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Abstract

Purpose  Single-photon emission computed tomography
(SPECT)/computed tomography (CT) improves the ana-
tomical identification of sentinel lymph nodes (SNs). We
aimed to evaluate the possibility of predicting the SN status
using SPECT/CT.

Methods SN mapping using a SPECT/CT system was
performed in 381 cases of clinically node-negative, oper-
able invasive breast cancer. We evaluated and compared the
values of SN mapping on SPECT/CT, the findings of other
modalities and clinicopathological factors in predicting the
SN status.

Results Patients with SNs located in the Level I area
were evaluated. Of the 355 lesions (94.8 %) assessed, six
cases (1.6 %) were not detected using any imaging method.
According to the final histological diagnosis, 298 lesions
(78.2 %) were node negative and 83 lesions (21.7 %) were
node positive. The univariate analysis showed that SN sta-
tus was significantly correlated with the number of SNs

P4 Yutaka Yamamoto
ys-yama@triton.ocn.ne.jp

Department of Breast and Endocrine Surgery, Faculty

of Medical Sciences, Graduate School of Medical Sciences,
Kumamoto University, 1-1-1 Honjo, Chuo-ku, Kumamoto,
Kumamoto 860-8556, Japan

Department of Molecular-Targeting Therapy for Breast
Cancer, Kumamoto University Hospital, 1-1-1 Honjo,
Chuo-ku, Kumamoto, Kumamoto 860-8556, Japan

Department of Diagnostic Radiology, Faculty of Medical
Sciences, Kumamoto University, 1-1-1 Honjo, Chuo-ku,
Kumamoto, Kumamoto 860-8556, Japan

Department of Surgical Pathology,
Kumamoto University Hospital, 1-1-1 Honjo, Chuo-ku,
Kumamoto, Kumamoto 860-8556, Japan

@ Springer

detected on SPECT/CT in the Level I area (P = 0.0048),
total number of SNs detected on SPECT/CT (P = 0.011),
findings of planar lymphoscintigraphy (P = 0.011) and
findings of a handheld gamma probe during surgery
(P = 0.012). According to the multivariate analysis, the
detection of multiple SNs on SPECT/CT imaging helped to
predict SN metastasis.

Conclusions The number of SNs located in the Level I
area detected using the SPECT/CT system may be a predic-
tive factor for SN metastasis.

Keywords Sentinel lymph node biopsy - Metastasis - SN
mapping - SPECT/CT - Breast cancer

Introduction

The sentinel lymph node (SN) is defined as the first lymph
node to which cancer cells are most likely to spread from
the primary tumor. The SN biopsy (SNB) technique has
been established as a safe and accurate method of screening
the axillary nodes for metastasis in the early stage of breast
cancer [1]. If the SN is free from cancer, axillary lymph
node dissection (ALND) is unnecessary [2, 3]. In addition,
many previous studies have demonstrated the same survival
results for patients who have undergone increasingly lim-
ited axillary surgery [2, 4, 5].

Nuclear scanning, such as single-photon emission com-
puted tomography (SPECT) or functional imaging with
F-18-fluorodeoxyglucose (FDG)-positron emission tomog-
raphy (PET), provides usable information for cancer diag-
nosis and staging, evaluating the treatment response and/
or determining the identification and localization of recur-
rence. Fusion imaging consisting of SPECT/computed
tomography (CT) and FDG-PET/CT yields morphological
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information on CT and functional information on SPECT
and PET [6, 7]. Previous studies have reported that SPECT/
CT and FDG-PET/CT are useful for predicting the malig-
nant potential and detecting metastatic LNs in some can-
cers [8—10]. In particular, SPECT/CT is used to detect the
sentinel lymph node in cases of breast cancer [1, 11].

Patients exhibit individual differences in drainage pat-
terns, such that sentinel nodes exist at different locations
in different breast cancer patients [12] and it is thus some-
times difficult to determine the exact location of SNs using
planar lymphoscintigraphy. The combination of a SPECT
camera and CT integrates physiologic and anatomic infor-
mation, a method that was first described by Lerman et al.
[13]. These authors reported that SPECT/CT imaging
combined with planar lymphoscintigraphy improved the
localization of preoperative draining nodes and considered
SPECT/CT to be superior in detecting the SNs missed on
planar imaging, such as nodes hidden by scattered radiation
at the injection site or due to the atypical SN localization
of parasternal lesions [11]. SPECT/CT has also been found
to enable the precise characterization of the size, depth and
anatomical location of the SN [1] and is thus valuable in
enabling surgeons to make a more precise incision. There
is a distinct advantage of SPECT/CT navigation for SNB
under local anesthesia in patients who need a definite diag-
nosis of the nodal status for selecting neoadjuvant therapy
[14].

On the other hand, the rate of a positive nodal status of
SNs in clinically node-negative patients has been reported
to be around 30 % [15]. Our preliminary study suggested
that a more detailed atypical distribution of SNs out of the
“pedestal area”, which covers almost the same anatomic
extent as Level I, suggests an overall positive nodal sta-
tus as a reflection of the failure of the lymphatic drainage
system [16]. Hence, we believe that it is a better goal to
determine whether preoperative imaging of SNs can also be
used to predict the status of SNs with sufficient accuracy
for the surgeon to decide against ALND.

In this study, we aimed to confirm whether the location
of SNs detected using SPECT/CT helps to predict the nodal
status of SNs compared with other conventional modalities
and clinicopathological factors.

Patients and methods
Patients

From October 2004 to March 2011, we enrolled 381
patients with primary operable invasive breast cancer who
were clinically node negative and who underwent SNB.
Pathological proof of breast cancer was acquired based on
histology or cytology. Informed consent was obtained from

all patients according to the regulations of our institution.
Patients with a subareolar abscess, inflammatory tumor or
metastatic breast cancer and those receiving neoadjuvant
chemotherapy or endocrine therapy were excluded.

System design

We used a combined SPECT/CT system that incorporates
a commercially available, gantry-free SPECT scanner
with dual-head detectors (Skylight; ADAC Laboratories,
Milpitas, CA) and an 8-row multi-detector row computed
tomography (MDCT) scanner (Light Speed Ultra; GE
Healthcare, Little Chalfont, UK). The two scanners were
juxtaposed so that the CT table bearing the patient could
be moved directly into the SPECT scanner before the CT
examination.

CT imaging

The patients were scanned during breath-holding under
expiration. Non-contrast, helical CT images for attenuation
correction of the SPECT images were obtained at 120 kV,
180 mA, 17.5 mm table feed per rotation, 0.7 s gantry rota-
tion time, 1.25 mm collimation and 1.25 mm reconstruc-
tion after the SPECT scan. The CT images were recon-
structed using a standard reconstruction algorithm with a
50 cm field of view (FOV) to cover both the patient and
the table. The reconstructed images were converted into the
DICOM format.

Lymphoscintigraphic technique

On the day before surgery, all patients received a **™Tc-
phytate (FUJIFILM RI Pharma Co., Ltd. Tokyo, Japan)
injection of approximately 37 MBq = 1 mL subcutane-
ously around the areola of the nipple. Lymphoscintigraphy
was then performed with SPECT dual-head detector imag-
ing one frame every 30 s for 15 min to identify focal areas
of accumulation, followed by the acquisition of multiple
5 min static images. In all patients, delayed images were
obtained 3 or 4 h after first imaging session. SPECT was
performed 3—4 h after the administration of radiotracer in
each patient. The SPECT/CT protocol consisted of 45 pro-
jections (180° using two opposing heads) using a Skylight
scanner with a vertex ultrahigh-resolution parallel-hole
(VXUR) collimator. The reconstructed CT images were
processed into Digital Imaging and Communications in
Medicine (DICOM) data and transferred to a workstation
for SPECT processing by Pegasys (ADAC Laboratories).
One lumen of a three-way stopcock (inner diameter 4 mm,
length 10 mm) containing an aqueous solution of *™Tc
O, and contrast medium was used as an external fiducial
marker. These markers were fixed to the common platform
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for SPECT and CT imaging to obtain a precise record. The
two scans were performed sequentially. The merging of the
SPECT images with the CT images was performed manu-
ally by aligning the external fiducial markers of the two
images on the workstation. Transaxial, coronal and sagittal
sections of the SPECT and CT images were manually inte-
grated to obtain the best matching images on a Zio work-
station (Amin Co., Ltd., Tokyo, Japan).

SN mapping with SPECT/CT fusion imaging

The location of each SN was recorded according to the
classification of regional lymph nodes developed by the
Japanese Society of Clinical Oncology. An axillary lymph
node was defined by its position along the axillary vein
and its branches as follows: brachial node, distant from the
pectoral minor muscle along the axillary vein; subscapular
node, along the dorsal thoracic vein; pectoral node, along
the lateral thoracic vein; central axillary node, located
close to the bottom of the axilla and in contact with the

Fig.1 SPECT/CT fusion imaging in a patient with right breast can-
cer who exhibited an SN within the Level I (pectoral) area. This is the
most common SN location

Fig. 2 SPECT/CT fusion imag-
ing in two patients with right
breast cancer who demonstrated
SNs within Level I and other
areas. a SPECT/CT imaging of
SNs detected in the subpectoral
and pectoral areas (arrowhead).
b SPECT/CT imaging of SNs
detected in the pectoral and
parasternal areas (arrowhead)
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intercostobrachial nerves; subpectoral node, located pos-
terior to the pectoral minor muscle; interpectoral node,
located along a branch of the thoracoacromial vein between
the pectoral minor muscle and the pectoral major muscle;
infraclavicular node, located between the pectoral minor
muscle and the deltoideus and below the clavicle; paraster-
nal node, located along the internal thoracic vein. Brachial,
subscapular, pectoral and central nodes are defined as Level
I'nodes [17]. Figures 1, 2 and 3 show the SPECT/CT fusion
imaging findings.

Surgery

Within 30 h after injection, a handheld gamma probe
(neoZOOO® Gamma Detection System, Mammotome, Cin-
cinnati, OH) was used to identify a hot node. SNs showed
a focal uptake of radiotracer up to 10 times the background
count rate.

SNs were resected under general anesthesia in patients
in whom simultaneous resection of the primary tumor was
performed. When resection of the SNs was performed for
axillary node staging only, local anesthesia was used. If the
SNs were positive, the patient received Level I and II axil-
lary lymph node dissection or neoadjuvant chemotherapy
according to the therapeutic protocol of our institution.
Supraclavicular and parasternal LN biopsies were not rou-
tinely performed.

Pathological examination
In cases of SNB performed simultaneously with primary

tumor resection, the SNs were examined intraoperatively
as 2 mm frozen sections. After surgery, the SNs were fixed
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Fig.3 SPECT/CT fusion imaging in a patient with left breast cancer
who showed SNs detected within the Level I area. This case involved
three hot nodes in the pectoral area. Actually, at the time of surgery,

in 10 % buffered formalin, processed over 24 h and seri-
ally sectioned into ~2 mm slices, which were then embed-
ded in paraffin. The pathological evaluation included rou-
tine hematoxylin—eosin staining. SNs removed for axillary
staging under local anesthesia were fixed in formalin,
sectioned, processed and evaluated according to the same
procedure.

Statistical analysis

Statistical comparisons between the groups were carried
out using the x> test and logistic regression analysis, and
the resulting odds ratio (OR) and 95 % confidence inter-
val (CI) were determined using the JMP statistical soft-
ware package, Japanese version 10.0.1 (SAS). A P value of
<0.05 was considered to be statistically significant.

Results

The characteristics of the patients in this study are listed in
Table 1. The median age was 57 years (range 27-81). Two
hundred and ninety-eight patients (78.2 %) were node neg-
ative and 83 patients (21.7 %) were node positive according
to the final histological diagnosis. In one patient (0.26 %),
the SN could not be detected using either preoperative
SPECT/CT imaging or the intraoperative application of a
handheld gamma probe, and SNB was not performed. The
results of the additional multivariate analyses of the patient
characteristics are shown in Table 2. The rate of node-
positive status was lower in older patients (P = 0.036). In
the multivariate analysis, there was a significant difference
between patients <45 years of age and those >65 years of
age (P = 0.0069, OR: 0.30, CI: 0.09-0.95; Table 2). The
extent of tumor invasion was also significantly greater for
the node-positive lesions than for the node-negative lesions
(P = 0.0003; Table 2), between <10 and 10-20 mm lesions
(OR: 1.81, CI: 0.72-5.52) and between <10 and >20 mm
lesions (OR: 4.35, CI: 1.75-13.2) in the multivariate

four SNs were detected using a gamma probe. Two of the four nodes
were node positive

analysis. The menstrual status, histological type of primary
lesion and tumor subtype made no significant contribution
to the development of SN metastasis.

The detailed localization of SNs detected using SPECT/
CT imaging is indicated in Table 3. The total number of hot
nodes was 500, detected in 381 patients. In 355 patients
(93.2 %), the nodes were located within the Level I area
(94.8 %), while 4.0 % were located in other areas. The SNs
in six patients (1.6 %) could not be detected using planar
or SPECT/CT imaging. The number of nodes and status of
SN metastasis are shown in Tables 4 and 5. We analyzed
the relationships for three patterns of SN distribution on
SPECT/CT categorized according to the number of nodes
and area in which the nodes were located, defined as (a)
one node within one area, (b) two nodes within one area
and (c) more than three nodes or nothing within one area.

According to univariate analysis of the number of SNs
detected on SPECT/CT imaging (a vs b, a vs ¢, OR: 1.79,
2.83,95 % CI: 1.03-3.08, 1.29-6.00; P = 0.011), the num-
ber of SNs detected on SPECT/CT within the Level I area
(avsb,avsc, OR: 1.80, 3.31, 95 % CI: 1.04-3.11, 1.49-
7.18; P = 0.0048) or using planar imaging (a vs b, a vs c,
OR: 1.87,2.82, 95 % CI: 1.03-3.08, 1.29-6.01; P = 0.011)
or with a handheld gamma probe during the operation (a vs
b, a vs ¢, OR: 1.69, 2.83, 95 % CI: 0.98-2.91, 1.35-5.83;
P = 0.012) and via resection of the SNs (a vs b, a vs ¢,
OR: 1.42,2.54, 95 % CI: 0.82-2.44, 1.21-5.17; P = 0.039)
was statistically significant (Tables 4, 5). Among these fac-
tors, the contribution of the number of SNs detected on
SPECT/CT within the Level I area to the SN status had
a higher OR than the other categories. Although we were
unable to identify any significant indicators of SN metas-
tasis in the multivariate analysis (Table 5), only the number
of SN detected on SPECT/CT within the Level I area (a vs
b, a vs ¢, OR: 1.55, 3.69, 95 % CI: 0.35-8.12, 0.59-23.5;
P = 0.33) showed a reasonable OR increment according
to the number of SNs detected. Therefore, we performed
an additional multivariate analysis of available clinical fac-
tors (age and tumor invasion size) and the number of SNs
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Table 1 Patient characteristics Total (n = 381)  Node negative (1 = 298)  Node positive (7 = 83) P value
n (%) n (%) n (%)

Age
<45 55 (14.4) 41 (74.6) 14 (25.4) 0.036
45-65 226 (59.3) 170 (75.2) 56 (24.8)
>65 100 (26.3) 87 (87.0) 13 (13.0)

Menstrual status
Premenopause 121 (31.8) 93 (76.9) 28 (23.1) 0.61
Postmenopause 258 (67.7) 203 (78.7) 55(21.3)
Male 2(0.5) 2 (100) 0(0)

Tumor invasion size
<10 mm 36 (13.5) 35(97.2) 1(2.8) <0.0001
10-20 mm 140 (52.4) 119 (85.0) 21 (15.0)
>20 mm 91 (34.1) 61 (67.0) 30 (33.0)

Histological type
IDC 336 (88.2) 260 (77.4) 76 (22.6) 0.37
ILC 13(3.4) 10 (76.9) 3(23.1)
Others 32(8.4) 27 (87.1) 4(12.9)

Subtype
ER+/Her2— 294 (79.0) 229 (77.9) 65 (22.1) 0.12
Any ER/Her2+ 43 (11.6) 30 (69.8) 13 (30.2)
ER—/Her2— 35(9.4) 31 (88.6) 4(11.4)

IDC invasive ductal carcinoma, /LC invasive lobular carcinoma, ER estrogen receptor, Her2 human epider-
mal growth factor receptor-2

Table 2 Univariate and

multivariate analysis of patient Univariate Multivariate
characteristics Pvalue OR 95 % CI Pvalue OR 95 % CI
Age
a: <45 avsb  0.036 0.96 0.49-1.95 0.0069 1.09 0.45-2.86
b: 45-65 avsc 044 0.18-1.01 0.30  0.09-0.95
c: >65

Menstrual status
a: Premenopause avsb 0.69 0.90 0.54-1.52
b: Postmenopause

Tumor invasion size

a: <10 mm avsb <0.0001 617 1.22-1.12x 10*> <0.0001  6.85 1.34-1.25 x 10°
b: 10-20 mm avsc 1720 3.44-3.12 x 10? 2090 4.12-3.83 x 10°
c: >20 mm
Histological type
a: IDC avsb 0.37 1.02  0.22-3.45
b: ILC avsc 048 0.14-1.29
c: Others
Subtype
a: ER +/Her2— avsb 0.12 1.52  0.73-3.04
b: any ER/Her2+ avsc 2.19 0.83-7.59
c: ER—/Her2—

OR odds ratio, CI confidence interval
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Table 3 Localization of SNs on SPECT/CT imaging

No. (%)
Total 500
Level I area
Pectoral 435 87
Central 25 5
Subscapular 14 2.8
Other area
Brachial 1 0.2
Interpectoral 4 0.8
Subpectoral 10 2
Parasternal 5 1
Not detected 6 1.2

detected on SPECT/CT within the Level I area. The results
are shown in Table 6. Age (a vs b, a vs ¢, OR: 1.04, 0.29,
95 % CIL: 0.43-2.74, 9.02 x 1072-0.94; P = 0.0089) and
degree of tumor invasion (a vs b, a vs ¢, OR: 6.77, 21.26,
95 % CI: 1.31-1.24 x 10% 4.12-3.91 x 10% P < .0001)
were associated with SN metastasis. Although the number
of SNs detected on SPECT/CT within the Level I area was
not significantly different (a vs b, a vs ¢, OR: 1.54, 2.57,

95 % CI. 0.74-3.13, 0.78-7.92; P = 0.1969) compared
with the clinical factors, it had some visual impact on pre-
dicting SN metastasis.

Discussion

The rate of detection of SNs on SPECT/CT has previously
been reported to be 84-97.3 %, while our detection rate of
98.8 % was much higher than that of previous reports [15,
18-20]. With regard to SN localization, SNs generally tend
to be located at Level 1. Data from previous studies have
shown that 67.3-96.1 % of SPECT/CT-visualized SNs are
located within the Level I area [11, 16, 21]. In our report,
the percentage of SNs located within the Level I area was
94.8 %, and only 4.0 % of SNs were located within other
areas (brachial, interpectoral, subpectoral and parasternal),
while 1.2 % were undetectable. According to the location of
hot nodes, 435 SNs (87.0 %) were located within the pec-
toral area and 20 nodes (4.0 %) within other areas. These
data are very similar to those reported in previous stud-
ies. In cases in which lymphatic drainage shows an unu-
sual pattern or cannot be seen on planar images, SPECT/
CT may be helpful for detecting SNs. Van der Ploeg et al.

Table 4 Number of nodes and
status of metastasis

Total (n =381)  Node negative (n =298)  Node positive (n = 83) P value

n (%) n (%) n (%)
Total number of SN detected by SPECT/CT 0.011
1 243 (63.8) 201 (82.7) 42 (17.3)
2 103 (27.0) 75 (72.8) 28 (27.2)
23 or not detected 35(9.19) 22 (62.9) 13 (37.1)
Number of SN detected by SPECT/CT within Level I area 0.0048
1 245 (64.5) 203 (82.9) 42 (17.1)
2 103 (27.1) 75 (72.8) 28 (27.2)
23 or not detected 32 (8.4) 19 (59.4) 13 (40.6)
Number of SN detected by SPECT/CT outside Level I area 0.31
1 19 (5.0) 13 (68.4) 6 (31.6)
2 0(0) 0(0) 0(0)
23 or not detected 362 (95.0) 285 (78.7) 77 (21.3)
Number of SN detected by planar image 0.011
1 243 (63.8) 201 (82.7) 42 (17.3)
2 103 (27.0) 75 (72.8) 28 (27.2)
23 or not detected 35(9.19) 22 (62.9) 13 (37.1)
Number of SN detected by y-probe 0.011
1 219 (57.5) 182 (83.1) 37 (16.9)
2 121 (31.6) 90 (74.4) 31 (25.6)
23 or not detected 41 (10.8) 26 (63.4) 15 (36.6)
Total number of resected SN 0.039
1 217 (57.0) 178 (82.0) 39 (18.0)
2 122 (32.0) 93 (76.2) 29 (23.7)
23 or not performed 42 (11.0) 27 (64.3) 15 (35.7)
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Table 6 Univariate and multivariate analyses of the patient clinical characteristics and number of SNs detected on SPECT/CT within the Level

T area
Variables Univariate Multivariate
P value OR 95 % CI P value OR 95 % CI
Age
a: <45 avsb 0.036 0.96 0.49-1.95 0.0089 1.04 0.43-2.74
b: 45-65 avsc 0.44 0.18-1.01 0.29 9.02 x 1072-0.94
c:>65
Tumor invasion size
a: <10 mm avsb  <0.0001 6.17  1.22-1.12 x 10> <0.0001 6.77  1.31-1.24 x 10?
b: 10-20 mm avsc 17.20 3.44-3.12 x 10? 21.26 4.12-3.91 x 10?
c: >20 mm
Number of SN detected by SPECT/CT within Level I area
a: 1 within Level I area avsb 0.0048 1.80 1.04-3.11 0.1969 1.54 0.74-3.13
b: 2 within Level I area avsc 3.31 1.49-7.18 2.57 0.78-7.92

¢: 23 within Level I area or not detected

[22] found that, among 34 metastatic SNs in 27 patients,
four SNs in four patients were detected only on SPECT/
CT, whereas the three other nodes in three patients were
not detected using lymphoscintigraphy, but were rather
identified with blue dye alone. Although there have been no
previous reports demonstrating a relationship between the
SN location and nodal status, we previously reported that
an atypical localization of SNs may suggest axillary posi-
tivity as a reflection of the failure of the lymphatic drain-
age system. We defined the general SN site as the “pedestal
area” (PA), that is, the upper part of the pectoral, central
and subscapular zones, which form a trapezoidal area. In
the node-negative group, 228 lesions (98.3 %) were found
in the PA and only four lesions (1.7 %) were outside this
area. In contrast, in the node-positive group 65 lesions
(78.3 %) were in the PA and 18 lesions (21.7 %) were out-
side the PA. This difference in SN distribution between the
node-positive and node-negative patients was statistically
significant (P < 0.001) [16].

With regard to the relationship between the number of
SNs and the nodal status, Ogasawara et al. [23] reported that
an increased number of hot spots visualized using planar
lymphoscintigraphy significantly correlates with metasta-
sis. In particular, they showed that metastasis was observed
in 57.1 % of patients with more than two visualized nodes,
compared to 23.0 % of patients with one node and 22.2 %
of patients in whom localization could not be achieved. In
our study, metastasis was found in 27.2 % of the patients
with two visualized nodes, 17.3 % of the patients with one
node and 37.1 % of the patients with more than three nodes
or failed localization (P = 0.011). Several studies have also
suggested that the histological positivity rate for axillary
lymph nodes among patients with no SNs detected (includ-
ing on SPECT/CT) is higher than that noted in patients in

whom SNs are detected [1, 16]. Tanis et al. [24] reported
that non-visualized SN identified intraoperatively appear to
be tumor positive more often (50 %) than SNs depicted on
planar imaging (38 %). In another study, metastatic nodes
were identified in 29 % of the patients with clear axillary
lymphatic drainage and in 63 % of the patients with no visu-
alized axillary lymphatic drainage [25]. The reason for the
identification of negative or scattered SNs on SPECT/CT
may be that the existence of metastasis to SNs means that
these nodes are occupied by cancer. A sizable metastatic
lesion may restrict the inflow of lymphatic fluid and thus
radiolabelled colloids. Although only the sensitive technique
of SPECT/CT can be used to identify such nodes, alter-
native nodes become “sentinel” as a result of lymph fluid
rerouting and hence acquire a relatively higher radiocolloid
uptake. Peritumoral vascular or lymphatic invasion, tumor
multifocality and/or distal obstruction of the lymphatics by
tumor metastasis can all change the direction of the lymph
flow to alternative routes, which may result in an increased
number or scattered localization of SNs [26].

Even if SPECT/CT is not successful, it is worthwhile not
to stop attempting to detect SNs. Among the six patients in
whom no SNs were detected on SPECT/CT in our study, the
SNs were successfully detected in four patients using a hand-
held gamma probe; in two patients, visualization was assisted
by blue dye injection. By performing a careful exploration of
the axilla with the combined use of blue dye, a gamma probe
and intraoperative palpation, a fair number of patients can be
identified as node positive and undergo the axillary clearance
required, while others can be spared such procedures that
do not benefit them [24]. We speculate that our non-with-
drawal options for SNB affected the results of the multivari-
ate analysis of the number of resected SN, such that they did
not demonstrate inferiority to SPECT/CT (Table 5). Prior to
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SNB, the surgeon always simulates the site of incision and
the size and depth of the SNs using SPECT/CT. This simu-
lation facilitates the application of a pinpoint biopsy of the
SNs. Therefore, using this procedure at the outset to inves-
tigate the nodal status assists in determining the therapeutic
plan in patients who may need neoadjuvant systemic therapy.
Van der Ploeg et al. [22] also reported that SPECT/CT was
valuable in facilitating a larger incision in 48 patients (36 %)
and an extra incision in six patients (4 %), while incisions
were avoided in two patients (1.5 %). Although this assess-
ment of the value of SPECT/CT for facilitating the surgical
approach is based on the surgeon’s opinion and is therefore
somewhat arbitrary, we agree with the authors in a sense as
surgeons. Nevertheless, the data should be analyzed more
systematically in the future.

The American College of Surgical Oncology Group
(ACOSOG) Z0011 trial [27] suggested that there may be
no survival benefit in performing ALND in some patients
in limited cases, such as those classified as clinical T1 and
T2 disease with metastasis only in fewer than three SNs
treated with breast-conserving surgery and whole breast
irradiation and are eligible for adjuvant systemic therapy.
The final analysis of the EORTC 10981-22023 AMAROS
(After Mapping of the Axilla: Radiotherapy Or Surgery?)
trial demonstrated that both axillary lymph node dissection
and axillary radiotherapy provide excellent regional con-
trol for breast cancer patients with a positive sentinel node
biopsy [28]. It would be beneficial, if possible, to predict
whether more than two metastatic nodes are present in the
axilla and thus avoid unnecessary ALND. Our data showed
that 94.7 % of the patients with only one SN detected on
SPECT/CT within the Level I area carried fewer than three
metastatic lymph nodes, which suggests that SNB alone
may be sufficient for these cases, while the feasibility of
axillary irradiation after SNB should be discussed. There-
fore, the ability of SPECT/CT to offer accurate detection of
SNs as well as predict the particular localization would be
extremely valuable.

In conclusion, the detection of anatomical SNs located
outside of the Level I area on SPECT/CT raises the pos-
sibility that axillary lymph node metastasis can cause
obstruction of the lymphatic route or an individual node.
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