
 

 

 University of Groningen

Molecular imaging of estrogen receptors
van Kruchten, Michel

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2015

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
van Kruchten, M. (2015). Molecular imaging of estrogen receptors. [Thesis fully internal (DIV), University of
Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/6db89f54-2516-487d-bdb5-50a7af0f030f


Supplemental filesI 



142

 

 CHAPTER 2

Supplemental table: Overview of current 18F-FES-PET clinical trials 

Condition Aim of the imaging n Status ID (NCT#)
Breast cancer Assess the change in ER expression after 

treatment with the histone deacetylase inhibitor 
vorinostat using 18F-FES-PET

14 Recruiting 01720602

Metastatic breast 
cancer

Predictive value of 18F-FES-PET and 18F-FDG-PET 
for response to endocrine therapy

72 Recruiting 01627704

Breast cancer Predictive value of 18F-FES-PET for response to 
endocrine therapy plus an AKT-inhibitor

10 Not yet 
recruiting

01714128

Ovarian cancer Feasibility of 18F-FES-PET to visualize ovarian 
cancer metastases and correlation with IHC

16 Recruiting 01439490

Metastatic breast 
cancer

Predictive value of pre-treatment 18F-FES-PET and 
18F-FDG-PET for response to endocrine therapy 

100 Active, not 
recruiting

00358098

Metastatic breast 
cancer

Predictive value of 18F-FES-PET for response to 
estradiol therapy in hormone-refractory patients

50 Recruiting 01088477

Metastatic breast 
cancer

To quantify decreases in 18F-FES uptake after 
fulvestrant 500 mg dose 
(18F-FES-PET at 0-1-3 months)

15 Recruiting 00816582

Metastatic breast 
cancer

Predictive value of serial 18F-FES-PET for response 
to fulvestrant 250 mg dose
(18F-FES-PET at 0-3 months)

100 Unknown 00816582

Primary breast 
cancer

To use 18F-FES-PET to preoperatively evaluate the 
ER status of breast cancers patients

79 Active, not 
recruiting

00647790

Metastatic breast 
cancer

To measure changes in ER expression during 
vorinostat therapy by serial 18F-FES-PET. (Primary 
study aim: clinical benefit rate of vorinostat in 
stage IV breast cancer)

20 Recruiting 01153672

Primary breast 
cancer

To evaluate the value of 18F-FES-PET for predicting 
pathologic and clinical response to neo-adjuvant 
letrozole plus lapatinib

32 Recruiting 01275859

Metastatic breast 
cancer

Estimate the ability of 18F-FES-PET to predict 
response to 1st line endocrine therapy

38 Active, not 
recruiting

00602043

Metastatic breast 
cancer

When imaging agent is available: to evaluate 
changes in 18F-FES uptake shortly after 
z-endoxifen therapy. (Primary study aim: to 
determine safety, tolerability, pharmacokinetics 
and maximum tolerated dose of z-endoxifen). 

72 Recruiting 01273168

Breast cancer To correlate baseline tumor 18F-FES uptake 
(optional), and the change in tumor 18F-FDG 
uptake (at 2 weeks) for response to neoadjuvant 
or palliative endocrine therapy

40 Completed 00362973

n = estimated number of patients
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CHAPTER 3

Supplemental table: Questionnaire 

Diagnostic understanding
1

2

3

4
5

18F-FES-PET confused my understanding of this patient’s disease and led to investigations I would not 
otherwise have done.
18F-FES-PET confused my understanding of this patient’s disease but did not lead to any additional 
investigations.
18F-FES-PET had little or no effect on my understanding of this patient’s disease. 

18F-FES-PET provided information that substantially improved my understanding of this patient’s disease.
My understanding of this patient’s disease depended on diagnostic information provided by 18F-FES-PET 
(unavailable from any other nonsurgical procedures).

Therapeutic choice
1
2

3
4

5

18F-FES-PET led me to choose treatment that in retrospect was not in the best interest of the patient.
18F-FES-PET was of no influence in my choice of treatment.

18F-FES-PET did not alter my choice of treatment but did increase my confidence in the choice.
18F-FES-PET contributed to a change in therapy, but other factors (other diagnostic tests, changes in 
patient status) were equally or more important.
18F-FES-PET was very important compared with other factors in leading to a beneficial change in treatment. 
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CHAPTER 4

Supplemental file
It was observed that during fulvestrant treatment, the serum estradiol (E2) levels in patients 
as measured by fluorescent-immuno-assay increased. To determine whether this could be 
contributed to cross-reactivity between fulvestrant and the estradiol assay, the following 
experiment was performed. Increasing doses of fulvestrant (2, 5, 10, 20, 30, 50, 75, 100 
nmol/L) were added in triplicate to different sets of serum from untreated patients with 
known E2 levels (0.03, 0.04, 0.09, and 0.13 nmol/L). Serum estradiol was measured by 
fluorescent-immuno-assay, before and after the addition of fulvestrant. Since the viscosity 
of fulvestrant makes it relatively difficult to precisely add the indicated doses, fulvestrant 
levels were measured by LC/MS/MS. The increase in measured E2 was thereafter compared 
to the measured fulvestrant levels by LC/MS/MS, which allowed construction of a calibration 
curve (supplemental figure 1). We observed a ~0.05 nmol/L increase in apparent E2 for each 
10 nmol/L increase in plasma fulvestrant.

Plasma fulvestrant levels in patients in our study were determined at day 28 and day 
84, concurrently with 18F-FES-PET (supplemental figure 2A). Serum estradiol levels were 
measured at baseline, day 28 and day 84 and corrected for cross-reactivity with fulvestrant 
as described above (supplemental figure 2B).

Supplemental figure 1. Cross-reactivity between fulvestrant and estradiol (E2) fluorescent-immuno-assay.
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Supplemental figure 2. (A) Patient plasma fulvestrant levels at day 28 and 84 as measured by LC/MS/MS. (B) Patient 
serum estradiol (E2) levels at baseline, day 28 and 84, measured by fluorescent-immuno-assay and corrected for 
fulvestrant cross-reactivity.
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CHAPTER 6

Supplemental file

Specimen characteristics
Tumor tissue was paraffin-embedded and stored according to standard procedures. 
Hematoxylin/eosin staining of the provided tumor tissue was performed to select 
representative sections for the construction of TMAs as previously described.14 Every set of 
TMA contained several control tissues, including four ovarian cancer samples, which were 
used as internal controls for intra-run variability.

Immunostaining
Five µm thick slices of the recipient paraffin blocks were mounted on 
3-aminopropyltriethoxylane-coated glass slides. Each tumor sample was represented 
by four cores. Sections were de-waxed in xylene for 10 min, and rehydrated with graded 
concentrations of ethanol (100%, 96%, and 70%) and distilled water. Antigen retrieval was 
performed in the indicated buffers by the microwave method, 15 min at 95-100 °C, for AR, 
ERα and PR staining, and by autoclave treatment, 3 times 5 minutes at 115 °C, for ERβ. 
To block endogenous peroxidase activity, slides were incubated with 0.3% H202 for 30 min. 
Endogenous avidin and biotin were blocked on ER α and PR slides with a blocking kit (Vector 
Laboratories). Slides were thereafter incubated with the primary antibodies for 60 min at 
room temperature for ERα (SP1, Ventana) and PR (1E2, Ventana), and overnight at 4 °C 
for AR (441, Santa Cruz) and ERβ (14C8, Abcam). For ER α and PR, swine anti rabbit/BIO 
(DAKO, Glostrup, Denmark) 1:300 was used as secondary antibody after which streptavidin/
HRP (DAKO) 1:300 was applied. For AR and ER β, rabbit anti mouse/HRP (DAKO) 1:100 was 
used as secondary antibody, with goat anti rabbit/HRP (DAKO) 1:100 as tertiary antibody. 
All secondary and tertiary antibodies were incubated for 30 min at room temperature. All 
slides were visualized with 3,3-diaminobenzidine (DAB substrate kit, Vector Laboratories) 
and sections were counterstained with hematoxylin for 2 min. Histological proven ERα and 
PR positive breast cancer was used as positive control for ERα and PR staining. Normal 
colon tissue was used as positive control for ERβ staining and prostate cancer tissue for AR 
staining. Negative controls were obtained by omitting the primary antibody for ERα and PR, 
and incubation with normal mouse IgG1 for AR and ERβ.

Immunoscoring
The immunoreactivity for AR, ERα, ERβ and PR was scored semi-quantitatively taking into 
account the intensity of the staining and the percentage of positive tumor cells, as previously 
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described.185–188 The intensity of the staining was scored negative (0), weak (1), moderate (2) 
or strong (3) and the percentage of positive tumor cells was scored <10% (1), 10-33% (2), 33-
66% (3), and >66% (4). Nuclear staining was scored for all four receptors. Since some studies 
suggested an alternative function for cytoplasmic and nuclear ERβ, for this receptor both 
the cytoplasmic and nuclear staining were scored.186 Based on literature, receptor staining 
was dichotomized into positive and negative using an arbitrary cut-point of ≥10% weakly 
stained cells for AR,189 and moderately stained for ERα, ERβ and PR.187

All cores were scored by two independent observers that were blinded to the study 
endpoint, i.e. PFS and OS. In case of discordance between the two observers, the staining 
was discussed until consensus was reached. Patients were only included in the analysis 
when ≥2 cores with sufficient tumor cells were present on the TMA slides.


