INVITED

PERSPECTIVE

Measuring Estrogen Receptor Functionality Using
Progesterone Receptor PET Imaging: Rising to the (Estradiol)
Challenge!
Michel Paquette and Éric E. Turcotte
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rognosis and therapy choice for breast cancer greatly depend
on pathohistologic evaluation of biopsy and surgical samples.
More specifically, the estrogen receptor (ER)–progesterone receptor (PR)–human epidermal growth factor receptor (HER2) triad provides crucial information on which clinicians guide their intervention.
Indeed, positivity for one or several of those receptors indicates that
the use of hormone therapy or immunotherapy against their respective targets is likely to benefit the afflicted patient.
However, the success rate of such targeted therapies is far from
perfect for receptor-positive diseases, since many known or
suspected reasons can explain unforeseen failure of those otherwise efficient and selective treatments. One of the key contributors
to this setback is the intra- and intertumor receptor status heterogeneity that can occur in some patients, for which assessment
through classic biopsy is suboptimal (1). Another possible reason
for endocrine therapy failure is the loss of the associated pathway
signaling despite the presence of the receptor it is supposed to
target. For example, whereas 70% of all breast cancers are ERpositive, most of those that respond to ER-targeting endocrine therapy
are also PR-positive, the latter having its expression driven by ER (2).
Indeed, the hormone therapy response rate was reported in an early
study to reach 77% in ER-positive/PR-positive patients, whereas it
plummeted to just 27% in ER-positive/PR-negative breast cancers (3).
The ER-targeting PET tracer 18F-16a-fluoroestradiol (FES) enables
whole-body imaging in patients and, as such, could palliate erroneous
biopsy-derived decisions by better assessing tumor heterogeneity. It was
also shown that 18F-FES PET could predict, to a certain extent, the
efficacy or failure of hormone therapy (4,5), raising evidence that this
imaging modality might be helpful for breast cancer management. One
limitation of 18F-FES PET is that it merely reflects the ability of a given
ER-positive tumor to bind estradiollike compounds, without giving
direct evidence of whether the ER is functional within the tumor.
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To probe ER functionality and at the same time assess whole-body
PR status, many PR-targeting PET tracers have been developed, with
18F-fluorofuranylnorprogesterone (FFNP) being the most successful
so far (6). Preclinical studies recently suggested that baseline 18FFES PET combined with 18F-FFNP PET follow-up could predict
response to ER-targeting endocrine therapy (7) and that 18F-FFNP
PET is superior to 18F-FDG PET in distinguishing between tumors
sensitive to and resistant to estradiol deprivation (8). A vanguard
clinical study showed that 18F-FFNP PET enables detection of
PR-positive tumors (9). However, 18F-FFNP SUVmax did not
significantly differ between PR-positive and PR-negative lesions;
only the tumor-to-nonspecific ratio succeeded in correlating with
PR status in patients (9)—a major setback for detection and diagnosis of breast cancer.
In the paper by Salem et al. (10) in this issue of The Journal of
Nuclear Medicine, the authors designed an interesting preclinical
model with the intention of evaluating the isoform specificity and
sensitivity of 18F-FFNP. More specifically, they developed a clever
PR-A and PR-B overexpression model from the triple-negative
cell line MDA-MB-231 to evaluate the isoform specificity of
18F-FFNP both in vitro and in vivo. Contrary to what was observed
for 18F-FES, which has an approximately 6-fold preference for
ERa over ERb, 18F-FFNP was shown to target both PR-A and
PR-B with similar affinity. 18F-FFNP PET in xenografted mice
showed a 2-fold higher 18F-FFNP uptake in PR-A– and PR-B–
expressing tumors than in PR-negative MDA-MB-231 tumors.
The triple-positive breast cancer cell line T47D was then used both
in vitro and in a xenograft model to test the effect of a prior estradiol
challenge on cell and tumor 18F-FFNP uptake. A strong PR induction
was observed using immunohistochemistry and immunoblotting for
up to 72 h after exposure to estradiol. This was accompanied by a
significantly and progressively higher 18F-FFNP uptake through time
compared with baseline, both in vitro and using a biodistribution
assay. This finding is impactful, as it may provide evidence that
18F-FFNP PET, used in combination with an estradiol challenge,
could be helpful for monitoring whole-body tumor susceptibility to
estrogens and, more importantly, to ER-targeting endocrine therapies.
However, one opportunity this study has missed is that no 18FFFNP PET images of estradiol-stimulated T47D xenografted tumors
are displayed. Since T47D 18F-FFNP uptake (assessed by biodistribution) was shown to be approximately 8-fold higher than uptake of
either PR-A– or PR-B–overexpressing versions of MDA-MB-231
(assessed by PET), 18F-FFNP PET of estradiol-induced T47D tumors
might have produced images with an exceptionally high tumor contrast.
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Another group already evaluated an estradiol challenge in the
clinical setting using a combination of baseline 18F-FES PET and
posttreatment serial 18F-FDG PET; high 18F-FES tumor uptake
combined with a postestrogen increase in 18F-FDG uptake foretold
hormone therapy efficacy (11). However, an 18F-FDG uptake increase resulting from the hormone-induced metabolic flare was
shown to be a better predictor of endocrine therapy efficacy than
baseline 18F-FES PET. In this respect, an 18F-FFNP–monitored
estradiol challenge might be raised as a much more specific and
precise method than serial 18F-FDG PET, as it directly assesses ER
transcriptional activity and thus functionality. An ongoing clinical
trial by Dr. Farrokh Dehdashti’s group at Washington University
is evaluating the 18F-FFNP PET/estradiol challenge approach, the
results of which, we hope, will unravel the full potential of this
protocol to increase the hormone therapy success rate and improve
selection of patients more likely to respond.
In summary, this study has shown impressive results, with estradiol stimuli increasing 18F-FFNP uptake in T47D tumors to
approximately 12% injected dose/g at 72 h after challenge,
which is unprecedented for steroid-based tracers in the preclinical setting. If this preclinical study is a portent of how well this
estradiol challenge protocol will work in the clinical setting, we
might have here a preview of what could become an indispensable
tool to better use and predict the efficacy of endocrine therapy.
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