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Abstract
Purpose  Precise staging is needed to plan optimal management in breast cancer. 18F-fluorodeoxyglucose positron emission 
tomography coupled with computed tomography (FDG-PET/CT) offers high sensitivity in detecting extra axillary lymph 
nodes and distant metastases. This review aims to clarify in which groups of patients staging with FDG-PET/CT would be 
beneficial and should be offered. We also discuss how tumor biology and breast cancer subtypes should be taken into account 
when interpreting FDG-PET/CT scans.
Methods  We performed a comprehensive literature review and rigorous appraisal of research studies assessing indications 
for FDG-PET/CT in breast cancer. This assessment regarding breast cancer served as a basis for the recommendations set 
by a working group of the French Society of Nuclear Medicine, in collaboration with oncological societies, for developing 
good clinical practice recommendations on the use of FDG-PET/CT in oncology.
Results  FDG-PET/CT is useful for initial staging of breast cancer, independently of tumor phenotype (triple negative, lumi-
nal or HER2 +) and regardless of tumor grade. Considering histological subtype, FDG-PET/CT performs better for staging 
invasive ductal carcinoma, although it is also helpful for staging invasive lobular carcinomas. Based on the available data, 
FDG-PET/CT becomes useful for staging starting from clinical stage IIB. FDG-PET/CT is possibly useful in patients with 
clinical stage IIA (T1N1 or T2N0), but there is not enough strong data to recommend routine use in this subgroup. For clini-
cal stage I (T1N0) patients, staging with FDG-PET/CT offers no added value.
Conclusion  FDG-PET/CT is useful for staging patients with breast cancer, starting from clinical stage IIB.
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Introduction

Breast cancer (BC) is the most frequent type of cancer in 
women. In the United States, 281,550 new cases of invasive 
BC and 43,600 deaths in women are expected in 2021[1]. 
Several treatment weapons (surgery, radiation therapy, 
chemotherapy, targeted therapy, endocrine therapy) are 
available. To use optimal treatment for a given patient, how-
ever, the biological characteristics of the tumor and the pre-
cise staging of the disease need to be known. In particular, 

the presence or absence of distant metastases should be 
assessed.

During the last years, 18F-fluorodeoxyglucose positron 
emission tomography coupled with computed tomography 
(FDG-PET/CT) has gained an increasing role in the pre-
treatment staging of breast cancer. FDG-PET/CT has shown 
high accuracy in detecting extra axillary lymph nodes and 
distant metastases. Given the high incidence of BC, costs of 
FDG-PET/CT imaging, radiation exposure, and the incon-
venience associated with possible false-positive findings, it 
is important to determine in which groups of patients stag-
ing with FDG-PET/CT would be beneficial and should be 
offered.

The work of several teams has now allowed to clarify the 
situations in which FDG-PET/CT would be most helpful as 
well as pointing limitations encountered in specific situa-
tions. We summarize the most salient data up to December 
2020 and report conclusions on the role of FDG-PET/CT in 
breast cancer.
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Literature search and methodology used 
for assessing the utility of FDG‑PET/CT 
in various situations at initial staging

Recently, the French Society of Nuclear Medicine 
(SFMN), in collaboration with oncological societies, set 
up a focus group to work on developing good clinical prac-
tice recommendations for the use of PET/CT in oncology. 
A comprehensive literature review and rigorous appraisal 
by a panel of experts, organ specialists, clinical oncolo-
gists, surgeons and imaging specialists has been under-
taken [2]. These good clinical practice recommendations 
have been awarded joint French National Health Authority 
(HAS) and French Cancer Institute (INCa) label status. 
Summary statements of the recommendations have been 
published in the European Journal of Nuclear Medicine 
and Molecular Imaging [2].

Having been in charge of examining the data related to 
breast cancer, we here discuss the arguments that made it 
possible to carry out the recommendations for the use of 
FDG-PET/CT in breast cancer. The literature search strat-
egy in terms of completeness of screening and data extrac-
tion followed the methodology established by the HAS [2].

The method for developing the recommendations was 
based on: (1) critical analysis of the best available scien-
tific data to attribute a level of evidence to conclusions 
drawn from the literature; and (2) the reasoned opinion of 
the working group experts. The recommendations were 
formulated by the multidisciplinary working group based 
on the level of evidence as defined by HAS criteria [2]. 
The recommendations were additionally reviewed by an 
independent panel of experts before being finally adopted. 
The recommendations formulated are graded with two lev-
els of strength:—‘PET/CT is recommended’ means that 
the imaging modality is unanimously recognized by the 
experts as the clinical reference standard.—if a clinical 
service was found to be acceptable on the basis of litera-
ture data or expert opinion but not unanimously recog-
nized as the clinical reference standard, the text states that 
‘PET/CT can be proposed’.

More specifically for breast cancer, the search of litera-
ture (with Medline® as the main database) used the fol-
lowing criteria: adult population, breast cancer, FDG-PET 
or PET/CT. The oncological situations covered included 
(cancer diagnosis and tumor characterization, assessment 
of multifocality and T score, assessment of axillary status, 
staging, prognostic value, restaging for suspected recur-
rence, follow-up, treatment response evaluation). The stud-
ies were selected if “meta-analysis” or “prospective study” 
or “retrospective study” judged of sufficient quality and 
offering the necessary information regarding test perfor-
mance: sensitivity, specificity, positive predictive value, 

negative predictive value. We excluded case reports. The 
literature search and selection process finally retained 157 
references, that served for the issued recommendations [2]. 
For completeness of the present review article, the litera-
ture search was updated to also include all relevant recent 
articles published until Dec. 30, 2020. The level of agree-
ment of the findings from recent studies with the issued 
recommendations is also discussed. In the present rewiew, 
70 relevant articles are cited.

Preamble: Parameters affecting FDG uptake 
in breast cancer tumors

Appropriate interpretation of FDG-PET/CT exams requires 
sharp knowledge of potential false negatives, which might 
result from small tumor size (partial volume effect) or low 
FDG uptake. The main factors influencing tumoral uptake 
are as follows:

–	 Tumor grade: according to the Elston-Ellis modification 
of the Scarff-Bloom-Richardson (SBR) grading system, 
grades 1 or 2 tumors show lower FDG uptake than grade 
3 tumors [3].

–	 Histological subtype: FDG avidity is lower for invasive 
lobular carcinomas than invasive ductal carcinomas [3]. 
Ductal carcinoma in situ (DCIS) usually show lower 
uptake compared with invasive carcinomas.

–	 Proliferation index: FDG uptake is weaker in low-prolif-
erative tumors as assessed by the Ki67 index [4, 5].

–	 p53 status: FDG uptake is higher in tumors with mutated 
p53 [3].

–	 Hormone receptor status: FDG uptake is lower in well-
differentiated estrogen receptor (ER)-positive tumors 
than ER-negative tumors. This is also the case for pro-
gesterone receptor (PR)-positive tumors compared with 
PR-negative tumors [3].

–	 Tumor phenotype: triple-negative tumors i.e., ER nega-
tive, PR negative and having no overexpression of HER2 
(ERBB2) show substantially higher SUVs than other 
tumors. Among luminal tumors, FDG uptake is lower in 
luminal A tumors than in luminal B tumors [6].

Diagnosis of breast cancer and tumor 
characterization

More than twenty studies have evaluated the role of PET 
imaging with FDG (PET or PET/CT systems) for the char-
acterization (benign/malignant differentiation) of a breast 
tumor. The oldest publications have shown encouraging 
results in the detection of primary malignant tumor [7–9]. 
These early studies involved small populations and patients 
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with large breast lesions. The meta-analysis by Sanson 
et al. published in 2002 included data from 13 studies (606 
patients) and made it possible to estimate the sensitivity 
of PET at 89% and its specificity at 80% [10]. However, 
more recent studies with higher proportions of subcentim-
eter tumors has shown poorer performance [11–13]. In the 
study by Kumar et al. [12], among 111 women, FDG PET 
could detect only 41 of the 85 malignant tumors, ie a sen-
sitivity of 48%. The main causes of false negatives were 
small size (≤ 10 mm) and low tumor grade [12]. Thus, 
limited sensitivity is explained by limited spatial resolu-
tion of PET imaging for small subcentimeter, as well as 
some characteristics of the tumor, for example weak FDG 
uptake in the case of lobular carcinoma, low-grade tumor, 
or luminal-A tumor [12, 14].

The specificity is also limited. Some benign tumors, 
such as fibroadenomas can have significant FDG uptake 
[15]. Uptake is usually intense in case of breast infectious 
or inflammatory processes [16]. To improve specific-
ity, some authors recommend recording late images, as 
uptake would usually increase on delayed imaging in case 
of malignancy, while it often decreases in inflammatory 
lesions [17]. However, this method is time consuming, 
and its usefulness has not been validated on large series.

PET systems dedicated to breast imaging, allowing 
positron emission mammography (PEM) have higher 
detection performance than “whole body” PET imag-
ing, especially with regard to sensitivity [18–20]. The 
meta-analysis by Caldarella et al. evaluated eight studies 
including 873 women with breast lesions. The sensitiv-
ity and specificity values of PEM in case of suspected 
breast cancer were 85% (95% CI 83–88%) and 79% (95% 
CI 74–83%), respectively [20]. The included studies were 
heterogeneous in their estimation of sensitivity and speci-
ficity. These systems have not been evaluated on a large 
scale and are not widely available in Europe.

Hybrid PET-MRI imaging has also shown interesting 
performances [21]. In a group of 36 patients, the 37 known 
index cancers were detected by PET and MRI [22].

Incidental breast lesions on FDG-PET examinations: 
among 4038 patients receiving FDG-PET/CT (for a rea-
son other than breast cancer), an FDG-avid breast lesion 
was fortuitously discovered in 33 patients (0.82%); focal 
uptake corresponded to a malignant lesion in 57% of 
patients [23].

In conclusion, FDG-PET/CT has low sensitivity and 
specificity for informing on the malignancy of a breast 
lesion. FDG-PET/CT cannot substitute for biopsy in deter-
mining the malignancy of a breast lesion. When an FDG-
avid focus is seen in the breast during an FDG-PET/CT exam 
performed for other reasons, the possibility of a malignant 
breast lesion cannot be neglected and should be considered.

The following recommendations have been made [2]:

–	 FDG-PET/CT is not recommended for characterizing a 
breast lesion as “diagnosing malignancy”.

–	 When FDG exams performed for other reasons come up 
with an incidental finding of an FDG-avid intra-mam-
mary focus, it is recommended to pursue investigations, 
even though some benign lesions such as fibroadenomas 
may give false-positive uptake.

Assessment of breast cancer multifocality 
and T status (in TNM staging)

Few studies have analyzed the role of PET/CT in determin-
ing the T score of the TNM classification [24]. Due to its 
limited spatial resolution, PET is less sensitive and less 
accurate than MRI for delineating the volume of the pri-
mary tumor and for assessing for multifocality [13, 25]. In 
a group of 40 women undergoing PET/CT and MRI [25], 
MRI assessed the T classification correctly in 77% of cases 
and PET/CT in only 54% of cases (p = 0.001).

Better performances are expected with high-resolution 
PEM imaging [20], as well as with PET/MRI imaging [21, 
22]. In a group of 36 patients, the 37 known index cancers 
were detected by PET and MRI; 47 satellite lesions were 
additionally detected on MRI, of which 23 were avid for 
FDG, with a multifocal/multicentric character in 21 (58%) 
patients [22].

In conclusion, FDG-PET/CT performs sub-optimally on 
delimitating primary tumor volume and assessing for mul-
tifocality; MRI offers greater sensitivity. There is still not 
enough good data on breast-dedicated PEM systems and on 
PET-MRI to conclude on their performances for assessing 
multifocality or determining the T status of a breast tumor.

The following recommendations could be made [2]:

–	 FDG-PET/CT is currently not recommended for assess-
ing multifocality or assessing the T status of a breast 
tumor.

–	 In the future, in the context of multi-centric and rand-
omized studies, PEM and PET-MRI could be evaluated 
to search the multifocality of known breast cancer and to 
assess the T score.

FDG‑PET/CT compared with sentinel lymph 
node biopsy for determining axillary status

The spatial resolution of PET is limited and hence sensi-
tivity is low for small lymph node metastases and micro-
metastases [26–30]. A prospective multicenter study 
investigated PET scan (without CT component) in 360 
women with newly diagnosed invasive breast cancer [26]. 
For the detection of axillary lymph node metastases, the 
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mean sensitivity and specificity of PET were 61% and 
80%, respectively [26]. In the prospective study by Vero-
nesi et al., 236 patients without palpable nodes underwent 
FDG-PET and sentinel lymph node biopsy; only 37% of 
positive sentinel nodes were detected by PET [27]. A 
meta-analysis evaluated the performance of PET (with 
or without CT) for depicting axillary involvement [30]. 
Among 19 studies with stand-alone PET (1729 patients), 
the sensitivity was 66% (50–79%) and the specificity, 93% 
(89–96%). Among seven studies based on PET/CT (862 
women), sensitivity was 56% (44–67%) and specificity 
96% (90–99%) [30]. For assessing axillary status, PET/
CT does not appear to be superior to ultrasound [31] or 
MRI [32].

Nevertheless, the presence of FDG-avid axillary foci is 
suggestive of malignancy with a positive predictive value 
exceeding 80% in most studies [27, 33].

In conclusion, the spatial resolution of PET imaging is 
insufficient for depicting small axillary node metastases.

The following recommendations have been made [2]:

–	 FDG-PET/CT is not recommended to replace sentinel 
lymph node biopsy.

Initial workup and assessment of N 
and M status in the TNM‑AJCC “anatomic” 
classification

FDG-PET/CT has shown high performance for the pre-
treatment workup of inflammatory and locally advanced 
breast cancer [16, 34–38] (Figs. 1, 2). A recent systematic 
review showed that FDG-PET/CT outperforms conventional 
imaging procedures for the detection of locoregional and 

Fig. 1   A 54 years, menopaused woman with an invasive ductal car-
cinoma of the right breast, grade 3, ER-, PR-, HER2 + . Examination 
and palpation show a mass of 80 mm, with inflammation of the skin, 
fixed axillary lymph nodes metastasis and no supraclavicular lymph 
nodes: TNM classification before PET/CT is cT4d cN2a cM0 (stage 

IIIB). PET/CT shows the primary breast cancer with axillary lymph 
nodes (level I, II and III), supra-clavicular and internal mammary 
lymph nodes: TNM classification after PET/CT is T4 N3c M0 (stage 
IIIC). PET/CT fusion images show FDG uptake in the primary tumor 
and in internal mammary lymph nodes
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distant metastases in the diagnostic workup of inflamma-
tory breast cancer patients [39]. The definition of locally 
advanced breast cancer varies somewhat in the literature. 
According to the National Comprehensive Cancer Network 
(NCCN), it corresponds to American Joint Committee on 
Cancer (AJCC) stages IIIC, IIIB and IIIA (except for T3N1 
tumors). LABC have thus at least one of the following: T4 
or N2 or N3 [24, 40, 41] (Table 1). Several studies have also 
highlighted the role of FDG-PET in less advanced stages 
(Fig. 3) [42–53].

Contribution of PET/CT in the assessment 
of extension of breast cancer

FDG-PET/CT allows on a single “whole-body” examination 
to assess for locoregional as well as distant metastases [42, 
43, 46, 48].

With the CT component of hybrid PET/CT imaging, it 
is possible to distinguish involved lymph nodes located at 

axillary Berg level III (infra-clavicular area, supero-medial 
to the pectoralis minor muscle), from those located in the 
lower axillary level I and II [48, 54]. This information 
is useful because dissection of axillary lymph nodes is 
usually limited to levels I and II. PET can also assess for 
extra-axillary regional node disease (supraclavicular area 
and internal mammary chain) (Figs. 1, 2) [48, 54].

Based on available data, the positive predictive value 
(PPV) of FDG-PET/CT for foci identified in usual drain-
age areas of BC is rather high [55, 56]. In our prospective 
study, we could also confirm the high PPV of FDG-PET/
CT [38]. This might justify RT on the basis of FDG finding 
when biopsy is difficult to obtain. The possibility of false-
positive should be considered, however, notably if imaging 
is performed in the post-operative setting. The possibility 
of inflammatory nodes due to recent vaccination against 
Covid-19 should also be in mind [57].

Fig. 2   Same patient as seen in Fig. 1. PET/CT fusion images show numerous hypermetabolic lymph nodes in the axillary area (level I to level 
III) and in the supra-clavicular area
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PET/CT is very effective in detecting occult distant 
metastases (except for brain), with performances superior 
to those of conventional imaging.

PET/CT is more sensitive and more specific than con-
trast-enhancement CT or bone scan to detect lytic or mixed 
bone metastases, or bone marrow involvement [42, 48, 
58]; FDG uptake is more variable in osteoblastic metas-
tases, and careful reading of the CT-scan data from PET/
CT can help detect them [54]. In a study of 23 breast can-
cer patients with bone metastases, PET/CT detected more 
lesions than bone scintigraphy (mean 14.1 vs. 7.8 lesions, 
respectively, P < 0.01) [59]. However, in the subgroup of 
patients with osteoblastic lesions, FDG-PET/CT showed 
less metastases than bone scintigraphy (P < 0.05). Higher 
SUV values were observed for osteolytic lesions compared 
to osteoblastic lesions (mean: 6.77 vs. 0.95, respectively, 
P < 0.01). Survival was lower in patients with osteolytic 
disease compared to others (P = 0.01) [59]. Also, osteo-
blastic lesions with no FDG uptake had a better prognosis 
[59].

Several other studies have shown that bone scintigraphy 
is not useful when PET/CT is performed [38, 48, 58]. In a 
group of 163 women with breast cancer, results of PET/CT 
and bone scintigraphy were concordant in 132 cases (both 
examinations were positive in 32 women and both were neg-
ative in 100 women) [58]. Among 31 women (19%) with 
discordant results, 12 had a biopsy confirming bone metas-
tases: 9 cases were PET/CT positive and bone scintigraphy 
negative, 1 was PET/CT positive and bone scintigraphy 
equivocal and the last 2 were PET/CT equivocal and bone 
scan negative [58].

PET/CT is also quite effective in detecting extra-skeletal 
metastases, including, distant nodal disease, pleural, hepatic, 
splenic, adrenal, and pelvic metastases [42–52]. In a group 
of 117 patients with locally advanced breast cancer, PET/
CT enabled the detection of distant metastases in 43 patients 
(37%) [38]; the metastatic sites were: bone (n = 30), distant 
lymph nodes (n = 19), liver (n = 10), lungs (n = 6) and pleura 
(n = 2). The sensitivity, specificity, positive predictive value, 
negative predictive value and accuracy for the diagnosis of 
bone lesions were 76.7%, 94.2%, 82.1%, 92.1% and 89,7% 
respectively for planar bone scintigraphy and 100%, 97.7%, 
93.7%, 100% and 98.3% for FDG-PET/CT [38]. The sen-
sitivity, specificity, positive predictive value, negative pre-
dictive value and accuracy for the diagnosis of pulmonary 
metastases were respectively 100%, 98.2%, 77.8%, 100% 
and 98.3% for dedicated chest CT and 85.7%, 98.2%, 75%, 
99.1% and 97.4% for PET/CT. In this study, therefore, PET 
was less sensitive than a chest CT scan to detect small lung 
nodules, which could be explained by the partial volume 
effect and respiratory motion [38]. The sensitivity, speci-
ficity, positive predictive value, negative predictive value 
and accuracy for the diagnosis of pleural metastases were 
respectively 50%, 100%, 100%, 99.1% and 99.1% for the 
dedicated CT and 100%, 99.1%, 66.7%, 100% and 99.1% for 
FDG-PET/CT. Regarding distant lymph node involvement, 
18 patients had supra diaphragmatic involvement (cervical, 
mediastinal, hilar or contralateral axillary lymph nodes) on 
PET/CT and four patients had FDG uptake in abdominal 
and/or pelvic lymph nodes [38]. Out of the 117 patients, 10 
had liver metastases. PET/CT depicted all nine cases identi-
fied by abdominal CT and/or liver ultrasound as well as one 
additional patient [38]. Moreover, in 3 other patients, PET/
CT made it possible to clarify doubtful images of conven-
tional imaging [38]. In one patient, hepatic ultrasound sug-
gested metastases (false positive). A second patient had a 
biliary cyst and the last patient had a hepatic angioma; these 
lesions had no FDG uptake [38].

In another study, including 60 patients, the sensitivity 
and specificity of PET/CT to detect distant metastases were 
100% and 98%, respectively (vs. 60% and 83% for conven-
tional imaging) [43]. PET/CT allowed to detect hepatic 
metastases in two patients [43]. The liver ultrasound showed 
suspicious lesions in five women, which were ultimately 
benign (three angiomas and two cysts) [43].

In another recent study, of 103 women, 24 (23%) were 
diagnosed with distant metastases by FDG-PET/CT [60]. 
Based on these findings, breast surgery was omitted in 
18. Another sixteen patients (16%) were upstaged to more 
advanced loco-regional disease, leading to more exten-
sive radiotherapy. Sensitivity and specificity for diagnos-
ing distant metastases were 1.00 (95% confidence interval: 
0.86–1.00) and 0.95 (0.88–0.99), respectively. Twenty-
nine incidental findings were detected in 24 women (23%), 

Table 1   TNM Stage grouping for breast cancer according to the 
AJCC Cancer Staging Manual [24]

AJCC TNM NCCN

Stage I T1 N0 M0 Primary operable breast cancer
Stage IIA T0 N1 M0

T1 N1 M0
T2 N0 M0

Stage IIB T2 N1 M0
T3 N0 M0

Stage IIIA T3 N1 M0
T0 N2 M0 Locally advanced breast cancer
T1 N2 M0
T2 N2 M0
T3 N2 M0

Stage IIIB T4 N0 M0
T4 N1 M0
T4 N2 M0

Stage IIIC Any T N3 M0
Stage IV Any T Any N M1 Metastatic disease



227Clinical and Translational Imaging (2021) 9:221–231	

1 3

leading to further examinations in 22 and diagnosis of eight 
(8/22, 36%) synchronous diseases: cancer (n = 4), thyroiditis 
(n = 2), aorta aneurysm (n = 1), and meningioma (n = 1). The 
authors concluded that FDG-PET/CT should be considered 
for primary staging in high-risk primary breast cancer to 
improve treatment planning [60].

Impact of tumor biological characteristics on results 
of FDG‑PET/CT distant workup

As discussed previously, besides small tumor size, the main 
factors limiting sensitivity of FDG breast cancer imaging 
are low tumor grade, low proliferation, high expression of 
hormone receptors (especially luminal A phenotype), and 
lobular histologic type [3].

In a prospective study of 254 patients at Saint-Louis Hos-
pital in Paris, Groheux et al. investigated whether the num-
ber of metastases detected with PET/CT differed according 
to the grade or subtype of the primary tumor [48]. The rates 

of extra-axillary lymph node metastases on FDG-PET/CT 
were higher in grade-3 than in low-grade tumors (P = 0.004) 
and in triple negative or HER2 + tumors compared to ER + /
HER2- tumors (P = 0.01). The rate of distant metastases, 
however, was not related to tumor grade or breast cancer 
subtype [48], a finding which was also confirmed by other 
studies [51, 61]. Let us note, however, that the distribution 
of the lesions differed according to the breast cancer sub-
type; triple negative and HER2 + tumors exhibited more 
extra-skeletal metastases than ER + /HER2- tumors [48]. 
In addition, two studies by the Memorial Sloan-Kettering 
Cancer Center (MSKCC) team showed limited performance 
of FDG-PET for the workup of the lobular histological 
type, but analysis of CT images of the PET/CT examination 
helped to detect lesions with faint or no FDG uptake [62, 
63]. Among 146 patients with infiltrating lobular carcinoma, 
PET/CT revealed distant metastases (confirmed by biopsy) 
in 12 cases; in 3 of these 12 patients, metastases had no 
FDG uptake and were seen only on the CT component of the 

Fig. 3   Patient with a 52-mm invasive ductal carcinoma of left breast 
and movable axillary lymph node: TNM classification before PET/CT 
is cT3 cN1 cM0 (stage IIIA). FDG-PET/CT shows high FDG uptake 

in primary tumor, axillary lymph node, and distant metastases to the 
sternum and liver: TNM classification after PET/CT is T3 N1 M1 
(stage IV). Treatment was adapted to metastatic disease
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examination [63]. When considering patients with a similar 
clinical stage (stage III), the yield of FDG-PET/CT for dis-
tant metastases, leading to stage IV, was lower in invasive 
lobular (11%) than in invasive ductal (22%) carcinoma [63].

The yield of FDG‑PET/CT for initial workup according 
to the clinical stage of breast cancer

Patients with a small tumor ≤ 2 cm (T1 of the TNM classifi-
cation) are usually treated with primary surgery associated 
with sentinel node biopsy. PET has limited spatial resolu-
tion (around 5–6 mm) and its performance is inferior to the 
sentinel node biopsy [30].

In addition, the risk of distant metastases in T1 N0 dis-
ease (stage I of AJCC) is very low. In patients with stage 
I breast cancer, the workup could delay therapeutic man-
agement and/or cause unnecessary anxiety. In a multicenter 
study of 325 women with operable breast cancer, FDG PET 
scans (without CT component) suggested distant metastases 
in 13 patients; only 3 (0.9%) were confirmed as metastatic 
disease and 10 (3.0%) were false positives [28].

Between locally advanced breast cancer, where the role of 
FDG-PET/CT is uniformly admitted, and T1 N0 disease where 
its role is recognized as futile, there are several intermediate-
risk stages (IIA, IIB and T3N1 disease of stage IIIA) (Fig. 3). 
For many of these patients, and notably so in aggressive tumor 
subtypes, treatment now begins with neoadjuvant chemother-
apy to increase the chance of breast-conserving surgery.

In the previously mentioned prospective study on 254 
patients with breast cancer > 2 cm, Groheux et al. assessed the 
role of FDG-PET/CT in relation to the clinical stage before 
starting neoadjuvant chemotherapy [48]. The initial clini-
cal stage (IIA, IIB, IIIA, IIIB, and IIIC) was determined by 
clinical examination, mammography, breast MRI, and loco-
regional ultrasound. PET/CT led to a change in breast cancer 
staging in 77 of 254 patients (30.3%). It showed unsuspected 
N3 disease (sub- or supra-clavicular or internal mammary 
nodes) in 40 women and distant metastases in 53 women [48]. 
Distant metastases were detected in 2.3% (1/44) of patients 
with clinical stage IIA cancer; in 10.7% (6/56) patients with 
stage IIB; in 17.5% (11/63) patients with stage IIIA; in 36.5% 
(27/74) patients with stage IIIB and in 47.1% (8/17) patients 
with stage IIIC breast cancer. Stage IIIA is heterogeneous. 
The rate of occult metastases in T3N1 cancer was similar to 
stage IIB (T2N1 / T3N0). The number of metastatic patients 
was higher for patients with N2 disease, close to that seen for 
stage IIIB [48]. Several other studies have also shown that 
PET/CT provides significant diagnostic benefit in patients 
treated for clinical stage IIB breast cancer [44, 51, 61, 64]. The 
yield in clinical stage IIA is less established. In the retrospec-
tive study by Lebon and colleagues, distant metastases were 
detected by FDG-PET/CT in 15% of stage IIB patients, and in 
11% of stage IIA patients [65]. In another recent retrospective 

study, however, PET/CT demonstrated distant disease in 9.8% 
of stage IIB breast cancer patients, but in only 0.8% of those 
with stage IIA [66].

In the study by Groheux et al., Stage IIA was mainly rep-
resented by tumors classified as T2N0. PET showed patho-
logical foci in 4.5% of women (2.3% distant metastases and 
2.3% extra-axillary nodes) [48]. Larger studies in which 
the performance of PET is examined in subcategories of 
patients with T2N0 disease, such as those with large tumors 
(T2 > 3 cm) would be useful. In patients with clinically nega-
tive axilla, the possibility of internal mammary (IM) node 
involvement also deserves discussion, notably for tumors 
in the internal quadrants. Imaging techniques for detecting 
IM node metastasis include ultrasound (a suspicious node 
may be considered for ultrasound-guided fine-needle aspira-
tion), computed tomography, magnetic resonance imaging, 
and FDG-PET/CT [67]. None of them, however, has enough 
sensitivity for detecting micrometastases. The probability of 
FDG-PET/CT identifying occult IM disease in patients with 
T2N0 tumors is low; being 2.3% in our prospective study 
[48]. Drainage to IM chain is seen in about 20% of patients 
on sentinel lymph node scintigraphy when the radiotracer is 
injected peritumorally [68]. In the presence of IM drainage, 
the risk of IM involvement depends upon various factors, 
notably the status of axillary sentinel lymph node [68].

In addition, patients with T2N0 disease are often treated 
with neoadjuvant chemotherapy, and in this case pre-ther-
apeutic PET could be used to perform an early assessment 
of therapeutic response. Please also note that in our study 
[48], axillary node detection was not considered a finding 
as surgery with axillary dissection after neoadjuvant therapy 
was routine at the time. The situation is now different as 
information on axillary status before starting neoadjuvant 
therapy can be helpful for decision-making regarding axilla 
management post-NAC.

At this time, NCCN guidelines do not recommend FDG-
PET/CT but it is stated “FDG-PET/CT may be helpful in 
identifying unsuspected regional nodal disease and/or distant 
metastases in locally advanced breast cancer when used in 
addition to standard imaging studies” [40]. This may evolve, 
however. In a recent study reported in the JNCCN [69], among 
196 breast cancer patients, the overall upstaging rate to stage 
IV based on findings of unsuspected distant metastases was 
14% (27/196), including 0% for stage IIA, 13% for stage IIB 
(10/79), 22% for stage IIIA (9/41), 17% for stage IIIB (5/30), 
and 37% for stage IIIC (3/8). PET/CT had comparable costs 
than conventional imaging, consisting in contrast enhanced 
CT plus bone scan, and had lower radiation dose exposure 
[69]. In another recent multicenter study, PET/CT reduced 
false-positive risk by half and decreased work-up for inciden-
tal findings, allowing for earlier treatment start. PET/CT was 
cost-effective, and at one institution was shown to be cost-
saving [70]. These two recent manuscripts in JNCCN add 
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financial and radiation protection data to support the asser-
tion that FDG-PET/CT should be utilized in patients with 
stage IIB-IIIC breast cancer. We hope this growing evidence 
will lead NCCN guidelines to include FDG-PET/CT for the 
systemic staging of IIB-IIIC breast cancer at initial diagnosis.

In conclusion, FDG-PET/CT is useful for the initial stag-
ing of breast cancer, independently of tumor phenotype (tri-
ple negative, luminal or HER2 +) and regardless of tumor 
grade. Considering histological subtype, FDG-PET/CT per-
forms better for staging invasive ductal carcinoma (invasive 
carcinoma of no specific subtype), although it is also helpful 
for staging invasive lobular carcinomas.

Based on the available data, FDG-PET/CT becomes use-
ful for staging starting from clinical-stage IIB. FDG-PET/CT 
is possibly useful in patients with clinical stage IIA (T1N1 
or T2N0), but there is not enough strong data to recommend 
routine use in this subgroup. For clinical stage I (T1N0) 
patients, staging with FDG-PET/CT offers no added value.

These findings justify the following recommendations [2] 
(Table 2):

–	 FDG-PET/CT is recommended for initial staging in 
patients with clinical stage ≥ IIB breast cancer and is 
better when performed before surgery.

–	 FDG-PET/CT can be proposed for staging patients with 
clinical stage IIA (T1N1 or T2N0) breast cancer and is 
better when performed before surgery.

–	 FDG-PET/CT is not recommended for staging patients 
with clinical stage I (T1N0) breast cancer.
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