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Diagnostic accuracy and safety of 16a-[**F]fluoro-17f3-
oestradiol PET-CT for the assessment of oestrogen receptor
status in recurrent or metastatic lesions in patients with
breast cancer: a prospective cohort study

Sun Young Chae*, Sei Hyun Ahn*, Sung-Bae Kim*, Sangwon Han, Suk Hyun Lee, Seung Jun Oh, Sang Ju Lee, Hee Jeong Kim, Beom Seok Ko,
Jong Won Lee, Byung Ho Son, Jisun Kim, Jin-Hee Ahn, Kyung Hae Jung, Jeong Eun Kim, Seog-Young Kim, Woo Jung Choi, Hee Jung Shin,
Gyungyub Gong, Hyo Sang Lee, Jung Bok Lee, Dae Hyuk Moon

Summary

Background A biopsy of first recurrence or metastatic disease is recommended to re-evaluate oestrogen receptor status
in patients with breast cancer and to select appropriate treatment. However, retesting for oestrogen receptor status
with rebiopsy is not always feasible, depending on lesion location and the risk associated with biopsy, and in these
cases clinicians continue to treat patients according to the oestrogen receptor status of the primary tumour.
Consequently suboptimal therapy might be offered to these patients. We assessed the diagnostic accuracy and safety
of 160-[18F]fluoro-17f-oestradiol (18F-FES) PET-CT to assess oestrogen receptor status in patients with recurrent or
metastatic breast cancer.

Methods We did a prospective cohort study at the Asan Medical Center, Seoul, South Korea. Eligible patients had
breast cancer, with first recurrence or metastatic disease at presentation, were 19 years or older, and had an Eastern
Cooperative Oncology Group performance status of 0-2. The primary objective was to show the agreement between
qualitative 18F-FES PET-CT interpretation and the results of oestrogen receptor expression by immunohistochemical
assay, a non-reference standard test. Whole-body 18F-FES PET-CT imaging was done after intravenous injection of
111-222 MBq of 18F-FES, with dosing primarily determined by radiation dosimetry analysis. 18F-FES uptake above
background intensity was interpreted as positive. Efficacy was assessed in all patients with histologically confirmed
recurrent or metastatic breast cancer who received 18F-FES and had PET-CT images available (intention-to-diagnose
analysis), and safety was assessed in all patients who received 18F-FES. This study is registered with ClinicalTrials.gov,
number NCT01986569.

Findings Between Nov 27, 2013, and Nov 10, 2016, 93 patients were enrolled. Of the 85 patients included in the efficacy
analysis, 47 (55%) were oestrogen receptor-positive and 38 (45%) were oestrogen receptor-negative. Positive status
percent agreement between the 18F-FES PET-CT results and oestrogen receptor status by immunohistochemical assay
was 76-6% (95% CI 62-0-87 - 7) and the negative status percent agreement was 100-0% (90-8-100-0). Patients who were
oestrogen receptor-positive and had a positive 18F-FES PET-CT result had a significantly higher progesterone receptor
expression than those who were oestrogen receptor-positive and had a negative 18F-FES PET-CT result (23 [68%)] of
34 patients vs 0 of 11 patients; p<0-0001). The most common adverse event was procedural pain in nine (10%) of
90 patients injected with 18F-FES. No adverse events were related to the study drug except injection site pain in one (1%)
patient. No serious adverse events were recorded.

Interpretation The high negative percent agreement between 18F-FES PET-CT and oestrogen receptor status by
immunohistochemical assay in this cohort suggests that positive 18F-FES uptake by recurrent or metastatic oestrogen
receptor-positive breast cancer lesions could be an alternative to oestrogen receptor assays in this setting. Staging
assessment should include 18F-FES PET-CT when retesting oestrogen receptor status is not feasible.

Funding Asan Institute for Life Sciences, Ministry of Health and Welfare, South Korea.
Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction

Breast cancer is one of the leading causes of cancer-related
death in women. For metastatic breast cancer, 5-year
cancer-specific survival is no more than 40%." The systemic
treatment of breast cancer recurrence or metastasis with
available therapies is not curative but improves quality of

life and overall survival. A biopsy is recommended for
patients with first recurrence or metastatic disease at
presentation to obtain histopathological confirmation and
to re-evaluate oestrogen receptor status; the results direct
the selection of appropriate treatment because of the
potential discordance in oestrogen receptor status between
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Research in context

Evidence before this study

Oestrogen receptor status of breast cancer can be non-invasively
assessed by PET with 16a-[**F]fluoro-17B-oestradiol (**F-FES).
We did a literature review of PubMed and Embase to identify
reports published in English from Jan 1, 1985, to May 8, 2018.
For search terms used, please see the appendix (pp 2-3).

We identified five studies that investigated the accuracy of
**F-FES PET in patients with recurrent or metastatic breast cancer.
Previous prospective studies were not designed to formally test a
specific hypothesis and the results were exploratory. In only

two studies, the accuracy of **F-FES PET was separately assessed
in a small number of patients with recurrent or metastatic breast
cancer with the use of a prespecified threshold of **F-FES uptake.
The clinical utility of **F-FES PET in the diagnosis of recurrent or
metastatic disease has not been established.

Added value of this study

To our knowledge, this is the first study to investigate diagnostic
accuracy and safety of **F-FES PET-CT for the assessment of
oestrogen receptor status in recurrent or metastatic lesions in
patients with breast cancer. In this study, we provide an
estimate for positive and negative percent agreements between
**F-FES PET-CT and the immunohistochemical assay of

primary and metastatic breast cancer lesions.? However,
collecting a biopsy sample from metastatic tissue is not
considered mandatory in daily practice and is sometimes
not feasible depending on lesion location and the risk
associated with biopsy. In these cases, clinicians keep
treating patients according to the oestrogen receptor status
of the primary breast cancer’ Consequently, suboptimal
therapy might be offered to these patients.

Oestrogen receptor status of breast tumours can be
assessed by PET with 16a-[18F]fluoro-17B-oestradiol
(18F-FES).** 18E-FES binds to oestrogen receptors in vivo,
similar to oestradiol, and enables in-vivo imaging of
oestrogen receptor expression at recurrent or metastatic
tumour sites in the body, without requiring a biopsy
sample.”™ Previous studies of 18F-FES were not designed
to formally test a specific hypothesis, and the results
were exploratory. In only two studies,* the accuracy of
18F-FES PET was prospectively assessed in a small
number of patients with recurrent or metastatic breast
cancer with the use of a prespecified threshold of 18F-FES
uptake (appendix pp 4-6).

In the current study, our primary objective was to show
the agreement between qualitative 18F-FES PET-CT
interpretation and immunohistochemical evaluation of
oestrogen receptor expression, a non-reference standard
test, in patients with recurrent or metastatic breast cancer.
Secondary objectives were to assess the association
between quantitative 18F-FES uptake within a tumour
normalised to the whole-body concentration of the
injected 18F-FES activity (standardised uptake value;
SUV) and the semiquantitative immunohistochemistry
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oestrogen receptor expression in a consecutive sample of
patients. We show a high negative percent agreement, but a
moderate positive percent agreement. Patients who were
oestrogen receptor-positive and had a positive **F-FES PET-CT
result had a significantly higher progesterone receptor
expression than those who were oestrogen receptor-positive
and had a negative **F-FES PET-CT result. **F-FES administration
and PET-CT procedures were well tolerated in all patients.

Implications of all the available evidence

The staging assessment of patients who present with first
recurrence or metastatic breast cancer should include

**F-FES PET-CT when retesting oestrogen receptor status is not
feasible. Positive **F-FES PET-CT could be a non-invasive
alternative in the diagnosis of oestrogen receptor-positive
recurrent or metastatic breast cancer. Future research should
focus on whether **F-FES PET-CT can be done as an initial
standard imaging test or at the same time as other standard
tests in the setting of recurrent or metastatic disease.

Also, patients with oestrogen receptor-positive breast cancer
and **F-FES PET-CT negative results might represent a distinct
subset of oestrogen receptor-positive breast cancer. Larger
studies are needed to precisely characterise this patient subset.

index (Allred score) and to assess the safety of
18F-FES PET-CT. Additionally, we explored the association
between SUV of 18F-FES PET-CT and serum oestradiol
concentration and the concordance of oestrogen receptor
status between primary and recurrent or metastatic
cancer lesions.

Methods

Study design and participants

We did a prospective, non-randomised, single-centre
cohort study. We identified participants on the basis of
presenting symptoms and imaging findings at the
outpatient and inpatient clinics of the Departments of
Surgery and Oncology at the Asan Medical Center, Seoul,
South Korea. Eligible patients had breast cancer, with first
recurrence or metastatic disease at presentation, were
aged 19 years or older, and had an Eastern Cooperative
Oncology Group performance status of 0-2. Patients were
scheduled to have core needle biopsy or surgery for
histological confirmation and determination of oestrogen
receptor status of recurrent or distant metastatic cancer
lesions within 15 days after 18F-FES PET, or they had
already had core needle biopsy of recurrent or distant
metastatic cancer within 30 days and discontinued
selective oestrogen receptor modulators or fulvestrant for
at least 60 days before 18F-FES PET-CT. Other hormonal
treatments, including aromatase inhibitors, were allowed.
No laboratory tests were required to assess eligibility.
Patients were excluded if the recurrent or metastatic
lesion scheduled to have a biopsy sample taken from was
located in the breast, liver, ovary, uterus, or bone; if they

See Online for appendix
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had been given chemotherapy within the previous
3 weeks before the planned study with 18F-FES admin-
istration; if chemotherapy, radiotherapy, orimmunological
or biological therapy was scheduled before the histological
confirmation or 18F-FES PET,; or if they had a concurrent
severe, uncontrolled, or unstable medical disease other
than cancer (eg, congestive heart failure, acute myocardial
infarction, pulmonary disease, or chronic renal or hepatic
disease). The complete selection criteria are listed in the
appendix (p 7).

The institutional review board of the Asan Medical
Center and the Ministry of Food and Drug Safety of
South Korea approved this study protocol. This trial was
done in accordance with the Declaration of Helsinki and
institutional guidelines. All patients provided written
informed consent before participating in the study.
A data monitoring committee reviewed safety data and
the progress of the study. A clinical monitoring group
reviewed oestrogen receptor status results to assess
whether the planned number of oestrogen receptor-
positive and oestrogen receptor-negative patient popu-
lations were achieved.

Procedures

18F-FES was administered as described previously." Oral
hydration with water was encouraged before 18F-FES PET-
CT. A radioactive dose of 111-222 MBq of 18F-FES was
administered as a slow intravenous bolus injection over
1-2 min. The radioactive dose was chosen to provide a
high image quality while keeping within acceptable limits
to be delivered to patients.” PET-CT imaging was done
from the skull base to the upper thigh for 2 min acquisition
time per bed for each patient, 80100 min after intravenous
injection of 18F-FES with the use of a PET-CT scanner
(Discovery PET/CT 690 or Discovery PET/CT 710,
GE Healthcare, Milwaukee, WI, USA). Imaging time was
determined from previous 18F-FES biodistribution studies
to minimise non-specific blood uptake and to maximise
tumour contrast.*”* For attenuation correction and lesion
localisation, a low-dose CT scan (100 KVp, 35 mA) was
done. Images were reconstructed with the use of the
manufacturer-provided iterative algorithm with four
iterations and 18 subsets. Blood samples were taken for
serum oestradiol radioimmunoassay (Beckman Coulter,
Brea, CA, USA) before 18F-FES injection.

The safety of 18F-FES was monitored via vital signs and
a physical examination before and 2 h after 18F-FES
injection. Adverse events were continuously recorded,
beginning with patient enrolment until the last patient
contact between 1 and 10 days after 18F-FES admin-
istration. We used the Common Terminology Criteria for
Adverse Events (version 4.0).

All archived slides of recent or metastatic breast cancer
lesions were immunostained for oestrogen receptors
with a 6F11 mouse monoclonal antibody (NCL-ER-6F11,
Novocastra Laboratories, Newcastle, UK) as previ-
ously described.* Semiquantitative oestrogen receptor

expression was assessed according to the Allred score by
breast pathologists who were masked to the results of
18F-FES PET-CT.* Proportion of positive cells (0-5) and
staining intensity scores (0-3) were summed for a total
score of 0-8. Oestrogen receptor status was considered
positive if Allred scores were 3 or higher.

The plan for 18F-FES PET-CT image assessment was
specified in the protocol. Case report forms to be used by
the readers were prepared before enrolment. Image
assessment was performed by readers who had not
had contact with patients and who were not affiliated
to the study site. Readers were three board-certified,
nuclear medicine physicians with more than 5 years of
experience. The readers reviewed images of all enrolled
patients in a random sequence, regardless of the image
quality, outside of the study site, and they decided
whether or not the 18F-FES PET-CT image quality was
adequate for interpretation. The images were defined as
technically inadequate when a misregistration of more
than 10 mm, or other sources of errors, was present that
could affect the accuracy of the qualitative or quantitative
assessment of images. Readers were masked to the
clinical data and independently assessed 18F-FES PET-CT
images at sites that were not otherwise involved in the
conduct of the study, but they knew the eligibility criteria
and the location of biopsy or surgery sites for
18F-FES PET-CT image assessment and the 18F-FES
injection site. The recurrent or metastatic lesion, from
which at least one biopsy sample was taken for
pathological diagnosis (decision of the responsible
physician), was selected as a reference lesion for the
comparative 18F-FES PET-CT analysis. If a biopsy sample
was taken from more than one lesion, the largest one
was selected by imaging studies as a reference lesion for
the precise localisation and accurate quantitation, as
prespecified in the protocol. Objective image features
assessed by the readers included the location, size, and
intensity of the reference lesion. Based on the knowledge
of normal 18F-FES biodistribution, intensity was
assessed on a three-point scale (0, decreased uptake; 1,
equivocal uptake; 2, increased uptake) in relation to the
background activity, as in previous studies.*® When a
focus of increased 18F-FES uptake was present in the
reference lesion, it was interpreted as positive. If the
intensity was equivocal or decreased, the lesion was
interpreted as negative. The final results were reported
based on majority interpretation of the three masked
readers.

For quantitative analysis, a volume of interest was
drawn on reference lesions (Advantage Workstation 4.6
software, GE Healthcare). Maximal SUV (SUVmax) of
the lesion of interest was obtained. All SUVs were
normalised to the injected dose and bodyweight and
were calculated as SUV=activity (Bq/g)/[injected activity
(Bq)/bodyweight (g)].

A literature review of PubMed and Embase was done to
identify reports of accuracy of 18F-FES PET and oestrogen
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receptor status of primary breast cancer to assess
oestrogen receptor status of recurrent or metastatic
breast cancer (appendix pp 2-6, 9-13).

Outcomes

The primary outcome measure of this study was lesion-
level positive and negative percent agreement between
qualitative 18F-FES PET-CT interpretation and the
immunohistochemical assay. Secondary outcome
measures were association between the SUVmax of
18F-FES PET-CT and semiquantitative immunohisto-
chemical assay index (Allred score) and safety variables,
including adverse events, vital signs, and physical
examination.

Statistical analysis

The statistical analysis plan was prespecified in the
protocol and a summary in English is included in the
appendix (p 8). We calculated that a sample size of
85 patients (47 oestrogen receptor-positive patients and
38 oestrogen receptor-negative patients) would be
sufficient to achieve a statistical power of 80% in
detecting differences between the null hypothesis
(a positive percent agreement of 55% and negative
percent agreement of 82%) and the alternative hypothesis
(positive percent agreement of 75% and negative percent
agreement of 97%) using a one-sided exact binomial test
at a 2-5% significance level (appendix pp 9-14). The
alternative hypothesis was based on a systematic review
of the literature published between 1985 and 2012; the
results are in the appendix (pp 2-6). Acceptance of the
null hypothesis would result in a positive predictive value
of 79% by 18F-FES PET assuming 55% prevalence of
oestrogen receptor positivity in patients with recurrent or
metastatic breast cancer. We planned to enrol 94 patients
assuming a 10% dropout. We prespeficied in the protocol
that patients who were enrolled after reaching the
planned target number of patients (47 in the oesotrogen
receptor-positive group; or 38 in the oestrogen receptor-
negative group) would not be analysed for efficacy of
18F-FES PET-CT.

We described all the data in this study as median values
(IQR) for continuous variables or numbers (%) for
categorical variables unless otherwise specified. We
considered a two-sided p value of less than 0-05 as
significant. We did comparisons of quantitative para-
meters using unpaired t tests. We compared categorical
data using x2, Fisher's exact, or McNemar tests.
We assessed inter-reader variability of 18F-FES PET-CT
evaluation using the Fleiss’s « statistic. We assessed the
association between SUVmax of 18F-FES PET-CT and the
semiquantitative immunohistochemical assay index
(Allred score) using the Spearman rank correlation
coefficient.

We estimated lesion-level positive and negative percent
agreements between the I8F-FES PET-CT interpre-
tation and immunohistochemical assay as (1) positive

www.thelancet.com/oncology Vol 20 April 2019

144 participants screened

51 excluded

36 declined participation
4 withdrew consent
2 did not meet inclusion criteria

1 participated in another clinical trial
3 had surgery before enrolment
5 had no target lesion accurately localised by
imaging studies
v
93 enrolled
) 3 excluded because **F-FES for PET-CT imaging

was not available

A 4

| 90 completed *°F-FES PET-CT (safety population)

|
v v

37 **F-FES PET-CT positive | | 53 **F-FES PET-CT negative

1 had fine needle aspiration
biopsy*

4 did not have oestrogen receptor

testing by IHC

1lung cancer

2 benign condition
1did not have biopsy

A 4 v

36 oestrogen receptor testing by IHC
(efficacy analysis) (efficacy analysis)

49 oestrogen receptor testing by IHC

v v

Final diagnosis
36 oestrogen receptor-positive
0 oestrogen receptor-negative

Final diagnosis

11 oestrogen receptor-positive
38 oestrogen receptor-negative

Figure 1: Study profile

IHC=immunohistochemical assay. **F-FES=16a-[**F]fluoro-17B-oestradiol. *Fine needle aspiration specimens do

not have enough cells forimmuhohistochemical stains; patients who had only co
included (specified in the eligibility criteria).

percent agreement=(the number of 18F-FES-positive
patients divided by the number of immunohisto-
chemistry-positive patients) x 100 and (2) negative percent
agreement=(the number of 18F-FES-negative patients
divided by the number of immunohistochemistry-
negative patients)x100. We calculated positive and
negative predictive values accordingly. We presented
estimates with 95% Clopper-Pearson’s exact CIs. We
assessed the primary and secondary outcomes in all
patients with histologically confirmed recurrent or
metastatic breast cancer who received any amount of
18F-FES and had PET-CT images available (intention-to-
diagnose analysis), and we assessed safety in all patients
who received 18F-FES.

All statistical tests were done using IBM SPSS Statistics
for Windows, version 21, and SAS, version 9.4. This
study is registered with ClinicalTtials.gov, number
NCT01986569.

re needle biopsy or surgery were
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Participants (n=90)

Age, years 55 (46-60)
Menopausal status

Premenopausal 35(39%)

Postmenopausal 55 (61%)
Body-mass index, kg/m? 230 (21-2-25'5)
ECOG performance status

0 84.(93%)

1 6 (7%)
Pathology of the primary carcinoma

Invasive ductal carcinoma 88 (98%)

Invasive lobular carcinoma 2 (2%)

Previous treatment for breast cancer

Surgery 86 (96%)
Chemotherapy 73 (81%)
Hormonal therapy 50 (56%)
Radiotherapy 47 (52%)

Reason for inclusion in the study
Locoregional and distant recurrence 86 (96%)
Stage IV metastatic breast cancer 4 (4%)

Time interval from surgery to 52 (19-108)
recurrence, months*

Pathological diagnosis of recurrence or metastasist

Regional lymph nodes 40 (47%)
Distant lymph node 14 (16%)
Lung 18 (21%)
Chest wall 13 (15%)
Pleura 1(1%)

Data are median (IQR) or n (%). ECOG=Eastern Cooperative Oncology Group.
*Patients with pathologically confirmed recurrence (n=83). tPatients with
pathologically confirmed recurrence or metastasis (n=86). tMetastases in ipsilateral
axillary, internal mammary, supraclavicular, or infraclavicular lymph node(s).

Table 1: Baseline characteristics

Role of the funding source

The funders had no role in study design, data collection,
data analysis, data interpretation, or writing of the report.
The corresponding author had full access to all the data
and had the final responsibility for the decision to for
publication.

Results

Between Nov 27, 2013, and Nov 10, 2016, 93 (65%) of
144 screened patients were enrolled (figure 1). We
consecutively enrolled 47 patients who were oestrogen
receptor-positive, 33 patients who were oestrogen
receptor-negative (according to immunohistochemical
assay results), and eight patients who were finally
excluded due to unavailability of oestrogen receptor assay
or 18F-FES PET-CT imaging until Aug 23, 2016, when the
target number of patients who were oestrogen receptor-
positive was reached. For the remaining five additional
oestrogen receptor-negative patients needed, we enrolled
only patients with oestrogen receptor-negative primary
breast cancer after obtaining the approval of the

institutional review board. A total of 90 patients were
injected with 18F-FES. The median follow-up after
18F-FES injection was 2 days (IQR 1-3). The median
specific activity of 18F-FES was 1688 GBq/pumol
(IQR 1106-1731). The median administered activity was
204 MBq (IQR 192-211). In total, 85 (94%) of 90 patients
(oestrogen receptor-positive, n=47; oestrogen receptor-
negative, n=38) who completed 18F-FES PET-CT had
PET-CT scans available for efficacy analyses.

The median age of 90 patients injected with 18F-FES
was 55 years (IQR 46-60) and all patients were Korean
women (table 1). The median time between 18F-FES
PET-CT and biopsy or surgery was 5 days (1-12). Readers
deemed the 18F-FES PET-CT image quality as adequate
for interpretation in all patients. The inter-rater
agreement was 0-90 (95% CI 0-78-1-0).

Clinical characteristics of oestrogen receptor-positive
and oestrogen receptor-negative patients and corres-
ponding qualitative 18F-FES PET-CT results are listed in
table 2. Significant differences were found between the
two groups in the time interval from surgery to
recurrence, size, progesterone receptor status, HER2
status of reference lesions, and oestrogen receptor
status of primary breast cancer (table 2). Of the
47 patients who were oestrogen receptor-positive,
18F-FES PET-CT was positive in 36 and the positive
percent agreement of 18F-FES PET-CT for diagnosing
oestrogen receptor positivity by immunohistochemistry
was 76-6% (95% CI 62-0-87-7; p=0-0018). The positive
agreement was not different between patients who
received aromatase inhibitors within 30 days of 18F-FES
PET-CT and those who did not (5 [56%] of 9 patients vs
31 [82%] of 38 patients; p=0-11). Patients who were
oestrogen receptor-positive with 18F-FES-positive breast
cancer had a significantly higher expression of
progesterone receptors than patients who were
oestrogen receptor-positive but had a negative 18F-FES
PET-CT scan (23 [68%)] of 34 patients with progesterone
receptor staining available vs 0 [0%] of 11 patients
p<0-0001; table 2). The time interval from surgery to
recurrence was also significantly longer (p=0-0056;
table 2). All 38 patients who were oestrogen receptor-
negative showed negative 18F-FES PET-CT; the negative
percent agreement was 100-0% (95% CI 90-8-100-0;
p=0-00053). The positive predictive value was 100%
(36 of 36 patients; 95% CI 90-3-100-0) and the negative
predictive value was 77- 6% (38 of 49 patients; 63 -4-88 - 2).

In the quantitative analysis, the median values of the
SUVmax were 4-6 (IQR 2-1-7-9) for oestrogen
receptor-positive and 1-2 (1-0-1-5) for oestrogen
receptor-negative reference lesions (p<0-0001). When we
used a cutoff of 1-5 or higher,” the positive percent
agreement was 85-1% (40 of 47 oestrogen receptor-
positive patients; 95% CI 71-7-93-8) and the negative
percent agreements was 78-9% (30 of 38 oestrogen
receptor-negative patients; 62-7-90-4). A strong positive
association was found between the SUVmax of 18F-FES
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Oestrogen receptor-positive group (n=47)

Oestrogen receptor-negative  pvaluet
group (n=38)

**F-FES-positive (n=36) **F-FES-negative (n=11) p value*

Age, years 55 (47-59) 60 (51-67)
Time intervalt, months - -
Median 101 (78-122) 49 (13-81)
Mean (95% Cl) 98 (84-111) 55 (23-87)
Biopsy sample site
Lymph node 21 (58%) 8 (73%)
Lung 8 (22%) 2 (18%)
Others 7 (19%) 1(9%)
Tumour size, mm 19 (13-27) 20 (11-32)

Oestrogen receptor Allred
score

0-2 0 0

3-6 1(3%) 10 (91%)

7-8 35(97%) 1(9%)
Progesterone receptor status -

Positive 23 (64%) 0

Negative 11 (31%) 11 (100%)

Not assessed 2 (6%) 0
HER2 -

Positive 2 (6%) 3 (27%)

Negative 30 (83%) 8 (73%)

Not assessed 4 (11%) (0]
Maximum SUV 65 (4-1-9-6) 1.4 (1-40-1-8)
Oestradiol, pg/mL 23:1(13:3-50-0) 32.9 (10-0-101-0)

Data are median (IQR) or n (%), unless otherwise stated. All 85 patients in the efficacy analysis group are shown. **F-FES=16a-[**F]fluoro-17B-oestradiol. SUV=standardised
uptake value. *Statistical difference between **F-FES-positive and negative patients in the oestrogen receptor-positive group. fStatistical difference between oestrogen
receptor-positive and oestrogen receptor-negative patients. Interval from surgery to recurrence in 82 patients with recurrence (oestrogen receptor-positive with
®F-FES-positive, n=35; oestrogen receptor-positive with **F-FES-negative, n=11; and **F-FES-negative, n=36).

012 54 (42-59) 0-072
0-0056 - <0-0001
20 (12-28)
30(18-42)
0-80 - 0-99
24 (63%)
8 (21%)
6 (16%)
053 17 (10-22) 0-028
<0:0001 - <0-0001
38 (100%)
0
0
<0:0001 - <0-0001
0
37 (97%)
1(3%)
0-096 - 0-0029
15 (39%)
22 (58%)
1(3%)
<0-0001 1.2 (1-0-1.5) <0-0001
023 29-3(18-3-49-2) 038

Table 2: Clinical characteristics by oestrogen receptor status and **F-FES PET-CT results

and the oestrogen receptor immunohistochemical assay
Allred scores (p=0-83; p<0-0001; figure 2). A weak
positive association was found between SUVmax of
18F-FES and tumour size (p=0-33; p=0-0020). Serum
oestradiol concentration was not significantly associated
with the SUVmax (p=—0-21; p=0-058). The positive
percent agreement of patients who were oestrogen
receptor-positive with oestradiol concentrations of
30 pg/mL or higher was not different from that of patients
with concentrations less than 30 pg/mL (22 [81%)] of
27 patients vs 14 [70%] of 20 patients; p=0-49). Age,
menopausal status, and body-mass index were not
associated with the SUVmax of 18F-FES (p>0-05).

The oestrogen receptor status of primary tumours
assessed at the Asan Medical Center was available from
medical records in 51 patients (36 had oestrogen receptor-
negative primary tumours and 15 oestrogen receptor-
positive). For patients with oestrogen receptor-positive
primary breast cancer, two (13%) of 15 had oestrogen
receptor-negative recurrent breast cancer, whereas for
those with oestrogen receptor-negative primary breast
cancer, two (6%) of 36 had oestrogen receptor-positive
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Figure 2: Association between oestrogen receptor histological Allred score
and SUVmax of **F-FES PET-CT

SUVmax=maximum standardised uptake value. All patients with **F-FES PET-CT
and immunohistochemical assay available are shown (n=85).
**F-FES=160-[**F]fluoro-17p-oestradiol.



Grade 1 Grade 2

Patients with =1 treatment-emergent 10 (11%) 5 (6%)
adverse event

Nausea 3 (3%) 0

Injection site pain* 1(1%) 0

Viral upper respiratory tract 0 1(1%)

infection

Procedural pain 5(6%) 4 (4%)

Dizziness 1(1%) 0

Headache 0 1(1%)

Skin irritation 1(1%) 0

Data are n (%) in the safety population (n=90). Adverse events are listed by
preferred terms (Medical Dictionary for Regulatory Activities version 20.0) and
graded by the National Cancer Institute Common Terminology Criteria for
Adverse Events (version 4.0). All events are presented irrespective of association
with study drug. There were no grade 3, 4, or 5 events. *One adverse event was
considered to be possibly treatment-related.

Table 3: Adverse events

recurrent breast cancer. The positive percent agreement
of oestrogen receptor status between primary breast
cancer and recurrent or metastatic breast cancer lesions
was 86-7% (13 of 15 patients; 95% CI 59-5-98-3) and the
negative percent agreement was 94-4% (34 of 36 patients;
81-3-99-3), which were not significantly different to
those of 18F-FES PET-CT (p>0-05).

18F-FES administration and PET-CT procedures were
well tolerated in all patients. No clinically relevant change
in safety parameters was observed. The most common
adverse event was procedural pain in nine (10%) of
90 patients injected with 18F-FES (table 3). No adverse
events occurred that were related to the study drug except
injection site pain in one (1%) patient. No serious adverse
events occurred during the study and there were no
treatment-related deaths.

The literature review showed that the positive percent
agreement of oestrogen receptor status between primary
breast cancer and recurrent or metastatic breast cancer
lesions was 90% (95% CI 87-93) and the negative percent
agreement was 64% (60-68); the results are in the
appendix (pp 12-13).

Discussion

In this prospective cohort study, we showed a high
negative percent agreement, but a moderate positive
percent agreement between 18F-FES PET-CT and
oestrogen receptor status assessed histologically.
Obtained agreement values of 18F-FES PET-CT were
significantly higher than those of the prespecified null
hypothesis, which proposed a higher positive predictive
value than the oestrogen receptor status of primary
breast cancer. *F-FES PE-CT was well tolerated and no
serious adverse events were recorded. To the best of our
knowledge, this study is the first registered confirmatory
study to assess the diagnostic accuracy of 18F-FES PET-CT
against an immunohistochemical assay as the non-
reference standard to assess oestrogen receptor status.

The high negative percent agreement of 18F-FES
PET-CT in this study indicates that positive 18F-FES
uptake represents a reliable, non-invasive alternative in
the diagnosis of oestrogen receptor-positive recurrent or
metastatic breast cancer to immunohistochemical
assessment of oestrogen receptor status. In preclinical
studies, it has been previously shown™? that binding of
18F-FES to oestrogen receptor in vivo in mouse models is
highly specific. Previous studies in humans®* have also
shown very high specificity of 18F-FES PET. Only
three false positives of 18F-FES uptake have been
reported so far.** One false positive was likely due to a
sampling error caused by heterogeneous oestrogen
receptor expression.*” The other two false positives were
found in a quantitative 18F-FES study® in which the
quantitative threshold value was chosen post hoc for
optimal discrimination between oestrogen receptor-
positive and oestrogen receptor-negative lesions. Post-
hoc characterisation of 18F-FES uptake based on clinical
data can be misleading unless it is prespecified.” Of
note, no false positives were recorded in studies in which
18F-FES PET was interpreted qualitatively based on
knowledge of the normal biodistribution of 18F-FES.?
Our results are promising for the diagnosis and staging
of patients with recurrent or metastatic breast cancer.
The staging assessment of women who present with
recurrent or metastatic breast cancer should include
18F-FES PET-CT if retesting hormone receptor status is
not feasible. Hormonal therapy can be recommended for
patients with positive 18F-FES PET-CT. However, because
of the need for retesting of other biomarkers, we might
not conclude that positive 18F-FES uptake would
eventually replace taking a biopsy sample of recurrent or
metastatic lesions. Additional studies are needed to
assess whether 18F-FES PET-CT can be performed as an
initial standard imaging test or at the same time as other
standard tests in the setting of recurrent or metastatic
disease.

This study further validates the previously observed
correlation between quantitative 18F-FES uptake and
oestrogen receptor expression by immunohistochem-
istry.*"** The association was not perfect. Positive percent
agreement of qualitative interpretation was not high,
with 11 patients displaying oestrogen receptor-positive
with 18F-FES-negative. We did the oestrogen receptor
assessment using standardised techniques and inter-
pretation methods.” The discordant results cannot be
explained by inaccuracy of the immunohistochemical
assay alone.*” Several explanations might account for this
discrepancy. First, PET imaging has a limited ability to
detect small-sized lesions due to the fundamental limits
of PET instrumentation. However, no difference in the
size of the recurrent or metastatic lesion was observed
between patients with true-positive and false-negative
18F-FES PET-CT (table 2). Second, a tissue sample
obtained for immunohistochemical testing might not
be representative of the whole tumour lesion. The
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association between quantitative 18F-FES uptake and
oestrogen receptor expression can be affected by
heterogeneous oestrogen receptor expression. Finally,
discordant results might simply reflect inherent
differences between the immunohistochemical assay
and 18F-FES PET-CT as shown from studies comparing
in-vitro radioligand binding and immunohistochemical
assays.” Importantly, patients who were oestrogen
receptor-positive with 18F-FES-positive breast cancer had
a significantly higher expression of progesterone receptor
than those who were oestrogen receptor-positive with
18F-FES-negative breast cancer. No patients with false-
negative 18F-FES uptake showed positive progesterone
receptor expression. The time interval from surgery to
recurrence was also significantly different between the
two groups. Evidence suggests that substantial crosstalk
occurs between the oestrogen receptor and progesterone
receptor pathways.”” Progesterone receptors play a part
in modulating oestrogen receptor action. Although the
value of progesterone receptor expression in the
metastatic setting remains controversial, oestrogen
receptor-positive with progesterone receptor-negative
breast cancer is considered a distinct subtype of breast
cancer characterised by aggressive behaviour and a
poorer response to endocrine therapy than tumours
that are oestrogen receptor-positive and progesterone
receptor-positive.” Previous studies” looking at the
association between 18F-FES uptake and response to
endocrine therapy have also shown that patients who
were progesterone receptor-positive but 18F-FES-negative
tended to have a decreased response to endocrine
therapy. Taken together, an oestrogen receptor-positive
but 18F-FES-negative status might not necessarily be
considered a false negative. Rather, it might represent
a distinct subset of oestrogen receptor-positive but
functionally endocrine therapy-resistant breast cancer,
such as cancers characterised by oestrogen receptor
mutations® and splice variants.” Larger studies are
needed to precisely characterise this subset. One major
advantage of 18F-FES PET-CT is that it can be used to
non-invasively assess the oestrogen receptor status of
several tumour lesions across the whole body.® Site-to-
site variability in 18F-FES uptake and oestrogen receptor
expression in relation to clinical benefit with endocrine
therapy should also be assessed further.*’

Factors that are not related to tumour-specific oestrogen
receptor status might influence 18F-FES uptake, and
thereby introduce bias in accuracy estimates of 18F-FES
PET-CT. Competition with circulating oestrogens should
theoretically lead to decreased 18F-FES uptake, especially
in premenopausal patients.* However, we found no
significant correlation between serum oestradiol concen-
trations and 18F-FES uptake. When we stratified the
oestrogen receptor-positive patients using the oestradiol
concentration threshold of 30 pg/mL, we found no
significant difference in positive percent agreement
between groups. Contrary to theoretical expectation,
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serum oestradiol concentration did not significantly affect
18F-FES uptake in previous studies.”**" After adjusting for
the effect of tumour oestrogen receptor expression levels
on 18F-FES uptake, oestrogen concentration was not a
significant factor influencing 18F-FES uptake.” Although
whether or not oestrogen concentrations are sufficiently
high to have a notable effect on tumour 18F-FES uptake
still remains unclear,” it does not appear to be a major
determinant of the accuracy of 18F-FES PET-CT. Another
non-tumour specific factor that influenced the SUVmax
of 18F-FES in our patients was tumour size, as previously
reported.” Partial volume correction can account for the
loss of activity attributable to finite resolution and might
be needed for improved quantitation of oestrogen
receptor status by 18F-FES PET-CT* Nevertheless,
quantitative assessment of 18F-FES uptake as a diagnostic
method raises concerns about limited applicability due to
variances in technical factors affecting the quantitative
measurement of SUV.* Additionally, the cutoff value for
SUV was not determined in previous studies, and was not
preplanned in this assessment. In this study, qualitative
18E-FES PET-CT interpretation was robust, with high
interobserver concordance, similar to previous results,’
and it was not affected by tumour size. Qualitative
18F-FES PET-CT interpretation does not seem to raise
concerns of bias and applicability in assessing oestrogen
receptor status. Quantitative measurement of 18F-FES
uptake might be done to improve prediction of endocrine
treatment response.

This study has some limitations. First, after reaching
the target number of oestrogen receptor-positive patients
in August, 2016, we enrolled only patients with oestrogen
receptor-negative primary breast cancer. The five patients
subsequently enrolled were confirmed to have oestrogen
receptor-negative recurrent or metastatic breast cancer.
Our study population might therefore not represent a
consecutive sample of eligible patients. However, we did
not make any inappropriate exclusions that might result
in overestimation of negative percent agreement. Second,
we did not include patients when the recurrent or
metastatic lesion scheduled for biopsy was located in the
breast, liver, or bone. More patients had locoregional
recurrence than distant metastatic disease. Patients with
recurrent or a metastatic lesion located in the breast,
liver, ovary, and uterus were excluded because of organ-
specific uptake of 18F-FES and its metabolites. Biopsy
samples of bone lesions can be associated with
substantial morbidity and sampling error. Decalcification
might result in loss of oestrogen receptor epitopes and
give rise to false-negative immunohistochemistry
results.* In previous studies®? including metastatic
bone lesions, oestrogen receptor characteristics in
relation to 18F-FES did not differ among recurrent and
metastatic sites. In one paper,” the 18F-FES uptake in
bone metastasis was higher than that of other organs.
Thus, we believe that our results might be applicable to
metastatic bone lesions. Third, we did not measure the
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concentration of sex hormone-binding globulin to
examine the association with 18F-FES uptake. A previous
study” found an inverse association between SUV of
18E-FES and sex hormone-binding globulin; however, it
is not certain whether correction for sex hormone-
binding globulin would improve quantitation of 18F-FES
uptake.”* Fourth, we did not show a higher agreement
of 18F-FES PET-CT than indicated by oestrogen receptor
status of primary breast cancer obtained from medical
records. However, our data showed a higher negative
agreement of 18F-FES PET-CT than the previously
reported results of oestrogen receptor status of primary
breast cancer. Finally, this study is single-centred, which
limits the generalisability of the results, and the absence
of central review is also a limitation. However, the
primary outcome measure of this study is unlikely to be
influenced by factors that might limit external validity,
and to minimise potential bias 18F-FES PET-CT images
were interpreted by masked readers at sites that had not
otherwise been involved in the conduct of the study.

In conclusion, 18F-FES PET-CT can non-invasively
assess oestrogen receptor status in patients with recur-
rent or metastatic breast cancer. With high negative
percent agreement between 8F-FES PET-CT and
oestrogen receptor status, positive 18F-FES uptake can
adequately diagnose recurrent or metastatic oestrogen
receptor-positive breast cancer and represents an
alternative to histological oestrogen receptor assays.
Staging assessment should include 18F-FES PET-CT if
retesting of oestrogen receptor status is not feasible.
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