
1

Rev Assoc Med Bras. 2023;69(Suppl 1):e2023S116

REVIEW ARTICLE https://doi.org/10.1590/1806-9282.2023S116

18F-fluoroestradiol positron emission tomography in patients 
with breast cancer: a systematic review and meta-analysis
Cristina S. Matushita1,2,3 , Francisco de Assis Romeiro Figueiroa Benicio Coelho4,5 ,  
Camila Edith Stachera Stasiak5,6 , Denise Ferreira Rodrigues7,8 , Diego Bromfman Pianta1,2,3 ,  
Flávia Dornelas Kurkowski2 , Marcelo Moreira da Silva3,9 , Sergio Augusto Lopes de Souza5 ,  
Rafael Willain Lopes1,10 , Paulo Henrique Rosado de Castro1,2,3* 

Brazilian Society of Nuclear Medicine

INTRODUCTION
Breast cancer is a neoplasm that most commonly affects women 
worldwide, with an estimated 1.68 million new cases per year. 
According to the National Cancer Institute in Brazil, 73,610 
new cases of breast cancer are estimated for the 3-year period 
from 2023 to 2025, which is the main cause of cancer mortal-
ity in females1. Despite the high 5-year survival rate of up to 
89.5%2, the potential for metastasis through the bloodstream 
and lymphatic vessels can lead to severe consequences if not 
detected and treated early.

The National Comprehensive Cancer Network guidelines 
highlight the estrogen receptor (ER) as a crucial prognostic 
indicator for breast cancer patients’ disease-free survival and 
overall mortality2. The presence of ERs and progesterone recep-
tors is an important factor influencing treatment strategies and 
patient prognosis3. Furthermore, hormone receptor-positive 
breast cancers exhibit higher survival rates and lower recurrence 
rates than hormone receptor-negative tumors4.

Testing for hormone receptors is vital for breast cancer 
patients to determine their prognosis and treatment options. 
However, the invasive nature of the biopsy limits its effective-
ness, and the variations in receptor status among primary and 
metastatic sites make it challenging to plan treatment for patients 
with recurrent and/or metastatic breast cancers5,6.

Noninvasive tests like 18F-fluoroestradiol (FES) positron 
emission tomography-computed tomography (PET-CT) can 
evaluate estrogen distribution and binding in several sites and 
confirm metastasis simultaneously, making it an effective tool 
to predict treatment response in breast cancer patients3,5,7. To 
confirm the effectiveness of 18F-FES PET-CT in predicting 
treatment response, we conducted a pooled analysis of its 
diagnostic accuracy reported to date, despite predictions of 
previous studies.

METHODS

Bibliographic search
A systematic review was performed in accordance with Cochrane 
Collaboration and Preferred Reporting Items for Systematic 
Review and Meta-analysis (PRISMA) guidelines8,9.

We performed a comprehensive literature search of 
PubMed and the Cochrane Library without date restric-
tion up to February 16, 2023, using the following MeSH 
vocabulary keywords and free text words: ((((((18F-FES) 
AND (PET-CT)) OR (FLUOROESTRADIOL F18)) 
OR (18f-FLUOROESTRADIOL)) OR (FES F18)) OR 
(FLUOROESTRADIOL)).
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Inclusion and exclusion criteria
Patients: Those diagnosed with breast cancer.

Index text: 18F-FES-PET.
Target condition: Diagnostic, staging, restaging.
Study design: Diagnostic accuracy cross-sectional study 

with prospective or retrospective recruitment.
Exclusion criteria: Case reports, animals, phantom, and 

radiopharmacokinetics.
No language or sample-size restrictions were used.

Reference standard
A composite standard including clinical follow-up and histo-
pathological findings.

Outcome measures
The outcome measures included identification of predic-
tors of 18F-FES-PET positivity, sensitivity, specificity, pos-
itive predictive value, negative predictive value, and over-
all accuracy.

Study selection
Titles and abstracts retrieved by the bibliographic search were 
independently screened by two authors (M.C.S. and R.P.C.). 
The full text of all relevant articles was acquired, and the study 
was further assessed for inclusion independently by the same 
two authors and studies not fulfilling the inclusion criteria 
were excluded.

Quality assessment
Studies were independently assessed by two authors (M.C.S. and 
R.P.C.) using the Quality Assessment of Diagnostic Accuracy 
Studies-2 (QUADAS-2) checklist tool10. The QUADAS-2 tool 
assesses four domains: risk of bias in patient selection, index 
test, reference standard, and the timing of reference test. Each 
paper was scored independently by two evaluators (M.C.S. and 
R.P.C.) and discrepancies were resolved.

Data extraction
The following information was extracted from each study: sam-
ple size, age, indication for PET (diagnosis, primary staging, 
or recurrent disease staging), previous therapies, initial cancer 
stage, 18F-FES-PET characteristics, rates of positive PET, and 
histopathological correlation data. When histopathological 
correlation data were available, the numbers of true positives, 
false positives, true negatives, and false negatives were collected 
as appropriate. Using 18F-FES-PET for both primary staging 
and recurrent cancer staging, the extracted data were displayed 
separately when available.

Extracted data were collected using Excel 2007 (Microsoft 
Corporation, Redmond, CA, USA), and analysis was per-
formed using Meta-Disc 1.411. The detection rates were 
pooled using the generic inverse variance approach in the 
random-effects model12. Heterogeneity in the meta-analysis 
of detection rates was assessed using the X2 statistic in the I2 
statistic9. The I2 statistic indicates the percentage of the overall 
variability that can be attributed to between-study (or inter-
study) variability, as opposed to within-study (or intrastudy) 
variability. An I2 greater than 50% is considered to indicate 
substantial heterogeneity9.

We explored the variability in diagnostic accuracy across 
studies by plotting the estimates of the observed sensitivities 
and specificities in forest plots and in receiver-operating char-
acteristic (ROC) curve space. Whenever data for computing 
true-positive, false-negative, true-negative, and false-positive rates 
were available, we performed meta-analyses using the bivari-
ate model to produce summary sensitivities and specificities11. 
The bivariate model jointly models sensitivity and specificity, 
specifying their logits as random study effects; a summary of 
the ROC curve can be derived from the model parameters. The 
significance level was set at p=0.05.

RESULTS

Identification of studies
Figure 1 summarizes the process of identification and selection 
of studies. A total of 248 studies were identified. The electronic 
search was complemented by manually checking the reference 
lists in review papers and all included studies. Overall, we 
included 24 studies comprising a total of 664 patients (range: 
10–90 patients per study): 23 studies on diagnostic6,13-28 and 
1 study on staging29. Figure 2 shows the QUADAS-2 results.

A total of seven studies were reviewed for the diagnostic 
accuracy, in which the sensitivity ranged between 0.700 and 
0.963 and the specificity ranged between 0.500 and 0.987. The 
pooled sensitivity and specificity of the method were 0.824 (95% 
confidence interval [CI] 0.763–0.874; i²=0.1%) and 0.938 
(95%CI 0.861–0.980; i²=42.2%), respectively (Figure 3). The 
pooled-positive likelihood ratio was 4.13 (95%CI 1.61–10.62; 
i²=62.9%) and the negative likelihood ratio was 0.25 (95%CI 
0.18–0.35; i²=0.0%).

The statistical correlation of 18F-FES PET-CT was ana-
lyzed in 11 studies with immunohistochemical essays, and it 
did not correlate significantly (r=0.76; p=0.12). Similar results 
were revealed in two articles that correlated the examinations 
with the tumor size (r=0.30; p=0.32).
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One article compared the sensitivity of 18F-FES PET-CT 
and 18F-fluorodeoxyglucose (FDG) PET-CT in the evalu-
ation of breast cancer recurrence30. A total of 40 patients 
were ER-positive. Using a threshold for positive interpreta-
tion, the sensitivity of 18F-FES was 71.1% and that of 18F-
FDG was 80%, with no significant difference between the 
methods (p=0.48).

Initial staging was evaluated by two studies29,31. Liu et al., 
reported a sensitivity of 90.8% for 18F-FES and 82.8% for 
18F-FDG in a retrospective study with 19 patients. 18F-
FES PET-CT changed patient management in 26.3% of the 
cases. On the contrary, Gupta et al., in a prospective study 
with 10 patients, reported a sensitivity of 75.32% for 18F-
FES and 92.21% for 18F-FDG (p=0.0004). Excluding liver 
lesions, the sensitivity of 18F-FES was 85.29% and that 

of 18F-FDG was 91.18% (p=0.2159). Management was 
changed for 20% of the patients.

DISCUSSION
18F-FDG PET imaging is a well-known and established 
diagnostic tool for staging/restaging patients. However, some 
breast tumors may have low FDG uptake, such as invasive 
lobular carcinoma (ILC). Other molecular imaging meth-
ods may be needed for the evaluation of this malignancy. 
ILC is nearly always (95%) ER-positive, thus ER-targeting 
PET tracers such as 18F-FES may have value5. 18F-FES 
is a recently available radiotracer in Brazil that can help 
to noninvasively assess whole-body ER protein expression 
and ligand binding function across multiple metastatic 

Figure 1. Preferred Reporting Items for Systematic Review and Meta-analysis flowchart, demonstrating the studies selection criteria.
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sites, demonstrate intertumoral and temporal heteroge-
neity of ER expression, quantify the pharmacodynamic 
effects of ER antagonist treatment, and predict endocrine 
therapy response.

With respect to the effectiveness of 18F-FES PET, diagnos-
tic accuracy for the detection of lesions was evaluated in this 
pooled analysis, with a pooled sensitivity of 82% and a pooled 
specificity of 94%, resulting in a pooled AUC of 0.8899, thus 
demonstrating high diagnostic accuracy.

Immunohistochemistry sample analysis is the golden stan-
dard for the evaluation of ER expression. Amidst the included 
studies, eight perceived the correlation between the ER expres-
sion in immunohistochemistry and 18F-FES uptake, resulting 
in a pooled correlation of 0.76, with no significant heteroge-
neity, but not demonstrated statistical significance (Q=11.46, 
p=0.12, I2=39%, despite a LFK index of -2.66, showing a 
major asymmetry).

Figure 2. Quality Assessment of Diagnostic Accuracy Studies-2 results.
 

The correlation between tumor size and 18F-FES uptake 
was only assessed in two studies, which differ largely in weight, 
with a positive correlation between size and uptake of 0.30, 
with no significant heterogeneity, but not demonstrated statis-
tical significance (Q=0.95, p=0.33, I2=0%). It is important to 
emphasize the small number of studies included in the analysis.

As the number of breast cancer patients seems to rise year 
by year, so does the drug options to treat the most variable can-
cer presentations31. For that, 18F-FES PET imaging might be 
a good option, allowing a correct evaluation of the ER status in 
vivo, noninvasively and painlessly, especially considering that 
the presence of metastases is one of the prognostic factors of the 
disease and the invasive biopsy in the bone, liver, and brain is 
often difficult. Furthermore, 18F-FES PET imaging can evalu-
ate the whole body and show some heterogeneity in ER expres-
sion between the lesions (which is usually not assessed on a sin-
gle lesion biopsy)32.

A PET scan using 18F-FES may also be helpful for the 
interim therapy evaluation of patients under specific thera-
pies, proving ER blockade, and then helping to choose more 
accurate therapies.

CONCLUSION
Current evidence suggests that 18F-FES PET for the detec-
tion of ER-positive lesions in breast cancer patients is sensible, 
with a pooled sensitivity of 82%, and highly specific, with a 
pooled specificity of 94%, demonstrating its high diagnostic 
accuracy, with a pooled AUC of 0.8899. This brings to light 
its potential to be added to the breast cancer toolbox as an 
imaging tool for therapy guiding and predicting the endo-
crine therapy response.
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Figure 3. Pooled sensitivity and specificity.

Resources, Software, Supervision, Validation, Visualization, 
Writing – original draft, Writing – review & editing. DFR: 
Conceptualization, Data curation, Formal Analysis, Investigation, 
Methodology, Project administration, Resources, Software, 
Supervision, Validation, Visualization, Writing – original draft, 
Writing – review & editing. DBP: Conceptualization, Data 
curation, Formal Analysis, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review & 
editing. FDK: Conceptualization, Data curation, Formal 
Analysis, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, 

Writing – original draft, Writing – review & editing. MMS: 
Conceptualization, Data curation, Formal Analysis, Investigation, 
Methodology, Project administration, Resources, Software, 
Supervision, Validation, Visualization, Writing – original draft, 
Writing – review & editing. SALS: Conceptualization, Data 
curation, Formal Analysis, Investigation, Methodology, Project 
administration, Resources, Software, Supervision, Validation, 
Visualization, Writing – original draft, Writing – review & edit-
ing. RWL: Conceptualization, Data curation, Formal Analysis, 
Investigation, Methodology, Project administration, Resources, 
Software, Supervision, Validation, Visualization, Writing – orig-
inal draft, Writing – review & editing.



6

Rev Assoc Med Bras. 2023;69(Suppl 1):e2023S116

18F-fluoroestradiol positron emission tomography in breast cancer

REFERENCES
1.	 Instituto Nacional de Câncer José Alencar Gomes da Silva 

(INCA). Estimativa de incidência e mortalidade por câncer 
no Brasil. Rio de Janeiro, RJ: Instituto Nacional de Câncer 
José Alencar Gomes da Silva (INCA); 2018.

2.	 NIH. CAR T cells: engineering patients’ immune cells to treat 
their cancers. 2022. Available from: https://www.cancer.gov/
about-cancer/treatment/research/car-t-cells

3.	 Yang Z, Xie Y, Liu C, Liu X, Song S, Zhang Y, et al. The clinical 
value of 18F-fluoroestradiol in assisting individualized treatment 
decision in dual primary malignancies. Quant Imaging Med Surg. 
2021;11(9):3956-65. https://doi.org/10.21037/qims-20-1364

4.	 Bottoni G, Piccardo A, Fiz F, Siri G, Matteucci F, Rocca A, 
et al. Heterogeneity of bone metastases as an important 
prognostic factor in patients affected by oestrogen 
receptor-positive breast cancer. The role of combined [18F]
Fluoroestradiol PET/CT and [18F]Fluorodeoxyglucose PET/
CT. Eur J Radiol. 2021;141:109821. https://doi.org/10.1016/j.
ejrad.2021.109821

5.	 Liu C, Hu S, Xu X, Zhang Y, Wang B, Song S, et al. Evaluation 
of tumour heterogeneity by 18F-fluoroestradiol PET as 
a predictive measure in breast cancer patients receiving 
palbociclib combined with endocrine treatment. Breast 
Cancer Res. 2022;24(1):57. https://doi.org/10.1186/
s13058-022-01555-7

6.	 Venema CM, Mammatas LH, Schröder CP, Kruchten M, 
Apollonio G, Glaudemans AWJM, et al. Androgen and estrogen 
receptor imaging in metastatic breast cancer patients as a 
surrogate for tissue biopsies. J Nucl Med. 2017;58(12):1906-
12. https://doi.org/10.2967/jnumed.117.193649

7.	 Iqbal R, Yaqub M, Oprea-Lager DE, Liu Y, Luik AM, Beelen 
AP, et  al. Biodistribution of 18F-FES in patients with 
metastatic ER+ breast cancer undergoing treatment with 
rintodestrant (G1T48), a novel selective ER degrader. J 
Nucl Med. 2022;63(5):694-9. https://doi.org/10.2967/
jnumed.121.262500

8.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, 
Ioannidis JP, et al. The PRISMA statement for reporting 
systematic reviews and meta-analyses of studies that evaluate 
healthcare interventions: explanation and elaboration. BMJ. 
2009;339:b2700. https://doi.org/10.1136/bmj.b2700

9.	 Higgins J. Cochrane handbook for systematic reviews of 
interventions. 2022. Available from: https://training.cochrane.
org/handbook/current

10.	 Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, 
Reitsma JB, et al. QUADAS-2: a revised tool for the quality 
assessment of diagnostic accuracy studies. Ann Intern Med. 
2011;155(8):529-36. https://doi.org/10.7326/0003-4819-
155-8-201110180-00009

11.	 Zamora J, Abraira V, Muriel A, Khan K, Coomarasamy A. Meta-DiSc: 
a software for meta-analysis of test accuracy data. BMC Med Res 
Methodol. 2006;6:31. https://doi.org/10.1186/1471-2288-6-31

12.	 DerSimonian R, Laird N. Meta-analysis in clinical trials. Control 
Clin Trials. 1986;7(3):177-88. https://doi.org/10.1016/0197-
2456(86)90046-2

13.	 Takahashi M, Maeda H, Tsujikawa T, Kono H, Mori T, Kiyono 
Y, et al. 18F-fluoroestradiol tumor uptake is Influenced 
by structural components in breast cancer. Clin Nucl 
Med. 2021;46(11):884-9. https://doi.org/10.1097/
RLU.0000000000003835

14.	 Su Y, Zhang Y, Hua X, Huang J, Bi X, Xia W, et al. High-
dose tamoxifen in high-hormone-receptor-expressing 

advanced breast cancer patients: a phase II pilot study. Ther 
Adv Med Oncol. 2021;13:1758835921993436. https://doi.
org/10.1177/1758835921993436

15.	 He M, Liu C, Shi Q, Sun Y, Zhang Y, Xu X, et al. The predictive 
value of early changes in 18 F-fluoroestradiol positron emission 
tomography/computed tomography during fulvestrant 500 mg 
therapy in patients with estrogen receptor-positive metastatic 
breast cancer. Oncologist. 2020;25(11):927-36. https://doi.
org/10.1634/theoncologist.2019-0561

16.	 Seenu V, Sharma A, Kumar R, Suhani S, Prashanth A, Mathur S, et al. 
Evaluation of estrogen expression of breast cancer using 18F-FES 
PET CT-A novel technique. World J Nucl Med. 2020;19(3):233-9. 
https://doi.org/10.4103/wjnm.WJNM_71_19

17.	 Chae SY, Ahn SH, Kim SB, Han S, Lee SH, Oh SJ, et al. Diagnostic 
accuracy and safety of 16α-[18F]fluoro-17β-oestradiol PET-CT 
for the assessment of oestrogen receptor status in recurrent or 
metastatic lesions in patients with breast cancer: a prospective 
cohort study. Lancet Oncol. 2019;20(4):546-55. https://doi.
org/10.1016/S1470-2045(18)30936-7

18.	 Yang Z, Sun Y, Xu X, Zhang Y, Zhang J, Xue J, et al. The assessment 
of estrogen receptor status and its intratumoral heterogeneity 
in patients with breast cancer by using 18F-fluoroestradiol PET/
CT. Clin Nucl Med. 2017;42(6):421-7. https://doi.org/10.1097/
RLU.0000000000001587

19.	 Kruchten M, Glaudemans AWJM, Vries EFJ, Schröder CP, Vries 
EGE, Hospers GAP. Positron emission tomography of tumour [18F]
fluoroestradiol uptake in patients with acquired hormone-resistant 
metastatic breast cancer prior to oestradiol therapy. Eur J Nucl 
Med Mol Imaging. 2015;42(11):1674-81. https://doi.org/10.1007/
s00259-015-3107-5

20.	 Sun Y, Yang Z, Zhang Y, Xue J, Wang M, Shi W, et al. The preliminary 
study of 16α-[18F]fluoroestradiol PET/CT in assisting the 
individualized treatment decisions of breast cancer patients. 
PLoS One. 2015;10(1):e0116341. https://doi.org/10.1371/journal.
pone.0116341

21.	 Yang Z, Sun Y, Xue J, Yao Z, Xu J, Cheng J, et al. Can positron 
emission tomography/computed tomography with the dual tracers 
fluorine-18 fluoroestradiol and fluorodeoxyglucose predict 
neoadjuvant chemotherapy response of breast cancer?–A pilot 
study. PLoS One. 2013;8(10):e78192. https://doi.org/10.1371/
journal.pone.0078192

22.	 Gemignani ML, Patil S, Seshan VE, Sampson M, Humm JL, Lewis 
JS, et al. Feasibility and predictability of perioperative PET and 
estrogen receptor ligand in patients with invasive breast cancer. 
J Nucl Med. 2013;54(10):1697-702. https://doi.org/10.2967/
jnumed.112.113373

23.	 Yang Z, Sun Y, Zhang Y, Xue J, Wang M, Shi W, et al. Can fluorine-18 
fluoroestradiol positron emission tomography-computed 
tomography demonstrate the heterogeneity of breast cancer 
in vivo? Clin Breast Cancer. 2013;13(5):359-63. https://doi.
org/10.1016/j.clbc.2013.02.012

24.	 Kruchten M, Glaudemans AW, Vries EF, Beets-Tan RG, Schröder 
CP, Dierckx RA, et al. PET imaging of estrogen receptors as a 
diagnostic tool for breast cancer patients presenting with a clinical 
dilemma. J Nucl Med. 2012;53(2):182-90. https://doi.org/10.2967/
jnumed.111.092734

25.	 Dehdashti F, Mortimer JE, Trinkaus K, Naughton MJ, Ellis M, 
Katzenellenbogen JA, et al. PET-based estradiol challenge as a 
predictive biomarker of response to endocrine therapy in women with 
estrogen-receptor-positive breast cancer. Breast Cancer Res Treat. 
2009;113(3):509-17. https://doi.org/10.1007/s10549-008-9953-0

26.	 Peterson LM, Mankoff DA, Lawton T, Yagle K, Schubert EK, Stekhova 
S, et al. Quantitative imaging of estrogen receptor expression in 

https://www.cancer.gov/about-cancer/treatment/research/car-t-cells
https://www.cancer.gov/about-cancer/treatment/research/car-t-cells
https://doi.org/10.21037/qims-20-1364
https://doi.org/10.1016/j.ejrad.2021.109821
https://doi.org/10.1016/j.ejrad.2021.109821
https://doi.org/10.1186/s13058-022-01555-7
https://doi.org/10.1186/s13058-022-01555-7
https://doi.org/10.2967/jnumed.117.193649
https://doi.org/10.2967/jnumed.121.262500
https://doi.org/10.2967/jnumed.121.262500
https://doi.org/10.1136/bmj.b2700
https://training.cochrane.org/handbook/current
https://training.cochrane.org/handbook/current
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.1186/1471-2288-6-31
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1097/RLU.0000000000003835
https://doi.org/10.1097/RLU.0000000000003835
https://doi.org/10.1177/1758835921993436
https://doi.org/10.1177/1758835921993436
https://doi.org/10.1634/theoncologist.2019-0561
https://doi.org/10.1634/theoncologist.2019-0561
https://doi.org/10.4103/wjnm.WJNM_71_19
https://doi.org/10.1016/S1470-2045(18)30936-7
https://doi.org/10.1016/S1470-2045(18)30936-7
https://doi.org/10.1097/RLU.0000000000001587
https://doi.org/10.1097/RLU.0000000000001587
https://doi.org/10.1007/s00259-015-3107-5
https://doi.org/10.1007/s00259-015-3107-5
https://doi.org/10.1371/journal.pone.0116341
https://doi.org/10.1371/journal.pone.0116341
https://doi.org/10.1371/journal.pone.0078192
https://doi.org/10.1371/journal.pone.0078192
https://doi.org/10.2967/jnumed.112.113373
https://doi.org/10.2967/jnumed.112.113373
https://doi.org/10.1016/j.clbc.2013.02.012
https://doi.org/10.1016/j.clbc.2013.02.012
https://doi.org/10.2967/jnumed.111.092734
https://doi.org/10.2967/jnumed.111.092734
https://doi.org/10.1007/s10549-008-9953-0


7

Rev Assoc Med Bras. 2023;69(Suppl 1):e2023S116

Matushita CS et al.

breast cancer with PET and 18F-fluoroestradiol. J Nucl Med. 
2008;49(3):367-74. https://doi.org/10.2967/jnumed.107.047506

27.	 Linden HM, Stekhova SA, Link JM, Gralow JR, Livingston RB, 
Ellis GK, et al. Quantitative fluoroestradiol positron emission 
tomography imaging predicts response to endocrine treatment 
in breast cancer. J Clin Oncol. 2006;24(18):2793-9. https://doi.
org/10.1200/JCO.2005.04.3810

28.	 Mintun MA, Welch MJ, Siegel BA, Mathias CJ, Brodack JW, 
McGuire AH, et al. Breast cancer: PET imaging of estrogen 
receptors. Radiology. 1988;169(1):45-8. https://doi.org/10.1148/
radiology.169.1.3262228

29.	 Gupta M, Datta A, Choudhury PS, Dsouza M, Batra U, Mishra A. Can 
18F-fluoroestradiol positron emission tomography become a new 
imaging standard in the estrogen receptor-positive breast cancer 
patient: a prospective comparative study with 18F-fluorodeoxyglucose 
positron emission tomography? World J Nucl Med. 2017;16(2):133-9. 
https://doi.org/10.4103/1450-1147.203071

30.	 Chae SY, Son HJ, Lee DY, Shin E, Oh JS, Seo SY, et al. Comparison 
of diagnostic sensitivity of [18F]fluoroestradiol and [18F]
fluorodeoxyglucose positron emission tomography/computed 
tomography for breast cancer recurrence in patients with a history 
of estrogen receptor-positive primary breast cancer. EJNMMI Res. 
2020;10(1):54. https://doi.org/10.1186/s13550-020-00643-z

31.	 Liu C, Gong C, Liu S, Zhang Y, Zhang Y, Xu X, et al. 18F-FES PET/
CT Influences the staging and management of patients with 
newly diagnosed estrogen receptor-positive breast cancer: 
a retrospective comparative study with 18F-FDG PET/CT. 
Oncologist. 2019;24(12):e1277-85. https://doi.org/10.1634/
theoncologist.2019-0096

32.	 Nienhuis HH, Kruchten M, Elias SG, Glaudemans AWJM, Vries 
EFJ, Bongaerts AHH, et al. 18F-fluoroestradioltumor uptake is 
heterogeneous and influenced by site of metastasis in breast 
cancer patients. J Nucl Med. 2018;59(8):1212-8. https://doi.
org/10.2967/jnumed.117.198846

https://doi.org/10.2967/jnumed.107.047506
https://doi.org/10.1200/JCO.2005.04.3810
https://doi.org/10.1200/JCO.2005.04.3810
https://doi.org/10.1148/radiology.169.1.3262228
https://doi.org/10.1148/radiology.169.1.3262228
https://doi.org/10.4103/1450-1147.203071
https://doi.org/10.1186/s13550-020-00643-z
https://doi.org/10.1634/theoncologist.2019-0096
https://doi.org/10.1634/theoncologist.2019-0096
https://doi.org/10.2967/jnumed.117.198846
https://doi.org/10.2967/jnumed.117.198846

