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EDITORIAL

New! F-18-based PET/CT for sodium-iodine-symporter-targeted

imaging!
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Dear Sir,

Targeting of the sodium-iodine-symporter (NIS) with ra-
dionuclides stood at the birth of nuclear medicine [1]. Ever
since, it has been a cornerstone of the work of nuclear medi-
cine physicians throughout the world. The theragnostic prin-
ciple was pioneered using the direct NIS substrate iodine: its
various isotopes could be used for imaging (I-123, I-124 and
to an extent [-131) and therapy (I-131) alike. In no way would
the biological behaviour of the substances (or in this case:
isotopes) used for imaging differ from the one used for radio-
nuclide therapy, making it perfectly possible to select and
direct radioiodine therapy based on radioiodine imaging.
Somewhat later, a different NIS substrate was developed with
more suitable properties for imaging in terms of a shorter half-
life, lower radiation burden and a radiation spectrum more
suited for use with gamma cameras: Tc-99m-pertechnetate.
This made thyroid scintigraphy possible at low cost and com-
parably high resolution.

For a long time, this spectrum sufficed for all thyroidological
imaging needs. Even for positron emission tomography (PET)-
based imaging, iodine 124 could be used [2, 3]. However, just
like I-131 poses problems for gamma camera imaging due to
high energy radiation spectrum, 1-124 does the same in PET.
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Furthermore, again like I-131, the long half-life of I-124 limits
the activity that can be administered compared with other F-18-
based PET tracers. To add insult to injury, I-124 is only available
at high commercial prices or requires a powerful cyclotron to
produce. Thus, nuclear thyroidology for a long time has been
lacking the high sensitivity, high-resolution imaging possible
which is available for so many other targets in physiology using
F-18- or Ga-68-based tracers.

Enter ['®F]tetrafluoroborate (['*F]TEB). As early as the
1950s, [4] reported the radiolabeling of ['*F]TEB by isotopic
exchange using reactor-generated ['*F]fluoride on non-
radioactive TFB under acidic conditions. For reasons un-
known to us, this agent was not identified as a tracer with
particularly high thyroidal uptake [5]. However, in 2010,
Jauregui-Osoro [6] in a preclinical model of normal thyroid
tissue and thyroid cancer showed clearly that TFB is a first-
class NIS-targeted physiological imaging agent, showing ex-
cellent uptake both in normal rat thyroid cells and in a model
of papillary thyroid cancer. The same group then in 2017 [7]
published the first results of ['*F]TFB evaluation in human
subjects, showing a biodistribution similar to pertechnetate
and a low effective dose of 0.0326 mSv/MBq in five patients
with differentiated thyroid cancer (DTC), which is in line with
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other F-18-based tracers. These results were confirmed by
Jiang et al. [8], who found an effective dose of 0.036 mSv/
MBq in males and 0.064 mSv/MBq in females in a total of
four healthy volunteers. Then, Samnick et al. published first
results of ['®*F]TFB PET/CT acquired before initial post-
surgical radioiodine therapy in a pilot study of 9 DTC patients
[9], and compared the results with post-therapy whole-body
scanning (dxWBS). Aside from some minor differences likely
caused by the different timing of image acquisition after tracer
application, this study showed that results were in excellent
agreement.

In this issue of the European Journal of Nuclear
Medicine and Molecular Imaging, Dittmann et al. [10]
now have compared ['*F]TFB PET/CT in the much great-
er number of 25 DTC patients with the results of whole-
body scintigraphy with a diagnostic I-131 activity
(dxWBS) as well as with 2-deoxy-2-['®F]fluoro-D-glu-
cose (2-['®F]JFDG). It has been well known for a long
time that dxWBS has a much reduced sensitivity for
DTC imaging compared with post-therapy whole-body
scintigraphy with much higher therapeutic activities.
This has many a time hampered the acceptance of results
of imaging, with patients sometimes receiving a therapeu-
tic activity for the sake of identification of thus far un-
known foci of DTC. Confirming the low sensitivity of
dxWBS, ['®*F]TFB showed a significantly higher rate of
lesion detection: in 52% of patients, a recurrence or me-
tastasis was found versus only in 12% on I-131 dxWBS.
Furthermore, they found that, in agreement with previous
literature on the so-called Flip-Flop phenomenon [11-14],
the highest sensitivity (64%), positive predictive value
(100%), and accuracy (64%) were obtained when combin-
ing the non-specific 2-['*FJFDG-PET/CT with specific,
NIS-targeted ['*F]TFB PET/CT.

Indeed, the latter study as well as previous ones implies that
the sensitivity of ['®F]TFB PET/CT is at least on par with
dxWBS, but at a much lower cost in terms of undue radiation
exposure of non-target organs. Certainly, for diagnostic pur-
poses not only the much higher accuracy than dxWBS but
also a lower radiation burden than dxWBS, the avoidance of
any possibility of stunning of relevant lesions before I-131
therapy, the possibility of performing highly accurate diagnos-
tic imaging in an outpatient setting, better comparability of
images with concurrent 2-['*FJFDG-PET/CT imaging, and
the (compared with 1-124) ubiquitous and comparatively
low-cost availability of F-18 for tracer synthesis are all argu-
ments speaking in favour of ['*F]TFB.

In an elegant stroke of “luck”, tetrafluoroborate further-
more is, in fact, a substance which is already used in
medicine—even in nuclear medicine: it is a component of
the formulation of kits for the production of [**™Tc]Tec-
sestamibi, commonly used for myocardial and parathyroid
imaging. In fact, for example, the EMA registration [15] of
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Sestamibi explicitly states: “.... Contains ... [tetrakis (1
isocyanide-2-methoxy-2-methylpropyl-)copper(I)]
Tetrafluoroborate”. Therefore, it can be assumed that TFB
is safe and should not meet much in terms of resistance
where it comes to potential registration as a medical
product.

What still remains a hindrance for ['*F]TFB is the undis-
puted fact that only very few individuals have been scanned
with ['*F]TFB—in literature, thus far, only four healthy vol-
unteers and 39 DTC patients have been reported. While the
results certainly look both promising and encouraging, the
number of patients scanned still needs a considerable increase
before any serious consideration and evaluation of the perfor-
mance of ['*F]TFB can be made in terms of generalized
evidence-based recommendation, product registration, and in-
dication for reimbursement by health insurance systems.
Furthermore, studies have thus far largely focussed on thyroid
cancer and less on other NIS-bearing cells. While Tc-99m-
pertechnetate has been a reliable workhorse, it also has its
limits, especially in anatomically more difficult localisations
such as, e.g. retrosternal goitre or the localisation of a Meckel
diverticulum. It is quite conceivable that ['*F]TFB PET/CT
will be able to provide an alternative imaging strategy here as
well.

In spite of the difficulties and uncertainties detailed in the
previous paragraph, the study by Dittmann et al. [10] is a
beacon of hope for nuclear thyroidology. A hope that someday
soon, nuclear thyroidologist will finally have a low radiation
exposure, high resolution, high accuracy, PET/CT-based out-
patient procedure for diagnostic imaging in DTC, and perhaps
also in other thyroid and non-thyroid diseases. Certainly, the
authors give this development the warmest of welcomes and
can only encourage anyone interested to put in an endeavour
to start studies further validating ['*F]TFB, preferably in a
multi-centre, international manner. Until such studies are com-
plete, we can only wait with longing and yearning for that
which for other imaging targets in nuclear medicine has been
available for so long already.

Funding Information Open Access funding provided by Projekt DEAL.

Compliance with ethical standards
Informed consent  Not applicable.

Ethical approval Not applicable.

Conflict of interest FAV has received consultancy fees from Sanofi
Genzyme, Jubilant DraxImage and EISAI, speaker honoraria from
Sanofi Genzyme as well as research support from EISAI LG is a member
of Roche Diagnostics and Sanofi Genzyme advisory boards and has re-
ceived research grants and speaker honoraria from Roche Diagnostics,
IBSA, and Sanofi Genzyme. ML was a consultant for AstraZeneca, Bayer
Healthcare, Sanofi Genzyme, EASALI, Jubilant DraxImage and Sobi and

@ Springer



2486

Eur J Nucl Med Mol Imaging (2020) 47:2484-2486

has received speaker honoraria and research support from Sanofi
Genzyme, Henning and Merck. The other authors have no conflicts of
interest to disclose.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Seidlin SM, Marinelli LD, Oshry E. Radioactive iodine therapy:
effect on functioning metastases of adenocarcinoma of the thyroid.
JAMA. 1946;132:838-47.

2. Sgouros G, Kolbert KS, Sheikh A, Pentlow KS, Mun EF, Barth A,
et al. Patient-specific dosimetry for 1311 thyroid cancer therapy
using 1241 PET and 3-dimensional-internal dosimetry (3D-1D) soft-
ware. J Nucl Med. 2004;45:1366-72.

3. Freudenberg LS, Antoch G, Jentzen W, Pink R, Knust J, Gorges R,
et al. Value of (124)I-PET/CT in staging of patients with differen-
tiated thyroid cancer. Eur Radiol. 2004;14:2092-8.

4.  Anbar M, Guttmann S, Lewitus Z. Effect of monofluorosulphonate,
difluorophosphate and fluoroborate ions on the iodine uptake of the
thyroid gland. Nature. 1959;183:1517-8.

5. Entzian W, Aronow S, Soloway AHSW. A preliminary evaluation
of F-18-labeled tetrafluoroborate as a scanning agent for intracrani-
al tumors. J Nucl Med. 1964;5:542-50.

6. Jauregui-Osoro M, Sunassee K, Weeks AJ, Berry DJ, Paul RL,
Cleij M, et al. Synthesis and biological evaluation of
[(18)F]tetrafluoroborate: a PET imaging agent for thyroid disease
and reporter gene imaging of the sodium/iodide symporter. Eur J
Nucl Med Mol Imaging. 2010;37:2108-16.

@ Springer

7. O’Doherty J, Jauregui-Osoro M, Brothwood T, Szyszko T,
Marsden PK, O’Doherty MJ, et al. 18F-tetrafluoroborate, a PET
probe for imaging sodium/iodide symporter expression: whole-
body biodistribution, safety, and radiation dosimetry in thyroid
cancer patients. J Nucl Med. 2017;58:1666-71.

8. Jiang H, Schmit NR, Koenen AR, Bansal A, Pandey MK, Glynn
RB, et al. Safety, pharmacokinetics, metabolism and radiation do-
simetry of 18F-tetrafluoroborate (18F-TFB) in healthy human sub-
jects. EJINMMI Res. 2017;7:90.

9. Samnick S, Al-Momani E, Schmid JS, Mottok A, Buck AK, Lapa
C. Initial clinical investigation of [18F]tetrafluoroborate for PET/
CT in comparison to [124]]iodine PET/CT for imaging thyroid
cancer. Clin Nucl Med. 2018;43:162—7.

10. Dittmann M, Gonzalez Carvalho JM, Rahbar K, Schifers M,
Claesener M, Riemann B, Seifert R. Incremental diagnostic value
of [18F]tetrafluoroborate PET-CT compared to [1311]iodine scin-
tigraphy in recurrent differentiated thyroid cancer. J Nucl Med.
2020 (in review).

11. Kelders A, Kennes LN, Krohn T, Behrendt FF, Mottaghy FM,
Verburg FA. Relationship between positive thyroglobulin doubling
time and 18F-FDG PET/CT-positive, 131I-negative lesions. Nucl
Med Commun. 2014;35:176-81.

12.  Grabellus F, Nagarajah J, Bockisch A, Schmid KW, Sheu SY.
Glucose transporter 1 expression, tumor proliferation, and iodine/
glucose uptake in thyroid cancer with emphasis on poorly differen-
tiated thyroid carcinoma. Clin Nucl Med. 2012;37:121-7.

13. Feine U, Lietzenmayer R, Hanke JP, Wohrle H, Muller-
Schauenburg W. 18FDG whole-body PET in differentiated thyroid
carcinoma. Flipflop in uptake patterns of 18FDG and 1311.
Nuklearmedizin. 1995;34:127-34.

14. Feine U, Lietzenmayer R, Hanke JP, Held J, Wohrle H, Muller-
Schauenburg W. Fluorine-18-FDG and iodine-131-iodide uptake
in thyroid cancer. J Nucl Med. 1996;37:1468-72.

15. EMA registration for Sestamibi [Internet]. [cited 2020 Feb 16].
Available from: https://www.ema.europa.eu/en/documents/
scientific-guideline/guideline-core-summary-product-
characteristics-package-leaflet-technetium-99m-sestamibi_en.pdf

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


http://creativecommons.org/licenses/by/4.0/
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-core-summary-product-characteristics-package-leaflet-technetium-99m-sestamibi_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-core-summary-product-characteristics-package-leaflet-technetium-99m-sestamibi_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-core-summary-product-characteristics-package-leaflet-technetium-99m-sestamibi_en.pdf

	New! F-18-based PET/CT for sodium-iodine-symporter-targeted imaging!
	References


