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Abstract
Introduction [18F]Fluoroestradiol  ([18F]FES) PET/CT has been proposed as a tool for detecting the oestrogen receptor den-
sity in patients with metastatic breast cancer (BC) non-invasively across all disease localizations. However, its diagnostic 
potential in terms of the detection rate (DR) of metastases is unclear. In this study, we pitted this method against  [18F]FDG 
PET/CT and tried to identify predictors of the diagnostic superiority of the  [18F] FES-based method.
Materials and methods From a multicentre database, we enrolled all patients with metastatic BC who had undergone both 
 [18F]FES PET/CT and  [18F]FDG PET/CT. Two readers assessed both images independently and used a patient-based (PBA) 
and lesion-based analysis (LBA) to calculate the DR. Pathology-related and clinical factors were tested as predictors of  [18F]
FES PET/CT superiority using a multivariate model.
Results 92 patients, bearing a total of 2678 metastases, were enrolled. On PBA, the DR of  [18F]FDG and  [18F]FES PET/CT 
was 97% and 86%, respectively (p = 0.018). On LBA, the  [18F]FES method proved more sensitive than  [18F]FDG PET/CT 
in lymph nodes, bone, lung and soft tissue (p < 0.01). This greater sensitivity was associated with lobular histology, both 
on PBA (Odds Ratio (OR) 3.4, 95%CI 1.0–12.3) and on LBA (OR 4.4, 95%CI 1.2–16.1 for lymph node metastases and OR 
3.29, 95%CI 1.1–10.2 for bone localizations).
Conclusions The overall DR of  [18F]FES PET/CT appears to be lower than that of  [18F]FDG PET/CT on PBA. However, 
the  [18F]FES method, if positive, can identify more lesions than  [18F]FDG at most sites. The higher sensitivity of  [18F]FES 
PET/CT was associated with lobular histology.
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Introduction

18F-fluoroestradiol  ([18F]FES) has recently been recog-
nized by European and American pharmaceutical regula-
tory agencies as an effective positron emission tomography 
(PET) tracer in the evaluation of the oestrogen receptor 

(ER) expression of breast cancer (BC) metastases [1]. In 
patients with a history of ER+primary BC, this radiophar-
maceutical is the only non-invasive alternative to biopsy in 
cases of new metastatic sites with unknown ER status [2]. 
Indeed, high concordance between  [18F]FES PET/computed 
tomography(CT) imaging and histopathology has recently 
been proved, and, notably, a very high positive predictive 
value (PPV) in predicting ER status (i.e., 93%) has been 
reported [3]. Given this background,  [18F]FES PET/CT 
imaging should be able to predict response to endocrine 
treatment. However, although some encouraging data are 
available, conflicting results have been reported and the 
real predictive value of this imaging procedure in terms of 
patient outcome has never been proved by large prospective 
studies [4].
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Beyond any ability to analyse metastatic ER status, the 
pure diagnostic role of  [18F]FES PET/CT and its ability to 
evaluate the metastatic burden have still not been recognized 
as the principal indication for this PET tracer. Indeed, only a 
limited number of small, retrospective studies have analysed 
the sensitivity of  [18F]FES PET/CT in disclosing disease 
relapse [5–12] and it has not yet been conclusively ascer-
tained whether this diagnostic tool can be considered the 
first-line imaging procedure in this context.

The aim of our study was to evaluate the sensitivity of 
 [18F]FES PET/CT in a large population of ER+BC patients 
prospectively enrolled in an international multicentre clini-
cal trial at the time of diagnosis of metastases. We also com-
pared these results with those of  [18F]Fluorodeoxyglucose 
(FDG) PET/CT in the same setting. In addition, a multi-
variate logistic analysis was carried out in order to assess 
the association between  [18F]FES PET/CT results and the 
principal clinical and histopathological parameters.

Materials and methods

Patients’ population

Patients were prospectively enrolled in an international, 
multicentre, phase II, randomized clinical study (ET-FES 
JTC 2011 TRANSCAN project, EUDRACT number 2013-
000287-29), the goals of which were to predict the effective-
ness of first-line endocrine-based therapy in patients with 
ER+ , HER2- metastatic BC, and to validate the indication 
for  [18F]FES PET/CT. The patients were enrolled from Janu-
ary 2015 up to June 2020. This study was approved by the 
local ethics committees and the public medical agencies of 
all the centres involved in this clinical trial. Written informed 
consent was obtained from all patients. For our diagnostic 
purpose, we retrospectively analysed only patients who had 
undergone both  [18F]FDG PET/CT and  [18F]FES PET/CT 
at the time of diagnosis of distant metastases.

In all patients, the two PET scans were performed within 
10 days of each other; no endocrine therapy or other salvage 
treatments were administered before and between the imag-
ing procedures. Moreover, none of the patients was under 
active endocrine treatment at the time of [18F]FES PET/CT, 
with the exception of those who progressed under hormone 
treatment and were considered for a treatment change, as 
proposed by Peterson et al. [13]. Images were acquired in 
four centres, as previously reported, and in accordance with 
the available procedural guidelines [9, 14, 15].

PET/CT acquisition

As per the study design,  [18F]FES PET/CT had been 
acquired according to a standardized protocol, which was 

applied by all participating centres. Briefly, image acquisi-
tion started fifty minutes after the  [18F]FES administration 
(200 MBq) [16]. The scan protocol included a low-dose 
unenhanced CT (120 kV and 80 mA), a 3D PET acquisition 
covering the field of view from the head to the mid-thighs 
(3’ per bed position).  [18F]FDG PET/CT was acquired 60’ 
after the tracer injection, with the same parameters. The 
devices used for the study were: Discovery ST/ Discovery 
LS (GE Medical Systems, Chicago IL, USA), Philips Inge-
nuity 64 (Philips Medical Systems International B.V., Best, 
the Netherlands), and Biograph mCT Flow (Siemens Medi-
cal Solutions, Erlangen, Germany). The acquisition proce-
dures were harmonized across all participating centres, in 
accordance with the EANM guidelines [17], additionally, a 
reference phantom was acquired in two of the institutions.

Image interpretation and analysis

Two experienced nuclear medicine physicians (G.B and 
A.P.) assessed  [18F]FDG PET/CT and  [18F]FES PET/CT 
separately independently from each other. Both readers 
were aware of the patient’s clinical history, while they were 
blind to the morphological imaging (i.e., magnetic resonance 
imaging (MRI)/CT) and to the  [18F]FDG PET/CT or  [18F]
FES PET/CT results respectively. Any doubtful or unclear 
interpretation was then resolved via a consensus review.

On  [18F]FDG PET/CT or  [18F]FES PET/CT, any region 
of focal, non-physiologic uptake higher than the surrounding 
background and corresponding to any morphological lesion 
or well-defined anatomical structure was considered positive 
[5]. Moreover, the tumour-to-background ratio was calcu-
lated for each lesion on both examinations as the ratio of 
the  SUVmax of any given lesion and the  SUVmean of healthy 
background tissue, which was identified in the normal con-
tralateral site whenever available or in the normal surround-
ing tissue [18]. TBR was quantified on all patients by two 
expert readers (GB and AP). In each district, the leading 
lesion (i.e., the one with the highest uptake) was identified 
and segmented semi-automatically using a commercial soft-
ware application (AW Server, General Electric, Waukesha, 
WI, USA). The segmentation was carried out by placing a 
volume of interest encompassing the whole lesion, which 
was then segmented by adjusting the uptake threshold and 
performing manual correction if need be.

The two readers analysed the whole-body images by 
focusing on primary tumours, lymph nodes, lungs, liver, 
bone, and soft tissue metastases. Both examinations were 
assessed by means of a patient-by-patient (patient-based 
analysis) and a lesion-by-lesion (lesion-based analysis) 
approach. On patient-based analysis (PBA), the detection 
rate (DR) was defined as the ability of the method to identify 
at least one disease-related finding in each patient or tumour 
region in each patient. On lesion-based analysis (LBA), the 
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DR was defined as the ability to detect lesions in relation 
to the total number of lesions detected by the reference 
standard.

On LBA, we defined  [18F]FES PET/CT as superior to 
 [18F]FDG PET/CT when, in any given patient, it could detect 
at least one additional metastasis.

Standard of reference

Even though only DRs were estimated for each imaging 
procedure, we devised a specific standard of reference. His-
topathology results were used as the standard of reference 
for the primary tumour. The standard of reference for distant 
localizations was multidisciplinary, i.e., based on pathol-
ogy results, whenever available, or on diagnostic follow-
up, including contrast-enhanced CT or MRI findings every 
3 months after the PET/CT examinations (available for all 
patients). During the follow-up, all lesions visible on the 
morphological imaging were evaluated by the reporting 
radiologist using the RECIST criteria [19]. All histological 
confirmations were obtained by using imaging-guided core 
needle biopsies or open resection, as needed. Cytological 
tests were not allowed. Histology, as well as ER and PR 
receptor density, were tested in all cases. Follow-up proce-
dures were carried out for at least two years after the  [18F]
FES PET/CT.

Statistical analysis

Descriptive statistics, including mean, standard deviation, 
median and interquartile range (IQR) were calculated for 
continuous data; in the case of categorical factors, abso-
lute and relative frequencies were utilized. In the diagnostic 
analyses, DRs, i.e., the percentage of positive subjects (in 
PBA) or lesions (in LBA), were computed in each modality 
and for each disease localization. We utilized the McNemar 
exact test to compare DRs between diagnostic modalities; we 
used an unpaired Student’s T-Test to compare DR between 
patient subgroups within the same modality. Multivariate 
logistic modelling was used to estimate the association 
between  [18F]FES PET/CT and the principal clinical and 
histopathological parameters (i.e. age, staging at the time 
of diagnosis (pTNM), histopathology, grading, ER and pro-
gesterone receptor (PR) tumour expression, and time elapsed 
from diagnosis). Factors to be included in the multivariate 
analyses were primarily selected on the basis of a significant 
association with outcomes in univariate analyses; final logis-
tic models were chosen by adopting a backward stepwise 
approach, considering as cut-off for inclusion a likelihood 
ratio test p-value ≤ 0.2.

All analyses were carried out by means of Stata soft-
ware (version 17; StataCorp.). Two-tailed probabilities are 

reported, and a P value of 0.05 was used to define nominal 
statistical significance.

Results

Of the 147 patients prospectively enrolled in the ET-FES 
JTC 2011 TRANSCAN project [20], we had to exclude 55 
patients due to the absence of  [18F]FDG PET/CT data; the 
resulting population included 92 subjects. Most of these 
patients (N = 65, 71%) were affected by disease recurrence 
and all of them had ascertained loco-regional or distant BC 
metastases. Overall, 2678 sites of metastases were confirmed 
on our multidisciplinary follow-up examination (Supplemen-
tal Table 1). The principal characteristics of these patients 
are summarized in Table 1.

At the time of BC assessment,  [18F]FDG PET/CT proved 
positive in 89 of the 92 patients (97%), whereas  [18F]
FES PET/CT was positive in 79 (86%) (p < 0.05) (Fig. 1; 
Table 2).

On PBA, no significant differences between  [18F]FDG 
PET/CT and  [18F]FES PET/CT were observed in terms of 
DR in primary tumours or in lymph nodes, bone, lung and 
soft-tissue metastases (Table 2). By contrast,  [18F]FDG PET/
CT proved significantly more sensitive than  [18F]FES PET/
CT in detecting liver metastases. Indeed,  [18F]FDG PET/CT 
identified all 9 patients with liver metastases, whereas  [18F]
FES PET/CT disclosed liver metastases in only 2 patients 
(p < 0.01). On LBA,  [18F]FES PET/CT proved positive in 
2357 of 2678 metastases (88%), whereas  [18F]FDG PET/CT 
was positive in 1499 of 2678 metastases (56%) (p < 0.0001). 
Among the patients that were  [18F]FDG-positive and  [18F]
FES-negative on PBA (N = 10), the most represented met-
astatic sites were the bones and the lymph nodes (in five 
cases), followed by local recurrences (in two cases), liver 
lesions (two cases), and lung/soft tissue localizations (one 
case each).

No significant deviations from these results were 
obtained by considering patients without liver metastases 
only (N = 83):  [18F]FDG PET/CT still performed better at 
PBA, while  [18F]FES PET/CT had a higher DR at LBA in 
nearly all disease localizations. See Supplemental Table 2 
for details.

Out of the 2678 lesions, 1256 (47%) were positive on 
both examinations; conversely, 282 (11%) and 1140 metas-
tases (42%) were positive on  [18F]FDG and  [18F]FES PET 
only, respectively.

When we evaluated the different locations of metastatic 
disease, the DR of  [18F]FES PET/CT in lymph-node, bone, 
lung and soft-tissue metastases was 87%, 90%, 85% and 
91%, respectively—significantly higher (p < 0.0001) than 
that of  [18F]FDG PET/CT, which was 59%, 54%, 65% and 
67%, respectively (Fig. 1; Table 2). By contrast,  [18F]FDG 
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PET/CT identified 33 out of 40 liver metastases (83%), 
while  [18F]FES PET/CT disclosed only 9 out of 40 (23%) 
(p < 0.0001).

There were some differences in the detection rate between 
the ductal and lobular histology. In fact, in patients with 
ductal carcinoma and showing a matching regional distri-
bution of  [18F]FDG- and  [18F]FES-positive lesions (N = 31, 
42%), the glucose-based tracer showed a higher DR in the 
liver, while the oestrogen-based one showed a higher number 
of lesions in the lymph node and bone compartments. How-
ever, in those where  [18F]FES detected more affected regions 
than  [18F]FDG (N = 33, 45%), the ER tracer had a higher DR 

across the board, including the liver and with the exception 
of local recurrences. In the  [18F]FES-negative ductal carci-
noma patients (N = 10, 13%),  [18F]FDG showed a perfect DR 
at all localization except in the lungs, where it missed nearly 
80% of all lesions. See Supplemental Fig. 1 for an outline 
of these results. In patients with lobular breast carcinoma 
 [18F]FES PET/CT showed a clear capability in detecting a 
higher number of lesions, independently of the anatomical 
region and of the number of affected regions (Table 3, Sup-
plemental Fig. 1). Conversely, the clinical scenario (staging 
or re-staging), as well as the time elapsed between diag-
nosis and restaging were not associated with the detection 
rate of either method. Indeed, the lesion-based DR of  [18F]
FES at the time of staging and restaging was 75% ± 33% 
and 90% ± 25%, respectively (p = 0,15). For  [18F]FDG, the 
corresponding DR value was 72% ± 36% and 84% ± 34% for 
staging and re-staging, respectively (p = 0,32).

When we conducted a multivariate logistic analysis to 
test the association between clinical and histopathological 
parameters and the superiority of  [18F]FES PET/CT over 
 [18F]FDG PET/CT in detecting metastases, we found a clear 
trend towards a significant association between predominant 
 [18F]FES PET/CT positive findings and lobular histology 
(OR 3.4, 95% CI 1.0–12.3 and p = 0.06) across all patients. 
Moreover, the superiority of  [18F]FES over  [18F]FDG in 
patients with lobular BC was particularly evident when the 
nodal (OR 4.4, 95% CI 1.2–16.1 and p = 0.027) or the skel-
etal (OR 3.29, 95% CI 1.1–10.2 and p = 0.038) localizations 
were concerned (Table 4). Moreover, none of the lobular BC 
patients had liver metastases. No differences in DR between 
the two tracers in patients with lobular BC were noted in 
the other organs. In patients affected by lobular BC, both 
methods were effective at the patient level, since they were 
both positive in 17 patients (95%). However, on LBA,  [18F]
FES PET/CT revealed more metastatic sites than  [18F]FDG 
PET/CT in 15 patients (83%). On the other hand, in 74 BC 
patients with ductal histology,  [18F]FES PET/CT detected 
more metastatic sites than  [18F]FDG PET/CT in 33 patients 
(44.5%). On PBA, all 10 patients with negative  [18F]FES 
PET/CT and positive  [18F]FDG PET/CT had ductal histol-
ogy, and 2 of them showed FES-negative liver metastases.

When evaluating the uptake intensity of the tracers, 
we found that the mean tumour-to-background ratio of 
all lesions was 14 and 18,7 for  [18F]FDG and  [18F]FES, 
respectively.

Discussion

To our knowledge, this was the first study to evaluate the 
sensitivity of  [18F]FES PET/CT in ER+BC in a large num-
ber of patients prospectively enrolled in an international 

Table 1  Main clinical and histopathological features of the patients

Abbreviations: SD = standard deviation; IQR = interquartile range, 
T = tumour; N = Lymph-node; G = Grade; ER = oestrogen receptors; 
PG = progesterone receptors

Age, years, mean (SD) 61.3 (12.8)
Sex, female, n (%) 92 (100)
Histology, n (%)
  Ductal 74 (80%)
  Lobular 18 (20%)

Clinical setting 27 (29%)
  Staging
  Re-Staging 65 (71%)

Time to progression or recurrence in months median 
(IQR)

90 (25–184)

T, n (%)
  T1 28 (30.4)
  T2 36 (39.1)
  T3 14 (15.22)
  T4 2 (2.17)
  Tx 18 (19.6)

N, n (%)
  N0 27 (29.3)
  N1 30 (32.7)
  N2 14 (15.2)
  N3 7 (7.6)
  Nx 14 (15.2)

G, n (%)
  G1 3 (3.2)
  G2 53 (57.6)
  G3 36 (39.1

ER (%)
median (IQR) 90 (80–95)
PR (%)
median (IQR) 57.5 (15–90)
Ki-67 (%)
median (IQR) 22 (15–30)
Lesion per patient: median (IQR)
   [18F]FDG  9 (3–19)
   [18F]FES 7 (2–26)
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multicentre clinical trial. This was done by comparing  [18F]
FES PET/CT results with those of  [18F]FDG PET/CT.

The present data do not indicate a real diagnostic advan-
tage of  [18F]FES over  [18F]FDG for identifying the pres-
ence of ER+metastatic disease at the patient level, while 
it appears to play a relevant role in the accurate evaluation 
of the disease burden. This finding reinforces the impres-
sion conveyed by a recent meta-analysis, which reported a 

slight difference in favour of  [18F]FDG PET/CT when a PBA 
was conducted at the time of disease restaging [12]. Indeed, 
metastases may appear many years after the first BC diag-
nosis, and, in this case, disease localizations with varying 
degrees of differentiation might appear. Such a pattern was 
not observed in our population. Indeed, even patients with 
decades-long disease duration displayed oestrogen receptor 
density that was non-inferior to that of patients studied at 

Fig. 1  70-year-old woman 
affected by ER+BC bone 
metastases. [18F]FES PET/
CT was negative (a) and [18F]
FDG PET/CT correctly identi-
fied multiple bone lesions (b). 
67-year-old woman affected by 
ER+lobular BC with evidence 
of local relapse and bone metas-
tases. [18F]FES PET/CT (c) 
detected more bone metastases 
than [18F]FDG PET/CT (d)

a b c d

Table 2  Patient-based analysis 
(PBA) and Lesion-based 
Analysis (LBA). Detection rates 
(%) were calculated for each 
single diagnostic modality at 
each site of disease

**  NOTE: = McNemar exact test p-value

[18F]FDG PET/CT [18F]FES PET/CT p**

Patient-Based Analysis 89/92 (97%) 79/92 (86%) 0.013
  Primary Tumour 28/33 (85%) 30/36 (83%) 1
  Lymph-node metastases 56/66 (85%) 57/66 (86%) 1
  Bone metastases 59/65 (91%) 57/65 (88%) 0.791
  Liver metastases 9/9 (100%) 2/9 (22%) 0.016
  Lung metastases 22/29 (76%) 24/29 (83%) 0.774
  Soft Tissue metastases 18/25 (72%) 19/25 (76%) 1

Lesion-Based Analysis 1499/2678 2357/2678  <0.001
  Primary Tumour 37/49 (76%) 44/49 (90%) 0.144
  Lymph-node metastases 227/387 (59%) 338/387 (87%)  <0.001
  Bone metastases 1066/1985 (54%) 1784/1985 (90%)  <0.001
  Liver Metastases 33/40 (83%) 9/40 (23%)  <0.001
  Lung Metastases 74/114 (65%) 97/114 (85%) 0.004
  Soft Tissue Metastases 62/93 (67%) 85/93 (91%)  <0.001

Table 3  Lesion-based Analysis 
(LBA) for patients with lobular 
histology. Detection rates (%) 
were calculated for each single 
diagnostic modality at each site 
of disease

**  NOTE: = McNemar exact test p-value

[18F]FDG PET/CT [18F]FES PET/CT p**

Lesion-Based Analysis 184/339 286/339  <0.001
  Primary Tumour 7/13 (54%) 12/13 (93%) 0.125
  Lymph-node metastases 47/85 (55%) 84/85 (99%)  <0.001
  Bone metastases 120/210 (57%) 160/210 (76%)  <0.001
  Lung Metastases 8/24 (33%) 24/24 (100%)  <0.001
  Soft Tissue Metastases 2/7 (29%) 6/7 (86%) 0.219
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the time of disease onset. Moreover, patients with lobular 
BC presented a tracer distribution pattern favouring  [18F]
FES in nearly all disease localizations, independently of the 
time elapsed from the diagnosis.

In the case of a positive  [18F]FES PET/CT result, this 
imaging procedure can often disclose more metastatic 
lesions than  [18F]FDG PET/CT, providing adequate informa-
tion on the ER+metastatic burden. Indeed, in our LBA, we 
found that  [18F]FES PET/CT was significantly more sensi-
tive than  [18F]FDG PET/CT in detecting lymph node, bone, 
lung and soft tissue metastases (p < 0.001). In the liver, by 
contrast, given the characteristic intense  [18F]FES uptake of 
this organ, we confirmed the low sensitivity of this imaging 
procedure in identifying metastases. However, there is grow-
ing evidence that ER+BC has a higher tendency toward bone 
involvement than other subtypes, which are more likely to 
spread to the liver [21, 22]. The histological type is also rel-
evant to the spread pattern: lobular carcinoma has a tendency 
to diffuse to the lymph nodes and the bone, while ductal 
carcinoma mostly targets the bone and the liver.

These data suggest that  [18F]FES PET/CT may constitute 
the most valuable molecular procedure in the evaluation of 
tumour load. In addition, to better understand which patients 
could benefit from  [18F]FES PET/CT assessment, we con-
ducted a logistic multivariate analysis to evaluate the associ-
ation between  [18F]FES PET/CT LBA results and the princi-
pal clinical and histopathological findings. We found that the 
only parameter associated with the diagnostic superiority of 

 [18F]FES PET/CT over  [18F]FDG PET/CT was lobular his-
tology. This confirmed what had been reported by a previous 
small study that included only 7 metastatic BC patients with 
lobular histology [11], and suggested that, in this particu-
lar subgroup of patients, in whom  [18F]FDG PET/CT could 
easily underestimate the extension of disease [23],  [18F]
FES PET/CT may be the most valuable diagnostic option 
to identify metastatic lesions. This finding is particularly 
relevant given the emerging notion that lobular carcinoma 
has a worse prognosis than ductal one [24].

The difference in sensitivity is probably due to the lower 
glucose transporter expression of lobular BC than of ductal 
BC [25].

Interestingly, we did not find any association between 
 [18F]FES PET/CT and the percentage of ER expression. 
Indeed, the homogenous characteristics of the selected 
ER+BC patients, i.e., all HER2-negative patients with 
markedly elevated ER expression (IQR 80–90%), may have 
reduced the impact of ER expression on the  [18F]FES PET/
CT results.

The evaluation of ER patterns across the disease localiza-
tions bears, other than diagnostic potential, prognostic rel-
evance as well. Patients whose tumour load consists promi-
nently of  [18F]FES-negative metastatic lesions are not only 
less likely to respond to the endocrine treatment, but can also 
face a direr long-term prognosis [9].

Although our results are encouraging, some limita-
tions should be considered. First, the trial from which 

Table 4  Multivariate predictors of the superiority of  [18F]FES over  [18F]FDG at the logistic regression analysis

Abbreviations: 95%CI, 95% confidence interval; ER, Oestrogen Receptor

Dependent variable Clinical or 
histological 
parameter

Hazard ratio 95%CI p-value

Superiority of  [18F]FES PET/CT over  [18F]FDG PET/CT in detecting metastases Histology
  Ductal 1.0
  Lobular 3.42 0.95–12.25 0.060
pT
  pN0/x 1.0
  pN1-3 0.39 0.15–1.04 0.059
Progesterone
   ≤80% 1.0

   >80% 2.23 0.75–6.61 0.147
Superiority of  [18F]FES PET/CT over  [18F]FDG PET/CT in detecting lymph node 

metastases
Histology
  Ductal 1.0
  Lobular 3.36 1.14–9.91 0.028
Age 1.03 0.99–1.07 0.083

Superiority of  [18F]FES PET/CT over  [18F]FDG PET/CT in detecting bone metastases Histology
  Ductal 1.0
  Lobular 3.30 1.07–10.14 0.038
ER 1.02 1.00–1.05 0.047
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the present data were extracted was initially aimed at 
evaluating the efficacy of endocrine therapy in ER+, 
HER2- metastatic BC. Thus, the present findings need to 
be confirmed in a larger study conceived to evaluate the 
diagnostic performance of  [18F]FDG PET/CT and  [18F]
FES PET/CT specifically. However, it must be consid-
ered that the present one represents the largest  [18F]FES 
cohort analysed since all previous diagnostic studies have 
included retrospective series and enrolled small samples 
(i.e. less than 40) [5–8, 10–12]. The recruited population 
was rather heterogeneous in terms of previous treatments 
(i.e., hormone treatment).

Second,  [18F]FDG PET/CT was performed for clinical 
purposes and was not considered among the inclusion 
criteria of the ET-FES JTC 2011 TRANSCAN project. 
Thus, although all patients were prospectively enrolled 
in a clinical trial that only included ER+, HER 2-nega-
tive metastatic BC patients, their PET data were retro-
spectively analysed. In addition, a selection bias, due to 
the limited availability of  [18F]FDG PET/CT results (i.e. 
in 92 of 147 patients enrolled), could have affected our 
results.

Third, PET data were acquired by four different PET/
CT scanners in four Nuclear Medicine Departments. 
Thus, the photon sensitivity of one PET/CT scanner 
might not be comparable to that of another. However, the 
acquisition protocol was harmonized across all the centres 
involved, in accordance with current EANM guidelines 
[26]; phantom images were additionally executed in two 
of the participating institutions. The physicians manag-
ing the patients during the follow-up were blinded to the 
results of the  [18F]FES PET/CT, but not to those of the 
glucose tracer examination since the latter was performed 
as a part of the normal workup of the patients. However, 
this knowledge is unlikely to have represented a bias, 
given that  [18F]FES was generally able to detect a higher 
number of lesions than  [18F]FDG.

Finally, we were able to evaluate only the sensitivity 
(i.e., DRs) of the diagnostic techniques examined, assum-
ing “a priori” that all patients were true positives, in that 
they presented an ascertained clinical and radiological 
metastatic disease. Indeed, a biopsy confirmation was 
available in a small subset of patients only. To confirm 
this information, we introduced a multidisciplinary stand-
ard of reference based on histopathology results or on 
diagnostic follow-up, including contrast-enhanced CT or 
MRI findings every 3 months. However, given the lack of 
a completely independent third evaluation of all metas-
tases (i.e., histopathology), we cannot exclude that our 
interpretation was excessively “imaging-based”. More-
over, we cannot exclude the existence of false positive 
findings based on imaging reference standards during the 
follow-up.

Conclusion

[18F]FES PET/CT should not be used in ductal ER+BC 
as the first-line imaging technique to identify patients 
affected by ER+BC metastases, as it proved less sensitive 
than  [18F]FDG PET/CT on PBA. However,  [18F]FES PET/
CT, in the case of positivity, can disclose significantly 
more lesions than  [18F]FDG PET/CT, thereby providing 
important information on the real metastatic burden. This 
ability is particularly evident in patients with lobular BC, 
who are those who can benefit most from  [18F]FES PET/
CT performed on restaging.
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