Heinrich Heine
Universitat
Dusseldorf .

68Ga- or 18F-FAPI PET/CT—what it can and cannot

Yuriko Mori, Uwe Haberkorn & Frederik L. Giesel

Article - Version of Record

Suggested Citation:
Mori, Y., Haberkorn, U., & Giesel, F. L. (2023). 68Ga- or 18F-FAPI PET/CT—what it can and cannot.
European Radiology, 33(11), 7877—7878. https://doi.org/10.1007/s00330-023-09715-9

UNIVERSITATS- UND

Wissen, wo das Wissen ist. LANDESBIBLIOTHEK
DUSSELDORF

This version is available at:

URN: https://nbn-resolving.org/urn:nbn:de:hbz:061-20250212-132754-7

Terms of Use:
This work is licensed under the Creative Commons Attribution 4.0 International License.

For more information see: https://creativecommons.org/licenses/by/4.0



European Radiology (2023) 33:7877-7878
https://doi.org/10.1007/500330-023-09715-9

COMMENTARY

=

Check for
updates

%8Ga- or '8F-FAPI PET/CT—what it can and cannot

Yuriko Mori' - Uwe Haberkorn? - Frederik L. Giesel '

Received: 6 April 2023 / Revised: 6 April 2023 / Accepted: 21 April 2023 / Published online: 12 May 2023

© The Author(s) 2023

Recent innovation in nuclear medicine has led to the intro-
duction of a novel class of ligands, named fibroblast activa-
tion protein inhibitors (FAPIs) [1-3]. In contrast to tumor
entity-specific imaging strategies such as prostate-specific
membrane antigen (PSMA) ligand-based PET, FAPI-PET
is based on the universal approach of targeting the activated
fibroblasts (cancer-associated fibroblasts: CAFs) which pri-
marily addresses the cancer stroma (tumor microenviron-
ment). Fibroblast activation protein (FAP) is a membrane-
bound type 2 serine protease, which is overexpressed in
activated fibroblasts. Through the specific binding to the
enzymatic domain of FAP, FAPI-PET is able to visualize
the tumor stroma formation as small as 2-3 mm [4]. In com-
parison to conventional PET imaging like FDG-PET, FAPI-
PET is characterized by high image contrast, resulting from
the low background signal in the normal organs, due to the
low expression or FAP in the normal, quiescent fibroblasts.

The conjugation of quinolone-based FAP ligands with
chelators such as DOTA (1,4,7,10-tetraazacylclododecane-
1,4,7,10-tetrayl tetraacetic acid) enabled the radiolabeling of
FAP ligands with various radiometals [1]. The gallium 68
(®8Ga)-labeled FAPI compounds, especially ®®Ga-FAPI-04
and ®®Ga-FAPI-46 are currently the most widely used FAP
tracers. ®*Ge/*Ga-generators are commercially available and
provide the possibility of a convenient small batch produc-
tion in a decentralized manner. To date, multiple studies
have been performed globally using the mentioned com-
pounds, showing the potential of wide practical use, but
%Ga dependent PET imaging implies several limitations
for broader application. The main drawback of the *®Ga-
based imaging is the typical batch size with a maximum of
2-4 GBq for a %Ge/*®Ga generator, which allows the daily
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clinical performance of up to 2-3 patients per elution [5].
Another limitation is the shorter half-life of ®Ga (68 min),
which requires an on-site and on-time synthesis of the radi-
otracer [6]. The delivery to the remote center is challenging.
This aspect of rapid nuclear decay as well as the relatively
high positron energy of Ga (1.90 MeV) should be com-
promised in regard to production capacity, workflow, infra-
structure, and scanner quality. In a large institution with high
patient throughput, several productions per day are needed to
supply the demand, requiring the long attendance of quali-
fied staff. Alternatively, the purchase of multiple generators
would multiply the costs [5].

The application of '3F-labeled FAPI compounds provides
thus an attractive option, enhancing the performance limit
in the clinical routine [7, 8]. The longer half-life of 18p (110
min) makes the wide distribution of the '3F labeled tracer
possible over a single metropolitan area, after the produc-
tion of the compound in centers with an on-site cyclotron
at a lower cost (satellite concepts) [9]. A larger batch size
of several hundred GBq contributes also to the delivery of
I8F Jabeled tracers to remote PET centers without a radiop-
harmaceutical department [6]. Regarding the image quality,
the lower positron energy of '®F (0.65 MeV) may lead to
improved spatial resolution in comparison to ®Ga, due to
the less scattering of high-energy positrons.

The recently developed NOTA-chelator ligand FAPI-74
can be radiolabeled with both '®F-AIF and ®*Ga [5]. This
compound has led to the enrichment of options for tracer
selection, depending on the changing local demand. The
chelation of AIF was initially proposed in 2009 [10] and
had been further optimized in labeling yield and specific
activity. The NOTA chelator also enables theoretically chela-
tion with °8Ga at room temperature, which would also allow
local production in remote facilities with its own ®3Ge/®*Ga
generator. Quality tests as required by regulatory authorities
would be made easier with standardized cold kits, available
for both '®F-AIF and ®®Ga labeled FAPI-74. This advantage
would increase flexibility for local on-demand production
revolutionary, especially in institutions already equipped
with ®Ge/®®Ga generators and with altering clinical needs.
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However, the use of AIF may need careful argumentation
with the legal authorities for approval.

As to the biodistributions and tracer kinetics, both ®Ga-
and '8F-FAPI compounds show comparable properties,
characterized by rapid renal clearance and low nonspecific
uptake in normal organs. However, a recent comparison of
%%Ga-FAPI-02, ®®Ga-FAPI-46, and *Ga-FAPI-74 revealed
the highest tumor uptake and tumor-to-blood ratios for
FAPI-46 [11]. These characteristics result in a lower effec-
tive dose of the FAPI tracer family in comparison with
I8B_FDG, the current standard tracer in cancer imaging,
whereby '8F-FAPI-74 shows a slightly lower effective dose
(1.4 mSv/100 MBq) in comparison to %8Ga-FAPI-74 (1.6
mSv/100 MBq). Further dosimetric analysis of ®*Ga- and
I8F_FAPI-74 revealed a rapid time-dependent biodistribution
of both tracers in tumor and normal organs, with optimal
tumor-to-background ratios achieved by image acquisition 1
h after injection. The above-mentioned comparison of three
tracers revealed that depending on the tracer earlier acquisi-
tions at 30—40 min p.i. are possible depending on the tracer
used [11]. In that respect, the time-dependent biodistribution
in normal organs and the circulation %*Ga- and '®F-FAPI-74
showed slightly slower kinetics than other quinoline-based
FAPI compounds [5, 11].

To summarize, both %8Ga- and '8F-labeled FAPI tracers
have equal potential for significant contributions in clini-
cal cancer imaging and even beyond, with comparable and
favorable tracer kinetics. The selection of the tracer depends
mainly upon the on-site situation, whether to prefer central-
ized large batch production and delivery via satellite con-
cepts ('®F) or decentralized smaller production but with indi-
vidual concepts (®3Ga). Both tracers enable us to gain deeper
insight into the cancer behavior through stroma targeting and
improved cancer staging (i.e. pancreatic adenocarcinoma,
gastric cancer, hepatocellular carcinoma).

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Guarantor The scientific guarantor of this publication is Frederik L
Giesel.

Conflict of interest FLG is FAPI co-inventor; and is an advisor at Telix
Pharma, SOFIE, ABX, and Alpha Fusion and receives royalties from
iTheranostics and SOFIE Biosciences.

Statistics and biometry No complex statistical methods were neces-
sary for this paper.

Informed consent N/A

@ Springer

Ethical approval N/A

Study subjects or cohorts overlap N/A

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide 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. Lindner T, Loktev A, Altmann A et al (2018) Development of
quinoline-based theranostic ligands for the targeting of fibroblast
activation protein. J Nucl Med 59(9):1415-22

2. Giesel FL, Kratochwil C, Lindner T et al (2019) 68Ga-FAPI
PET/CT: biodistribution and preliminary dosimetry estimate of 2
DOTA-containing FAP targeting agents in patients with various
cancers. J Nucl Med 60:386-392

3. Kratochwil C, Flechsig P, Lindner T et al (2019) 68Ga-FAPI PET/
CT: tracer uptake in 28 different kinds of cancer. J] Nucl Med
60:801-805

4. Mori Y, Dendl K, Cardinale J, Kratochwil C, Giesel FL, Haber-
korn U (2023) FAPI PET: fibroblast activation protein inhibitor
use in oncologic and nononcologic disease. Radiology. https://doi.
org/10.1148/radiol.220749

5. Giesel FL, Adeberg S, Syed M et al (2021) FAPI-74 PET/CT
using either 18F-AIF or cold-Kit 68Ga labeling: biodistribution,
radiation dosimetry, and tumor delineation in lung cancer patients.
J Nucl Med 62(2):201-207

6. Lindner T, Altmann A, Giesel F, et al (2021) 18F-labeled trac-
ers targeting fibroblast activation protein. EINMMI Radiopharm
Chem. 21;6(1):26.

7. Cardinale J, Schafer M, Benesova M et al (2017) Preclinical
evaluation of (18)F-PSMA-1007, a new prostate-specific mem-
brane antigen ligand for prostate cancer imaging. J Nucl Med
58(3):425-31

8. Richter S, Wuest F. (201 4)18F-labeled peptides: the future is
bright. Molecules. 19(12):20536-56

9. Kesch C, Kratochwil C, Mier W et al (2017) 68Ga or 18F for
prostate cancer imaging? J Nucl Med. 58:687-688

10. McBride WJ, Sharkey RM, Karacay H et al (2009) A novel
method of 18F radiolabeling for PET. J Nucl Med 50:991-998

11. Glatting F, Hoppner J, Liew DP et al (2022) Repetitive early
FAPI-PET acquisition comparing FAPI-02, FAPI-46 and FAPI-
74: methodological and diagnostic implications for malign,
inflammatory and degenerative lesions. J Nucl Med 63:1844-1851

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1148/radiol.220749
https://doi.org/10.1148/radiol.220749

	Titelblatt_Giesel_final
	Giesel_Ga-or F-Fapi
	68Ga- or 18F-FAPI PETCT—what it can and cannot
	Anchor 2
	References



