
Abstract. In order to evaluate affected axillary lymph nodes
in breast cancer by positron-emission tomography using 18F-
fluorodeoxyglucose (FDG-PET), an understanding of FDG
avidity is important. In the present study, we examined
whether certain factors, including lymphatic spread and size
of metastatic lymph nodes, were associated with FDG avidity
in order to evaluate the benefits of a FDG-PET assessment of
axillary node metastases. We retrospectively investigated the
cases of 179 consecutive patients with primary breast cancer
who underwent FDG-PET preoperatively. Among the 179
patients, 48 (26.8%) had axillary lymph node metastases. The
sensitivity, specificity, overall accuracy, and false-negative
rates in the diagnosis of axillary lymph node status by FDG-
PET were 47.9%, 98.5%, 84.9%, and 52.1%, respectively. The
48 cases with lymph node metastases were divided into two
groups based on the presence or not of FDG uptake in the
axillary lesions. Clinicopathological features of the primary
tumor, including tumor size, standardized uptake value
(SUVmax and biomarkers, were not statistically significant
factors; only the clinicopathological features of metastatic
lymph nodes, including the size of node metastasis, were
significantly associated with FDG uptake in the axillary lymph
nodes. Among the eight cases of micrometastasis, seven were
not detected by FDG-PET. The number of cases with only one
affected node was significantly higher in the group without
FDG uptake in the axillary lesion. Although the number of
lymph node metastases was relatively higher in the FDG-PET-
positive patients, the difference was not statistically significant.
FDG-PET may help identify patients with high axillary lymph
node burden. Our findings imply that preoperative FDG-PET

evaluation of lymph nodes is not sufficient to predict lymphatic
spread or micrometastasis because FDG avidity is mainly
influenced by the size of the tumor.

Axillary lymph node dissection (ALND) is important for
disease control and staging for breast cancer; however, ALND
carries the risk of complications such as lymph edema.
Sentinel lymph node biopsy (SLNB) has been developed as
a minimally invasive operative procedure to precisely
determine the presence of axillary lymph node metastases in
patients with clinically-negative nodes (1-6). The recent
results of the American College of Surgeons Oncology Group
Z0011 trial suggested that some women would be safe from
recurrence without further axillary treatment if they have
fewer than three involved sentinel nodes with no
extracapsular spread (7). It may be possible to avoid
unnecessary ALND in selected patients. Thus, preoperative
axillary lymph node evaluation is considered to be critical.

In recent years, the clinical applications of positron-
emission tomography (PET) have undergone explosive
growth. PET using 18F-fluorodeoxyglucose (FDG) is a non-
invasive whole-body imaging technique used to evaluate
various kinds of malignancies, including breast cancer, for
tumor staging and re-staging, the detection of recurrence, and
monitoring treatment responses (8-11). FDG-PET has been
evaluated for its accuracy in the axillary staging of operable
primary breast cancer (11-14). These studies have sometimes
provided conflicting results, either supporting the possibility
of using FDG-PET to select patients who need axillary
dissection or questioning whether FDG-PET can accurately
assess the axillary status in patients with breast cancer (12,
13). In evaluation of axillary lymph node metastases in
patients with breast cancer, FDG-PET is less sensitive (20%
to 60%) but more specific (65% to 100%) than other
modalities (12, 13). In certain cases with affected lymph
nodes, FDG uptake was not detected. For the evaluation of
affected axillary lymph nodes in breast cancer by FDG-PET,
an understanding of FDG avidity is important. However,
there have been relatively few studies assessing the factors
associated with FDG avidity of affected axillary lymph

393

Correspondence to: Takaaki Fujii, MD, Ph.D., FACS, Department
of General Surgical Science, Graduate School of Medicine, Gunma
University 3-39-22 Showa-machi, Maebashi, Gunma 371-8511,
Japan. Tel: +81 0272208224, Fax: +81 0272208230, e-mail:
ftakaaki@gunma-u.ac.jp

Key Words: Lymph node metastasis, FDG-PET, FDG avidity, breast
cancer, size, lymphatic spread.

ANTICANCER RESEARCH 36: 393-398 (2016)

Implication of 18F-Fluorodeoxyglucose Uptake of Affected
Axillary Lymph Nodes in Cases with Breast Cancer

TAKAAKI FUJII, REINA YAJIMA, HIRONORI TATSUKI, KATSUYA OOSONE and HIROYUKI KUWANO

Department of General Surgical Science, Graduate School of Medicine, Gunma University, Gunma, Japan

0250-7005/2016 $2.00+.40



nodes. In the present study, we evaluated the usefulness of
FDG-PET in detecting metastatic axillary lymph nodes in
patients with primary breast cancer. Furthermore, to evaluate
the assessment of axillary lymph node metastases provided
by FDG-PET, we examined whether certain clinical factors,
including lymphatic spread of lymph nodes and the size of
lymph node metastases, were associated with FDG avidity.

Patients and Methods

We retrospectively investigated the cases of 179 consecutive patients
with primary breast cancer who underwent FDG-PET preoperatively
at the Department of General Surgical Science, Gunma University,
Japan, from January 2010 to February 2015. All patients had
undergone radical breast surgery. Patients with previously diagnosed
breast cancer or incomplete clinical information were excluded, as
were male patients. Among the 179 patients, 48 (26.8%) had
axillary lymph node metastases. In all 48 cases, the presence of
lymph node metastasis was confirmed pathologically. None of the
patients had received preoperative chemotherapy. Patients underwent
FDG-PET/computed tomography as part of the routine standard-of-
care, and no changes to the standard-of-care were made. The
maximum standardized uptake value (SUVmax) of primary tumors
was calculated in a routine clinical fashion. Informed consent was
obtained from all patients.

The details extracted from the hospital database were age,
histological type, primary tumor size, lymphatic and vascular
invasion, estrogen (ER) and progesterone (PgR) receptor expression
status, human epidermal growth factor receptor 2 (HER2) score of the
primary tumor, SUVmax of the primary tumor, axillary lymph node
status, and visibility of detected lesion(s) by FDG-PET. The ER and
PgR status were assessed by ALLRED scores, and an ALLRED score
of 3 or higher was defined as ER- and PgR-positive (15, 16).

Statistical analysis. The breast cancer cases with node metastasis
were divided into two groups on the basis of the presence or not of
FDG uptake in the axillary lesion. We conducted a univariate
statistical analysis using Fisher’s exact test or the χ2 test with Yates’
correction. To compare the two groups, we used Student’s t-test.
Differences were considered significant when p<0.05.

Results

In total, 179 cases were included in the analysis. In 48
patients (26.8%), the presence of lymph node metastases was
diagnosed by histological examination with standard

hematoxylin and eosin staining. Among the 48 cases with
nodal metastases, eight cases (16.7%) had micrometastases.
As shown in Table I, the sensitivity, specificity, overall
accuracy, and false-negative rates in the diagnosis of axillary
lymph node status by FDG-PET were 47.9%, 98.5%, 84.9%,
and 52.1%, respectively. The false-positive rate of FDG-PET
evaluation was 1.5%. The mean SUVmax of metastatic lymph
nodes was 4.53 (range=0-23.5) overall. The 48 cases with
lymph node metastasis were divided into two groups based
on the presence or not of FDG uptake in the axillary lesions
(Figure 1). Table II shows the patient characteristics and
summarizes the results of the univariate analysis conducted
to determine the relationship between the clinicopathological
variables and FDG uptake in the axillary lesions. As can be
seen, none of the clinicopathological features of the primary
tumor, including primary tumor size, SUVmax and
biomarkers, were significantly associated with FDG uptake.
The present analysis revealed that only the clinicopathological
features of the metastatic lymph node were significantly
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Table II. Patient characteristics and clinicopathological features
associated with 18F-fluorodeoxyglucose uptake in axillary lymph nodes.

FDG uptake in axilla

Characteristic Present (n=23) Absent (n=25) p-Value

Age (years) 57.4±12.5 57.4±11.8 0.660
Postmenoposal (n) 17 17 0.448
CEA (ng/ml) 3.4±3.8 2.8±2.3 0.788
CRP (mg/dl) 0.5±1.4 0.1±0.2 0.937
Primary tumor
Histology 0.933

IDC 16 21
ILC 3 4
Other 4 0

Tumor size (mm) 26.9±21.6 30.8±19.0 0.323
SUVmax 4.4±2.6 3.1±1.9 0.883

ER (n) 21 20 0.244
PgR (n) 21 18 0.089
HER2 (n) 5 5 0.581
Nuclear grade 3 12 9 0.201
ly (n) 10 7 0.059
v (n) 1 6 0.059

Axillary lymph node metastasis
Tumor size (mm) 14.2±6.4 4.3±3.6 <0.001
No. of node metastases 6.1±7.4 2.1±2.4 0.993
One node metastasis (n) 6 17 0.004
1-3 Node metastases (n) 22 12 0.007
Micrometastasis (n) 1 8 0.016

Values are expressed as the mean±SD. IDC, Invasive ductal carcinoma;
ILC, invasive lobular carcinoma; SUVmax, maximum standardized uptake
value; CEA: carcinoembryonic antigen; CRP, C-reactive protein; ER:
estrogen receptor; PgR: Progesteron receptor; HER2: human epidermal
growth factor receptor 2; ly: lymphatic invasion; v: vascular invasion.

Table I. The sensitivity, specificity, overall accuracy, and false-negative
rates in the diagnosis of axillary lymph node status by positron-emission
tomography–computed tomography.

Sensitivity 47.9% (23/48)
Specificity 98.5% (129/131)
Accuracy 84.9% (152/179)
False-negative rate 52.1% (25/48)
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Figure 1. a: Examples of absence of 18F-fluorodeoxyglucose (FDG) uptake in lymph node on positron-emission tomography–computed tomography
(PET-CT) in an 83-year-old female. There was FDG uptake in the primary tumor [maximum standardized uptake value (SUVmax) 5.98] but not in
lymph nodes. Micrometastasis of lymph node was confirmed histopathologically. b: Examples of FDG uptake in lymph nodes on PET-CT in a 69-
year-old female. The SUVmax was 2.96 in the primary tumor and 1.70 in the lymph node. Fifteen lymph node metastases were confirmed
histopathologically.

Figure 2. Case of positive 18F-fluorodeoxyglucose uptake in lymph node on positron-emission tomography–computed tomography in a 64-year-old
female who had one lymph node metastasis. The maximum standardized uptake value was 2.3 in the primary tumor and 1.7 in the lymph node. Only
one lymph node metastasis (17 mm) was confirmed histopathologically.

Figure 3. Case of negative 18F-fluorodeoxyglucose uptake in lymph node on positron-emission tomography–computed tomography in a 54-year-old
female who had axillary lymphatic spread. The SUVmax in the primary tumor was 1.51. Seven lymph node metastases (3 mm) were confirmed
histopathologically.



associated with FDG uptake in the axillary lymph nodes. The
analysis revealed that the size of the nodal metastasis was a
statistically significant factor. Out of the eight cases with
lymph node micrometastasis, seven (87.5%) were not
detected by FDG-PET (Figure 1A). Although the number of
lymph node metastases was relatively higher in FDG-PET-
positive patients, the difference was not statistically
significant. The number of cases with only one metastatic
lymph node was significantly higher in the group without
FDG uptake in the lymph nodes. The number of cases with
lymph node metastases in 1-3 nodes was also significantly
higher in the group without FDG uptake in the lymph nodes.

Discussion

FDG-PET has been widely used for diagnosing staging and
recurrence in various types of cancer; however, its diagnostic
utility for cancer is controversial (8-11). Regarding breast
cancer, there are many reports of preoperative evaluation with
FDG-PET. FDG-PET can differentiate breast cancer from
benign lesions with a sensitivity of 66-96% and a specificity of
83-100% (17). In our previous study, the overall sensitivity for
detection of all breast cancer was 91.5% (Fujii T, et al.
manuscript in submission). The critical role of FDG-PET in
evaluating axillary nodal status for initial staging of breast
cancer has not yet been well-defined in clinical practice. FDG-
PET has high specificity but mediocre sensitivity for
identifying axillary lymph node metastases in breast cancer.
In our series, positive FDG uptake was a good predictor of
axillary disease. However, there have been few studies to
assess the factors associated with FDG avidity of affected
lymph nodes in breast cancer. Thus, the present study was
undertaken to assess the additional benefit of FDG-PET
evaluation of lymph node metastases for patients with breast
cancer. FDG-PET may help identify patients with high axillary
lymph node burden; thus, we evaluated the hypothesis that the
FDG avidity of lymph nodes was associated with axillary
lymphatic metastatic spread, and evaluated whether FDG-PET
could be useful for predicting lymphatic spread. There was a
significant correlation between FDG uptake and the size of
lymph node metastases; however, the number of lymph node
metastases was not correlated with FDG uptake. On the other
hand, the number of nodal metastases did not correlate with
FDG uptake, however, the numbers of cases with only one
lymph node metastasis or 1-3 nodes were significantly higher
in the group without FDG uptake in the lymph nodes. These
findings reflect the fact that FDG uptake in lymph nodes may
be determined mainly by high tumor burden or tumor size.
Several studies have reported that FDG uptake correlates with
the size of tumor to a certain level according to the resolution
of the PET scanner, known as the partial volume effect (18).
Tumor size was associated with lymphatic invasion, which
may reflect lymphatic spread, but because the size of tumor is

the main factor affecting nodal FDG uptake, the number of
nodal metastases may fall short of reaching a statistically
significant association. In some cases, FDG uptake was
detected in the axillary lesion, but there was only one
metastatic lymph node metastasis (Figure 2). In other cases,
there was marked lymphatic spread regardless of the small
size of the metastases (Figure 3). The size of lymph node
metastases does not always reflect lymphatic spread. Thus, the
FDG-PET evaluation was not sufficient for evaluation of
axillary lymphatic spread, suggesting that ALND cannot be
avoided, even in cases with negative FDG uptake in axillary
lesions by FDG-PET. 

In the current series, eight cases had lymph node
micrometastasis but seven of them (87.5%) were not detected
by FDG-PET (Figure 1A). Nodal FDG uptake may be
determined by the size of tumor, and FDG-PET evaluation
of lymph node metastasis is not predictive of small
metastases or micrometastases. In the current study, the
false-positive rate of FDG-PET evaluation of lymph node
metastases was only 1.5%. Our findings imply that
macrometastasis of lymph nodes can be detected by FDG-
PET, and in cases with FDG uptake in lymph nodes, lymph
node metastasis may be highly suspected. Therefore, it may
be useful for avoiding SLNB in cases with positive FDG
uptake in the axillary lesion.

FDG-PET measures glucose metabolism, which reflects the
biological aggressiveness of cancer. FDG-PET could provide
biological information about the tumor growth potential. In
fact, among the 48 patients with positive nodes, three had
recurrent disease, and all three cases were in the FDG-positive
group. It is interesting to note that FDG uptake in the axillary
lesion was not correlated with clinicopathological features of
the primary tumor. Statistical significance was only detected
in characteristics of axillary lymph node status. These findings
may imply the possibility that recurrent disease was caused
not only by the primary tumor but also by regional lymph
node metastasis, at least in part. This possibility should be
investigated in further studies.

This study has several potential limitations, the major ones
being that it was a retrospective analysis and the number of
cases was relatively small. Additional research is needed to
explore other benefits and drawbacks of FDG-PET
evaluation of lymph node metastases. 

In conclusion, we demonstrated that preoperative FDG-
PET evaluation of lymph nodes is effective in predicting
macroscopic nodal status but is less effective in predicting
nodal metastatic spread. The positive predictive value is high,
but our findings imply that preoperative FDG-PET evaluation
of lymph nodes is not sufficient to predict lymphatic spread
or micrometastasis. Therefore, positive FDG uptake in
axillary lesions may be useful for avoiding SLNB, but
evaluation of axillary lesions by FDG-PET cannot replace
SLNB or ALND due to its unsatisfactory sensitivity.
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