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Abstract 

Objective: Knowing axillary lymph node (ALN) status before surgery affects decisions about 

treatment modalities. Therefore, reliable, noninvasive diagnostic methods are important for 

determining ALN metastases. We aimed to accurately evaluate the patient’s ALN status with 

noninvasive imaging modalities while making treatment decisions. 

Patients and Methods: Patients who received the axillary ultrasound (AUS), magnetic 
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resonance imaging (MRI), or 18F-fluorodeoxyglucose positron emission tomography/computed 

tomography (18F-FDG-PET/CT) imaging modalities and whose ALNs were confirmed 

histopathologically by fine needle aspiration cytology (FNAC), sentinel lymph node biopsy 

(SLNB), or ALN dissection (ALND) were included in the study. 

Results: The sensitivity, specificity, positive predictive value (PPV), negative predictive value 

(NPV), and accuracy of AUS for the detection of ALN metastases were 83%, 62%, 59.2%, 

54.8%, and 79.1%, respectively. For MRI they were 86.1%, 75%, 68.5%, 51.6%, and 85.3%, 

respectively, and for 18F-FDG-PET/CT they were 78%, 53%, 56.2%, 51.4%, and 72.5%, 

respectively. ALNs were found to be metastatic in all patients who were reported positive in all 

three imaging modalities. ALN metastases were detected in 19 of 132 patients (false 

negativity,14.3%) in whom AUS, MRI, and 18F-FDG-PET/CT images were all reported as 

negative. 

Conclusion: In our study, we found that the diagnostic performance of MRI was slightly better 

than AUS and 18F-FDG-PET/CT. When we used imaging modalities together, our accuracy rate 

was better than when we used them alone. For accurate evaluation of axillary lymph nodes, 

imaging modalities should be complementary rather than competitive. 

 

Key points 

 The status of the axillary lymph nodes is one of the most important prognostic factors in 

patients with breast cancer. 

 Axillary lymph node evaluation is the crucial step for treatment decision in newly 

diagnosed breast cancer. 

 Imaging modalities can be used to accurately determine the status of axillary lymph 

nodes. 

 False negativity rates are the most important deficiency of imaging modalities such as 

axillary ultrasound, MRI, 18F-FDG-PET/CT. 

 Sentinel lymph node biopsy is still considered to be gold standard. 

 

 

INTRODUCTION 

Despite advances in breast cancer management, axillary lymph node (ALN) status remains the 

most important prognostic factor in terms of staging, treatment, prognosis, recurrence, and 

survival. In a 10-year follow-up, ALN metastasis at the time of diagnosis in breast cancer 

increased the risk of recurrence (1, 2). Until recently, axillary lymph node dissection (ALND) 

was standard in breast cancer patients with clinically suspected ALNs, or cytologically proven 

axillary metastasis following to ultrasound-guided guided fine needle aspiration cytology 

(FNAC) at the time of diagnosis or after neoadjuvant chemotherapy (NAC) (3, 4).  

ALND gives precise information about the nodal burden, but due to the associated morbidities, 

particularly seroma and lymphedema, the less invasive method of sentinel lymph node biopsy 
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(SLNB) is now standard in patients with clinically negative ALNs (3, 5). In addition, the 

International Breast Cancer Study Group (IBCSG) 23-01 study, which included patients with 

micrometastatic SLNB, found no significant difference in disease-free survival at 5-years of 

follow-up (5, 6). Similarly, in the American College of Surgeons Oncology Group (ACOSOG) 

Z0011 study in patients for whom only breast conservative surgery (BCS) and whole breast 

radiotherapy (RT) were performed, and ≤2 macrometastatic SLNB patients with or without 

ALND were compared. No significant differences were found in terms of disease-free survival 

during approximately 5 years of follow-up (7). In the AMAROS study initiated by the European 

Organization for Research and Treatment of Cancer (EORTC), patients with clinically negative 

ALN, T1 or T2 stage breast cancer, and micro- or macrometastatic SLNB, no difference was 

found between the groups treated with ALND or axillary radiotherapy during 5 years of follow-

up in terms of local recurrence and survival. In addition, less morbidity was found in the axillary 

radiotherapy group (5, 8). 

However, SLNB is also invasive, and may have undesirable consequences. Therefore, the 

requirement of SLNB in the radiologically negative axilla in breast cancer has been discussed in 

many studies (Sentinel node vs. Observation after axillary Ultra-souND (SOUND) and 

Intergroup-Sentinel-Mamma (INSEMA)-Trial-GBG 75)  (9– 11). This has encouraged 

reassessment of the role of imaging modalities for ALN staging (4). 

Knowing ALN status before surgery affects decisions about treatment modalities. Therefore, 

reliable, noninvasive diagnostic methods are important for determining ALN metastases (1, 2). 

The aim of our study was to evaluate the diagnostic value of axillary ultrasound (AUS), magnetic 

resonance imaging (MRI), and 18F-fluorodeoxyglucose-positron emission tomography/computed 

tomography (18F-FDG-PET/CT) in determining ALN status in breast cancer patients with and 

without neoadjuvant chemotherapy compared to the golden standard of pathohistological or 

cytologic findings.  

 

PATIENTS and METHODS 

Study Design 

Patients diagnosed with breast cancer and treated at the University of Health Sciences, Turkey, 

Istanbul Haydarpasa Numune Training and Research Hospital between January 2015 and 

December 2019 were retrospectively evaluated. In the daily practice of our clinic, AUS is 

routinely performed in the evaluation of axillary metastasis in patients with breast cancer. MRI is 

used to evaluate whether breast cancer is multicentric or not, and especially 18F-FDG-PET/CT is 

used in the evaluation of distant metastasis. Of the 528 patients, a total of 336 patients who 
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underwent AUS, MRI, and 18F-FDG-PET/CT imaging were included. Patients who did not 

receive the AUS, MRI, or 18F-FDG-PET/CT imaging modalities and whose ALNs were not 

confirmed histo- or cyto-pathologically by FNAC, SLNB, or ALND were not included in the 

study. Patients with distant metastases at the time of diagnosis were also excluded. Since the 

axillae of these 336 patients were evaluated retrospectively, AUS, MRI, and 18F-FDG-PET/CT 

evaluations were blinded from each other's results and had no information about the final 

pathological ALN status.  

Since axillary metastases may be eradicated with chemotherapy, and hence they lack reference 

standard of axillary surgery, patients who received NAC were not included in the surgery group. 

The patients were categorized into two groups: patients who received neoadjuvant chemotherapy 

(NAC group, 100 patients) and those who underwent surgery after diagnosis (upfront surgery 

group, 236 patients). In the upfront surgery group, the axilla was evaluated according to the 

SLNB/ALND results, and in the NAC group, the axilla was evaluated according to the FNAC 

results. Primary tumor and ALN sizes were determined according to the largest radiological size 

in the NAC group, and were evaluated according to the results of the surgical specimens in the 

upfront surgery group. With the results of SLNB or ALND in 236 patients in the upfront surgery 

group, patients with metastatic ALNs were called ‘metastatic’, and patients with benign ALNs 

were called ‘benign’. According to the surgical specimen results of the upfront surgery group, 

ALN metastasis diameter and number were recorded. Micrometastatic nodes were defined as 

0.2‐2 mm as per the seventh edition of the American Joint Committee on Cancer breast cancer 

stage classification, published in 2010. In addition, isolated tumor cells in a sentinel node (<0.2 

mm) were defined as node negative (12). Of 117 patients with FNAC results, there were 100 

patients in the NAC group and 17 in the upfront surgery group. In the upfront surgery group, the 

FNAC results were compared to the SLNB and ALND results. According to FNAC results, 

patients with metastatic ALNs were called ‘metastatic’, and patients with benign ALNs were 

‘benign’. Insufficient samples were not included in the FNAC results.  

 

AUS Protocol   

Different US systems were used for the axillary US examinations by radiologists with  varied 

years of experience. AUS was performed by using a linear array transducer in the supine oblique 

position with the patient’s hand above her head, with the arm abducted and externally rotated. 

ALNs were considered metastatic on ultrasound in the presence of any of these criteria: loss or 

disruption of the central fatty hilum, loss or compression of the hyperechoic medullary region, 

parenchymal cortical thickness >3 mm, asymmetric cortical thickening, left-to-right asymmetry, 
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round morphology (Solbiati index <2), loss of the pericapsular fat line or irregular outer margins, 

the relationship with neighboring lymph nodes, and presence of increased peripheral blood flow. 

In the absence of these criteria, ALNs were considered negative for metastasis (Figure 1). 

 

MRI Protocol 

Breast MRI was performed on a 1.5T scanner using a dedicated 16-channel double-breast coil 

covering both breasts in the prone position (GE Optima 360 Bamboo: General Electric, 

Milwaukee, WI, USA). Gadobutrol (Gadovist®, Bayer Health Care, Germany) was 

automatically injected as contrast agent through a catheter in the antecubital vein at 0.1 mmol/kg, 

followed by a saline flush. In the axial plane, T1-weighted FSE images (TR/TE, 677/5.6; matrix, 

352 × 192; slice thickness, 5 mm) and T2-weighted FSE images (TR/TE, 6682/104; matrix, 

256×256; slice thickness, 5 mm)  were obtained. Dynamic contrast-enhanced MRI examination 

included one pre- and five postcontrast images with bilateral axial acquisition using fat-

suppressed T1-weighted imaging. Subtraction images and three-dimensional maximum intensity 

projection images were generated for all studies. Diffusion-weighted imaging was also 

performed. MRI findings indicating lymph node metastases included the following: a short-axis 

diameter > 5 mm, a maximal cortical thickness > 3 mm, round shape, eccentric cortical 

thickening, and loss or compression of the fatty hilum. Both axillae were evaluated at the same 

time, and the ALNs ipsilateral to the breast cancer were compared to the contralateral nodes. If 

there were no differences in number, size, or shape between the ipsilateral and contralateral 

ALNs, they were recorded as negative. ALN was considered positive when one or more 

suspicious MRI findings were noted. Radiologists with varied years of experience evaluated the 

pretreatment MRI findings (Figure 2).  

 

18F-FDG-PET/CT Protocol 

All patients fasted for at least 4 h before 18F-FDG administration. When the blood glucose was 

<11 mmol/L, 5–6 MBq 18F-FDG per kilogram of body weight was intravenously administered. 

18F-FDG-PET/CT scans were carried out approximately 60 min. after 18F-FDG administration 

using an integrated Philips Gemini TF model PET/CT scanner system (Philips Medical Systems, 

Cleveland, Ohio, USA). No additional contrast agent containing iodine was used for CT. 

PET/CT images were obtained from the head to the proximal thighs. Prior to PET acquisition, 

helical CT was performed under shallow breathing conditions using a low-dose CT protocol for 

attenuation map. PET images were reconstructed using CT for attenuation correction with an 

ordered subset expectation maximization iterative reconstruction algorithm (Figure 3). We 
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considered a  ≥1.2 maximum standardized uptake value (SUVmax) a positive ALN (as used in the 

clinic), and an SUVmax value < 1.2 and reactive designation were accepted as negative. 

 

Statistical Analysis 

Analyses of the data were performed using the statistical software package SPSS 24.0 (Statistical 

Package for the Social Sciences – IBM®, Version 24.0. IBM Corp, Armonk, NY, USA). 

Descriptive statistics are presented as numbers and percentages for categorical variables, and 

mean, standard deviation, minimum, and maximum for numerical variables. The student’s t-test 

was used to compare demographic parameters. The Kruskal-Wallis test was used to compare 

quantitative variables that did not show a normal distribution. A Bonferroni correction and 

Tukey test were used to compare quantitative variables that did not show a normal distribution 

between more than two groups. The Pearson correlation coefficient method was used for 

correlations. Diagnostic screening tests including sensitivity, specificity, positive predicted value 

(PPV), negative predicted value (NPV), and kappa compliance tests were used to determine the 

compatibility between qualitative data. The statistical significance level was at 95% confidence 

intervals, and p < 0.05 was considered significant. 

 

RESULTS 

Of the 336 patients, there were 100 in the NAC group and 236 in the upfront surgery group. The 

mean age was 50.1 years (SD 11.8, range: 18–84 years). The mean primary tumor size was 26.1 

mm (SD 12.7, range: 6-80 mm), and the mean ALN size was 14.2 mm (SD 6.5, range: 5-46 

mm)(Table 1). When the two groups were compared, age was statistically younger in the NAC 

group (p=0.047). There was no statistically significant difference between tumor size and ALN 

size (p=.0.187, p=0.113, respectively) (Table 1). A total of 172 tumors (51.1%) were located in 

the left breast. Tumor sizes were clinically categorized into four groups: cT1: < 20 mm; cT2: 20–

50 mm; cT3: > 50 mm; cT4: invasion. Of them, 173 cases (51.4%) were cT2. ALN clinical 

findings in physical examinations of the patients were divided into three groups: cN0: non-

palpable, cN1: mobile, and cN2: fixed. Of them, 165 cases (49.1%) were cN1. According to the 

results of histopathological evaluations, most patients (75%, 252 patients) had invasive ductal 

breast cancer (IDC), and 26 patients (7.7%) had invasive lobular breast cancer (ILC). In 

immunohistochemical profiling, out of 336 patients, 89 patients (26.4%) were Luminal A, 144 

patients (42.8%) were Luminal B,HER2(-), 42 patients (12.5%) were Luminal B,HER2(+), 30 

patients (8.9%) were HER2(+), and 31 patients (9.2%) were TN (Table 2). When FNAC, SLNB, 

and ALND specimen results were evaluated histo- or cyto-pathologically, ALNs were metastatic 
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in 188 patients (55.9%). Clinical and pathological characteristics of the patients in the upfront 

surgery group and NAC group were given separately in Table 2. In the NAC group evaluated by 

FNAC, 90 of 100 patients had metastatic and 10 had benign ALNs. Upfront surgery patients 

were categorized into four groups according to the diameter of ALN metastases: no metastasis or 

isolated tumor cells, ≤2 mm, 3–9 mm, and ≥10 mm, respectively. In these 236 patients, the mean 

ALN metastasis diameter was 3.84 mm (SD 5.94 mm, range 0-40 mm), and no metastases were 

detected in 138 patients (58.5%). The mean positive ALN metastasis diameter was 9.06 mm (SD 

6.16 mm, range 0.2-40 mm) in 98 patients. Metastases were ≤2 mm in 13 patients (5.5%), 3–9 

mm in 44 patients (18.6%), and ≥10 mm in 41 patients (17.3%). Again, in the upfront surgery 

group, when the pathological ALN number (pN) was evaluated, it was categorized into four  

groups: pN0, benign; pN1, 1–3; pN2, 4–9; and pN3, ≥10 metastatic ALNs. In the upfront surgery 

group, 98 patients (41.5%) had metastatic ALNs. In all, 66 patients (27.9%) were pN1, 23 

patients (9.7%) were pN2, and 9 patients (3.8%) were pN3 (Table 2). In breast surgery, 149/236 

patients (63.2%) underwent BCS, and 87/236 patients (36.8%) underwent mastectomy. In the 

upfront surgery group, direct ALND was performed on 35 patients (13.5%)  in the evaluation of 

the axilla for staging. There were 138 patients (58.4%)  who received SLNB/ALND and were 

reported as benign. SLNB followed by ALND was performed on 14.8% of patients (35 patients) 

and ≤2 metastatic ALNs were detected. In 3.8% of patients (9 patients), ALND was performed 

following SLNB and ≥3 metastatic ALNs were detected. As in the ACOSOG Z0011 study, there 

were 22 patients (9.3%) who underwent BCS alone, had scheduled radiotherapy, and had ≤2 

macrometastatic SLNs, and no further ALND. 

In AUS, ALNs were determined to be positive in 181 cases (53.9%), and negative in 155 cases 

(46.1%). In histopathological examinations, ALN metastases were found in 188 cases (56%), 

with benign ALNs in 148 cases (44%). The accuracy of AUS in showing ALN status was 79.1%. 

ALNs were positive in 155 cases (46.1%) in MRI and 18F-FDG-PET/CT, while ALNs were 

determined to be negative in 181 cases (53.9%). The accuracy of MRI and 18F-FDG-PET/CT in 

showing ALN status was 85.3% and 72.5%, respectively (Table 3). When evaluated by ROC 

curve analyses, the AUC (area under the curve) was 0.851 for ALN SUVmax. 

In cases where AUS, MRI and 18F-FDG-PET/CT were false negatives in the upfront surgery 

group, the mean ALN metastasis diameters were 3.73 mm (range: 0.2 - 9 mm), 3.54 mm (range: 

0.2 - 10 mm), and 4.56 mm (range: 0.2 - 12 mm), respectively (Table 4). ALNs of the patients in 

whom AUS, MRI, and 18F-FDG-PET/CT images concordantly were reported as positive were 

also found to be metastatic according to the FNAC, SLNB, and ALND results. ALN metastases 

were detected in 19 of 132 patients (all upfront surgery group) (14.3%) in whom AUS, MRI, and 
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18F-FDG-PET/CT images concordantly were reported as negative. Mean ALN metastasis 

diameter was 3.27 mm (range: 0.2-9 mm) (Table 5), and only one patient was pN2 (Table 6). 

The sensitivity, specificity, PPV, NPV, and accuracy of AUS for the detection of ALN 

metastases were 83%, 62%, 59.2%, 54.8%, and 79.1%, respectively. For MRI they were 86.1%, 

75%, 68.5%, 51.6%, and 85.3%, respectively, and for 18F-FDG-PET/CT they were 78%, 53%, 

56.2%, 51.4%, and 72.5%, respectively. Kappa correlation levels between ALN positivity and 

AUS, MRI, and 18F-FDG-PET/CT results were 67.3%, 77.5%, and 60.5%, respectively (Table 

3). 

DISCUSSION 

ALN staging is an important step in the evaluation of newly diagnosed breast cancer patients. 

Knowing the presence of metastatic ALN involvement in clinically node-negative or node-

positive patients is important in the treatment for breast cancer patients (12). Radiological 

staging of ALN is performed with AUS, MRI, and 18F-FDG-PET/CT. 

AUS is widely used in the evaluation of ALN status in breast cancer because it is easy to 

perform, inexpensive, does not involve radiation, and is noninvasive (1). Because AUS is an 

operator-dependent modality for ALN metastases, its sensitivity and specificity are controversial 

(13). However, its accuracy for evaluating ALN metastases depends on the size of the ALNs. In 

the case of cN0, small ALN or metastasis diameter, the overall sensitivity of AUS is 56–75%, 

and specificity is 70–90% (14). In the upfront surgery group, the mean ALN metastasis diameter 

of our false-negative patients in the AUS was 3.73 mm. In addition, AUS allows image-directed 

needle biopsy. In morphological evaluations, AUS alone has insufficient sensitivity and low 

PPV, and if ALN metastasis is suspected, AUS-guided FNAC is recommended and enables 

ALNs to be evaluated more accurately (15, 16). 

Breast MRI is frequently used because, like AUS, it is noninvasive and does not use radiation 

(17). Its main advantage is that it provides anatomical information about the breast and axilla. It 

is used to evaluate the distance of the primary tumor to the skin, pectoral muscle, and areola, the 

local regional areas, and the contralateral breast (3, 18, 19). In addition, it has high sensitivity for 

detecting additional lesions that cannot be detected by ultrasound or mammography (17, 20). The 

role of MRI in determining ALN metastases has shown moderate sensitivity and low-medium 

specificity (16). In our study, sensitivity and specificity were 86.1%, and 75%, respectively. 

 18F-FDG-PET/CT is expensive, involves radiation, and has high false-positive rates in 

inflammatory processes. In addition, 18F-FDG-PET/CT has low sensitivity for detecting 
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micrometastases in ALNs (1, 3). The mean ALN metastasis diameter of 41 patients in the 

upfront surgery group, considered false negatives in 18F-FDG-PET/CT results, was 4.56 mm. 

Micrometastases (0.2-2 mm) were detected in 13 of these patients. Its main advantage is that it is 

a functional imaging method that enables early detection of distant metastases (21, 22). 

The mean pathologic ALN metastasis diameter was 3.73 mm at false negative AUS, 3.54 mm at 

false negative MRI, and 4.56 mm at false negative 18F-FDG-PET/CT in the upfront surgery 

group, respectively. In our and other imaging-pathologic comparative studies the mean diameter 

of metastatic ALNs was smaller in false negative cases of AUS, MRI, or 18F-FDG-PET/CT than 

the diameter of metastases that were visible in these modalities. One study reported that the 

prognostic information obtained from MRI has a certain advantage over AUS, particularly when 

considering axillary surgery, and that MRI provides a more accurate prediction of axillary nodal 

burden than AUS (12). When nodal burden and false negative AUS, MRI, and 18F-FDG-PET/CT 

were evaluated in upfront surgery patients, 2 patients were pN2 in AUS, 1 was pN2 in MRI, and 

3 were pN2 and 2 were pN3 in 18F-FDG-PET/CT. MRI and AUS were found to provide a more 

accurate prediction compared to 18F-FDG-PET/CT. In a previous study, we found that the nodal 

burden is predictable according to the ALN SUVmax results, which is important when deciding 

between surgical or NAC treatment (23). 

In a previous study, histopathologically confirmed ALN metastases were detected in 13 of 82 

patients. ALN SUVmax showed an area under a receiver operating characteristic curve of 0.916, 

and the cut-off value of 1.1 was appropriate (24). The overall accuracy, sensitivity, and 

specificity of the ALN SUVmax cut-off value of 0.72 for the detection of ALN metastasis were 

approximately 65.3%, 85.8%, and 77.8 %, respectively, and its positive and negative predictive 

values were 74.7% and 79.4 %, respectively (25).  In the present study, the area under the curve 

was 0.851. Riegger et al. found that 18F-FDG-PET/CT was significantly more accurate than AUS 

for the detection of ALN metastases (p: 0.019). The sensitivity, specificity, PPV, NPV, and 

accuracy of 18F-FDG-PET/CT for the detection of ALN metastases in that study were 54%, 89%, 

77%, 74%, and 75%, respectively. For AUS they were 38%, 78%, 54%, 65%, and 62%, 

respectively (26). In our study, MRI and AUS had higher accuracy for showing ALN metastases 

compared to 18F-FDG-PET/CT (MRI, AUS, 18F-FDG-PET/CT; 85.3%, 79.1%,72.5%, 

respectively). In another study, there were no statistically significant differences between MRI 

and AUS for the evaluation of ALNs (27). However, with MRI alone or AUS combined with 

MRI, that study found a statistically significant difference in specificity and PPV. Among the 21 

MRI or 18F-FDG-PET/CT studies included in a meta-analysis, the pooled sensitivities of MRI 
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and 18F-FDG-PET/CT were 0.82 and 0.64, respectively, suggesting that MRI has a higher 

sensitivity than 18F-FDG-PET/CT for an ALN metastasis diagnosis in breast cancer patients (21). 

It has been reported that MRI is better at diagnosing ALN metastases in breast cancer than 18F-

FDG-PET/CT, and MRI combined with ultrasound can lead to a more precise diagnosis (28). In 

our study, MRI was found to have higher sensitivity and specificity for showing ALN metastases 

compared to 18F-FDG-PET/CT (86.1%, 75% and 78%, 53%, respectively). An et al. found that 

18F-FDG-PET/CT for detection of ALN metastasis was not significantly different from AUS or 

MRI in breast cancer patients. They concluded that combining 18F-FDG-PET/CT with AUS or 

MRI could improve the diagnostic performance compared to 18F-FDG-PET/CT alone (29). In 

our study, ALNs were found to be metastatic in all patients who were reported positive in all 

three imaging modalities. Using multiple imaging modalities improved overall imaging 

diagnostic performance and increased accuracy. However, it should be noted that although all 

three imaging modalities were negative, we found 14.3% false negativity. 

Our study had some limitations. First, we evaluated the cases retrospectively. Because of  

imaging data was obtained from different imaging centers, lack of standardization was 

inevitable. Also, AUS is an operator-dependent modality which has a poor interobserver 

agreement. So, it is important to be interpreted with an experienced breast radiologist. We could 

not show a one-to-one correspondence between histopathology and AUS, MRI, and 18F-FDG-

PET/CT images. In addition, ALN status at the time of diagnosis of patients scheduled for NAC 

was evaluated with FNAC.  

CONCLUSION 

Evaluation of ALNs with imaging modalities in a patient with newly diagnosed breast cancer is a 

very crucial step. In most studies, the accuracy of AUS, MRI, and 18F-FDG-PET/CT in 

demonstrating ALN metastasis have been compared with each other and no clear conclusion has 

been reached. In our study, we found that the diagnostic performance of MRI was slightly better 

than AUS and 18F-FDG-PET/CT. When we used imaging modalities together, our accuracy rate 

was better than when we used them alone. For accurate evaluation of ALNs, imaging modalities 

should be complementary rather than competitive. 

Ethics Committee Approval This study was approved by the local ethics committee (TUEK- 

771/04/2020). 
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Table 1: Comparison of means of patients’ variables with and without NAC and ALN metastases 

 ALN n Mean ± SD Min-Max p value 

Age (year)  336 50.1±11.8 18-84  

Tumor size (mm) 

 

 

Metastatic 188 29.6±13.8 8-80 0.007 

Benign 148 21.6±9.5 6-53 

Total 336 26.1±12.7 6-80 

ALN size (mm) 

 

 

Metastatic 188 16.5±7 7-46 0.001 

Benign 148 11.4±4.4 5-30 

Total 336 14.2±6.5 5-46 
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ALN SUVmax 

 

 

Metastatic 188 4.54±4.9 0-24.9 0.037 

Benign 148 0.2±0.7 0-4 

Total 336 2.6±4.3 0-24.9 

Ki 67 level 

 

 

Metastatic 188 31.4±19.5 2-90 0.008 

Benign 148 25.5±20.5 2-90 

Total 336 28.8±20.2 2-90 

 

 NAC group (n:100) Upfront surgery group 

(n:236) 

p value 

 Mean ± SD Min-Max Mean ± SD Min-Max  

Age (year) 43.4±8.7 18-66 52.8±11.8 24-84 0.047 

Tumor size (mm) 33.2±13.4 9-80 23.2±11.2 6-72 0.187 

ALN size (mm) 18.2±7.5 8-41 12.6±5.3 5-46 0.113 

ALN SUVmax 5.5±4.9 0-22.4 1.4±3.3 0-24.9 0.042 

ki67 level 35.3±19.8 2-90 26.1±19.7 2-90 0.031 

NAC neoadjuvant chemotherapy, ALN axillary lymph nodes, n number, SD standard deviation,  

Min minimum, Max maximum, mm millimeter, ALN SUVmax axillary lymph nodes maximum 

standardized uptake value 

 

 

 

 

Table 2 Clinical and pathological characteristics of the patients 

  Upfront 

surgery 

group 

(n:236) 

NAC 

group 

(n:100) 

p 

value 

Total 

(n:336) 

  n % n %  n % 

ALN  Metastatic 98 41.5 90 90 0.052 188 55.9 

Benign 138 58.5 10 10 148 44.1 

cT 

 

 

 

cT1: ≤20 mm 110 46.6 16 16 0.769 126 37.5 

cT2: 20-50 mm 115 48.7 58 58 173 51.4 

cT3: >50 mm 9 3.8 8 8 17 5.1 

cT4: invasion 2 0.8 18 18 20 5.9 

cN 

 

 

cN0: non-palpable 149 63.1 8 8 0.049 157 46.7 

cN1: mobile 81 34.3 84 84 165 49.1 

cN2: fixed 6 2.5 8 8 14 4.2 

Histopathological 

types 
 

IDC 170 72 82 82 0.882 252 75 

ILC 18 7.6 8 8 26 7.7 

IDC+ILC 5 2.1 0 0 5 1.4 

Others 43 18.2 10 10 53 15.7 

Luminal 

Subtypes 

 

 

 

A 80 33.9 9 9 0.031 89 26.4 

B, HER2(-) 101 42.8 43 43 144 42.8 

B, HER2(+) 21 8.9 21 21 42 12.5 

HER2(+) 18 7.6 12 12 30 8.9 

TN 16 6.8 15 15 31 9.2 
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AUS 

 
Positive 81 34.3 100 100 0.001 181 53.8 

Negative 155 65.6 0 0 155 46.1 

MRI 

 
Positive 70 29.7 85 85 0.038 155 46.1 

Negative 166 70.3 15 15 181 53.8 
18F-FDG-

PET/CT 

Positive 70 29.7 85 85 0.127 155 46.1 

Negative 166 70.3 15 15 181 53.8 

pN 

 

 

pN0: benign 138 58.4  

pN1: 1-3 66 27.9 

pN2: 4-9 23 9.7 

pN3: ≥ 10 9 3.8 
 

ALN Metastasis 

Diameter (mm)  
 

1: 0 138 58.4  

2: ≤2 mm 13 5.5 

3: 3-9 mm 44 18.6 

4: ≥10 mm 41 17.3 
 

Breast surgery 

BCS 149 63.2  

Mastectomy 87 36.8 
 

Axillary Surgery 
 

 

BCS + ALND 35 14.8  

BCS + SLNB 114 48.3 

Mastectomy 

+ALND 

44 18.6 

Mastectomy + 

SLNB 

43 18.2 

n number, NAC neoadjuvant chemotherapy, ALN axillary lymph nodes, cT clinical Tumor, mm 

millimeter, cN clinical Node, IDC invasive ductal carcinoma, ILC invasive lobular carcinoma, , 

HER2 human epidermal growth factor receptor 2, TN triple negative, AUS axillary ultrasound, 

MRI magnetic resonance imaging, 18F-FDG-PET/CT 18F-Fluorodeoxyglucose positron emission 

tomography/computed tomography, pN pathological Node, BCS breast conserving surgery, 

ALND axillary lymph node dissection, SLNB sentinel lymph node biopsy 

 

 

 

Table 3: Diagnostic performance of imaging modalities in detecting the axillary lymph 

nodes metastases 
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AUS axillary ultrasound, MRI magnetic resonance imaging, 18F-FDG-PET/CT 18F-

Fluorodeoxyglucose positron emission tomography/computed tomography, n number, ALN 

axillary lymph nodes, NAC neoadjuvant chemotherapy, PPV positive predicted value, NPV 

negative predicted value  

 

 

 

 

 

Table 4: Mean metastasis diameter, pN, Histopathological types and Luminal subtypes 

data of imaging modalities 

 AUS MRI 18F-FDG-

PET/CT 

 n % n % n % 

ALN(+), Radiological(+) 

(True Positive) 

Upfront surgery 

group 

67 19.9 67 19.9 57 16.9 

NAC group 90 26.7 85 25.2 81 24.1 

Total 157 46.7 152 45.2 138 41.1 

ALN(-), Radiological(+) 

(False Positive) 

Upfront surgery 

group 

14 4.1 3 0.8 13 3.8 

NAC group 10 2.9 0 0 4 1.1 

Total 24 7.1 3 0.8 17 5.1 

ALN(-), Radiological(-) 

(True Negative) 

Upfront surgery 

group 

124 36.9 135 40.1 125 37.2 

NAC group 0 0 10 2.9 6 1.7 

Total 124 36.9 145 43.1 131 38.9 

ALN(+), Radiological(-) 

(False Negative) 

Upfront surgery 

group 

31 9.2 31 9.2 41 12.2 

NAC group 0 0 5 1.4 9 2.6 

Total 31 9.2 36 10.7 50 14.8 

Sensitivity 83 86.1 78 

Specificity 62 75 53 

PPV 59.2 68.5 56.2 

NPV 54.8 51.6 51.4 

Accuracy 79.1 85.3 72.5 

Kappa 67.3 77.5 60.5 Uncorrected proof



   ALN(+), 

Radiological 

(+) (True 

Positive) 

ALN(-), 

Radiological 

(+) (False 

Positive) 

ALN(-), 

Radiological 

(-) (True 

Negative) 

ALN(+), 

Radiological 

(-) (False 

Negative) 

AUS Mean metastasis 

diameter (mm) 

(n:236) 

 11.18 n:67 0 n:14 0 n:124 3.73 n:31 

pN (n) (n:236) 

 

 

 

pN0:benign 0 n:67 14 n:14 124 n:124 0 n:31 

pN1: 1-3 37 0 0 29 

pN2: 4-9 21 0 0 2 

pN3:≥ 10 9 0 0 0 

Luminal Subtypes (n) 

 

(n:336) 

 

 

A 20 n:157 4 n:24 54 n:124 10 n:31 

B,HER2(-) 79 10 41 14 

B,HER2(+) 28 2 11 1 

HER2(+) 14 3 8 5 

TN 16 5 10 1 

Histopathological 

types (n) (n:336) 

 

IDC 130 n:157 20 n:24 79 n:124 24 n:31 

ILC 13 2 9 2 

IDC+ILC 1 1 2 1 

Others 13 1 34 4 

MRI Metastasis diameter 

(mm) (n:236) 

 11.52 n:67 0 n:3 0 n:135 3.54 n:31 

pN (n) (n:236) 

 

 

 

pN0:benign 0 n:67 3 n:3 135 n:135 0 n:31 

pN1: 1-3 37 0 0 29 

pN2: 4-9 21 0 0 2 

pN3:≥ 10 9 0 0 0 

Luminal Subtypes 

(n)  

(n:336) 

 

A 20 n:152 2 n:3 56 n:145 11 n:36 

B,HER2(-) 77 0 51 16 

B,HER2(+) 26 1 12 3 

HER2(+) 13 0 11 6 

TN 16 0 15 0 

Histopathological 

types (n) (n:336) 

 

IDC 124 n:152 2 n:3 97 n:145 29 n:36 

ILC 12 1 10 3 

IDC+ILC 2 0 3 0 

Others 14 0 35 4 
18F-

FDG-

PET/CT 

Mean metastasis 

diameter (mm) 

(n:236) 

 12.18 n:57 0 n:13 0 n:125 4.56 n:41 

pN (n) (n:236) 

 

 

 

pN0:benign 0 n:57 13 n:13 125 n:125 0 n:41 

pN1: 1-3 30 0 0 36 

pN2: 4-9 20 0 0 3 

pN3:≥ 10 7 0 0 2 

Luminal Subtypes (n) 

 

(n:336) 

 

A 17 n:138 4 n:17 54 n:131 14 n:50 

B,HER2(-) 67 5 46 26 

B,HER2(+) 26 3 10 3 

HER2(+) 12 3 8 7 

TN 16 2 13 0 

Histopathological 

types (n) (n:336) 

 

IDC 116 n:138 12 n:17 87 n:131 37 n:50 

ILC 9 3 8 6 

IDC+ILC 0 0 3 2 
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pN pathological Node, ALN axillary lymph nodes, AUS axillary ultrasound, mm millimeter, n 

number, HER2 human epidermal growth factor receptor 2, TN triple negative, IDC invasive 

ductal carcinoma, ILC invasive lobular carcinoma, MRI magnetic resonance imaging, 18F-FDG-

PET/CT 18F-Fluorodeoxyglucose positron emission tomography/computed tomography 

 

 

 

 

Table 5: Comparison of imaging modalities and ALN status 

ALN axillary lymph nodes, n number, NAC neoadjuvant chemotherapy, mm millimeter, AUS 

axillary ultrasound, MRI magnetic resonance imaging, 18F-FDG-PET/CT 18F-

Fluorodeoxyglucose positron emission tomography/computed tomography 

 

 

 

 

 

 

 

Others 13 2 33 5 

 Upfront surgery group 

(n:236) 

NAC 

group 

(n:100) 

Total 

(n:336) 

 n ALN 

(+) 

(n) 

Mean ALN 

metastasis 

diameter 

(mm) 

n ALN 

(+) 

(n) 

n ALN 

(+) 

(n) 

AUS (+), MRI (+), 18F-FDG-PET/CT (+) 48 48 12.74 84 84 132 132 

AUS (+), MRI (+), 18F-FDG-PET/CT (-) 16 13 6.6 6 3 22 16 

AUS (+), MRI (-), 18F-FDG-PET/CT (-) 15 6 4.16 5 1 20 7 

AUS (+), MRI (-), 18F-FDG-PET/CT (+) 2 0 0 5 2 7 2 

AUS (-), MRI (+), 18F-FDG-PET/CT (+) 3 3 6 0 0 3 3 

AUS (-), MRI (+), 18F-FDG-PET/CT (-) 3 3 5.16 0 0 3 3 

AUS (-), MRI (-), 18F-FDG-PET/CT (+) 17 6 4.2 0 0 17 6 

AUS (-), MRI (-), 18F-FDG-PET/CT (-) 132 19 3.27 0 0 132 19 
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Table 6: Data of Luminal Subtypes and Histopathological types of False negative patients 

n number, AUS axillary ultrasound, MRI magnetic resonance imaging, 18F-FDG-PET/CT 18F-

Fluorodeoxyglucose positron emission tomography/computed tomography, ALN axillary lymph 

nodes, mm millimeter, pN pathological Node, HER2 human epidermal growth factor receptor 2, 

TN triple negative, IDC invasive ductal carcinoma, ILC invasive lobular carcinoma 

 

 

 

Upfront surgery 

group (n:236) 

AUS (-), MRI (-),18F-FDG-PET/CT (-)  ALN(+)  

(False negative) 

n:132  n:19 (0.2-9mm) (14.3%) 

 

 

1: 4 metastases (pN2) 

1: 2 metastases (pN1) 

17: 1 metastasis (pN1) 

      (5: pN1mic) 

Luminal Subtypes 

(n/%) 

 

 

 

A 55 41.6 6 31.5 

B,HER2(-) 49 37.1 9 47.3 

B,HER2(+) 8 6.1 0 0 

HER2(+) 11 8.3 4 21.1 

TN 9 6.8 0 0 

Histopathological 

types (n/%)  

 

IDC 88 66.6 14 73.6 

ILC 8 6.1 2 10.5 

IDC+ILC 2 1.5 0 0 

Others 34 25.7 3 15.7 
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Figure 1A-1B: Human epidermal growth factor receptor 2 (+), Invasive ductal carcinoma in a 

45-year-old woman with ipsilateral axillary lymph node metastasis. (A) B-mode sonogram 

shows an enlarged, round shaped lymph node with loss of the central fatty hilum in the left 

axillary fossa. (B) Power Doppler Sonogram reveals increased peripheral blood flow signals. 
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Figure 2A-2B: Dynamic contrast-enhanced magnetic resonance imaging examination of the 

same patient mentioned in figure 1. (A) Contrast enhanced fat-suppressed T1-weighted axial 

image shows peripherally enhanced, round shaped left axillary lymph node with diameter of 

38x22 mm. (B) Postcontrast subtracted axial image emphasizes rim-like contrast enhancement. 
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Figure 3A-3B-3C: Invasive ductal carcinoma in a 49-year-old woman. (A) Maximum intensity 

projection positron emission tomography (PET) image demonstrates invasive ductal carcinoma 

in the right breast and multiple metastases in the right axillary lymph nodes. (B) Axial fused 

positron emission tomography-computed tomography (PET/CT), and CT show an intensely 

hypermetabolic focus (maximum standardized uptake value (SUVmax), 9.4) in the right 

retroareolar region with diameter of 12 x 11 mm, corresponding to the breast tumor. (C)  Axial 

fused PET/CT, and CT reveal a metastatic axillary lymph node with high fluorodeoxyglucose 

(FDG) uptake (SUVmax, 10.7). 
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