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ABSTRACT
The National Comprehensive Cancer Network (NCCN) guidelines recommend assessment with positron emission tomography with
2-deoxy-2-[fluorine-18]fluoro- D-glucose integrated with computed tomography (18F-FDG PET/CT) in staging of breast cancer, starting from
the stage IIIA. Previously, PET/CT contributed to the accurate staging from the stage IIB. Our aim is to evaluate the contribution of 18F-FDG
PET/CT in staging of breast cancer patients. A total of 234 patients were retrospectively evaluated. PET/CT was performed preoperatively
in 114/234 and postoperatively in 120/234 patients. Initial staging was performed based on histopathological results in 125/234 and clinical
results in 109/234 patients, according to the American Joint Committee on Cancer (AJCC) classification. All patients had a normal abdominal
ultrasound and chest x-ray. Following PET/CT imaging, modification in the staging was performed in patients with the metastatic findings. In
42/234 (17.9%) patients hypermetabolic extra-axillary regional lymph nodes and in 65/234 patients (27.7%) distant metastatic involvement were
detected with PET/CT. Modification in the staging was applied in 82/234 (35%) patients. Patient management was changed in 69/234 (29.4%)
cases. The percentage of patients with upstaging, according to each stage, was as follows: IIA: 18.6%, IIB: 30%, IIIA: 46.3%, IIIB: 68.8%, and IIIC:
20.8%. In 43/43 patients, 99mTc-methylene diphosphonate (MDP) bone scan did not show additional bone metastasis. In 5/32 patients, metastatic involvement was detected with sentinel lymph node biopsy (SLNB), but preoperative PET/CT scan did not reveal hypermetabolic lymph
nodes. Although our study was limited by the referral bias and lack of homogeneity in the referral group, PET/CT still significantly contributed
to the accurate staging and management of our breast cancer patients, starting from the stage IIA.
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INTRODUCTION

Accurate staging is important for the management of the
disease. In breast cancer staging, the tumor, node, and metastasis (TNM) classification is used. T (stage) refers to the size
of the primary tumor. In the evaluation of tumor size, conventional techniques including mammography and ultrasound
(US) give sufficient information, while magnetic resonance
imaging (MRI) is the preferred method for the assessment
of multifocal tumors [2]. For axillary nodal staging (N stage),
in patients with clinically negative axilla, SLNB has become
a standard approach, where histopathological analysis of the
sentinel nodes is conducted intraoperatively [3].
Studies evaluating the role of the whole-body 18F-FDG
PET/CT imaging in defining primary tumor characteristics
and occult axillary lymph node metastases show no benefit over the standard methods. However, the detection of
extra-axillary lymph node involvement and distant metastases in the initial staging has been indicated as the major contribution of 18F-FDG PET imaging to breast cancer management [4,5]. According to the National Comprehensive Cancer

Molecular imaging modalities visualize physiological processes at the cellular and molecular levels.
Current nuclear medicine and molecular imaging techniques, including positron emission tomography with
2-deoxy-2-[fluorine-18]fluoro- D-glucose integrated with
computed tomography (18F-FDG PET/CT or PET/CT),
bone scintigraphy, lymphoscintigraphy, and gamma probe
guided sentinel lymph node biopsy (SLNB) have an important role in the management of breast cancer. Although
mortality rates have been decreasing over the past few
decades, breast cancer remains the most commonly diagnosed cancer in women [1].
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TABLE 1. Classification of patients according to major histological
subtypes of breast cancer

Network (NCCN) guidelines, the utilization of 18F-FDG PET/
CT in breast cancer staging is recommended (category 2B:
Based on lower-level evidence, there is NCCN consensus that
the intervention is appropriate), starting from the stage IIIA
(T3, N1, M0) [6]. Other studies indicated that the contribution of 18F-FDG PET/CT increases with the stage and that the
use 18F-FDG PET/CT from the stage IIB and operable IIIA
would be beneficial [7,8].
The aim of this retrospective study is to evaluate the contribution of 18F-FDG PET/CT in staging of breast cancer
patients, at different stages of the disease.

Histological subtypes
IDC
ILC
IDC+ILC mixed
IBC
Other

Number of patients (%)
169 (72.2)
15 (6.4)
12 (5.1)
15 (6.4)
23 (9.8)

IDC: Invasive ductal carcinoma; ILC: Invasive lobular carcinoma;
IBC: Inflammatory breast carcinoma

TABLE 2. Classification of patients according to the initial staging
(prior to 18F-FDG PET/CT)
AJCC staging
Stage
Number of patients
IA and IB
3

MATERIALS AND METHODS
Patients
We retrospectively evaluated 234 female breast cancer
patients for which cancer staging was performed between
January 2012 and December 2015. The age range of the patients
was 23-87 (mean: 52.5). The grouping of patients according to
major histological subtypes of breast cancer is given in Table 1.
PET/CT was performed preoperatively in 114/234 patients
(48.7%) diagnosed with Tru-Cut biopsy or needle biopsy, and
postoperatively in 120/234 patients (51.7%) after excision
biopsy, partial or total mastectomy, or axillary surgery including SLNB with or without axillary clearance.

IIA

43

IIB

66

IIIA

82

IIIB

16

IIIC

24

TNM classification
TNM
Number of patients
T1N0M0
2
T1NmiM0
1
T1N1M0
20
T2N0M0
23
T2N1M0
63
T3N0M0
3
T1N2M0
17
T2N2M0
32
T3N1M0
17
T3N2M0
16
T4N1M0
11
T4N2M0
5
T1N3M0
5

AJCC: American Joint Committee on Cancer; TNM: Tumor, node, and
metastasis; 18F-FDG PET/CT: positron emission tomography with
2-deoxy-2-[fluorine-18]fluoro- D-glucose integrated with computed
tomography

Staging of the patients
Initial staging was performed based on histopathological
results in 125 patients. In the remaining 109 patients, the staging was performed clinically based on the physical examination, mammography, breast and axillary US, and MRI in a few
cases.
SLNB was performed according to our previously published studies [9]. Technetium-99m (99mTc) tin colloid was
injected intradermally (ID) into 4 quadrants around the
areola in all patients. Each injection contained 0.25 mCi (9
MBq) of Tc99m-nanocolloid with 0.25 ml of sterile saline.
A handheld gamma probe (Navigator GPS, Tyco Healthcare,
Princeton, New Jersey, US) was used to detect radioactive
lymph nodes during the operation. Axillary clearance followed SLNB when positive nodes were detected during
SLNB procedure. All patients had a normal abdominal US
and chest X-ray. The TNM staging was done according the
American Joint Committee on Cancer (AJCC) classification [6]. Following PET/CT imaging, modification in the
staging was performed in patients with metastatic findings.
The grouping of patients according to the initial cancer staging is shown in Table 2.
At our institution, a bone scan was not routinely performed in the patients who were assessed with PET/CT. In

43/234 patients with suspicious symptoms and no bone
lesions on PET/CT, 99mTc-methylene diphosphonate (MDP)
bone scan with or without single photon emission computed
tomography (SPECT)/CT was performed.

Imaging protocol
F-FDG PET/CT imaging was performed before chemotherapy or radiotherapy in all cases. The patients fasted for
at least 6 hours before 18F-FDG injection. The dose varied in
relation to the body weight and was between 6 and 13 mCi.
The plasma glucose level was <200 mg/dL in all patients.
Following 18F-FDG injection, patients rested for 60 minutes, during the period of radioisotope uptake. The PET/CT
scans were obtained in the supine position, from the base of
the skull to the mid-thigh area, using a Siemens Biograph 16
PET/CT scanner. The CT data were acquired without contrast enhancement. Informed consent was obtained from all
patients.
18

Interpretation of the images
F-FDG PET/CT scans were read by two experienced
nuclear medicine physicians. In addition to the visual
18
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interpretation of the images, maximum standardized uptake
value (SUVmax), reflecting the degree of FDG uptake within a
lesion, was also calculated. The interpretation criteria for local
and distant metastases were in accordance with previously
published studies [3]. Lymph nodes with 18F-FDG uptake
exceeding that of the surrounding soft tissue were reported as
positive. Apart from typical benign lesions including degenerative or traumatic bone disease, hypermetabolic findings
observed in the bones were considered malignant. For other
solid organs (i.e., pleura, adrenal glands, and liver), hot spots
corresponding to a morphological abnormality on CT, suggestive of metastasis, were also considered metastatic. For solitary lesions or hot spots without density change on CT, histopathological confirmation was performed. If the lesion was
not easily accessible, MRI of bone lesions and US and/or MRI
of liver lesions were performed. Suspicious lung nodules were
determined according to the final clinical status. The nodules
were assumed metastatic if the regression upon therapy or
progression in the follow-up period occurred.

are given in Table 3. Although the patient number was not
homogenous in each group, the statistical analysis showed
that IDC and inflammatory breast cancer (IBC) lesions had a
significantly higher 18F-FDG uptake (p < 0.05).

F-FDG PET/CT in the evaluation of the axilla

18

Among 114/234 patients treated without axillary surgery,
101 patients demonstrated hypermetabolic lymph nodes in
the axillary basin on the PET/CT.
Thirty-two of 114 patients had axillary surgery after PET/
CT; therefore, preoperative data and corresponding histopathological results were available in these patients. In 27
of 32 patients, metastatic lymph nodes were detected histopathologically after the axillary surgery. The PET/CT results
and histopathological diagnosis were in agreement, as the
scans demonstrated hypermetabolic axillary lymph nodes in
each patient. In the remaining 5/32 patients, pre-operative
PET/CT scans did not reveal hypermetabolic lymph nodes,
while metastatic involvement was detected by SLNB. Among
these 5 patients, 3 had millimetric metastatic foci (3-6 mm). In
the remaining 2 patients, metastatic foci were 1.5 and 1.7 cm
in size. The histological types in these 2 patients were IDC +
invasive lobular carcinoma (ILC) and IDC, respectively.
Among 120/234 patients evaluated by PET/CT postoperatively, 8 (6.6%) had postoperative residual, hypermetabolic
Rotter’s lymph nodes. Sixty-nine patients out of 120 underwent neoadjuvant chemotherapy. In this group of patients,
the following lymph node biopsies were applied in 17 patients:
Fine-needle aspiration biopsy (FNA) with US guidance in 9
patients, SLNB in 6, excision biopsy in 1, and tru-cut biopsy in
1 patient. FNA biopsies revealed metastases of lymph nodes
in all 9 patients. PET/CT showed hypermetabolic nodes in 8
of these 9 cases. In 6 SLNB cases, 4 underwent the procedure
before PET/CT. Therefore, comparable data were available
only for 2 patients in whom PET/CT was false negative for
nodal metastasis. In these 2 patients, histopathological analysis showed metastatic deposits of 3 mm in diameter. In the
remaining two cases in whom excision and tru-cut biopsy had
been performed, histopathology and PET/CT results were in
concordance, showing nodal metastasis.

Impact of PET/CT data on patient management
Modification in the staging was performed in the presence
of extra-axillary lymph node involvement (infraclavicular
area, supraclavicular area, and internal mammary basin) and/
or distant metastases [10]. Although the results of positron
emission mammography (PEM) in the evaluation of breast
masses is promising, whole-body PET/CT scanners that are
used in routine oncology practice are not optimal for the evaluation of primary lesion characteristics, and therefore, the T
stage in this study was not re-evaluated according to the PET/
CT results [11,12].

Statistical analysis
Data were analyzed using IBM SPSS Statistics for
Windows, Version 21.0. (IBM Corp, Armonk, NY). The
Mann–Whitney U test was used to test the difference in the
SUVmax values between the histological subtypes. A p ≤ 0.05
was considered statistically significant.

RESULTS
F-FDG PET/CT in the evaluation of primary
breast lesion

TABLE 3. SUVmax values of four major histopathological subtypes
of breast cancer

18

Major histological
subtypes

Among the 234 patients, 120 had breast removal (partial/
total mastectomy or excisional biopsy) before PET/CT imaging; therefore, 18F-FDG uptake of the primary lesion could be
evaluated in 114 cases.
Apart from 3 cases of invasive ductal carcinoma (IDC),
all lesions showed different degrees of 18F-FDG avidity. The
SUVmax values according to the major histological subtypes

IDC
ILC
IDC+ILC mixed
IBC

Number of patients
86
8
8
12

SUVmax
Median
Range
15.6
2.6-46.0
4.3
2.4-12.0
4.9
3.8-22.1
10.0
5.0-33.0

SUVmax: Maximum standardized uptake value; IDC: Invasive ductal
carcinoma; ILC: Invasive lobular carcinoma; IBC: Inflammatory breast
carcinoma
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F-FDG PET/CT in the evaluation of extraaxillary regional lymph nodes
18

upstaging is shown in Table 6. The percentage of stage modification according to the main histological subtypes was as
follows: 32.5% in IDC, 40% in ILC, 33.3% in IDC + ILC, 53.3% in
IBC, and 39.1% in other rare histological types (Table 7).
Breast cancer is classified into three groups in relation
to therapy selection: a) clinical stage 1-2 and operable locally
advanced (T3N1M0) breast cancer; b) inoperable (at presentation) locally advanced breast cancer: Clinical stage 3A (except
for T3N1M0), 3B, and 3C; and c) clinical stage 4 (metastatic
disease). According to this classification, the PET/CT changed
therapy in 67 of 82 upstaged cases (81.7%). In addition, in two
upstaged patients, the radiotherapy field was widened, since
hypermetabolic metastatic internal mammary lymph nodes
were detected by PET/CT. Overall, patient management was
changed in 69/234 cases (29.4%).
The 8 patients with hypermetabolic, residual interpectoral
lymph nodes detected on postoperative PET/CT already had
widespread metastatic involvement in the level I and II, therefore the radiotherapy field was not changed in this group of
patients.

In 42/234 (17.9%) patients, hypermetabolic extra-axillary
regional lymph nodes were detected. In 28 of 42 patients,
hypermetabolic lymph nodes were present in more than one
location. The numbers of patients with hypermetabolic lymph
nodes and in relation to their location were as follows: Supraclavicular: 20; infraclavicular: 7; and internal mammarian: 20.

F-FDG PET/CT in the evaluation of distant
metastases
18

Distant metastases were detected in 65/234 (27.7%) cases,
which led to upstaging to the stage IV in these patients.
Metastatic spread was found in non-regional lymph nodes
in 35/234 and in solid organs in 56/234 patients. In 26/234
patients, both non-regional lymph node and solid organ
metastases were present. Table 4 shows the distribution of
distant metastatic lesions. When solid organ metastases were
considered, 28/56 cases had one metastatic focus (in the liver:
2 patients, in the lungs: 4, and in the bones: 22). The remaining
patients had multiple metastatic involvement.

Contribution of additional bone scan to the patient
management

F-FDG PET/CT findings that led to stage
modification and change in patient management
18

In 43/234 patients with no bone lesion on 18F-FDG
PET/CT, the Tc99m-MDP bone scan with or without
SPECT/CT was performed. In 38 patients, the results were
normal. In 5 patients, suspicious hyperactive processes were
observed (1 diffuse bone uptake and 4 hypermetabolic foci).
According to MRI, all lesions were further diagnosed as
benign (1 metabolic bone disease, 1 bone island, and 3 severe
degenerative changes).

Among 234 patients, modification of the staging system
following 18F-FDG PET/CT was applied in 82 (35%) patients.
The percentage of patients with upstaging, according to each
stage, was as follows: IIA: 18.6% (Figure 1 and 2), IIB: 30%, IIIA:
46.3%, IIIB: 68.8%, and IIIC: 20.8%. The total number and percentage of patients with upstaging in each stage group is given
in Table 5. Detailed information on extra-axillary regional
lymph nodes and distant metastatic involvements that led to

DISCUSSION
Previously, it was indicated that FDG avidity of a breast
cancer lesion depends on multiple factors [13]. One of these
factors is the histological type of the tumor, where ILCs are
known to have lower FDG avidity [14,15]. Although the number of patients in each of our histological subgroup was not
identical, the SUVmax was significantly higher in IDC and IBC
groups compared to ILC and IDC + ILC tumors. However, the
important note is that “variable FDG affinity” has little effect
on the clinical utility of 18F-FDG PET/CT in various histological subtypes.
Axillary lymph node status is one of the main prognostic factors in breast cancer [16]. If there are no palpable
lymph nodes on clinical examination, the currently accepted
approach is SLNB for axillary staging. This technique has the
advantage of detecting even micrometastases (<2 mm) or isolated tumor cells. Our results are in agreement with previous
studies and showed that the size of the metastatic deposit in

TABLE 4. Classification of distant metastatic lesions detected by
F-FDG PET/CT in 65 patients with breast cancer

18

Distant metastases
Number of
Location
patients*
Solid organs
56

Non-regional
lymph nodes

37

Location details
Detail
Bone
Lung
Liver
Pleura
Surrenal
Mediastinal lymph nodes
Contralateral axillary lymph
nodes
Abdominal lymph nodes
Posterior cervical lymph
nodes

Number of
patients*
43
16
9
3
4
24
5
5
3

*The number of patients having metastasis at the particular site. Many
patients had multiple metastatic lesions. 18F-FDG PET/CT: positron
emission tomography with 2-deoxy-2-[fluorine-18]fluoro- D-glucose
integrated with computed tomography
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TABLE 5. Number and percentage of cases that were upstaged following 18F-FDG PET/CT
Initial stage
1A
1B
2A
2B
3A
3B
3C
Total

1A
2

1B

2A

2B

Final stage
3A

3B

3C

4

1
2
14
1
19
37

7
18
24
10
5
64

1
35
46
44
5
2

1

35

46

44

5

Total
2
1
43
66
82
16
24
234

Percentage of upstaged patients

18.6
30.3
46.3
68.8
20.8
35.0

F-FDG PET/CT: positron emission tomography with 2-deoxy-2-[fluorine-18]fluoro- D-glucose integrated with computed tomography

18

centers, with the advantages of being easier to perform and
having higher detection rates of sentinel lymph nodes. On
the other hand, with peritumoral deep injections, the internal
mammary (IM) chain drainage could be visualized more efficiently compared with superficial sub/periareolar or subdermal injections [19]. The inability to detect regional extra-axillary lymph nodes with SLNB, especially when performed with
superficial injections, can be overcome using 18F-FDG PET/
CT. In our study group, the SLNB with periareolar subdermal
injection showed no SLN in the IM chain or infra/supraclavicular region. However, the PET/CT revealed metastatic
regional extra-axillary lymph nodes in 42 (17.9%) patients.
In addition to the detection of axillary lymph nodes, the
number and location of metastatic nodes are also important
in cancer staging and therapy planning. This has a prognostic
significance and may widen the radiotherapy field [6,20]. In
our study group, among the patients with axillary clearance,
8 (6.6%) had residual Rotter’s lymph nodes. This region is not
routinely reached during the surgery. Although in 8 patients
with widespread metastatic axillary lymph nodes, the detection of postoperative residual lymph nodes did not change the
radiotherapy field, PET/CT may affect the radiotherapy field
in patients with limited disease of the axilla.
Bone metastases are frequently observed in breast cancer, especially in its advanced stages. Post-mortem studies
reveal bone metastases in 70% of cases with advanced breast
cancer [21]. On the other hand, in patients in which bone
metastasis is the only metastatic site, the survival time is significantly longer compared to patients with visceral metastases [22]. The prevention of morbidity from metastatic bone
disease is a major issue and needs early and accurate diagnosis. The visualization of bone metastasis with Tc99m-MDP bone
scintigraphy is based on the osteoblastic response to the bone
destruction by cancer cells. Tc99m-MDP may have lower specificity due to benign conditions with osteoblastic response,
including the flare response of metastatic bone disease to the
treatment. In their meta-analysis, Shie et al. [23] indicated that
the main advantages of 18F-FDG PET/CT in the evaluation of
bone metastasis are higher rates of specificity and the potential
for monitoring the therapy response [23]. In our study group,

FIGURE 1. A 61-year-old female patient with invasive ductal
carcinoma. She had T2N0 (IIA) disease. A 1.3 cm hypermetabolic
(maximum standardized uptake value (SUVmax): 8.1), hypodense
lesion at the right lobe, segment 5 of the liver, was detected. The
patient stage was modified as “4” following positron emission
tomography with 2-deoxy-2-[fluorine-18]fluoro- D-glucose integrated with computed tomography (18F-FDG PET/CT).

FIGURE 2. A 51-year-old female patient with infiltrating lobular
carcinoma. She had T1N1 (IIA) disease. Positron emission tomography with 2-deoxy-2-[fluorine-18]fluoro- D-glucose integrated
with computed tomography (18F-FDG PET/CT) revealed multiple
bone metastases. Lytic and hypermetabolic lesion (maximum
standardized uptake value [SUVmax]: 7.9) located at the T3 vertebra is shown in the figure.

a lymph node is a limiting factor for PET/CT [7]. Among 5
patients with false-negative axillary lymph nodes on PET/CT,
3 had millimetric metastatic foci. Furthermore, the clinical
significance of millimetric metastatic involvement and even
the necessity of axillary node dissection have been debated in
the recent years [17,18]. Another point is that the detection/
visualization of extra-axillary lymph nodes with SLNB in lymphatic mapping studies differs in relation to the technique
used. Lymphatic mapping done with superficial injection
techniques (subareolar or periareolar) is preferred in many
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TABLE 6. A comparison of initial breast cancer staging and that following 18F-FDG PET/CT
Initial
2A
43
TNM
T1N1M0: 20
T2N0M0: 23

Final
2A
35

1

-

Final
3A
44

3C
14

Initial
3B
16

4
24

TNM
T4N1M0: 11
T4N2M0: 5

Ex-ax RLN

7
4
4

Final
2B
46

6
4
1

4
18

2
2
-

2
5
12
4
2
9
1

Final
3B
5

3C
1

4
10

1
-

-

Ex-ax RLN

Intramammary
Supraclavicular
Infraclavicular
Distant metastasis
Bone
Lung
Liver
NRLN
Other

15
8
4
15
5

3C
2

Ex-ax RLN
Intramammary
Supraclavicular
Infraclavicular
Distant metastasis
Bone
Lung
Liver
NRLN
Other

5
1
1
1
-

Intramammary
Supraclavicular
Infraclavicular
Distant metastasis
Bone
Lung
Liver
NRLN
Other
Initial
3C
24
TNM
T2N3M0: 5

Initial
2B
66
TNM
T2N1M0: 63
T3N0M0: 3

4
7

Ex-ax RLN*
Intramammary
Supraclavicular
Infraclavicular
Distant metastasis*
Bone
Lung
Liver
NRLN
Other

Initial
3A
82
TNM
T1N2M0: 17
T2N2M0: 32
T3N1M0: 17
T3N2M0: 16

3C
1

8
2
2
5
-

Final
3C
19

4
5

Intramammary

1

-

Supraclavicular
Infraclavicular
Distant metastasis
Bone
Lung
Liver
NRLN
Other

1
-

-

Ex-ax RLN

3
1
3
-

Extra-axillary regional lymph node and distant metastatic findings that led to the stage modification are given as number of patients having metastasis at the particular site. 18F-FDG PET/CT: Positron emission tomography with 2-deoxy-2-[fluorine-18]fluoro- D-glucose integrated with computed
tomography; TNM: Tumor, node and metastasis; Ex-ax RLN: Extra-axillary regional lymph nodes; NRLN: Non-regional lymph nodes

a bone scan was performed only in symptomatic patients
with negative 18F-FDG PET/CT results. In these 43 patients,
there was no additional benefit of the bone scan; furthermore,
a number of false-positive findings related to benign lesions
were observed.
The presence of either metastatic extra-axillary regional
lymph nodes or distant metastases changes the stage, and
therefore, the management of the disease. In our study group,

comprised mainly of patients with the stage IIA to IIIC disease, the overall upstaging rate was 35%. The percentage of
patients with upstaging in each stage group indicated a significant contribution of PET/CT to the upstaging, starting from
the stage IIA. Currently, the NCCN guidelines recommend
the utilization of 18F-FDG PET/CT in staging breast cancer,
starting from the stage IIIA (T3, N1, and M0) [6]. Moreover,
other studies showed the benefit of using 18F-FDG PET/CT in
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TABLE 7. Number and percentages of patients with stage
modification following 18F-FDG PET/CT
Histological subtype
IDC
ILC
IDC+ILC
IC
Other
Total

Stage modification
No
Yes
Total
114
55
169
9
6
15
8
4
12
7
8
15
14
9
23
152
82
234

postoperative period in 51.7% of the cases. Although this limitation decreased the number of patients available for comparative axillary evaluation, it did not affect the evaluation of
extra-axillary lymph nodes and distant metastases. The referral bias can be reduced with well-structured, prospective studies including detailed information on histological subtypes,
size of tumor, and patient demographics.

Rate of upstaging
32.5
40.0
33.3
53.3
39.1
35.0

CONCLUSION

IDC: Invasive ductal carcinoma; ILC: Invasive lobular carcinoma; IBC:
Inflammatory breast carcinoma; 18F-FDG PET/CT: Positron emission
tomography with 2-deoxy-2-[fluorine-18]fluoro- D-glucose integrated
with computed tomography

Our results showed that 18F-FDG PET/CT significantly
contributed the accurate staging and management of breast
cancer, starting from the stage IIA. For axillary staging,
although comparable histopathological and PET/CT data
were limited, PET/CT was not favored over SLNB. In the
patients evaluated postoperatively, the detection of residual
metastatic lymph nodes did not change the radiotherapy field,
since all patients in this group already had widespread metastatic disease in axillary level I and II. However, residual lymph
nodes detected on postoperative PET/CT may affect the subsequent management in patients with isolated metastatic axillary lymph nodes. In the selected group of patients with no
signs of bone metastasis on the PET/CT scan, the Tc99m-MDP
bone scan revealed only false-positive lesions.

staging from the IIB stage [7,8,24]. The 30.3% rate of upstaging
in our IIB group supports these findings. In the literature, the
contribution of 18F-FDG PET/CT to stage IIA disease varies
significantly (4.5%-17%) [7,25-27]. In our study, 9 of 44 (20.5%)
patients with stage IIA disease were upstaged following 18FFDG PET/CT. Both T2N0 and T1N1 disease belong to the
stage IIA, and one of the factors contributing to the variable
results obtained with 18F-FDG PET/CT for stage IIA disease may be a different number of T2N0 and T1N1 patients.
Nevertheless, other factors have also been indicated; for example, while Koolen et al. [26] reported a higher rate of upstaging
in T2N0 patients (11%), in the study of Groheux et al. [28], stage
IIA group consisted predominantly of T2N0 patients (T2N0:
34, T1N1:2), and the rate of upstaging was only 5.5%. Another
factor to consider in the upstaged patients in our IIA group
are the histological types of tumor. While the overall incidence
was 6.4% for ILC and 5.1% for ILC + IDC mixed tumors among
the 8 upstaged patients from IIA group, 3 patients had ILC
(37%) and 1 patient had IDC + ILC (12.5%). Three of these 4
patients with ILC/IDC+ILC had bone and 1 had lymph node
metastasis. Although not confirmed in all studies, a significant
number of studies reported a higher prevalence of bone and
bone marrow metastasis in early stage ILC tumors [29-31].
A relatively higher number of ILC patients in our stage IIA
group may explain the higher rate of upstaged patients when
compared to other studies. The tendency of a tumor to metastasize depends on multiple factors, including histological subtypes, size of tumor, and pathophysiological status. Studies
evaluating the imaging modalities lack homogeneity in terms
of tumor and patient characteristics. Therefore, large meta-analytic studies are needed to reach the consensus.
Our comparison of different histological subtypes in relation to the rate of upstaging showed that IBC had the highest
rate of stage modification. This finding is in accordance with a
previous report [2].
The following are the limitations of our study. There was
a lack of homogeneity in the referral group in terms of the
PET/CT imaging timing, since it was performed during the
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