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Abstract

Introduction: Breast cancer is the most commonly occurring cancer in women and the
second most common cancer overall. Early diagnosis of recurrent and metastatic disease
in patients with breast cancer is of the highest importance in management of this
disease.

Objective: To evaluate the role of FDG-PET/CT scan in follow up of breast cancer.

Methods: We studied 87 female patients with breast cancer that were referred for an
FDG-PET/CT scan because of elevated tumor markers and negative or equivocal findings
in conventional imaging studies. PET/CT images from January 2018 to March 2019 were
respectively reviewed. All imaging was done at Clinic for Nuclear Medicine, Clinical
Centre University of Sarajevo. All patients underwent a whole-body FDG-PET/CT scan in
a combined PET/CT imaging.

Results: 58 of 87 patients had remote metastases diagnosed with PET/CT (66,6%),
whereas 29 patients (33,3%) did not have any metastasis. 32 (36.8%) patients had bone
metastases. 34 (39.1%) patients had metastasis in lymph nodes of the total number of
patients, 27 (31.0%) had lung metastases and 18 (20,7%) had liver metastasis. 3 (3,4%)
patients had spleen metastasis and 11 patients (12,6%) had recurrent disease.

Conclusion: The FDG-PET/CT scan plays an important role in follow up of breast cancer
patients with a significant clinical impact on further management in these patients.

Keywords: FDG PET/CT; Breast cancer; Follow up.

Introduction

Breast cancer is the most commonly occurring cancer in women and the second
most common cancer overall. There were over 2 million new cases reported in 2018 [1].
It is the most common cancer in women in Europe with an estimated incidence of
562,500 in 2018 [2]. It is also the most common malignancy in women in the United
States and is second only to lung cancer as a cause of cancer death [3].

In the Federation of Bosnia and Herzegovina, breast cancer is the third most
common cause of cancer death overall with a share of 6.6% representing a decrease
compared to 2016 when it was 7.0%. It is the most common cause of cancer death in
women in Federation of Bosnia and Herzegovina. The number of new patients diagnosed
with breast cancer in last year was 569 which represent 18.3% of new cases of all
malignant diseases [4].

The overall management of breast cancer includes the treatment of local disease with

surgery, radiation therapy, or both, and the treatment of systemic disease with cytotoxic
chemotherapy, endocrine therapy, biologic therapy, or combinations of these [3].
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Approximately 30% of breast cancer patients are likely to
develop recurrence [5]. The presence of recurrent local and/or
metastatic disease is generally associated with a poor prognosis
[6]. Therefore it is of great importance to detect any local, regional
or distant metastases as early and as accurately as possible to
further better management of the disease and for therapy planning.

Conventional imaging modality like mammography, chest
radiography, ultrasound (US), CT and MRI are usually the primary
tools used in investigation of recurrent and/or metastatic disease.
Although quite accurate, these imaging modalities do not always
have the ability to precisely detect and localize recurrent disease
mainly because they are not performed for the whole body, but
rather for certain regions of the body. Therefore, it is difficult to
evaluate the full extent of the disease. Also, modalities like CT
and MRI define the nature of lesions, ie, whether they are
benign or malignant, based primarily on their size which can be
a limiting factor for evaluating therapy response [7].

18F Fluorodeoxyglucose Positron-emission tomography
(FDG PET) is a modality that demonstrates abnormal metabolic
features associated with malignancy that often precede
morphologic findings demonstrated with anatomic imaging [8]. It
was found to be a sensitive modality in the assessment of breast
cancer recurrence with a sensitivity ranging from 89% to 100% [9].
However, its specificity is often affected by the lack of anatomical
localization and morphology. This is why hybrid imaging was
introduced. Combined PET/CT systems are increasingly in use in
nuclear medicine. In these systems, the PET images are fused with
CT images and thus provide combined anatomic and metabolic
imaging. The CT imaging is used to provide attenuation correction
as well as better anatomic correlation for the PET imaging
component. This modality allows more precise anatomic
localization of PET abnormalities and in general has been shown
to improve diagnostic accuracy compared with FDG PET alone [8].

Metastatic breast cancer is often responsive to systemic
therapy, and although a cure is rarely achieved, with
appropriate therapy, patients often have prolonged survival
and preserved quality of life. FDG PET/CT can be particularly
useful in this setting to evaluate the response of metastatic
breast cancer to systemic therapy, since conventional imaging
is often challenging in this setting.

The aim of this study was to evaluate the role of FDG-PET/
CT scan in follow-up of breast cancer.

Materials and Methods

In our study we evaluated 87 female patients with breast
cancer that were referred for an FDG-PET/CT scan because of
suspicion for recurrent disease, who had elevated tumor markers
or negative or equivocal findings in conventional imaging
studies. PET/CT images from January 2018 to March 2019 were
reviewed. All imaging was done at Clinic for Nuclear Medicine,
Clinical Centre University of Sarajevo. All patients underwent a
whole-body FDG-PET/CT scan in a combined PET/CT imaging.
Approval was obtained from the Ethical Committee of the
Medical Faculty, University of Sarajevo. All patients provided
written informed consent to participate in the study.

Imaging was done on PET/CT GE scanner. The protocol for
the imaging was as following: Patients fasted for at least 6 h before
receiving an intra-venous injection of 3 MBg/kg 18F FDG
(maximum of 370 Mbq). Blood glucose level was measured before
injection of the tracer, to ensure a level below 8.0 mmol/l. The
imaging was done 60 minutes after the injection. First, the CT scan
was performed using the following parameters: 120 mAs, 130 kV,
5 mm slice collimation. Then PET imaging was performed in 3-D
mode with an acquisition time of 3 min per bed position (axial
FOV16.2 cm). Images were acquired from the base of the skull to
the mid-thigh level in the "arms-up” position. The CT acquisition
was used for attenuation correction, fusion and for diagnosis.

The PET/CT imaging was analyzed quantitatively and
qualitatively. Any area of increased FDG uptake was detected
on PET/CT and each lesion was analyzed and characterized as
benign, malignant or equivocal. A lesion with increased FDG
uptake was characterized as benign when it was related to the
physiologic uptake of FDG or to a known non-malignant
process. Areas of increased FDG uptake greater than that of
surrounding tissues, which could not be related to benign or
physiologic FDG uptake or were localized in a suspicious mass
on CT, were characterized as malignant. Any area of FDG
uptake that could not be clearly characterized was diagnosed
as equivocal (either malignant or benign). For quantitative
analysis the maximum standardized uptake value (SUV) was
measured at every site of FDG uptake. The diagnosis of
malignancy was considered for every maximum SUV>2.5.

Results

Out of 87 patients, the youngest patient was 32 years old,
and the oldest was 82 years old. There was no correlation
between the age of the patients and the incidence of the
disease [x2(87)=0.228, P>0.05].

58 of 87 patients (66,6%) had pathological PET/CT studies,
while 29 patients (33,3%) had absence of the disease or
normal PET/CT studies (Figure 1). There was no correlation

between the age of the patients and the incidence of the
metastases of the disease [x2(87)=0.818, P>0.05].

PET/CT findings

m Absence of the disease/normal PET/CT
Figure 1. Results of PET/CT findings in 87 patients.
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Among 58 pathological studies, 11 patients (n =11) had
recurrent disease. There was no correlation between the age
of the patients and the incidence of the recurrence of the
disease [x2(87)=0.992, P>0.05].

34 (39,1%) patients had metastases in lymph nodes, and
32 (36,8%) patients had bone metastases (Figure 2). Lung
metastases were detected in 27 patients (31,0%), whereas 18
patients (20,7%) had liver metastasis (Figure 3). Out of 48
patients with remote metastases, 3 patients (n=3) had spleen
metastasis (Table 1).

Figure 2. 53-year old patient with diagnosed breast cancer 11 years
ago. The patient was referred for evaluation because of elevated
tumor markers; PET/CT scans showed multiple bone metastases

with pathological FDG uptake (SUVmax 18,4).
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Figure 3. 48-yeard old patient with diagnosed breast cancer 3 years
ago. The patient was referred for the evaluation because of a lesion
in the liver that was detected on CT that had not changed in size
over time. PET/CT scans showed high FDG uptake in the liver lesion
(SUVmax 13,0).

Table 1. PET/CT findings in pathological PET/CT scans.

Region/metastases No of patients
Lymph nodes 34
Bone 32
Lungs 27
Liver 18
Spleen 13

There was significant correlation between the age of the
patients and lymph node metastases ([x2(87)=0.02, P<0.05]
and liver metastases [x2(72)=0.04, P<0.05]. For other
metastases there was no significant correlation between the
age of the patients and metastases.

3 patients had neck lymph nodes metastases (n=3), 5
patients had metastases in the lymph nodes of supra et
infraclavicular region (n=5), 9 patients had metastases in
axillar lymph nodes (n=9), 14 patients had metastases in the

lymph nodes in the mediastinum (n=14), 9 patients had
metastases in hilar lymph, and 5 patients had metastases in
the lymph nodes of the abdomen (n=5) (Table 2, Figure 4).

Table 2. Lymph node metastases by region.

Lymph node region No of patients
Neck 3
Supra and infraclavicular 5
Axillar 9
Mediastinum 14
Hilar 9
Abdomen 5

Figure 4. 54-year old patient with diagnosed breast cancer 5 years
ago. The patient was referred for evaluation because of suspected
recurrence; PET/CT scans showed multiple lymph node metastases
(infraclavicular, left axillar, mediastinal et hilar), liver metastases,
multiple bone metastases, and bilateral pleural effusion (SUVmax 22,1).

Discussion

Early diagnosis of recurrent and metastatic disease in
patients with breast cancer is of the highest importance in
management of this disease. Detection of recurrent disease
and distant metastases can affect the course of therapy and
also enable insights into the effectiveness of the current
therapy.

Therefore, it is of significant value to determine a
diagnostic modality that is able to detect the full extent of the
disease, including the number of sites and their localization.

The added value of FDG-PET/CT compared to other
diagnostic modalities is mainly due the fact that a noninvasive
whole body evaluation is possible in a single examination. It
should be performed when there is strong suspicion of
recurrent breast cancer disease.

In their study, Tatsumi et al. examined 69 patients; 61 of
whom were examined because of suspected recurrence or for
follow up. Out of 61 patients PET/CT accurately staged 52, the
sensitivity, specificity and accuracy for the total population
evaluated were 84%, 88%, 86%, respectively [9]. In this study
among 58 pathological studies, 11 patients (11%) had
recurrent disease.
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In a large retrospective study, Manhor et al. investigated
111 patients with clinical suspicion of breast cancer recurrence
or metastatic disease using PET/CT. They showed that PET/CT
is a very sensitive and specific tool in detecting and restaging
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