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Temporal Heterogeneity of Estrogen
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Abstract
Changes in estrogen receptor (ER) expression over the course of therapy may affect response to endocrine therapy. However, measuring
temporal changes in ER expression requires serial biopsies, which are impractical and poorly tolerated by most patients. Functional ER imaging using 18F-fluoroestradiol (FES)-PET provides a noninvasive measure of regional ER expression and is ideally suited to serial studies. Additionally, lack of measurable FES uptake in metastatic sites of disease predict tumor progression in patients with ER-positive primary tumors
treated with endocrine therapy. This report presents a case of restored sensitivity to endocrine therapy in a patient with bone-dominant
breast cancer who underwent serial observational FES-PET imaging over the course of several treatments at our center, demonstrating the
temporal heterogeneity of regional ER expression. Although loss and restoration of endocrine sensitivity in patients who have undergone
prior hormonal and cytotoxic treatments has been reported, this is, to our knowledge, the first time the accompanying changes in ER expression have been documented by molecular imaging.
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endocrine therapy.1–4 This report presents a case of
restored sensitivity to endocrine therapy in a patient
with bone-dominant breast cancer who underwent
serial observational FES-PET imaging over the course
of several treatments at our center, demonstrating the
temporal heterogeneity of regional ER expression.
Although loss and restoration of endocrine sensitivity in patients who have undergone prior hormonal
and cytotoxic treatments has been reported,5–7 this is,
to our knowledge, the first time the accompanying
changes in ER expression have been documented by
molecular imaging.

Background
Changes in estrogen receptor (ER) expression over
the course of therapy may affect response to endocrine therapy. However, measuring temporal changes
in ER expression requires serial biopsies, which are
impractical and poorly tolerated by most patients.
Functional ER imaging using 18F-fluoroestradiol
(FES)-PET provides a noninvasive measure of regional ER expression and is ideally suited to serial studies.
Additionally, lack of measurable FES uptake in metastatic sites of disease predict tumor progression in patients with ER-positive primary tumors treated with
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Case Report
A 45-year-old woman established care after receiving adjuvant treatment at an outside institution with
5-fluorouracil, doxorubicin, and cyclophosphamide
(FAC) for 4 cycles, followed by autologous bone
marrow transplantation using a thiotepa and cyclophosphamide conditioning regimen for a locally
advanced infiltrating lobular breast cancer characterized by a 2.4-cm primary tumor, with 12 of 12 axillary lymph nodes found to be positive at initial surgery. Histopathologic analysis of the primary lesion
from a modified radical mastectomy revealed Nottingham grade II/III disease8 with angiolymphatic invasion. Immunohistochemistry showed ER and progesterone receptor expression to be strongly positive
and HER2/neu status to be negative. Chemotherapy
induced menopause, and no further adjuvant endocrine or radiation therapy was administered. The

Figure 1. Temporal heterogeneity of estrogen receptor (ER) expres-

sion in Bone metastasis from an ER-positive tumor. FDG-PET (acquired
as part of routine clinical care) and 18F-fluoroestradiol (FES)-PET images
(acquired as part of an experimental imaging study) are shown side by
side to illustrate the temporal changes in uptake at 4 time points, with
standard uptake values (SUVs) listed: T1, before initiation of endocrine
therapy; T2, after response to endocrine therapy; T3, at subsequent
disease progression on endocrine therapy; and T4, at disease progression on chemotherapy, before initiation of diethylstilbestrol (DES).
At T1, the arrow shows spinal metastasis at L1 with strong uptake at
initial metastatic presentation by FDG-PET (A) and FES-PET (B). The patient experienced response to endocrine therapy, as shown in T2, with
a notable decrease in FDG-PET (C) and FES-PET (D). The tumor then
progressed on anastrozole, shown in T3, with increasing FDG uptake
(E) but less prominent FES uptake (F) compared with baseline. Her
disease then responded to chemotherapy clinically (with a decrease in
pain and a decline in tumor markers), but eventually progressed on
chemotherapy, as shown in T4, with the emergence of diffuse spinal
metastasis, as shown in 2 representative lesions by FDG-PET and FESPET (H). This indicated an increase in the tumor’s capability to bind
estradiol at the time of disease progression on chemotherapy, suggesting increased ER expression. The patient subsequently experienced
response to salvage endocrine therapy (DES). A grayscale is included
for reference, with SUV for both FDG and FES.

clinical diagnosis of recurrent and bone-dominant
metastatic breast cancer was made 6 years from her
primary tumor presentation based on symptoms and
multiple bony abnormalities consistent with widespread metastasis shown by multiple imaging modalities (FDG-PET [Figure 1, A], bone scan, and MRI of
the spine). Bone biopsy was not performed because
of a lack of an accessible nonbone site of metastasis
and patient refusal. She was treated with tamoxifen
and bisphosphonate therapy with symptomatic improvement, with decline in tumor extent as measured by MRI and FDG-PET (Figure 1, C). Because
of promising data emerging regarding aromatase inhibitors9 and concern about endometrial side effects,
she was switched from tamoxifen to anastrozole after
a year of treatment.
The patient experienced a sustained response to
endocrine therapy for 1.5 years until she began to experience increasing bone pain. New lesions were seen
in the thoracic spine on MRI along with increasing
tumor markers (carcinoembryonic antigen [CEA]
and CA 27.29). Endocrine therapy was discontinued
in favor of weekly parenteral doxorubicin and oral
capecitabine (to a cumulative anthracycline dose of
850 mg/m2) followed by single-agent capecitabine,
and she experienced stable disease for 2 years based
on imaging results and tumor marker levels. On subsequent progression (marrow, spine), treatment was
switched to weekly paclitaxel and disease control was
seen for 1 year, but then the tumor again progressed
in bone and soft tissue, with worsening pain, increasing and diffuse bone and bone marrow involvement
shown on FDG-PET (Figure 1, G) and MRI, increasing CA 27.29 and CEA levels, and refractory anemia,
despite vinorelbine chemotherapy for what appeared
to be marrow involvement of tumor.
Given the lack of visceral involvement and the
patient’s goal of disease palliation with minimal toxicity, endocrine therapy was resumed with diethylstilbestrol (DES), supported by prior experience
suggesting a 30% to 40% response rate for late DES
salvage therapy.10,11 While on DES, the tumor marker levels declined and her anemia and pain resolved,
and clinical disease control was seen for 1 year. On
progression, she was treated with the combination
of a steroidal aromatase inhibitor, exemestane, and
fulvestrant (SERD), to which her tumor responded
for more than 6 months. Her disease ultimately progressed and she eventually died.
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Experimental Imaging
In addition to standard diagnostic imaging, the patient participated in observational studies using experimental imaging (FES-PET) designed to measure
regional ER expression and its changes with treatment.12 We and others have shown that FES-PET
provides quantitative estimates of regional ER expression that correlate with measures of ER expression by in vitro assay of biopsy material.13,14 FESPET imaging was paired with FDG-PET studies to
identify areas of active tumor. As shown in Figure 1,
metabolic activity of spinal metastasis is depicted at
4 time points over 5 years: T1, before initiation of
endocrine therapy; T2, after response to endocrine
therapy; T3, at subsequent disease progression on
endocrine therapy; and T4, at disease progression
on chemotherapy, before initiation of DES. Notably,
the patient had discontinued tamoxifen for more
than 50 days before image T2, and was off of granulocyte colony-stimulating factor (G-CSF) for more
than 30 days before image T4. At T1, the arrow
shows spinal metastasis at L1 with strong uptake by
FDG-PET (left, A, maximum standard uptake value
[SUV] 6.1) and FES-PET (right, B, maximum SUV
8.3). The patient experienced response to endocrine
therapy with a notable lack of FDG (left, C, maximum SUV 4.3) and FES (right, D, maximum SUV
2.5) uptake at T2, indicating reduction in tumor
activity. The tumor then progressed on anastrozole
(T3) with increasing FDG uptake (left, E, maximum
SUV 6.0) but less-prominent FES uptake (right, F,
maximum SUV 3.9) compared with baseline (T1).
The tumor then responded to chemotherapy, but
eventually progressed on chemotherapy (T4), with
the emergence of diffuse spinal metastasis as shown
by FDG-PET (left, G, maximum SUV 6.0), and diffusely high uptake on FES-PET (right, H, maximum
SUV 7.7). This indicated an increase in the tumor’s
capability to bind estradiol at progression on chemotherapy, suggesting increased ER expression. The patient subsequently experienced a response to salvage
endocrine therapy.

tumor regression. At the time of progression on an
aromatase inhibitor, FDG uptake again increased;
however, FES uptake at the same site was both qualitatively and quantitatively lower than it had been
before the initiation of endocrine treatment, suggesting lower ER expression. Finally, after progression on sequential chemotherapy, both FDG-PET
and FES-PET showed high uptake diffusely in bone
and marrow, indicating active disease with high ER
expression. These images show, quantitatively and
qualitatively, the presence, decline, and then recrudescence of ER expression in this heterogeneous
breast cancer.
Observational experimental imaging studies
to measure regional ER expression over the disease
course suggest a possible mechanism for clinical findings. The emergence of endocrine resistance was accompanied by an apparent decrease in FES uptake
compared with studies before endocrine therapy, and
suggested a relative loss of ER expression. Interestingly, images acquired after response and then progression showed high FES uptake at all sites of disease, suggesting a reemergence of disease with high
ER expression. One hypothesis to explain these findings is that the treatments selected for a particular
phenotype. Endocrine therapy would select for cells
with lower ER expression, which are more likely to
be hormone-independent. On the other hand, some
studies have suggested that ER-expressing cancers
may be less sensitive to cytotoxic chemotherapy,15
which would select for cells with high ER expression.
In this case report, the imaging studies were
observational and not used for treatment decisionmaking. Nevertheless, these results confirm temporal heterogeneity of ER expression over the course of
systemic treatments and show the unique capability
for molecular imaging methods to assess change in
regional ER expression in breast cancer, which merits further study.
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