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abstract

PURPOSE Determining the estrogen receptor (ER) status is essential in metastatic breast cancer (MBC)
management. Whole-body ER imaging with 16a-[18F]fluoro-17b-estradiol positron emission tomography ([18F]
FES-PET) is increasingly used for this purpose. To establish the clinical validity of the [18F]FES-PET, we studied
the diagnostic accuracy of qualitative and quantitative [18F]FES-PET assessment to predict ER expression by
immunohistochemistry in a metastasis.

METHODS In a prospective multicenter trial, 200 patients with newly diagnosedMBC underwent extensive workup
including molecular imaging. For this subanalysis, ER expression in the biopsied metastasis was related to
qualitative whole-body [18F]FES-PET evaluation and quantitative [18F]FES uptake in the corresponding me-
tastasis. A review and meta-analysis regarding [18F]FES-PET diagnostic performance were performed.

RESULTS Whole-body [18F]FES-PET assessment predicted ER expression in the biopsied metastasis with good
accuracy: a sensitivity of 95% (95% CI, 89 to 97), a specificity of 80% (66 to 89), a positive predictive value
(PPV) of 93% (87 to 96), and a negative predictive value (NPV) of 85% (72 to 92) in 181 of 200 evaluable
patients. Quantitative [18F]FES uptake predicted ER immunohistochemistry in the corresponding metastasis
with a sensitivity/specificity of 91%/69% and a PPV/NPV of 90%/71% in 156 of 200 evaluable patients. For bone
metastases, PPV/NPV was 92%/81%. Meta-analysis with addition of our data has increased diagnostic per-
formance and narrowed the 95% CIs compared with previous studies with a sensitivity/specificity of both 86%
(81 to 90 and 73 to 93, respectively).

CONCLUSION In this largest prospective series so far, we established the clinical validity of [18F]FES-PET to
determine tumor ER status in MBC. In view of the high diagnostic accuracy of qualitatively assessed whole-body
[18F]FES-PET, this noninvasive imagingmodality can be considered a valid alternative to a biopsy of a metastasis
to determine ER status in newly MBC (ClinicalTrials.gov identifier: NCT01957332).

J Clin Oncol 00. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Whole-body imaging of the estrogen receptor (ER) with
16a-[18F]fluoro-17b-estradiol positron emission to-
mography ([18F]FES-PET) is increasingly used to as-
sess ER status in metastatic breast cancer (MBC).
Specifically, in the case of diagnostic and therapeutic
dilemmas, [18F]FES-PET/computed tomography (CT)
can provide insight into the disease and support
therapeutic decision making.1,2

However, the performance of [18F]FES-PET to as-
sess immunohistochemical (IHC) ER status in a

metastasis (reference standard) remains uncertain.
This is due to the retrospective nature of many
studies, varying patient selection criteria, and dif-
ferent quantification methods and cutoff values for
tracer uptake to discern ER-positive from ER-
negative disease.3-5 A large prospective trial in 85
patients established diagnostic performance for
[18F]FES uptake to assess ER status in a particular
lesion using IHC.6 However, the generalizability of
these data is unclear because of the exclusion of
bone metastases, which is the most common site of
metastases in ER-positive MBC.7
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Therefore, establishing the clinical validity of [18F]FES-PET
in predicting ER status of a metastasis, also in bone lesions,
is clearly needed. We studied the diagnostic performance
of qualitative and quantitative [18F]FES-PET in predicting
ER expression in a biopsied metastasis in a prospective
cohort of newly diagnosed nonrapidly progressive patients
with MBC. Furthermore, we performed a meta-analysis of
the diagnostic performance of [18F]FES-PET with the in-
clusion of the current study.

METHODS

Patients and Study Design

Patients with newly diagnosed nonrapidly progressive MBC
of all subtypes were enrolled in the multicenter IMPACT-
MBC study between August 2013 and May 2018. All pa-
tients provided written informed consent for enrollment,
and the study was approved by the Medical Research
Ethical Committee of the University Medical Center Gro-
ningen (MREC#2013/146) according to the Central Com-
mittee on Research Involving Human Subjects. The study
was performed at four Dutch university medical centers.
The primary aim of the IMPACT-MBC study was to assess
the clinical utility of molecular imaging, in addition to
standard diagnostics. The setting of newly diagnosed MBC
was chosen because a biopsy and conventional imaging
are recommended in the workup of newly diagnosed
MBC.8,9 Patients underwent standard diagnostic assess-
ment at baseline, including at least a core needle biopsy
with two-three samples (of approximately 22 mm) of a
metastasis and a contrast-enhanced CT. The biopsy site
was determined exclusively by conventional imaging, and
the biopsy procedure was guided by CT or ultrasound. In
addition, molecular imaging was performed including a
[18F]FES-PET, before treatment initiation.10 The IMPACT-
MBC data regarding clinical utility and outcome were not
available as they are still being analyzed. The aim of the

present subanalysis was to establish the diagnostic per-
formance of qualitative and quantitative [18F]FES-PET as-
sessments to predict ER expression in the biopsied
metastasis. Therefore, patients whose [18F]FES-PET/CT
and baseline biopsy for standard ER IHC were available
were included for this analysis.

Biopsied Metastases

All biopsies were formalin-fixed and paraffin-embedded.
Bone biopsies were also included since ER status can be
reliably determined by IHC despite decalcification.11 IHC
for ER (SP1, Ventana/Roche, France/Switzerland) was
performed on a Benchmark Ultra automated stainer
(Ventana/Roche) on 3-mm sections according to the
supplier’s guideline. All antibodies were prediluted by the
supplier. ER IHC was considered positive when $ 10% of
all tumor cells stained positive for ER in accordance with
Dutch guidelines.12 In addition to ER assessment, standard
evaluation also included determination of histologic sub-
type. Metastases biopsies were evaluated according to
standard procedures by breast pathologists of each center.
Central review was performed by an independent breast
pathologist (B.v.d.V.), who was blinded for the imaging
results.

[18F]FES PET/CT

[18F]FES was produced locally as previously described.13,14

At baseline, a [18F]FES PET/CT was performed in on a
BioGraph mCT 40- or 64-slice PET/CT (Siemens/CTI,
Knoxville, TN) or an Ingenuity TF or Gemini TF PET/CT
(Philips Medical Systems, Cleveland, OH). Approximately
200 MBq [18F]FES was injected intravenously as a bolus.
PET/CT acquisition was performed 60 6 10 minutes after
tracer injection. Before the PET scan, a low-dose CT was
made for attenuation and scatter correction. A whole-body
PET emission scan was obtained with a 3-minute per bed
position acquisition time. All patients were scanned from

CONTEXT

Key Objective
Estrogen receptor (ER) status in metastatic breast cancer (MBC) is essential in treatment decision making and can be

assessed with 16a-[18F]fluoro-17b-estradiol positron emission tomography ([18F]FES-PET). This original study evaluated
whether [18F]FES-PET is able to assess the immunohistochemistry of an ER status of a metastasis biopsy, including bone
lesions. It contains 181 prospectively selected patients with newly metastasized MBC, which, to our knowledge, is the
largest study on [18F]FES-PET to date.

Knowledge Generated
[18F]FES-PET predicts immunohistochemistry ER status of a metastasis with high accuracy, particularly in bone lesions.

Detailed recommendations for the use of [18F]FES-PET in clinical practice are provided.
Relevance
[18F]FES-PET is a valid noninvasive alternative to a biopsy to assess ER status in patients with MBC. This is particularly

relevant in patients for whom a biopsy is considered too invasive.
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head to mid-thigh. For all scan reconstructions and
quantifications, European Association of Nuclear Medicine
Research Limited (EARL) criteria were followed.15

Whole-Body [18F]FES-PET Evaluation

The qualitative [18F]FES-PET evaluation involved visual as-
sessment of all metastases on the whole-body [18F]FES-PET
by an experienced local nuclear medicine physician. This
evaluation was centrally reviewed by three nuclear medicine
physicians in a consensus meeting. The [18F]FES-PET was
considered qualitatively positive if at least one metastasis
within the body, not necessarily the biopsiedmetastasis, had
clear [18F]FES uptake above the physiological background.
When the uptake was equal to or lower than the background,
a lesion was considered ER-negative. In case of doubt
during the visual assessment, quantification of [18F]FES
uptake of equivocal lesions (ie, not necessarily the biopsied
metastasis) was allowed. According to the protocol, the
commonly used threshold of maximum standardized uptake
value (SUVmax) $ 1.5 was used to define [18F]FES
positivity.6,16 Syngo.via imaging software VB20/30 (Siemens)
was used for the quantification of [18F]FES-PET.

Quantification of [18F]FES Uptake in Biopsied Metastasis

The [18F]FES uptake in the biopsied metastasis was
assessed quantitatively and visually in line with previous
work.6 The location of the biopsied metastatic lesion was
identified by trained readers (J.J.L.v.G., J.B., and B. van
Essen-Eisses [IMPACT Breast Consortium]), and in case of
doubt, it was checked with an experienced radiologist on
the basis of the biopsy procedure images. Patients were
excluded for these analyses if the location of the biopsy
could not be unequivocally matched with the lesion on the
PET scan or if a biopsy was obtained from a liver metastasis
because the high physiologic [18F]FES uptake in the liver
thwarts the assessment of liver lesions.14,16 Volumes of
interest were manually drawn closely around themetastasis
from which a biopsy was taken to calculate the maximum,
mean, and peak SUV (SUVmax, SUVmean, and SUVpeak).

Statistics

Whole-body [18F]FES-PET to predict ER IHC
Whole-body [18F]FES-PET positivity and negativity defini-
tions are described above. The specificity, sensitivity,
positive predictive value (PPV), and negative predictive
value (NPV) to predict ER IHC as the reference standard
were calculated.17 Confidence intervals were calculated
using the Wilson method.18

Local [18F]FES uptake to predict ER IHC
First, the correlation between SUVmax, SUVmean, and
SUVpeak in the biopsied metastasis was evaluated using
Pearson’s correlation coefficient after verification of normal
distribution and homogeneity. We natural log-transformed
[18F]FES uptake to obtain approximate normal distribu-
tions, yielding estimates of geometric means (SUVmax geom

mean) following back-transformation of the results. The

difference in SUV between the histologic subtypes, invasive
carcinoma of no special type and lobular carcinoma, was
assessed with an unpaired student’s t-test. A threshold of
SUVmax $ 1.5 was used to define positivity on the [18F]FES-
PET, as described above. However, we also determined the
diagnostic performance of other commonly used SUVmax and
SUVmean thresholds reported in the literature4,5,19,20 and a
data-driven threshold to support the optimal [18F]FES
threshold in this data set. Receiver operating characteristic
(ROC) curves of the biopsied metastasis for SUVmax, SUV-
mean, or SUVpeak were plotted to determine the ability to
discriminate ER-positive from ER-negative metastases. For
the data-driven threshold, we aimed to reduce the false-
negative rate of [18F]FES-PET as much as possible to mini-
mize unwarranted withholding of endocrine treatment, a
treatmentmodality with low toxicity and high potential benefit,
while retaining an acceptableminimal false-positive rate. This
was translated to a threshold with the highest NPV and a good
(. 90%) PPV.21 Overestimation of the diagnostic accuracy of
the data-driven threshold was evaluated by bootstrapping
with 1,000 resamples.21 In addition, we calculated the area
under the ROC curves (AUROC) for SUVmax to determine ER
status, specifically for bone or lymph node lesions and for
different lesion sizes (to assess the impact of partial volume
effects). All statistical analyses were performed using IBM
SPSS statistics for Windows, version 26 (IBM Corp, Armonk,
NY) and R version 4.0.3 for Windows. All P values are two-
tailed with a threshold for statistical significance of P # .05.

Meta-Analysis

To place our findings regarding the clinical validity of [18F]
FES-PET in a broader context, we performed a meta-
analysis of matching data from other [18F]FES-PET stud-
ies. To ensure an objective comparison, we only included
our own data of the local [18F]FES uptake in the meta-
analysis. We searched the PubMed and EMBASE data-
bases up and until April 20, 2021, using the following
search terms or combination(s) of these terms: breast
cancer, breast tumo(u)r, Positron Emission Tomography
Computer Tomography, PET, 16a-[18F] fluoro-17b-estra-
diol, FES, and [18F]FES. First, the abstracts of the retrieved
studies were screened to select studies for full-text as-
sessment on the basis of the relevance. The risk of bias was
determined and reported using the QUADAS-2 tool.22

Wherever possible, data were extracted from the relevant
articles for a meta-analysis. All data for the meta-analysis
were analyzed using R version 4.0.3 for Windows. For the
meta-analysis, a bivariatemodel using the Reitsma function
was used to calculate summary statistics.23

RESULTS

Patients and Metastasis Biopsies

Two-hundred patients with nonrapidly progressive MBC
were enrolled in the IMPACT-MBC study (Fig 1 and
Table 1). In 181 of 200 patients, ER IHC of the biopsied
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metastasis could be compared with whole-body [18F]FES-
PET assessment. In 156 of 200 patients, ER IHC could be
compared with quantitative [18F]FES uptake in the corre-
sponding metastasis. Baseline characteristics, including
ER status and histologic subtypes, are shown in Table 1.

The biopsy of a metastasis was taken at a median of 3 days
before [18F]FES-PET (range: 52 days before-13 days after).
No difference in [18F]FES uptake was shown between the
patients who underwent the biopsy before (n 5 36) and
after (n 5 120) the [18F]FES-PET (P 5 .922). Clinically

Patients with a breast cancer metastasis
biopsy (n = 200)

Excluded
  Cytology
  Poor-quality metastasis biopsy

(n = 3)
(n = 2)
(n = 1)

Patients with evaluable histologic
metastasis biopsy (n = 197)

Patients available for evaluation of the
metastasis biopsy and [18F]FES-PET (n = 188) 

Excluded
  No [18F]FES-PET
  Patients not scanned on
    EARL-accredited scanner
  Lesions that could not be measured 

  on [18F]FES-PET

(n = 9)
(n = 5)
(n = 1)

(n = 3)a

Patients signed informed consent in
IMPACT-MBC

 (N = 217)

Excluded
  Did not meet inclusion criteria
  Withdrawal consent
  Refused biopsy

(n = 17)
(n = 15)

(n = 1)
(n = 1)

No tumor cells present in the biopsy
   No representative tissue
   Representative tissue but no tumor
   No vital tumor cells

(n = 7)
(n = 4)
(n = 1)b

(n = 2)

Patients available for comparison
between local [18F]FES uptake and breast
cancer pathology characteristics (n = 156)

Excluded
  Liver biopsy
  Resected brain lesion

(n = 25)
(n = 24)
(n = 1)

Patients available for comparison between
 whole-body [18F]FES-PET and breast

 cancer pathology characteristics (n = 181)

FIG 1. Flow diagram, showing patients included in the IMPACT-MBC study and el-
igible for this analysis. aLung lesions with close proximity to the liver, undetectable skin
lesions, and no extrahepatic lesions. bNecrotizing granulomatous inflammation in an
axillary lymph node. [18F]FES-PET, [18F]fluoro-17b-estradiol positron emission to-
mography; EARL, European Association of Nuclear Medicine Research Limited; MBC,
metastatic breast cancer.
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relevant adverse events related to [18F]FES-PET were not
seen.

Whole-Body [18F]FES-PET to Predict ER IHC

A good diagnostic performance was found for whole-body
[18F]FES-PET, with a sensitivity of 95% (89 to 97), a
specificity of 80% (66 to 89), a PPV of 93% (87 to 96), and
a NPV of 85% (72 to 92) to predict ER IHC (Table 2).
Lowering the IHC threshold from 10% to 1% of ER-positive
cells in line with international guidelines8,24,25 slightly im-
proved the specificity (83%) and PPV (94%), but reduced
the sensitivity (94%) and NPV (83%; Data Supplement,
online only).

Local [18F]FES Uptake to Predict ER IHC

Pearson’s correlations between SUVmax and SUVmean or
SUVpeak were very high (both r 5 0.99, Data Supplement).
A moderate positive association between the percentage of
ER-positive cells IHC and [18F]FES SUVmax was found
(r 5 0.51, P , .0001; Fig 2). The SUVmax geom mean was
higher in ER-positive than ER-negative lesions (SUVmax

geom mean 4.1 v 1.3, P , .0001, Data Supplement). No
differences in mean [18F]FES uptake in ER-positive
(P 5 .19) or ER-negative biopsies (P 5 .78) between
lobular carcinoma and invasive carcinoma of no special
type were found. [18F]FES uptake in the biopsied metas-
tases with the predefined SUVmax threshold of 1.5 pre-
dicted ER IHC with a sensitivity of 91% (84 to 95), a
specificity of 69% (54 to 81), a PPV of 90% (83 to 94), and
an NPV of 71% (55 to 83; Table 2). The optimal data-driven
threshold, as described above, was an SUVmax of 1.57.
Bootstrapping yielded the same SUVmax threshold of 1.57
(95% CI, 1.41 to 1.79) without significant overestimation of
the diagnostic performance of this threshold (Data Sup-
plement). Considering that the optimal SUVmax threshold of
1.57 is very close to the predefined commonly used
threshold of 1.5, both thresholds provided similar results,
and 1.5 allows best international compatibility, it was de-
cided to adhere to the protocol with the threshold of 1.5 for
further analyses.6,14,16 Differences in [18F]FES uptake of the
metastases were observed depending on the organ from
which the biopsy was taken (Data Supplement). The
AUROC for all biopsiedmetastases was 91% (95%CI, 87 to
96) for SUVmax. The AUROC in bone metastases was 96%
(92 to 100), indicating a higher diagnostic accuracy in bone
metastases than in general. However, the AUROC was
lower in lymph node metastases: 85% (72 to 97). In lymph
node metastases, the diagnostic performance improved by
increasing the threshold from SUVmax $ 1.5 to$ 2.0 (Data
Supplement). This improvement can be explained by the
relatively high [18F]FES uptake in ER-negative lymph node
metastases (Data Supplement). In this small sample set,
this threshold for lymph nodes could not be explained by
high background uptake in surrounding tissues (for

TABLE 1. Baseline Characteristics

Characteristic
Participants
(n 5 181)

Median age, years (range) 62 (32-84)

Median BMI (range) 26.3 (17.1-49.9)

Sex, No. (%)

Female 179 (99)

Male 2 (1)

Menopausal status, No. (%)

Premenopausal 34 (19)

Postmenopausal 138 (77)

Unknown 7 (4)

Histology, No. (%)

Invasive carcinoma of NST 146 (81)

Invasive lobular carcinoma 29 (16)

Others/unknowna 6 (3)

ER status, No. (%)

ER-negative 49 (27)

ER-positive 132 (73)

HER2 status, No. (%)

HER2-negative 151 (83)

HER2-positive 30 (17)

Biopsy location, No. (%)

Bone 92 (51)

Lymph node 41 (23)

Skin 8 (4)

Lung 7 (4)

Liver 24 (13)

Othersb 9 (5)

Previous (adjuvant) therapy for breast
cancer, No. (%)

Yes 129 (71)

No 52 (28)

Bone scan, No. (%)

Performed 181 (100)

Not performed 0 (0)

[18F]FDG PET, No. (%)

Performed 180 (99)

Not performed 1 (1)

NOTE. Data of all 181 patients are shown.
Abbreviations: BMI, body mass index; ER, estrogen receptor; FDG,

fluorodeoxyglucose; HER2, human epidermal growth factor receptor
2; NST, no special type; PET, positron emission tomography.

an 5 1 tubulolobular carcinoma, n 5 1 micropapillary carcinoma,
n5 1metaplastic carcinoma, n5 1 undifferentiated carcinoma, n5 1
apocrine carcinoma, and n 5 1 unknown.

bn5 1 adrenal gland, n5 1 brain, n5 2 breast, n5 3 thoracic soft
tissue, and n 5 2 muscle soft tissue.
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instance liver) resulting in regional differences, but rather a
relatively high uptake in the lymph nodes themselves (Data
Supplement). The AUROC in all metastases could be in-
creased to 95% (91 to 99) when lesions with a volume lower
than 2 cm3 (corresponding to a diameter of 12.6 mm)
were excluded from the ROC analysis (Data Supplement).
This improvement in diagnostic performance is mainly
explained by the exclusion of false-negative metastases, as
in 7 of 11 in which the [18F]FES-PET did not show uptake

in the ER-positive IHC biopsy site, the metastasis had a
volume below 2 cm3 (Data Supplement).

Visual assessment of the biopsied metastasis had a lower
sensitivity and NPV compared with whole-body [18F]FES-
PET and quantitative [18F]FES uptake in biopsied metas-
tases (Data Supplement).

To explain why the whole-body [18F]FES-PET has higher
diagnostic performance than [18F]FES uptake in biopsied
metastases, patients with a discrepancy between the ER
IHC and local [18F]FES uptake, but not between ER IHC
and whole-body [18F]FES-PET, were further investigated.
Negative local [18F]FES uptake but positive ER IHC/whole-
body [18F]FES-PET was found in four patients, whose
whole-body [18F]FES-PET showed heterogeneous [18F]FES
uptake. Positive local [18F]FES uptake but negative ER IHC/
whole-body [18F]FES-PET was found in five patients in
whom the SUVmax threshold of 1.5 might have been
suboptimal (lymph nodes–see below, and pelvic region).26

Meta-Analysis

We identified 15 studies that included a [18F]FES-PET scan
and IHC for ER status assessment of a biopsy from a
primary tumor or metastases (Data Supplement). Three of
15 studies were excluded, because of data already being
part of other included studies (n5 2) or insufficient data for
diagnostic accuracy calculation (n 5 1). A total of 556
patients were included in the meta-analysis. Using the
QUADAS-2 tool, no significant risk of bias of the included
studies was found (Data Supplement). For qualitative

TABLE 2. Correspondence of Whole-Body [18F]FES-PET Results and ER IHC
Status of the Biopsied Lesion

Result

Participants (n 5 181)

ER IHC Status of the Biopsied Lesion

Positive (n 5 132) Negative (n 5 49)

Whole-body [18F]FES-PET result

Positive (n 5 135) 125 10

Negative (n 5 46) 7 39

Sensitivity 95 (89 to 97)

Specificity 80 (66 to 89)

PPV 93 (87 to 96)

NPV 85 (72 to 92)

NOTE. Data are the absolute value or test value % (95% CI). Data of all 181
patients are shown.
Abbreviations: [18F]FES-PET, [18F]fluoro-17b-estradiol positron emission

tomography; ER, estrogen receptor; IHC, immunohistochemistry; NPV, negative
predictive value; PPV, positive predictive value.

r = 0.508, P < .0001
1

4

16

0 5 10 20 30 40 50 60 70 80 90 100

ER Expression (%)

[18
F]

FE
S 

SU
V m

ax

Linear fit line with 95% CI

FIG 2. [18F]FES SUVmax by percentage of immunohistochemical ER-positive cells in the biopsy of a metastasis. [18F]
FES, [18F]fluoro-17b-estradiol; ER, estrogen receptor; SUV, standardized uptake value.
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assessment of [18F]FES-PET, a pooled sensitivity of 84%
(75 to 90) and specificity of 92% (64 to 99) were ob-
served. For quantitative assessment of [18F]FES uptake
in the biopsied lesion, a pooled sensitivity of 89%

(95% CI, 85 to 92) and a specificity of 78% (69 to 84)
were observed (Fig 3 and Data Supplement). Not
enough data were available to compare different
methods of quantification.
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FIG 3. Forest plots showing sensitivity and specificity of studies comparing [18F]FES-PET and ER status by the assessment method.
Summary estimates are based on the primary analysis of the study when both methods are used. ER, estrogen receptor; MBC,
metastatic breast cancer; TN, true negative; TP, true positive.
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DISCUSSION

In the present study, we assessed the diagnostic accuracy
of qualitative and quantitative [18F]FES-PET assessment to
predict ER status by IHC in a biopsied metastasis to support
the value of [18F]FES-PET in clinical practice. Our results
indicate that whole-body [18F]FES-PET assessment had an
excellent PPV and NPV of 93% and 85%, respectively, to
predict the ER status of a metastasis.

To our knowledge, this is the largest prospective study so far
with highly standardized imaging and histopathologic as-
sessments to assess the clinical validity of the [18F]FES-PET
to predict metastasis ER status. Strengths of this trial are its
multicenter nature, with standardization of all procedures
and protocols and central evaluation of the scans. The
prospectively defined qualitative and quantitative approach
allowed a unique comparison between the whole-body and

No Yes

ER-positive diseaseeER-negative diseasec

likely
ER-positive diseased

likely

Unknown ER status

[18F]FES-PET

Standard workup
MBC

Quantification of
[18F]FES uptakef

ER-positive diseaseb

Qualitative visual
assessment

Doubt

[18F]FES SUVmax  2.5

One or more lesion(s) with uptake higher than
background

[18F]FES-PET not
recommended if

Recent (< 5 weeks)
fulvestrant or tamoxifen use

Gastrointestinal disease
only (eg, liver, gastric, and 
colon metastases)

[18F]FES SUVmax < 1.5 [18F]FES SUVmax  1.5 < 2.5

ER-negative diseasea

FIG 4. Flowchart for clinical application of [18F]FES-PET. aNPV 85%; bPPV 93%; cNPV 71%; NPV 81% ex-
cluding small lesions (, 2 cm3 volume); dPPV 90%, PPV in bone lesions 92%, and ePPV 99%. fBeware of false-
negative results when only small (, 2 cm3 volume) lesions are available. Preferably confirm ER-negative disease
with biopsy. Beware of false-positive results because of high physiologic background uptake (lumbar region,
lymph nodes, and abdomen): SUVmax threshold of 2.0 recommended to determine ER-positive disease for these
localizations. [18F]FES-PET, [18F]fluoro-17b-estradiol positron emission tomography; ER, estrogen receptor;
MBC, metastatic breast cancer; NPV, negative predictive value, PPV, positive predictive value; SUV, stan-
dardized uptake value.
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single-metastasis assessment. Furthermore, in our study,
bone metastases were also included, which is particularly
relevant in the setting of breast cancer and supports the
clinical impact of these findings. Also, the addition of our
data narrowed the 95% CIs in a worldwide meta-analysis.
Although the high accuracy of visual assessment supports
feasibility of [18F]FES-PET in clinical practice, tracer uptake
quantification should be considered in cases of doubt,
particularly in lymph nodes and in the lower abdomen. This
is due to a higher background uptake in lymph nodes in
general and the presence of organs with high background
uptake in the abdomen. Quantification also allows excellent
identification of true positives, as we found a PPV of 99%
with an SUVmax $ 2.5. In small lesions quantification re-
sults should be interpreted with caution, because of the risk
of false-negative findings, due to partial-volume effect.36

Therefore, a negative [18F]FES-PET does not rule out ER-
positive disease when only lesions with a volume below
2 cm3 are assessed. The two patients with a biopsied
metastasis with 5% of ER-positive cells, as determined by
IHC in the biopsied metastasis, had a positive [18F]FES-
PET. Depending on the cutoff for ER positivity, these scans
can be regarded as either false- or true-positive.24,25,37

False-positive [18F]FES uptake can also be caused by
previous irradiation of the thoracic wall/lungs.38 Therefore,
uptake in irradiated regions should be considered with
caution.

In our study, the higher diagnostic performance of whole-
body [18F]FES-PET assessment compared with that of
quantitative single metastasis assessment is remarkable.
This may be explained by intrapatient [18F]FES uptake
heterogeneity known to occur not only between metastases
but also between physiologically background uptake in

different anatomic locations.26 It might be argued that
whole-body [18F]FES assessment is less likely to result in
false findings since local differences in uptake are less likely
to be of influence. Also, the addition of quantitative [18F]FES
assessment in case of doubt might have contributed to the
high diagnostic accuracy of the whole-body [18F]FES-PET.

Our study has limitations. A single biopsy was performed,
which limits the possibility to pathologically assess intra-
patient heterogeneity. In our analysis, the result of whole-
body [18F]FES-PET was considered false-positive when a
single (not necessarily the biopsied) lesion was [18F]FES–
positive, whereas the biopsied lesion was ER-negative by
IHC. However, it cannot be excluded that the nonbiopsied
[18F]FES–positive lesion was in fact truly positive because of
ER heterogeneity between lesions. In addition, [18F]FES-
PET results were compared with ER IHC as a reference
standard, whereas ER IHC itself has its limitations con-
cerning response prediction.39 The association of [18F]FES
SUVmax with the IHC assay in our study is weaker than
previously reported, which could be explained because of
the difference in assay and/or the study population.6

Whether [18F]FES-PET improves response prediction for
endocrine treatment and whether it is cost-effective in MBC
(clinical utility) are currently still being analyzed in the
IMPACT-MBC trial. For the meta-analysis, studies with
varying protocols were included, which might have affected
its outcome.

On the basis of our data, [18F]FES-PET can be considered a
valid alternative to a biopsy of a metastasis to establish ER
status in MBC. This is of relevance in clinical practice when
a biopsy of a metastasis to establish ER status is unavail-
able. Moreover, patients prefer PET scans to a biopsy.40

The introduction of commercially available [18F]FES could
help to facilitate widespread implementation.41

For clinical implementation, additional factors should be
considered. [18F]FES-PET cannot inform the clinician on
important characteristics such as histology or HER2 status.
Although a biopsy of a metastasis therefore remains
preferable in the workup of MBC, the information a [18F]
FES-PET can remain highly clinically relevant when a bi-
opsy is not feasible or not wanted, for instance, at a later
disease stage. This is even more so because the primary
tumor is a less reliable surrogate to determine ER status in
MBC, as the discordancy rates between primary tumor and
metastases are relatively high (compared with HER2).42,43

Another consideration for clinical practice is that [18F]FES-
PET should not be performed within 5 weeks of use of ER
antagonists because of decreased uptake.44 Pretreatment
in general and disease progression may influence imaging
results, for instance, by affecting ER expression and in-
duction of intrapatient heterogeneity. This is important to
realize when applying our findings in a pretreated pop-
ulation since we included newly diagnosed and untreated
MBC in our study. Furthermore, detection of tumor spread
in the digestive tract wall is limited because of detection

TABLE 3. Paired Correspondence of Metastatic [18F]FES Uptake and ER IHC
Status of the Biopsied Lesion

Result

Participants (n 5 156)

ER IHC Status of the Biopsied Lesion

Positive (n 5 117) Negative (n 5 39)

[18F]FES SUVmax 1.50 threshold

Positive (n 5 118) 106 12

Negative (n 5 38) 11 27

[18F]FES SUVmax geom mean 4.14 (3.60 to 4.81) 1.30 (1.16 to 1.45)

Sensitivity 91 (84 to 95)

Specificity 69 (54 to 81)

PPV 90 (83 to 94)

NPV 71 (55 to 83)

NOTE. Data are estimated geometric mean value (95% CI), absolute value, or
test value % (95% CI). Data of all 156 patients are shown.
Abbreviations: [18F]FES, [18F]fluoro-17b-estradiol; ER, estrogen receptor; IHC,

immunohistochemistry; NPV, negative predictive value; PPV, positive predictive
value; SUV, standardized uptake value.
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limits, [18F]FES-PET uptake in liver, and excretion in gall
bladder and digestive tract.26,45 On the other hand, our data
show that for the most common metastatic site in breast
cancer: bone, [18F]FES-PET has even better diagnostic
accuracy than in other locations. Our recommendations on
how to implement [18F]FES-PET in clinical practice are
shown in Figure 4.

In conclusion, in this largest prospective series so far, we
established the clinical validity of [18F]FES-PET to deter-
mine tumor ER status in MBC. In view of the high diagnostic
accuracy of qualitatively assessed whole-body [18F]FES-
PET, this noninvasive imaging modality can be considered
a valid alternative to a biopsy of a metastasis to determine
ER status in newly metastatic MBC.
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