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Chapter 9
Nuclear Medicine Based Methods: PET 
FDG and Other Tracers

Marcelo Tatit Sapienza and Poliana Fonseca Zampieri

9.1  �Introduction

9.1.1  �Basic Aspects of 18F-FDG-PET

Positron emission tomography (PET) allows the assessment of different metabolic 
parameters based on the detection of in vivo biodistribution of intravenously admin-
istered compounds, labeled with positron-emitting isotopes. Short-lived positron 
emitters are used to label several organic molecules, without interfering in their 
biological properties. During image acquisition, the positron emitted by the radio-
pharmaceutical interacts with an electron, and both undergo annihilation, emitting 
two gamma rays in opposite directions. In a typical PET equipment, these rays are 
detected simultaneously by scintillation crystals arranged like a ring around the 
patient in the detector system (Fig. 9.1). PET/CT cameras integrate PET imaging to 
a computed tomography (CT), adding the anatomical and morphological informa-
tion of the CT to the functional information of PET. More recently, PET/MRI scan 
has also become available, allowing the integration of PET and magnetic resonance 
imaging (MRI) in a single study. This chapter will mainly review the application of 
PET/CT in breast cancer but will also discuss some aspects of PET/MR.

Fluorodeoxyglucose (FGD) is the most studied radiopharmaceutical in the eval-
uation of breast cancer. The FDG molecule is a glucose analog, in which a hydroxyl 
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group has been replaced by fluorine-18, obtained in a cyclotron. The uptake of 18F-
FDG by tumor cells occurs through non-insulin-dependent glucose transport sys-
tems (GLUTs 1 and 4) and, like glucose, undergoes phosphorylation due to 
hexokinase. Phosphorylated FDG does not progress in the metabolic pathway 
beyond this step and remains trapped in the tumor cell (Fig. 9.2). Most breast can-
cers present increased metabolic activity, although there are variations according to 
tumor characteristics and histology, to be discussed below.
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Fig. 9.1  Two gamma rays 
are emitted after a positron 
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Fig. 9.2  FDG is transported by GLUTs and metabolized in FDG-6P by hexokinase but does not 
follow the subsequent glycolysis steps, being accumulated in the cell
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PET/CT study is usually acquired 60 min after administration of 18F-FDG to the 
fasting patient, who needs to remain at rest during the interval. Visual analysis is the 
basis for interpreting a PET/CT study. Semiquantitative measures can help to com-
pare or monitor the degree of metabolic uptake, the most used being the SUV – stan-
dardized uptake value. SUV refers to the activity in a given volume of interest in 
relation to the total activity administered, corrected by the patient’s weight.
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Other tissues also show physiological uptake of FDG.  Among the organs with 
intense physiological uptake of 18F-FDG is the brain, impairing the ability to detect 
metastases at this site. Activity in the kidneys, ureters, and bladder resulting from 
the excretion of the radiopharmaceutical generally does not interfere with the inter-
pretation of the study. It should also be remembered that inflammatory changes with 
infiltration by macrophages or granulation tissue (e.g., postoperative) have high 
metabolic activity and may lead to a false-positive study. Other causes of false-
positive studies in the breast include benign conditions such as breast changes in 
pregnancy and lactation (Fig. 9.3), gynecomastia, mastitis, fat necrosis (Fig. 9.4), 
fibroadenoma, intraductal papilloma, and atypical ductal hyperplasia [1].

a b

c

Fig. 9.3  FDG PET scan of a 39-year-old breastfeeding patient demonstrating diffuse intense 
activity in both breasts on MIP (a) and axial PET/CT (b), without tomographic lesions (c)
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9.2  �18F-FDG-PET/CT Indications in Breast Cancer

The National Comprehensive Cancer Network (NCCN) Guidelines do not indicate 
PET/CT in the staging of clinical stages I and II or operable stage III breast cancer. 
FDG PET/CT is suggested to be most helpful in situations where standard staging 
studies are equivocal or suspicious, especially in the setting of locally advanced or 
metastatic disease [2]. Regarding surveillance, the American Society of Clinical 
Oncology and NCCN guidelines recommend only regular history, physical exami-
nation, and mammography for breast cancer routine follow-up. Systematic 18F-FDG 
PET/CT is not indicated [3].

Although not appropriate for all patients with breast cancer, the use of 18F-FDG 
PET/CT can have an impact on patient care in multiple settings, including initial 
staging, treatment response assessment, and evaluation of suspected recurrence [4].

Influence of Histologic Subtypes and Receptor Status
Breast cancer is considered as a group of diseases with different molecular charac-
teristics that originate in breast epithelial tissue but have different prognosis, pat-
terns of recurrence, and dissemination after primary multidisciplinary treatments, 
leading to significant changes in diagnostic and therapeutic approaches [5].

18F-FDG uptake depends on the histologic and biologic characteristics of the 
breast tumor and is influenced by its receptor status, grade, and histologic type [3, 
4]. Invasive carcinoma of no special type (NST) exhibits higher uptake than invasive 
lobular carcinoma (ILC) [3, 6]. Lobular breast cancers may be occult at FDG PET 
even with large dimensions [4]. This is probably due to the lower density of tumor 

a b

Fig. 9.4  Restaging FDG PET/CT scan in a patient suspected of having recurrent breast carci-
noma. Axial fusion (a) and dedicated CT (b) images show areas of fat necrosis with increased 
FDG uptake
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cells in lobular carcinomas, lower expression of GLUT1, lower proliferation rates, 
and diffuse infiltrative tumor growth patterns into surrounding tissue, which may 
lead to false-negative scans [3]. Untreated osseous metastases from ILC are more 
likely sclerotic and missed by FDG PET than IDC metastases, showing a lower 
avidity and uptake similar to the background. In addition, ILC differs from NST in 
its patterns of metastatic spread, with a greater propensity to metastasize to the gas-
trointestinal tract and retroperitoneum, which are areas often difficult to assess with 
FDG PET as they are common sites of physiologic and variable FDG avidity [4].

Estrogen receptor (ER)-negative tumors and grade 3 cancers have significantly 
higher FDG avidity than ER-positive tumors and lower-grade malignancies [4]. 
Also, triple negative breast cancers demonstrate particularly elevated uptake of fluo-
rodeoxyglucose (FDG) on PET. They are also known to result in early metastatic 
disease and have a propensity for extra skeletal metastases, increasing the impor-
tance of imaging for systemic staging [6] (Fig. 9.5).

Human epidermal growth factor receptor 2 (HER2)-positive breast cancers are 
characterized by a high expression of HER2 gene, which promotes tumor growth 
and progression and therefore tends to be more aggressive and FDG avid. Poorly 
differentiated tumors are more aggressive tumors and are more FDG avid [7]. There 
is also a positive correlation between the tumor proliferation index (Ki-67 expres-
sion) and the intensity of 18F-FDG uptake [3].

Question  Is the sensitivity of FDG PET similar for lobular and invasive carcinoma 
of no special type breast cancer? Why?

a b c

d e

Fig. 9.5  Restaging with PET/CT in a patient with triple negative breast cancer presenting with 
reduction of strength in the left hemibody. MIP (a), sagittal PET/CT fusion (b), and axial PET/CT 
fusion (c–e) images show multiple metastasis with intense FDG uptake on the central nervous 
system, lungs, liver, and bones
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9.2.1  �Primary Breast Tumor Detection and Staging (T)

FDG PET/CT is not indicated for screening in early-stage cancers [8]. Although it 
offers the opportunity to provide an overview of disease in a single procedure, the 
recommendation against the use of PET scanning is supported by many factors [3, 
8]: it has low sensitivity for the primary breast tumor, and neither FDG PET nor CT 
is sensitive enough to detect breast cancers smaller than 1 cm [4]; the SUV in small 
lesions is susceptible to the partial volume averaging effect, which may lead to a 
lower value. This is further hampered by potential breathing motion artifact, as the 
PET acquisition is performed at tidal volume breathing [8]; 18F-FDG imaging has 
lower sensitivity than the sentinel node technique in assessing axillary lymph node 
involvement, and the risk of distant metastases in early-stage cases is also low [3]. 
In addition to that, there is a high rate of false-positive scans in early-stage cancers, 
leading to unwarranted patient anxiety and delay of care in those patients [3].

However, in high-risk patients like those with inflammatory (T4d) or locally 
advanced breast cancer (LABC), the role of 18F-FDG imaging in detecting local and 
distant metastasis has been highlighted [3]. FDG PET is helpful in local staging and 
particularly helpful in evaluation of internal mammary nodes and distant nodal 
metastasis [7]. It also helps to evaluate the equivocal findings on standard imaging 
and, in some cases, can detect unknown sites of distant metastasis even though the 
standard imaging is negative for lesions [7].

Any FDG-avid breast focus found during staging or surveillance of an extra-
mammary malignancy should be thoroughly investigated in patients with reason-
able life expectancy [8] (Fig. 9.6). These lesions have a 30–40% chance of being 

c d

a b

Fig. 9.6  FDG PET/CT used to stage lung cancer. Lung CT demonstrates partially cavitated pul-
monary nodule (arrowhead in a), and PET/CT shows a solid nodule on the left breast (arrows in b, 
c, and d) with FDG uptake, which was later diagnosed as ductal invasive carcinoma by biopsy
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malignant, including previously unsuspected primary breast malignancies, metasta-
ses to the breast, and breast lymphoma [4]. The likelihood that the lesion is a pri-
mary breast cancer is approximately 6%, and more than half of these will be 
early-stage disease, with potential for cure [8].

Question  An intense area of FDG uptake was detected in the breast of a patient 
during the investigation of a solitary pulmonary nodule. Considering that FDG PET 
is not indicated for detecting a primary breast tumor, do you think this finding 
should be further evaluated?

9.2.2  �Nodal Staging (N)

For the evaluation of locoregional nodal metastases, it is useful to make a distinction 
between axillary and regional extra axillary nodes [4]. Axillary lymph node status is 
one of the main prognostic factors in breast cancer. If there are no palpable lymph 
nodes on clinical examination, the currently accepted approach for axillary staging 
is sentinel lymph node biopsy. This technique has the advantage of detecting even 
micrometastases (<2  mm) or isolated tumor cells [9]. The sentinel lymph node 
biopsy predicts the state of axillary disease with an accuracy greater than 95%. FDG 
PET/CT has poor sensitivity for axillary nodal metastases compared with sentinel 
lymph node biopsy, because clinically relevant axillary nodal metastases are often 
subcentimeter in size. But the specificity of FDG PET/CT for axillary nodes has 
been shown to be far better than its sensitivity. Thus, the presence of an FDG-avid 
axillary node is likely to represent nodal malignancy [4].

Locoregional extra axillary nodes, including internal mammary, infraclavicular, 
and supraclavicular nodes, may be clinically occult and less commonly identified by 
sentinel node evaluation (Fig. 9.7). It is in this group of nodes where FDG PET/CT 
evaluation begins to show value in patient staging through the detection of unsus-
pected extra axillary nodal metastases [4]. Axillary node clearance by axillary dis-
section is usually limited to levels I and II. 18F-FDG uptake suggesting involvement 
at level III (infraclavicular) or in extra axillary locoregional nodes (supraclavicular 
or internal mammary) may have important implications in surgical management and 
in the design of radiation therapy fields [3, 9].

Question  A patient with a palpable axillary node had an FDG PET study acquired 
prior to the surgery. Intense FDG uptake was noted in multiple axillary nodes and 
also in the internal mammary node. What is the practical implication of this finding?

9.2.3  �Metastatic Staging (M)

The most common sites of distant metastasis in breast cancer are bones, lungs, liver, 
and brain, and the conventional imaging studies for detecting distant metastasis 
include contrast-enhanced CT, bone scintigraphy, and MRI [10]. FDG PET/CT has 
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higher sensitivity than conventional modalities for detection of unsuspected distant 
metastasis in patients with locally advanced breast cancer, changing the patient’s 
stage and converting patient’s management from curative-intent therapy by surgery 
with or without neoadjuvant therapy to palliative systemic therapies [4].

Groheux et al. compared a conventional staging approach including bone scan-
ning, chest radiography or dedicated CT, and liver ultrasound or contrast-enhanced 
CT for abdomen–pelvis with a single session of staging with 18F-FDG PET/CT. 18F-
FDG PET/CT outperformed conventional imaging for bone, distant lymph nodes, 
and liver metastases, whereas CT was more sensitive for lung metastases [3]. PET 
lacks sensitivity for detection of infracentimetric pulmonary nodules because of the 
partial-volume effect and respiratory movements. Careful scrutiny of CT images 
from PET/CT can reveal small nodules without 18F-FDG uptake. However, CT per-
formed during free breathing is less efficient than standard diagnostic thoracic CT [3].

For evaluation of bone metastasis in breast cancer patients, both bone scintigra-
phy and FDG PET/CT are convenient whole-body imaging tools [11]. FDG PET 
acts as a tumor-specific tracer and reflects the glucose usage by tumor cells in viable 
metastatic lesions, while bone scintigraphy mainly reflects the response of sur-
rounding bone to cancer. Bone scan may fail to show early response to effective 
therapy and may even show a “flare” related to bone healing. Similar findings may 
occur with other modalities including CT [11, 12]. Metabolic flare may be seen at 
FDG PET, with temporarily increasing FDG avidity after successful therapy; how-
ever, it occurs in the first 1–2 weeks and, thus, is not a confounding issue on scans 

a b

c

Fig. 9.7  Restaging with PET/CT in a patient with breast cancer presenting rising levels of CA 
15-3. MIP (a), axial PET/CT fusion (b), and axial CT (c) images show intense FDG uptake in 
internal mammary lymph node (arrows in a, b, and c)
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that are normally performed months after initiating therapy. Rather, FDG metabolic 
flare may be an indicator of future response to therapy [4].

PET is generally considered to be superior to CT and bone scintigraphy in detect-
ing lytic or mixed bone metastases and bone marrow metastases (Fig. 9.8), but a 
multimodality approach is recommended for the investigation of bone metastases 
due to the low sensitivity of PET in detecting sclerotic bone metastases in some 
cases. In addition, sclerotic lesions without FDG accumulation can be detected on 
CT images of a PET/CT study [13].

FDG PET is not as sensitive as MRI in the evaluation of brain metastases. 
Cerebral cortex is highly FDG avid, and metastases often appear as focal areas of 
hypometabolism, which may also be seen in non-neoplastic entities. Some lesions 
do manifest as focal areas of hypermetabolism, although this can be difficult to 
detect in the setting of normal physiologic gray matter metabolism [14]. Furthermore, 
inflammatory tissue can also exhibit high FDG tracer uptake, diminishing diagnos-
tic specificity [15].

a cb

Fig. 9.8  Metastatic disease in a patient with biopsy-proven breast cancer. Arrows in sagittal PET 
(a) and sagittal CT (b) demonstrate FDG uptake in lytic bone lesions, with no uptake in 18F-NaF 
(sodium fluoride) (c)
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Question  Why, despite the high global sensitivity for breast cancer metastases, 
PET FDG is not indicated for the detection of brain lesions?

9.2.4  �Recurrence

Breast cancer recurrence can be suggested by clinical symptoms, radiologic find-
ings, or rising levels of tumor markers (carcinoma antigen 15-3, carcinoembryonic 
antigen or cancer antigen 125) [3]. 18F-FDG PET/CT has a high diagnostic accuracy 
in detecting breast cancer recurrence in case of elevated levels of serum tumor 
markers, and it can be used in addition to conventional imaging techniques [16] 
(Figs. 9.9 and 9.10). The European Society for Medical Oncology (ESMO) guide-
lines and NCCN suggest that FDG PET/CT can be useful for identifying the site of 
relapse when traditional imaging methods are equivocal or conflicting, because it 
allows better discrimination between posttreatment scar or fibrosis and viable tumor 
tissue [17]. Moreover, this imaging modality can improve the identification of iso-
lated locoregional relapse as well as isolated metastatic lesions, that is, a situation 
where patients may benefit from a more aggressive multidisciplinary approach [17]. 
PET/CT is also efficient in patients with suspected recurrence but with negative 
tumor marker results [3].

a b

c

Fig. 9.9  PET/CT in a patient with breast cancer presenting rising levels of tumor markers. MIP 
(a), axial PET/CT fusion (b), and axial CT (c) images show FDG uptake on mediastinal soft tissue 
mass (arrows in a, b, and c)
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9.2.5  �Response Assessment to Neoadjuvant 
Chemotherapy (NAC)

Breast cancer response to NAC has traditionally been assessed by conventional 
imaging modalities, which sometimes have difficulties in differentiating fibrosis 
from residual tumors. 18F-FDG PET/CT and enhanced MRI are used in this clinical 
setting [18]. Studies using 18F-FDG PET/CT to monitor early tumor responses to 
NAC showed a moderate accuracy to identify pathological responses in breast can-
cer patients, with better results than mammography, sonography, and MRI in pre-
dicting pathologic complete response (pCR) during NAC for locally advanced 
breast cancer [19].

18F-FDG PET/CT can differentiate changes in tumor glucose metabolism before 
morphologic changes. The decrease in 18F-FDG uptakes in tumors after chemo-
therapy is an indicator to assess the treatment response in triple-negative breast 
cancer (TNBC) and HER2-positive subtypes [18, 20]. Enhanced MRI can provide 
information on lesion microvasculature and depict changes in the physiologic char-
acteristics of tumors [18]. PET/MRI holds the promise to improve therapy-response 
evaluation because it has the high sensitivity of PET and the high specificity of the 
MRI component [18].

a b

Fig. 9.10  PET/CT in a patient suspected of having recurrent breast carcinoma due to back pain. 
Sagittal PET/CT fusion (a) and sagittal CT (b) images show mixed bone lesion on the vertebral 
body of L4, consistent with metastatic disease
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9.2.6  �Response Assessment in Metastatic Disease

Accurate assessment of treatment response is vital to provide the most effective 
therapy as well as to avoid unnecessary treatment escalation [21]. The current stan-
dard of measuring treatment response in metastatic breast cancer relies on size mea-
surements of tumors, usually on CT [4]. Nonetheless, there are some inherent 
limitations in the size criteria. Distinguishing viable from nonviable residual tumor 
tissue is often difficult, and osseous metastases are in general nonmeasurable [22]. 
Metabolic changes measured by FDG PET may better predict treatment response 
than anatomic changes because PET/CT can differentiate active tumors from post-
therapeutic changes and assess metabolic activity in osseous metastases [4, 22]. 
18F-FDG PET/CT seems to be accurate in directing treatment of metastatic bone 
disease as it reflects tumor activity, which is structurally difficult to be assessed by 
CT scan alone or by bone scintigraphy (Fig. 9.11). The latter reflects bone reaction 
against metastatic tumor that increases as the disease responds to treatment [21].

FDG PET was able to distinguish responders from nonresponders after distinct 
and varied courses of hormonal and chemotherapies of breast cancer metastases [4]. 
Riedl et al. showed that metabolic assessment by FDG PET/CT was a better predic-
tor of both progression-free and disease-specific survival than Response Evaluation 
Criteria in Solid Tumors (RECIST) evaluation on CT, and this difference would 
alter overall patient management in 25% of the patients, reducing the morbidity and 
costs of ineffective therapies in clinical practice [22].

a b

c d

Fig. 9.11  Response assessment in a patient with metastatic breast cancer after chemotherapy. 
Pretreatment FDG PET/CT images (a and b) show intense bone lesion FDG uptake in the sternum. 
(b) Follow-up FDG PET/CT images after chemotherapy (c and d) show significant decrease in the 
intensity and extent of FDG uptake in the sternum

M. T. Sapienza and P. F. Zampieri



153

Question  Is FDG PET a good method to assess whether a persistent residual mass 
after therapy corresponds to a viable tumor or fibrosis?

9.3  �Prognostic Value

FDG PET has been found to have also a role in predicting the prognosis of breast 
cancer [23], indicating those patients more likely to progress, also with a correlation 
between SUV measurement and histologic grade, proliferation index, and triple-
negative status [3]. High uptake reflects aggressive tumors and has poor prognosis 
[7]. Although SUVmax is one of the most widely used parameters in clinical set-
tings, it does not show the uptake of the entire tumor mass and may not reflect the 
intratumor heterogeneity sufficiently [23]. Therefore, there has been an increasing 
interest in volumetric parameters such as metabolic tumor volume (MTV) and total 
lesion glycolysis (TLG), which are becoming easier to measure due to commer-
cially available softwares [23]. The metabolic parameters SUVmax, MTV, and TLG 
of the lesion before treatment are related to the recurrence rate. The higher the meta-
bolic parameters of the primary lesion, the greater the possibility of recurrence and 
distant metastasis [24].

9.4  �Other PET Technologies and Tracers

9.4.1  �PET/MR and Positron Emission Mammography (PEM)

After the rapid incorporation of PET/CT into clinical practice for staging and prog-
nostic evaluation of breast cancer patients, hybrid PET/MRI equipment was devel-
oped. MRI provides not only high resolution but also high contrast images and the 
possibility of better tissue characterization with the combination of different pulse 
sequences. MRI sensitivity in the detection of breast lesions is well established, 
especially for patients with limitations in conventional mammographic/ultrasound 
evaluation, such as young women, dense breasts, and multifocal/multicentric 
lesions. Incorporation of metabolic information by FDG PET can increase the spec-
ificity of the method, but care must be taken with false-negative results in cases of 
small tumors (<1–2 cm) and histologic variations such as tubular carcinoma, well-
differentiated, or in situ ductal carcinomas.

PET/MR for breast imaging includes specific position and pulse sequences. 
PET/MR mammography is acquired in the prone position with the breast hanging 
and allows better identification of lesions in the breast and regional lymph nodes 
[25]. MR imaging sequences usually include a T2 fat-suppressed sequence, a T1 
non-fat-suppressed sequence, and post-contrast T1 sequences. Even though there is 
no increase in radiation dose, the additional time spent on a PET/MRI exam should 
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be considered in obtaining additional images. Among the additional MR sequences 
that may be indicated for FDG PET/MR mammography, diffusion-weighted imag-
ing (DWI) is probably the most useful. Restricted diffusion and a low apparent dif-
fusion coefficient (ADC) are observed in tissues with high cellularity, and this 
finding may provide prognostic information on breast cancer patients, although 
false-negative results may occur due to the association of necrotic tissues with 
aggressive tumors. Prognostic information obtained from DWI and FDG uptake 
may be incremental, as they reflect different biological properties of the tumor and 
are not directly correlated, even though when considered as isolated parameters, 
FDG uptake has a higher prognostic value than ADC values [26, 27].

Whole-body PET/MR is limited in the detection of breast lesions. A PET/MR 
mammography, with the acquisition of prone breast imaging using a breast coil, has 
better results in  local assessment for determining the local extent of malignant 
lesions and for surgery planning [28, 29]. Another option is the fusion of breast PET 
and MR based on software. Post-acquisition fusion of PET/CT and MRI, guided by 
landmarks, has shown significant increases in specificity and positive predictive 
value (PPV) for breast lesions, as compared to MR alone [30].

MRI is generally considered to be of low effectiveness in preoperative lymph 
node evaluation. The same limitations of the PET component described in PET/CT 
apply to PET/MR. A PET/MR mammography allows better discrimination of lymph 
nodes than a whole-body study; however, the method is not able to detect minimal 
infiltrations and therefore does not replace a sentinel lymph node biopsy. Despite 
the limited sensitivity, there are situations in which a patient with locally advanced 
disease or during follow-up can benefit from the PET/MR study by detecting the 
metabolic alteration in lymph nodes that are not enlarged or by detecting previously 
unsuspected locoregional extra-axillary lymph node metastases [31]. Local staging 
may be well addressed by hybrid whole body PET/MR, combining the high sensi-
tivity of MR for multifocal disease with the high sensitivity of PET for axillary 
nodal disease [32].

Regarding distant metastases detection, whole-body PET/MRI combination of 
structural and functional information in a single study may be valuable [33]. 
However, it is not yet clear whether there are advantages over performing sequential 
PET/CT and MRI studies. In the detection of distant metastasis, the MR component 
of a whole-body PET/MR will improve detection of lesions in the brain, liver, and 
bones and decrease the sensitivity for small lung lesions as compared to CT.

Low sensitivity of whole-body PET for breast cancer is due to the limited resolu-
tion of the method (5–6 mm). Resolution and lesion detectability can be improved 
using positron emission mammography (PEM). However, limitations arising from 
histological types with low metabolic activity are only partially resolved with these 
devices. PEM equipment consists of detectors arranged as plates, which compress 
the breast and allow the acquisition of images with greater spatial resolution and 
better sensitivity. There is also the configuration with the breast hanging through an 
opening in the examination table, with the PET detector ring positioned below. Both 
systems have limitations for lesions close to the thoracic wall.
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PET mammography reports are preferentially described with a standardized 
interpretation lexicon similar to BI-RADS. Sensitivity and specificity of the method 
are higher than MR in a direct comparison and can contribute to a reduction in 
unnecessary biopsies [34]. Even without the CT exposure, administration of FDG 
implies in a whole-body radiation exposure more than ten times higher than that 
from a two-view screen film mammography [34]. Also, the technical complexity of 
the method, including those related to maintaining a nuclear medicine facility, 
makes it difficult to include PET mammography as a tool for screening or in pri-
mary patient evaluation.

Question  Will PET/MR be a suitable equipment for breast cancer screening in the 
foreseeable future?

9.4.2  �Non-FDG Tracers for Breast Cancer

While 18F-FDG remains the most widely used radiopharmaceutical in PET studies, 
other tracers available or under development have a great prospect of clinical appli-
cation in breast cancer imaging. New radiotracers allow a noninvasive method not 
only for staging but also for assessment of receptor status, metabolic activity, and 
proliferation [35]. The clinical introduction of these radiopharmaceuticals depends 
on factors such as local production and availability, clinical validation, and national 
regulatory agencies approval.

18F-NaF (sodium fluoride) presents high affinity for areas of bone remodeling, 
determined by the fluoride ion exchange in hydroxyapatite crystals. Its higher and 
faster uptake, together with the improved resolution of PET in relation to scintigra-
phy, allows a higher sensitivity than a bone scan, especially for osteoblastic metas-
tasis (Fig.  9.12). However, there is still a need for further cost-benefit analysis 
before the recommendation to replace the methods [36].

18FMISO and 18FAZA are hypoxia markers that have prognostic value. Hypoxia, 
in addition to radioresistance, is associated with greater tumor aggressiveness and 
worse response to treatment, and a boost in hypoxemic tumors may allow optimiza-
tion of radiotherapy results [37].

18F-FLT (fluorothymidine) is a labeled nucleotide that traces DNA synthesis and 
correlates with Ki-67 expression, used as an imaging proliferation marker. FLT PET 
may be used in the assessment of early response to chemotherapy and endocrine 
therapy [38].

18F-FES (fluoroestradiol) and other receptor tracers
18F-FES is currently used to evaluate the estrogen receptor status in breast cancer 
patients, with the advantage of a simultaneous evaluation of multiple sites and of 
sites not accessible to a biopsy. Visual and semiquantitative measures (SUV) in a 
FES PET/CT can identify patients that will most likely benefit from endocrine 
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therapy [39, 40]. Clinical trials are currently under way to assess the value of FES 
PET/CT as predictive marker of response to endocrine therapy.

18F-Fluoro Furanyl Norprogesterone (18F-FFNP) is a progesterone receptor 
tracer, also under evaluation to determine its value as a predictor of response to 
hormone therapy [41].

89Zr-trastuzumab is one of many different tracers developed to study human epi-
dermal growth factor type 2 (HER2) receptor status. HER2 PET is a possible method 
to predict response to trastuzumab-based therapy [41, 42].

Question  FES PET can be used to evaluate hormone receptor status. Which lesions 
should be presumed to respond to hormonal therapy, those with high or with low 
radiopharmaceutical uptake?

9.5  �Conclusion

18F-FDG PET/CT is indicated for distant metastases detection in patients with 
advanced breast cancer, particularly when other methods are inconclusive. It is also 
indicated to detect suspected recurrence. New tracers and equipment may increase 
the future role of PET imaging in breast cancer patients.

a db c

Fig. 9.12  18F-NaF PET shows multiple areas of increased radioactivity (a, b, and d), predomi-
nantly in the axial skeleton, consistent with osseous metastases. CT image (c) shows both lytic and 
sclerotic bone metastases, demonstrating fluoride uptake only on sclerotic lesions
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