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inTroducTion
Breast cancer is now the most common malignancy and 
the leading cancer- related cause of death in females world-
wide. For breast cancer patients, the major cause of death is 

not the primary tumor but the distant organs metastasis.1 
And the 5 year survival rate of breast cancer with distant 
metastasis is reported to decrease as the number of meta-
static axillary lymph node (ALN) increases.2 In addition, 
ALN metastasis is considered as the major indication for 

Received: 
08 December 2019

Accepted: 
01 May 2020

Revised: 
14 April 2020

https:// doi. org/ 10. 1259/ bjr. 20191019

objective: To establish a radiomics nomogram by 
integrating clinical risk factors and radiomics features 
extracted from digital mammography (MG) images for 
pre- operative prediction of axillary lymph node (ALN) 
metastasis in breast cancer.
Methods: 216 patients with breast cancer lesions 
confirmed by surgical excision pathology were divided 
into the primary cohort (n = 144) and validation cohort 
(n = 72). Radiomics features were extracted from crani-
ocaudal (CC) view of mammograms, and radiomics 
features selection were performed using the methods 
of ANOVA F- value and least absolute shrinkage and 
selection operator; then a radiomics signature was 
constructed with the method of support vector machine. 
Multivariate logistic regression analysis was used to 
establish a radiomics nomogram based on the combi-
nation of radiomics signature and clinical factors. The 
C- index and calibration curves were derived based on 
the regression analysis both in the primary and valida-
tion cohorts.
results: 95 of 216 patients were confirmed with ALN 
metastasis by pathology, and 52 cases were diagnosed 
as ALN metastasis based on MG- reported criteria. The 
sensitivity, specificity, accuracy and AUC (area under the 
receiver operating characteristic curve of MG- reported 

criteria were 42.7%, 90.8%, 24.1% and 0.666 (95% confi-
dence interval: 0.591–0.741]. The radiomics nomogram, 
comprising progesterone receptor status, molecular 
subtype and radiomics signature, showed good calibra-
tion and better favorite performance for the metastatic 
ALN detection (AUC 0.883 and 0.863 in the primary 
and validation cohorts) than each independent clinical 
features (AUC 0.707 and 0.657 in the primary and vali-
dation cohorts) and radiomics signature (AUC 0.876 and 
0.862 in the primary and validation cohorts).
conclusion: The MG- based radiomics nomogram could 
be used as a non- invasive and reliable tool in predicting 
ALN metastasis and may facilitate to assist clinicians for 
pre- operative decision- making.
advances in knowledge: ALN status remains among the 
most important breast cancer prognostic factors and 
is essential for making treatment decisions. However, 
the value of detecting metastatic ALN by MG is very 
limited. The studies on pre- operative ALN metastasis 
prediction using the method of MG- based radiomics 
in breast cancer are very few. Therefore, we studied 
whether MG- based radiomics nomogram could be used 
as a predictive biomarker for the detection of metastatic 
ALN.
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neoadjuvant chemotherapy. Therefore, the status of ALN is the 
most important decisive factor of the prognosis and therapeutic 
decision- making for breast cancer patients.3,4 Clinically, axil-
lary lymph node dissection (ALND) is the standard method for 
axillary status evaluation in breast cancer patients with palpable 
or metastatic ALNs confirmed by biopsy. Sentinel lymph node 
biopsy (SLNB) is the standard procedure in staging the axilla 
of breast patients with clinically negative axilla.5 However, both 
ALND and SLNB are invasive procedures, which are still associ-
ated with some unacceptable complications, such as seroma, arm 
pain, infection and lymphedema.6,7

Clinically, some noninvasive imaging techniques, such as MG, 
ultrasound, CT, MRI and PET/CT, are usually used to evaluate 
ALN status according to its morphological and functional abnor-
malities. However, these methods have high false- negatives.8–10 
Ultrasound- guided fine- needle aspiration can effectively improve 
the dignostic accuracy of ALN metastasis pre- operatively. 
However, if there has no evidence of cancer cell infiltration, 
further surgery is still needed to reconfirm the status of ALN. In 
addition, for some methods, such as MRI and PET/CT, the cost 
is too high to be suitable for most breast cancer patients. Hence, 
a non- invasive and cheaper method to predict the ALN status for 
breast cancer patients is in urgent need.

Radiomics is a new research field based on quantitative imaging 
technology, and it is also a non- invasive method aimed to utilize 
the full potential of medical imaging to reflect tissue heteroge-
neity.11 Mammography (MG) is widely used for breast cancer 
screening, diagnosis and pre- operative staging, but the value 
of detecting metastatic ALN is very limited.8 To the best of our 
knowledge, the studies on preoperative predicting ALN metas-
tasis of breast cancer using the method of MG- based radiomics 
are very few.12 Therefore, we studied whether MG- based radio-
mics could be used as a predictive biomarker for the detection 
of metastatic ALN, and the aim of this study was to establish a 
MG- based radiomics nomogram by intergrating the clinical risk 
factors and radiomics signature to predict the probability of ALN 
metastasis in breast cancer.

MeTHods and MaTerials
Patient population
Our institutional review board approved this retrospective study, 
and patient informed consent requirement was waived. We retro-
spectively collected 307 consecutive patients initial diagnosed 
as invasive carcinoma of no special type in Henan Provincial 
People’s Hospital between Jun 2015 and May 2017. And the inclu-
sion criteria were as follows: (1) breast invasive carcinoma of no 
special type confirmed initially by surgical excision, (2) ALND or 
SLNB operation must undergo to evaluate the status of ALN, (3) 
lesions presenting as mass on mammograms, regardless of calci-
fication. Patients with missing data, with the tumor only in the 
MLO view of mammogram, or who underwent biopsy, chemora-
diotherapy before MG examination were excluded. A total of 216 
patients were enrolled our study; and the patients were divided 
into primary cohort (n = 144; mean age, 52.19 ± 10.60) and 
validation cohort(n = 72; mean age, 53.97 ± 10.21) according to 
the study date of MG and the ratio of 2:1. Clinically, all patients 

presented with a breast lump, with a duration ranging from 
several days to 5 years. Pathologically, all patients were invasive 
carcinoma of no special type, and 34.7% (75/216) patients had 
the lesions combined ductal carcinoma in situ (DCIS) compo-
nents with no more than 20%; immunohistochemistry exam 
was used to further evaluate the status of estrogen receptor (ER), 
progesterone receptor (PR), human epidermal growth factor 
receptor 2 (HER2) and Ki-67 using post- operative histological 
specimens. Clinical data, such as age, tumor size, pathological 
grade, ER status, PR status, HER2 status, and Ki-67 proliferation 
index were recorded both in the primary and validation cohorts, 
and the molecular subtype of breast cancer were calculated by 
the status of ER, PR and HER2.13

Mammograms were obtained in the routine craniocaudal (CC) 
and mediolateral oblique (MLO) views for the bilateral breasts. 
On mammograms, ALNs can be observed at MLO view. Hence, 
in our study we only use CC view mammogram to analyze radio-
mics features, and MLO view mammogram was used to eval-
uate the status of ALN and the mammary gland density by two 
radiologists with 5 or more years of radiological experience. On 
the image of MLO view, metastatic ALNs were defined as round 
enlarged lymph node with the short diameter ≥10 mm (Criterion 
a), or multiple round high density small lymph nodes with the 
short diameter＜10 mm (Criterion b); and all the lymph nodes 
with fat density should be excluded (Criterion c) (Figure 1). And 
the flowchart of this study is shown in Figure 2.

Mammograms acquisition and segmentation
Bilateral digital MG was performed using Hologic Selenia 
(Hologic Medical Systems, Boston, MA). Images were obtained 
in the routine CC and MLO views for the bilateral breasts. 
CC and MLO view mammograms were saved as the format of 
Digital Imaging and Communications in Medicine archived in 
the Picture Archiving and Communication System (PACS, Care-
stream, Canada). CC view mammogram was used to extract 
radiomics features, and MLO view mammogram was used to 
evaluate the status of ALN based on the MG- reported criteria 
in our study.

The ITK- SNAP software (open source software; http://www. itk- 
snap. org) was used for manual image segmentation, then a two- 
dimensional (2D) region of interest (ROI) that covered the whole 
lesion was delineated on the CC view of mammogram by two 
radiologists with 5 or more years of experience in breast imaging 
diagnosis (Figure 3).

Radiomics feature extraction
Radiomics feature extraction was performed using in- house 
software implemented in Matlab 2018b (Mathworks, Natick, 
MA). Four groups of imaging features were extracted from 
the CC view of mammogram with manually segmented ROI, 
including 8 shape features, 17 first- order statistical features, 90 
texture features and 4280 gabor features (5 scales and 8 direc-
tions are used for gabor filtering, calculating first- order statis-
tical features and texture features for each filter data). A total of 
4395 radiomics features were extracted from each patient. More 
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Figure 1. The criteria of MG- reported metastatic ALNs on the MLO view mammogram. Both round enlarged lymph nodes with the 
short diameter ≥10 mm (a) and multiple round high density small lymph nodes with the short diameter＜10 mm (b) were regarded 
as metastatic ALNs; and all the lymph nodes with fat density should be considered as benign lymph nodes (c). ALN, axillary lymph 
node;MG, mammography; MLO, mediolateral oblique.

Figure 2. The flow chart of our study. In our study, a total of 216 patients were enrolled. And there were four methods to pre- 
operative evaluate ALN metastasis for breast cancer, including MG, radiomics signature, clinical features and the radiomics 
nomogram. ALN, axillary lymph node;CC, craniocaudal; DICOM, DigitalImaging and Communications in Medicine; LASSO, least 
absoluteshrinkage and selection operator; MG, mammography; MLO, mediolateral oblique; ROI,region of interest; SVM, support 
vector machine.

http://birpublications.org/bjr
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information about the radiomics feature extraction method-
ology can be found in the Supplementary Data.

Radiomics feature selection
The methods of ANOVA F- value and LASSO were applied to 
select the ALN metastasis- related radiomics features. The selec-
tion method of radiomics features is divided into two steps. The 
first step is to use the single feature selection method to select 
features according to the k highest F- value, and 500 features were 
selected from these 4395 radiomics features. The second step, 12 
features were selected based on the first step with the method of 
LASSO (Figure 4). And these 12 ALN metastasis- related radio-
mics features were shown in the Supplementary Data.

Radiomics signature construction
12 metastasis- related features of all 4395 radiomics features were 
selected in the primary cohort to build a radiomics signature. 
Linear support vector machine (with a C value 1/16) was used to 
construct radiomics signature. Radiomics score (Rad- Score) is a 
manifestation of radiomics signature and contains all the infor-
mation of the selected features. The Rad- Score was calculated 
for each patient as a linear fitting of selected features that were 
weighted by their respective coefficients.

Establishment and validation of the nomogram
MG- based radiomics nomogram was constructed with multivar-
iate logistic regression analysis among the radiomics signature 
and clinicopathological factors using the likelihood ratio test 
with Akaike's information criterion (AIC) as a stopping rule.14

Calibration curves were plotted to assess the calibration of the 
nomogram, accompanied with the Hosmer- Lemeshow test. The 
C- index and calibration curve were derived based on the regres-
sion analysis both in the primary and validation cohorts.

Statistical analysis
To analyze the differences between the primary cohort data 
and validation cohort data, we conducted a descriptive anal-
ysis, using cross- tabulations of pathological grade, ER status, 
PR status, HER2 status; and a two- tailed Student’s t- test was 
used to compare the mean age, mean size, Ki-67 proliferation 
index and Rad- Score. The data were analyzed using Statistical 
Package for SPSS 22.0 software (SPSS Inc., Chicago, IL). Multi-
variate logistic regression analysis was applied to construct the 
prediction models of clinical features and radiomics nomogram, 
and the statistical analyses were performed with commercially 
available software (R software, v. 3.4.3). A two- tailed p- value < 
0.05 was considered statistically significant. The performance is 
expressed as the sensitivity, specificity, accuracy and area under 
the receiver operating characteristic (ROC) curve (AUC) for the 
predictive models.

resulTs
Clinical findings
The clinicopathological characteristics of patients whose data are 
classified into the primary and validation cohorts are shown in 
Table 1. The differences were not statistically significant between 
the primary cohort and the validation cohort in terms of age, 
lesion size, location, pathological grade, ER status, PR status, 
HER-2 status and Ki-67 proliferation index (all p- values＞0.05).

Multivariate logistic regression analysis was used to assess the 
relationship between the clinical risk factors and ALN metas-
tasis. Three factors (including tumor size, molecular subtype 
and ER) were selected to construct the clinical features model 
to predict ALN metastasis. The sensitivity, specificity, accuracy 
and AUC value for the prediction model of clinical features 
were 59.16%, 68.49%, 63.89% and 0.707 [95% confidence 

Figure 3. The ROI of breast cancer lesion was delineated on CC view of mammogram; an irregular breast cancer mass was showed 
on CC view mammogram (a), and the ROI of breast cancer was delineated manually on the same image before lesion segment (b) 
and after lesion segment (c). ROI, region of interest.

http://birpublications.org/bjr
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interval (CI): 0.658–0.752] in the primary cohort and 45.83%, 
85.42%,72.22% and 0.657 (95% CI: 0.590–0.708) in the valida-
tion cohort, respectively.

ALN status prediction based on MG
According to the criteria of MG- reported metastatic ALNs on 
the MLO view mammogram, the result of ALN status predic-
tion was shown in the Table 2. Of 216 breast cancer patients, 95 
(44.0%, 95/216) cases in all had ALN metastasis confirmed by 
ALND, and 52 (24.1%, 52/216) cases were diagnosed with meta-
static ALNs on mammograms. In the whole cohort, 55 patients 
were reported to be LN- negative but confirmed to have LN 
metastases, while 11 patients were reported to be LN- positive 
but confirmed to have no LN metastases. Then the sensitivity, 
specificity, accuracy and AUC value of MG were calculated, and 

they were 42.7%, 90.8%, 24.1% and 0.666 (95% CI: 0.591–0.741), 
respectively.

ALN status prediction based on radiomics 
signature
12 ALN metastasis- related radiomics features were used to 
construct radiomics signature using the SVM method. The 
sensitivity, specificity, accuracy and AUC value for the prediction 
model of radiomics signature based on CC view of mammogram 
were 80.28%, 79.45%, 79.86% and 0.876 (95% CI: 0.842–0.920) 
in the primary cohort and 75.00%, 77.08%, 76.39% and 0.862 
(95% CI:0.822–0.896) in the validation cohort, respectively.

Additionally, there was significant difference between the median 
of Rad- Score between positive ALN and negative ALN cases in 

Figure 4. Radiomics feature selection using LASSO logistic regression based on CC view of mammogram in the primary cohort. 
Selection of the tuning parameter (λ) in the LASSO model via 10- fold cross- validation based on minimum criteria. 12 ALN status- 
related radiomics features were selected using the method of LASSO logistic regression. ALN, axillary lymph node;CC, craniocau-
dal;LASSO, least absolute shrinkage and selection operator.

http://birpublications.org/bjr
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the primary and validation cohorts (both p < 0.05). The correla-
tion between Rad- Score and ALN status was shown in Table 3.

ALN status prediction based on radiomics 
nomogram
Radiomics signature, PR and molecular subtype were selected 
as ALN metastasis- related factors and used to construct the 
nomogram model using multivariate logistic regression analysis 
(Figure 5). The sensitivity, specificity, accuracy and AUC value 
for the prediction model of nomogram were 80.28%, 80.82%, 
80.56% and 0.883 (95% CI: 0.849–0.920) in the primary cohort 
and 75.00%, 81.25%, 79.17% and 0.863 (95% CI: 0.821–0.897) in 
the validation cohort, respectively.

ALN status predictive performance comparison
The performance of four predictive models, including MG- re-
ported, radiomics signature, clinical features and the nomogram, 
were compared. In our study, MG- based radiomics nomogram 
was superior to the other three methods, and the results were 
shown in Table 4. At the same time, the nomogram model was 
more effective in metastatic ALN prediction than independent 
radiomics signature and clinical factors both in the primary 
cohort (Figure 6) and validation cohort(Figure 7).

The validation of the radiomics nomogram
Calibration curves were plotted to assess the consistent between 
the radiomics nomogram- predicted probability of ALN 

Table 1. Clinical features of patients with breast cancer in the primary cohort and validation cohort

Characteristic
Primary cohort
(n = 144)

Validation cohort
(n = 72) p- value

Age (year,  ̄x± σ ) 52.19 ± 10.60 53.97 ± 10.21 0.241

Size (cm, ̄x± σ ) 2.27 ± 0.75 2.33 ± 1.03 0.147

Location of disease

Right lobe 79 (54.9%) 34 (47.2%) 0.289

Left lobe 65 (45.1%) 38 (52.8%)

Pathological grade

Grade I 4 (2.8%) 1 (1.4%) 0.775

Grade Ⅱ 84 (58.3%) 41 (56.9%)

Grade Ⅲ 56 (38.9%) 30 (41.7%)

ER status

Positive 98 (68.1%) 53 (73.6%) 0.401

Negative 46 (31.9%) 19 (26.4%)

PR status

Positive 83 (57.6%) 48 (66.7%) 0.200

Negative 61 (42.4%) 24 (33.3%)

HER-2 status

Positive 40 (27.8%) 18 (25.0%) 0.664

Negative 104 (72.2%) 54 (75.0%)

Ki-67 (%, ̄x± σ ) 43.33 ± 22.52 44.79 ± 24.84 0.664

HER2, human epidermal growth factor receptor 2; PR, progesterone receptor.

Table 2. The result of ALN status prediction based on MG

ALN status based on MG*

Pathological ALN status

TotalPositive Negative
Positive 41 11 52

Negative 55 109 164

Total 96 120 216

ALN, axillary lymph node; MG, mammography.
Note: * Both round enlarged lymph node with the short diameter ≥10 mm (Criterion a) and multiple round high density small lymph nodes with the 
short diameter＜10 mm (Criterion b) were diagnosed as metastatic ALNs according to the criteria of MG- reported.

http://birpublications.org/bjr
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metastasis and the actual results. On the calibration curves in our 
study, the p- values in the primary and validation cohorts were 
0.923 and 0.269, respectively(Figure 8).

discussion
ALN status remains among the most important breast cancer 
prognostic factors and is essential for making treatment deci-
sions. ALN is the most common metastatic site of breast cancer, 
which receives about 70% lymphatic drainage of the breast. Of 
216 breast cancer patients in our study, 95 (44.0%, 95/216) cases 
had ALN metastasis confirmed by ALND. Pre- operative accurate 
assessment of ALN status is particularly important for making 
treatment decisions. ALND or SLNB can be used to assess ALN 
status, but these methods are invasive. Pre- operative imaging 
examination is common used as non- invasive method to 
confirm the status of ALN metastasis, but imaging examination 
has a low diagnostic sensitivity, which may lead to a considerable 
proportion of ALN metastasis patients to be missed.8,9 Hence, we 
aimed to develop a non- invasive and high diagnostic sensitivity 

model to preoperative predict the probability of ALN metastasis 
to support clinical decision- making.

MG is mainly used for screening and diagnosis of breast cancer, 
which is also the most basic imaging examination for breast 
diseases. However, the value of MG on pre- operative detecting 
metastatic ALNs is very limited. Valente et al reported the sensi-
tivity of metastatic ALNs detected by MG were 21%.8 In our 
series, 52 (24.1%,52/216) cases were diagnosed as ALN metas-
tasis based on the MG- reported criteria. In the whole cohort, 55 
patients were reported to be LN- negative but confirmed to have 
LN metastasis, while 11 patients were reported to be LN- positive 
but confirmed to have no metastasis. And the sensitivity, speci-
ficity, accuracy and AUC value of MG were 42.7%, 90.8%, 24.1% 
and 0.666 (95% CI: 0.591–0.741), respectively. The sensitivity of 
MG in our study is slightly higher than that of the above liter-
ature8 ; and this may have some relationship with the different 
diagnostic criteria for ALN metastasis. In our study, on the MLO 
view of mammogram, besides round enlarged lymph nodes with 

Table 3. Rad- scores for the primary cohort and validation cohort

Rad- score
Positive ALN
Median (IQR)

Negative ALN
Median (IQR) p- value

Primary cohort 0.701
(0.590, 0.781)

0.303
(0.146, 0.440)

0.000

Validation cohort 0.695
(0.438, 0.758)

0.260
(0.123, 0.448)

0.000

IQR, interquartile range.
Note: p value < 0.05 indicates a significant difference in the median Rad- score between positive and negative ALN patients.

Figure 5. Nomogram was developed by incorporating radiomics signature with age, size, pathological grade, mammary gland 
type, molecular subtype, ER, PR, HER2 and Ki-67 using multivariate logistic regression analysis, and radiomics signature, molecu-
lar subtype and PR were selected to construct the nomogram in our study. ER, estrogen receptor; HER2,human epidermal growth 
factor receptor 2; PR, progesterone receptor.

http://birpublications.org/bjr
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the short diameter ≥10 mm, multiple round high density small 
lymph nodes with the short diameter＜10 mm were also defined 
as metastatic ALNs. While, only round enlarged lymph nodes 
with the short diameter ≥10 mm were regarded as metastatic LN 
in mostly studies. Overall, MG has low efficiency in the detec-
tion of metastatic ALNs, and this may be related to the absence 
of the whole view of fossa axillaris because of the influence of 
projection position on MG. Because only the anterior axillary 
wall tissue can be displayed on the MLO view, which affects the 
overall imaging of ALNs.

Radiomics nomogram has been proved to be an useful non- 
invasive tool for cancer patients in the prediction of lymph 
node metastasis pre- operatively.15–22 For breast cancer, 
comparing with MG, more studies about radiomics features/
nomogram based on MRI used to pre- operative predict ALN 
metastasis were reported.12,21–24 Cui and their colleagues have 
used radiomics features of dynamic contrast enhanced MRI to 
predict ALN metastasis in breast cancer, and they reported the 
accuracy, sensitivity, specificity and AUC value were 89.54%, 
94.50%, 80.06% and 0.862, respectively.23 Lately, Chai et al 

Table 4. Predictive performance of MG, radiomics signature, clinical features and the nomogram

Predictive Model

Metastatic ALN Predictive Performance

Sensitivity Specificity Accuracy AUC (95% CI)
MG- reported 42.7% 90.8% 24.1% 0.666

(0.591 to 0.741)

Radiomics signature 75.0% 77.1% 76.4% 0.862
(0.822 to 0.896)

Clinical features 45.8% 85.4% 72.2% 0.657
(0.590 to 0.708)

Radiomics nomogram* 75.0% 81.3% 79.2% 0.863
(0.821 to 0.897)

AUC, area under the curve; CI, confidence interval; MG, mammography.
Note: * represent for the model of radiomics signature +clinical features.

Figure 6. The ROC curves were compared among the methods of the radiomics signature, clinical features, and the nomogram in 
the primary cohort. AUC, area under the curve; ROC, receiver operating characteristic.

http://birpublications.org/bjr
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reported that the accuracy/AUC of the sequences of T1WI, 
CE2, T2WI, and DWI for ALNs prediction in breast cancer was 
79%/0.87, 77%/0.85, 74%/0.79, and 79%/0.85, respectively; 
When CE2 was augmented by adding kinetic features, the 
model achieved the highest performance (accuracy = 0.86 and 
AUC = 0.91),24 which showed a good prediction efficacy based 
on MRI radiomics. In our study, the radiomics signature based 
on 12 ALN metastasis- related features extracted from CC 
view of mammogram demonstrated more favorite predictive 
performance than that of independent MG- reported criteria 
and clinical features (AUC of 0.862 vs 0.666 vs 0.657). The 
nomogram developed by radiomics signature and clinical risk 
factors showed a little higher predictive efficacy than that of 
independent radiomics signature (AUC of 0.883 vs 0.876 in 
the primary cohort; 0.863 vs 0.862 in the validation cohort), 
and the specificity and accuracy were also improved compared 
with those of radiomics signature (81.25 and 79.17 vs 77.1% 
and 76.4%, respectively). However, no matter in the primary 
cohort or in the validation cohort, there was little difference 
in the terms of predictive efficacy between the nomogram 
and radiomics signature in our study, which was not consis-
tent with the literature reports.21,22 This may be related to the 
Ultrasound- reported and MRI- reported ALN status added 
into the construction of nomogram in the above studies21,22 
; however, in our study, the radiomics nomogram was 
constructed with radiomics signature and clinical risk factors, 
and MG- reported ALN status was studied separately. On the 
other hand, this result also demonstrated that the clinical risk 

factors have little contribution to the prediction of momogram 
in ALN metastasis. Calibration curves were plotted to assess 
the consistent between the radiomics nomogram- predicted 
probability of ALN metastasis and the actual results. On the 
calibration curves in our study, both p- value were＞0.05 in 
the primary and validation cohorts, which demonstrated that 
the stability of our model is well. Comparing with the study of 
Yang and their colleagues,12 the AUC value of radiomics signa-
ture in our study is a little lower both in the primary cohort 
(0.895 vs 0.876) and validation cohort (0.875 vs 0.862). This 
may have some relationship with only CC view of mammo-
gram used to extract radiomics features in our study, both CC 
and MLO views of mammograms can provide more radiomics 
features reflecting the heterogeneity of tumors. While, the AUC 
value of nomogram in our study is a little higher than that of 
the study of Yang and their colleagues in the primary cohort 
(0.883 vs 0.779) and validation cohort (0.863 vs 0.809).12 This 
may lead by the limited number enrolled the study, and the 
number enrolled the study in our study is bigger than theirs; 
otherwise, the AUC value of the validation cohort was a little 
higher than that of primary cohort (0.809 vs 0.779), larger 
studies are still needed to further evaluate these findings. Our 
predictive performance is a little lower than that of the study 
of Cui and their colleagues,23 especially for the sensitivity 
and accuracy. This may be related to the radiomics features of 
breast tumor extracted from dynamic contrast- enhanced MR 
images reflecting more comprehensive tumor heterogeneity 
than that of MG.

Figure 7. The ROC curves were compared among the methods of the radiomics signature, clinical features, and the nomogram in 
the validation cohort. AUC, area under the curve; ROC, receiver operating characteristic.
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Our study has several limitations as well. First, the outline of 
lesion’s ROI is manually delineated by radiologists, and the 
judgment of lesion’s exact outline is greatly influenced by 
personal experience; besides, in view of the fact that most 
invasive breast cancers are prone to combine with calcifica-
tion, it is impossible to eliminate the influence of calcifica-
tion when delineating the ROI. Second, we only use CC view 
of mammogram for the extraction of radiomics features, 
and both CC and MLO views of mammograms were used 
to extract radiomics feature in other studies; and only mass 
lesions, regardless of mass dimensions and calcifications 
combined, were enrolled in this study, which could not repre-
sent the general situation of the whole breast tumor. Third, 
this is a relatively small retrospective study, then increasing 
case number and multicentre studies carrying out further 
study are needed.

In conclusion, our study suggests that quantitative radiomics 
features extracted from CC view of mammogram are helpful 
for pre- operative accurate predicting ALN metastasis of breast 
cancer. The MG- based radiomics nomogram could be used 
as a non- invasive and reliable tool in predicting ALN metas-
tasis and may facilitate to assist clinicians for pre- operative 
decision- making.
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