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Abstract. Estrogen receptor (ER) status by immunohistochem-
istry (IHC) of cancer tissue is currently used to direct endocrine
therapy in breast cancer. Positron emission tomography (PET)
with 16α-18F-fluoro-17β-estradiol (18F-FES) noninvasively char-
acterizes ER ligand–binding function of breast cancer lesions.
Concordance of imaging and tissue assays should be
established for 18F-FES PET to be an alternative or complement
to tissue biopsy for metastatic lesions. We conducted a meta-
analysis of published results comparing 18F-FES PET and tissue
assays of ER status in patients with breast cancer. PubMed and
EMBASE were searched for English-language manuscripts with
at least 10 patients and low overall risk of bias. Thresholds
for imaging and tissue classification could differ between
studies but had to be clearly stated. We used hierarchical sum-
mary receiver-operating characteristic curve models for the

meta-analysis. The primary analysis included 113 nonbreast
lesions from 4 studies; an expanded analysis included 327 total
lesions from 11 studies. Treating IHC results as the reference
standard, sensitivity was 0.78 (95% confidence region
0.65–0.88) and specificity 0.98 (0.65–1.00) for the primary
analysis of nonbreast lesions. In the expanded analysis includ-
ing non-IHC tissue assays and all lesion sites, sensitivity was
0.81 (0.73–0.87) and specificity 0.86 (0.68–0.94). These results
suggest that 18F-FES PET is useful for characterization of ER sta-
tus of metastatic breast cancer lesions. We also review current
best practices for conducting 18F-FES PET scans. This imaging
assay has potential to improve clinically relevant outcomes for
patients with (historically) ER-positive metastatic breast cancer,
including those with brain metastases and/or lobular histology.
The Oncologist 2020;25:835–844

Implications for Practice: 16α-18F-fluoro-17β-estradiol positron emission tomography (18F-FES PET) imaging assesses estro-
gen receptor status in breast cancer in vivo. This work reviews the sensitivity and specificity of 18F-FES PET in a meta-analysis
with reference tissue assays and discusses best practices for use of the tracer as an imaging biomarker. 18F-FES PET could
enhance breast cancer diagnosis and staging as well as aid in therapy selection for patients with metastatic disease. Tissue
sampling limitations, intrapatient heterogeneity, and temporal changes in molecular markers make it likely that 18F-FES PET
will complement existing assays when clinically available in the near future.

INTRODUCTION

More than 70% of primary breast cancers are hormone
receptor positive, and their incidence is increasing in the
U.S. [1]. Determination of estrogen receptor (ER) status in a
primary breast lesion is an integral part of initial patient

workup. Breast tissue is relatively easy and safe to biopsy,
and immunohistochemical (IHC) analysis is consequently
standardized [2]. Despite a favorable prognosis and effec-
tive therapies available for ER-positive breast cancer,
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metastatic breast cancer (MBC) from an ER-positive primary
tumor is responsible for the majority of breast cancer–
related deaths [3].

Patients with metastatic disease from an ER-positive
primary breast cancer (ER+ MBC) can live for many pro-
ductive years with appropriate therapy. Because there
are many classes of treatment options (endocrine ther-
apy, biologics, cytotoxic chemotherapy, etc.) and a myr-
iad of evolving disease phenotypes (loss of ER, gain of
human epidermal growth receptor 2 [HER2], emergence
of PI3Kinase mutations, ESR1, and others), determining a
sequence of therapies is a major challenge for each indi-
vidual patient [4–6]. Hormone receptor–directed therapy
can only be effective if there is receptor expression in
metastatic lesions.

A proportion of patients with ER-positive primary disease
eventually present with ER-negative metastases [7–10]. These
patients will not benefit from ER-directed therapies, and it is
therefore important for ER status to be determined in all
patients with historically ER-positive disease [11, 12]. How-
ever, metastatic disease is often not amenable to IHC analysis.
The lesion may be located in a site that is difficult or impossi-
ble to biopsy [11], and bone lesions face the additional chal-
lenge of decalcification [13]. A fine-needle or core biopsy may
not be representative of the entire lesion; tumor heterogene-
ity may result in phenotype variation between lesions, limiting
utility of single lesion assessment [14].

Positron emission tomography (PET) with 16α-18F-
fluoro-17β-estradiol (18F-FES) assesses ER functioning in a
manner analogous to in vitro ligand-binding assays [15–17].
18F-FES PET has been shown by several groups to be an
excellent noninvasive method for determining ER status in
multiple lesions throughout the body (with the exception of
the liver, whence it is cleared) [18–22]. ER positivity by
18F-FES PET has been shown to predict, beyond clinical and
pathological predictors, longer progression-free survival
(PFS) on endocrine monotherapy [23], potentially impacting
therapy choices in patients with a clinical dilemma [22, 24].

IHC assays are the current gold standard for use of ER as
a predictive biomarker in primary breast cancer [2]. Multiple
studies and meta-analyses have demonstrated that 18F-FES
PET results are indeed concordant with ER status determined
by invasive immunohistochemical methods; meta-analyses
have estimated sensitivity (probability of 18F-FES-positive
scan for an ER-positive lesion) of 0.82–0.84 and specificity
(probability of 18F-FES-negative scan for an ER-negative
lesion) of 0.93–0.98 [17, 21, 25]. However, in all previous
meta-analyses, results for metastatic lesions have been mer-
ged with results for breast lesions.

18F-FES PET is being developed for the characterization
of ER status of known or suspected metastatic lesions in
patients with a history of ER-positive breast cancer. Breast
lesions may be easier to assess by 18F-FES PET because of
low uptake in normal breast [26]. In order to assess concor-
dance of ER by 18F-FES PET and IHC in nonbreast lesions,
and to incorporate new published data, Zionexa conducted
a new meta-analysis as part of the Food and Drug Adminis-
tration New Drug Application for 18F-FES. This report pre-
sents the results of our meta-analysis. In this context, we
review current best practices for conducting 18F-FES PET

scans, from the referring oncologist’s, patient’s, and nuclear
medicine physician’s point of view.

MATERIALS AND METHODS

The goal of the current meta-analysis was to assess lesion-
level agreement between ER IHC assays and qualitative
assessment by 18F-FES PET. We considered nonbreast and
breast lesions separately. Separate analysis of breast lesions
also allowed for inclusion of patients with nonmetastatic
disease in secondary analyses.

Search criteria, study assessment, and other meta-analysis
design factors are described in the supplemental online data.
The approach for data synthesis followed the recommenda-
tions made in the Handbook for Diagnostic Test Accuracy
Reviews of the Cochrane Collaboration [27]. Heterogeneity
across study sensitivity and specificity was summarized by the
chi-square test and the I2 statistic [28]. Hierarchical summary
receiver-operating characteristic (HSROC) curves [29] were
estimated to summarize test accuracy while accounting for
variability due to threshold across studies. The HSROC curve
was fitted only in the range of observed values for both sensi-
tivity and specificity, so studies without estimates of specificity
(without ER-negative lesions by tissue assay) were excluded.
Summary sensitivity and specificity were derived with associ-
ated 95% confidence regions [30, 31]. Four separate HSROC
models were estimated: (a) Primary analysis—studies that
provided 18F-FES PET lesion-specific information for nonbreast
tumors in patients with metastatic breast cancer; (b) Second-
ary analysis 1—studies that provided 18F-FES PET lesion-
specific information for breast tumors; (c) Secondary analysis
2—combined analysis of all lesions with paired ER status by
18F-FES PET and IHC, and (d) Secondary analysis 3—expanded
combined analysis with all evaluable studies, which used a
variety of standards for the tissue reference for 18F-FES PET
performance.

Computations were performed using R version 3.6.0
(R Foundation for Statistical Computing, Vienna, Austria)
and the mada package [31].

RESULTS

PubMed and EMBASE searches identified 103 breast cancer
studies involving 18F-FES PET, and 12 studies met the criteria
for inclusion in our meta-analysis (published in English;
included imaging and tissue findings for at least 10 patients;
identified reference standards for imaging and tissue find-
ings; rated as low overall risk of bias. See supplemental
online data for details). Definitions of ER-positive by IHC (the
reference standard) and of 18F-FES-positive (the test result)
differed slightly between studies. These study-specific classi-
fications were preserved for the meta-analysis. Data were
not available for harmonization of tissue or imaging assays
across studies.

Table 1 shows lesion-level results for the 12 studies con-
sidered for the meta-analysis. Five studies included lesion-
level results for nonbreast metastatic lesions. In the four
smaller studies [32–35], all 26 ER-positive lesions by IHC
were also ER positive by 18F-FES PET, and all 6 ER-negative
lesions were ER negative by 18F-FES PET. (Sensitivity and
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specificity estimates below 100% are due to continuity cor-
rections to stabilize calculations.) In the largest study of
nonbreast lesions [21], all 38 tumors that were ER negative
by IHC were also ER negative by 18F-FES PET, but 11 of
47 ER-positive reference tumors had “false negative”
18F-FES PET test results (18F-FES negative by PET but ER pos-
itive by the IHC reference standard), for a sensitivity of 0.77
(95% confidence interval [CI] 0.63–0.86).

For additional studies with IHC reference (three addi-
tional studies of breast lesions, and breast or unspecified
lesions in three of the five primary studies) [32–34, 36–38],
sensitivity ranged from 0.85 to 0.99, and specificity ranged
from 0.66 to 0.85 (Table 1). Finally, for four studies with non-
IHC reference [15, 18, 24, 39], sensitivity ranged from 0.69 to
0.99, and specificity ranged from 0.05 to 1.00. Reported sen-
sitivity and specificity and 95% confidence intervals are plot-
ted in receiver-operating characteristic space in Figure 1, for
each study in which both sensitivity and specificity could be
estimated (that is, excluding studies with no ER-negative ref-
erence tumors).

Meta-analysis summary sensitivity and specificity estimates
are superimposed on the plots in Figure 1 and summarized in

Table 2. For the primary analysis of nonbreast lesions, overall
sensitivity estimated by HSROC was 0.78 (95% confidence
region 0.65–0.88); overall specificity was 0.98 (0.65–1.00;
Fig. 1A). Secondary analysis 1 analyzed breast lesions for three
studies, in patients with any-stage breast cancer. The overall
sensitivity estimated by HSROCwas 0.86 (0.73–0.94), and spec-
ificity was 0.76 (0.52–0.90; Fig. 1B). Secondary analysis 2 com-
bined analysis of all lesions with paired ER status by IHC,
finding an overall sensitivity of 0.83 (0.72–0.90) and overall
specificity of 0.83 (0.64–0.93; Fig. 1C). Finally, secondary analy-
sis 3 expanded the combined analysis of 18F-FES PET perfor-
mance to include tissue standards other than IHC. Overall
sensitivity was 0.81 (0.73–0.87), and overall specificity was
0.86 (0.66–0.94; Fig. 1D).

Figure 1 demonstrates the uniformly high specificity for
studies of nonbreast lesions (Fig. 1A), and the low sensitiv-
ity and/or specificity of some older studies (Fig. 1D). Tests
of homogeneity did not find differences in sensitivity or
specificity among the studies in the primary analysis or
other analyses with IHC as the tissue reference standard
(Table 2). In contrast, heterogeneity among the 11 studies
in secondary analysis 3 (Fig. 1D) was found for both

Figure 1. Meta-analysis summary sensitivity and specificity (•) with 95% confidence region ( closed curve) and hierarchical sum-
mary receiver-operating characteristic curve ( curve), and sensitivity and specificity (95% confidence interval) for individual stud-
ies (thin colored lines). (A): Nonbreast lesions (4 studies with both sensitivity and specificity estimates). (B): Breast lesions
(3 studies). (C): All lesions, tissue estrogen receptor (ER) by IHC (7 studies). (D): All lesions, tissue ER by IHC or other assay (11 stud-
ies).
Abbreviation: IHC, immunohistochemistry.
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sensitivity and specificity (Table 2). The finding of “substan-
tial” [27] heterogeneity among 11 studies in secondary
analysis 3 (which included non-IHC tissue reference stan-
dards) but not among 7 studies in secondary analysis 2 is
reassuring for the validity of the smaller primary analysis of
nonbreast lesions.

DISCUSSION

Our meta-analysis built upon prior 18F-FES PET meta-analyses
by including recent studies and focusing on metastatic dis-
ease. Meta-analysis of metastatic lesions found sensitivity of
0.78 (95% CI 0.65–0.88) and specificity of 0.98 (0.65–1;
Table 2). Sensitivity decrease in our analysis was driven by
11 “false-negative” lesions in the Chae 2019 study [21] (lesions
that were not included in a pooled analysis of 39 ER-positive
metastatic lesions from three studies, reported in the appen-
dix of that study) and illustrates that small lesions in the chest
wall and lymph nodes are difficult to assess with 18F-FES PET.

Examining all tumor sites and all breast cancer stages,
our results are consistent with other published meta-ana-
lyses. Overall sensitivity was estimated as 0.82–0.84 in four
meta-analyses, including ours (Table 2; Fig. 1C) [17, 21, 25].
Our overall specificity estimate of 0.83 (95% CI 0.64–0.93)
was lower than the specificities from other meta-analyses
(0.93–0.98), despite that those studies also included the
studies with false positives [15, 33, 36, 37] (Table 1; supple-
mental online Table 4).

Summarizing meta-analysis results, agreement between
ER status determined by IHC of tissue from a single lesion
and contemporaneous 18F-FES PET results endorses the valid-
ity of 18F-FES PET assessment of metastatic ER status. Study
sample sizes were modest, reporting of inclusion/exclusion
criteria for both patients and lesions was not always clear,
and qualitative and quantitative thresholds for both 18F-FES
positivity and ER status were not uniform across studies.
Another limitation is that presence of the estrogen receptor
(as measured by IHC) is arguably less relevant than functional
ligand-binding (by 18F-FES PET) to endocrine therapy predic-
tion, and neither is a perfect predictor of endocrine therapy
benefit. Our 18F-FES PET sensitivity and specificity estimates
treat IHC as the reference standard because it is the current
clinical standard for ER assessment. Regardless of these limi-
tations, high specificity (ER-negative lesions by IHC mostly
had 18F-FES at or near background) in metastatic lesions sup-
ports the ability of 18F-FES PET to detect loss of ER expres-
sion in those lesions.

18F-FES PET is a noninvasive method to determine the
presence and ligand-binding function of the estrogen receptor
in metastatic breast cancer lesions throughout the body. A
positive 18F-FES PET scan is associated with benefit from
endocrine therapy, in both first-line and the salvage setting
[18, 23, 40]. Current options for salvage ER+ MBC therapy are
extremely broad [12, 41], including chemotherapy, synergistic
molecularly targeted agents, and potentially reusing drugs of
a similar class, such as aromatase inhibitors or selective estro-
gen receptor down-regulators with or without molecularly
targeted agents (e.g., cyclin-dependent kinase (CDK)4/6 inhibi-
tors, everolimus, alpelisib). Therefore, ER status by 18F-FES PET
has potential for assisting with therapy selection. AdditionalTa

b
le

2.
H
ie
ra
rc
h
ic
al
su
m
m
ar
y
re
ce
iv
er
-o
p
er
at
in
g
ch
ar
ac
te
ri
st
ic
su
m
m
ar
ie
s
o
f
1
8
F-
FE
S
PE
T
te
st
ac
cu
ra
cy

a

H
ie
ra
rc
h
ic
al
su
m
m
ar
y

R
O
C
m
o
d
el

N
o
.o

f
st
u
d
ie
sb

P
o
o
le
d
n
o
.

o
f
ER

-p
o
si
ti
ve

le
si
o
n
s

Se
n
si
ti
vi
ty

(9
5%

co
n
fid

en
ce

re
gi
o
n
)

V
ar
ia
ti
o
n
in

se
n
si
ti
vi
ty

at
tr
ib
u
te
d
to

st
u
d
y

h
et
er
o
ge
n
ei
ty

(t
es
t
o
f
h
o
m
o
ge
n
ei
ty
)

P
o
o
le
d
n
o
.o

f
ER

-n
eg
at
iv
e

le
si
o
n
s

Sp
ec
ifi
ci
ty

(9
5%

co
n
fid

en
ce

re
gi
o
n
)

V
ar
ia
ti
o
n
in

sp
ec
ifi
ci
ty

at
tr
ib
u
te
d
to

st
u
d
y

h
et
er
o
ge
n
ei
ty

(t
es
t
o
f
h
o
m
o
ge
n
ei
ty
)

M
o
d
el
ar
ea

u
n
d
er

th
e
R
O
C

cu
rv
e

M
et
as
ta
ti
c
le
si
o
n
s,
IH
C

(p
ri
m
ar
y
an
al
ys
is
)

4
69

0.
78

(0
.6
5–
0.
88
)

I2
=
46
%

Χ
2 3
=
5:
5,
p
=
:1
4

�
�

44
0.
98

(0
.6
5–
1)

I2
=
0%

Χ
2 3
=
1:
2,
p
=
:7
6

�
�

0.
98

B
re
as
t
le
si
o
n
s,
IH
C

(s
ec
o
n
d
ar
y
an
al
ys
is
1)

3
60

0.
86

(0
.7
3–
0.
94
)

I2
=
32
%

Χ
2 2
=
2:
9,
p
=
:2
3

�
�

18
0.
76

(0
.5
2–
0.
90
)

I2
=
0%

Χ
2 2
=
0:
5,
p
=
:7
8

�
�

0.
87

C
om

b
in
ed

,I
H
C

(s
ec
o
n
d
ar
y
an
al
ys
is
2)

7
14
3

0.
83

(0
.7
2–
0.
90
)

I2
=
53
%

Χ
2 6
=
12

:7
,p

=
:0
5

�
�

64
0.
83

(0
.6
4–
0.
93
)

I2
=
35
%

Χ
2 6
=
9:
2,
p
=
:1
6

�
�

0.
89

C
om

b
in
ed

,a
ll
re
fe
re
n
ce

st
an
d
ar
d
s
(s
ec
o
n
d
ar
y

an
al
ys
is
3)

11
21
1

0.
81

(0
.7
3–
0.
87
)

I2
=
52
%

Χ
2 10
=
20

:8
,p

=
:0
2

�
�

11
6

0.
86

(0
.6
8–
0.
94
)

I2
=
78
%

Χ
2 10
=
44
:9
,p

<
:0
01

�
�

0.
89

a
A
co
n
ti
n
u
it
y
co
rr
ec
ti
o
n
o
f
0.
1
w
as

ap
pl
ie
d
to

al
lc
el
ls
;
ra
nd

o
m

ef
fe
ct
s
n
o
t
fit
te
d
w
h
en

sa
m
p
le
si
ze

in
ad
eq

u
at
e.

b
Ex
cl
u
d
es

st
u
di
es

w
it
h
n
o
ER

-n
eg
at
iv
e
le
si
o
n
s
(“
In
d
et
er
m
in
at
e”

sp
ec
ifi
ci
ty

in
Ta
bl
e
1,
al
th
o
u
gh

o
n
ly
o
n
e
st
u
dy

is
ex
cl
u
de

d
fr
o
m

se
co
nd

ar
y
an
al
ys
es

2
an
d
3
fo
r
th
is
re
as
o
n
—
se
e
Ta
bl
e
1
fo
o
tn
o
te
s)
.

A
b
b
re
vi
at
io
n
s:
ER

,e
st
ro
ge
n
re
ce
p
to
r;
IH
C
,i
m
m
un

o
h
is
to
ch
em

is
tr
y;
R
O
C
,r
ec
ei
ve
r
o
p
er
at
in
g
ch
ar
ac
te
ri
st
ic
.

© AlphaMed Press 2020www.TheOncologist.com

Kurland,Wiggins, Coche et al. 839



potential applications for 18F-FES PET include selecting sites
for (re-)biopsy, and assistance with diagnosis, staging, and res-
taging [17, 42, 43]. The following sections discuss consider-
ations for use of 18F-FES PET from the referring oncologist’s,
patient’s, and nuclear medicine physician’s point of view.

Clinical Applications for 18F-FES PET
A growing literature has demonstrated that 18F-FES PET
offers complementary information beyond that provided by
tissue sampling, especially in metastatic lesions. There are
advantages to using 18F-FES PET to determine ER status of
metastatic breast cancer: the technique is noninvasive com-
pared with biopsy, and more importantly, receptor status
can be evaluated in all lesions throughout the body, in

contrast to the limited sampling provided by biopsy. The ER
status of a patient’s metastatic breast cancer is usually
determined by IHC analysis of biopsy tissue (or from archi-
val primary breast tissue). There may be considerable phe-
notypic heterogeneity both within a given tumor and across
multiple metastases in the same patient [14, 20]. Whole-
body 18F-FES PET will provide the ability to determine ER
status in all known or suspected lesions (except for liver
metastases). For example, in preclinical and clinical drug
development, 18F-FES PET is used as an in vivo pharmacody-
namic marker to confirm ER blockade and help determine
dosing [44–46]. Thus 18F-FES PET can assist with diagnosis
(identification of lesion to sample), staging, restaging, and
resolution of clinical dilemmas [17, 42, 43].

Figure 2. MR (left), 18F-FES PET (center), and fused PET/MR (right) of a patient with brain metastases from a historically ER-positive
breast cancer. The upper panel illustrates a lesion evident on MR, whereas the lower panel illustrates an 18F-FES-positive lesion that
was not readily apparent on MR.
Abbreviations: 18F-FES, 16α-18F-fluoro-17β-estradiol; MR, magnetic resonance; PET, postitron emission tomography.
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Two representative examples (from a study undertaken to
assess the accuracy of 18F-FES PET in identifying ER-positive
disease) illustrate the potential for 18F-FES PET to determine
ER status of metastatic lesions in patients with ER+ MBC.
Figure 2 demonstrates FES uptake in a brain metastasis
(arrow), an area not easily amenable to biopsy. Figure 3 illus-
trates the utility of 18F-FES PET in a patient with invasive lobu-
lar carcinoma (ILC) of the breast. ILC is characterized by a
disseminated growth pattern, low proliferation, and lower
tumor glycolysis than invasive ductal carcinomas, while carry-
ing a poor prognosis considering its relative indolence [47, 48].
In addition to creating unique challenges for diagnosis and
treatment, ILC features such as dissemination and indolence
cast doubt on the utility of 18F-FDG PET for staging [48]. For
the patient with ILC shown, disease burden was estimated by
18F-FDG PET (left) followed the next day by 18F-FES PET. The
far greater disease burden detected by 18F-FES reflects its abil-
ity to identify ILC lesions based on the function and density of
the estrogen receptor, independent of the Warburg effect
(which drives tumor 18F-FDG avidity) and despite low resolu-
tion of PET compared with structural imaging such as com-
puted tomography (CT). These representative examples
highlight the ability of this noninvasive imaging technique to
assess ER status of lesions in hard-to-biopsy locations (the
brain, in Fig. 2) as well as provide a characterization of
whole-body assessment of ER status in patients with ER+
MBC (Fig. 3).

Several studies have examined 18F-FES PET as a predic-
tor of response to endocrine monotherapy [18, 23, 38, 40,
44, 45, 49, 50] and in combination with other agents,
including the CDK inhibitor palbociclib [51–53]. Therefore,
ER status by 18F-FES PET has potential for assisting with
therapy selection decisions for patients with ER+ MBC.
Additional genomic and histologic assays of biopsy material
or liquid biopsy may be a complement to 18F-FES to address
HER2, PI3K mutational status, or ESR1 mutations [54, 55];
18F-FES may also help identify a site of interest for biopsy.
18F-FDG PET assessment of a metabolic flare reaction to
estradiol challenge has also been proposed for prediction of
response to endocrine therapy [56]. Ongoing multicenter
trials with 18F-FES PET and liquid and tissue biopsy corre-
lates (NCT01957332; NCT02398773) will help refine therapy
selection for future patients and help to identify targetable
changes in tumor characteristics [10].

Suggestions for 18F-FES PET Imaging Scanning
Protocols
From the patient’s and technologist’s point of view, 18F-FES
PET has few restrictions. Fasting prior to injection and restri-
cted physical activity following injection are not required. The
recommended 18F-FES dose is 111–222 MBq (3.0–6.0 mCi).
Radiation exposure is similar to 18F-FDG PET, for an effective
dose of approximately 4.9 mSv (0.49 rem) after intravenous
injection of 222 MBq in an adult weighing 70 kg. The highest

Figure 3. Transaxial pelvic (at the level of the pubic symphyses) positron emission tomography (PET)/computed tomography fusion
images (18F-FDG [left] and 18F-FES [right]). The insets represent the whole-body PET image, of a patient with metastatic lobular duc-
tal carcinoma of the breast. Note that 18F-FDG uptake in many lesions is less than corresponding 18F-FES uptake.
Abbreviations: 18F-FDG, 18F-fluorodeoxyglucose; 18F-FES, 16α-18F-fluoro-17β-estradiol.
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absorbed dose is in the liver, where 18F-FES is metabolized.
However, mild hepatic dysfunction is unlikely to impact patient
safety or tumor 18F-FES uptake elsewhere [57]. Other organs
with relatively high radiation absorption in dosimetry studies
in patients with breast cancer were the gallbladder and urinary
bladder [26].

Tumor uptake will vary over time as the tracer is distributed
and excreted [58]. Sixty minutes after injection is accepted as a
time of uptake equilibrium, with an acceptable range of 50–70
minutes [57]. A scan from knee to skull vertex takes about
25 minutes (20–30 minutes) [57]. The lack of 18F-FES uptake by
normal intracranial structures also enables determination of ER
status in brain metastases, a difficult site for biopsy (Fig. 2).
Acquisition in the caudocephalad direction is recommended
[59] but is not essential.

Most patients receiving 18F-FES PET will be women who
are postmenopausal owing to age or prior therapy. Accumu-
lated evidence also supports the use of 18F-FES PET in
premenopausal women [17, 60], as well as in men with ER-
positive breast cancer [61].

The primary special consideration for 18F-FES PET imaging
is washout of prior ER antagonists. Because 18F-FES PET mea-
sures regional binding of estrogens to the estrogen receptor,
therapies like tamoxifen [57] and fulvestrant [17, 62] that
block ER will prevent uptake of 18F-FES by estrogen receptors.
An ER-positive lesion subjected to successful blocking therapy
will appear to be 18F-FES negative. A washout period is indi-
cated for tamoxifen and fulvestrant, to prevent false 18F-FES-
negative imaging due to residual presence of these antagonist
agents. Aromatase inhibitors block estrogen synthesis rather
than estrogen receptors and do not interfere with 18F-FES
uptake [63]. Thus, 18F-FES PET may be performed to assess ER
status during aromatase inhibitor therapy.

Image Analysis
Clinicians and nuclear medicine physicians will need to con-
solidate information from an 18F-FES PET scan in order to use
the scan to make clinical decisions. Primarily, the nuclear
medicine physician will want to identify lesions and assess
their ER uptake. Lesion identification can be driven by con-
ventional imaging such as CT, magnetic resonance imaging,
and bone scan. A qualitative assessment will declare identi-
fied lesions to be 18F-FES positive if 18F-FES uptake is above
background. Minimal extratumoral uptake enables consider-
able confidence in classifying lesions as 18F-FES positive or
-negative.

Hepatobiliary clearance of 18F-FES precludes assessment
of liver lesions and makes interpretation of abdominal nodal
involvement (particularly in nodal basins adjacent to the bowel)
difficult. Nonetheless, careful image review particularly of the
PET/CTmay improve confidence (for example, by distinguishing
uptake in a nodal basin evident on CT). Preliminary reader stud-
ies inmultiple tumor sites have suggested very good agreement
among nuclear medicine physician readers [34].

Intratumoral heterogeneity is of great research interest
and is more readily assessed by molecular imaging than by
tissue or blood assays. However, heterogeneity measures
remain exploratory, because treatment decisions are at the
patient level and unlike other tumors [64] there is no

evidence that intratumoral heterogeneity has prognostic or
predictive significance in metastatic breast cancer [65].

For patients with multiple lesions, a patient-level sum-
mary of ER status is needed to assist treatment decisions,
which will also incorporate prior treatment history, patient
preferences, and other assays (such as HER2, PR, ESR1, or
PIK3CA mutations). Although it seems sensible to assess a
scan with any negative lesions as 18F-FES negative, the rec-
ommendation by the Groningen University Medical Center
group is to “describe the overall ER status of the metastases”
[57]. This recommendation is supported by observations of
within-patient variability and by use of overall ER status in
the prediction of endocrine therapy success [19, 23]. Addi-
tionally, partial volume effects may result in a false 18F-FES-
negative assessment for a small or irregularly shaped lesion.
In comparison with tissue assays, 18F-FES has potential to
overcome tissue sampling error and can better demonstrate
the ER status of the body burden of disease; thus, it may pro-
vide a better prediction of clinical benefit [18, 23].

Although qualitative assessment is reliable for overall
image interpretation, quantitative FES PET uptake measures
may have benefit, especially in equivocal lesions or in deter-
mining change in ER status during or after therapy. These
measures are highly dependent on scanning instrumentation
and protocol and have not yet been subjected to protocol
standardization [57, 59] or harmonization [66]. There are
several semiquantitative measures of tumor 18F-FES uptake.
The two most commonly reported are SUVmax—the stan-
dardized uptake value (SUV) for the hottest (highest uptake)
pixel in the tumor—and SUVmean—the average SUV for all
pixels in a “region of interest,” which could incorporate the
entire tumor or be a standard size. A cutoff value of 1.5 as
18F-FES positive has been suggested to apply to the SUVmean
30–60 minutes after acquisition [40], to SUVmax (60 minutes
acquisition time) [36], to the geometric mean of SUVmax
lesions as well as individual SUVmax [20], and to SUVmax
with background correction [44]. Validation using predefined
semiquantitative measures of tumor 18F-FES uptake is ongo-
ing and requires replication of measures in independent
cohorts.

In summary, a negative 18F-FES PET is a compelling rea-
son to move away from ER-directed therapy in patients
with ER+ MBC. If most lesions are found to be 18F-FES posi-
tive, then ER-directed therapy (with or without CDK inhibi-
tors) is associated with clinical benefit, such as 6 months on
therapy without progressive disease. On the other hand, if
most lesions in overall patient disease burden are 18F-FES
negative by qualitative assessment, then ER-directed ther-
apy is likely to be ineffective.

CONCLUSION

This meta-analysis demonstrates accuracy of 18F-FES PET in
the characterization of tumor ER status in patients with met-
astatic breast cancer from an ER-positive primary breast can-
cer, validating the results of prior reports and extending the
analysis to metastatic lesions. Tissue sampling limitations,
intrapatient heterogeneity, and temporal changes in molecu-
lar markers make it likely that 18F-FES PET will complement
existing assays when clinically available in the near future. If
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most lesions are 18F-FES negative in qualitative assessment,
then ER-directed therapy is likely to be ineffective. This man-
uscript reviews scanning protocol and image analysis consid-
erations and describes clinical scenarios in which 18F-FES PET
may play a role in guiding therapy selection.
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