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Abstract

Sentinel lymph node (SLN) biopsy for evaluating lymph node metastasis during breast cancer surgery is associated with
several problems, such as the consequent increase in operation time and the possibility of abrupt changes in the treatment
plan during the operation. Although it is desirable to distinguish SLNs with and without cancer metastasis before surgery,
there is no established examination for this purpose. This study aimed to develop a computerized scheme for evaluating
metastasis in SLNs by analyzing computed tomography lymphography images and the three-dimensional versions of these
images. Our database consisted of computed tomography lymphography images from 100 patients with breast cancer. Three
subjective features of the nodes were assessed in the three-dimensional images: (1) the shape of the lymphoduct, (2) degree
of signal enhancement in the nodes, and (3) shape of the nodes. Six objective features were also assessed in the computed
tomography lymphography images: (4) the long axis, (5) area, (6) standard deviation of the signal values, (7) mean signal
values, (8) maximum signal value, and (9) minimum signal value. Support vector machines were employed to evaluate cancer
metastasis in SLNs. For the input, six of the nine features were selected in a stepwise method. The classification accuracy,
sensitivity, and specificity were 98.0% (98/100), 97.8% (44/45), and 98.2% (54/55), respectively. The positive and negative
predictive values were 97.8% (44/45) and 98.2% (54/55), respectively. This computerized method exhibited high classifica-
tion accuracy and will be useful in determining the need for lymph node dissection before breast cancer surgery.
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1 Introduction

Recent reports have suggested that approximately 1 in 20
women are affected by breast cancer in Japan. The inci-
dence of breast cancer is the highest among cancers in
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female patients [1]. Approximately 40,000 de novo cases
of breast cancer are reported annually, and approximately
10,000 breast cancer patients die each year [2]. The num-
ber of cases requiring breast cancer surgery has also been
increasing annually with the incidence of breast cancer [3].
In breast cancer surgery, axillary lymph node dissection,
which removes all lymph nodes surrounding the breast, is
recommended when the cancer has spread to the lymph
nodes. However, this often causes complications such as
contracture of the shoulder joint, upper limb edema, and
paralysis. These complications decrease the patient’s quality
of life. In clinical practice, cancer metastasis in the lymph
nodes is diagnosed by biopsy of the sentinel lymph node
(SLN) during breast cancer surgery. The SLN is the first
lymph node to receive lymph flow from the tumor [4, 5]. The
decision to perform axillary lymph node dissection is based
on the biopsy result. However, SLN biopsy is associated
with several problems, such as the consequent increase in
operation time and the possibility of abrupt changes in the
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treatment plan during the operation. Although it is desir-
able to distinguish SLNs with and without cancer metastasis
before surgery, there is no established examination for this
purpose.

Yamamoto et al. reported that the lymphoducts and SLNs
in 549 of 576 patients with breast cancer (96%) could be
identified in computed tomography lymphography (CTLG)
images with lymphangiography [6]. After SLNs were iden-
tified in CTLG images, 81% of the SLNs with a cortical
thickness of >2.5 cm in ultrasonography were identified as
cases of cancer metastasis in their study [7]. Suga et al. con-
cluded that the features of early breast cancer are visible in
CTLG images [8]. Nakagawa et al. defined imaging features
such as dilated/stagnating/tortuous lymphoducts and SLNs
with heterogeneous contrast as findings indicating metasta-
sis in three-dimensional (3D) images generated from CTLG
images using workstations [9]. They distinguished 228 SLNs
with and without metastasis on the basis of these findings.
The classification accuracy, sensitivity, and specificity were
89.0%, 92.6%, and 88.6%, respectively. The positive predic-
tive value was 52.1%, whereas the negative predictive value
was 98.8%. We considered that, in addition to the features
in 3D CTLG images, other features such as the computed
tomography (CT) value and the area of the SLN in CTLG
images may be useful for metastasis evaluation. In this
study, we developed a computerized scheme for evaluating
metastasis in SLN by analyzing CTLG images and their 3D
versions.

2 Materials and methods

The use of the following database was approved by the Insti-
tutional Review Board of Maruyama Memorial General
Hospital (the approval number: 2008-1).

2.1 Materials

Our database consisted of CTLG images from 100 patients
with breast cancer who underwent surgery at Maruyama
Memorial General Hospital from December 2009 to Octo-
ber 2014. The number of patients with SLN metastasis was
45, whereas that without SLN metastasis was 55. Table 1
provides the patients’ clinical information (age, histologi-
cal classification, and grade of the primary tumors). All CT
images were obtained with a 64-detector row CT scanner
(Perspective64; Siemens Healthcare, Erlangen, Germany).
The imaging parameters were a detector configuration of
64 % 0.6 mm collimation, tube voltage of 130 kVp, quality
ref of 100 mAs, auto exposure control (CARE Dose 4D),
gantry rotation time of 0.6 s, pitch factor of 1.15, matrix
size of 512512, and field of view of 300 mm. The 3D
reconstruction parameters were a slice spacing of 1 mm and
slice thickness of 1 mm. The CTLG images were mean 2D
axial slice images, and the 3D CTLG images were generated
from the CTLG images using a workstation (Aquarius WS,
TeraRecon, Inc., Foster City, CA, USA). All SLNs of the
tumors in our database underwent biopsy. The SLNSs in the
CTLG images and their 3D versions were identified by two
experienced breast surgeons. The CTLG scan and biopsy
were performed using the following procedures [10—12].
Before breast cancer surgery:

1. Injection of 3 cc contrast agent (iopamidol 300) for CT
into the skin of the areola

2. Scanning CT with a slice thickness of 1 mm after mas-
sage for 3 min

3. Identification of the lymph node that first received the
contrast agent as the SLN of the tumor observed in the
CTLG images

4. Marking the estimated location of the SLN on the body
surface on the basis of the CTLG images

Table 1 Patients’ clinical

. . . . With SLN Without SLN  Histological classification With SLN Without SLN
mformaﬂqn (age, histological metastasis metastasis metastasis metastasis
classification, and grade of the
primary tumors) Age

<40 4 Noninvasive ductal carcinoma 1 6

41-50 13 9 Lobular carcinoma in situ

51-60 12 12 Papillotubular carcinoma 5 8

61-70 11 23 Solid-tublar carcinoma 19 14

71> 5 7 Scirrhous carcinoma 13 20

Grade Mucinous carcinoma 3 3

1 19 42 Medullary carcinoma 1 0

2 13 6 Invasive lobular carcinoma 1 2

3 13 7 Apocrine carcinoma 1 1
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During breast cancer surgery:

1. Identification of the SLN using the dye method [13, 14],
with injection of 5 cc indigo carmine into the skin of the
areola

2. Implementation of biopsy for the identified SLN

2.2 Feature extraction

Three radiological technologists who were engaged in breast
cancer treatment independently evaluated the following
subjective features for each SLN in the 3D CTLG images:
(1) the shape of the lymphoduct (discontinuous/tapering/
normal), (2) degree of enhancement in the SLN (none/het-
erogeneous/complete), and (3) shape of the SLN (irregular/
oval/round). Here, the lymphoduct and SLN were segmented
automatically by analyzing the contrast agent concentration
in the CTLG images using the workstation [6]. Fig. 1 pro-
vides an example of the segmented SLNs and lymphoducts.
Finally, the subjective features for each SLN were deter-
mined by consensus among the three radiological technolo-
gists. In addition, six objective features in the CTLG images
were determined using a DICOM viewer. The objective fea-
tures of the SLNs were as follows: (4) the long axis, (5) area,
(6) standard deviation of the CT values, (7) mean CT value,
(8) maximum CT value, and (9) minimum CT value.

2.3 Classification scheme

In this study, a support vector machine (SVM) [15, 16],
which is a classifier, was employed to evaluate cancer metas-
tasis in SLNs. The SVM provides, theoretically, a separating
hyperplane with the largest margin between two classes, and

Fig.1 Example of a sentinel lymph node (arrowhead) and a lym-
phoduct (arrow) segmented using a workstation

also a nonlinear discrimination function for the separating
hyperplane with kernel transformation [17]. With these
properties, the SVM is expected to achieve better recogni-
tion performance than that achieved by conventional classi-
fiers. In this study, a SVM with a nonlinear radial basis func-
tion was employed to evaluate cancer metastasis in SLN.
The hyper-parameters of the SVM were determined with a
Bayesian optimization [18].

The features used as inputs for the SVM were selected
from the nine aforementioned features according to a step-
wise method based on Wilks’s lambda [19]. The stepwise
method first selected the feature with the lowest Wilks’s
lambda for entry into the SVM. Next, another feature was
selected such that the overall Wilks’s lambda was minimized
for the combination of the selected features. This proce-
dure was repeated until the overall Wilks’s lambda did not
decrease further. A leave-one-out testing method [20] was
used for the training and testing of the SVM. In this method,
the training was performed for all but one of the cases in the
database; the case not used for training was used for testing
with the trained SVM. This procedure was repeated until
every case in our database had been used once.

3 Results

The agreement rates of subjective features by the three
observers were 94% for the shape of the lymphoduct, 95%
for the degree of enhancement, and 96% for the shape of
the SLN. Table 2 presents the results of tests for univariate
equality of group means for each of the nine features. The
Wilks’s lambda for the degree of enhancement in the SLN
was the smallest of the nine features, indicating that this
feature exhibited the largest discrepancy between SLNs with
and without metastasis. Although the maximum CT value
of the SLN had the largest Wilks’s lambda, it satisfied the
significance level (i.e., P <.001).

Table 2 Results of tests for univariate equality of group means for
each of the nine features

Features Wilk’s lambda P value
Shape of lymphoduct 0.462 <.001
Degree of signal enhancement for SLN  0.313 <.001
Shape of SLN 0.527 <.001
Long axis of SLN 0.492 <.001
Area of SLN 0.597 <.001
Standard deviation of CT values of SLN  0.832 <.001
Mean CT value of SLN 0.737 <.001
Maximum CT value of SLN 0.868 <.001
Minimum CT value of SLN 0.863 <.001
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Fig.3 Histogram of the degree of signal enhancement for a sentinel
lymph node. SLN sentinel lymph node

The six features used for the SVM were selected from
the nine features using the stepwise method, based on the
Wilks’s lambda. These features were as follows: (1) the
shape of the lymphoduct, (2) degree of enhancement of
the SLN, (3) long axis of the SLN, (4) area of the SLN, (5)
standard deviation of CT values of the SLN, and (6) mean
CT value of the SLN. Figure 2 presents the histogram of
the shapes of the lymphoduct, while Fig. 3 presents the
histogram of the degrees of enhancement of the SLN sig-
nal. The SLNs with metastasis tended to have a discon-
nected and vanishing lymphoduct, and also tended to be
difficult to contrast. Figure 4 illustrates the relationship
between the long axis and the area of the SLNs, and Fig. 5
illustrates the relationship between the standard deviation
and the mean CT value of the SLNs. Both the long axes
and the areas of the SLNs with metastasis tended to be
larger than that of those without metastasis, whereas the
standard deviation and mean CT value of the SLNs with

Long axis of SLN (mm)

Fig.4 Relationship between the long axis and area of sentinel lymph
nodes. SLN sentinel lymph node
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Fig.5 Relationship between the standard deviation and mean com-
puted tomography value of sentinel lymph nodes. CT computed
tomography, SLN sentinel lymph node

metastasis appeared to be lower than that of those without
metastasis.

Table 3 provides the computerized classification results
with the SVM using the six features selected by the step-
wise method. The classification accuracy, sensitivity, and
specificity were 98.0% (98/100), 97.8% (44/45), and 98.2%
(54/55), respectively. The positive and negative predictive
values were 97.8% (44/45) and 98.2% (54/55), respectively.
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Table 3 Computerized classification results obtained with the support
vector machine using the six features selected by the stepwise method

Computer output

With metastasis Without metastasis

With metastasis (45)
Without metastasis (55)

97.8% (44/45)
1.8% (1/55)

2.2% (1/45)
98.2% (54/55)

In the receiver operating characteristic (ROC) analysis [21],
the area under the ROC curve (AUC) was 0.972.

4 Discussion

To evaluate the utility of combining the features determined
from the 3D CTLG images and the CTLG images in distin-
guishing SLNs with and without metastasis, we employed
SVMs with only the features from the 3D CTLG and those
with only the features from CTLG. Using the stepwise
method, all three subjective features (i.e., features i—iii) were
selected for the SVM for 3D CTLG. Five objective features
(i.e., features iv—viii), excluding the minimum CT value,
were selected for the SVM for CTLG. The classification
accuracy, sensitivity, specificity, positive predictive value,
and negative predictive value for the SVM for 3D CTLG
were 93.0% (93/100), 91.1% (41/45), 94.5% (52/55), 93.2%
(41/44), and 92.9% (52/56), respectively, whereas those for
the SVM for CTLG were 95.0% (95/100), 93.3% (42/45),
96.4% (53/55), 95.5% (42/44), and 94.6% (53/56), respec-
tively. The results for CTLG were greater than those for 3D
CTLG. The AUC for the SVM with both 3D CTLG and
CTLG was significantly greater than those for the SVMs
with 3D CTLG (AUC=0.923, P=.013) and with CTLG
(AUC=0.947, P=.038). These results improved substan-
tially by combining the features from 3D CTLG and CTLG,
implying that such a combination could significantly contrib-
ute to the distinction of SLNs with and without metastasis.

In clinical practice, it is important to assess the CT val-
ues in CT examination. Therefore, we also employed the
SVM with the five features (i.e., features i—v), excluding
the features of CT values, to distinguish SLNs with and
without metastasis. Using the stepwise method, four fea-
tures (i.e., features i—iv), excluding the area of the SLN,
were selected as the inputs of the SVM. The classification
accuracy, sensitivity, specificity, positive predictive value,
and negative predictive value for the SVM excluding the
features of CT values were 93.0% (93/100), 88.9% (40/45),
96.4% (53/55), 95.2% (40/42), and 91.4% (53/58), respec-
tively. The AUC was also 0.915 (P=.010). Relatively low
classification accuracy was obtained when the features
of CT values were excluded from the SVM. This result

implies that the contribution of the features of CT values
to the distinction of SLNs with and without metastasis
was not small.

As a further step in evaluating the utility of the step-
wise method, we employed the SVM with all the nine fea-
tures that were determined in this study. The classification
accuracy, sensitivity, and specificity were 95.0% (95/100),
93.3% (42/45), and 96.4% (53/55), respectively. The posi-
tive and negative predictive values were 95.5% (42/44) and
94.6% (53/56), respectively. All values were lower than
those obtained with the SVM based on the six features
selected from the nine features according to the stepwise
method. The AUC for the SVM with all the nine features
(AUC=0.952, P=.044) was significantly lower than that
for the SVM based on the stepwise method. This implies
that the stepwise method was indeed useful in selecting
the features as inputs for the SVM.

There have been a few previous studies on the predic-
tion of SLN metastasis from magnetic resonance (MR)
images [22, 23]. These studies used a large number of
quantitative features, and achieved relatively high clas-
sification performance. MR imaging (MRI) involves no
radiation exposure but the imaging time is long. Both CT
and MRI contribute advantages and disadvantages in clini-
cal practice. Therefore, it is difficult to evaluate which of
CT and MRI is more useful in predicting SLN metastasis.
However, we believe that CT might provide more essential
features for predicting SLN metastasis than MRI because
a small number of features extracted from CT images
achieved a sufficiently high classification accuracy in this
study.

With the proposed method, the classification accuracy,
sensitivity, and specificity were 98.0%, 97.8%, and 98.2%,
respectively. The proposed method achieved high classifica-
tion performance for distinguishing SLNs with and without
metastasis before breast cancer surgery. This method must
be further validated using a larger database to demonstrate
the feasibility of employing it instead of SLN biopsy in
clinical practice. However, the proposed method is likely to
prevent an abrupt change in the planning of the surgical pro-
cedure due to necessary/unnecessary lymph node dissection.

There are some limitations to this study. First, the lym-
phoducts and SLNs were segmented automatically using
a workstation to determine the features from 3D CTLG.
There may be some variations among the different types of
workstations in the segmented regions generated. Thus, the
segmented regions generated using different types of work-
stations should be cross-checked for replicability. Second,
the features from 3D CTLG were evaluated subjectively by
three experienced radiological technologists. We believe that
bias was minimal because the results of the SLN biopsies
were not provided to them. However, objective quantitative
methods for these features are desirable for further studies.
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5 Conclusion

We developed a computerized scheme for distinguishing
SLNs with and without metastasis using a combination of
the features from 3D CTLG and CTLG images. The pro-
posed method exhibited high classification accuracy and
may be useful in determining whether to implement lymph
node dissection before breast cancer surgery.
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