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Abstract: The involvement of axillary lymph nodes (ALNs) is a critical prognostic factor affecting patient manage-
ment and outcomes in breast cancer (BC). This study aims to comprehensively analyze the clinical data of BC 
patients, evaluate ultrasonic signs of ALNs, and explore the implications of a prediction model for ALN metastasis 
(ALNM) in early-stage BC patients based on ultrasonic features and clinical data. This study retrospectively analyzed 
ultrasonic features and clinical data from 216 patients diagnosed with unilateral invasive BC. The dataset was 
divided into a training (n = 162) and a validation set (n = 54) in a 3:1 ratio. Patients were then assigned into me-
tastasis and non-metastasis groups depending on ALNM determined by pathological findings. Univariate analysis of 
various indicators followed by multivariate Logistic regression analysis was performed on the training set. A predic-
tion model for ALNM in BC was established using binary logistic regression analysis, with its prediction performance 
evaluated by receiver operating characteristic curves (ROC) and area under the curve (AUC), and its reproducibility 
verified by the validation set. The pathological findings identified 57 (35.2%) cases of ALNM among 162 BC patients 
in the training set. Risk factors for ALNM included poorly differentiated type, high Ki-67 expression, lymph node 
(LN) aspect ratio ≥2, LN cortical thickness ≥1/2 of lymphatic hilum diameter, and mixed or peripheral LN blood 
flow. Protective factors included mass location in the outer upper quadrant and LN size >1 cm. A prediction model 
was established based on risk factors, with the equation being Logit (P) = -4.881 - 1.285 * differentiation degree + 
1.485 * Ki-67 - 1.090 * lump quadrant - 0.956 * lymph node size + 1.244 * lymph aspect ratio + 1.032 * LN corti-
cal thickness + 1.454 * LN medullary disappearance + 1.266 * LN blood flow. ROC analysis of the model yielded 
an AUC of 0.866, with a sensitivity of 80.7% and a specificity of 80.0%. The prediction model was validated using 
the validation set, producing an AUC of 0.809. These results demonstrate that color Doppler ultrasound effectively 
evaluates ALN status in BC patients. The prediction model for ALNM in BC shows strong accuracy and has potential 
clinical application.
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Introduction

Breast cancer (BC) is characterized by high 
malignancy and poor prognosis. The involve-
ment of axillary lymph nodes (ALNs) is a cri- 
tical prognostic factor affecting patient man-
agement and outcomes [1]. ALNs represent  
the most common metastatic pathway for BC. 
Axillary lymph node dissection (ALND) is an 
accurate way to stage BC, while ALN biopsy 
serves as the clinical standard for determin- 
ing the necessity for ALND in BC patients [2]. 
Ultrasound-guided fine-needle aspiration biop-

sy is widely applied to preoperatively under-
stand the ALNs of BC patients due to its advan-
tages of small trauma, direct access to cells at 
suspicious sites, and convenient operation [3]. 
However, its limitations, including limited cell 
sample size and difficulties in accessing deep 
LNs, may result in false negatives. Additionally, 
puncture biopsy, although minimally invasive, 
carries risks such as bleeding and infection at 
the puncture site [4, 5]. Efforts have been ma- 
de to establish optimal diagnostic methods  
for evaluating ALN status before treatment, 
aiming to avoid overtreatment of ALN-negative 
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BC patients. Resection of involved LNs is cru-
cial for effective treatment, while the evalua-
tion of uninvolved LNs is vital for accurate stag-
ing. In recent years, radiological assessment of 
ALNs has gained importance, offering critical 
information for disease staging, treatment 
planning, and follow-up [6].

Imaging modalities, such as ultrasound (US), 
computed tomography (CT), and magnetic reso-
nance imaging (MRI), are increasingly employed 
as ancillary tools for invasive procedures [7-9]. 
US is a non-invasive, repeatable, and widely 
employed technique that detects metastatic 
LNs based on morphological and functional cri-
teria, such as size, shape, cortical thickness, 
margins, microcalcifications, and vasculariza-
tion patterns assessed with color Doppler tech-
nology [10]. Meanwhile, the arteries and veins 
with low blood flow that are not visible in the 
conventional US can be visualized using the 
color flow imaging technique, which substan-
tially enhances the sensitivity of hemodynamic 
assessment and offers a high reference value 
for determining the nature of ALNs.

Previous studies have developed prediction 
models for ALN metastasis using imaging or 
tumor markers, including US [11]. However, 
comprehensive models that incorporate a  
wide range of patient factors remain scarce. 
Consequently, this study aims to explore the 
risk factors for ALNM by retrospectively analyz-
ing complete clinical records and ultrasonic 
features of invasive BC patients, providing clini-
cians with a foundation for selecting appropri-
ate surgical approaches in the axillary area.

Materials and methods

Study population

A retrospective analysis was conducted on the 
ultrasonic features and clinical data of female 
patients with unilateral BC admitted to Liaon- 
ing University of Traditional Chinese Medicine 
Affiliated Hospital between January 2021 and 
December 2023. Inclusion criteria: (1) Unila- 
teral lesion, confirmed as invasive carcinoma of 
no special type or invasive lobular carcinoma 
through core needle biopsy and surgical patho-
logical examination; (2) No preoperative adju-
vant radiotherapy or chemotherapy; (3) Un- 
derwent ipsilateral ALND or sentinel LN biopsy; 

(4) No evidence of distant metastasis; (5) 
Complete clinical and pathological data avail-
able. Exclusion criteria: (1) Occult BC, history  
of breast prosthesis implantation, or diagnosis 
of BC recurrence or distant metastasis; (2) 
Comorbid heart, brain, lung, and other organ 
diseases; (3) Malignancies other than BC; (4) 
History of radiotherapy and chemotherapy 
before BC resection; (5) Previous axillary, ab- 
dominal, or thoracic surgeries before BC sur-
gery; (6) History of hematopoietic or lymphatic 
system tumors or blood system diseases; (7) 
Incomplete or missing clinical and medical 
records. Based on these criteria, a total of 216 
eligible cases were included in this study. Data 
from 162 patients were allocated to the train-
ing set (3:1 ratio) for constructing the predic- 
tion model, while data from the other 54 
patients comprised the validation set to verify 
the model. The study was approved by the 
Ethics Committee of Liaoning University of Tra- 
ditional Chinese Medicine Affiliated Hospital.

Data collection and methods

(1) General data. Clinical data were collected 
from the hospital’s medical record, including 
age, menstrual status, ultrasonic features, clin-
ical staging, differentiation degree, pathologi-
cal type, molecular subtyping, and Ki-67 
expression.

(2) Ultrasonography. All patients underwent 
examination using a color Doppler US instru-
ment with a probe frequency of 7.5-13.0 MHz. 
Two experienced sonographers observed and 
recorded the ultrasonic features of the mass- 
es and ALNs. A comprehensive scan was per-
formed, in the order from the outer upper quad-
rant to the inner upper quadrant. Observations 
included the edges and morphology of the 
mass. The measurements were taken for mass 
features (maximum diameter, location, quad-
rant, morphology, boundary, calcification, and 
blood flow) and ALN features (size, long and 
short diameters, aspect ratio, cortical thick-
ness, medullary disappearance, boundary, and 
blood flow).

Outcome determination

(1) Molecular subtyping: Molecular subtyping 
was performed based on the expression of 
estrogen receptor (ER), progesterone receptor 
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Table 1. Basic characteristics of breast cancer patients
Training set (n = 162) Validation set (n = 54) t/χ2 P

Age (yrs) 0.920 0.631
    ≤44 49 16
    44-60 77 29
    ≥60 36 9
Menopause 0.750 0.386
    Yes 89 26
    No 73 28
Clinical staging 0.232 0.630
    I 96 34
    II 66 20
Differentiation degree 3.094 0.213
    Poorly differentiated 41 11
    Moderately differentiated 81 23
    Well differentiated 40 20
Pathological type 0.353 0.552
    Invasive breast carcinoma of no special type 110 39
    Invasive lobular carcinoma 52 15
Molecular subtyping 2.898 0.408
    Luminal A 65 20
    Luminal B 31 16
    HER2 overexpression 51 13
    Triple-negative 15 5
Carbohydrate antigen 153 (U/mL) 28.75±4.87 29.08±4.69 0.435 0.664
Ki-67 expression status 0.752 0.386
    Low expression 77 22
    High expression 85 32
Postoperative lymph node metastasis 0.061 0.805
    With 57 18
    Without 105 36

(PR), human epidermal growth factor receptor 
2 (HER2), and Ki-67. ER and PR expression ≥1% 
was considered positive. HER2 was determin- 
ed through immunohistochemistry, with 0 or (+) 
being negative, (+++) being positive, and (++) 
required fluorescence in situ hybridization 
(FISH) for further classification, with positivity 
based on the presence of gene amplification. 
For Ki-67 expression, positive stained cell 
count <14% was defined as low Ki-67 expres-
sion, and ≥14% was defined as high Ki-67 
expression [12, 13].

(2) LN metastasis (LNM): Negative (without 
LNM) or positive (with LNM) was determined 
according to the postoperative pathological 
examination results of LNs.

Statistical methods

Data analysis was conducted using SPSS 25.0. 
Count data were presented as frequency and 
proportion and analyzed using the chi-square 
test. Quantitative data were described as mean 
± standard deviation and analyzed using the 
t-test. Multivariate Logistic regression analysis 
was performed to identify independent risk  
factors for ALNM, which were then incorporat-
ed to construct a prediction model. Logistic 
regression equation: Logit (P) = a + b1x1 + ... + 
bnxn, where a is the constant term representing 
the natural logarithm of the odds ratio when all 
independent variables (x) are 0. The predictive 
ability of the model was evaluated by receiver 
operating characteristic curves (ROCs) and 
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Table 2. Univariate analysis of pathological characteristics affecting ALNM in the training set
ALNM

t/χ2 P
Positive (n = 57) Negative (n = 105)

Age 2.359 0.308
    ≤44 18 31
    44-60 23 54
    ≥60 16 20
Menopause 0.311 0.577
    Yes 33 56
    No 24 49
Clinical staging 0.168 0.682
    I 35 61
    II 22 44
Differentiation degree 6.321 0.042
    Poorly differentiated 21 20
    Moderately differentiated 25 56
    Well differentiated 11 29
Pathological type 0.209 0.648
    Invasive breast carcinoma of no special type 40 70
    Invasive lobular carcinoma 17 35
Molecular subtyping 4.684 0.196
    Luminal A 20 45
    Luminal B 11 20
    HER2 overexpression 17 34
    Triple-negative 9 6
Glycochain antigen 153 (U/mL) 29.54±4.01 28.32±5.25 1.524 0.129
Ki-67 expression status 6.917 0.009
    Low expression 23 65
    High expression 34 40
ALN: Axillary lymph node; ALNM: Axillary lymph node metastasis.

areas under the curve (AUCs). Statistical signifi-
cance was set at P<0.05 with a test level of α = 
0.05 for all analyses.

Results

Basic characteristics of BC patients in training 
and validation sets

The baseline data of 216 eligible BC patients 
are summarized in Table 1. According to a ratio 
of 3:1, 162 patients were assigned to the train-
ing set, and 54 cases comprised the validation 
set. No significant differences were observed 
between the two groups in terms of general 
data (P>0.05).

Univariate analysis of pathological characteris-
tics of patients in the training set

Among the 162 patients in the training set, 57 
cases tested positive for ALNM, while 105 were 

negative based on the pathological findings. 
The comparison of pathological features re- 
vealed significant differences between the 
groups in differentiation degree and Ki-67 
expression status (all P<0.05). However, no sig-
nificant differences were found in age, meno-
pause status, clinical staging, pathological 
type, molecular subtyping, or the expression  
of CA153 and Ki67 (all P>0.05; Table 2).

Univariate analysis of ultrasonic characteris-
tics of primary lesions in the training set

A comparison of the ultrasonic features of pri-
mary lesions showed statistical differences 
between groups in terms of the maximum 
diameter, quadrant, and calcification of the 
mass (all P<0.05). No statistical significance 
was observed in mass location, morphology, 
boundary, and blood flow (all P>0.05; Table 3).
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Table 3. Univariate analysis of primary lesion-associated ultra-
sonic characteristics affecting ALNM in the training set

ALNM
χ2 PPositive 

(n = 57)
Negative 
(n = 105)

Maximum mass diameter (cm) 5.084 0.024
    ≤2 22 60
    >2 35 45
Mass location 0.101 0.750
    Left 30 58
    Right 27 47
Lump quadrant 5.533 0.019
    Outer upper quadrant 21 59
    Other quadrants 36 46
Mass morphology 0.020 0.887
    Regular 24 43
    Irregular 33 62
Mass boundary 0.277 0.599
    Defined 22 45
    Ill-defined 35 60
Calcification 4.397 0.036
    With 38 52
    Without 19 53
Mass blood flow 3.118 0.078
    With 37 53
    Without 20 52
ALN: Axillary lymph node; ALNM: Axillary lymph node metastasis.

Univariate analysis of ultrasonic characteris-
tics of ALNs in the training set

Inter-group comparison of ultrasonic character-
istics of ALNs revealed statistical differences in 
LN size, aspect ratio, cortical thickness, medul-
lary disappearance, boundary, and blood flow 
(all P<0.05; Table 4).

Multivariate analysis of ALNM in BC patients

Multivariate logistic regression analysis was 
conducted with ALNM status (0 = without, 1 = 
with) as the dependent variable, and variables 
with P<0.05 from the univariate analysis as 
independent variables. Before the analysis, 
categorical data were assigned values. Mul- 
tivariate Logistic regression analysis identified 
poorly differentiated tumor, high expression of 
Ki-67, LN aspect ratio ≥2, LN cortical thick- 
ness ≥1/2 of lymphatic hilum diameter, and 
mixed or peripheral type LN blood flow as risk 
factors for ALNM in BC patients, and mass loca-

tion in the outer upper quadrant 
and lymph node size >1 cm as pro-
tective factors (Table 5).

ROC analysis of factors influenc-
ing ALNM in the training set

ROC curves for the influencing fac-
tors obtained by logistic regres-
sion were constructed. The AUCs 
of differentiation degree, Ki-67 
expression status, lump quadrant, 
LN size, LN aspect ratio, LN corti-
cal thickness, LN medullary di- 
sappearance, and LN blood flow 
were 0.598, 0.608, 0.403, 0.418, 
0.660, 0.645, 0.637 and 0.639, 
respectively (Figure 1 and Table 
6).

In a representative case, a hy- 
poechoic nodule measuring 30.2* 
13.7*23.5 mm was seen in the 8 
o’clock-1 o’clock direction posteri-
or to and around the left glandular 
papilla. The nodule exhibited ir- 
regular morphology, lobulated and 
foliated margins, and ductal ex- 
tension. Another mass extending 
toward the ducts was seen in the  
2 o’clock direction. Internal echo-

genicity of the mass was heterogeneous, with 
punctate strong echoes and abundant blood 
flow signals. A 17.8*13.5 mm enlarged lymph 
node was seen in the left axilla, with clear 
boundary, irregular morphology, uneven inter-
nal echogenicity, absence of portal structure, 
and irregular blood flow signal. Ultrasound di- 
agnosis: left breast space-occupying lesion 
(BI-RADS category 4c); abnormal left axillary 
lymph node (suggestive of metastatic). Patho- 
logic findings showed invasive ductal carcino-
ma with ductal carcinoma in situ in the left 
breast, and cancer metastasis in the lymph 
nodes (Figure 2).

Construction of a prediction model for ALNM

The prediction model was constructed accord-
ing to the regression coefficients and constant 
terms in Table 5. The equation: Logit (P) = 
-4.881 - 1.285 * differentiation degree + 1.485 
* Ki-67 - 1.090 * lump quadrant - 0.956 * 
lymph node size + 1.244 * lymph aspect ratio 
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Table 4. Univariate analysis of ALN-associated ultrasonic character-
istics affecting ANLM in the training set

ALNM
χ2 PPositive 

(n = 57)
Negative 
(n = 105)

Lymph node size (cm) 3.976 0.046
    ≤1 37 51
    >1 20 54
Lymph node aspect ratio 8.909 0.003
    <2 17 65
    ≥2 40 40
Lymph node cortical thickness 14.461 0.000
    <1/2 of lymphatic hilum diameter 16 60
    ≥1/2 of lymphatic hilum diameter 41 45
Lymph node medullary disappearance 11.151 0.000
    Disappeared 39 43
    Not disappeared 18 62
Lymph node boundary 6.090 0.014
    Defined 21 60
    Ill-defined 36 45
Lymph node blood flow 11.441 0.000
    Mixed or peripheral 37 39
    Portal, dispersed, or no flow 20 66
ALN: Axillary lymph node; ALNM: Axillary lymph node metastasis.

+ 1.032 * LN cortical thickness + 1.454 * LN 
medullary disappearance + 1.266 * LN blood 
flow. Using the predicted probability value as 
the test variable and the occurrence of ALN 
transition as the state variable, the model’s dis-
crimination ability was evaluated through ROC 
curve. The AUC was 0.866 (95% CI: 0.810-
0.922), with a sensitivity of 80.7% and a speci-
ficity of 80.0%. The calibration curve indicated 
that the model demonstrated good accuracy 
and predictive ability (Figure 3).

Internal validation of the prediction model for 
ALNM in BC

To validate the prediction model, 54 BC pa- 
tients from the validation set (18 with ALNM vs 
36 without) were analyzed. The ultrasonic char-
acteristics of the primary lesions and axillary 
lymph nodes in validation set are shown in 
Table 7. The model was verified using the vali-
dation set, achieving an AUC of 0.809 (95%  
CI: 0.671-0.947). The calibration curve further 
confirmed the model’s good predictive ability 
for ALNM in BC patients (Figure 4).

Discussion

Research has revealed that 
the onset and progression 
of BC are the result of the 
synergistic effects of multi-
ple genes and factors [14]. 
Axillary lymph node me- 
tastasis (ALNM) is crucial 
for BC staging. However, 
negative results from axil-
lary lymph node dissection 
(ALND) in some early-stage 
BC patients highlight the 
need for a predictive model 
to assess ALNM risk. Such  
a model could help identify 
patients suitable for ALN 
surgery or ALND, thereby 
reducing the trauma and 
complications caused by 
unnecessary LN biopsy or 
ALND [15]. Furthermore, 
over-treatment of ALN-ne- 
gative patients does not 
enhance local control or 
long-term survival outcom- 
es [16]. Therefore, clarifying 

the characteristics of ALNM and investigating 
its related risk factors have positive signifi-
cance for guiding clinical decision-making. This 
includes selecting reasonable surgical meth-
ods, formulating personalized treatment plans, 
and improving the accuracy of patient progno-
sis predictions.

This study revealed that the ALNM rate among 
BC patients was 34.7% (75/216). Regarding 
the characteristics of the primary tumor mass, 
univariate analysis indicated significant differ-
ences between patients with and without ALNM 
in terms of the maximum diameter, quadrant, 
and calcification of the mass in the training set. 
Larger primary tumors and greater tumor bur-
den were associated with higher diffusion 
potential, a finding supported by previous stud-
ies [17, 18]. In fact, breast tumors are prone to 
occur in the outer upper quadrant [19], as 
reflected in the non-metastatic cases in this 
study. Legha et al. [20] reported that 62% of 
cases involved the upper and outer quadrants 
of the breast, possibly due to the larger amount 
of breast tissue in this region. Although women 
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Table 5. Multivariate analysis of factors affecting ALNM in breast cancer patients
Assignment β SE Wald P HR 95% CI

Constant - -4.881 1.014 23.189 0.000 0.008 -
Differentiation degree (0 = well differentiated, 1 = moderately differentiated, 2 = poorly differentiated) -
Moderately differentiated 0.827 0.611 1.835 0.176 2.288 0.691-7.575
Poorly differentiated 1.285 0.649 3.921 0.048 3.614 1.013-12.894
Ki-67 expression status (0 = low expression, 1 = high expression) 1.485 0.475 9.771 0.002 4.414 1.740-11.198
Maximum mass diameter (0 = ≤2, 1 = >2) 0.776 0.482 2.588 0.108 2.173 0.844-5.592
Lump quadrant (0 = other quadrants, 1 = outer upper quadrant) -1.090 0.512 4.532 0.033 0.336 0.123-0.917
Calcification (0 = without, 1 = with) 0.516 0.470 1.205 0.272 1.676 0.666-4.214
Lymph node size (0 = ≤1, 1 = >1) -0.956 0.464 4.248 0.039 0.384 0.155-0.954
Lymph node aspect ratio (0 = <2, 1 = ≥2) 1.244 0.474 6.902 0.009 3.470 1.372-8.777
Lymph node cortical thickness (0 = <1/2 of lymphatic hilum diameter, 1 = ≥1/2 of lymphatic hilum diameter) 1.032 0.477 4.688 0.030 2.808 1.103-17.148
Lymph node medullary disappearance (0 = not disappeared, 1 = disappeared) 1.454 0.472 9.481 0.002 4.278 1.696-10.792
Lymph node boundary (0 = defined, 1 = ill-defined) 0.540 0.445 1.477 0.224 1.717 0.718-4.104
Lymph node blood flow (0 = portal, dispersed, or no flow, 1 = mixed, or peripheral) 1.266 0.464 7.453 0.006 3.545 1.429-8.794
ALNM: Axillary lymph node metastasis.
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Table 6. ROC analysis of significant factors in predicting ALNM
AUC SE P 95% CI

Differentiation degree 0.598 0.047 0.040 0.505-0.691
Ki-67 expression status 0.608 0.047 0.024 0.516-0.699
Lump quadrant 0.403 0.047 0.042 0.312-0.494
Lymph node size 0.418 0.047 0.086 0.327-0.510
Lymph node aspect ratio 0.660 0.045 0.001 0.573-0.748
Lymph node cortical thickness 0.645 0.045 0.002 0.557-0.733
Lymph node medullary disappearance 0.637 0.045 0.004 0.548-0.726
Lymph node blood flow 0.639 0.046 0.004 0.549-0.728
ROC: Receiver operating characteristic curves; ALNM: Axillary lymph node metastasis.

Figure 1. ROC curves for each index in predicting ALNM in BC patients. ROC: 
Receiver operating characteristic curves; ALNM: Axillary lymph node metasta-
sis; BC: Breast cancer.

with tumors in the outer upper quadrant may 
have more LNs and a worse prognosis [21], 
they often receive more complete surgical 
treatment for tumor burden. In contrast, tumors 
in the inner quadrant are associated with a 
higher likelihood of undetected regional metas-
tasis, making the outer upper quadrant a rela-
tive protective factor. Calcification, a major in- 
dicator of malignancy, results from calcium 
deposition in necrotic tumor cells. Evidence 
suggests a positive connection between tumor 
malignancy and the extent of calcification. Lu  
et al. [22] identified microcalcification as an 
independent predictor of lymph node metasta-
sis (OR = 2.522, P = 0.003). Regarding the 
ultrasonic features of LNs, univariate analysis 
revealed significant differences in LN size, 
aspect ratio, cortical thickness, medullary dis-
appearance, boundary, and blood flow between 

ALNM-positive and negative 
patients. Multivariate logis-
tic regression analysis iden-
tified poorly differentiated 
tumor, high Ki-67 expres-
sion, LN aspect ratio ≥2, LN 
cortex thickness ≥1/2 of 
lymphatic hilum diameter, 
and mixed or peripheral LN 
blood flow as risk factors for 
ALNM. It is well known that 
breast cancer metastasis  
is related to the degree  
of pathological malignancy. 
Poorly differentiated tumors 
exhibit higher malignancy, 
stronger invasive potential, 
and greater likelihood of 
spreading to adjacent tis-
sues, capillaries, and lym-
phatic vessels [23]. Ki-67,  
a key marker of tumor cell 
proliferation, distant metas-
tasis and prognosis, has 
been linked to ALNM and 
other prognostic factors in 
BC [24, 25]. Interestingly, 
larger LN size (>1 cm) was 
found to be a protective  
factor, potentially due to 
inflammatory enlargement 
[26]. This finding under-
scores the need to consi- 
der LN size alongside the 

aspect ratio for accurate assessment. Healthy 
ALNs are typically oval-shaped, but meta- 
stasis induces significant changes, including 
increased volume, cortical thickening, and ro- 
unding, with notable alterations in the short 
diameter and cortical thickness [27, 28]. Corti- 
cal thickness is a widely studied parameter for 
predicting ALNM, although consensus on the 
optimal cut-off value remains elusive. Mainiero 
et al. [29] found that ALNs with a cortical thick-
ness of ≥3 mm had a sensitivity of 94% and a 
specificity of 72% in predicting ALN positivity, 
while Cho et al. [30] reported a lower thre- 
shold of cortical thickness ≥2.5 mm with 85% 
sensitivity and 78% specificity. However, pre-
dicting ALN involvement solely based on ultra-
sonic features is still one-sided, as inflamma-
tion and reactive hyperplasia can mimic 
metastatic changes. Hence, it is necessary to 
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Figure 2. Ultrasound images of the mass and axillary lymph nodes of a typical case. A: Ultrasound images of the 
mass; B: Ultrasound images of the axillary lymph nodes.

Figure 3. Prediction model for ALNM in BC patients. A: ROC curve of the prediction model for ALNM in BC patients 
in the training set; B: Calibration curve of the prediction model for ALNM in BC patients in the training set. ALNM: 
Axillary lymph node metastasis; ROC: Receiver operating characteristic curves; BC: Breast cancer.

combine clinical indicators with ultrasound 
findings to improve predictive efficiency. At the 
same time, medullary disappearance is also a 
risk factor. Metastatic invasion disrupts the LN 
capsule, cortex, and medulla, causing deforma-
tion and eccentricity of the medulla or nodal 
center [10]. The prediction model developed in 

this study, based on independent predictors, 
demonstrated good prediction value in both 
training and validation sets. The model com-
bined multiple significant risk factors, provid- 
ing complementary information that enhanced 
diagnostic efficiency, with certain guiding va- 
lue for evaluating ALN status in BC patients. 



Prediction model of axillary lymph node metastasis in patients with breast cancer

5996	 Am J Cancer Res 2024;14(12):5987-5998

Although the ALNM prediction model can ac- 
curately assess whether the ALN of breast can-
cer patients have metastasized, demonstrating 
certain clinical application value, this study still 
has some limitations. The indicators in this 
study were derived from a single-center data-
base and retrospective analyses, with a rela-
tively small sample size. Future research sh- 
ould validate the model with larger, multicenter 
datasets and focus on refining the quantitative 
indicators included in the model.

In conclusion, color Doppler ultrasound is a 
valuable tool for evaluating the ALN status of 
BC patients. The ALNM prediction model is 
effective in accurately assessing ALNM in BC 
patients and holds significant potential for clini-
cal application.
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