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Intratumoral heterogeneity of primary breast cancer on '*F-FES PET/CT and

dbPET anticipated a heterogeneous response to chemotherapy

Abstract:

A 59-year-old woman with ¢cT3N3MI1 invasive breast cancer (ER low positive, PgR positive,
HER2 negative) underwent PET/CT and dedicated breast PET (dbPET) scans using '*F-fluorodeoxyglucose
(**F-FDG) and "*F-fluoroestradiol (**F-FES). While most primary tumor regions displayed low FES uptake,
regions of high FES uptake were also identified. Following chemotherapy with the paclitaxel and
bevacizumab, '®F-FDG PET/CT demonstrated a favorable response, but residual disease was noted in areas
with high FES uptake on the pre-treatment images. This case illustrated that "*F-FES PET can depict
intratumoral heterogeneity within the primary tumor, which was strongly associated with a heterogeneous

response to subsequent chemotherapy. (99/100 words)
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Figure 1.

A 59-year-old woman with invasive breast cancer (no special type, grade 3, estrogen receptor [ER] 10%,
progesterone receptor [PgR] focal 20%, HER2 negative, Ki-67 44%, cT4N3M1, Stage IV). Pre-treatment '*F-
FDG PET/CT (A) depicted intense uptake in the large primary tumor of the left upper breast. Metastases in
the left cervical, supraclavicular, levels 1-3 axillary, parasternal lymph nodes, and bilateral lung regions also
exhibited uniform FDG avidity. In contrast, pre-treatment '*F-fluoroestradiol (‘*F-FES) PET/CT (B) revealed
intense uptake only in small portions of the primary tumor (arrows), with most of the tumors appearing FES-

negative.
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Figure 2.

Pre-treatment dedicated breast PET (dbPET) was performed using '*F-FDG (A) and "*F-FES (B). The '*F-

FDG dbPET demonstrated a large, irregular, multinodular mass with increased uptake in the left breast

(SUVmax, 48.6). On the '*F-FES dbPET, part of the tumor exhibited hyperintense uptake (SUVmax, 8.9)

(arrows).
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Figure 3.
Post-chemotherapy (paclitaxel and bevacizumab) '*F-FDG PET/CT demonstrated a reduction in the primary
tumor, lymph node metastases (except for a portion of the left axillary nodes), and lung metastases, suggesting
an effective treatment response. However, a residual component exhibited hyperaccumulation on pre-
treatment '*F-FES images (arrows). The patient’s treatment regimen was subsequently modified to include
hormone therapy, a CDK4/6 inhibitor, and denosumab, but the disease progressed. The patient succumbed to
the disease after one year and nine months.

ER status is crucial for predicting prognosis and treatment response in patients with breast cancer
[1, 2]. High ER expression typically correlates with a favorable response to endocrine therapy and reduced
efficacy of chemotherapy [3]. Immunohistochemistry on biopsy samples is used to assess pre-treatment ER

status for treatment planning, but has limitations [4]. Biopsy samples represent a small portion of the tumor,



may not adequately represent the entire tumor’s ER status. Breast cancer can exhibit intratumoral
heterogeneity with diverse molecular subtypes [5]. Discrepancies in ER positivity between biopsy and
surgical specimens occur in 5-11% of cases [5, 6]. Additionally, recent studies using next-generation
sequencing have revealed genetic heterogeneity within breast cancers [7-9], with some reports indicating that
approximately 38% of primary tumors demonstrating intratumoral genetic diversity [10].

'8E_-FES PET, an ER-targeted radiopharmaceutical, offers a non-invasive method to assess in vivo
estrogen delivery, binding, and ER expression throughout the tumor and body [11-13]. While several reports
have examined heterogeneity in primary and metastatic tumors using *F-FES PET [14, 15], evidence on
intratumor heterogeneity is limited. Yang et al. proposed using SUVmax/SUVmean on '®F-FES PET as a
practical index for intratumoral heterogeneity [16]. Understanding intratumoral biomarker heterogeneity is
crucial for identifying treatment-resistant populations and improving outcomes. Our case illustrated that *F-
FES PET can depict intratumoral heterogeneity, which may serve as a marker to predict a heterogencous
response to systemic therapy.
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