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Abstract
Background: Ultrasound, along with ultrasound-guided fine needle aspiration, is currently used for the axillary
evaluation of breast cancer patients in order to identify candidates for axillary lymph node dissection. The aim of
this study is to evaluate the accuracy of this tool in correctly identifying patients who may or may not benefit from
axillary clearance in light of the ACOSOG Z0011 trial recommendations.
Methods: One hundred one patients (65 with positive US-FNA with corresponding axillary lymph node dissection
(ALND), and 36 with negative US-FNA with corresponding ALND/sentinel lymph node biopsy) were studied for the
number of involved axillary lymph nodes, tumor clinicopathologic features, and axillary radiologic findings.
Results: From the positive US-FNA group, 43% of patients had two or fewer positive lymph nodes upon ALND
pathologic examination. In the US-FNA negative group, the negative predictive value for detecting axillary disease
was 72.7%. With both groups combined, the sensitivity, specificity, PPV, and NPV of US-FNA for selecting patients
based on axillary disease burden were 86%, 51.7%, 57%, and 83.3%, respectively.
Conclusion: Based on Z0011 guidelines, US-FNA is not a reliable tool in triaging patients in need for ALND and
leads to overtreatment of 43% patients when positive, while depriving a small but significant percentage of
patients from necessary therapy, when negative.
Keywords: Axillary lymph node dissection, Sentinel lymph node biopsy, Ultrasound-guided fine needle aspiration,
Z0011 trial

Introduction
Regional axillary lymph node metastasis from primary
breast cancer has been accepted as part of the biology of
breast cancer since the introduction of radical mastectomy
by Halsted in 1894 [1]. Subsequently, the concept of sentinel lymph node excisional biopsy (SLNB) was introduced,
substantiated by the convergence of lymphatics to the primary draining “sentinel” lymph node within the axilla.
Given its association with a significantly lower risk of
post-operative complications, most notably lymphedema,
SLNB has become the most important diagnostic modality
in identifying patients who could be spared full axillary
lymph node dissection (ALND) [2].
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In an effort to determine whether ALND was always
justified following a positive SLNB, the Z0011 trial of
the American College of Surgeons Oncology Group
(ACSOG), which opened in 1999 and closed enrollment
in 2004, assigned women with T1 or T2 breast cancer
with positive SNLB to either completion ALND vs. no
further surgical intervention or axillary radiation therapy. Trial results showed that regional recurrence was
0.9% with SLNB alone vs. 0.5% for ALND when the
number of positive sentinel lymph nodes was either 1 or
2. The investigators concluded that patients with two or
fewer positive sentinel lymph nodes do not benefit from
complete axillary dissection due to the lack of a significantly different outcome between the two groups [3].
Axillary lymph node sampling by ultrasound-guided
fine needle aspiration (US-FNA) has been recently advocated as a less invasive substitute to SNLB in patients
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with an ultrasonographically suspicious lymph node. A
positive FNA would confirm axillary metastasis and normally lead to ALND. Based on current literature, however, a positive US-FNA, although associated with a
higher axillary tumor burden than a positive sentinel
lymph node, does not reliably predict the number of
positive axillary lymph nodes. In a retrospective study of
234 patients, US-FNA of the axilla revealed a median of
four positive axillary lymph nodes (range 1–30) in 158
patients with a malignant aspirate. Specifically, 43.9% (n
= 69) of patients had 1–3 positive nodes [4].
Given this information and the recommendations of
the Z0011 trial, we hypothesize that US-FNA of the
axilla, though highly specific for detecting axillary lymph
node metastasis, will result in a greater number of
ALND than necessary, given its inability to reliably predict the number of involved lymph nodes (> 2 vs. ≤ 2).
On the other hand, a negative US-FNA may not be sufficient to select patients who could be spared further axillary interventions. Our aim is to therefore assess the
number of positive lymph nodes in ALND following
either a positive US-FNA or a negative US-FNA through
evaluation of subsequent ALND and/or SLNB, and to
potentially identify predictive variables of axillary status,
such as ultrasonographic findings, tumor size, tumor
type, and tumor grade. Our findings may help predict
which patients with a positive US-FNA would need—or
could be spared—ALND according to the Z0011 trial
guidelines, and whether a negative US-FNA could
exempt patients from further invasive management.

Materials and methods
Patient selection and ultrasound findings

Following Institutional Review Board approval, a retrospective review of the Pathology/Cytology database at
the American University of Beirut Medical Center
(AUBMC), Beirut, Lebanon, was performed. Our target
population was patients with clinically negative axillae,
and positive US-FNA with a corresponding ALND, or
negative US-FNA with corresponding SLNB/ALND.
Patients with a positive FNA and negative ALND who
received neoadjuvant treatment were excluded from the
analysis. Sixty-five patients with positive US-FNA and
thirty-six patients with negative US-FNA were retrieved.
The ultrasounds and FNAs were performed by specialized interventional radiologists in the field of breast
cancer radiology with at least 10 years of experience.
Positive ultrasound findings included single or multiple
enlarged lymph nodes, focally or diffusely thickened cortex (more than 3 mm), abnormal lobulation, calcifications, and Doppler signals.
Suspicious lymph nodes, with at least one of the above
criteria, were selected for aspiration. The nodes with
thick cortices were aspirated in the thickest areas, and
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the puncture site was directed specifically at the thickest
cortex, as detailed by Mainiero et al. [5].
Clinicopathologic characteristics

Clinicopathologic features including age, gender, tumor
histology, grade, size, number of lymph nodes involved,
size of LN metastasis, and prior neoadjuvant chemotherapy were recorded.
Statistical analysis

Numerical variables were described by their mean, median, and standard deviation, whereas categorical variables were described by their relative frequencies and
counts. Fisher’s exact test was used to compare nominal
data in various groups. Mann-Whitney U test was used
for nonparametric data to test differences between the
number of positive lymph nodes (cutoff limit of two
lymph nodes) with respect to age and size of the primary
tumor. Similarly, Mann-Whitney U test was used to test
differences between the size of metastasis (cutoff limit of
0.9 cm) with respect to age and size of the primary
tumor. The diagnostic accuracy was evaluated with sensitivity, specificity, and positive predictive value (PPV)
and negative predictive values (NPV). The receiver operating characteristics (ROC) curves and the respective
areas under the curves (AUC) were also calculated for
the different parameters. Results were expressed with a
95% confidence interval (CI). Binary logistic regression
was utilized to calculate any difference between U/S
FNA findings and the number of involved lymph nodes.
Two-sided P values of less than 0.05 were considered to
indicate statistical significance. Computational analyses
were performed using SPSS Statistical Package for Social
Sciences version 25.0 (Chicago, IL, USA) and via AnalystSoft, StatPlus:mac statistical analysis program for
Mac OS. See http://www.analystsoft.com/en/.

Results
Clinicopathologic characteristics, including age distribution, type of cancer, tumor size, and tumor grade in both
US-FNA positive and negative groups, are summarized
in Table 1. Ultrasound findings for both groups are outlined in Table 2.
Statistical analysis was performed to assess the significance of different variables in both groups. In the
US-FNA positive group, a significant correlation was
identified between the number of involved lymph nodes
(cutoff limit of two lymph nodes) and primary tumor
size, and between the number of involved lymph nodes
and metastatic deposit size (Table 3). At a primary
tumor size of 2.3 cm, sensitivity and specificity were both
70%. Of the cases with ≤ 2 involved lymph nodes, 3/28
were ≥ 3 cm; however, in cases with > 2 involved lymph
nodes, 2/37 were ≤ 1 cm. The ROC curve showed high
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Table 1 Clinicopathologic features of patients with positive vs. negative axillary US-FNA
Variables

Positive US-FNA [N(%)]

Negative US-FNA [N(%)]

Average age

52.53 ± 13.2

53 ± 11.1

Tumor type
IDC

39/65 (60)

28/36 (77.8)

IDC (residual)

13/65 (20)

0/36 (0)

IDC-DCIS

0/65 (0)

1/36 (2.8)

IDC/ILC

0/65 (0)

3/36 (8.3)

ILC

2/65 (3.1)

2/36 (5.6)

ILC (residual)

1/65 (1.5)

0/36 (0)

DCIS

1/65 (1.5)

0/36 (0)

DCIS (residual)

1/65 (1.5)

0/36 (0)

Adenosquamous

0/65 (0)

1/36 (2.8)

IMC with neuroendocrine features

0/65 (0)

1/36 (2.8)

No residual

6/65 (9.2)

0/36 (0)

No tumor

1/65 (1.5)

0/36 (0)

NA

1/65 (1.5)

0/36 (0)

(3/3)

23/65 (35.4)

19/36 (52.8)

(2/3)

23/65 (35.4)

12/36 (33.3)

(1/3)

4/65 (6.2)

3/36 (8.3)

NA

15/65 (23)

2/36 (5.6)

Modified SBR grade

Size

Mean = 3.4 +/- 3.3 cm

Mean = 2.3 ± 1.5 cm

Median = 2.5 cm

Median = 2.0 cm

None

43/65 (66.2)

33/36 (91.7)

Yes

21/65 (32.3)

3/36 (8.3)

NA

1/65 (1.5)

0/36 (0)

Neoadjuvant therapy

US-FNA ultrasound-guided fine needle aspiration, IDC invasive ductal carcinoma, ILC invasive lobular carcinoma, DCIS ductal carcinoma in situ, IMC invasive
mammary carcinoma, SBR Scarff-Bloom-Richardson, NA not available

Table 2 Ultrasound findings of positive and negative US-FNA cases
Ultrasound findings

Positive US-FNA number (%)

Negative US-FNA number (%)

Enlarged lymph node

34/65 (52.3)

2/36 (5.6)

Diffusely thick cortex

12/65 (18.6)

22/36 (61.1)

Focally thick cortex

0/65 (0)

6/36 (16.7)

Enlarged lymph node + thick cortex

6/65 (9.2)

1/36 (2.8)

Multiple enlarged lymph nodes + thick cortex

1/65 (1.5)

2/36 (5.6)

Calcification

1/65 (1.5)

0/36 (0)

Multiple enlarged lymph nodes + calcification

1/65 (1.5)

0/36 (0)

Normal

2/65 (3.1)

0/36 (0)

NA

8/65 (12.3)

3/36 (8.3)

US-FNA ultrasound-guided fine needle aspiration, NA not available
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Table 3 Correlation between different clinicopathologic and
radiologic parameters in the US-FNA positive group
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Variable

P value

Table 5 Correlation of ultrasound findings with the number of
involved lymph nodes and with the size of lymph node
metastasis

Number of involved LNs vs. age

P = 0.832

US findings vs. number of involved LNs

P = 0.694

Number of involved LNs vs tumor size

P = 0.002**

US findings vs. size of LN metastasis

P = 0.254

Size of LN metastasis vs age

P = 0.046**

US ultrasound, LN lymph node

Size of LN metastasis vs. tumor size

P = 0.22

Number of involved LNs vs. size of LN metastasis

P = 0.034*

US ultrasound, LN lymph node
*Fisher’s exact test (chi-squared test)
**Via Mann-Whitney test

specificity (94.7%) for predicting three or more positive
axillary lymph nodes when the primary tumor is more
than 5.2 cm in diameter (namely T3 lesions). No such
statistically significant correlations were found between
the different clinicopathologic variables in the US-FNA
negative group (Table 4). There was no significant correlation between axillary lymph node US findings and
the number of involved lymph nodes (≤ 2 or > 2), or the
size of metastatic deposits (Table 5).
In the US-FNA positive group, cases with ≤ 2 involved
lymph nodes constituted 43% (28/65) of the sample size,
while cases with > 2 involved lymph nodes represented
57% (37/65) of the cases, with a median of seven positive
lymph nodes (range 3–36 out of 10–52). In the US-FNA
negative group, lymph node involvement was identified
in 33.3% (12/36) of the cases with a median metastatic
deposit size of 0.9 cm. Extranodal extension was present
in 33.3% (4/12) of the involved lymph nodes. In order to
address the utility of US-FNA, we calculated its sensitivity, specificity, PPV, and NPV in light of the Z0011 trial
recommendations. The negative predictive value (NPV)
was 66.7% with a 33.3% corresponding rate of positive
lymph nodes. When micrometastasis was excluded (n =
3), the NPV became 72.7%, (i.e., 27.3% of patients with
negative US-FNA had positive lymph nodes). Fifty percent (6/12) of the positive axillae contained more than
two positive lymph nodes (16.6% of all cases). The negative predictive value of US-FNA for identifying axillae
with more than two positive lymph nodes was therefore
83.3% (30/36). Assuming that there need to be more
than two positive lymph nodes for an US-FNA to be
Table 4 Correlation between the different clinicopathologic
variables in the US-FNA negative group
Variables

P value

Number of involved LNs vs. age

P = 0.285*

Number of involved LNs vs. tumor size

P = 0.766 **

Number of involved LNs vs. grade

P = 0.908*

Number of involved LNs vs. neoadjuvant therapy

P = 0.336*

LN lymph node
*Fisher’s exact test (chi-squared test)
**Mann-Whitney test

considered positive and to warrant ALND, US-FNA
would have a sensitivity of 86%, a specificity of 51.7%, a
PPV of 57%, and a NPV of 83.3%.

Discussion
According to the National Comprehensive Cancer Network (NCCN) [6] and the British National Institute of
Clinical Excellence [7], the recommendations for preoperative axillary staging of patients with invasive breast
cancer requires performing an axillary US in clinically
node-negative patients, to be followed by an US-FNA for
ultrasonographically suspicious axillary lymph nodes or
in clinically node-positive patients.
There is little doubt that US-FNA is a reasonably sensitive and highly specific minimally invasive procedure
for identifying axillary metastasis in breast cancer patients. Cools-Lartigue and Meterissian showed that the
sensitivity and specificity of axillary US-FNA in patients
with invasive breast cancer range from 5.7 to 62.9% and
95.5 to 100%, respectively [8]. Ultrasound typically utilizes characteristics such as a thick cortex (> 3 mm) as a
feature suggestive of an involved lymph node with an accuracy rate > 70% (range 70–90%) [8–10]. Reliance on
cortical thickness and other sonographic findings has
significantly improved the positive predictive value of
US-FNA, reaching 97.1% (66/68) and 100% (30/30) in
some reports [11, 12]. Conversely, the negative predictive value showed mixed results, with one study quoting
a value of 69.8% [12] and another reporting a value of
89.1% [13]. Although the false-negative rate was reported by Leenders et al. to reach 28.1% [14], a positive/
suspicious US, irrespective of the US-FNA cytology findings, led to an ALND in Rattay et al.’s study based on a
post-test nodal involvement probability of 78% [15]. The
arguments in favor of initial assessment by US-FNA over
SLNB also abound, and do stand to reason. Comparative
analysis between US-FNA and SLNB showed that performing US-FNA resulted in a reduction in SLNB reaching 40% [16, 17]. The rationale here is one of avoiding
an additional surgical procedure, and reducing the cost
by up to 20% [15].
Based on the above and similar research, the NCCN
2014 guidelines for the workup of stages I, IIA, IIB, and
IIIA in patients with a positive US-FNA are currently to
proceed towards level I/II axillary dissection. This, however, advocates a blanket approach of axillary clearance
for all patients with any degree of axillary metastasis.
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Namely, it does not address the Z0011 trial findings that
have identified a subgroup of patients with only two or
less involved lymph nodes and an overall survival similar
to patients with completion ALND [18].
The questions we have tried to answer in this study
and in light of the Z0011 trial are the following: (1) how
often do patients with a positive US-FNA end up with
two or fewer positive axillary lymph nodes upon ALND,
(2) whether US findings and tumor characteristics can
help identify patients who are likely to have > 2 positive
axillary lymph nodes and who indeed would benefit
from ALND, and (3) whether a negative US-FNA could
spare patients from SLNB and ALND.
First, and as presented above, US-guided axillary FNA
was not able, in our series, to classify patients according
to the number of involved lymph nodes (> 2 or ≤ 2). Although patients with a positive US-FNA do have significantly more positive lymph nodes upon axillary
dissection than those with SLNB, as shown by van Wely
and colleagues in their comprehensive meta-analysis
[19], we and others [4] have shown that close to half of
patients with a positive US-FNA end up with two or less
positive axillary lymph nodes following dissection. Moreover, a non-negligible proportion of these patients have
a low-volume metastatic nodal disease (< 5 mm) [20],
and performing an ALND on such patients, irrespective
of the Z0011 trial, remains controversial [20, 21]. As
stated by Lloyd et al., axillary ultrasound did detect a
higher axillary tumor burden than in patients who
underwent sentinel lymph node biopsy; however, 40% of
the axillary ultrasound group had two or fewer lymph
nodes with macrometastasis after axillary lymph node
dissection and hence were subject to overtreatment [22].
Moreover, 78% of women with invasive breast carcinoma
measuring 2 cm or less who also had one abnormal
lymph node on axillary ultrasound were shown to have
two or fewer involved nodes upon axillary lymph node
dissection and would have benefited from sentinel lymph
node biopsy and avoided axillary surgery, as shown by
Puri et al. [23].
Second, we were unable to predict the number of positive axillary lymph nodes based on sonographic characteristics, and only marginally based on primary tumor
size. Although Moore et al. were able to correlate specific US findings with an overall axillary stage (increased
cortical thickness = N1, loss of fatty hilum/increased
vascularity/abnormal shape = N2–3), no such correlation
could be obtained in our series (P > 0.05). With respect
to tumor characteristics, a statistically significant correlation was only found between primary tumor size and
the number of involved lymph nodes. A PPV of 88% and
a specificity of 95% for having > 2 positive axillary lymph
nodes could only be obtained with primary tumor size >
5.2 cm. This finding is of marginal significance given the
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standard practice of ALND in patients with T3 disease
irrespective of preoperative axillary staging, and the
exclusion of T3 tumors from the Z0011 trial [24].
Furthermore, Jain et al. reported no significant correlation between primary tumor features (cutoff size of 2
cm) and US-FNA status with final nodal pathology [25]
Another limitation of US-FNA is that metastatic nodal
size, which cannot be predicted by US or by FNA, was
shown to exhibit a significant correlation with the number of involved lymph nodes. Corroborative studies on
metastatic nodal size by Cedolini et al. determined an
exponential relationship between the metastatic nodal
size and number of involved lymph nodes, with micrometastasis associated with one positive non-sentinel
lymph node, macrometastasis associated with 2.65 positive non-sentinel lymph nodes, and peri-capsular invasion with 9.88 positive non-sentinel lymph nodes [26].
In the Z0011 trial, approximately 45% of the patients
who received SLNB alone had micrometastatic disease,
implying that loco-regional control by SLNB is in part
due to the size of the metastatic tumor deposit [27].
Similarly, Gutierrez et al. identified a significant correlation between sentinel lymph nodes showing isolated
tumor cells vs. micrometastasis, and the extent of nonsentinel node positivity upon axillary clearance [28].
Third, we found that axillary FNA has an NPV of
72.7% for any degree of axillary metastasis. When taking
into consideration the Z0011 guidelines for axillary
clearance, the NPV of US-FNA becomes 83.3%. This implies that, if axillary US were to be used as the sole diagnostic tool to establish the absence of significant axillary
burden, 16.7% of patients with a negative axillary US
would have significant axillary disease and would be deprived of the necessary therapeutic axillary intervention.

Conclusion
US-FNA carries a low positive predictive value of 57%
for identifying patients who need an axillary clearance.
On the other hand, 16.7% of patients with a negative
US-FNA end up with more than two positive lymph
nodes and an under-representation of the extent of their
axillary disease. This ultimately renders US-FNA suboptimal for selecting patients likely to benefit from
ALND as this technique offers a qualitative assessment
of a parameter that requires quantitative evaluation.
As Dr. Giuliano, the primary investigator of the Z0011
trial, cautiously stated, irrespective of the Z0011 findings,
ALND remains the standard of care for patients with axillary lymph node metastasis, and physicians should consider all pertinent elements in the final management
decisions related to their patients’ breast cancer [29].
However, in an era where more conservative surgical approaches to breast cancer have successfully replaced
more radical methods of treatment, we believe that
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performing blanket ALND based on a purely qualitative
method of axillary staging is very likely to prove excessive. We believe that US-FNA, regardless of the outcome, may not represent an ideal tool in assessing
preoperative axillary status, as it goes against the general
modern trend of conservative and personalized treatment, away from potentially debilitating surgical interventions. However, a positive US-FNA in the context of
a primary tumor more than 5 cm in diameter is highly
predictive of three or more positive lymph nodes and
justifies ALND without SLNB. We foresee that the only
benefit of the minimally invasive US-guided FNA modality is to identify patients in need of additional axillary
treatment, such as radiation therapy as demonstrated by
the AMAROS trial, sparing patients the side effects of
axillary surgery be it ALND or sentinel lymph node biopsy [30–32]. Until this is substantiated by randomized
controlled clinical trials, we suggest replacing US-FNA
with the more accurate SLNB, except in the assessment
of candidates for neoadjuvant treatment where minimally invasive axillary staging would be appropriate. Until
minimally invasive (or non-invasive) methods of axillary
staging become more quantitative (such as US-FNA of
multiple lymph nodes), we believe clinicians should
carefully review the use of US-FNA as a means to decide
on a patient’s axillary clearance, without garnering more
information from a replacement, or at least a
complimentary sentinel lymph node biopsy.
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