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Abstract 

Purpose: To develop and validate nomogram models using noninvasive imaging parameters with 
related clinical variables to predict the extent of axillary nodal involvement and stratify treatment 
options based on the essential cut-offs for axillary surgery according to the ACOSOG Z0011 
criteria.  
Materials and Methods: From May 2007 to December 2017, 1799 patients who underwent 
preoperative breast and axillary magnetic resonance imaging (MRI) were retrospectively studied. 
Patients with data on axillary ultrasonography (AUS) were enrolled. The MRI images were 
interpreted according to Breast Imaging Reporting and Data system (BI-RADS). Using logistic 
regression analyses, nomograms were developed to visualize the associations between the 
predictors and each lymph node (LN) status endpoint. Predictive performance was assessed based 
on the area under the receiver operating characteristic curve (AUC). Bootstrap resampling was 
performed for internal validation. Goodness-of-fit of the models was evaluated using the 
Hosmer-Lemeshow test.  
Results: Of 397 early breast cancer patients, 200 (50.4%) had disease-free axilla, 119 (30.0%) had 1 
or 2 positive LNs, and 78 (19.6%) had ≥3 positive LNs. Patient age, MRI features (mass margin, LN 
margin, presence/absence of LN hilum, and LN symmetry/asymmetry), and AUS descriptors 
(presence of cortical thickening or hilum) were identified as predictors of nodal disease. 
Nomograms with these predictors showed good calibration and discrimination; the AUC was 0.809 
for negative axillary node (N0) vs. any LN metastasis, 0.749 for 1 or 2 involved nodes vs. N0, and 
0.874 for ≥3 nodes vs. ≤2 metastatic nodes. The predictive ability of the 3 nomograms with 
additional pathological variables was significantly greater.  
Conclusion: The nomograms could predict the extent of ALN metastasis and facilitate 
decision-making preoperatively. 
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Introduction 
Sentinel lymph node biopsy (SLNB) has been 

replacing axillary lymph node dissection (ALND) as 
the method of choice among early breast cancer (EBC) 
patients with clinically negative axillary disease (1,2). 
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The American College of Surgeons Oncology Group 
Z0011 trial showed that SLNB without ALND in 
patients with clinical T1/2 N0 cancers did not 
compromise survival in cases with ≤ 2 metastatic 
sentinel lymph nodes (SLN) (3,4). Although SLNB 
represents major progress in the field of surgery and 
can avoid unnecessary ALND, a discussion on the 
disadvantages associated with SLNB is important. 
Studies have reported that, approximately 60% of 
patients with positive SLNs have no residual disease 
after ALND (5). Furthermore, the assessment of the 
pathological state of SLNs during surgery is both 
time-consuming and expensive (6,7). SLNB is also 
associated with injuries such as upper limb edema, 
arm numbness (8), weakened shoulder, and reduced 
arm strength (9). In fact, most patients with early 
breast cancer have node-negative disease, and SLNB 
can be avoided if reliable preoperative diagnostic 
evaluation of the axilla is available (10). Accordingly, 
axillary ultrasound (AUS) has become a routine 
preoperative evaluation for predicting axillary nodal 
status in many institutions (11,12). However, the 
diagnosis of nodal metastasis via ultrasonography is 
operator-dependent, and not very sensitive in cases 
with minor axillary metastatic burden (11,13,14). 
Other imaging modalities, such as conventional 
magnetic resonance imaging (MRI), positron emission 
tomography, and computed tomography (CT), are 
believed to be supplementary to SLNB in terms of 
diagnostic performance (15-18). However, 
conventional CT and radionuclide imaging of the 
lymph node (LN) are preferred in patients with 
advanced disease. A potential advantage of MRI over 
ultrasound (US) is that it offers a more global view of 
the axilla (19). At present, dynamic contrast-enhanced 
MRI is a widely used modality for breast mass 
characterization, breast cancer staging and prognostic 
parameter correlation. Previous investigators have 
mainly evaluated axillary MRI, rather than 
considering the primary tumor imaging 
characteristics and biology of the primary breast 
tumor (20,21). Nevertheless, the ALN status reflects 
the timeline of tumor development, and hence, 
assessing tumor characteristics may be important to 
guide the extent of axillary surgery (10). 

Considering the pooled impact of radiological 
features with clinicopathological data, the feasibility 
of identifying the outcome of ALN involvement in 
EBC patients remains unclear. Based on the results of 
the Z0011 trial and previous literature (10), the clinical 
study endpoints were divided into 3 parts: no axillary 
lymph node involvement (N0), 1 or 2 nodal 
metastases (N+(1-2)), and ≥3 metastatic lymph nodes 
(N+(≥3)). Here, we aimed to evaluate the axillary 
status in EBC patients with clinically negative axilla 

preoperatively to determine whether treatment 
should involve no axillary staging, SLNB or 
completion ALND. 

Materials and methods 
Patient enrollment 

The institutional review board approved the 
retrospective study, and the need for informed 
consent was waived. Patients with primary breast 
tumors who underwent preoperative breast and 
axillary MR examination between May 2007 and 
December 2017 were initially considered eligible for 
this study (n = 1799), and their electronic medical 
records were reviewed. The exclusion criteria were as 
follows: benign lesions, lobular or ductal carcinoma in 
situ, and other malignant breast tumors such as 
lymphoma and sarcoma, clinical T3 or higher cancers 
or node-positive tumors on physical examination, 
bilateral or occult breast cancer, a history of prosthesis 
implantation, ipsilateral breast or axillary surgery for 
breast cancer, neoadjuvant chemotherapy, previous 
breast biopsy for breast lesions prior to MRI, and 
cytologically confirmed nodal metastasis. The 
remaining 397 patients who had clinical T1 or T2 
invasive breast cancers with non-palpable ALNs were 
included in the study cohort. Among the 397 EBC 
patients who underwent preoperative breast and 
axillary MRI, 212 (53.4%) had positive LNs (133 with 1 
or 2 positive ALNs and 79 with at least 3 positive 
ALNs) and 201 (50.6%) had negative ALNs (Fig. 1). 

MRI examination protocol 
Breast and axillary MR examinations were 

performed prior to ALN surgery with a 3.0 Tesla MRI 
system (DISCOVERY MR750 24LX, GE Medical 
Systems, Milwaukee, WI, USA) using an 8-channel 
vibrant breast coil, with the patient in the prone 
position and the ipsilateral arm elevated with close 
contact between the coil and axilla. The imaging 
protocol was as follows:  

(a) Axial T1-weighted, fast-spin echo (FSE) 
sequence without fat suppression (repetition time, 802 
ms; echo time, 6.96 ms; flip angle, 111°; slice thickness, 
5 mm; matrix, 384 × 288; number of averages, 0.5; field 
of view, 340 × 340 mm2; NEX, 1.0; in-plane resolution, 
0.88 × 1.18 mm2; and total imaging time, 2 min and 47 
s). (b) T2-weighted ideal sequence with fat 
suppression (repetition time, 3150 ms; echo time, 49 
ms; flip angle, 111°; number of signals acquired, 1; 
image coverage, 210 mm; acquisition section 
thickness, 5.0 mm; NEX, 3.0; field of view, 340 × 340 
mm2; matrix, 384 × 256; in-plane resolution, 0.88 × 1.32 
mm2; and total imaging time, 4 min and 26 s); and (c) 
dynamic contrast-enhanced vibrant sequence with 
coronal section reconstruction (thickness, 1.0 mm): 
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repetition time, 3.9 ms; echo time, 1.7 ms; flip angle, 
5°; field of view, 300–350 mm; acquisition matrix, 320 
× 320; NEX, 0.71; and slice thickness, 1.4 mm with no 
inter-slice gap. An intravenous injection of Gd-DTPA 
(Magnevist; Schering, Berlin, Germany) was 
administered at a dose of 0.1 mmol/kg of body 
weight, at a rate of 3 mL/s with an MRI-compatible 
power injector (Mississippi XD2000, Ulrich, UIM, 
Germany). Contrast-enhanced image acquisition was 
initiated immediately after saline injection. The 
sequence was repeated 8 times without any time gaps. 
Each sequence lasted approximately 59s. A series of 9 
sequences was used to determine the 
early-enhancement rate and contrast enhancement 
curve with a SUN ADW 4.3 workstation (General 
Electric, Milwaukee, WI, USA). 

MRI analysis  
All breast MRI images were reviewed by 2 breast 

radiologists (H.L.W. [reader 1] and X.H.J. [reader 2], 
with 5 and 10 years of experience, respectively) 
independently, based on the 2013 Breast Imaging 
Reporting and Data system (BI-RADS) lexicon; the 
readers were blinded to the histopathological 
findings. Any disagreement between the radiologists 
was resolved via consensus. The 2 radiologists 
determined the amount of fibroglandular tissue (FGT; 

almost entirely fat, scattered, heterogeneous, or 
extreme dense); background parenchymal 
enhancement (BPE; minimal, mild, moderate, or 
marked); the presence of unifocal, multifocal or 
multicentric disease; tumor size; mass/non-mass 
characteristics; tumor location; morphologic features; 
distribution; and internal enhancement patterns of 
each lesion (mass and non-mass enhancement). BPE 
was determined based on the extent of FGT 
enhancement in initial contrast-enhanced or 
subtraction images. In patients with multiple lesions, 
only the lesion with the largest diameter was 
evaluated. Multifocal or multicentric disease was 
considered in cases with suspicious findings for 
additional sites of malignancy within the same or 
different quadrant of the ipsilateral breast. Primary 
tumor size was measured along the longest diameter. 
Time-signal intensity curves of the primary tumors 
were determined using a SUN ADW 4.3 workstation. 
Quantitative assessment was performed using 
contrast T1-weighted MRI data by drawing a region 
of interest (ROI) with an electronic cursor around the 
inner margin of the primary tumor and creating 
time-intensity curves (TICs); the kinetic curve pattern 
was then categorized into 3 types (persistent, plateau, 
or washout) (Fig. 2A,B). 

 

 
Figure 1. Flowchart of the study population. SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection; N0, free-disease axilla; N+(1-2), lymph node metastasis 
involving 1 or 2 positive nodes; N+(≥3), lymph node metastasis involving at least 3 positive nodes. 
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Figure 2. Right axillary metastatic lymph node in a 27-year-old woman (T2, invasive ductal cancer, grade 2). (A) A high-signal tumor on the axial dynamic contrast-enhanced 
magnetic resonance imaging (MRI) map (green circle); (B) Type III time intensity curve (wash-out) of a right breast tumor; (C) Axial T1-weighted fast-spin echo sequence without 
fat suppression (black arrow) and (D) T2-weighted ideal sequence with fat suppression images show an enlarged lymph node (white arrow) with irregular margin and the absence 
of a hilum; (E) Coronal contrast-enhanced image clearly shows asymmetric lymph nodes (white arrow) at level 1 of the right axilla. 

 
One radiologist (C.Y.C, with 10 years of 

experience in breast lymph node assessment [reader 
3]) reviewed the T1-weighted without fat suppression 
sequence, T2-weighted fat-suppression sequence, and 
reconstructed coronal contrast-enhanced images 
independently (Fig. 2C,D,E). The radiologist was 
blinded to the results of surgical N-staging and 
assessed the ipsilateral axillary lymph nodes on MRI 
using predefined quantitative descriptors, including 
the long diameter (LD), short diameter (SD), LD/SD, 
LN margin, hilum, and symmetry; the targeted node 
was selected as it was the largest or most commonly 
suspected for metastasis in the ipsilateral axilla. 
Asymmetry refers to asymmetric lymph nodes in 
terms of number or size, in comparison with the 
contralateral side of the axilla in breast cancer, which 
was optimally evaluated using a coronal 
reconstructed sequence (17) (Fig. 2E). 

US protocol and analyses 
A total of 331 patients underwent preoperative 

axillary ultrasound to assess the morphological 
features of ipsilateral LN using the IU22 (PHILIPS, 
The Netherlands) and ACUSON S2000 (SIEMENS, 

Germany) systems, with a high-frequency transducer 
(12 to 15 MHz). US electronic reports were reviewed, 
and characteristics of ALNs on US, including ALN 
margin, cortical thickening, and absence/presence of 
the medulla and hilum were recorded.  

Pathological evaluation 
The clinical parameters and histopathologic 

information extracted from the electronic medical 
records included age, clinical T-staging, histological 
type, Nottingham histological grade, estrogen 
receptor (ER) and progesterone receptor (PR) status, 
human epidermal growth factor receptor 2 (HER2) 
status based on immunohistochemistry and in situ 
hybridization, Ki-67 status (threshold >14%), 
molecular subtype, and vascular invasion. ER and PR 
statuses were considered positive if the 
immunostaining was positive in >1% of tumor cells. 
HER2 positivity was defined as a score of 3+ on 
immunohistochemistry or amplification on 
fluorescence in situ hybridization (FISH) (22,23). 
Tumors with scores of 0 or 1+ were considered 
HER2-negative. Tumors that scored 2+ were 
evaluated further via FISH. If the ratio of the HER2 
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gene signal to chromosome 17 probe signal was more 
than 2.2, it was classified as HER2-positive (24). When 
HER2 with a score of 2+ lacked amplification on FISH, 
the molecular type was classified as uncertain.  

Lymph nodes were surgically removed via 
SLNB or ALND. All nodes were examined 
postoperatively with serial section hematoxylin-eosin 
(H&E) staining. The presence of macrometastases 
(size of the largest metastases >2 mm cancer foci) or 
micrometastases (0.2–2 mm cancer foci) on SLNB was 
indicative of axillary node-positive status. Patients 
were considered free of ALN metastasis after negative 
findings on SLNB; however, if SLN metastasis was 
present, these patients routinely underwent 
completion ALND. Isolated tumor cells were 
classified as node-negative. Patients were categorized 
into 3 classes according to the number of metastatic 
axillary nodes (N0, N+(1-2), N+(≥3)), which reflected 
the essential cut-offs for axillary surgery according to 
the ACOSOG Z0011 criteria. 

Statistical analysis 
The differences in continuous variables were 

analyzed using the Kruskal-Wallis test, whereas the 
differences in the categorical variables were assessed 
using the Pearson χ2 test or Fisher exact test. 
Multivariate logistic regression analysis was 
performed to identify independent factors associated 
with lymph node status among the variables showing 
statistical significance on univariate analysis (P < 
0.05). Results were provided as odd ratios with 95% 
confidence intervals. The regression coefficients 
estimated from the multivariable logistic regression 
models were illustrated graphically in nomograms, 
which provided a straightforward method of 
prediction of the extent of axillary disease. The 
receiver operating characteristic (ROC) curve was 
drawn, and the area under the curve (AUC) was used 
to assess the predictive accuracy of the model. 
Moreover, bootstrap resampling with 1000 replicates 
was used to estimate the accuracy of the prediction 
models. The bias-corrected AUC was calculated as the 
average AUC over the predictions from the 
1000-replicate bootstrap data set applied to the 
original data set. Goodness-of-fit of the models was 
assessed using the Hosmer-Lemeshow (HL) test. The 
prediction models were validated by assessing the 
calibration curves and bias-corrected concordance 
index (C-index). Statistical analysis was performed 
with software (SPSS® software version 23.0, SPSS, 
Chicago, IL, USA; R 3.5.1, Vienna, Austria; 
http://www.R-project.org/). The R packages used in 
this study are as follows: “rms” and “pROC”. 
Comparisons between 2 areas under the ROC curve 
were performed using the DeLong method 

implemented in the pROC package with R. The 
conventional two-sided tests, and a significance level 
of 0.05 were used in all analyses.  

Results 
Clinicopathological characteristics 

Patients were categorized into 3 groups based on 
their ALN status, and their detailed descriptive 
clinicopathological characteristics are provided in 
Supplementary Table S1. Patient age, histological 
grade, vascular invasion, PR status, HER2 status, 
molecular subtype, clinical T stage, MRI features 
(tumor size; presence of unifocal, multifocal, and 
multicentric diseases; tumor location; mass margin; 
LN LD, SD, and LD/SD; LN margin; hilum; and 
symmetry), and AUS descriptors (presence or absence 
of cortical thickening, medulla, and hilum) varied 
significantly across the 3 different ALN statuses 
(Table 1,2). No significant differences were observed 
with regard to the histological types, ER status, Ki67 
levels, FGT, BPE, mass/non-mass, mass shape, 
internal enhancement characteristics of mass/non- 
mass, distribution of non-mass enhancement (NME), 
TIC types, and node margin on AUS among the 3 
ALN statuses.  

 

Table 1. Clinicopathological characteristics of the study sample 

   Axillary nodal status   
   N0 (n=200)  N+(1-2) (n=119) N+(≥3) (n=78)  P 
Age         0.035 
<40y 91  35(17.5)  34(28.6)  22(28.2)   
≥40y 306  165(82.5)  85(71.4)  56(71.8)   
Nuclear grade         0.002 
Low to intermediate 264  140(73.7)  86(74.8)  38(52.8)   
High 103  50(26.3)  29(25.2)  34(47.2)   
Unknown 20  10  4  6   
Vascular invasion         <0.001 
No 128  74(73.3)  36(45.0)  18(32.1)   
Yes 109  27(26.7)  44(55.0)  38(67.9)   
Missing 160  99  39  22   
PR         0.029 
Negative 109  66(33.0)  29(24.6)  14(17.9)   
Positive 287  134(67.0)  89(75.4)  64(82.1)   
Missing 1  0  1  0   
HER2         <0.001 
- 169  88(44.0)  49(41.2)  32(41.0)   
1+ 123  33(16.5)  51(42.9)  39(50.0)   
2+ 54  40(20.0)  13(10.9)  1(1.3)   
3+ 51  39(19.5)  6(5.0)  6(7.7)   
Molecular subtype†         0.002 
Luminal 313  149(76.4)  97(82.9)  67(85.9)   
HER2-positive 17  17(8.7)  0  0   
Basel-like 60  29(14.9)  20(17.1)  11(14.1)   
Uncertain 7  5  1  0   
Clinical T stage         0.012 
T1 186  103(51.5)  58(48.7)  25(32.1)   
T2 211  97(48.5)  61(51.3)  53(67.9)   

Note. Except where indicated, data represent number of patients, with percentages 
in parentheses. N0, lymph node-negative; N+, any lymph node metastasis; N+(1–2), 
lymph node metastasis involving 1 or 2 nodes; N+(≥ 3), lymph node metastasis 
involving at least 3 nodes; ER, estrogen receptor; PR, progesterone receptor; HER2, 
human epidermal growth factor receptor 2. 
† St. Gallen surrogate molecular subtype 
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Univariate and multivariate analyses of nodal 
status 

On univariate analyses, several factors were 
significantly associated with the extent of axillary 
node involvement, including age, histological grade, 
vascular invasion, ER status, PR status, HER2 status, 
Ki67 level, clinical T stage, MRI parameters (presence 
of unifocal, multifocal, and multicentric diseases; 
tumor size; mass margin; tumor location; ALN LD, 
SD, and LD/SD; node margin; hilum; and symmetry), 
and AUS evaluation findings (LN hilum, cortex, and 

medulla) (Table 3). The association with 3 outcomes, 
including axillary node negativity (N0 vs. any nodal 
metastasis (N+)), low burden of metastatic axillary 
disease (N+(1-2) vs. N0), or heavy burden of 
metastatic axillary disease (N+(≥3) vs. N+(1-2) and 
N0), were studied via multivariable logistic regression 
analysis (Table 4). The predictors identified included 
age, vascular invasion, HER2 status, mass margin, 
ALN margin, hilum and symmetry on MRI, and the 
hilum and cortex on US. 

 

Table 2. Routine and dynamic contrast-enhanced MRI and axillary ultrasound findings of the study sample 

   Axillary nodal status   
   N0 (n=200)  N+(1-2) (n=119)  N+(≥3) (n=78)  P 
Tumor size (mm)* 23.2(16, 28) 22.3(15, 27)  22.5(16.5, 26)  26.9(20, 32)  <0.001 
Uni- and multifocal tumors         0.016 
Unifocal 296  152(86.4)  91(85.8)  53(79.1)   
Multifocal 32  17(9.7)  11(10.4)  4(6.0)   
Multicentric 21  7(4.0)  4(3.8)  10(14.9)   
Missing 48  24  13  11   
Tumor location         0.003 
UIQ 57  39(19.5)  11(9.2)  7(9.0)   
LIQ 24  16(8.0)  3(2.5)  5(6.4)   
UOQ 134  58(29.0)  52(43.7)  24(30.8)   
LOQ 35  15(7.5)  8(6.7)  12(15.4)   
U 53  26(13.0)  19(16.0)  8(10.3)   
L 15  11(5.5)  3(2.5)  1(1.3)   
I 10  5(2.5)  5(4.2)  0   
O 33  15(7.5)  10(8.4)  8(10.3)   
Other† 36  15(7.5)  8(6.7)  13(16.7)   
Mass margin         0.010 
Circumscribed 12  8(4.6)  2(1.9)  2(3.0)   
Irregular 163  95(54.9)  46(43.4)  22(32.8)   
Spiculated 171  70(40.5)  58(54.7)  43(64.2)   
LN LD (mm)* 12.13(11.61,12.71) 11.40(10.78,12.07)  11.84(10.97,12.80)  14.42(13.05,15.88)  <0.001 
LN SD (mm)* 7.57(7.22,7.89) 6.69(6.35,7.03)  7.71(7.06,8.41)  9.58(8.70,10.41)  <0.001 
LN LD/SD 1.66(1.61,1.71) 1.74(1.66,1.83)  1.60(1.51,1.70)  1.53(1.46,1.61)  0.004 
LN margin on MRI         <0.001 
Smooth 322  184(96.3)  94(81.0)  44(58.7)   
Irregular 60  7(3.7)  22(19.0)  31(41.3)   
Missing 15  9  3  3   
LN hilum on MRI         <0.001 
Present 222  140(72.9)  59(50.4)  23(30.3)   
Absent 163  52(27.1)  58(49.6)  53(69.7)   
Missing 12  8  2  2   
LN symmetry on MRI         <0.001 
Yes 256  166(86.5)  70(60.3)  20(26.7)   
No 127  26(13.5)  46(39.7)  55(73.3)   
Missing 14  8  3  3   
Absent medulla on US         <0.001 
No 292  191(95.5)  66(82.5)  40(69.0)   
Yes 43  9(4.5)  14(17.5)  18(31.0)   
Missing 59  0  39  20   
ALN cortical thickening on US         <0.001 
N0 285  184(92.0)  62(78.5)  39(69.6)   
Yes 50  16(8.0)  17(21.5)  17(30.4)   
Missing 62  0  40  22   
ALN hilum on US         <0.001 
Present 295  188(94.0)  69(86.3)  38(64.4)   
Absent 44  12(6.0)  11(13.7)  21(35.6)   
Missing 58  0  39  19   

Note. Except where indicated, data represent the number of patients, with percentages in parentheses. N0, lymph node-negative; N+, any lymph node metastasis; N+(1–2), 
lymph node metastasis involving 1 or 2 nodes; N+(≥3), lymph node metastasis involving at least 3 nodes; LN, lymph node; UIQ, upper inner quadrant; UOQ, upper outer 
quadrant; LOQ, lower outer quadrant; LIQ, lower inner quadrant; U, upper quadrant; L, lower quadrant; I, inner quadrant; O, outer quadrant; LD, long diameter; SD, short 
diameter; ALN, axillary lymph nodes; US, ultrasonography; MRI, magnetic resonance imaging. 
* Data are medians, with interquartile range in parentheses. 
† Other regions included the central, subareolar area. 

 



 Journal of Cancer 2019, Vol. 10 

 
http://www.jcancer.org 

1269 

Table 3. Univariable regression analyses between possible predictor variables and axillary nodal status  

 Axillary nodal status 
 N0 vs. N+ (n=397)  N+(1-2) vs. N0 (n=319)  N+(≥3) vs. N0 and N+(1-2) (n=397) 
 Odds ratio  P  Odds ratio  P  Odds ratio  P 

Age   0.003    0.021    0.366 
<40y 1    1    1   
≥40y 2.015(1.278,3.178)    0.530(0.309,0.910)    0.778(0.453,1.339)   
Histological grade   0.119    0.832    <0.001 
I-II 1    1    1   
III 0.703(0.451,1.095)    0.944(0.555,1.605)    2.560(1.508,4.344)   
Vascular invasion   <0.001    <0.001    <0.001 
No 1    1    1   
Yes 0.219(0.133,0.359)    3.759(2.168,6.518)    3.318(1.98,5.562)   
ER   0.058    0.364    0.032 
Negative 1    1    1   
Positive 0.634(0.396,1.015)    1.278(0.753,2.172)    2.116(1.066,4.200)   
PR   0.014    0.114    0.037 
Negative 1    1    1   
Positive 0.571(0.364,0.894)    1.512(0.906,2.523)    1.947(1.041,3.643)   

HER2   <0.001    <0.001    0.001 
- 1    1    1   
1+ 0.338(0.205,0.557)    2.776(1.585,4.860)    1.988(1.158,3.413)   
2+ 2.630(1.333,5.188)    0.584(0.285,1.195)    0.081(0.011,0.606)   
3+ 2.991(1.465,6.109)    0.276(0.109,0.699)    0.571(0.224,1.454)   
Ki67   0.242    0.935    0.030 
Low (<14%) 1    1    1   
High 0.774(0.505,1.188)    1.020(0.630,1.654)    1.937(1.067,3.520)   
Clinical T stage   0.062    0.633    0.004 
T1 1    1    1   
T2 0.686(0.461,1.019)    1.117(0.709,1.758)    2.160(1.280,3.647)   
Uni- and multifocal tumors  0.280    0.979    0.005 
Unifocal 1    1    1   
Multifocal 1.074(0.517,2.230)    1.081(0.485,2.409)    0.655(0.22,1.946)   
Multicentric 0.474(0.186,1.207)    0.954(0.272,3.350)    4.168(1.684,10.318)   
Tumor size (mm)* 0.659(0.436,0.994)  0.047  0.981(0.601,1.601)  0.94  2.834(1.708,4.702)  <0.001 
Mass margin   0.004    0.044    0.030 
Circumscribed 1    1    1   
Irregular 0.699(0.202,2.414)    1.937(0.395,9.488)    0.780(0.16,3.8)   
Spiculated 0.347(0.100,1.195)    3.371(0.689,16.495)    1.667(0.351,7.907)   

LN LD (mm)* 0.623(0.400,0.971)  0.036  1.122(0.668,1.885)  0.663  2.639(1.529,4.53)  <0.001 
LN SD (mm)* 0.424(0.278,0.645)  0  1.563(0.963,2.538)  0.071  3.807(2.226,6.511)  <0.001 
LN LD/SD 1.556(1.028,2.353)  0.036  0.651(0.403,1.052)  0.79  0.737(0.434,1.253)  0.260 
LN margin on MRI   <0.001    <0.001    <0.001 
Smooth 1    1    1   
Irregular 0.099(0.044,0.225)    6.152(2.536,14.922)    6.754(3.714,12.281)   

LN hilum on MRI   <0.001    <0.001    <0.001 
Present 1    1    1   
Absent 0.274(0.179,0.421)    2.647(1.634,4.287)    4.169(2.425,7.168)   
LN symmetry on MRI   <0.001    <0.001    <0.001 
Yes 1    1    1   
No 0.140(0.085,0.230)    4.196(2.406,7.317)    9.014(5.068,16.032)   

Tumor location   0.027    0.052    0.060 
UIQ 1    1    1   
LIQ 0.923(0.334,2.550)    0.665(0.163,2.704)    1.880(0.531,6.649)   
UOQ 0.352(0.183,0.678)    3.179(1.477,6.843)    1.558(0.630,3.856)   
LOQ 0.346(0.145,0.828)    1.891(0.637,5.614)    3.727(1.298,10.702)   
U 0.444(0.205,0.966)    2.591(1.061,6.329)    1.270(0.426,3.782)   
L 1.269(0.355,4.535)    0.967(0.229,4.087)    0.510(0.058,4.502)   
I 0.462(0.119,1.798)    3.545(0.867,14.502)    0   
O 0.385(0.159,0.931)    2.364(0.833,6.708)    2.286(0.744,7.021)   
Other† 0.330(0.139,0.784)    1.891(0.637,5.614)    4.037(1.423,11.458)   
Absent medulla on US   <0.001   0.010      0.001 
No 1    1    1   
Yes 0.156(0.072,0.339)    4.502(1.862,10.885)    5.028(2.494,10.136)   
ALN cortical thickening on US   <0.001   0.020      <0.001 
No 1    1    1   
Yes 0.258(0.136,0.491)    3.153(1.503,6.615)    3.249(1.653,6.386)   
ALN hilum on US   <0.001   0.038      <0.001 
Present 1    1    1   
Absent 0.213(0.105,0.432)    2.498(1.053,5.922)    6.175(3.120,12.221)   

Note. Values in parentheses are 95% confidence intervals. N0, lymph node-negative; N+, any lymph node metastasis; N+(1–2), lymph node metastasis involving 1 or 2 nodes; 
N+(≥3), lymph node metastasis involving at least 3 nodes; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor 2; Ki67, antigen 
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identified by monoclonal antibody Ki-67; UIQ, upper inner quadrant; UOQ, upper outer quadrant; LOQ, lower outer quadrant; LIQ, lower inner quadrant; U, upper 
quadrant; L, lower quadrant; I, inner quadrant; O, outer quadrant; LD, long diameter; SD, short diameter; LN, lymph node; ALN, axillary lymph nodes; US, 
ultrasonography; MRI, magnetic resonance imaging. 
* Data are medians, with interquartile range in parentheses. 
† Other regions included the central, subareolar area. 
Bold values denote p < 0.05 

 

Table 4. Multivariable regression analyses for the prediction of axillary status 
 Axillary nodal status 
 N0 vs. N+ (n=397)  N+(1-2) vs. N0 (n=319)  N+(≥3) vs. N0+ and N+(1-2) (n=397) 
 Odds ratio  P  Odds ratio  P  Odds ratio  p 
Age (years)   0.018         
<40 years 1           
≥40 years 2.69(1.184,6.115)           
Vascular invasion   <0.001    <0.001    0.014 
No 1    1    1   
Yes 0.14(0.064,0.308)    7.323(3.189,16.814)    3.35(1.276,8.791)   
HER2   0.007    0.005     
- 1    1       
1+ 0.34(0.153,0.753)    3.594(1.544,8.368)       
2+ 1.772(0.625,5.023)    0.923(0.325,2.625)       
3+ 1.425(0.462,4.395)    0.538(0.152,1.900)       
Mass margin on MRI   0.010    0.028     
Circumscribed 1    1       
Irregular 0.91(0.125,6.632)    1.599(0.175,14.613)       
Spiculated 0.315(0.044,2.259)    4.113(0.460,36.767)       
LN margin on MRI   0.007        0.006 
Smooth 1        1   
Irregular 0.17(0.047,0.609)        4.719(1.547,14.399)   
LN symmetry on MRI   0.001    0.023    0.002 
Yes 1    1    1   
No 0.258(0.114,0.585)    2.882(1.159,7.165)    4.66(1.729,12.555)   
LN hilum on MRI       0.010     
Present     1       
Absent     2.903(1.288,6.543)       
ALN cortical thickening on US   0.017         
No 1           
Yes 0.297(0.109,0.808)           
ALN hilum on US           0.004 
Present         1   
Absent         5.517(1.736,17.534)   

Note. Values in parentheses are 95% confidence intervals. N0, lymph node-negative; N+, any lymph node metastasis; N+(1–2), lymph node metastasis involving 1 or 2 nodes; 
N+(≥3), lymph node metastasis involving at least 3 nodes; HER2, human epidermal growth factor receptor 2; LN, lymph node; ALN, axillary lymph node; US, 
ultrasonography; MRI, magnetic resonance imaging. 

 

The absence/presence of vascular invasion and 
symmetry/asymmetry of the ALN on MRI were 
strongly associated with ALN negativity as well as a 
low and heavy burden of axillary disease. Vascular 
invasion and asymmetry of ALN was negatively 
associated with N0 disease. Increasing age, 
HER2-positive status, lack of cortical thickening on 
AUS, and circumscribed mass margin and smooth LN 
margin on MRI were all associated with ALN 
negativity. The factors associated with axillary 
metastatic disease involving 1 or 2 lymph nodes are as 
follows: vascular invasion, HER2-negative status, 
spiculated mass margin, asymmetry, and the absence 
of hilum on axillary MRI. Vascular invasion, irregular 
margin and asymmetry of the ALN on MRI, and 
absence of the LN hilum on US were found to be 
positively associated with heavy burden of axillary 
involvement strongly.  

Nomograms predicting axillary nodal status 
The preoperative imaging parameters identified 

from the multivariable regression analyses were used 

to construct 3 nomograms that predicted the extent of 
axillary nodal disease. A score proportional to the log 
of the OR (estimated regression coefficient) was 
assigned to each independent predictor (Fig. 3A,B,C). 

Receiver operating characteristic curve 
analysis and internal validation 

The discriminatory ability of the nomograms for 
predicting each of the 3 axillary nodal status groups 
was investigated using ROC curves (Fig. 4A,B,C). The 
AUC for a disease-free axilla was 0.809 (95% CI, 
0.756–0.863). Using 1000 resampled bootstrap data 
sets, the bias-corrected AUC for N0 was 0.773, with a 
decrease (–0.036) in discriminative ability. The 
nomogram displayed a bias-corrected C-index of 
0.793. The Goodness-of-Fit analysis with the HL test 
resulted in a P value of 0.906, which indicated that the 
model fit well. The AUC for 1 or 2 positive nodes was 
0.749 (95% CI, 0.675–0.823), with a bias-corrected AUC 
of 0.696 (–0.053), whereas that for ≥3 metastatic nodes 
was 0.874 (95% CI, 0.819–0.929), with a bias-corrected 
AUC of 0.851 (–0.023). For the latter 2 nomograms, the 
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bias-corrected C-index was 0.723 and 0.853, 
respectively, whereas the P value on the HL test for 
goodness-of-fit was 0.815 and 0.295, respectively. The 
calibration was also assessed graphically (Fig. 4D,E,F). 
Moreover, we assessed the additional contributions 
made by clinical parameters. The predictive ability of 
the models that considered both preoperative imaging 
parameters and pathological variables (including 
vascular invasion and HER2 status) to determine a 
disease-free axilla (AUC, 0.871; 95% CI, 0.827–0.916; 
bias-corrected C-index, 0.854), 1 or 2 positive nodes 
(AUC, 0.821; 95% CI, 0.756–0.885; bias-corrected 
C-index, 0.791), and ≥3 metastatic nodes (AUC, 0.898; 
95% CI, 0.851–0.946; bias-corrected C-index, 0.871) 
was superior to that of the above constructed models. 
For a diseased axilla and low burden of LN 
metastasis, the performance of the models were 
significantly improved after adding pathological 
factors (P < 0.05); this improvement, however, was not 
significant when the heavy burden of lymph node 
metastasis was considered (P > 0.05; Fig. 4A,B,C). 

Discussion 
In the present study, patient age and 6 imaging 

parameters were included in the final models. Three 
nomograms were developed and showed good 
performance for the evaluation of ALN status via 
ROC curve analysis; internal validation demonstrated 
good discrimination. The nomograms were able to 
identify a negative axilla, as well as low- and high-risk 
groups based on the extent of ALN metastatic 
involvement, and can therefore help clinicians to 
determine appropriate axillary treatment options—no 
axillary staging in patients with N0, sentinel node 
staging in patients with N+(1-2), and completion 
ALND or neoadjuvant therapy in patients with 
N+(≥3). In addition, we provide evidence of the 
independent relationship between preoperative MRI 
and US parameters and clinical variables, and the 
lymphatic spread of breast cancer. 

 

 
Figure 3. (A) Nomogram predicting disease-free axilla (N0) vs. any nodal metastasis (N+), (B) Nomogram predicting low burden of axillary diseases involving 1 or 2 positive 
nodes (N+(1-2)) vs. disease-free axilla (N0) and (C) Nomogram predicting heavy burden of axillary diseases involving at least 3 positive nodes (N≥3) vs. disease-free axilla (N0) 
and 1 or 2 positive nodes (N+(1-2)), considering age; mass margin; ALN hilum, margin and symmetry on MRI; ALN cortical thickening and hilum on US. ALN, axillary lymph node; 
MRI, magnetic resonance imaging; US, ultrasonography. 
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Figure 4. Calibration plots of (A) the predictive model predicting disease-free axilla (N0) vs. any nodal metastasis (N+), (B) the predictive model predicting low burden of axillary 
disease involving 1 or 2 nodes (N+(1-2)) vs. disease-free axilla (N0) and (C) the predictive model predicting heavy burden of axillary disease involving at least 3 nodes (N≥3) vs. 
disease-free axilla (N0) and 1 or 2 positive lymph nodes (N+(1-2)). Receiver operating characteristics (ROC) curves representing the discriminatory ability of the nomogram in 
(D) predicting a negative axilla, (E) axillary disease involving 1 or 2 positive nodes and (F) axillary disease involving at least three positive nodes. The red plot shows the ROC curve 
of preoperative parameters and pathological variables, whereas the blue plot shows the ROC curve of the model considering preoperative parameters. Preoperative parameters 
include age, mass margin, ALN hilum, margin and symmetry on MRI, ALN cortical thickening and hilum on US; the pathological variables include vascular invasion and human 
epidermal growth factor receptor 2 (HER2) status. ALN, axillary lymph node; MRI, magnetic resonance imaging; US, ultrasonography 

 
On multivariate analyses, 9 variables emerged as 

independent predictors for ALN status, including age, 
vascular invasion, HER2 status, mass margin, ALN 
features (margin, hilum, and symmetry) on MRI, and 
AUS evaluation of the LN hilum and cortex. Age (<40 
years), vascular invasion, and absence of ALN hilum 
and cortical thickening on US are reportedly risk 
factors for ALN metastasis, in accordance with most 
previous publications (10,25-29). However, the 
prediction value of HER2 status in previous studies 
was uncertain, with some studies showing no 
predictive value (25,30). In the present study, we 
found that HER2-negative status was associated with 
a higher burden of ALN metastasis. This finding may 
seem counterintuitive (31), but is similar to the finding 
of Fei et al (32); its inclusion in the present study 
should be corroborated.  

We used a mix of quantitative and qualitative 
descriptors that are common interpretation criteria 
frequently used in assessment of the ALN via MRI 
(17). The disappearance of the hilum, irregular margin 
and asymmetry on axillary MRI are independent 
predictors of the extent of node metastasis. According 
to previous reports, the absence of LN hilum was 
associated with lymph node metastasis (27,33,34). 
Fusco et al showed that the accuracy of ALN 
smoothness for discriminating metastatic and 
non-metastatic lymph nodes was 77.2%. Previous 
MRI prediction models rarely used the descriptor 
“asymmetry” for assessing nodal status. Pascal et al 
demonstrated that “asymmetry” and “irregular 
margin” were significant predictors for ALN 
metastasis by using chi-squared automatic interaction 
detection (17). The results of our study was consistent 
with these findings.  
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To our knowledge, only a few studies have 
sought to develop a predictive model of ALN status 
that incorporates routine and dynamic contrast MRI 
parameters of primary lesions based on the 2013 
BI-RADS lexicon. The mass margin could serve as an 
independent prognostic factor for ALN negativity and 
1 or 2 positive lymph nodes in this study. Previous 
studies found that lesion segmentation and extraction 
signatures or BI-RADS features of the primary mass 
could potentially predict ALN metastasis or breast 
cancer recurrence risk (35-37). Woodard et al found 
that irregular mass margins on MRI may be indicative 
of a more aggressive malignancy (35). Nevertheless, 
the relationship between mass morphological 
signatures and axillary node metastasis needs more 
researches to be verified.  

In previous studies, models have been 
developed to predict the probability of ALN staging 
in patients with EBC, with AUC ranging from 0.702 to 
0.864 (10,24,26,28,31,32,38). When compared with 
those models, our models showed some advantages. 
First, our model contains 7 variables that were 
available prior to surgery and showed good 
discrimination ability, yielding an AUC of 
0.749–0.874. Given that vascular invasion and HER2 
status can be obtained after core needle biopsy of the 
primary tumor, the classification performance of our 
models can be improved significantly. Nevertheless, 
information on vascular invasion and HER2 status 
was not often available preoperatively and was hence 
not included in the nomograms. However, predictive 
factors such as pathological tumor size and 
multifocality in previous models are only generally 
available postoperatively, which may limit their 
clinical application. Secondly, we developed 3 
nomograms using comprehensive data to more 
accurately evaluate the extent of lymph node 
involvement. Physicians can better inform patients 
and can establish a more appropriate treatment 
protocol based on the risk of ALN metastasis with our 
user-friendly calculators. 

Nevertheless, the study still has some limitations 
due to its retrospective nature. Since the study has a 
single-center cohort, inevitable selection bias in the 
inclusion and exclusion criteria could have influenced 
the results. Although internal validation was 
performed by bootstrapping, external validation is 
still needed to evaluate its predictive ability and 
generalizability. Moreover, the risk factors may differ 
when measured by different interpreters due to 
interobserver variability. Hence, the nomogram 
results should be interpreted with caution. Radiomics 
and machine learning approaches could play a better 
role in stratifying the risk in future studies. In 
addition, patients with negative SLNB findings were 

considered to have “negative axillary disease”, even 
though they did not undergo ALND and thus did not 
have definite pathologic results. This inherent 
limitation is unavoidable because patients with 
negative SLNB are required to forgo ALND in clinical 
practices. Finally, the study cohort is extracted from 
the Chinese population. As breast cancer patients in 
China are usually younger and the breast FGT of 
Chinese women is different from those of women 
from other countries, our prediction model cannot be 
directly applied to patients from other non-Asian 
countries. 

In conclusion, the value of the 3 nomograms as 
preoperative guidance tools will depend on the 
preoperative imaging modalities used and routine 
clinicopathological factors; the methodological 
limitations, imaging interpretation variability, and 
population discrepancies should be considered when 
validating its feasibility in clinical practice. 
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