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Abstract

Purpose: It is known that the estrogen receptor (ER) status of a tumor is an important prognostic and

predictive indicator in breast cancer. Women with ER-positive breast tumors have a better prognosis

than women with ER-negative tumors in terms of responsiveness to anti-estrogen treatment. 16α-[18F]Fluoro-17β-estradiol (18F-FES) has proven to be a promising tracer for in vivo imaging studies of the

ER status of primary and metastatic breast cancer. Consequently, at our Institution positron emission

tomography/computed tomography (PET/CT) using estradiol, labelled with fluorine-18, is an

important diagnostic tool to be used in hormone-dependent breast cancer. Materials and Methods: To

date, we have applied this 18F-FES-PET/CT method in 18 breast cancer patient examinations. We have

evaluated by means of 18F-FES, the location of the disease, preoperatively in one patient and in the

remaining 17 patients we used 18F-FES-PET/CT for the follow-up/planning of hormonal therapy

and/or radiation therapy and chemotherapy. Results: The patient group has so far revealed 148
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metastatic lesions in 18F-FES-PET/CT imaging. Lesions were located: 1 lesion (0.67%) in primary

tumor in the unoperated patient, 15 lesions (10.1%) in lymph nodes, 2 lesions (1.35%) in lungs and

130 lesions (87.8%) in bones. Mean SUVmax in the primary tumor was 1.5; in lymph nodes 6.24±2.5

(2.4-8.8) and in bones 8.6±4.7 (1.5-22.4). In lungs, there were only 2 lesions - SUVmax 7.5 and 3.5,

respectively. In 5 out of 18 patients (27.7%) the therapy was changed after 18F-FES-PET/CT study.

There was a good correlation between SUVmax of lesions on 18F-FES-PET/CT and tumor marker

CEA as well as number of lesions and the CEA level. Conclusion: On the basis of this preliminary

work, we know that tumor imaging with 18F-FES PET/CT is useful in the determination of ER status

and prognosis of hormonal therapy for breast cancer patients. We suggest potential scenarios where

this functional metabolic imaging might be considered in clinical use for guiding ER-positive breast

cancer treatment in problematic individual cases.



Keywords: breast cancer, positron emission tomography, estrogen receptor, estradiol, fluoroestradiol



1. Introduction

In women, breast cancer is the most common malignancy. Two-thirds of breast carcinomas express

estrogen receptors (ERs). Estrogens act primarily by regulating gene expression and ERs are found in

the cell nucleus of the female reproductive tract. They can also be located in the breast, pituitary,

hypothalamus, bone, liver amongst other tissues. Furthermore, estrogen receptors (ERs) can also be

found in men. Estrogens are lipophilic and they enter the cell passively by diffusion, through the

cellular membrane and bind to estrogen receptors which are present in the nucleus [1].

Estrogens are involved in the growth and development of both normal and cancerous breast tissues.

The activity of estrogens in breast tissue is mediated by ligand-dependent transcription factors called

estrogen receptors (ER). The hormonal dependence of breast carcinomas, as indicated by the results of

estrogen receptor assays, is usually predictive of the possible outcome that a breast cancer patient will

respond to such hormonal therapy as is anti-estrogen treatment. Higher ER expression has been found

to be associated with an increased likelihood of response to hormonal therapy. About 75% of breast

cancers are ER-positive at diagnosis [1,2].

ER expression of cancer tissue is usually measured at the time of primary diagnosis. In metastatic

breast cancer, ER expression can be heterogeneous meaning that cells at one site may be ER+, while

cells at other sites may be ER-. In addition, ER expression may change over time. Recurrent breast

cancer may have low ER expression, even though the original primary tumor was ER+ [1,2]. It is

supposed that there are differences in the estrogen-receptor content of primary and metastatic lesions

in 20-25% of breast cancer patients [2,3,4].
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When compared with an in vitro assay of tumor biopsy material, PET imaging has the advantage of

being able to measure in vivo tumor behaviour, characterize the entire tumor burden and capture the

heterogeneity of the tumor phenotype [5]. Inhibition by anti-estrogen (tamoxifen) of 18F-FES uptake in

tissues with estrogen–receptor content has previously been shown in an animal model [6].

In the study of McGuire et al. 1991, they demonstrated that 18F-FES uptake in metastatic lesions,

before and after anti-estrogen therapy, indicated definite reduction of 18F-FES uptake in nearly all

lesions [7]. 18F-FES uptake correlated well with immunohistochemistry measures of ER expression in

breast cancer [8,9].

Functional imaging of the ER using 18F-FES-PET/CT has been shown to be a predictive tool in

determining response to hormone therapy and PET imaging can be used to measure the

pharmacodynamic effect of ER-directed hormone therapy [10]. In the study of Peterson et al. 2011,

they showed that 18F-FES and [18F]-FDG uptake varied greatly both within and amongst patients. 18FFES-PET/CT demonstrated a conspicuous number of patients with the heterogeneity of ER expression

[11].

Several serum tumor markers have been proposed to indicate the presence and future behavior of

breast cancer. Moreover, tumor marker measurement can be used to help make treatment decisions,

especially in patients without axillary node involvement [7]. Unfortunately, the sensitivity of serum

tumor markers is usually considered low, particularly in patients’ with early-stage tumors.

Subsequently, their clinical usefulness is still controversial [12,13].

Estimation of the serum level of carcinoembryonic antigen (CEA) and cancer antigen 15-3 (CA15.3)

may, however, be an important diagnostic and prognostic indicator and therefore a good predictor for

relapse in some breast cancer patients.

16α-[18F]-Fluoro-17β-estradiol (18F-FES) is an estrogen receptor-specific PET tracer. The main

objective of the present analysis was to retrospectively evaluate the value of 18F-FES-PET/CT in 18

breast cancer patients, who were in a clinical dilemma whether to continue with hormonal therapy or to

switch to other treatment modalities. This retrospective analysis was performed, according to the

principles of the Declaration of Helsinki and our patient database was approved by the Finnish

authority for the protection of privacy and personal data.



2. Materials and Methods

Patients: The study population consisted of 18 non-pregnant women who had been diagnosed with

breast cancer. This group of patients had a history of histologically proven ER-receptor positive breast

cancer and had indication for 18F-FES-PET/CT examination when they presented a clinical dilemma

for their treating physician.
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The patients in the study were 38-78 years old (mean 60.4±10.3 years). A total of 17 patients were

operated 1 month - 9 years before the examination (mean 3.39±2.4 years) and one patient was operated

a few days after 18F-FES-PET/CT examination. Patients had T stage 1-4, N1, M 0-1 breast cancer. The

hormone receptor and HER2 status of all 18 patients are presented in Table 1.

Initial

No Age T N M

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18



74

77

65

57

56

78

56

50

68

52

45

53

38

64

50

46

70

45



4

2

1

1

1

1

3

1

3

2

3

2

2

2

2

1

2

2



3

1

0

1

0

0

3

1

2

1

2

1

1

2

1

0

1

1



1

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0



Expression of



Expression of



Expression of



Estrogen

Receptors

+++

+++

+++/0

++++

+

+

++++

+++

+

++++

+

+++

+++

+++/0

+++

+++

+

++



Progesterone Receptors



Her- 2



+++

0

+++/0

++

+

0

++++

++

0

+

++

+

+++

0/0

0

+++

+

++



negative

negative

negative

+

negative

negative

negative

negative

negative

+

+

negative

negative

++/++

negative

+++

++

negative



Table 1. Receptor status of the patient group.

Six patients started hormonal therapy 16.9±15.4 months, (min 2 weeks, max 48 months) and five

patients stopped hormonal therapy 10±3.3 months before 18F-FES-PET/CT examination. The

hormonal treatment used by the patients before applying18F-FES-PET/CT is described in more detail in

Table 2.

Clinical and biochemical monitoring of disease activity was completed for all patients, according to

routine practice. For some of the patients [18F]FDG PET/CT and bone scanning had been performed

recently to evaluate the extent of their malignant disease; three patients had a follow up 18F-FESPET/CT control scanning.
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Imaging protocol: 18F-FES-PET/CT examination was done using a Siemens Biograph PET Scanner,

combined with low-dose CT. The mean injected activity dose of [18F]-fluoroestradiol ranged from 167409 MBq (mean 280 MBq +51.8 MBq). Whole body imaging was performed from the calvarium to

the mid-thighs at 50+20 min (range 27-95 min), using 3 min per bed position and 4 hour fasting in

order to decrease biliary uptake. The tracer was produced by MAP Medical Technologies (Tikkakoski,

Finland) and the tracer production method has been described in publication by Knott et al. 2011[14].

Lesions were considered abnormal when focal tracer accumulation was greater than the background

activity.

1) Diagnosis of malignant lymph nodes on 18F-FES-PET images were based on visual assessment; if

focal increased, 18F-FES uptake corresponded with the CT findings. Lymph nodes were considered

malignant if confirmed histopathologically.

2) Lymph nodes were considered benign if they were less than 10 mm on the CT scan and did not

produce an abnormal 18F-FES uptake.

3) Interpretation of bone lesions (benign or malignant), depended on the anatomical localization and

the presence/absence of 18F-FES uptake when compared with the resultant findings of whole body

bone scans.

Statistical analysis: The acquired results are expressed as the mean + SEM for each index. For

calculating correlation between tumor markers (CEA, CA 15.3) and PET findings (SUVmax and

number of metabolically active lesions); Spearman rank correlation coefficient and simple linear

regression for building the curves were used. To estimate possible statistical differences between

groups with non-Gaussian distribution the Mann-Whitney U-test, with estimation of Z score, p- and Uvalues was used.

FES PET/CT Positive findings



FES PET/CT Negative findings



No. of on/off

which

when months No. of on/off

which

when months

the

the

patient

patient

on

Fulvestrant started

3

on

Tamoxifen started

3

1

4

off

Fulvestrant stopped

3

off

Anastrozole stopped

12

2

6

no hormonal therapy

no hormonal therapy

3

8

off

Fulvestrant stopped

9

no hormonal therapy

5

10

no hormonal therapy

on

Tamoxifen started

0.5

7

11

no hormonal therapy

no hormonal therapy

9

13

on

Letrozole

started

12

on

Letrozole

started

12

12

15

on

Exemestane started

48

no hormonal therapy

14

16

off

Fulvestrant stopped

12

off

Tamoxifen stopped

12

18

17

Table 2. Hormonal treatment of the patient groups showing positive and negative FES PET/CT findings.
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3. Results

The total number of patients with positive and negative 18F-FES-PET/CT findings was 9 (50%).

Amongst the patients with positive findings, three patients started to receive hormonal therapy such as

fulvestrant, letrozole and exemestane at 3, 26 and 48 months prior to examination. Three of the

patients discontinued hormonal therapy (all were receiving fulvestrant) 3, 9 and 12 months prior to

examination. Three of the patients were not receiving anti-hormonal therapy.

In a group with negative 18F-FES-PET/CT findings, three patients were receiving anti-hormonal

therapy, two were on tamoxifen starting 0.5 and 3 months prior to examination, one was receiving

letrozole starting 12 months prior to examination. Three patients were not receiving anti-hormonal

therapy. One patient with bilateral breast cancer had a positive lesion in one breast and no uptake in the

other. Histologically this patient had ER receptors in the tumor on 18F-FES positive side and no ERreceptors in tumor on the other side. Representative images of this patient are shown in Figure 1.



Figure 1. 18F-FES-PET/CT images of patient No.3, a 65-year-old-female with breast cancer; T1N0M0 who had a grade 2

ductal breast cancer in the left breast (receptors ER+++, PR-, HER2-). This patient had another negative receptor cancer in

the right breast. An axial PET-image (upper panel on the left, Fig. 1A) and a fused 18F-FES-PET/CT image (upper panel on

the right, Fig. 1B) demonstrate a weak uptake in the small tumor of the left breast; whereas, there is no uptake in the right

breast. Thus preoperatively, the left breast cancer was judged to be ER-positive and right breast cancer ER-negative: this

was also the outcome from the histopathology of the bilateral surgery performed on the following day. Preoperative MRI

images of the same patient with bilateral breast cancer demonstrate a 15 mm tumor in the left breast, (lower panel on the

left, Fig. 1C) and a 6 mm tumor in the right breast, (lower panel on the right, Fig. 1D). The malignant tumors are marked

with arrows.
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In 9 patients, a total of 148 lesions were found. Lesions were located: 1 lesion (0.67%) in primary

tumor in the unoperated patient, 15 lesions (10.1%) in lymph nodes, 2 lesions (1.35%) in lungs and

130 lesions (87.8%) in bones. Mean SUVmax in the primary tumor was 1.5; in lymph nodes 6.24±2.5

(2.4-8.8) and in bones 8.6±4.7 (1.5-22.4). In lungs, there were only 2 lesions - SUVmax 7.5 and 3.5

respectively. Images of 18F-FES-PET/CT found lung metastases in one patient, as shown in Figure 2.



Figure 2. 18F-FES-PET/CT images of patient No.3, a 65-year-old-female with breast cancer; T2N1M0 who had a grade 2

ductal breast cancer in the left breast (receptors ER+++, PR+++, HER2-); this cancer was diagnosed five years earlier. She

developed lymph node metastases 4 years later and had already received radiation therapy, chemotherapy and hormonal

therapy. In the 18F-FES-PET/CT study bilateral lung metastases were found. An axial PET-image (upper panel on the left)

and a fused 18F-FES-PET/CT image (lower panel on the left), demonstrate a strong uptake in the left lung and a moderate

uptake in the right lung. The maximum intensity projection (MIP-image) demonstrates the 3D-activity distribution in the

apical parts of the lungs (right panel). The bowel uptake reflects normal distribution and is due to hepatobiliary clearance of

the radiolabelled conjugated steroid metabolites (radiometabolites).



There was a correlation between SUVmax and CEA level (R=0.41), as well as between number of

metabolically active lesions and CEA(R=0.60), but no correlation between PET/CT findings and CA

15-3 level. Results of 18F-FES-PET/CT findings and tumor marker levels are presented in detail in

Table 3.



ISSN: 2057-3782 (Online)

http://dx.doi.org/10.17229/jdit.2014-1007-004



65



Journal of Diagnostic Imaging in Therapy. 2014; 1(1): 59-72



FES PET/CT positive findings

No. of SUV

patient

max

1

2

3

5

7



1.5

17.7

1.5

10.4

5



number

of

lesions

1

26

1

31

6



9

12

14



14

6.4

8.6



26

35

18



60

25.6

6



71

60

31



18



1.8



4



16



753
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FES PET/CT negative findings



CEA*



CA15.3* Location No. of CEA**

patient



CA15.3**



22

15.8

2.5

91.3

1.3



61

58

25

258.7

22



bones

bones

breast

bones

lymph

nodes

bones

bones

lymph

nodes

and

bones

lungs

and

bones



4

6

8

10

11



6.6

1.8

1

1

1.7



18

18

9

13

17



13

15

16



1.3

11.2

1



14

27

23



17



4.1



45



Table 3. Summary of FES PET/CT findings and tumor markers used.





CEA* - CEA**: The Z-Score is -2.53. The p-value is 0.008. The result is significant at p≤ 0.05. The U-value is

44. The critical value of U at p≤ 0.05 is 59. Therefore, the result is significant at p≤ 0.05.







CA15.3* - CA15.3**: The Z-Score is 2.40. The p-value is 0.015. The result is significant at p≤ 0.05. The U-value

is 15. The critical value of U at p≤ 0.05 is 20. Therefore, the result is significant at p≤ 0.05.



There was a statistically significant difference of the serum CEA and CA15.3 levels in the groups of

positive and negative 18F-FES-PET/CT findings: p-values 0.008 and 0.015 respectively, as shown in

Figure 3.
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Figure 3. Correlation between PET/CT findings and tumor markers used.





There was a correlation between SUVmax and CEA level and no correlation between SUVmax and CA15.3 level.







There was a moderate correlation between number of lesions and CEA level and no correlation between number of

lesions and CA15.3 level.



In 5 out of 18 patients (27.7%) the therapy was changed after 18F-FES-PET/CT study. Patients who

had true negative findings in the 18F-FES-PET/CT study and had negative HER2- status were

recommended to receive chemotherapy, according to the protocol used in treatment of triple negative

breast cancer and they received at least a partial and/or long-lasting response from chemotherapy.

Images of one of these patients, whose ER-positive disease became fully ER- negative after 18F-FESPET/CT, is shown in Figure 4.
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