 
segment was taken as the metastatic probability of the samples with this grade30.

Data and statistical analysis
All statistical analyses were carried out using SAS9.4 international standard statistical programming software 
and the value of p < 0.05 was considered to be statistically significant. The enumeration data were described 
by frequency and percentage, the chi-square test was used for inter-group comparison; the median was used to 
describe the measurement data that did not meet the normal distribution, the t-test was used to determine whether 
there was any difference between the prediction results and the reference standard, and the nonparametric rank 
sum test was used for inter-group comparison. Risk factors were analyzed by binary logical regression analysis30.

Nine variables were entered into the MSKCC website (www.mskcc.org/nomograms): tumor type, LVI, tumor 
size, tumor location, age, multifocality, and ER and PR status. Subsequently, the probability of ALN metastasis 
was calculated for each patient. A ROC curve was drawn, and the area under the curve (AUC) was calculated. 
An AUC value between 0.5 and 0.7 indicates that the model has a certain accuracy, between 0.7 and 0.9 indicates 
that it has a good accuracy, and when it is above 0.9 that it has a very high accuracy31.

Results
General characteristics of the study population
Our study comprised 709 patients, 531 in the development set and 178 in the validation set. The descriptive 
characteristics of the development and validation sets are provided in Table 1. There was no significant difference 
between the development and validation sets. The rate of ALN metastasis in breast cancer patients was 51.22% 
(272/531) and 52.25% (93/178) within the development and validation sets, respectively. Based on the results 
of the univariate analysis, breast physical exam, tumor size on imaging, tumor location, abnormal calcification, 
ultrasound grades of ALNs, PR, Her-2 status, Ki-67 proliferative index, histological grade, LVI, NLR and PLR 
(p < 0.05) were significantly associated with the incidence of ALN metastasis. Multifocality was of borderline 
significance for predicting ALN metastasis (p = 0.0579).

Validation of the MSKCC model
A comparison between the verification populations from the MSKCC and our patient cohort is shown in 
Table 2. The descriptive characteristics of these two populations differ with respect to surgery. The patients 
in our validation population included SLNB and ALND patients. Therefore, we verified the predictive power 
of MSKCC for ALN but not SLN metastasis. We could not use the MSKCC model to predict the likelihood 
that patients diagnosed with breast cancer with skin changes or diagnosed with ductal carcinoma in situ with 
microinvasion (< 0.1 cm) have positive ALNs. Therefore, we could not compare the subtypes between the two 
populations. Additionally, we excluded those patients when validating the usefulness of the MSKCC model. We 
input each variable data online to obtain the probability of MSKCC for each patient’s ALN metastasis and drew 
the ROC curve according to the real value and predicted value to assess the accuracy of the MSKCC model for 
predicting ALN metastasis in our cohort. As shown in Fig. 1a, the AUC value for the MSKCC model in our 
verification population was 0.817, and the 95% confidence interval (95% CI) was 0.784 to 0.851, which was 
significant (p < 0.001).

Establishment of the new prediction model
We developed a new prediction model to overcome the limitations of the preoperative application of the MSKCC 
model. The multiple logistic regression analysis revealed that physical exam (p = 0.0034), ultrasound grades of 
ALNs (p < 0.0001), Her-2 status (p = 0.0176) and LVI (p < 0.0001) were related to ALN metastasis in breast cancer 
and showed significant differences between groups. Associations between clinical data and ALN metastasis are 
listed in Table 3. The following regression model for predicting metastatic and nonmetastatic ALNs was obtained: 
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Characteristic

Development Set Validation Set

P valueNo. of Patients (n = 531) % No. of Patients (n = 178) %

Sex

Female 531 100 178 100

Male 0 0 0 0

Age, years 0.3127

Median 54 52

Range 23–91 26–91

Menstruation 0.8367

Menopause 273 51.4 85 47.7

Peri-menopause 64 12.1 19 10.7

Premenopausal 194 36.5 74 41.6

Physical exam < 0.0001

Negative 427 80.4 145 81.5

Positive 104 19.6 33 18.5

Tumor size, cm* < 0.0001

Median 2.3 2.49

Range 0.4–11.4 0.57–13.0

Laterality 0.3788

Right 250 47.1 86 48.3

Left 281 52.9 92 51.7

Tumor location 0.0001

UIQ 106 20.0 33 18.5

LIQ 23 4.3 9 5.1

LOQ 52 9.8 25 14.0

UOQ 242 45.6 68 38.2

CQ 68 12.8 26 14.6

MQ 40 7.5 17 9.6

Diffuse distribution 0.0623

Yes 38 7.2 18 10.1

No 493 92.8 160 89.9

Multifocality 0.0579

NO 447 84.2 145 81.5

Yes 84 15.8 33 18.5

Abnormal calcification 0.0067

Yes 110 20.7 49 27.5

No 421 79.3 129 72.5

NLR 0.0017

Median 1.99 2.05

Range 0.37–24.84 0.80–9.14

PLR 0.0101

Median 133.33 130.48

Range 41.77–1017.65 53.59–372.86

Histologic grade 0.0004

I 14 2.6 5 2.8

II 387 72.9 131 73.6

III 110 20.7 36 20.2

Lobular 20 3.8 6 3.4

Estrogen receptor 0.707

Negative 150 28.3 50 28.1

Low expression 25 4.7 4 2.2

High expression 356 67.0 124 69.7

Progesterone receptor 0.0139

Negative 222 41.8 68 38.2

Low expression 90 16.9 39 21.9

High expression 219 41.3 71 39.9

Her-2/neu < 0.0001

Continued

Scientific Reports |         (2025) 15:1524 5| https://doi.org/10.1038/s41598-024-84904-0

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Risk of score = -2.2509 + 0.984 × physical exam (Negative: 0; Positive: 1) + 3.1703 × ultrasound grades of ALNs 
(Negative: 0; Positive: 1) + 0.6622 × Her-2 status (Negative: 0; Positive: 1) + 1.5287 × LVI status (Negative: 0; 
Positive: 1). The AUC value of the prediction model was 0.895, and the 95% CI was 0.867 to 0.923, which was 
statistically significant (p < 0.001) (Fig. 1b).

Establishment of the risk scoring system
A 5-grade risk-scoring system was developed. Table 4 indicates the risk of ALN metastasis according to the 
clinical data characteristics of breast cancer. In this scoring system, the probability of metastasis was 11.25% 
in ALNs without significantly suspicious metastatic clinical data (grades 1). In other words, the false-negative 
rate of the scoring system is 11.25%. Additionally, the Spearman rank correlation analysis of the grading and 
metastasis risk of the scoring system showed that the rank correlation coefficient was 1, p < 0.0001. This showed 
that, on the whole, the metastasis probability increased with increasing risk grade, and there was a positive 
correlation between them. The reference standard was taken as the state variable, the total score was taken as the 
test variable, the ROC curve was drawn to verify the regression equation based on the ROC curve, and finally, 
the critical value of -0.06 was obtained (the risk of metastasis was considered to be high if it was greater than 
-0.06 points). The AUC value of the risk scoring system was 0.887, and the 95% CI was 0.862 to 0.912 (p < 0.001), 
which was statistically significant (Fig. 1c). This finding shows that the transition from the prediction model to 
the scoring system was stable.

Prospective use of the risk scoring system
We randomly selected one-fourth of the total data as test data to internally validate the prediction model. As 
shown in Fig. 1d, the results showed that the scoring system performed well in the internal verification test 
(AUC: 0.865; [95% CI: 0.810 to 0.920]; p < 0.001). This finding shows that the model is suitable for use in routine 
clinical practice. Considering that the false-negative rate of SLNB averaged 8.4%, ranging from 0 to 29% across 
all trials. We divided the management recommendations on breast cancer patients’ ALNs into three levels 
according to the false-negative rate and the critical value of the risk scoring system: consider exempting SLNB 
(Grade 1, metastasis risk approximately11.25%), consider SLNB (Grade 2, metastasis risk approximately 34.4%), 
and consider ALND (Grades 3,4 and 5, metastasis risk approximately 74.17- 93.46%).

Establishment of the network-based prediction model
An online automated scoring system was developed (https://pay-​test.coalapa​y.cn/Coala/t​hyroid/BCD_​EN.html; 
Fig. 2) using the clinical data characteristics significantly associated with ALN metastasis for the simplified 
calculation and summation of the scoring system for metastasis risk stratification. Through this online automated 
scoring system, applicants can easily obtain the risk of grade, probability of metastasis and related management 
recommendations for ALNs.

Discussion
The results of the present study can be summarized as follows. First, a simple and easily accessible, web-based, 
diagnostic scoring system was developed using clinical features, imaging, and pathological indices of breast 
tumors to stratify the metastatic risk and management of ALNs. Second, this scoring system showed excellent 

Characteristic

Development Set Validation Set

P valueNo. of Patients (n = 531) % No. of Patients (n = 178) %

Negative 387 72.9 132 74.2

Positive 144 27.1 46 25.8

Ki-67 < 0.0001

Low expression 271 51.0 89 50.0

High expression 260 49.0 89 50.0

Ultrasound grades of ALNs < 0.0001

Negative 295 55.6 93 52.2

Positive 236 44.4 85 47.8

LVI < 0.0001

Negative 300 56.5 95 53.4

Positive 231 43.5 83 46.6

ALN metastases

Yes 272 51.2 93 52.2

No 259 48.8 85 47.8

Table 1.  Descriptive characteristics of the development and validation sets. Note: *Tumor size was defined 
as the longest diameter of the mass measured by ultrasound. Abbreviations: UOQ, upper outer quadrant; 
LOQ, lower outer quadrant; UIQ, upper inner quadran; LIQ, lower inner quadrant; CQ, central quadrant; 
MQ, multiple quadrant; NLR, Neutrophils/Lymphocytes; PLR, Platelets/Lymphocytes; LVI, Lymphovascular 
invasion; ALN, axillary lymph nodal.
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Variable

Wei Fang 
retrospective 
group

MSKCC, New 
York validation 
group

No.

ALN ( +)

No.

SLN ( +)

No. % No. %

No. of patients 613 296 48.3 1545 579 37.5

Age (years)

 ≤ 40 70 42 60.0 181 88 48.6

41–69 473 233 49.3 1066 406 38.1

 ≥ 70 70 21 30.0 298 85 28.5

Tumor size (cm)

T1mic 1 0 0 51 11 21.6

T1a 15 5 33.3 199 31 15.6

T1b 42 7 16.7 362 84 23.2

T1c 226 78 34.5 624 263 42.1

T2 ≤ 3 179 94 52.5 215 121 56.3

T2 > 3 125 90 72.0 80 56 70.0

T3 25 22 88.0 14 13 92.9

Tumor location

UOQ 301 164 54.5 879 330 37.5

LOQ 80 36 45.0 211 91 43.1

UIQ 130 43 33.1 264 74 28.0

LIQ 33 17 51.5 135 49 36.3

Central 69 36 52.2 56 35 62.5

Histologic grade*

I 15 1 6.7 97 11 11.3

II 449 210 46.8 375 139 37.1

III 125 75 60.0 810 346 42.7

Unknown - - - 97 22 22.7

Tumor type

Ductal 551 276 50.1 1339 514 38.4

Lobular 23 10 43.5 166 61 36.7

Special Type 39 10 25.6 40 4 10.0

LVI

No 366 105 28.7 1205 344 28.5

Yes 247 191 77.3 340 235 69.1

Multifocality

No 510 238 46.7 1155 403 34.9

Yes 103 58 56.3 390 176 45.1

ER

Negative 182 92 50.5 273 99 36.3

Positive 431 204 47.3 1186 462 39.0

Unknown - - - 86 18 20.9

PR

Negative 302 156 51.7 600 219 36.5

Positive 311 140 45.0 858 342 39.9

Unknown - - - 86 18 20.9

Table 2.  Comparison of descriptive characteristics of the two validation groups of the MSKCC model for 
predicting ALN metastasis, New York and Wei Fang. Note: Tumor size was defined as the size of the invasive 
component, and the T classification was carried out according to the 2002 TNM classification system. In cases 
of multifocal tumors or unifocal tumors that involved more than 1 quadrant, the tumor location was classified 
in the following order of priority: UOQ, central quadrant (central), LOQ, LIQ, and UIQ. For example, 
a tumor in the UIQ and central quadrants would be classified as central. A tumor involving the central 
quadrant and UOQ would be classified as UOQ. If all quadrants were involved, the tumor was classified as 
UOQ. Positivity of estrogen and progesterone receptors was defined as at least 10% or more immunostained 
cells. Abbreviations: UOQ, upper outer quadrant; LOQ, lower outer quadrant; UIQ, upper inner quadrant; 
LIQ, lower inner quadrant; LVI, lymphovascular invasion; ER, estrogen receptor; PR, progesterone receptor. 
*Excluding lobular carcinomas.
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predictive accuracy with an AUC of approximately 0.9 in the development set. In routine clinical practice, this 
web-based scoring system can automatically calculate and estimate the risk of ALN metastasis and provide 
corresponding management recommendations.

In clinical practice, accurate preoperative evaluation and management of ALNs is the key to providing 
accurate individualized diagnosis and treatment for breast cancer patients32–34. To achieve this goal, scholars 
from numerous medical centers have studied ALN metastasis in breast cancer and developed relevant prediction 
models based on either tumor pathological features or radiomic characteristics of the tumor11,15–17,33. However, 
these models have the characteristics of incomplete coverage of predictive variables, high costs, procedural 
complexity, and inability to popularize, which limits their clinical application12,18.

Fig. 1.  The receiver operating characteristic (ROC) curve of the research. (a) Performance of the MSKCC 
model applied to the verification group (n = 613). The area under the ROC curve was 0.817, and the 95% 
confidence interval (95% CI) was 0.784–0.851, p < 0.001. (b) Performance of the new prediction model based 
on the development set (n = 531). The area under the ROC curve was 0.895, and the 95% confidence interval 
(95% CI) was 0.867–0.923, p < 0.001. (c) Performance of the novel scoring system based on the risk score (n = 
709). The area under the ROC curve was 0.887, and the 95% confidence interval (95% CI) was 0.862–0.912, 
p < 0.001. (d) Performance of the validation set (n = 178). The area under the ROC curve was 0.865, and the 
95% confidence interval (95% CI) was 0.810–0.920, p < 0.001.
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To overcome these drawbacks, we referred to the establishment method of the MSKCC model and developed 
a network based prediction model that combines physical exam, ultrasound grades of ALNs, Her-2 status and 
LVI (Tables 1 and 3). Generally, a model that performs with an AUC value of 0.7–0.8 is considered good, whereas 
values of 0.81–0.90 are considered excellent31. As shown in Fig. 1b, by analyzing the ROC curve of the prediction 
model, we obtained an AUC value of 0.895. This indicated that the prediction model we constructed in this 
study showed excellent predictability. Furthermore, when we selected the clinical data of another 178 patients to 
validate the prediction model internally, the results showed excellent prediction accuracy, and the AUC value of 
the internal validation set was 0.865 (Fig. 1d). The AUC values in these two populations were both greater than 
0.754 of the original MSKCC model, indicating that our constructed model was more accurate15. Meanwhile, 
in comparison to prediction models developed by other research centers, such as the MSKCC model, the SCH 
model, etc., our proposed model was simpler to use since only four variables were included versus the nine 
variables in the MSKCC model and the five variables in the SCH model15,16,35. Although the prediction model 
in this study only includes four variables, these four variables come from three different prediction directions, 
making the prediction content more comprehensive. In addition, when we applied the MSKCC model to the 
retrospective data from our center to predict the probability of ALN metastasis, the AUC value was 0.817 (Fig. 
1a and Table 2). Although this value is larger than the original MSKCC result of 0.754, it is still lower than the 
result of our prediction model of 0.895. We suspect that the reason for this result may be potentially related to 
skipping metastasis of ALNs. The analysis results not only provide indirect validation of the MSKCC model’s 
accuracy using external data, but also affirm the superiority of our prediction model.

According to an investigation report from the American Society of Clinical Oncology (ASCO), the overall 
false-negative rate for SLNB was 8.4%, with a range of 0–29%36. Therefore, taking into account the potential risks 
and benefits of surgery, if surgeons are willing to accept a false-negative rate ranging from 0 to 29%, patients in 
the low-risk metastasis group may be considered for exemption from ALN surgery. Furthermore, to enhance 
the clinical practicability of the predictive model, we developed a risk scoring system with five grades. Each 
suspicious clinical characteristic related to ALNs metastasis was assigned a different risk score, and the risk of 
metastasis was determined by calculating the total score. As shown in Fig. 1c, the ROC curve analysis of the 
risk scoring system yielded an AUC value of 0.887, indicating that the transition from the prediction model to 
the scoring system was stable and reliable. After calculating the metastasis probabilities for different grades in 
the scoring system, we found that the ALN metastasis probability for grade 1 was 11.25%, which fell within the 
false-negative rate range of SLNB (Table 4). Therefore, in clinical practice, we suggest that exemption from ALN 
surgery can be considered for patients in the grade 1 category. Previously, several studies indicated that SLNB 
could be avoided when the MSKCC predictive value was ≤ 10%; however, the application of this criterion was 
limited due to the low proportion of patients who benefit from it within the overall SLNB population (7.7%)16,31. 

Risk of Grade Risk of Score

Metastasis risk (%)

Score system (%; [metastasis n/total n]) Development set (%; [metastasis n/total n]) Validation set (%; [metastasis n/total n])

1 ≦ -1.5887 11.25 (27/240) 10.00 (18/180) 15.00 (9/60)

2 -1.5887 < score ≦ -0.06 34.40 (43/125) 34.69 (34/98) 33.33 (9/27)

3 -0.06 < score ≦ 1.5816 74.17 (89/120) 76.67 (69/90) 66.67 (20/30)

4 1.5816 < score ≦ 2.4481 90.60 (106/117) 90.48 (76/84) 90.91 (30/33)

5 2.4481 < score 93.46 (100/107) 94.94 (75/79) 89.29 (25/28)

Total 51.48 (365/709) 51.22 (272/531) 52.25 (93/178)

Table 4.  Metastatic risk of ALNs according to the novel scoring system, development set, and validation set.

 

Clinical data nonmetastatic ALNs (n = 259) metastatic ALNs (n = 272) p-Value OR[95%CI] Score

Physical exam

Negative 238 (91.9) 189 (69.5) Reference Reference 0

Positive 21 (8.1) 83 (30.5) 0.0034 2.68(1.39–5.16) 0.984

Her-2/neu

Negative 211 (81.5) 176 (64.7) Reference Reference 0

Positive 48 (18.5) 96 (35.3) 0.0176 1.94(1.12–3.35) 0.6622

Ultrasound grades of ALNs

Negative 231 (89.2) 64 (23.5) Reference Reference 0

Positive 28 (10.8) 208 (76.5) < 0.0001 23.82(14.11–40.2) 3.1703

LVI

Negative 191 (73.7) 109 (40.1) Reference Reference 0

Positive 68 (26.3) 163 (59.9) < 0.0001 4.61(2.79–7.61) 1.5287

Table 3.  Clinical data characteristics of multifactor analysis and estimation of the metastasis risk of the 
development dataset.
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In this study, patients with low metastatic risk (grade 1 segments) accounted for 33.85% of all patients in our 
proposed model. In other words, more people could benefit from our proposed model. In addition, the results of 
Spearman’s correlation coefficient for ranked data between the risk grade and the metastasis probability showed 
that, on the whole, the metastasis probability increased with increasing risk grade, and there was a positive 
correlation between them. By analyzing the ROC curve of the scoring system, we obtained a critical value of 

Fig. 2.  Online risk calculation system. An online resource is available at ​h​t​t​​​​p​​s​:​​/​/​p​a​​y​​-​t​e​​s​t​.​​c​o​​a​​​l​a​p​a​y​.​c​n​/​C​o​a​l​a​/​t​h​y​
r​o​i​d​/​B​C​D​_​E​N​.​h​t​m​l​​​​ for the easy calculation and summation of the metastasis risk stratification of ALNs using 
the clinical data characteristics of breast cancer.
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-0.06 points. Statistically, if the risk score of a case was greater than -0.06 points (the corresponding metastasis 
probability was approximately 34%), it was considered ALN metastasis37. Thus, combined with the metastasis 
probability of each risk grade shown in Table 4, we further categorized grades 2 as belonging to a medium-risk 
group (where SLNB was recommended), and grades 3 and above as falling into a high-risk group (where ALND 
was recommended). This approach provides more intuitive help for clinical workers making clinical decisions.

To facilitate clinical application, we have developed an easily accessible online risk calculator ​(​​​h​t​t​p​​s​:​/​/​p​a​​
y​-​t​e​s​t​​.​c​o​a​l​a​​p​a​y​.​c​n​/​C​o​a​l​a​/​t​h​y​r​o​i​d​/​B​C​D​_​E​N​.​h​t​m​l​​​​​)​. This tool automates the scoring system’s calculation, thereby 
enhancing its usability and intuitiveness in clinical settings. All users are free to utilize this risk calculator online 
and can further validate our scoring system with external datasets. This accurate and practical model predicts 
the likelihood of ALN metastasis, guiding clinical decision-making effectively.

Our study has some notable strengths and limitations. The strengths of this study can be summarized 
as follows. Comprehensiveness: The parameters of the prediction model encompass clinical examination, 
imaging, and histopathological findings, providing a comprehensive reflection of ALN status in breast cancer 
patients. Convenience: The model is freely accessible on the website, and clinical practitioners can easily input 
relevant prediction parameters to obtain automatic calculation of the prediction results. Intuitiveness: The risk 
stratification, probability of metastasis, and management recommendations for ALN metastasis are presented 
in a concise report format, making them clear and easily understandable. However, our research also has some 
limitations. First, this study is a single-center experimental study. The development set data and the validation set 
data were randomly selected from the total samples using the method of random function variables, ensuring no 
selection bias between them. To ensure the accuracy of the prediction model, the sample size of the development 
set was larger, specifically three times that of the validation set. Additionally, both the development set and 
validation set data originated from the same research center, meaning the validation set only served as internal 
validation. Therefore, we cannot ascertain whether these patients are representative of the general population. 
Fortunately, we included a larger sample size to mitigate any potential selection bias, and the risk scoring system 
we developed is freely available on our website, allowing researchers from other centers to use their data for 
external validation of our scoring system.Second, the potential for interobserver variability in the interpretation 
of pathological findings between the two pathologists was not assessed. However, given that the pathologists 
involved in this study had over 10 years of clinical experience in diagnosing breast cancer, the results may be 
more reproducible than if they had been evaluated by pathologists with less experience.

In conclusion, this study presents an accurate, comprehensive, and user-friendly multivariate prediction 
model along with an online risk calculator. This model will enable a true representation of the risk of ALN 
metastasis in breast cancer patients before surgery, thereby facilitating the selection of appropriate surgical 
protocols tailored to individual patients. It is worth noting that the universal applicability of this prediction 
model requires confirmation in future multicenter experimental studies with large cohorts that represent the 
general population. Until the prediction model is further evaluated, this predictive tool should be used with 
caution when deciding not to perform an ALN surgery in patients with a low risk of ALN metastasis.

Data availability
Data is available from the corresponding author on reasonable request.
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