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Detection of distant metastases in patients with locally 
advanced breast cancer: role of 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography and 
conventional imaging with computed tomography scans
Detecção de metástases a distância em pacientes com câncer de mama localmente avançado: papel 
da tomografia por emissão de pósitrons/tomografia computadorizada com 18F-fluordesoxiglicose  
e exames de imagem convencional com tomografia computadorizada
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Objective: To evaluate positron emission tomography/computed tomography (PET/CT) and conventional imaging tests for the detec-
tion of distant metastases in patients with locally advanced breast cancer.
Materials and Methods: We included 81 patients with breast cancer who had undergone 18F-fluorodeoxyglucose (FDG) PET/CT 
before treatment. Conventional imaging included the following: bone scintigraphy; chest X-ray (in 14.5%) or CT (in 85.5%); and 
abdominal ultrasound (in 10.8%), CT (in 87.8%), or magnetic resonance imaging (in 1.4%). Histopathology and clinical/imaging 
follow-up served as reference.
Results: Distant metastases were observed in nine patients (11.1%). On patient-based analysis, conventional imaging identified 
distant metastases in all 9 patients. In one patient, the initial 18F-FDG PET/CT failed to demonstrate bone metastases that was evi-
dent on bone scintigraphy. In two patients, the CT scan failed to show extra-axillary lymph node metastases that were identified on 
18F-FDG PET/CT. There was no significant difference between 18F-FDG PET/CT and conventional imaging in terms of their sensitivity 
for the detection of distant metastases in patients with locally advanced breast cancer.
Conclusion: This study showed that 18F-FDG PET/CT and conventional imaging with CT scans had similar sensitivity for the diagno-
sis of distant metastases in patients with locally advanced breast cancer. 18F-FDG PET/CT can add information about extra-axillary 
lymph node involvements.

Keywords: Breast neoplasms; Positron-emission tomography; 18F-fluorodeoxyglucose.

Objetivo: Avaliar a tomografia por emissão de pósitrons/tomografia computadorizada (PET/TC) e os exames de imagem convencio-
nais na detecção de metástases em pacientes com câncer de mama localmente avançado.
Materiais e Métodos: Oitenta e uma pacientes com câncer de mama foram submetidas a PET/TC com 18F-fluordesoxiglicose (18F- 
FDG) antes do tratamento. Os exames de imagem convencionais incluíram cintilografia óssea, radiografia (14,5%) ou TC (85,5%) do 
tórax, e ultrassonografia (10,8%), TC (87,8%) ou ressonância magnética (1,4%) do abdome. A histopatologia e o seguimento clínico- 
imaginológico foram usados como padrão ouro.
Resultados: Metástases a distância foram observadas em 9 pacientes (11,1%), sendo identificadas em todas as pacientes pelos 
exames de imagem convencionais. A PET/TC inicial não demonstrou metástase óssea em uma paciente, que foi identificada na 
cintilografia óssea. A TC não mostrou metástases em linfonodos extra-axilares, que foram demonstradas na PET/TC, em duas pa-
cientes. Não houve diferença estatisticamente significante entre a PET/TC e os exames de imagem convencionais na detecção de 
metástases a distância nas pacientes com câncer de mama localmente avançado.
Conclusão: Este estudo mostrou que a PET/TC e os exames de imagem convencionais têm sensibilidade similar no diagnóstico de 
metástases a distância nas pacientes com câncer de mama localmente avançado. A PET/TC pode adicionar informações sobre o 
envolvimento de linfonodos extra-axilares.

Unitermos: Câncer de mama; Tomografia por emissão de pósitrons; 18F-fluordesoxiglicose.
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INTRODUCTION

Breast cancer is the most common cancer and the 
leading cause of cancer deaths among women worldwide. 
The presence, extent, and location of distant metastases 
are key prognostic factors in breast cancer patients and 
play a central role in therapeutic planning. In some cases, 
surgical removal of primary breast tumor may be unnec-
essary, and in other cases, the presence of metastases 
may modify systemic or combined therapy. Therefore, it 
is standard practice to search for distant disease prior to 
initiating a treatment regimen with curative intent. Vari-
ous imaging methods, such as bone scintigraphy, liver ul-
trasound, chest X-ray, and computed tomography (CT), 
are currently used for this purpose(1,2).

18F-fluorodeoxyglucose positron emission tomogra-
phy/CT (18F-FDG PET/CT) has been widely utilized for 
the diagnosis, staging and restaging of different types of 
cancer. For breast cancer patients, 18F-FDG PET/CT has 
been shown to play a role in the detection of distant me-
tastases and, tumor recurrence, as well as in the evalu-
ation of treatment responses(3,4). However, most studies 
of the topic have included women with known recurrent 
metastatic disease, or have studied the use of 18F-FDG 
PET/CT in the evaluation of treatment responses.

Distant metastases at diagnosis are seen more often 
in patients with large tumors or axillary lymph node me-
tastases(5,6). Preliminary studies have shown that per-
forming 18F-FDG PET/CT for the initial staging of locally 
advanced breast cancer might modify the treatment plan-
ning by revealing occult distant metastases(7,8). However, 
18F-FDG PET/CT is not currently a routine imaging mo-
dality for early breast cancer staging.

The aim of this study was to evaluate 18F-FDG PET/
CT and conventional imaging techniques in terms of their 
ability to detect distant metastases in patients with locally 
advanced breast cancer.

MATERIALS AND METHODS

This was a single-center study conducted at a tertiary 
hospital. The study was approved by the local institutional 
ethics review board. We retrospectively evaluated 81 pa-
tients with locally advanced breast cancer who were sub-
mitted to 18F-FDG PET/CT before the initiation of treat-
ment with neoadjuvant chemotherapy. Histopathology, 
when available, and clinical follow-up, as well as imaging 
follow-up studies, served as the reference to determine 
whether or not distant metastases were present.

PET/CT was performed on dedicated equipment 
(Gemini PET/CT system; Philips Medical Systems, Best, 
the Netherlands) after intravenous administration of 
0.154 mCi/kg of 18F-FDG through a peripheral venous 
access, during muscle rest. Patients fasted for 6 h before 
the examination. Before administration of 18F-FDG, se-
rum glucose levels were below 150 mg/dL. Image acqui-
sition was initiated 60–120 min after the injection. The 

complete examination, from the start of image acquisition 
to the evaluation of image quality, lasted approximately 25 
min. All patients underwent non-contrast-enhanced CT 
followed by a PET scan from the head to mid-thigh.

Conventional imaging consisted of bone scintigraphy, 
chest X-ray (in 14.5%), CT (in 85.5%), abdominal ultra-
sound (in 10.8%), abdominal CT (in 87.8%), and abdomi-
nal magnetic resonance imaging (in 1.4%). CT scans were 
performed on a 16-channel multidetector system (Bril-
liance CT Big Bore; Philips Medical Systems). In this 
study protocol, patients received nonionic intravenous 
contrast material for all CT scans.

The interpretation and evaluation of 18F-FDG-PET/
CT and bone scintigraphy images was performed by at 
least two experienced nuclear medicine physicians. Two 
experienced radiologists retrospectively reviewed the CT 
and other conventional imaging studies. Findings were 
classified as “positive”, “inconclusive”, or “negative” for 
metastases. In the final analysis, only positive findings 
were considered representative of metastatic disease. The 
analysis of the results was patient-based and organ-based.

The histological data related to the breast tumor were 
obtained from reports provided by the pathology depart-
ment of the institution. The following parameters were 
observed: histological type; estrogen and progesterone 
hormone receptors; and expression of Her-2 and Ki-67. 
Breast carcinomas were classified into four molecular 
subtypes: luminal A (positive for estrogen or progester-
one receptors, with Ki-67 expression lower than 15%); lu-
minal B (positive for estrogen or progesterone receptors, 
with Her-2 overexpression or Ki-67 expression higher 
than 15%); Her-2 (negative for hormone receptors with 
Her-2 overexpression); and triple-negative (negative for 
estrogen, progesterone and Her-2 receptors).

Statistical analyses were performed by a biomedical 
statistician using the SPSS Statistics software package 
for Windows, version 20.0 (IBM Corporation, Armonk, 
NY, USA). For descriptive analysis, absolute and relative 
frequencies were calculated for all variables. Continuous 
variables were expressed as mean and standard deviation 
when the distribution was normal. To compare continu-
ous variables, we used the Student’s t-test or Mann-Whit-
ney nonparametric test, as indicated. Pearson’s chi-square 
test was used in order to compare categorical variables. 
The level of significance adopted was 5%.

RESULTS

The mean age of the patients was 44.7 ± 12.1 years 
(range, 24–73 years). The mean size of the primary breast 
tumor was 62.2 ± 29.3 mm (range 20–200 mm). Other 
characteristics of the breast tumors are listed in Table 1.

Distant metastases were observed in 9 (11.1%) of pa-
tients evaluated. There was no statistically significant dif-
ference regarding the presence of metastases in relation 
to patient age, tumor size, T stage, histological type, or 
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molecular type (Table 1). The location sites of metastases 
were as follows: bone, in 5 patients (6.1%); the lung, in 1  
(1.2%); the liver, in 1 (1.2%); and the mediastinal, supra-
clavicular, or infraclavicular lymph nodes, in 4 (5.0%).

In the patient-based analysis, conventional imag-
ing identified distant metastases in all 9 patients (100% 
sensitivity), whereas 18F-FDG PET/CT identified distant 
metastases in 8 patients (88.9% sensitivity). In the organ-
based analysis, conventional imaging did not show the 
metastases to the mediastinal lymph nodes that were 
identified on 18F-FDG PET/CT in two patients, both of 
who had metastatic bone lesions (Figure 1). The positivity 
of those lymph nodes was confirmed by percutaneous bi-
opsy in one patient and by clinical follow-up in the other. 
In one patient the initial 18F-FDG PET/CT did not reveal 
a bone metastases that was evident on bone scintigraphy. 
That metastases was confirmed by clinical follow-up, and 
in a subsequent 18F-FDG PET/CT exam. In the remain-
ing cases, metastatic lesions were identified by 18F-FDG 
PET/CT and conventional imaging (Table 2).

On the 18F-FDG PET/CT scans abnormal areas of 
18F-FDG uptake were observed in 9 patients (11.1%). 
In one of those patients (a menopausal woman), the in-
creased 18F-FDG uptake was in the uterine cavity (stan-
dardized uptake value: 12.2) and an endometrioid ade-
nocarcinoma (second primary tumor) was confirmed. All 
other areas of abnormal 18F-FDG uptake were suggestive 
of benign inflammatory lesions, which were confirmed 

Table 1—Breast tumor characteristics and number of patients with metastases 
in each group (n = 81).

Characteristic

T stage
T2
T3
T4

Histologic type
Invasive ductal carcinoma
Others

Molecular type
Luminal A
Luminal B
Her-2
Triple-negative

N

33
27
21

69
12

6
50
8

17

Patients with 
metastases

N

4
1
4

7
2

2
6
1
0

%

40.7%
33.3%
25.9%

85.2%
14.8%

7.9%
61.7%
9.9%

21.0%

%

12.1%
3.7%

19.0%

10.1%
16.7%

33.3%
12.0%
12.5%
0.0%

Table 2—Organ-based analysis of metastatic lesions evaluated by 18F-FDG 
PET/CT and conventional imaging (n = 81).

Metastases site

Bone
Lung
Liver
Lymph nodes

Conventional imaging

5 (100%)
1 (100%)
1 (100%)
2 (50%)

18F-FDG PET/CT

4  (80%)
1  (100%)
1  (100%)
4  (100%)

Total

5  (100%)
1  (100%)
1  (100%)
4  (100%)

on subsequent imaging studies. Benign adnexal lesions 
were identified in two patients, benign thyroid nodules 
with chronic thyroiditis were identified in three, bone de-
generative lesions were identified in two, and increased 
uptake in the gluteus musculature without correlated le-
sions was identified in one.

DISCUSSION

In this case series of patients with locally advanced 
breast cancer, distant metastases were observed in 11%. 
The most common metastatic sites were bone and the 
extra-axillary lymph nodes. We found no significant dif-
ference between 18F-FDG PET/CT and conventional im-
aging in terms of their sensitivity for the detection of dis-
tant metastases in patients with locally advanced breast 
cancer. However, in most of the cases in our sample, CT 
of the chest and abdomen was performed for staging.

Figure 1. 64-year-old woman with breast cancer. 18F-FDG PET/CT showed the 
breast tumor in the right breast (A) with axillary and sternal metastases (B), 
which were also identified on conventional studies. There were also increased 
18F-FDG uptake on small extra-axillary lymph nodes in the internal thoracic 
chain and anterior mediastinum (C), which were not identified  on conventional 
exams.

A

B

C
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18F-FDG PET/CT plays a proven role in the assessment 
of patients with clinical stage II or III breast cancer(9). In 
previous studies that showed PET/CT to be superior for the  
detection of distant metastases in breast cancer patients, 
it was compared with classic conventional imaging tech-
niques, including chest X-ray, liver ultrasound, and bone 
scintigraphy(10–14). According to a meta-analysis, the sen-
sitivity and specificity of PET/CT in the detection of dis-
tant metastases are 97% and 95%, respectively, compared 
with 56% and 91%, respectively, for the conventional im-
aging(15). However, when compared with CT scans, 18F-
FDG PET/CT does not show a significant difference. For 
example, Mahner et al.(16) compared 18F-FDG PET/CT, 
CT scans with conventional imaging (chest X-ray, abdom-
inal ultrasound, and bone scintigraphy) for staging breast 
cancer in 119 patients and found that 18F-FDG PET/CT 
was superior to conventional imaging, although with diag-
nostic accuracy similar to that of CT scans(16).

As observed in present study, distant metastases from 
breast cancer occur most often in the skeleton(6,17). Al-
though the specificity of bone scintigraphy is low, it is 
the primary diagnostic tool to detect bone metastases. Al-
though 18F-FDG PET/CT is more efficient than is bone 
scintigraphy in detecting lytic and mixed bone metasta-
ses, as well as bone marrow involvement, can it lack sen-
sitivity for the detection of sclerotic bone metastases. In 
breast cancer, due to the combination of osteolytic and 
sclerotic bone metastases, bone scintigraphy might still 
add value(18). In one of the patients evaluated in the pres-
ent study, 18F-FDG PET/CT failed to identify a sclerotic 
bone metastases that was identified on bone scintigraphy. 
Preliminary studies suggest that 18F-fluoride PET/CT is 
superior to bone scintigraphy and 18F-FDG PET/CT in 
detecting osteosclerotic metastatic lesions and might be 
useful in evaluating breast cancer patients(19,20).

In two of the patients in our sample, 18F-FDG PET/
CT identified metastases to extra-axillary lymph nodes 
that were not seen on conventional imaging. Many au-
thors have also shown that 18F-FDG PET/CT can provide 
information on extra-axillary lymph node involvement in 
regions that can be difficult to obtain with conventional 
imaging techniques, such as the subpectoral, interpec-
toral, supraclavicular, infraclavicular, internal thoracic, 
and mediastinal chains(10–12). Knowledge of initial extra-
axillary node involvement can be important for guiding 
locoregional adjuvant therapy. However, because of the 
possibility of reactive lymph nodes, caution should be 
exercised, especially in the postoperative setting, and a 
biopsy should be obtained whenever possible.

In breast cancer patients, metastases to the liver or 
lung are less common than are those to bone or extra-
axillary lymph node(6,17). In case series, there was only 
one patient with liver metastases and one with lung me-
tastases. Those lesions were identified on 18F-FDG PET/
CT and CT scans. There is little information regarding 

18F-FDG PET/CT in comparison with CT in terms of the 
ability to detect visceral metastases in patients with breast 
cancer. The 18F-FDG PET/CT evaluation of small liver 
metastases and lesions with low metabolic activity might 
be slightly hampered by the greater background activity of 
normal liver tissue(16). In the pulmonary parenchyma, 18F-
FDG PET/CT also lacks sensitivity for detecting smaller 
nodules, because of the partial volume effect and respira-
tory motion. Although careful evaluation of the CT data 
obtained during the hybrid examination can reveal small 
nodules without 18F-FDG uptake, it should be noted that 
standard diagnostic CT of the chest might be more ef-
ficient(3).

Although 18F-FDG PET/CT shows a low false-positive  
rate for the staging of breast cancer, careful attention 
must be paid to normal or altered physiological 18F-FDG 
uptake patterns and benign hypermetabolic disease, in 
order to avoid misinterpretations. As observed in the pres-
ent study, the most common sites of increased 18F-FDG 
uptake in female patients with breast cancer are the thy-
roid glands, where hypermetabolic disease occurs, and the  
ovary/uterus, where there is normal physiological uptake(21).  
However, abnormal 18F-FDG uptake should be evaluated 
in order to exclude metastases and non-breast second 
primary tumors, which are occasionally encountered in 
breast cancer patients(22,23). In our sample, one patient 
presented an endometrial adenocarcinoma as a second 
primary tumor, which was first identified on PET/CT.

Breast cancer subtype seems to be a prognostic factor 
of specific survival and distant metastases rates(17,24,25). 
Hormone receptor-negative tumors (Her-2 and triple-neg-
ative subtypes) have a worse prognosis. However, in the 
present study, the metastases rate was highest for luminal 
tumors. This finding is probably related to the fact that 
the incidence of bone metastases, which is more common 
in luminal tumors, was high in our sample. In addition, 
there is a selection bias because we included only patients 
who subsequently received neoadjuvant chemotherapy. It 
is likely that we included luminal tumors that were of a 
more advanced stage, because patients with early-stage 
tumors are usually refereed directly to surgery. However, 
the triple-negative tumors evaluated in the present study 
showed no distant metastases.

The limitations of our study are the small sample size, 
its retrospective nature, and the fact that not every imaging 
modality was employed in all patients. The small sample  
size could have hindered the identification of statistically 
significant relationships between variables, making it dif-
ficult to generalize the findings to the general population.  
For ethical reasons, histopathologic confirmation of imag-
ing results could not be obtained in all patients, although  
clinical and imaging follow-up was evaluated in those cases.  
We did not evaluate the axillary lymph node status, because,  
in many cases, histological confirmation was not obtained 
before the initiation of neoadjuvant chemotherapy.
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CONCLUSION

In this study, we have shown that 18F-FDG PET/CT 
and conventional imaging have similar sensitivity for the 
diagnosis of distant metastases in patients with locally ad-
vanced breast cancer. Unlike what has been done in other 
studies that have shown 18F-FDG PET/CT to be superior 
to conventional imaging for the detection of distant me-
tastases, CT of the chest and abdomen was performed for 
staging in most of the cases in our sample. However, 18F-
FDG PET/CT can add information about extra-axillary 
lymph node involvement than do conventional imaging 
techniques.
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