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Purpose: This study aimed to predict a heavy nodal burden (≥3 metastatic axillary lymph nodes
[LNs]) using axillary ultrasonography (US) and US-guided fine-needle aspiration biopsy (FNAB) in
patients with early-stage breast cancer.
Methods: We retrospectively reviewed the medical records of 403 women (404 cancers) who
underwent US-guided FNAB for axillary LN staging from January 2006 to December 2015. US
findings and US-guided FNAB results were reviewed and compared using pathology results as
the reference. Diagnostic performance was analyzed, and clinicopathological and radiological
findings were compared between patients with <3 metastatic LNs and ≥3 metastatic LNs.
Results: The final pathology results revealed that 20.5% of cancers had heavy nodal metastases.
US-guided FNAB showed significantly higher sensitivity (79.0% vs. 63.0%, P=0.009) and
specificity (84.8% vs. 79.3%, P=0.036) in predicting heavy nodal metastases than did US. The
presence of a larger number of suspicious LNs (two or more) on axillary US and positive FNAB
results were significantly correlated with a heavy nodal burden in the multivariate analysis. The
odds ratios were 4.20 (95% confidence interval [CI], 1.90 to 9.39) for two suspicious LNs, 9.40
(95% CI, 2.99 to 29.54) for three or more suspicious LNs, and 14.22 (95% CI, 6.78 to 29.82)
for positive FNAB results.
Conclusion: The number of suspicious LNs detected on axillary US and FNAB results can help
predict a heavy axillary nodal burden in patients with early-stage breast cancer.
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Introduction

Patients

Axillary lymph node (LN) metastasis is an important prognostic index
of overall and disease-free survival in patients with breast cancer,
and the number of metastatic LNs is a significant factor that helps
oncologists decide whether to administer chemotherapy [1,2]. The
American College of Surgeons Oncology Group (ACOSOG) Z0011
trial suggested that patients with fewer than three positive sentinel
LNs and a clinical T1-2 tumor undergoing lumpectomy and breast
radiation therapy followed by systemic therapy did not benefit from
axillary lymph node dissection (ALND) in terms of local control,
disease-free survival, and overall survival [3]. According to this trial
[3], only patients with heavy involvement (i.e., three or more nodes)
were recommended to undergo ALND.
Axillary ultrasonography (US) and US-guided fine-needle
aspiration biopsy (FNAB) are the standard diagnostic tools for
axillary staging in patients with breast cancer [4-6]. After the
ACOSOG Z0011 trial findings were reported [3], the usefulness of
axillary US and US-guided FNAB in patients with early-stage breast
cancer needed to be revisited. Several studies suggested that the
combined use of axillary US and US-guided FNAB can accurately
diagnose a heavy nodal burden (three or more metastatic LNs) and,
therefore, may reduce the unnecessary use of sentinel lymph node
biopsy (SLNB) in cases with proven metastasis [7,8]. However, some
patients with fewer than three LN metastases may undergo ALND
directly because of a positive FNAB result. Therefore, the necessity
of axillary US and US-guided FNAB has been discussed, especially
when only a few abnormal axillary LNs are present [9-11]. In
addition, no reports have discussed the correlation between US
findings and FNAB results for identifying early-stage breast cancer
patients with a heavy nodal burden. Therefore, one purpose of this
study was to investigate the accuracy of axillary US and US-guided
FNAB in diagnosing axillary metastasis and predicting a heavy nodal
burden in patients with early-stage breast cancer. Another purpose
was to identify the clinicopathological factors and US findings
affecting the prediction of a heavy nodal burden.

Materials and Methods
Compliance with Ethical Standards
In this retrospective study, we reviewed the medical records of
patients with breast cancer from our institution from January 2006
to December 2015. The institutional review board approved this
study at Seoul National University Bundang Hospital in Korea (B1504-296-106) and waived the requirement for informed patient
consent.
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Initially, we included 565 pathological T1 or T2 stage breast cancers,
including one bilateral cancer, in 564 women who underwent
preoperative US-guided FNAB for axillary LN and breast surgery
during the study period. However, 161 cancers in 161 patients
were excluded because of undisclosed SLNB or ALND (n=89) and
administration of preoperative systemic therapy (n=72). We included
elderly patients (older than 65 years) and patients with luminal A
type cancers or other coexistent malignancies who did not undergo
preoperative systemic therapy, although they had positive LN results
in axillary FNAB. Finally, 404 cancers in 403 women were included
in this study.

Axillary US and US-Guided FNAB
Patients with newly diagnosed breast cancer routinely underwent
axillary US at our institution. Ultrasonographic assessment of axillary
LNs was performed in real time by one of three radiologists (with 20,
14, and 7 years of experience in breast imaging, respectively) using
high-resolution US equipment with 12-5 MHz, focused, linear-array
transducers (HDI 5000 or IU 22, Philips Ultrasound, Bothell, WA,
USA).
US-guided FNAB was performed by the same radiologist who
performed the patient’s US examination. US-guided FNAB was
considered when LNs showed a cortical thickening of 2.5 mm or
greater, or abnormal morphology [12]. If multiple LNs showed
suspicious features, the largest one was selected. US-guided
FNAB was performed with a 21-gauge needle attached to a 10mL syringe with moderate (1-3 mL) negative pressure. Numerous
multi-directional passes were made through the thickened cortex
to increase the probability of successful sampling. Specimens
were smeared on two slides and fixed with 95% ethanol. Using a
longitudinal freehand approach, FNAB was performed two or three
times in all patients.

US Image Analysis
Two blinded radiologists (with 20 and 5 years of experience in
breast US interpretation, respectively) retrospectively reviewed
the US images and reached a consensus in all cases. Reviewers
evaluated the number of suspicious LNs and the cortical thickness
(mm), and reported the following suspicious features: shape of the
fatty hilum (compression or loss), shape (oval or round), margin
(circumscribed or non-circumscribed), and extranodal extension
(none or present). Compression or loss of the hilum, a round
shape, a non-circumscribed margin, and the presence of extranodal
extension were regarded as abnormal findings. The definitions
of individual findings were as follows; hilar compression: partial
effacement of fatty hilum, hilar loss: complete effacement of fatty
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Results

hilum, non-circumscribed margin: partially or completely indistinct
margin, and extranodal extension: LN matting and perinodal edema.

Histopathological Evaluation
The LN tissue obtained by ALND and SLNB was sectioned. After
preparing five slides and staining them with hematoxylin and eosin,
a pathologist with 15 years of experience in breast pathology
examined them. We described the tumor and nodal stage according
to the TNM staging system from the seventh edition of the American
Joint Committee on Cancer staging manual [13]. A nodal stage
of N0(i+) was considered a negative final pathology [13]. In the
patient with bilateral cancer, surgery and histopathological review
were performed separately for each side. Tumor molecular subtypes
were divided into estrogen receptor (ER)/progesterone receptor
(PR)-positive, human epidermal growth factor receptor 2 (HER2)positive, or triple-negative subtypes [14], as described in the results
and tables.

The mean age of patients was 50.8 years (range, 20 to 89 years).
The study included 369 invasive ductal carcinomas, two ductal
carcinomas in situ with microinvasion, and 33 other malignancies
including invasive lobular (n=9), metaplastic (n=7), papillary (n=7),
mucinous (n=5), mixed ductal and lobular (n=3), and tubular
carcinomas (n= 2). Among these, 25 patients showed palpable
axillary LNs on physical examination, including one patient with
clinical stage N2a. Axillary nodal staging was determined by SLNB
(n=226, 55.9%) and ALND (n=178, 44.1%), and the mean number
of excised LNs was 4.7 in SLNB (range, 1 to 15) and 27.2 in ALND

Table 1. Patient and tumor characteristics
Characteristic

Value

Age (yr)

50.8 (20-89)

Location

Statistical Analysis

Right

197 (48.8)

The clinical, radiological, and pathological data of the 404
cancers were collected for statistical analysis. The final surgical
histopathologic findings of either ALND or SLNB were used as the
reference standard (presence of metastasis, presence of heavy
nodal burden [three or more metastatic axillary LNs]). Indeterminate
FNAB results (a few atypical cells) were considered as indicating
metastasis, while insufficient FNAB results were considered as
indicating no metastasis.
Sensitivity and specificity for the diagnostic performance of
US and US-guided FNAB were calculated and compared using
the McNemar test. Positive predictive value (PPV) and negative
predictive value (NPV), calculated using the generalized estimating
equation, were also compared using the McNemar test.
Categorical variables from clinicopathological characteristics and
US findings were compared between the <3 and ≥3 metastatic LN
groups using the chi-square test or Fisher exact test. Continuous
variables were compared between the two groups using the Student
t-test. The Firth correction was used for rare US findings including
a round shape (n=7) and the presence of extranodal extension
(n=5) of the LN. A multivariate logistic regression model was used
to analyze significant findings with at least one marginal predictive
value (P<0.05) in the univariate analysis.
Stata (version 13 IC, StataCorp., College Station, TX, USA) was
used for all statistical analyses. A P-value of <0.05 was considered
to indicate statistical significance.

Left

207 (51.2)

Histologic type
Invasive ductal carcinoma

369 (91.3)

Other carcinomas
(ductal carcinoma in situ with microinvasion, invasive
lobular, mucinous, metaplastic, papillary, mixed ductal
and lobular, and tubular)
T stage

35 (8.7)

T1

189 (46.8)

T2

215 (53.2)

Subtype
ER-, PR-positive

220 (54.5)

HER2-positive

105 (26.0)

Triple-negative

79 (19.6)

Surgical methods of axillary nodal staging
SLNB

226 (55.9)

ALND

178 (44.1)

Clinical nodal stage
N1

403 (99.8)

N2a

1 (0.2)

Pathologic nodal stage
N0

221 (54.7)

N1

120 (29.7)

N2

40 (9.9)

N3

23 (5.7)

Heavy nodal burden (3 or more metastases)

81 (20.0)

Values are presented as the mean (range) or number of patients (%).
ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth
factor 2; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissection.
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(range, 7 to 66). Patient and tumor characteristics are summarized
in Table 1.

higher diagnostic values for a heavy nodal burden than did axillary
US (all P<0.05).

Diagnostic Performance of US and US-Guided FNAB in
Predicting Axillary LN Metastasis

Predictive Findings for Diagnosing a Heavy Nodal Burden

Among the 404 cancers, axillary US assessment revealed that
29.2% of the LNs were positive and 70.8% were negative. Among
the US-determined positive LNs, final pathology revealed metastasis
in 67.8%, and among the US-determined negative LNs, final
pathology revealed metastasis in 36.0% (P<0.001). The sensitivity,
specificity, PPV, and NPV of axillary US were 43.7%, 82.8%, 67.8%,
and 64.0%, respectively (Table 2).
US-guided FNAB showed that 28% of LNs were positive and
72% were negative. Among the FNAB-determined positive LNs,
96.5% contained metastases, and among the FNAB-determined
negative LNs, 25.4% involved metastases (P<0.001). The sensitivity,
specificity, PPV, and NPV of US-guided FNAB were 59.6%, 98.2%,
96.5%, and 74.6%, respectively (Table 2). US-guided FNAB showed
significantly higher diagnostic values for axillary LN metastasis than
did US (all P<0.001).

Performance of US and US-Guided FNAB in Diagnosing a
Heavy Nodal Burden
The final pathology of the US-determined positive LNs showed three
or more LN metastases in 43.2% of cases, while that of the USdetermined negative LNs showed three or more LN metastases in
10.5% of cases (P<0.001). The sensitivity, specificity, PPV, and NPV
of US were 63.0%, 79.3%, 43.2%, and 89.5%, respectively (Table
2).
The final pathology of the FNAB-determined positive LNs
showed three or more LN metastases in 56.6% of cases, and that
of the FNAB-determined negative LNs showed three or more LN
metastases in 5.8% of cases (P<0.001). The sensitivity, specificity,
PPV, and NPV of US-guided FNAB were 79.0%, 84.8 %, 56.6%, and
94.2%, respectively (Table 2). US-guided FNAB showed significantly

The clinicopathological characteristics and US findings of axillary LNs
are shown in Table 3. A high tumor stage (T2, P<0.001), less cortical
thickening (P<0.001), large number of suspicious LNs (P<0.001),
hilar compression or loss (P<0.001), round shape (P=0.012), a noncircumscribed margin (P=0.001), extranodal extension (P=0.018),
a positive FNAB result (P<0.001), ER/PR-positivity (P=0.006), and
HER2 positivity (P=0.042) were more frequently found in the heavy
nodal burden group.
Multivariate analysis of the significant findings showed that the
presence of two or more suspicious LNs (P<0.001) and positive
FNAB results (P<0.001) were significantly correlated with a heavy
nodal burden (Table 4). The odds ratio for two suspicious LNs was
4.20 (95% CI, 1.90 to 9.39), while that for three or more suspicious
LNs was 9.40 (95% CI, 2.99 to 29.54). The odds ratio for positive
FNAB results was 14.22 (95% CI, 6.78 to 29.82). For the prediction
of a heavy nodal burden, the sensitivity decreased gradually as
the number of suspicious LNs on US increased, as follows: one
suspicious LN, 45.7% (37 of 81); two suspicious LNs, 29.6% (24 of
81); and three or more suspicious LNs, 24.7% (20 of 81). However,
the specificity, PPV, NPV, and accuracy were higher when there
were three or more suspicious LNs, and there was a trend toward
an increasing number of suspicious LNs on US as these diagnostic
values increased (Supplementary Table 1). A subgroup analysis of
the FNAB-positive group (n=64) showed that the presence of two
or more suspicious LNs was significantly correlated with a heavy
nodal burden on multivariate analysis (Supplementary Table 2). The
odds ratio for two suspicious LNs was 4.34 (95% CI, 1.39 to 13.53)
and that for three or more suspicious LNs was 36.15 (95% CI, 2.68
to 488.37) (Figs. 1-3). Multivariate analysis for the FNAB-negative
group (n=17) showed that clinicopathological and US findings,
except margin type and extranodal extension, were significantly

Table 2. Diagnostic performance of US and US-guided FNAB
LN metastases (1 or more)

Diagnostic value

US

a)

US-guided FNAB

P-value

Heavy nodal burden (3 or more)
USa)

US-guided FNAB

P-value

Sensitivity (CI, %)

43.7 (36.4-51.2)

59.6 (52.1-66.5)

<0.001

63.0 (51.5-73.4)

79.0 (68.5-87.3)

0.009

Specificity (CI, %)

82.8 (77.2-87.5)

98.2 (95.4-99.5)

<0.001

79.3 (74.4-83.6)

84.8 (80.4-88.6)

0.036

PPV (CI, %)

67.8 (60.2-74.6)

96.5 (91.1-98.6)

<0.001

43.2 (36.7-50.0)

56.6 (49.7-63.4)

0.002

NPV (CI, %)

64.0 (60.7-67.2)

74.6 (71.1-77.8)

<0.001

89.5 (86.5-91.9)

94.2 (91.3-96.1)

0.004

Accuracy (CI, %)

65.1 (60.2-69.8)

80.7 (76.5-84.4)

<0.001

76.0 (71.5-80.1)

83.7 (79.7-87.1)

0.002

US, ultrasonography; FNAB, fine-needle aspiration biopsy; LN, lymph node; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value.
a)
Included abnormal US findings such as uneven cortical thickening, hilar change, round or irregular shape, non-circumscribed margin, or extranodal extension of axillary LN, in
addition to cortical thickening greater than 2.5 mm.
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Table 3. Results of univariate analysis: clinicopathological characteristics and US findings
Variable

No. of LN metastases
<3 (n=323)

≥3 (n=81)

Total (n=404)

Odds ratio (95% CI)

T stage

P-value
<0.001

T1

165 (51.1)

24 (29.6)

189 (46.8)

1.00 (reference)

T2

158 (48.9)

57 (70.4)

215 (53.2)

2.48 (1.47-4.19)

Histological type
Invasive ductal carcinoma
a)

Other

0.990
295 (91.3)

74 (91.4)

369 (91.3)

1.00 (0.42-2.39)

28 (8.7)

7 (8.6)

35 (8.7)

1.00 (reference)

41 (12.7)

9 (11.1)

50 (12.4)

1.00 (reference)

Histological grade
Low
Intermediate

106 (32.8)

32 (39.5)

138 (34.2)

1.38 (0.60-3.13)

0.450

High

176 (54.5)

40 (49.4)

216 (53.5)

1.04 (0.47-2.30)

0.930

4.7±2.1

4.3±1.7

6.1±2.7

1

277 (85.8)

37 (45.7)

314 (77.7)

1.00 (reference)

2

38 (11.8)

24 (29.6)

62 (15.3)

4.73 (2.56-8.75)

<0.001

8 (2.5)

20 (24.7)

28 (6.9)

18.72 (7.7-45.52)

<0.001

256 (79.3)

32 (39.5)

288 (71.3)

1.00 (reference)

Compressed

50 (15.5)

31 (38.3)

81 (20.0)

4.96 (2.78-8.85)

<0.001

Loss

17 (5.3)

18 (22.2)

35 (8.7)

8.47 (3.97-18.07)

<0.001

Mean cortical thickness (mm)

43.04 (12.59-147.20)

<0.001

No. of suspicious LNs

3 or more
Hilar compression
None

0.012b)

Shape
Oval
Round

322 (99.7)

75 (92.6)

397 (98.3)

1.00 (reference)

1 (0.3)

6 (7.4)

7 (1.7)

320 (99.1)

74 (91.4)

394 (97.5)

1.00 (reference)

3 (0.9)

7 (8.6)

10 (2.5)

10.09 (2.55-39.94)

55.64 (2.47-999.99)c)

Margin
Circumscribed
Not circumscribed

0.001
0.018b)

Extranodal extension
None
Presence

323 (100)

76 (93.8)

399 (98.8)

0

5 (6.2)

5 (1.2)

1.00 (reference)
46.47 (1.93-999.99)c)

FNAB result

<0.001

Negative

274 (84.8)

17 (21.0)

291 (72.0)

1.00 (reference)

Positive

49 (15.2)

64 (79.0)

113 (28.0)

21.05 (11.38-38.94)

ER-, PR-positive

167 (51.7)

53 (65.4)

220 (54.5)

3.26 (1.42-7.52)

0.006

HER2-positive

84 (26.0)

21 (25.9)

105 (26.0)

2.57 (1.03-6.4)

0.042

Triple-negative

72 (22.3)

7 (8.6)

79 (19.6)

1.00 (reference)

Subtype

Values are presented as number (%) unless otherwise indicated.
US, ultrasonography; LN, lymph node; CI, confidence interval; FNAB, fine-needle aspiration biopsy; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal
growth factor receptor 2.
a)
Other malignancy includes ductal carcinoma in situ with microinvasion, as well as invasive lobular, mucinous, metaplastic, papillary, and tubular carcinoma. b)P-value from
Firth analysis. c)Firth analysis was used.
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B
A
Fig. 1. Invasive carcinoma of the left breast in a 40-year-old woman.
A. Transverse axillary ultrasonography shows a lymph node with 3 mm even cortical thickness (arrows). Ultrasound-guided fine-needle
aspiration biopsy confirmed metastasis. B. Transverse breast ultrasonography shows an indistinct, irregular, hypoechoic mass with internal
microcalcifications (arrows). On pathological examination following mastectomy and axillary lymph node dissection, a 1.4 cm invasive ductal
carcinoma-associated ductal carcinoma in situ [ER (+), PR (-), HER2 (-), and Ki-67 10%], with two out of 20 axillary lymph node metastases
(T1c, N1a), was confirmed. ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor 2.

B
A
Fig. 2. Invasive carcinoma of the right breast in a 50-year-old woman.
A. Longitudinal axillary ultrasonography shows two lymph nodes with uneven cortical thickness (arrows). Ultrasound-guided fine-needle
aspiration biopsy confirmed metastasis. B. Transverse breast ultrasonography shows an indistinct, irregular, hypoechoic mass with internal
microcalcification (arrows). On pathological examination following lumpectomy and axillary lymph node dissection, a 3.5 cm invasive ductal
carcinoma [ER (+), PR (+), HER2 (-), and Ki-67 5%] with three out of 29 axillary lymph node metastases (T2, N1) was confirmed. ER,
estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor 2.

correlated with a heavy nodal burden (Supplementary Table 3).
Among these findings, the odds ratio for two suspicious LNs was 3.77
(95% CI, 3.69 to 3.84), while that for three or more suspicious LNs
was 2.78 (95% CI, 2.67 to 2.90).

Discussion
The present study showed that a larger number of suspicious
e-ultrasonography.org

LNs detected on US and positive FNAB results were significantly
correlated with a heavy nodal burden in multivariate analysis. The
odds ratios for a heavy nodal burden were 4.20 in patients with two
suspicious LNs, 9.40 in patients with three or more suspicious LNs,
and 14.22 in patients with a positive FNAB result on axillary US.
Regardless of the preoperative FNAB result, the presence of a larger
number of suspicious LNs on axillary US was significantly correlated
with a heavy nodal burden. These findings can help clinicians decide
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B

A

Fig. 3. Invasive carcinoma of the left breast in a 75-year-old
woman.
A, B. Transverse axillary ultrasonography shows three round or oval
hypoechoic lymph nodes with hilar changes (medial [arrowhead]
and lateral [arrow]/inferior [arrow]). Ultrasound-guided fineneedle aspiration biopsy proved metastasis. C. Transverse breast
ultrasonography shows an angular, irregular, hypoechoic mass.
On a pathological examination following lumpectomy and axillary
lymph node dissection, a 1.5 cm invasive ductal carcinoma [ER (-),
PR (-), HER2 (+), and Ki-67 20%] with 18 out of 43 axillary lymph
node metastases (T1, N3) was confirmed. ER, estrogen receptor; PR,
progesterone receptor; HER2, human epidermal growth factor 2.
C
whether ALND and SLNB must be performed on patients with earlystage breast cancer.
In the post-ACOSOG Z0011 trial era, the role of preoperative
axillary US and US-guided FNAB in early-stage breast cancer needs
to be reconsidered and used to identify patients with three or more
axillary metastases. Van Wely et al. [8] first reported that patients
with axillary LN metastases identified using US-guided FNAB had
more positive LNs and were more likely to have three or more LNs
involved than those with SLNB-identified nodal metastases. In a
recent meta-analysis involving 532 patients with breast cancer
whose axillary involvement was diagnosed by US-guided FNAB, 56%
had three or more positive LNs in the final pathologic examination
[15], which is similar to our results. According to another study by
Lloyd et al. [16], more than 40% of patients who had positive LNs,
as determined by axillary US-guided biopsy, were reported to have
only one or two LNs with macrometastases; in such cases, direct
implementation of ALND could result in overtreatment.
Our data suggested that the detection of a larger number of
suspicious LNs on axillary US was an independent predictive factor;

526

several previous studies have reported similar results [17-19].
Hieken et al. [17] reported that the rate of detection of three or
more pathologically metastatic axillary LNs was 13.5% in patients
with a solitary suspicious axillary LN observed on axillary US images
and 30.8% in those with multiple abnormal LNs observed on
axillary US images for clinically LN-negative breast cancer (P<0.001).
Caudle et al. [18] found that 45% of patients with two or more
abnormal LNs identified by US had three or more positive LNs
identified using their axillary LN dissection specimens, whereas 19%
of patients who were identified by SLNB after negative US findings
had three or more positive LNs (P<0.001). In another study by Zhu
et al. [19], 84.8% of patients with a solitary suspicious LN detected
by axillary US had limited positive LNs; however, for patients with
multiple suspicious LNs detected by axillary US, 38.6% of patients
had limited positive LNs (P<0.001). These data and ours suggest
that thorough axillary US in patients with early-stage breast cancer
with suspicious LNs can help predict a heavy nodal burden of the
axillae. Therefore, physicians must consider the number of suspicious
axillary LNs on preoperative US in order to predict a heavy nodal
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Table 4. Results of multivariate analysis: significant
clinicopathological characteristics and US findings
Variable

Odds ratio

95% CI

P-value

1.77

0.89-3.52

0.102

0.53

0.09-3.20

0.491

T stage
T1
T2
Mean cortical thickness

1 (reference)

No. of suspicious LNs
1

1 (reference)

2

4.20

1.90-9.39

<0.001

3 or more

9.40

2.99-29.54

<0.001

Hilar compression
None

1 (reference)

Compression

1.80

0.78-4.19

0.172

Loss

2.36

0.73-7.60

0.152

0.04-67.52

0.805a)

Shape
Oval
Round

1 (reference)
1.60

Margin
Circumscribed
Not circumscribed

0.198
1 (reference)
0.26

0.03-2.03
0.153a)

Extranodal extension
None
Presence

1 (reference)
25.71

0.30-999.99

FNAB result

<0.001

Negative

1 (reference)

Positive

14.22

6.78-29.82

1.96

0.72-5.32

0.188

HER2-positive

1.42

0.47-4.35

0.536

Triple-negative

1 (reference)

Subtype
ER-, PR-positive

US, ultrasonography; CI, confidence interval; LN, lymph node; FNAB, fine-needle
aspiration biopsy; ER, estrogen receptor; PR, progesterone receptor; HER2, human
epidermal growth factor receptor 2.
a)
P-value from Firth analysis.

burden.
In this study, 17 of 291 patients (5.8%) with FNAB-determined
negative LNs showed three or more LN metastases. Because of this
low rate of a heavy nodal burden in the FNAB-negative group, Liang
et al. [20] suggested that such patients can be treated similarly
to those who test negative using axillary US. In their study, Liang
et al. [20] observed a similar heavy nodal burden in the FNABdetermined and US-determined negative groups (3.3% vs. 2.4%,
P=0.405). Unlike our study, they did not analyze the number of
suspicious LNs using US. In this study, the patients showed a larger
number of suspicious LNs on US, even in the FNAB-determined
e-ultrasonography.org

negative LN group (one suspicious LN, 10 patients [58.8%, 10
of 17]; two suspicious LNs, five patients [29.4%, 5 of 17]; three
or more suspicious LNs, two patients [11.7%, 2 of 17]) (Table 3).
Therefore, regardless of FNAB results, we observed a larger number
of suspicious LNs on US in the heavy nodal burden group than in
patients who did not have a heavy nodal burden. We performed
subgroup and multivariate analyses on the FNAB-negative group
to discover predictors of a heavy nodal burden; the presence of two
or more suspicious LNs on US was significantly correlated with a
heavy nodal burden (Supplementary Table 3). These results suggest
that the presence of a large number of US-determined suspicious
LNs is a reliable predictor of a heavy nodal burden, regardless of
preoperative FNAB results. The combined use of the number of
suspicious LNs using axillary US and preoperative FNAB results may
improve the accuracy of prediction of the nodal burden.
Among the clinicopathological findings in our study, a high tumor
stage and ER-/PR-positivity and HER2-positivity of tumors were
more common, and the triple-negative subtype was less common,
in the heavy nodal burden group than in the group without a heavy
nodal burden. Kim et al. [21] reported that a higher T stage (≥2) was
independently associated with a higher nodal burden on both breast
US and magnetic resonance imaging. Furthermore, Zhu et al. [19]
suggested that false-positive axillary US results were more frequent
in patients with early-stage breast cancer who had a T1 stage tumor.
They also described that ER-/PR-negative tumors had a lower risk of
nodal metastases than ER-/PR-positive tumors in patients with earlystage breast cancer. In addition, Vane et al. [22] reported the highest
NPV of axillary US in the triple-negative subtype (90.3%), and
Caudle et al. [18] found that triple-negative tumors were associated
with less extensive nodal involvement. Our results in this regard are
consistent with those of previous studies.
This study has several limitations. First, this was a retrospective
study performed over a long study period (about 10 years); therefore,
the possibility of selection bias should be considered. In addition,
variability in management methods used by different physicians
is also possible; for instance, variation may be present among
radiologists who perform US and US-guided FNAB. However, this
variation could not be assessed because of the retrospective study
design. Second, we did not correlate the findings for suspicious LNs,
as determined by US, with their final pathological results obtained
using a node-by-node analysis. Third, we included only patients who
underwent FNAB; therefore, patients who had normal axillary LNs
were not included in the study. However, we applied not only cortical
thickening (≥2.5 mm), but also other US features such as hilar
change, round shape, indistinct margin, and extranodal extension
as abnormal US findings. Therefore, the diagnostic performance of
axillary US obtained in this study was similar to that obtained in a
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previous systematic review [4]. Fourth, the small number of cases
showing a heavy nodal burden in the FNAB-negative group may
influence the generalizability of our subgroup results. Additional
larger studies are needed in the future.
It is well known that SLNB could reduce the morbidity and
complications associated with ALND, and the major reason for
performing axillary US to predict heavy nodal burden should be to
guide appropriate treatments for early-stage breast cancer. However,
ALND is preferred in FNAB-positive patients, even in those with only
one or two metastatic LNs. According to our results, physicians may
decide to perform ALND in patients with axillary LNs showing FNABdetermined positivity and two or more suspicious LNs on axillary
US. Because this study was performed over a long period with a
retrospective study design, further prospective studies should be
performed to determine the precise US features of axillary LNs that
predict LN metastasis and a heavy nodal burden.
In conclusion, the number of suspicious LNs detected on axillary
US and preoperative FNAB results can help predict a heavy axillary
nodal burden in patients with early-stage breast cancer. These
findings may help clinicians determine the requirement for ALND
after performing US-guided FNAB in patients with early-stage breast
cancer showing suspicious findings on axillary US.
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