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With a propensity for prostate cancer to spread to the
skeleton and the recognised shortcomings of conventional
imaging, such as computed tomography (CT) and bone
scintigraphy (BS) in detecting skeletal metastases, there
is a need for more sensitive detection of bone metastases,
both at diagnosis and at biochemical recurrence (BCR).
The need for more sensitive imaging is now of greater
importance with the introduction of several novel thera-
peutics for metastatic prostate cancer that can improve
morbidity and prolong survival, as well as the introduc-
tion of potentially curative treatment strategies for those
with oligometastatic disease.

'"®F_fluciclovine is a synthetic amino acid analogue with
affinity for prostate cancer that is approved in Europe and
the USA for investigation of BCR of prostate cancer.
"®F_fluciclovine positron emission tomography/computed to-
mography (PET/CT) has been shown to change management
in approximately 60% of patients in this indication in prospec-
tive US and UK trials [1, 2].

Despite normal diffuse '®F-fluciclovine metabolic ac-
tivity in the bone marrow [3], there are preclinical and
clinical data describing successful detection of skeletal
metastases in prostate cancer [4, 5]. The preclinical data
showed, in a rat osteoblastic bone metastasis model, that
“C-fluciclovine had a similar distribution to other meta-
bolic tracers, including SH-FDG and >H-choline, but not
the bone-specific tracer **™Tc-HMDP, in keeping with
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detection of metabolically active tumour cells rather than
osteoblastic bone mineralisation [4]. Clinical data have
shown a greater sensitivity for detecting prostate cancer
bone metastases with '*F-fluciclovine (100%) compared
with BS (79%) [5].

In this issue, Amorim et al. describe a comparison of
bone scintigraphy (BS), '®F-fluciclovine PET alone and
"8F_fluciclovine PET/magnetic resonance imaging (MRI)
in 8 patients (347 bone lesions) with castrate-resistant
prostate cancer (CRPC), 5 of whom also had a follow-
up '®F-fluciclovine PET/MRI scan [6]. '*F-fluciclovine
PET/MRI was equivalent to MRI alone (347 and 344
lesions detected, respectively), and detection was lower
for BS (286/347) and '®F-fluciclovine PET alone (238/
347), inferring that 8E_fluciclovine confers no significant
incremental benefit in lesion detection compared with
MRI (apart from 3 lesions where prosthetic metallic arte-
fact impaired MRI lesion conspicuity).

Of particular note, it was reported that only 25/112
densely sclerotic lesions were '*F-fluciclovine-positive.
The authors hypothesised that sclerotic lesions were more
likely to have scanty tumour cells and resultant low up-
take that may be inconspicuous against background phys-
iological bone marrow activity.

All patients were receiving androgen deprivation thera-
py with a GnRH agonist at the time of imaging, and al-
though all were considered to be castrate-resistant and be-
ing considered for radium-223 therapy, it is not possible to
determine if some metastases that were visible on MRI had
been previously rendered metabolically quiescent and in-
active (i.e. '*F-fluciclovine-negative), given that heteroge-
neity of response between skeletal metastases may exist
[7]. There was no metabolic comparator in this study and
the standard of reference only relied on osteoblastic or
morphologic criteria (BS/CT/MRI). To support this point,
there is evidence that successfully treated metastases be-
come more sclerotic [8] and less metabolically active as
shown with other tracers such as '*F-FDG and '®F-choline
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[9, 10]. Changes in metabolic activity and lesion detection
in the 4 patients that received radium-223 in this study
were not reported.

A comparison of sensitivity between metabolic and
morphologic imaging modalities in patients who have
had prior treatment will always be biased towards the mor-
phologic (e.g. MRI-bone marrow, CT—bone) or bone-
specific (BS, "8F_fluoride PET—osteoblastic bone
mineralisation) methods that cannot distinguish between
viable tumour and treated “scar” or reactive osteoblastic
healing, respectively.

In conclusion, the study by Amorim et al. suggests that
"E_fluciclovine does not confer a significant increase in
sensitivity over MRI alone. However, the possibility of a
treatment effect causing some lesions to be metabolically
inactive, and therefore revealing important metabolic in-
formation, remains a possible explanation for some of the
reported discordance noted between MRI and '®F-
fluciclovine PET. Further work will be required to deter-
mine if '®F-fluciclovine, as a tumour metabolic tracer, will
be able provide incremental knowledge to morphologic
(e.g. CT or MRI) or bone-specific (e.g. BS or '*F-fluoride
PET) information on the viability of individual metastases.
The possibility that viable sclerotic metastases are truly
false negative with this tracer will also need to be carefully
determined, preferably in a longitudinal study with com-
parison to another direct measure of tumour viability.

Compliance with ethical standards

Conflict of interest GC is a coinvestigator in the The FALCON trial
(NCT02578940). GC receives research funding from Theragnostics Ltd
and NanoMab Technology Ltd.

Ethical approval This article does not contain any studies with human
participants performed by any of the authors.

References

1. Andriole GL, Kostakoglu L, Chau A, Duan F, Mahmood U,
Mankoff DA, et al. The impact of positron emission tomography
with 18F-fluciclovine on the treatment of biochemical recurrence of
prostate cancer: results from the LOCATE Trial. J Urol. 2019;201:
322-31.

2. Teoh EJ, Bottomley D, Scarsbrook A, Payne H, Afaq A, Bomanyji J,
etal. The FALCON trial: impact of '®F-fluciclovine PET/CT on clinical
management choices for men with biochemically recurrent prostate
cancer. Eur J Nucl Med Mol Imaging Res. 2018;8(Supp 1):5.

3. Schuster DM, Nanni C, Fanti S, Oka S, Okudaira H, Inoue Y, et al.
Anti-1-amino-3-18F-fluorocyclobutane- 1-carboxylic acid: physio-
logic uptake patterns, incidental findings, and variants that may
simulate disease. J Nucl Med. 2014;55:1986-92.

4. Oka S, Kanagawa M, Doi Y, Schuster DM, Goodman MM,
Yoshimura H. PET tracer (18)F-fluciclovine can detect histologi-
cally proven bone metastatic lesions: a preclinical study in rat
osteolytic and osteoblastic bone metastasis models. Theranostics.
2017;7:2048-64.

5. Chen B, Wei P, Macapinlac HA, Lu Y. Comparison of 18F-fluciclovine
PET/CT and 99mTc-MDP bone scan in detection of bone metastasis in
prostate cancer. Nucl Med Commun. 2019;40:940-6.

6. Amorim BJ, Prabhu V, Marco SS, Gervais D, Palmer WE, Heidari
P, et al. Performance of 18F-fluciclovine PET/MR in the evaluation
of osseous metastases from castrate resistant prostate cancer. Eur J
Nucl Med Mol Imaging. 2019. https://doi.org/10.1007/s00259-
019-04506-1.

7. Morin F, Beauregard JM, Bergeron M, Nguile Makao M, Lacombe
L, et al. Metabolic imaging of prostate cancer reveals intrapatient
intermetastasis response heterogeneity to systemic therapy. Eur
Urol Focus. 2017;3:639-42.

8. Messiou C, Cook G, Reid AH, Attard G, Dearnaley D, de Bono JS,
et al. The CT flare response of metastatic bone disease in prostate
cancer. Acta Radiol. 2011;52:557-61.

9. Israel O, Goldberg A, Nachtigal A, Militianu D, Bar-Shalom R,
Keidar Z, et al. FDG-PET and CT patterns of bone metastases and
their relationship to previously administered anti-cancer therapy.
Eur J Nucl Med Mol Imaging. 2006;33:1280—4.

10. Beheshti M, Vali R, Waldenberger P, Fitz F, Nader M, Hammer J,
et al. The use of F-18 choline PET in the assessment of bone me-
tastases in prostate cancer: correlation with morphological changes
on CT. Mol Imaging Biol. 2010;12:98-107.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/https://doi.org/10.1007/s00259-019-04506-1
https://doi.org/https://doi.org/10.1007/s00259-019-04506-1

	Performance of 18F-fluciclovine PET/MR in the evaluation of osseous metastases from castration-resistant prostate cancer
	References


