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Objective: Sentinel node biopsy (SNB) is indicated for axillary lymph node metastasis-
negative cases (NO), but clarification of the indication may increase treatment efficiency.
Fluorine-18-labeled 2-fluoro-2-deoxy-b-glucose positron emission tomography (FDG-PET)
may have a high positive predictive value in diagnosis of axillary lymph node metastasis.
Methods: Ninety-two breasts/axillae were analyzed retrospectively in 90 patients (median
age 54.6-year old, median primary tumor 1.7 cm). FDG-PET/computed tomography was used
to indicate SNB in NO cases. Axillary lymph node dissection (ALND) was performed in cases
that were axillary lymph node metastasis-positive (PET N-+) on FDG-PET/CT.

Results: Seventy-four (80.4%) and 18 (19.6%) of the 92 axillae were diagnosed as metasta-
sis-negative (PET NO) and PET N+, respectively, by FDG-PET/CT. SNB was performed in
51 of the 74 PET NO axillae. ALND was performed in 23 PET NO axillae (at the patients’
request) and in all 18 PET N+ axillae. Of the 74 PET NO axillae, 14 were metastasis-positive
(pN+) and 60 were pNO pathologically, and of the 18 PET N+ axillae, 13 were pN+ and five
were pNO. The sensitivity and specificity of FDG-PET/CT for diagnosis of axillary metastasis
were 48.1 and 92.3%, respectively, and the positive and negative predictive values were 72.2
and 81.1%, respectively.

Conclusion: The positive detection rate on FDG-PET/CT was insufficient for determining an
indication of SNB. However, use of an appropriate cut-off for SUV,,.x (the positive rate was
90.9% with a cut-off of 2.0) and exclusion of surgically biopsied cases may achieve a clinically
applicable positive detection rate.
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INTRODUCTION

The percentage of cases of breast cancer treated at an early
stage has risen due to increased breast cancer screening.
Since most cases of early breast cancer with a small tumor
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size are axillary lymph node-negative histologically, the
significance of routine performance of axillary lymph
node dissection (ALND) in early breast cancer has
become questionable, given the low probability of axillary
lymph node metastasis. ALND may also induce numbness
of the arm, motor disturbance of the upper limb and
lymph edema, and decrease long-term quality of life (1).
Moreover, the effect of ALND on survival is unclear (2).
Therefore, the role of ALND has shifted to an identification
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of prognosis-predictive factors and a less invasive axillary
staging procedure is required to replace ALND.

Sentinel node biopsy (SNB) is a less invasive procedure
that is now commonly used in axillary staging. SNB is not
covered by the health insurance system in Japan, but is
increasingly performed at many facilities because of its rela-
tive simplicity and its satisfaction of patients’ needs. On the
other hand, SNB requires more labor and time, compared
with ALND. Intraoperative pathological diagnosis requires
greater effort and extensive pathological examination of the
excised sentinel node is needed, including immunostaining.
Therefore, establishment of an appropriate indication for
SNB is an important task from the perspective of treatment
efficiency. The indication for SNB has not been standardized
and clinically apparent metastasis-positive (N-+) cases with
clinical axillary lymph node enlargement may be excluded
from the indication. However, the sensitivity and specificity
are low for diagnosis of axillary lymph node metastasis by
palpation (3).

Imaging using positron emission tomography (PET) with
fluorine-18-labeled 2-fluoro-2-deoxy-p-glucose ('*F-FDG)
utilizes enhanced uptake of FDG by cancer cells, com-
pared with normal cells (4,5). Several studies have investi-
gated the significance of preoperative staging of breast
cancer by FDG-PET, but the sensitivity has been generally
low, and various results have been obtained in the diagno-
sis of axillary lymph node metastasis by FDG-PET (6).
FDG-PET alone cannot substitute for ALND and SNB, but
the positive predictive value is high when accumulation of
FDG in the axillary lymph node is enhanced (7), and
detailed anatomical analysis has recently become possible
using PET/computed tomography (CT), in which the
lymph node can be evaluated in fused PET and CT
images.

Based on the potentially high positive predictive value of
FDG-PET for diagnosis of axillary lymph node metastasis,
we introduced FDG-PET/CT into the judgment criteria for
application of SNB as a routine examination, in addition to
diagnosis of lymph node metastasis by palpation, in April
2007. As a rule, ALND was performed in cases diagnosed
with axillary lymph node metastasis by FDG-PET/CT (PET
N+), even though the case was clinically axillary lymph
node metastasis-negative (N0). We retrospectively analyzed
cases in which breast cancer was evaluated preoperatively by
FDG-PET/CT and for which surgical data were available to
investigate the significance of performing preoperative
FDG-PET/CT in breast cancer.

PATIENTS AND METHODS
FDG-PET/CT

After April 2007, SNB was performed for cases in which
no enlargement of the axillary or supraclavicular lymph
node was apparent by palpation and axillary lymph node
metastasis was negative on FDG-PET/CT (PET NO). ALND
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was performed in N+ cases and NO/PET N+ cases.
Preoperative FDG-PET/CT was performed within 2 weeks
before surgery. Patients were fasted for at least 4 h before
FDG-PET/CT. ["*F]FDG (3 MBgq/kg body weight) was
administered intravenously into the arm and the patient was
then seated on a chair to rest for 60 min. A whole body scan
from the upper end of the orbit to the femoral region was
performed 60 min after ['*F]JFDG administration in the
supine position with elevation of the bilateral upper limbs.
Images were obtained using a PET/CT scanner (Aquiduo™,
Toshiba Medical Systems Corporation, Tochigi, Japan).
PET/CT images were analyzed visually by two expert
radiologists. Images were considered positive if areas in the
axillary nodule took up more FDG than surrounding tissue.
Quantitative measurement of the single-pixel maximal stan-
dardized uptake value (SUV,,,x) normalized using the lean
body mass was performed on the main breast lesion and
axillary node when abnormal uptake was observed.

SNB axp ALND

SNB was performed by the blue dye method (8). After
induction of general anesthesia, 3 ml of patent blue dye was
injected into the subareolar site (four sites around the
excised region when excisional biopsy was performed).
After massaging for 5 min, the axilla was incised and the
blue node was identified and excised. The excised lymph
node was subjected to rapid pathological diagnosis, in which
1-2 frozen sections were prepared from each lymph node
and the presence or absence of lymph node metastasis was
assessed by hematoxylin and eosin (H&E) staining. After
SNB, breast-conserving surgery or mastectomy was per-
formed for the primary tumor. ALND was performed if the
pathological diagnosis was positive for metastasis and in NO
cases diagnosed as PET N+ by FDG-PET/CT.

PatHOLOGICAL EXAMINATION

In cases in which SNB was performed, the sentinel node
was investigated histologically after surgery. The sentinel
node was fixed with formalin and embedded in paraffin, and
200-pm whole cross sections were prepared. The sections
were subjected to H&E staining and immunostaining using
anti-cytokeratin antibody to make a final judgment regarding
metastasis. When metastasis was negative in the intraopera-
tive diagnosis but positive in the postoperative histological
diagnosis, secondary ALND was performed. For non-NO
sentinel nodes, 1—2 sections were prepared from each lymph
node and metastasis was investigated by H&E staining. After
formalin fixation, 5-mm whole cross sections of the major
tumor were prepared and the tumor diameter and nuclear
grade were judged. Nuclear grading of invasive carcinoma
was performed following the general rules for clinical and
pathological recording of breast cancer established by the
Japanese Breast Cancer Society (9), with Nuclear Grade 1
categorized as low grade, and Grades 2 and 3 as high grade.
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Estrogen receptor (ER), progesterone receptor (PgR), and
HER2 status were analyzed by immunohistochemistry (IHC),
using Ventana Confirm ER [6F11], Ventana Confirm PgR
[16] and Ventana Confirm C-erbB-2 [CB11], respectively.
ER and PgR were regarded as positive when 10% or more of
the cells were positive, and HER2 was regarded as positive
for immunostaining of 3+ and negative for 0 or 1+4. For
immunostaining of 2+, the amplification rate of the HER2
gene was analyzed by the HER2 FISH method, and HER2
was judged positive when the amplification rate was >2.2
times.

STATISTICAL ANALYSIS

Sensitivity, specificity and positive and negative predictive
values of FDG-PET/CT imaging for axillary staging were
analyzed using standard statistical analyses. Correlations
between SUV values of primary tumors and clinicopatho-
logical factors were evaluated using independent 7-tests.
All statistical analyses were performed with Dr SPSS II stat-
istical software (SPSS Inc., Chicago, IL, USA). All statistical
tests were two-sided and statistical significance was set at the
5% level.

RESULTS

Ninety patients were diagnosed as NO and underwent surgery
after FDG-PET/CT between June 2006 and August 2007.
Patients who underwent certain preoperative treatment (che-
motherapy, hormone therapy and radiotherapy) and those with
ductal carcinoma in situ were excluded from the analysis. The
clinical background of the 90 patients is shown in Table 1.
All patients were female and the median age was 54.6 years
(range: 21—82 years old). The affected side was right in 42
(46.7%), left in 46 (51.1%) and bilateral in two (2.2%), and
92 breasts and 92 axillae were examined by FDG-PET/CT.
The median size of the primary tumor was 1.7 cm (0.5—
5.5 cm), 63 tumors were <2 cm (68.5%), 27 were >2 and
<5cm (29.3%) and two were >5 cm (2.2%). The surgical
procedure for the primary tumor was breast-conserving
surgery in 60 cases (65.2%) and mastectomy in 32 (34.8%).

FDG-PET/CT anD PatHOLOGICAL DIAGNOSIS OF THE AXILLA

The influence of excisional biopsy on axillary lymph node
metastasis detected by FDG-PET/CT has not been examined.
Thus, a total of 92 axillae in 92 tumors/breasts were investi-
gated, including six axillae in six cases examined by
FDG-PET/CT following excisional biopsy. On preoperative
evaluation by FDG-PET/CT, 74 (80.4%) and 18 (19.6%) of
the 92 axillae were PET NO and PET N+, respectively
(Fig. 1). The median SUV,,,, of the PET N+ axillary lymph
nodes was 2.07 (1.18—6.24). Abnormal accumulation was
seen in one lymph node in 13 of the PET N+ axillae and in
more than two lymph nodes in the other five PET N+

Table 1. Patient characteristics

Item Number of patients (%)
or median (range)
Number of patients 90
Age 54.6 (21-82)
Laterality
Right 42 (46.7)
Left 46 (51.1)
Bilateral 222
Number of breast 92
Size of primary lesion (cm) 1.7 (0.5-5.5)
Tumor diameter (cm)
<2 63 (68.5)
>2t05 27 (29.3)
>5 2(2.2)
Operation
Breast-conserving surgery 60 (65.2)
Mastectomy 32 (34.8)
Clinical NO
n=92
FDG-P|ET/CT
[ : 1
PET NO PET N+
74 (80.4%) 18 (19.6%)
/\
SNB ALND ALND
51 23 18
pNO  pN+ pNO pN+ pNO pN+
42 9 18 5 5 13

Figure 1. Fluorine-18-labeled 2-fluoro-2-deoxy-p-glucose positron emission
tomography/computed tomography (FDG-PET/CT) was used to evaluate 92
breasts/axillae with axillary nodes that were metastasis-negative (NO) clini-
cally. Sentinel node biopsy (SNB) was performed in 51 of the 74 cases
found to be axillary metastasis-negative in FDG-PET/CT (PET NO).
Axillary lymph node dissection (ALND) was performed in the other 23 PET
NO cases at the request of the patients. ALND was performed in all
FDG-PET/CT axillary metastasis-positive cases (PET N+). pNO/+; patho-
logical lymph node negative/positive.

axillae. SNB was performed in 51 of the 74 PET NO axillae,
and ALND was performed in the remaining 23 axillae at the
patients’ request. The identification rate by SNB was 100%
and the median number of SN was two (1—7). Eight of the
51 axillae for which SNB was performed were diagnosed as
metastasis-positive in rapid pathological diagnosis of the
sentinel lymph node and subjected to ALND. Forty-three of
the 51 axillae were metastasis-negative in the rapid patho-
logical diagnosis, but one axilla was found to be metastasis-
positive in postoperative diagnosis and secondary ALND was
performed. Lymph node metastasis was noted in five of the
23 axillae subjected to ALND. ALND was also performed in
all 18 cases with PET N+ axillae, and pathological diagnosis
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showed that 13 were metastasis-positive (pN+) and five were
metastasis-negative (pNO). For comparison, 14 of the 74 PET
NO axillae were pN+ and 60 were pNO.

Based on the above findings, the sensitivity and specificity
of the diagnosis of axillary metastasis by FDG-PET/CT were
48.1 and 92.3%, respectively, and the positive and negative
predictive values were 72.2 and 81.1%, respectively
(Table 2). In an analysis using a SUV . cut-off value of 2.0
for the axillary lymph node, the sensitivity and specificity
were 37.0 and 98.5%, respectively, and the positive and
negative predictive values were 90.9 and 79.0%, respect-
ively, showing a high positive predictive value. False posi-
tive results from FDG-PET/CT were noted in five axillae,
and two of these were evaluated by FDG-PET/CT after
excisional biopsy of the primary tumor. Excluding six
axillae evaluated by FDG-PET/CT after excisional biopsy,
the performance of FDG-PET/CT in the diagnosis of axillary
metastasis showed a sensitivity of 46.2%, a specificity of
95%, a positive predictive value of 80% and a negative pre-
dictive value of 80.3%.

CORRELATION BETWEEN SUV ,, OF THE PRIMARY TUMOR
AND CLINICOPATHOLOGICAL PARAMETERS

The clinicopathological background of the 92 excised tumors
was as follows: tumor diameter <2 cm in 63 (68.5%) cases,
2.1-5cm in 27 (29.3%) and >5 cm in two (2.2%), and the
nuclear grade was low-grade in 39 (42.4%) and high-grade
in 53 (57.6%). Regarding hormone receptor expression,
the tumors were ER+, PgR+ in 55 (59.8%) cases, ER+,
PgR— in 20 (21.7%) and ER—, PgR— in 17 (18.5%).
HER2 was negative in 85 (92.4%) cases and positive in
seven (7.6%). Sixty-five axillac were pNO (70.7%) and 27
were pN+ (29.3%) and the median number of axillary meta-
static lymph nodes was 2 (1-21).

SUV ax of the primary tumor on FDG-PET/CT could be
measured in 86 of the 92 tumors (excluding six excisionally
biopsied tumors) and the median SUV ., value was 4.11
(0.76—16.56). No significant relationship was noted between
SUV nax of the primary tumor and the presence or absence of
pathological axillary lymph node metastasis (Table 3),
whereas SUV ., of the primary tumor was significantly corre-
lated with the nuclear grade, HER2 status and tumor size.

Table 2. Axillary node staging by FDG-PET CT and pathological diagnosis
(N=92)

Pathological FDG-PET/CT diagnosis
diagnosis

N+ NO Total
PN+ 13 14 27
pNO 5 60 65
Total 18 74 92

FDG-PET, fluorine-18-labeled 2-fluoro-2-deoxy-p-glucose positron emission
tomography; CT, computed tomography; pN+, metastasis-positive; pNO,
metastasis-negative.
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Table 3. Correlation of clinicopathologic factors and SUV,,,, of breast
tumors (n = 86)

Number of SUV nax SUV nax P value
tumors (%) average SD

Nuclear grade
Low 38 (44.2) 2.74 1.34 <0.001
High 48 (55.8) 5.14 3.82

ER
Postitive 71 (82.6) 4.06 3.18 0.903
Negative 15 (17.4) 4.17 3.47

PgR
Positive 53 (61.6) 3.85 3.02 0.397
Negative 33 (38.4) 4.46 3.51

HER2
Positive 7 (8.1) 7.61 5.27 0.002
Negative 79 (91.9) 3.77 2.8

pN
Positive 26 (30.2) 4.61 3.4 0.318
Negative 60 (69.8) 3.85 3.13

T
71 62 (72.1) 2.95 1.94 <0.0001
12,73 24 (27.9) 6.99 3.98

SUV, standardized uptake value; SD, standard deviation; ER, estrogen
receptor; PgR, progesterone receptor.

SUV nax of the primary tumor was significantly higher in high-
nuclear grade tumors (P < 0.001), HER2-positive tumors
(P =0.002) and tumors of size >2 cm (P < 0.0001). SUV ax
was not significantly correlated with the ER or PgR status.

DISCUSSION

In previous comparisons of diagnosis of axillary metastasis
by pathological examination with ALND and FDG-PET, the
sensitivity of diagnosis by FDG-PET has ranged from 46 to
95%, the specificity from 66 to 100%, the positive predictive
value from 62 to 100% and the negative predictive value
from 73 to 99%, indicating a generally low sensitivity
(7,10—16). Compared with the evaluation of the axilla
by SNB, the sensitivity is still lower (0—79%), suggesting
that micrometastasis detected by extensive pathological
examination of SNB is undetectable by FDG-PET (15—20).
Based on these findings, FDG-PET cannot substitute for
ALND or SNB in staging of axillae.

Among previous studies that reported by Wahl et al. (7)
was performed on the largest scale and showed that diagno-
sis of micro lymph node metastasis by FDG-PET was diffi-
cult. Routine use of FDG-PET was not recommended, but
the positive predictive value of FDG-PET was shown to be
high when many abnormal accumulations of FDG were
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detected in the axillary lymph node. Based on these results,
it was concluded that ALND should be performed without
initial SNB in such cases, and that FDG-PET may be useful
for selecting cases in which SNB should be performed.

SNB is a less invasive axillary staging technique compared
with ALND and has become the standard procedure.
However, SNB requires more labor and time than ALND,
with increased work for intraoperative rapid diagnosis and
extensive pathological examination of the excised sentinel
node, including immunostaining. Veronesi et al. (20) showed
a high positive predictive value of FDG-PET and emphasized
that ALND should be performed without SNB in FDG-PET
N+ cases. This led us to include PET NO cases among the
indications for SNB, in addition to NO cases. As a result, the
sensitivity and specificity were 48.1 and 92.3%, respectively,
and the positive and negative predictive values were 72.2 and
81.1%, respectively. Gil-Rendo et al. (21) used a similar
method in a prospective investigation of 125 patients and
found a sensitivity and specificity of 78.9 and 98.1%, respect-
ively, and positive and negative predictive values of 98.2 and
77.9%, respectively, showing a high positive predictive value.
However, these results cannot be compared with our data
directly because both NO and PET NO subjects underwent
SNB. Gil-Rendo et al. also indicated that cases with abnormal
accumulation of FDG in the axilla should undergo ALND.

The positive detection rate was 72.2% in NO patients on
FDG-PET/CT, which is not high enough for routine clinical
practice. The low rate may partly be due to the positive metas-
tasis criteria being unclear because this was a retrospective
study. SUV,,,,x may be an important index for objective evalu-
ation of metastasis, since setting the SUV ., cut-off value for
the axillary lymph node at 2.0 gave a high positive predictive
value of 90.9% that is sufficient for use in routine clinical
practice. A second reason for the low positive detection rate
may be the inclusion of surgically biopsied cases in the study.
Our results also suggest that excisional biopsy of the primary
tumor affects the false positive rate in FDG-PET/CT, since
excisional biopsy of the primary tumor had been performed in
two of the five false-positive axillae. Excluding six axillae
evaluated by FDG-PET/CT after excisional biopsy, the per-
formance of FDG-PET/CT in diagnosis of axillary metastasis
showed a positive predictive value of 80%. Inflammatory
reactions to surgical excision of the primary lesion may have
disseminated to the regional axillary lymph node and led to
the false positive findings, suggesting that diagnosis of axillae
by FDG-PET/CT after excisional biopsy is not recommended.

The economical effect and efficiency of the use of
FDG-PET to determine application of SNB also requires dis-
cussion, in addition to the clinical issues described above.
Since FDG-PET is a very extensive examination, its appli-
cation should be limited to the cases for which it is highly
beneficial (20). The axillary metastasis rate of small tumors
is generally low and the probability of avoiding SNB based
on FDG-PET/CT findings may be correspondingly low,
suggesting that the benefit of FDG-PET is limited in such
cases. In contrast, the latent axillary metastasis rate increases

in large NO tumors and the benefit of FDG-PET also
increases. Therefore, FDG-PET/CT may be very useful to
determine an indication for SNB in large NO tumors.

We obtained interesting findings for FDG-PET/CT of
primary lesions. The SUV,,,, of the primary breast cancer
lesions was significantly correlated with the histological
grade, size and HER2 status of the tumor, suggesting that
SUV ax of the primary lesion may be useful as a prognostic
factor. Significant correlations of SUV ., of primary lesions
with known prognostic factors and biological characteristics
of breast cancer (tumor size, histological grade, nuclear
grade, nuclear atypia, mitosis counts, lymph node metastasis,
Ki-67 labeling index, hormone receptor status and HER2
status) have been reported (22—24). Inoue et al. (25) showed
that the 5-year disease-free survival rate was significantly
lower in patients with high SUV,,,, of the primary tumor
compared with those having low SUV ... However, SUV .«
was not found to be independent in multivariate analysis
including well-known prognostic factors. Nonetheless, since
SUV nax reflects the FDG requirement of tumors in vivo, i.e.
tumor activity, it differs completely from other prognostic
factors and is worth investigating as a new prognostic factor.

In conclusion, FDG-PET/CT in NO cases provides
useful information to determine an indication for sentinel
lymph node biopsy. The positive predictive value for
diagnosis of axillary lymph node metastasis by FDG-PET/
CT was ~72.2% in NO cases, which is insufficient. However,
a high positive detection rate can be obtained by setting an
appropriate SUV ., cut-off value and excluding surgically
biopsied cases, thereby enabling an objective evaluation.

We suggest that SNB should be performed in cases with a
low probability of histological axillary lymph node metasta-
sis, and that PET N+ cases differ from these cases and may
be indicated for ALND, rather than SNB. Since FDG-PET/
CT is expensive and false positive cases will be subjected to
unnecessary ALND, proper selection of cases in which the
highest benefit of FDG-PET/CT can be expected is the most
important task.
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