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Abstract

Currently, breast cancer patients without clinically suspicious lymph nodes are candidates for sentinel lymph node procedures
(SLNPs). The aims of this study were to investigate whether preoperative axillary ultrasonography and fine-needle aspiration cytology
(FNA) can reduce the number of the more time-consuming SLNPs, and to identify a subset of quantitative nodal features to predict

metastatic involvement. 268 axillae were ultrasonographically examined. FNA was performed on suspicious nodes (smallest diameter
55 mm or atypical cortex appearance). SLNP was omitted if a tumour-positive node was found on FNA. Length, width, maximum
cortex thickness and appearance of cortex and hilus were ultrasonographically established. In 93 axillae (35%), at least one node was
detected with ultrasound. FNA was performed once per axilla on 66 nodes; 37 (56%) contained tumour cells. 31% of all tumour-

positive axillae (macro-+micrometastases) was found by ultrasound and FNA (37/121). 41% of all axillae containing macro-
metastases was found by ultrasound and FNA (36/87). SLNPs were reduced by 14% (37/268). Maximum cortex thickness is the main
feature to predict metastatic involvement (area under Receiver Operating Characteristic (ROC) curve (AZ)=0.87).

# 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The prognosis of breast cancer patients is for a large part
based on the presence of axillary lymph node metastases
[1]. For many years, the lymph node status of a breast
cancer patient was determined by performing an axillary
lymph node dissection (ALND). However, the dis-
advantage of this method is the significant morbidity that is
associated with it, e.g. lymph oedema of the arm with a
decreased ability for movement [2–5]. Several studies have
shown that a sentinel lymph node procedure (SLNP) can
safely replace ALND for axillary staging [6–10]. The
selection of patients for SLNP is based on physical
examination of the axilla. SLNP is performed only in
patients without clinically suspicious nodes. However,
the sensitivity of physical examination of the axilla is
only 33–68% [11–14].
The sentinel node contains tumour cells in approxi-

mately 40% of all breast cancer patients [15]. 50% of
these malignant nodes are palpably enlarged during
surgery, but are not detected by physical examination
preoperatively. By detecting these nodes before surgery,
these patients could immediately be scheduled for
ALND, which is less labour-intensive than the SLNP
plus subsequent ALND if a tumour-positive sentinel
node is found. Alternatively, patients may be candidates
for neo-adjuvant chemotherapy.
Predictive lymph node characteristics on ultrasound

images may provide quantitative guidelines in deciding
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whether or not a node should be aspirated, thereby
increasing specificity without compromising sensitivity.
This would result in a reduction of the number of fine-
needle aspirations (FNAs) on normal nodes. Several
authors have studied predictive lymph node character-
istics, e.g. length, shape and cortex appearance [16–22].
However, the discriminating power of these features is
limited and large variations have been reported. This
may be due to subjectivity in the rating of the features.
The first aim of this study was to investigate whether

the use of combined preoperative axillary ultrason-
ography and FNA in breast cancer patients without
palpable lymph nodes reduces the number of SLNPs.
The second aim was to identify an optimal subset of
quantitative features to predict metastatic involvement
of a node.
2. Patients and methods

2.1. Study population

Between August 1999 and January 2001, all 265 breast
cancer patients who were eligible for a SLNP in our hos-
pital were included in this study. 3 patients had bilateral
breast cancer; so 268 axillae were examined. Most patients
(82%) had a palpable breast lesion. All patients had a
clinically negative axilla. Mean age was 56 years (range
27–91 years). The mean diameter of the primary tumour as
measured by the pathologist was 19 mm (range 2–80 mm).
The tumour types were invasive ductal carcinomas in 203
cases (76%), invasive lobular carcinomas in 29 cases (11%)
and other type of tumours in 30 cases (11%). No histo-
logical material of the primary tumour was available in 6
cases (2%). These patients did not have surgery, because
they had distant metastases at the time the primary cancer
(and the tumour-positive node) was detected.

2.2. Training session

Before starting the study, all seven participating radi-
ologists underwent a training session to become familiar
with the area where the sentinel node is situated in the
majority of patients. This area is in the lower part of the
axilla near or just behind the lateral edge of the major
pectoral muscle. In this area, the radiologists have the
greatest chance of targeting the sentinel node. Breast
cancer patients scheduled for sentinel node lym-
phoscintigraphy were asked to participate in this training
session. The location of the sentinel node was marked on
the skin using a 57Cobalt-pen. The radiologists sono-
graphically examined the marked area with a 13-MHz-
1.5D transducer (Siemens Elegra, Erlangen, Germany).
Each radiologist examined the axillae of at least 5
patients. If a lymph node in the area of the indicated
sentinel node was detected by ultrasound, images of the
node(s) in two perpendicular directions were obtained.
In this training session, no FNA was performed.

2.3. Reduction in SLNPs, study design

The sentinel lymph node area was ultrasonographically
examined in two perpendicular directions (longitudinal and
transverse) by one of the trained radiologists, using the
same transducer that was used in the training session. Fig. 1
shows the flowchart of the study protocol. If no lymph
nodes were detected in the axilla by ultrasonography, the
patient underwent SLNP several weeks later. If a lymph
node was detected in the axilla, the length, width (=smal-
lest diameter) and the maximum cortex thickness of the
node were measured (Fig. 2) and images of the node in two
perpendicular planes were obtained. The number of visible
nodes was established. FNA was only performed on suspi-
cious nodes (smallest diameter of at least 5 mm or atypical
cortex appearance [17]). If no FNA was performed, the
patient underwent SLNP. If more than one node was
detected, radiologist performing the ultrasound exami-
nation determined which was the most suspicious and this
node was aspirated. In practice, this meant that the node
with the most atypical cortex was aspirated. If FNA did
not show lymphoid cells or only normal lymphoid cells, the
patient underwent SLNP. If tumour cells were found by
FNA cytology, the patient underwent ALND. The typical
time required for axillary ultrasonography was 5 min
without FNA and 10 min with FNA.

2.4. SLNP

In patients scheduled for SLNP, 99mtechnetium-label-
led nanocolloid was injected into the tumour the day
Fig. 1. Flowchart of the study design. FNA, fine-needle aspiration;

SLNP, Sentinel Lymph Node Procedure; ALND, Axillary Lymph

Node Dissection.
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before surgery. Scintigraphic images were obtained 20min,
2 and 4 h after injection. The location of the sentinel node
was marked on the skin. During surgery, patent blue dye
was injected into the tumour. The sentinel lymph node was
detected using a gamma-ray detection probe and by dis-
secting blue stained lymphatic ducts. Peroperative frozen
sectioning of the sentinel node was performed. Patients
with a sentinel node containing tumour cells in frozen sec-
tions underwent an ALND in the same session. Paraffin
sections of the sentinel node of six levels were examined
after surgery and immunohistochemistry was used. If the
frozen section of the sentinel node did not show a meta-
stasis but the definitive pathological examination did show
a metastasis, the patient underwent ALND in a second
surgical session or radiotherapy of the axilla.

2.5. Lymph node characteristics, study design

The printed ultrasonographic images of visible nodes
were studied. The appearance of the hilus and cortex
were established according to the method of Vassallo
and colleagues [17]. Length, width and maximum cortex
thickness of the node (Fig. 2) were measured by one of
the trained radiologists and the length/width ratio,
representing the shape of the node, was calculated. The
gold standard for the presence of metastasis was ALND
(n=32) or tumour-positive lymph node at FNA with
distant metastases (n=6). Because images of three
nodes were lost, characteristics of 34 malignant nodes
were analysed. The gold standard for benign nodes was
SLNP. Thirty-four benign nodes were analysed: 17
showed lymphoid cells or lack of lymphoid cells as well
as tumour cells on FNA and 17 were not aspirated. The
benign and malignant nodes used for the analysis of
lymph node characteristics are indicated in Table 1.

2.6. Statistical analysis

To calculate the reduction in SLNPs, the total number
of axillae with a malignant node detected by ultrasound
and FNAwas divided by the total number of axillae. The
Chi-square test was used to compare proportions.
Linear discrimant analysis and step-wise selection

were employed with ‘appearance of cortex’, ‘appearance
of hilus’, ‘length’, ‘width’, ‘maximum cortex thickness’
and ‘shape’ to identify a statistically significant subset of
these features that accurately classifies nodes into
normal and malignant. Receiver Operating Character-
istic (ROC) analysis [23] was performed to determine
the sensitivity and specificity of individual and com-
bined nodal features in the task of distinguishing
between malignant and normal lymph nodes. The area
under the ROC curve (AZ) was used to quantify the
accuracy of the classification. The ROC technique
allows the selection of a cut-off point at a desired
trade off between sensitivity and specificity [23]. Pro-
spective estimation of the performance to discriminate
between malignant and normal lymph nodes for new
Fig. 2. Schematic representation of lymph node characteristics; (a)

length; (b) width; (c) maximum cortex thickness.
Table 1

Number of ultrasound and fine-needle aspirations (FNAs) (rows) in

relation to Axillary Lymph Node status (columns)
Ultrasound
 FNA
 Axillary lymph node status
 Total
No lymph

node

metastases
Lymph node

metastases

(macro+

micro)
No lymph node

detected
113
 62 (39+23)
 175
Node(s) detected,

but no FNA
17a
 10 (4+6)
 27
Node+FNA
 No lymphoid cells
 1a
 6 (5+1)
 7
Normal node
 16a
 6 (3+3)
 22
Malignant node
 –
 37a (36+1)
 37
Total
 147
 121 (87+34)
 268
a Benign and malignant nodes used for the analysis of nodal features.
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cases was obtained by leave-one-out cross validation
[24].
3. Results

3.1. Reduction in SLNPs

Table 1 shows the result of ultrasound and FNA in
relation to the axillary lymph node status.
In 93 axillae (35%), at least one lymph node was

detected by ultrasonography. The mean number of
ultrasonographic visible nodes was 1.6 (range 1–6).
Mean length of the lymph nodes was 11.3 mm (range
2.5–33.7 mm); mean width was 6.2 mm (range 1.9–18.2
mm). Twenty-seven lymph nodes (29%) were not aspi-
rated (due to technical problems or unsuspicious nodes
with a smallest diameter of <5 mm). FNA was per-
formed on the remaining 66 nodes (71%). Thirty-seven
(56%) of these nodes showed tumour cells, 22 (33%)
showed normal lymphoid cells and in seven cases (11%)
FNA contained neither lymphoid nor tumour cells.
The sentinel nodes of 147 axillae (55%) contained no

metastases. In the remaining 121 axillae (45%), at least one
lymph node contained a metastasis. Thirty-four of the 121
tumour-positive axillae (28%) contained a micrometastasis
(defined as a metastasis smaller than 2 mm) only.
Axillae with ultrasonographically-detected lymph

nodes more often had lymph node metastases (macro-
metastases and micrometastases; 59/93) than axillae
without detected lymph nodes (macrometastases and
micrometastases; 62/175) (P<0.0001).
Forty-eight out of 87 axillae (55%) with a macro-

metastasis in the sentinel lymph node had visible nodes
on ultrasonographic examination, but only 11 out of 34
axillae (32%) with a micrometastasis in the sentinel
lymph node had visible nodes (P=0.024). Of all axillae
with lymph node metastases (n=121), 37 (31%) were
found by ultrasound and FNA. If only macrometastases
are considered, then 41% of patients (36/87) with axil-
lary metastases are identified by preoperative axillary
ultrasound and FNA. Altogether, the number of SLNPs
was reduced by 14% (37/268), at the expense of FNA in
25% of all axillae (66/268).

3.2. Lymph node characteristics

ROC analysis was performed for all nodal features on
the 68 nodes with confirmed histological diagnosis
(obtained by SLNP or ALND) or with tumour-positive
FNA with distant metastases. Table 2 shows the AZ
values obtained with ROC analysis for the various fea-
tures individually. An AZ value of 1.0 corresponds to a
‘perfect’ ability to predict nodal status, and 0.5 to no
ability to predict the status. ‘Maximum cortex thickness’
and ‘appearance of cortex’ turned out to be the most
effective features to discriminate between normal and
malignant nodes. ‘Appearance of hilus’, ‘shape’, ‘length’
and ‘width’ were also effective features, showing mod-
erate ability to predict metastatic involvement.
‘Appearance of cortex’ and ‘appearance of hilus’ were
ignored in the step-wise selection procedure. The ratio-
nale for this will be discussed in the next section. Of the
remaining features, the combination of ‘maximum cor-
tex thickness’ and ‘shape’ was found to contribute sig-
nificantly to the discrimination between malignant and
normal lymph nodes (Fig. 3: leave-one-out cross vali-
dation: AZ=0.89; Standard Deviation (S.D.) 0.04). The
performance obtained by these combined features is
comparable to the performance obtained by using
‘maximum cortex thickness’ alone (Fig. 3: AZ=0.87;
S.D. 0.04). The performance of ‘shape’ (Fig. 3:
AZ=0.71; S.D. 0.06) was found to be inferior to that of
‘maximum cortex thickness’ and also to the combi-
nation of ‘maximum cortex thickness’ and ‘shape’.
Table 2

Areas under the ROC curves (AZ) for individual nodal features
AZ (�1 S.D.)
Maximum cortex thickness
 0.87 (�0.04)
Appearance of cortex
 0.86 (�0.05)
Appearance of hilus
 0.75 (�0.06)
Shape
 0.71 (�0.06)
Length
 0.70 (�0.06)
Width
 0.68 (�0.06)
ROC, Receiver Operating Characteristic; S.D., Standard Deviation.
Fig. 3. ROC curves of ‘maximum cortex thickness’, ‘shape’ and the

combination of ‘maximum cortex thickness’ and ‘shape’. The curves

are obtained by leave-one-out cross validation (estimate of prospective

performance). ROC, Receiver Operating Characteristic; FPF, False-

Positive Fraction; TPF, True-Positive Fraction; AZ, Area under the

ROC curve.
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Using the ROC analysis, several cut-off points can be
selected to set a corresponding sensitivity and specificity.
A cut-off point of maximum cortex thickness with high
sensitivity (e.g. 95%) and relatively low specificity (44%)
may be chosen. To obtain this sensitivity and specificity, a
maximum cortex thickness of 2.3 mmmust be applied, i.e.
all nodes with a maximum cortex thickness of at least 2.3
mm are to be aspirated. As a consequence, a relatively
small fraction of malignant nodes is missed, but FNA is
performed on a large proportion of benign nodes. Like-
wise, a cut-off point of maximum cortex thickness with
moderate sensitivity (e.g. 80%) and specificity (80%) may
be chosen; a relatively small fraction of benign nodes will
be aspirated, but a smaller fraction of malignant nodes
will be detected. The maximum cortex thickness for this
point on the ROC curve is 4.2 mm. For future clinical
implementation, we chose a cut-off point of maximum
cortex thickness of 2.3 mm that corresponds to an esti-
mated sensitivity of 95% and specificity of 44%.
4. Discussion

Initial results indicate that a reduction in the number
of sentinel lymph node procedures can be obtained by
preoperative ultrasonography of the axilla. Because
ultrasonographic examination of the axilla is far less
time-consuming (5–10 min) than a SLNP, which involves
multiple procedures in several departments, we believe
that ultrasound is a useful tool for preoperative screening
of the axilla in patients scheduled to undergo a SLNP.
To our knowledge, there are only two studies that can

be compared with ours: the study of Bonnema and col-
leagues [25] and of de Kanter and colleagues [26]. The
patient populations in these studies also contained breast
cancer patients with non-palpable lymph nodes only, but
FNA was performed on all sonographically visible nodes.
In the study of Bonnema and colleagues [25], positive
lymph nodes were identified with ultrasound and FNA in
26% of all axillae. The higher amount of positive nodes
found in this study compared with ours can partly be
explained by a difference in the patient populations: in
their study, 15% of all patients had four or more positive
axillary nodes, compared with only 6% in our study. In
addition, in their study more patients underwent FNA
(54% of all patients compared with 25% in our study).
The reduction in SLNPs in the study of de Kanter

and colleagues [26] (17%) was comparable with our
findings. However, compared with our study, a larger
amount of patients underwent FNA (37% in their study
compared with 25% in our study), indicating that a
larger reduction in SLNPs is at the expense of a larger
fraction of FNA on mostly benign nodes. Cost-benefit
considerations should be taken into account when choos-
ing a protocol for combined preoperative ultra-
sonography and FNA. FNA in all patients with
ultrasonographically visible nodes will lead to aspiration
of a large amount of benign nodes with an increase in
patient distress. In addition, missing a malignant node
with ultrasound and FNA has no additional con-
sequences for the patient compared with the current
strategy in which only SLNP is employed.
We analysed several nodal features to identify a sub-

set of quantitative features that objectively predicts
metastatic involvement of the node. ROC analysis indi-
cates that ‘length’ and ‘width’ have a moderate ability to
predict metastatic involvement. Some studies indicate a
stronger relationship between nodal size and metastatic
involvement [19,20], but different patient populations
were used in these studies: palpable lymph nodes (non-
palpable nodes in our study) and/or a combination of
axillary, cervical and inguinal nodes (only axillary nodes
in our study).
The feature ‘shape’ shows moderate ability to predict

metastatic involvement as well. These results are in agree-
ment with those reported by other authors [16,17,20], and
by authors who used high-resolution helical computed
tomography (CT) instead of ultrasound [27].
A good performance in predicting metastatic involve-

ment was found for the feature ‘cortex appearance’,
which confirms results obtained by others [16,17,20–
22,27]. However, it is a subjective feature, which may
lead to large inter- and intra-observer variations. A
more objective measure for the appearance of the cortex
is the maximum cortex thickness. The maximum cortex
thickness can be measured easily with ultrasound and
was a good predictor for metastatic involvement in our
patient population (AZ=0.87). Yang and colleagues
[21] indicated that the thickness of the cortex of a nor-
mal node is 1–2 mm, which supports our finding that
FNA of nodes with maximum cortex thickness of at
least 2.3 mm results in a good discrimination (sensitivity
95%, specificity 44%). ‘Maximum cortex thickness’ by
itself and the combination of ‘maximum cortex thick-
ness’ and ‘shape’ showed similar AZ values (0.87 and
0.89, respectively). Therefore, we recommend using the
characteristic that is the easiest to implement in clinical
practice: ‘maximum cortex thickness’.
Several authors have used colour Doppler ultrasound

to distinguish between benign and malignant lymph
nodes [18,20,28]. In this study, we did not consider col-
our Doppler because it has been reported that colour
Doppler flow is suitable to identify metastatic involve-
ment of palpable axillary nodes, but is less suitable for
non-palpable nodes [18].
The use of SLNP is currently proposed in patients

with a clinically negative axilla. However, palpation not
only has moderate sensitivity, but also has moderate
specificity: enlarged nodes may well be cancer-free [12,14].
Although we did not study palpable nodes, it is likely
that the combination of ultrasound and FNA might
also help to assess the nature of these enlarged nodes.
1072 E.E. Deurloo et al. / European Journal of Cancer 39 (2003) 1068–1073



Although the combination of ultrasound and FNA is
a powerful method to reduce the number of SLNPs, a
potential drawback is the theoretically possible damage
of one of the afferent lymphatic vessels by FNA, result-
ing in a decreased ability to detect the sentinel node
during lymphoscintigraphy and biopsy. However, the
follow-up time to determine the amount of false-nega-
tive sentinel nodes is too short and definite proof that
FNA does not lead to an increase in false-negatives will
be obtained from long-term follow-up of these patients.
On the other hand, one of the reasons for a false-nega-
tive sentinel node (2.5–5%) [6–8] is gross involvement of
the node by tumour cells, which prohibits tracer uptake
[29–31]. These nodes might be detected before surgery
with ultrasonography and FNA, thereby decreasing the
false-negative rate of SLNP [32].
It should be noted that the reduction in the number of

SLNPs may vary between clinics when conventional
assessment of lymph nodes in terms of cortex appear-
ance is used. However, our preliminary results show
that the use of quantitative features, maximum cortex
thickness in particular, and ROC analysis may lead to a
consistent high performance in distinguishing malignant
from normal nodes. However, prospective evaluation
remains necessary.
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