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Abstract—A non-invasive and widely available method for pre-operative evaluation of the axilla is axillary
ultrasonography (US). The purpose of this study was to evaluate the diagnostic accuracy of axillary US and
fine-needle aspiration cytology in a large cohort of breast cancer patients. The sensitivity and specificity of
US and fine-needle aspiration cytology in our cohort of 1124 patients were 42.2% and 97.1%, respectively.
As the number of axillary nodes increased, sensitivity increased. The percentage of false-negative US results
was 18.9%; patients in this subgroup were significantly younger, had larger tumors, more often had lymph
vascular invasion and were more likely to have estrogen receptor-positive tumors. Ultrasonography in combina-
tion with fine-needle aspiration cytology is useful in the pre-operative workup of breast cancer patients, espe-
cially patients with three or more nodal metastases. Special attention should be paid to younger women with
larger tumors in whom a larger percentage of false-negative results are obtained. (E-mail: y.moorman@zgt.
nl) � 2015 World Federation for Ultrasound in Medicine & Biology.

Key Words: Breast cancer, Pre-operative staging, Axillary ultrasonography, Fine-needle aspiration cytology,
Sentinel lymph node biopsy, Axillary lymph node dissection, False-negative ultrasonography.
INTRODUCTION

Over the years there has been growing interest in the
development of clinical prediction tools to estimate the
risk of patients with breast cancer having axillary nodal
metastases, thereby making it possible to plan specific
therapies. Sentinel lymph node biopsy (SLNB) has
become the standard method of axillary lymph node stag-
ing in patients with invasive breast cancer. It has replaced
axillary lymph node dissection (ALND), as it is associ-
ated with significantly lower morbidity (Purushotham
et al. 2005). However, SLNB is still an invasive method
and has a 4%–14% rate of complications such as lymphe-
dema, seroma, paresthesia, chronic pain and immobility
(Temple et al. 2002). When node metastases are found
with SLNB, ALND is still warranted, which means that
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the patient has to undergo a second operation. Not only
is this an inconvenience for the patient, but it also results
in more operating time, space and costs (Boughey et al.
2010).

A non-invasive and widely available screening
method is axillary ultrasonography (US). Pre-operative
axillary US, with or without fine-needle aspiration
cytology (FNAC) of lymph nodes suspicious for metasta-
ses, is now routinely performed in many breast cancer
centers (Glynn et al. 2010). The utility of axillary US in
detecting nodal metastases has been studied extensively.
The results vary widely, especially in patients with
early-stage breast cancer (Alvarez et al. 2006; Garcia
Fernandez et al. 2011; Mainiero et al. 2010). The
sensitivity and specificity of axillary US range between
40% and 92%, and between 56% and 100%,
respectively. Specificity increases to 100% with the use
of FNAC. However, as with all US procedures, the
sensitivity and specificity of axillary US depend
strongly on the experience of the ultrasonographer and
the reference standard for malignancy used. The
majority of previous studies on axillary US and FNAC
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have studied small patient groups (,500 patients) and
have used different morphologic criteria for detecting
nodal metastases: palpable versus non-palpable nodes, in-
clusion or exclusion of micrometastases and differences
in the prevalence of axillary nodal burden (Alvarez
et al. 2006; Bonnema et al. 1997; Cho et al. 2009; de
Freitas et al. 1991; Jung et al. 2010; Motomura et al.
2001; Rajesh et al. 2002; Vaidya et al. 1996; Verbanck
et al. 1997; Yang et al. 1996).

The aim of this study was to evaluate the utility and
diagnostic accuracy of axillary US and US with FNAC in
detecting axillary lymph node metastases in a large
cohort of breast cancer patients.
METHODS

Patients
This retrospective cohort study was conducted in the

Hospital Group Twente, a large teaching hospital located
in Almelo and Hengelo, The Netherlands. Approval from
the institutional review board was not required because
this was a non-interventional retrospective study using
known data. From January 2007 until July 2011, 1124
consecutive primary breast cancer patients were selected.
These patients were both screen detected and/or symp-
tomatic. All patients underwent pre-operative axillary
US and subsequent surgery with SLNB and/or ALND
according to current Dutch guidelines. Patients with
palpable axillary disease, clinical and radiologic T4
status, ipsilateral recurrent breast malignancy and neo-
adjuvant chemotherapy were excluded.
Pre-operative ultrasonography and fine-needle
aspiration

All patients underwent routinemammography, ultra-
sonography of the breast and ipsilateral ultrasonography
of the axilla by a trained radiologist or a radiology resident
under the supervision of a trained radiologist. Two com-
mercial ultrasound scanners were used; the Acuson
X300/VF13-5 transducer (Siemens, Seongnam, South
Korea), with a frequency bandwidth of 4.4–13.0 MHz
and a maximum field of display of 61 mm, and the Aloka
Prosound Alpha 7/UST-5412 transducer (Aloka, Tokyo,
Japan), with a frequency bandwidth of 5–13 MHz and
maximum field of display of 60 mm. These were located
at different sites, so the ultrasound scanner used was the
one available in the hospital where patients presented. A
lymph node was classified as suspicious if its cortical
thickness was .2.3 mm or if it had an irregular nodular
cortex and/or a diminished or absent hilum (Deurloo
et al. 2003). When suspicious nodes were found, US-
guided FNAC was performed using a 21-gauge needle,
and the aspirate was sent to the pathology department
for cytologic analysis. If needed, a second attempt was
made. FNAC analysis was carried out after Giemsa and
Papanicolaou staining (Surepath).
SLNB and ALND protocol
The study protocol is summarized in Figure 1.

Patients with non-suspicious nodes after axillary US
and those with no malignant cells after FNAC (or from
whom insufficient material was obtained for diagnosis af-
ter several attempts) were scheduled for SLNB. Sentinel
lymph nodes (SLNs) were harvested after scintigraphy
and patent blue dye injection during or immediately
before surgery by one of our experienced breast surgeons
or by a surgical trainee under the strict supervision of an
experienced breast surgeon. A sentinel node was identi-
fied as any blue-staining node, hot node or node with at
least 10% of the highest hot node count. Pathologic exam-
ination classified SLNs as macrometastases (.2 mm),
micrometastases (0.2–2 mm) or isolated tumor cells
(,0.2 mm). If US-guided FNAC proved positive for ma-
lignant cells, ALND was performed. Complete ALND
was routinely performed when a metastasis was present
in the SLN. In this study, we focused onmacrometastases,
because micrometastases do not normally alter the
morphology of the lymph node and are thereby difficult
to detect (Garcia-Ortega et al. 2011).

Patient and tumor characteristics were retrieved
from the original patient files. The final pathology results,
based on SLNB and/or ALND, were correlated with axil-
lary US alone or US in combination with FNAC.
Statistical analysis
Sensitivity, specificity, positive predictive value

(PPV) and negative predictive value (NPV) were calcu-
lated for axillary US alone and axillary US in combina-
tion with FNAC, with the final pathologic findings with
SLNB and/or ALND as gold standard. The utility of US
and US with FNAC was assessed by determining the pos-
itive and negative likelihood ratios. The correlation
between clinic and pathologic variables and false nega-
tivity of axillary ultrasonography was analyzed using
the c2 test. A p value , 0.05 was considered to indicate
statistical significance.
RESULTS

Patient and tumor characteristics
During the observational period from January 2007

until July 2011, 1178 patients were treated for primary
invasive breast cancer in the Hospital Group Twente,
The Netherlands. Of these patients, 20 had palpable
axillary lymph nodes and 34 patients, did not undergo
the routine workup for other reasons, leaving 1124
patients for further analysis. All patients had solitary
tumors. The median age of the patients was 61 y



Fig. 1. Study algorithm. Grey coloured boxes5 total of patients with lymph node metastases; Underlined boxes5 total
of patients with false-negative ultrasonography.
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(range: 24–93 y). The mean primary breast cancer tu-
mor size was 20.46 mm (range: 1–130 mm). When
the tumors were subdivided by tumor stage, 59.5%
were T1, 35.3% were T2, 4.9% were T3 and 0.2%
were pathologic T4 tumors. There were 910 invasive
ductal carcinomas, 138 invasive lobular carcinomas,
15 mixed ductal and lobular carcinoma and 61 other car-
cinomas (total n 5 1124). The median number of nodes
removed with sentinel node biopsy was 2 (range: 1–13).

US in relation to the number of axillary nodal
metastases

The overall percentage of axillary (macro) metasta-
ses was 28.4%. Of the 1124 patients, 922 (82.0%) had no
suspicious axillary lymph nodes on US, and 202 (18%)
did have suspicious nodes. The sensitivity of US in deter-
mining nodal involvement was 45.5% in the case of one
nodal metastasis, with a specificity of 92.9%. The posi-
tive predictive value (PPV) and negative predictive value
(NPV) were 71.8% and 82.0%, respectively. The positive
likelihood ratio (1LR) was 6.41 and the negative likeli-
hood ratio (–LR) was 0.59. In the case of two nodal me-
tastases, US sensitivity was 56.9%, specificity 92.9%,
PPV 64.4%, NPV 90.6%, 1LR 8.01 and–LR 0.46. In
the case of three or more nodal metastases, sensitivity
was 60.8%, specificity 92.9%, PPV 58.1%, NPV
93.6%, 1LR 8.56 and–LR 0.42 (Table 1). Total number
of patients decreased with increasing number of nodal
metastases as we compared patients with one or more,
two or more and three or more macrometastases with
no metastases.

US in combination with FNAC
FNAC was performed on all nodes that were consid-

ered suspicious with axillary US. The positive US/posi-
tive FNAC group consisted of those patients who were
found to have suspicious nodes on axillary US and were
proven to have a malignancy after FNAC. Also included
in this group were patients in whom atypical cells were
found with FNAC and patients whose cytologic speci-
mens were inadequate for evaluation. The sensitivity of
US with FNAC in determining nodal involvement was
42.2%, specificity 97.1%, PPV 85.2%, NPV
81.2%, 1LR 15.6 and–LR 0.59. The respective numbers
for two and three nodal metastases are listed in Table 1.
The total number of patients within this group also
decreased with increasing number of nodal metastases,
as we compared patients with a positive US and positive



Table 1. Accuracy and utility of US and US in combination with FNAC subdivided by number of axillary nodal metastases

N Sensitivity (%) Specificity (%) PPV (%) NPV (%) 1LR –LR

Positive US*
Overall 1124
1 metastasis 319 45.5 92.9 71.8 82.0 6.41 0.59

(minus microy) 311 46.6 92.5 73.2 79.8 6.21 0.58
2 metastases 181 56.9 92.9 64.4 90.6 8.01 0.46
3 metastases 130 60.8 92.9 58.1 93.6 8.56 0.42

Positive US with positive FNACz

Overall 1071
1 metastasis 301 42.2 97.1 85.2 81.2 15.6 0.59

(minus microy) 293 43.3 97.3 87.6 79.8 16.0 0.58
2 metastases 175 55.4 97.1 81.5 90.6 19.1 0.46
3 metastases 127 59.8 97.1 77.6 93.6 20.6 0.41

FNAC 5 fine-needle aspiration cytology; 1LR 5 positive likelihood ratio; –LR 5 negative likelihood ratio; Metastases 5 number of micro- or
macrometastases found with sentinel lymph node biopsy or axillary lymph node dissection; NPV5 negative predictive value; PPV5 positive predictive
value; US 5 ultrasonography.
* Positive US 5 axillary US suspicious for malignancy versus axillary US with no suspicious nodes (negative US).
y If micrometastases would have been excluded from the population. Only 8 patients had additional metastases after axillary lymph node dissection of

which only 1 had .3 metastases.
z Positive US 1 positive FNAC/atypical cells versus negative US.

Table 2. Differences in patient and tumor characteristics
between false-negative and true-negative axillary

ultrasonographic scans
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FNAC with those with negative US. In analysis of sensi-
tivity for two nodal metastases, patients with only one
nodal metastasis are not automatically placed in the nega-
tive group, but were removed from further analysis.
Variable
True negative
N 5 748

False negative
N 5 174 p Value , 0.15

Age (y)
,50 97 (13.0%) 56 (32.2%) ,0.001
$50 651 (87.0%) 118 (67.8%)

Clinical tumor size
0–19 mm 551 (75.1%) 100 (59.2%) ,0.001
$20 mm 183 (24.9%) 69 (40.8%)

Histology
IDC 606 (81.0%) 139 (79.9%) 0.011
ILC 84 (11.2%) 30 (17.2%)
Other 58 (7.8%) 5 (2.9%)

Histologic grade
1 252 (34.0%) 42 (24.1%) 0.025
2 326 (44.0%) 94 (54.0%)
3 163 (22.0%) 38 (21.8%)

Multifocality
No 665 (88.9%) 142 (81.6%) 0.008
Yes 83 (11.1%) 32 (18.4%)

Lymph vascular invasion
No 679 (90.8%) 127 (73.0%) ,0.001
Yes 69 (9.2%) 47 (27.0%)

Estrogen receptor
Negative 120 (16.2%) 12 (6.9%) 0.001
False-negative axillary ultrasonography
Of the 922 patients with negative US, 18.9% had a

false-negative ultrasound. These patients were found to
have positive nodes after SLNB and/or ALND. Patient
and tumor characteristics were compared between the
true-negative and false-negative groups, and results are
summarized in Table 2. Patients with false-negative axil-
lary US were younger, had larger tumors, more often had
lobular carcinomas, were found to have lymph vascular
invasion (LVI) and were more likely to have estrogen re-
ceptor (ER)- or progesterone receptor (PR)-positive tu-
mors. Univariate and multivariate analyses are outlined
in Table 3. Age, LVI, ER status and pathologic tumor
size remained significant after multivariate logistic
regression analysis. For a patient ,50 y of age who has
a tumor $20 mm, the chance of a false-negative US is
45.9%, almost one in two patients.
Positive 622 (83.8%) 162 (93.1%)
Progesterone receptor

Negative 222 (29.9%) 34 (19.5%) 0.006
Positive 520 (70.1%) 140 (80.5%)

Her2/Neu
Negative 666 (89.8%) 161 (92.5%) 0.320
Positive 76 (10.2%) 13 (7.5%)

Pathologic T stage
1a–c 524 (70.1%) 78 (44.8%) ,0.001
2 213 (28.5%) 78 (44.8%)
3 11 (1.5%) 17 (9.8%)
4 0 (0.0%) 1 (0.6%)

Her2/Neu 5 human epidermal growth factor receptor 2;
IDC 5 invasive ductal carcinoma; ILC 5 invasive lobular carcinoma.
Influence of micrometastases in the population
Sentinel lymph node biopsy revealed micrometasta-

ses in 103 patients. Of these patients, only 8 were found to
have macrometastases after ALND and only 1 had three
or more additional positive axillary nodes. Of the 4 pa-
tients found to have suspicious nodes with axillary ultra-
sonography, none had any additional axillary disease
after ALND. If this population had been excluded from
the study group, the values for sensitivity, specificity,
and so on would have differed slightly (see Table 1).



Table 3. Univariable and multivariable associations between patient/tumor characteristics and false-negative ultrasonography

Univariable p value Hazard ratio (95% CI) Multivariable p value Hazard ratio (95% CI)

Age (y)
,50
$50 ,0.001 3.185 (2.172–4.671) ,0.001 3.077 (2.006–4.719)

Clinical T stage rounded
1a–c
2 ,0.001 2.078 (1.465–2.946) 0.436 1.190 (0.768–1.842)

Histology
IDC
ILC 0.057 1.557 (0.987–2.456) 0.151 1.459 (0.871–2.444)
Remainder 0.040 0.376 (0.148–0.954) 0.164 0.505 (0.193–1.321)

Tumor grade
1
2 0.007 1.730 (1.161–2.579)
3 0.171 1.399 (0.865–2.263) —

Multifocality
No
Yes 0.009 1.806 (1.156–2.821) 0.340 1.281 (0.770–2.131)

Lymph vascular invasion
No
Yes ,0.001 3.642 (2.402–5.522) ,0.001 3.028 (1.872–4.895)

Estrogen receptor
Yes
No 0.002 2.605 (1.404–4.832) ,0.001 4.592 (2.304–9.149)

Progesterone receptor
Yes
No 0.007 1.758 (1.171–2.639) —

Pathologic T-stage
1a–c
$2 ,0.001 2.879 (2.055–4.034) ,0.001 2.224 (1.454–3.402)

Her2/Neu 5 human epidermal growth factor receptor 2; IDC 5 invasive ductal carcinoma; ILC 5 invasive lobular carcinoma.
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Because ALND is still advised after detection of micro-
metastases according to Dutch guidelines, we did not
exclude this group from our analysis.
DISCUSSION

In the present study, we assessed the accuracy and
clinical utility of routine pre-operative axillary US in
combination with FNAC in patients with breast cancer
in The Netherlands. The prevalence of nodal metastases
(macrometastases) in our study was 28.4%. Our study
suggests that specificity and PPV in detecting axillary
metastases were higher for patients who underwent axil-
lary US in combination with FNAC, especially those with
gross nodal disease, than for patients who underwent US
alone. Tahir et al. (2008) reported an increase in sensi-
tivity from 47.1% to 80% when two or more nodal metas-
tases were found. Sensitivity, on the other hand, was
lower for US1 FNAC than for US alone, as also reported
in the literature (Leenders et al. 2012; Park et al. 2011).

Ultrasonography of the axilla is a useful diagnostic
technique for the evaluation of axillary lymph nodes
because it is non-invasive, widely available and easily
incorporated into the standard workup for breast cancer
patients. Its sensitivity and specificity vary greatly in
the literature, ranging from 40% to 92% and from 56%
to 100% respectively (Alvarez et al. 2006; Bonnema
et al. 1997; de Freitas et al. 1991; Jung et al. 2010;
Motomura et al. 2001; Rajesh et al. 2002; Vaidya et al.
1996; Verbanck et al. 1997; Yang et al. 1996).
Specificity increases when US is combined with FNAC,
but sensitivity continues to vary greatly. There are a
number of reasons for this discrepancy. First, the
prevalence of axillary metastases in the study
populations differs greatly, ranging between 25% and
58% (Leenders et al. 2012). In our study, the prevalence
of nodal metastases was 28.4%, which is relatively low
compared with values in the literature. Because PPV
and NPV are directly proportional to the prevalence of
the disease, these would increase with higher prevalence.
To overcome this problem we also calculated the 1LR
and–LR, as these are not influenced by prevalence.

Second, patient selection differs. Our patients had
relatively early breast cancers, with nearly 60% T1 tu-
mors. A third reason for the observed differences is the
exclusion criteria. Some studies include both palpable
and non-palpable nodes, which are of great significance
in analyzing accuracy. If we would have included
palpable nodes and cT4 tumors, our sensitivity would
have increased. Finally, the criteria used for node
morphology and needle biopsy differ. In our study we
performed FNAC on suspicious nodes, whereas some
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studies performed FNAC on all lymph nodes ultrasono-
graphically visualized independently of their appearance
or size (Altomare et al. 2007; Alvarez et al. 2006;
Bonnema et al. 1997; de Kanter et al. 1999, Fant et al.
2003; Holwitt et al. 2008; Kuenen-Boumeester et al.
2003; Mansel et al. 2006; Sapino et al. 2003). Some
studies used nodal size as a criterion for malignancy,
and others used morphologic criteria (Cools-Lartigue
et al. 2013; Houssami et al. 2011). In our study, the
cutoff point for malignant node size was 2.3 mm; inter-
observer variation is to be expected with a cut-off behind
the decimal point.

Results from the American College of Surgeons
Oncology Group (ACOSOG) Z0011 (Giuliano et al.
2011) randomized controlled trial, however, revealed
equivalent survival and regional control in patients with
T1–T2 tumors, a maximum of two macrometastases
with SLNB and additional radiation therapy with or
without additional ALND. These observations would
suggest a diminishing role for pre-operative US and
FNAC in this population. In this study, pre-operative
US and FNACwere of special value in patients with gross
nodal disease, the subgroup that was excluded in the
ACOSOG trial. Within this subgroup, ALND is still of
additional value.

Because sensitivity is often found to be low, we also
investigated the clinical–pathologic variables associated
with patients with false-negative US. The total rate of
false-negative results in our series was 18.9%. Patients
with false-negative axillary US were significantly
younger, had larger tumors, more often had lymph
vascular invasion and were more likely to have
ER-positive tumors. Lobular histology and PR positivity
were more often observed within this subgroup, although
these factors did not remain significant after multivariate
analysis. In the literature, the percentages of false-
negative US and FNAC range between 28.1% and 31%
(Johnson et al. 2011; Leenders et al. 2012, 2013). These
patients were younger, had larger tumors, had tumors
that were lobular (although not always significant) and
had lymph vascular invasion (Choi et al. 2012; Johnson
et al. 2011; Leenders et al. 2013). The reasons are not
always clear. Johnson et al. (2011) state that a false-
negative US is more likely in larger tumors and tumors
with lymph vascular invasion because of the higher pre-
test probability of metastatic disease. The correlation of
ER positive tumors and false-negativity is unknown.
The prevalence of false negativity and PR positivity
might be correlated with a higher risk of node metastases
in PR-positive tumors (Ravdin et al. 1994; Viale et al.
2005). Although not always significant, there was a
tendency toward lobular carcinomas in the false-
negative group. Lobular carcinomas are known to be
harder to diagnose with US; perhaps the same also
supplies for the detection of nodal metastases (Lopez
and Bassett 2009).
CONCLUSIONS

Ultrasonography in combination with FNAC is use-
ful in the pre-operative workup of breast cancer patients.
Patients with early-stage breast cancer are unlikely to
have heavy axillary disease burden, and in this subgroup
the value of ALND has recently been up for discussion.
Within the group of patients with three or more nodal me-
tastases, however, the accuracy of US and FNAC is much
higher and will be of additional value. Special attention
should be paid to younger woman with larger tumors,
in whom a larger percentage of false-negative results
are obtained. US and FNAC are of lower sensitivity,
and direct SLNB might be preferred.
REFERENCES

Altomare V, Guerriero G, Carino R, Battista C, Primavera A,
Altomare A, Vaccaro D, Esposito A, Ferri AM, Rabitti C. Axillary
lymph node echo-guided fine-needle aspiration cytology enables
breast cancer patients to avoid a sentinel lymph node biopsy. Prelim-
inary experience and a review of the literature. Surg Today 2007;37:
735–739.

Alvarez S, Anorbe E, Alcorta P, Lopez F, Alonso I, Cortes J. Role of so-
nography in the diagnosis of axillary lymph node metastases in
breast cancer: A systematic review. AJR Am J Roentgenol 2006;
186:1342–1348.

Bonnema J, van Geel AN, van Ooijen B, Mali SP, Tjiam SL,
Henzen-Logmans SC, Schmitz PI, Wiggers T. Ultrasound-guided
aspiration biopsy for detection of nonpalpable axillary node metas-
tases in breast cancer patients: New diagnostic method.World J Surg
1997;21:270–274.

Boughey JC, Moriarty JP, Degnim AC, Gregg MS, Egginton JS,
Long KH. Cost modeling of preoperative axillary ultrasound and
fine-needle aspiration to guide surgery for invasive breast cancer.
Ann Surg Oncol 2010;17:953–958.

Cho N, MoonWK, Han W, Park IA, Cho J, Noh DY. Preoperative sono-
graphic classification of axillary lymph nodes in patients with breast
cancer: Node-to-node correlation with surgical histology and
sentinel node biopsy results. AJR Am J Roentgenol 2009;193:
1731–1737.

Choi JS, KimMJ, Moon HJ, Kim EK, Yoon JH. False negative results of
preoperative axillary ultrasound in patients with invasive breast can-
cer: Correlations with clinicopathologic findings. Ultrasound Med
Biol 2012;38:1881–1886.

Cools-Lartigue J, Sinclair A, Trabulsi N, Meguerditchian A,
Mesurolle B, Fuhrer R, Meterissian S. Preoperative axillary ultra-
sound and fine-needle aspiration biopsy in the diagnosis of axillary
metastases in patients with breast cancer: predictors of accuracy and
future implications. Ann Surg Oncol 2013;20:819–827.

De Freitas R Jr, Costa MV, Schneider SV, Nicolau MA, Marussi E.
Accuracy of ultrasound and clinical examination in the diagnosis
of axillary lymph node metastases in breast cancer. Eur J Surg Oncol
1991;17:240–244.

De Kanter AY, van Eijck CH, van Geel AN, Kruijt RH, Henzen SC,
Paul MA, Eggermont AM, Wiggers T. Multicentre study of ultraso-
nographically guided axillary node biopsy in patients with breast
cancer. Br J Surg 1999;86:1459–1462.

Deurloo EE, Tanis PJ, Gilhuijs KG, Muller SH, Kroger R, Peterse JL,
Rutgers EJ, Valdes Olmos R, Schultze Kool LJ. Reduction in the
number of sentinel lymph node procedures by preoperative ultraso-
nography of the axilla in breast cancer. Eur J Cancer 2003;39:
1068–1073.

http://refhub.elsevier.com/S0301-5629(15)00411-1/sref1
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref1
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref1
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref1
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref1
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref1
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref2
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref2
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref2
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref2
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref3
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref3
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref3
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref3
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref3
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref4
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref4
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref4
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref4
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref5
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref5
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref5
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref5
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref5
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref6
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref6
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref6
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref6
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref7
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref7
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref7
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref7
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref7
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref8
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref8
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref8
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref8
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref9
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref9
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref9
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref9
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref10
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref10
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref10
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref10
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref10


2848 Ultrasound in Medicine and Biology Volume 41, Number 11, 2015
Fant JS, Grant MD, Knox SM, Livingston SA, Ridl K, Jones RC,
Kuhn JA. Preliminary outcome analysis in patients with breast can-
cer and a positive sentinel lymph node who declined axillary dissec-
tion. Ann Surg Oncol 2003;10:126–130.

Garcia Fernandez A, Fraile M, Gimenez N, Rene A, Torras M,
Canales L, Torres J, Barco I, Gonzalez S, Veloso E, Gonzalez C,
Cirera L, Pessarrodona A. Use of axillary ultrasound, ultrasound-
fine needle aspiration biopsy and magnetic resonance imaging in
the preoperative triage of breast cancer patients considered for
sentinel node biopsy. Ultrasound Med Biol 2011;37:16–22.

Garcia-Ortega MJ, Benito MA, Vahamonde EF, Torres PR, Velasco AB,
Paredes MM. Pretreatment axillary ultrasonography and core biopsy
in patients with suspected breast cancer: Diagnostic accuracy and
impact on management. Eur J Radiol 2011;79:64–72.

Giuliano AE, Hunt KK, Ballman KV, Beitsch PD, Whitworth PW,
Blumencranz PW, Leitch AM, Saha S, McCall LM, Morrow M.
Axillary dissection vs no axillary dissection in women with invasive
breast cancer and sentinel node metastasis: A randomized clinical
trial. JAMA 2011;305:569–575.

Glynn RW,Williams L, Dixon JM. A further survey of surgical manage-
ment of the axilla in UK breast cancer patients. Ann R Coll Surg
Engl 2010;92:506–511.

Holwitt DM, Swatske ME, Gillanders WE, Monsees BS, Gao F, Aft RL,
Eberlein TJ, Margenthaler JA. Scientific Presentation Award: The
combination of axillary ultrasound and ultrasound-guided biopsy
is an accurate predictor of axillary stage in clinically node-
negative breast cancer patients. Am J Surg 2008;196:477–482.

Houssami N, Ciatto S, Turner RM, Cody HS III, Macaskill P. Preoper-
ative ultrasound-guided needle biopsy of axillary nodes in invasive
breast cancer: Meta-analysis of its accuracy and utility in staging
the axilla. Ann Surg 2011;254:243–251.

Johnson S, Brown S, Porter G, Steel J, Paisley K, Watkins R, Holgate C.
Staging primary breast cancer. Are there tumour pathological fea-
tures that correlate with a false-negative axillary ultrasound? Clin
Radiol 2011;66:497–499.

Jung J, Park H, Park J, Kim H. Accuracy of preoperative ultrasound and
ultrasound-guided fine needle aspiration cytology for axillary stag-
ing in breast cancer. ANZ J Surg 2010;80:271–275.

Kuenen-Boumeester V, Menke-Pluymers M, de Kanter AY, Obdeijn IM,
Urich D, Van Der Kwast TH. Ultrasound-guided fine needle aspira-
tion cytology of axillary lymph nodes in breast cancer patients. A
preoperative staging procedure. Eur J Cancer 2003;39:170–174.

Leenders M, Richir M, Broeders M, Moormann G, Mollema R, Lopes
Cardozo A, Meijer S, Schreurs H. Axillary staging by ultrasound-
guided fine-needle aspiration cytology in breast cancer patients. Still
up to date? Breast J 2013;19:637–642.

Leenders MW, Broeders M, Croese C, Richir MC, Go HL,
Langenhorst BL, Meijer S, Schreurs WH. Ultrasound and fine nee-
dle aspiration cytology of axillary lymph nodes in breast cancer. To
do or not to do? Breast 2012;21:578–583.

Lopez JK, Bassett LW. Invasive lobular carcinoma of the breast: Spec-
trum of mammographic, US, and MR imaging findings. Radio-
graphics 2009;29:165–176.

Mainiero MB, Cinelli CM, Koelliker SL, Graves TA, Chung MA. Axil-
lary ultrasound and fine-needle aspiration in the preoperative
evaluation of the breast cancer patient: An algorithm based on tumor
size and lymph node appearance. AJR Am J Roentgenol 2010;195:
1261–1267.

Mansel RE, Fallowfield L, Kissin M, Goyal A, Newcombe RG,
Dixon JM, Yiangou C, Horgan K, Bundred N, Monypenny I,
England D, Sibbering M, Abdullah TI, Barr L, Chetty U,
Sinnett DH, Fleissig A, Clarke D, Ell PJ. Randomized multicenter
trial of sentinel node biopsy versus standard axillary treatment in
operable breast cancer: The ALMANAC Trial. J Natl Cancer Inst
2006;98:599–609.

Motomura K, Inaji H, Komoike Y, Kasugai T, Nagumo S, Hasegawa Y,
Noguchi S, Koyama H. Gamma probe and ultrasonographically-
guided fine-needle aspiration biopsy of sentinel lymph nodes in
breast cancer patients. Eur J Surg Oncol 2001;27:141–145.

Park SH, Kim MJ, Park BW, Moon HJ, Kwak JY, Kim EK. Impact of
preoperative ultrasonography and fine-needle aspiration of axillary
lymph nodes on surgical management of primary breast cancer.
Ann Surg Oncol 2011;18:738–744.

Purushotham AD, Upponi S, Klevesath MB, Bobrow L, Millar K,
Myles JP, Duffy SW. Morbidity after sentinel lymph node biopsy
in primary breast cancer: Results from a randomized controlled trial.
J Clin Oncol 2005;23:4312–4321.

Rajesh YS, Ellenbogen S, Banerjee B. Preoperative axillary ultrasound
scan: its accuracy in assessing the axillary nodal status in carcinoma
breast. Breast 2002;11:49–52.

Ravdin PM, De Laurentiis M, Vendely T, Clark GM. Prediction of axil-
lary lymph node status in breast cancer patients by use of prognostic
indicators. J Natl Cancer Inst 1994;86:1771–1775.

Sapino A, Cassoni P, Zanon E, Fraire F, Croce S, Coluccia C,
Donadio M, Bussolati G. Ultrasonographically-guided fine-needle
aspiration of axillary lymph nodes: role in breast cancer manage-
ment. Br J Cancer 2003;88:702–706.

Tahir M, Osman KA, Shabbir J, Rogers C, Suarez R, Reynolds T,
Bucknall T. Preoperative axillary staging in breast cancer-saving
time and resources. Breast J 2008;14:369–371.

Temple LK, Baron R, Cody HS III, Fey JV, Thaler HT, Borgen PI,
Heerdt AS, Montgomery LL, Petrek JA, Van Zee KJ. Sensory
morbidity after sentinel lymph node biopsy and axillary dissection:
A prospective study of 233 women. Ann Surg Oncol 2002;9:
654–662.

Vaidya JS, Vyas JJ, Thakur MH, Khandelwal KC, Mittra I. Role of ul-
trasonography to detect axillary node involvement in operable breast
cancer. Eur J Surg Oncol 1996;22:140–143.

Verbanck J, Vandewiele I, DeWinter H, Tytgat J, Van Aelst F, TangheW.
Value of axillary ultrasonography and sonographically guided punc-
ture of axillary nodes: a prospective study in 144 consecutive pa-
tients. J Clin Ultrasound 1997;25:53–56.

Viale G, Zurrida S, Maiorano E, Mazzarol G, Pruneri G, Paganelli G,
Maisonneuve P, Veronesi U. Predicting the status of axillary sentinel
lymph nodes in 4351 patients with invasive breast carcinoma treated
in a single institution. Cancer 2005;103:492–500.

Yang WT, Ahuja A, Tang A, Suen M, King W, Metreweli C. High res-
olution sonographic detection of axillary lymph node metastases in
breast cancer. J Ultrasound Med 1996;15:241–246.

http://refhub.elsevier.com/S0301-5629(15)00411-1/sref11
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref11
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref11
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref11
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref12
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref12
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref12
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref12
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref12
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref12
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref13
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref13
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref13
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref13
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref14
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref14
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref14
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref14
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref14
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref15
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref15
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref15
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref16
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref16
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref16
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref16
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref16
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref17
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref17
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref17
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref17
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref18
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref18
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref18
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref18
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref19
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref19
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref19
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref20
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref20
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref20
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref20
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref21
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref21
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref21
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref21
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref22
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref22
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref22
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref22
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref23
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref23
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref23
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref24
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref24
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref24
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref24
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref24
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref25
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref25
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref25
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref25
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref25
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref25
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref25
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref26
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref26
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref26
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref26
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref27
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref27
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref27
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref27
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref28
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref28
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref28
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref28
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref29
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref29
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref29
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref30
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref30
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref30
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref31
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref31
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref31
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref31
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref32
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref32
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref32
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref33
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref33
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref33
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref33
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref33
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref34
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref34
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref34
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref35
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref35
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref35
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref35
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref36
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref36
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref36
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref36
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref37
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref37
http://refhub.elsevier.com/S0301-5629(15)00411-1/sref37

	Pre-operative Ultrasonographic Evaluation of Axillary Lymph Nodes in Breast Cancer Patients: For Which Group Still of Addit ...
	Introduction
	Methods
	Patients
	Pre-operative ultrasonography and fine-needle aspiration
	SLNB and ALND protocol
	Statistical analysis

	Results
	Patient and tumor characteristics
	US in relation to the number of axillary nodal metastases
	US in combination with FNAC
	False-negative axillary ultrasonography
	Influence of micrometastases in the population

	Discussion
	Conclusions
	References


