INVITED PERSPECTIVES

I8F.Fluoride PET in the Assessment of Malignant Bone Disease
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In the 1970s, '8F-labeled sodium fluoride (8F-NaF), one of the
most ubiquitous positron-emitting radiopharmaceuticals, was
briefly used for skeletal scintigraphy before the introduction of
99mTc-labeled diphosphonates with optimal characteristics for
conventional vy cameras (/,2). '8F-NaF is an analog of the hy-
droxyl group found in hydroxyapatite bone crystals and therefore
an avid bone seeker (3). As with °*™Tc-based bone-scanning
radiopharmaceuticals that are bound to bone by chemical absorption,
fluorine is directly incorporated into the bone matrix, converting
hydroxyapatite to fluoroapatite (4). Because the protein-bound
proportion is less for '8F-NaF than for °*™Tc-medronate, 'SF-
NaF is more rapidly cleared from the plasma and excreted by
the kidneys, with first-pass extraction approaching 100% (5).
One hour after injection, only 10% of '8F-NaF remains in the
plasma (/). Its desirable characteristics of high and rapid bone
uptake accompanied by rapid blood clearance result in a high
bone-to-background ratio in a short time. High-quality images
of the skeleton can be obtained less than 1 h after the intravenous
administration of '3F-NaF. Areas of high uptake on scans can
result from any process that increases the exposed bone crystal
surface or the blood flow.

See page 1507

The availability of PET/CT scanners in the United States and
worldwide made '3F-NaF an attractive agent for bone imaging in
the last decade. Investigators demonstrated its superiority over
99mTe-labeled diphosphonates for detection of bone metastases
(6,7), an advantage that is in addition to the improved patient
convenience due to the shorter duration of the examination. The
Centers for Medicare and Medicaid Services issued a decision
memorandum regarding the use of '3F-NaF PET (!8F-fluoride
PET) for detection of bony metastases in February 2010, conclud-
ing that the available evidence was sufficient to allow for !3F-
fluoride PET coverage under the “coverage with evidence devel-
opment” policy. This resulted in the creation of an !'3F-fluoride
PET branch of the National Oncologic PET Registry (8). By now,
publications based on the data from this registry have validated the
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value of '®F-fluoride PET in multiple clinical scenarios such as
initial staging, suspected first osseous metastasis, and suspected
progression of osseous metastasis for prostate cancer and other
cancers (9,10). In addition, evaluation of response to therapy in
bone metastases is also possible using '8F-fluoride PET, as shown
by early investigators such as Cook et al. (//) and by results from
the registry in large cohorts (12).

In the current issue of The Journal of Nuclear Medicine, Rohren
and colleagues present their experience with a method for deter-
mining the skeletal tumor burden in 98 consecutive patients who
underwent 158 '8F-fluoride PET scans for evaluation of skeletal
metastatic disease (/3). Using a threshold value for normal bone
uptake, the authors were able to use whole-body segmentation to
evaluate the skeletal tumor burden in a feasible and highly repro-
ducible pattern. In addition, evaluation of response to therapy was
also feasible for a subgroup of prostate cancer patients who re-
ceived 2*°Ra treatment. These results build on published data that
indicated differences in standardized uptake values between be-
nign and malignant bone lesions, as well as between normal bone
and lesions (/4). The authors also showed in another recent pub-
lication that the determination of skeletal tumor burden may be
able to predict overall survival in patients with prostate cancer
treated with 223Ra (15).

Although novel PET tracers specific for prostate cancer have
been shown to evaluate the extent of skeletal metastases accu-
rately (16-20), '8F-NaF is widely available and has a relatively
low cost. Therefore, it has the potential to remain the method of
choice for the initial evaluation of extent of bone metastases.
This requires robust methods for segmentation and quantifica-
tion, just like what is proposed by Rohren et al. Their approach
needs validation in larger studies before clinical adoption. Our
group advocates the use of combined '8F-NaF and '®F-FDG
in patients with selected cancers with a high propensity for
bone metastasis (27). This combined technique also allows for
semiquantitative measurements (22), and therefore segmentation
methods for the evaluation of skeletal tumor burden should be
feasible.

As more imaging centers begin using quantitative '8F-NaF
routinely to interrogate for the presence of bone metastases,
appropriate-use scenarios of skeletal tumor burden measure-
ments will continue to emerge. These, together with the avail-
ability of functional and anatomic information provided by PET/
CT and the recently introduced PET/MR imaging scanners, may
yield new applications for the widespread use of '8F-NaF in
clinical practice.

DISCLOSURE

No potential conflict of interest relevant to this article was
reported.

No. 10 * October 2015


mailto:aiagaru@stanford.edu

REFERENCES

1.

10.

Czernin J, Satyamurthy N, Schiepers C. Molecular mechanisms of bone '8F-NaF
deposition. J Nucl Med. 2010;51:1826-1829.

. Grant FD, Fahey FH, Packard AB, Davis RT, Alavi A, Treves ST. Skeletal PET with

18F-fluoride: applying new technology to an old tracer. J Nucl Med. 2008;49:68-78.

. Blau M, Ganatra R, Bender MA. '8F-fluoride for bone imaging. Semin Nucl Med.

1972;2:31-37.

. Bridges RL, Wiley CR, Christian JC, Strohm AP. An introduction to Na'8F bone

scintigraphy: basic principles, advanced imaging concepts, and case examples.
J Nucl Med Technol. 2007;35:64-76.

. Cook GJR. PET and PET/CT imaging of skeletal metastases. Cancer Imaging.

2010;10:1-8.

. Even-Sapir E, Metser U, Flusser G, et al. Assessment of malignant skeletal

disease: initial experience with '8F-fluoride PET/CT and comparison between
18F-fluoride PET and '8F-fluoride PET/CT. J Nucl Med. 2004;45:272-278.

. lagaru A, Mittra E, Dick D, Gambhir S. Prospective evaluation of **™Tc MDP

scintigraphy, '8F NaF PET/CT, and '8F FDG PET/CT for detection of skeletal
metastases. Mol Imaging Biol. 2012;14:252-259.

. What is the NOPR. National Oncologic PET Registry website. http://www.

cancerpetregistry.org/what.htm. Accessed August 12, 2015.

. Hillner BE, Siegel BA, Hanna L, Duan F, Shields AF, Coleman RE. Impact of

!8F-fluoride PET in patients with known prostate cancer: initial results from the
National Oncologic PET Registry. J Nucl Med. 2014;55:574-581.

Hillner BE, Siegel BA, Hanna L, et al. Impact of '8F-fluoride PET on intended
management of patients with cancers other than prostate cancer: results from the
National Oncologic PET Registry. J Nucl Med. 2014;55:1054-1061.

. Cook G, Parker C, Chua S, Johnson B, Aksnes A-K, Lewington VJ. !8F-fluoride

PET: changes in uptake as a method to assess response in bone metastases from
castrate-resistant prostate cancer patients treated with 22>Ra-chloride (Alpharadin).
EJNMMI Res. 2011;1:4.

. Hillner BE, Siegel BA, Hanna L, Duan F, Quinn B, Shields AF. '8F-fluoride PET

used for treatment monitoring of systemic cancer therapy: results from the
National Oncologic PET Registry. J Nucl Med. 2015;56:222-228.

20.

21.

22.

. Rohren EM, Etchebehere EC, Araujo JC, et al. Determination of skeletal tumor

burden on '8F-fluoride PET/CT. J Nucl Med. 2015;56:1507-1512.

. Sabbah N, Jackson T, Mosci C, et al. '8F-sodium fluoride PET/CT in oncology:

an atlas of SUVs. Clin Nucl Med. 2015;40:¢228-¢231.

. Etchebehere EC, Araujo JC, Fox PS, Swanston NM, Macapinlac HA,

Rohren EM. Prognostic factors in patients treated with 2>’Ra: the role of skeletal
tumor burden on baseline '*F-fluoride-PET/CT in predicting overall survival. J Nucl
Med. 2015;56:1177-1184.

. Pandit-Taskar N, O’Donoghue JA, Durack JC, et al. A phase I/II study for

analytic validation of %°Zr-J591 immunoPET as a molecular imaging agent for
metastatic prostate cancer. Clin Cancer Res. July 14, 2015 [Epub ahead of print].

. Morigi JJ, Stricker PD, van Leeuwen P, et al. Prospective comparison of '8F-

fluoromethylcholine versus ®®Ga-PSMA PET/CT in prostate cancer patients who
have rising PSA after curative treatment and are being considered for targeted
therapy. J Nucl Med. 2015;56:1185-1190.

. Szabo Z, Mena E, Rowe S, et al. Initial evaluation of ['®F]DCFPyL for prostate-

specific membrane antigen (PSMA)-targeted PET imaging of prostate cancer.
Mol Imaging Biol. 2015;17:565-574.

. Cho SY, Gage KL, Mease RC, et al. Biodistribution, tumor detection, and

radiation dosimetry of 'SF-DCFBC, a low-molecular-weight inhibitor of prostate-
specific membrane antigen, in patients with metastatic prostate cancer. J Nucl Med.
2012;53:1883-1891.

Schuster DM, Nieh PT, Jani AB, et al. Anti-3-['3FJFACBC positron emission
tomography-computerized tomography and !!''In-capromab pendetide single
photon emission computerized tomography-computerized tomography for recurrent
prostate carcinoma: results of a prospective clinical trial. J Urol. 2014;191:
1446-1453.

Tagaru A, Mittra E, Mosci C, et al. Combined '8F-fluoride and '*F-FDG PET/CT
scanning for evaluation of malignancy: results of an international multicenter
trial. J Nucl Med. 2013;54:176-183.

Minamimoto R, Mosci C, Jamali M, et al. Semiquantitative analysis of the
biodistribution of the combined '®F-NaF and '8F-FDG administration for PET/
CT imaging. J Nucl Med. 2015;56:688-694.

I8F_FLUORIDE PET + lagaru 1477


http://www.cancerpetregistry.org/what.htm
http://www.cancerpetregistry.org/what.htm

