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Abstract
Preoperative assessment of nodal stage is of importance in breast cancer treatment decision-making. This study was done to
determine the power of combined mammography and ultrasonography in differentiating N0–N1 from N2–N3 breast cancer.
We retrospectively reviewed clinical data of 3944 female patients with invasive breast cancer by preoperative mammography and

ultrasonography between January 2006 and December 2013 at our hospital. Pathological diagnosis was available for each patient.
Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and accuracy of mammography alone,
ultrasonography alone, and combination of them for assessment of axillary lymph node (ALN) status were calculated, using definitive
histological results as the baseline.
The sensitivity, specificity, PPV, NPV, and accuracy was 90.4%, 68.2%, 36.5%, 97.2%, and 71.9% for ultrasonography; was

66.9%, 80.8%, 41.3%, 92.3%, and 78.4% for mammography; and was 94.9%, 62.4%, 33.8%, and 98.4% for combined
mammography and ultrasonography. For combination, accuracy and the area under the receiver operating characteristic curve was
67.9% and 0.85, respectively.
In conclusion, combining ultrasonography and mammography improves the sensitivity in differentiating N0–N1 breast cancer from

N2–N3 breast cancer, but leading to a reduced specificity. Addition of mammography to ultrasonography seems not to provide
significant benefits in predicting ALN status in breast cancer patients.

Abbreviations: ALN = axillary lymph node, AUC = the area under the ROC curve, BMI = body mass index, FDG = 18F-
fluorodeoxyglucose, MRI = magnetic resonance imaging, NPV = negative predictive value, PET/CT = positron emission
tomography/computed tomography, PPV = positive predictive value, ROC = receiver operating characteristic.
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1. Introduction

Breast cancer is the most common malignancy among females in
the world, with over 1 million new cases every year.[1,2] Effective
treatment options for breast cancer include surgery, local
radiation, and systemic chemotherapy. Due to its radical nature,
surgery has now been reduced to a minimum by the use of breast-
conserving procedures[3,4] and axillary lymph node (ALN)
dissection.[5] Lymph node status is an important prognostic
factor for breast cancer.[6] Nodal stage also affects the selection of
adjuvant therapeutic modalites.[7] Patients with N2 or greater
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disease have an increased risk of locoregional recurrence and
postmastectomy radiotherapy should be considered for those
patients.[8] By contrast, N1 patients have been found to receive
few benefits from adjuvant radiotherapy.[9] Therefore, preopera-
tive characterization of nodal stage is of clinical significance in
breast cancer treatment decision-making.
Several imaging techniques are currently available for

preoperative assessment of lymph node status, including
mammography, ultrasonography, magnetic resonance imaging
(MRI), and positron emission tomography/computed tomogra-
phy (PET/CT).[10,11] Axillary ultrasonography is useful in
excluding N2 and N3 invasive ductal metastases.[12] However,
an axillary ultrasound fails to accurately differentiate between
pN1 and pN2–pN3 breast cancer.[13]

The aim of this study is to determine the power of combined
mammography and ultrasonography in differentiating N0
(negative axillary nodes) and N1 disease from N2 and N3
disease.
2. Materials and methods

2.1. Patients

From January 2006 to December 2013, a total of 3944 female
patients were diagnosed as invasive breast cancer by preoperative
mammography and ultrasonography and then received sentinel
lymph node biopsy or modified radical mastectomy in the First
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Table 1

The clinicopathological characteristics of patients.

Characteristics No. of cases (%)

Patient’s age, y
<50 861 (47.2)
≥50 2083 (52.8)

Tumor size
T1 962 (24.4)
T2 2596 (65.8)
T3 386 (9.8)

Node stage
N0 2410 (61.1)
N1 870 (22.1)
N2 397 (10.1)
N3 267 (6.7)

BMI index
<23 533 (13.5)
≥23 3411 (86.5)

Molecular subtype
Luminal 2775 (70.4)
HER-2 overexpressing 543 (13.8)
Triple-negative 626 (15.9)

BMI = body mass index, N0=negative axillary nodes, T1= tumor � 20mm in greatest dimension,
T2= tumor > 20mm but �50mm in greatest dimension, T3= tumor > 50mm in greatest
dimension.

Liu et al. Medicine (2018) 97:30 Medicine
Hospital of China Medical University (Shenyang, China).
Pathological diagnosis was available for each patient. Clinical
data including age, body mass index (BMI), tumor stage, and
tumor molecular subtype were retrieved from medical records.
Patients with previous surgery, neochemotherapy, multicentric
lesions, recurrent breast cancer, or palpable lymph nodes were
excluded. This study was approved by the Ethics Committee of
the First Hospital of China Medical University.

2.2. Assessment of ALNs by mammography and
ultrasonography

For mammography, standard craniocaudal (CC) and medio-
lateral oblique (MLO) images were obtained with further
magnifications or additional views taken as required. Bilateral
whole-breast ultrasonography was performed by experienced
breast sonographers using 7- to 14-MHz linear probes (Hitachi
Preirus, Tokyo, Japan). Mammographic and ultrasonographic
findings were classed as normal/probably benign, equivocal, and
suspicious of metastasis. On mammograms, a normal (probably
benign) lymph node had an oval shape (long/short diameter ratio
>2) with a clear, smooth border and a lymph node suspected of
having metastasis showed a thickened cortex and evident
calcification. On ultrasonograms, a lymph node with oval-
shaped structures with an echogenic hilumwas defined as normal
or probably benign and one with an irregular morphology,
cortical thickening, and compressed or displaced hilum was
defined as suspicious metastasis. All mammography and
ultrasonography examinations were confirmed by histological
studies.

2.3. Data analysis

The associations between clinicopathological parameters and
ALN metastasis were examined using multiple logistic regression
analysis. Sensitivity (percentage of patients with true lymph node
metastases who were diagnosed with ultrasound or mammogra-
phy or both), specificity (the percentage of patients with
pathologically proven node-negative patients who were truly
no lymph node metastases in ultrasound or mammography or
both), positive predictive value (PPV) (percentage of patients with
pathologically confirmed metastases in patients with lymph node
metastasis in ultrasound or mammography or both), negative
predictive value (NPV) (percentage of patients with patholog-
ically confirmed no metastases in patients with no lymph node
metastasis in ultrasound or mammography or both), and
accuracy of mammography alone, ultrasonography alone, and
combination of them for detection of ALN metastasis were
calculated. Receiver operating characteristic (ROC) curves were
plotted and the area under the ROC curve (AUC) was calculated
to compare the diagnostic power of ultrasonography and
mammography alone or in combination. All statistical analyses
were conducted using SPSS version 16.0 (SPSS Inc, Chicago, IL).
When the P value was <.05, difference was considered
statistically significant.

3. Results

3.1. Clinicopathological characteristics

The clinicopathological characteristics of the patients studied are
shown in Table 1. About half of the patients (47.2%) were aged
<50 years; 52.8% of the patients were aged ≥50 years. T1
tumors (tumor �20mm in greatest dimension) were detected in
2

962 patients, T2 tumors (tumor>20mm but�50mm in greatest
dimension) in 2596 patients, and T3 tumors (tumor >50mm in
greatest dimension) in 386 patients; 2410 patients (61.1%)
showed N0 disease, 870 patients (22.1%) N1, 397 patients
(10.1%) N2, and 267 patients (0.00057%) N3. The mean BMI
was 24.8kg/m2 (range 15.2–40.5), with 3411 patients (86.5%)
having a BMI of ≥23kg/m2. The majority of these patients had
luminal tumors (70.4%), 13.8% HER-2-overexpressing tumors,
and 15.9% triple-negative tumors.
3.2. Associations of clinicopathological factors with ALN
metastasis

We analyzed the associations of the patient clinicopathological
features with ALN metastasis status (Table 2). Patient’s age (P <
.001), tumor size (P < .001), and tumor molecular subtype
(P= .01) were significantly associated with ALN metastasis. No
correlation was observed between patient’s BMI and ALN
metastasis (P= .45).
3.3. Diagnostic performance of ultrasonography and
mammography alone or in combination

We explored the diagnostic performance of ultrasonography and
mammography, alone or in combination, for prediction of ALN
metastasis. A positive diagnosis of ALNmetastasis was defined as
the presence of indeterminate or malignant nodes on ultrasonog-
raphy or mammography. Of the 2300normal/probably benign
lesions based on preoperative ultrasonography, 1962 cases
(85.3%) were identified as pN0, 274 (11.9%) pN1, 49 (2.1%)
pN2, and 15 (0.7%) pN3 (Table 3). Of the 1644 patients who
were suspected of having ALN metastasis based on preoperative
ultrasonography, 448 (27.3%) did not actually have ALN
metastasis and 596 (36.3%) had pN1 disease and 600 (36.4%)
had pN2 or pN3 disease based on pathological examination.
Figure 1 demonstrates the AUCs for ultrasonography, mammog-
raphy, and combination of them. The sensitivity, specificity, PPV,



Table 2

Associations of ALN metastasis with clinicopathological para-
meters.

ALN metastasis

No. of cases Positive Negative P

Patient’s age, y <.001
<50 1861 686 1175
≥50 2083 848 1235

Tumor size <.001
T1 962 220 742
T2 2596 1081 1515
T3 386 233 153

BMI index .45
<23 533 209 324
≥23 3411 2037 1374

Molecular subtype .01
Luminal 2775 1111 1664
HER-2 overexpressing 543 219 324
Triple-negative 626 204 422

ALN= axillary lymph node, BMI = body mass index.
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NPV, accuracy, and AUC of ultrasonography for distinguishing
betweenN0–N1 andN2–N3 disease was 90.4%, 68.2%, 36.5%,
97.2%, 71.9%, and 0.83%, respectively (Table 4).
As shown in Table 3, 2197 (76.6%) of the 2869 patients who

were identified to have normal/probably benign lesions by
mammography had no evidence of ALN metastasis on
pathological diagnosis. A total of 1075 patients were diagnosed
as suspicious of metastasis by mammography. Of them, 213
patients (19.8%) were identified as pN0, 418 (38.9%) pN1, and
444 (41.3%) pN2 or greater. The sensitivity, specificity, PPV,
NPV, accuracy, and AUC were 66.9%, 80.8%, 41.3%, 92.3%,
78.4%, and 0.74%, respectively (Table 4).
Based on the combination of ultrasonography and mammog-

raphy, 2082 cases were diagnosed as normal or benign (Table 3).
Among them, 1849 cases (88.8%) were pN0, 199 (9.6%) pN1,
and 34 (1.6%) pN2 or pN3. Of the 1862 cases who presented
suspicious metastasis on combined ultrasonography and mam-
mography, 561 cases (30.1%) were pN0, 371 (36.1%) pN1, and
630 (33.8%) pN2 or pN3. The sensitivity, specificity, PPV, NPV,
accuracy, and AUCwere 94.9%, 62.4%, 33.8%, 98.4%, 67.9%,
and 0.85%, respectively (Table 4).
4. Discussion

Preoperative axillary staging is critical for determining prognosis
and for making treatment decision in patients with invasive
Table 3

Assessment of axillary lymph node status by imaging tests.

Total no. of cases pN0

US
Normal 2300 (58.3) 196
Equivocal/probably metastasis 1644 (41.7) 44

MG
Normal 2869 (72.7) 219
Equivocal/probably metastasis 1075 (27.3) 21

Combined US and MG
Normal 2082 (52.8) 1849 (8
Equivocal/probably metastasis 1862 (47.2) 561 (3

MG=mammography, US=ultrasonography.
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breast cancer. Ultrasonography is the primary imaging modality
for assessment of axillary nodes. An et al[14] compared the
diagnostic performance of 18F-fluorodeoxyglucose (FDG) PET/
CT, ultrasonography, and MRI in detecting ALN metastasis in
215 breast cancer patients. They found no significant difference
in diagnostic ability among the imaging modalities, with the
sensitivity of 72.3%, specificity of 77.3%, and accuracy of 75.3%
for ultrasonography. However, the sensitivity of preoperative
imaging modalities in identifying lymph node metastasis still
needs to be improved. Seok et al[15] retrospectively reviewed 104
breast cancer patients with clinically negative ALN using
ultrasonography, FDG PET, and MRI and found that 21
patients of them (20.2%) were proven to have ALN metastasis.
Combined ultrasonography and MRI has been documented to
improve the accuracy of ALN staging in breast cancer patients,
compared with ultrasonography or MRI alone.[16] In several
other types of malignancies, combination of different imaging
techniques also improves diagnostic performance in assessment
of lymph node metastasis.[17] Mammographic screening is of
clinical significance in identifying individuals with high-risk
breast cancer. A combination of mammography and breast
ultrasound has been found to offer additional benefits of breast
cancer screening.[18] These findings encourage us to evaluate the
ability of combined mammography and ultrasonography to
predict ALN status in invasive breast cancer patients.
Breast positioning is the key factor affecting the image quality

of mammography.[19] Optimal positioning for CC and MLO
views is important to improve the diagnostic performance of
mammography. Despite these efforts, mammography has a
limited capacity to identify abnormal ALNs.[20] Our data
revealed that the sensitivity of mammography for detection of
ALN metastasis was only 66.9%; but, the specificity was as high
as 80.8%. This finding is consistent with a previous study.[11]

Due to relatively high specificity, mammography is still
commonly used for preoperative evaluation of ALN status. In
comparison with mammography, ultrasonography had a higher
sensitivity (90.4%) but lower specificity (68.2%) for predicting
ALN metastasis in our patients. Ultrasound examination
combined with fine-needle aspiration has been reported to
increase the specificity to 100% but decrease the sensitivity to
53%.[21] Another study reported similar findings that ultraso-
nography-guided fine-needle aspiration had a low sensitivity
(39.5%) and high specificity (95.7%) for detecting ALN
metastasis.[22] Our data showed that combination of mammog-
raphy and ultrasonography resulted in an increased sensitivity
(94.9% vs 90.4%) and modestly decreased specificity (62.4% vs
68.2%), compared to ultrasonography alone. The accuracy for
Axillary lymph node metastasis

(%) pN1 (%) pN2 (%) pN3 (%)

2 (85.3) 274 (11.9) 49 (2.1) 15 (0.7)
8 (27.3) 596 (36.3) 348 (21.1) 252 (15.3)

7 (76.6) 452 (15.8) 139 (4.8) 81 (2.8)
3 (19.8) 418 (38.9) 258 (24.0) 186 (17.3)

8.8) 199 (9.6) 26 (1.2) 8 (0.4)
0.1) 671 (36.1) 371 (19.9) 259 (13.9)
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Table 4

Performance of different imaging modalities in differentiating N0–N1 breast cancer from N2–N3 disease.

Imaging test
Pathological SEN, %

SPE, % PPV, % NPV, % ACC, % AUC, %N2–N3 (664) N0–N1 (3280)

US
Normal 600 1044 90.4 68.2 36.5 97.2 71.9 0.84
Equivocal/probably metastasis 64 2236

MG
Normal 444 631 66.9 80.8 41.3 92.3 78.4 0.75
Equivocal/probably metastasis 220 2649

Combined US and MG
Normal 630 1232 94.9 62.4 33.8 98.4 67.9 0.85
Equivocal/probably metastasis 34 2048

ACC= accuracy, AUC=area under the receiver operating characteristic curve, MG=mammography, NPV=negative predictive value, PPV=positive predictive value, SEN= sensitivity, SPE= specificity, US=
ultrasonography.
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differentiating N0 and N1 disease from N2 and N3 disease was
similar between ultrasonography alone and mammography/
ultrasonography combination.
Although combination of ultrasonography and mammogra-

phy modestly increased the sensitivity for evaluating ALN status,
the specificity was not elevated, but undesirably decreased.
Therefore, addition of mammography seems not to offer
significant benefits in preoperative ALN staging. However, this
is a retrospective study based on clinical data from a signal center.
The presence of inherent selection bias may compromise our
conclusions.
5. Conclusion

In conclusion, our data show that combining ultrasonography
andmammography would be favorable to improve the sensitivity
in differentiating N0–N1 breast cancer from N2–N3 breast
cancer, but leading to a reduced specificity. The potential benefit
of mammography as an adjuvant to preoperative ultrasonogra-
phy needs to be further explored.
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