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Dear Sir,
We read with great interest the letter by Zanotti-Fregonara
et al. calling into question the fitness of 18F-GE180 as a PET
tracer for the 18-kDa mitochondrial translocator protein
(TSPO) in human brain [1]. They attribute to 18F-GE180 poor
imaging characteristics due to its low uptake in healthy brain
and flat time–activity curves, concluding that the increased
18F-GE180 uptake seen in lesions of patients with multiple
sclerosis (MS) [2, 3] or glioma [4–6] is merely an Baspecific
accumulation through a broken BBB^ [1].

We dispute their claim based on our experience in pa-
tients with various central nervous system (CNS) disorders,
particularly MS and glioma, and on evidence from the liter-
ature. Contrary to the statement by Zanotti-Fregonara et al.
[1], we have observed that lesional uptake of 18F-GE180
does not correlate with the local intensity of contrast en-
hancement on MRI (e.g. see Fig. 1). Notably, the presence
of contrast enhancement on MRI is not necessarily associ-
ated with focally elevated 18F-GE180 uptake. For example,
a treatment-associated disruption of the blood–brain barrier
(BBB) can occur in gliomapatients after radiotherapy in the
absence of elevated 18F-GE180 uptake (see Fig. 1b). This
discordance demonstrates that BBB disruption is not a suf-
ficient cause of accumulation of 18F-GE180. Conversely,

pronounced 18F-GE180 uptake in the absence of contrast
enhancement onMRI has been reported in patients suffering
from diverse neurological diseases, such as untreated brain
tumour (see Fig. 1c), MS [2], progressive supranuclear pal-
sy [7], IgLON5-associated encephalitis [8], CNS vasculitis
[9] and progressive multifocal leukoencephalopathy [10],
indicating that increased 18F-GE180 uptake can indeed oc-
cur without evident BBB disruption.

Certainly, MRI with a highmolecular weight contrast agent
may not capture all potential microleakages of the BBB. We
also acknowledge that additional factors (e.g. reduced P-
glycoprotein activity) might enhance BBB permeability to
18F-GE180 under disease conditions. We suppose that some
impairment or perturbation of the BBB in lesions is permis-
sive to 18F-GE180 uptake, despite clear evidence of BBB
breakdown on MRI. Conceivably, this may be related to the
molecular weight of gadolinium contrast agents (>500 Da),
such that there is an imperfect relationship between BBB in-
tegrity on MRI and permeability to a lower molecular weight
PET tracer. However, specific binding of 18F-GE180 ‘beyond
the BBB’ can be postulated, keeping in mind the constellation
of cases with ‘macrodisruption’ of the BBB on MRI, but
without increased 18F-GE180 uptake.

The specificity of 18F-GE180 for TSPO has been con-
firmed in mouse models that show an extraordinarily high
correlation between 18F-GE180 binding in vivo and immuno-
staining for the microglial markers CD68 and Iba1 [11–14].
Such correlation studies have not yet been performed in
humans and the abundant tracer uptake in mouse brain paren-
chyma stands in contrast to the low BBB permeability report-
ed for 18F-GE180 in healthy human brain, which is less than
10% of that reported for other TSPO tracers [15]. However,
given the clearly elevated 18F-GE180 uptake in human brain
lesions (even in areas without apparent BBB disruption), we
consider that 18F-GE180 PET is a highly promising tool to
provide clinically valuable information about inflammatory
activity and extent of disease.

As suggested by Zanotti-Fregonara et al., pharmacological
displacement studies should be used to test the specificity of
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18F-GE180 binding in humans. Indeed, Sridharan et al. were
able to show successful competitive displacement of the
TSPO tracer 18F-GE180 by the TSPO ligand XBD173 in
MS patients [16], finding that half of the signal was displace-
able in vivo which indicates specific binding to TSPO. This
clearly requires further substantiation, particularly by evalua-
tion of displacement in lesions with disrupted BBB.

The second major concern raised by Zanotti-Fregonara
et al. refers to the presence or lack of A147T polymorphism
allelic effects on 18F-GE180 binding in healthy human brain,
stating that Ball in vivo studies, except one …, did not find a
genotype-related difference despite a 15:1 binding affinity dif-
ference between HABs and LABs measured in vitro… B [1].
We note that the 15:1 allelic affinity difference cited by
Feeney et al. [17] was based on a Bpersonal communication^
with D. Owen, and the supporting in vitro binding data have
not been published. Be that as it may, of the two human 18F-
GE180 studies with compartmental analysis, the study by Fan

et al. [18] did indeed suggest a higher specific binding for
HAB carriers (BPND = 2) than for MAB carriers (BPND = 1)
in healthy brain, according to the analysis of Cumming et al.
[15]. Although the study by Feeney et al. did not confirm the
finding of allelic differences in small groups of healthy
humans [17], the recent study by Sridharan et al. did show
just such a difference in MS patients [16]. Our studies in
lesions of MS and glioma patients have not revealed a con-
spicuous dependence of 18F-GE180 uptake on allelic status,
however, we have to point to the extremely high variability of
18F-GE180 uptake intensity in individual tumours and MS
lesions. We suggest that differences in allelic status may be
masked by large effects of tumour aggressiveness or inflam-
matory activity on TSPO expression. Studies correlating 18F-
GE180 signal with histological quantification of TSPO ex-
pression in genotyped individuals should resolve this issue.

The statement by Zanotti-Fregonara et al. that BIn general,
tracers with good imaging properties are able to differentiate

Fig. 1 Three patient examples
with contrast-enhancement on
MRI and 18F-GE180 PET. a A
patient with highly active
relapsing–remitting multiple scle-
rosis shows no tight correlation
between the intensity of contrast
enhancement on MRI and 18F-
GE180 uptake. b A patient after
re-irradiation of recurrent glio-
blastoma shows distinct contrast-
enhancement on MRI but no fo-
cally elevated 18F-GE180 uptake.
c A patient with newly diagnosed
anaplastic astrocytoma WHO
grade III, IDH wildtype, shows
distinctly elevated 18F-GE180
uptake but no relevant contrast-
enhancement on MRI
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the three different populations…^ (of binding affinity status)
is another point of contention. In our opinion, a clinically
optimal tracer should not be sensitive to the A147T polymor-
phism, but should indicate increased TSPO expression inde-
pendent of the individual’s allelic status. TSPO ligands can
share the same binding pocket on TSPO, while retaining alle-
lic sensitivity for their molecular interaction with TSPO [19].
In line with the low sensitivity of PK11195 for the human
A147T polymorphism, structural analysis of the complex of
(R)-PK11195 with wild-type and A147T-mutant TSPO has
revealed very similar conformations [20]. A better under-
standing of allelic dependence on affinity of 18F-GE180 and
other TSPO PET tracers might be obtained through cellular
and animal studies in which the human polymorphism is in-
troduced using CRISPR/CAS-methodology.

To sum up, we agree that relevant methodological issues
regarding the biochemical nature of the 18F-GE180 PETsignal
in lesions remain to be resolved. While its low uptake in the
parenchyma makes 18F-GE180 unfavourable for quantitation
of TSPO in healthy human brain, it has very high uptake in
MS lesions (presumably in relation to the inflammatory state),
in glioma (presumably correlating with tumour viability and
grading), and in other neurological diseases, even in the ab-
sence of contrast enhancement on MRI. Preliminary data in-
dicate pharmacological displaceability of the 18F-GE180 sig-
nal in patients with MS, but there has not yet been a formal
demonstration of this in areas of BBB disruption. To better
understand the 18F-GE180 signal, we concur with the recom-
mendation of Zanotti-Fregonara et al. that 18F-GE180 PET
should be spatially compared with histopathological analysis
of tissue samples from stereotactic biopsies, and we are plan-
ning just such a study in brain tumour patients. Altogether, we
consider that 18F-GE180 PET provides information on TSPO
binding specifically in areas of active inflammation or tumour
growth, providing highly valuable clinical information in pa-
tients with various CNS diseases.

Compliance with ethical standards

Conflicts of interest N.L.A. is a member of the Neuroimaging
Committee of the EANM. P.B. has received a speaker honorarium from
GE Healthcare. All other authors declare no conflicts of interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional research committee and with the principles of the 1964 Declaration
of Helsinki and its later amendments or comparable ethical standards.

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

References

1. Zanotti-Fregonara P, Veronese M, Pascual B, Rostomily RC,
Turkheimer F, Masdeu JC. The validity of 18F-GE180 as a TSPO
imaging agent. Eur J Nucl MedMol Imaging. 2019. https://doi.org/
10.1007/s00259-019-4268-4.

2. Unterrainer M, Mahler C, Vomacka L, Lindner S, Havla J, Brendel
M, et al. TSPO PET with [18F]GE-180 sensitively detects focal
neuroinflammation in patients with relapsing–remitting multiple
sclerosis. Eur J Nucl Med Mol Imaging. 2018;45(8):1423–31.

3. Vomacka L, Albert NL, Lindner S, Unterrainer M, Mahler C,
Brendel M, et al. TSPO imaging using the novel PET ligand
[18F]GE-180: quantification approaches in patients with multiple
sclerosis. EJNMMI Res. 2017;7(1):89.

4. Albert NL, Unterrainer M, Fleischmann D, Lindner S, Vettermann
F, Brunegraf A, et al. TSPO PET for glioma imaging using the
novel ligand 18F-GE-180: first results in patients with glioblasto-
ma. Eur J Nucl Med Mol Imaging. 2017;44(13):2230–8.

5. Unterrainer M, Fleischmann D, Diekmann C, Vomacka L, Lindner
S, Vettermann F, et al. Comparison of 18F-GE-180 and dynamic
18F-FET PET in high grade glioma: a double-tracer pilot study. Eur
J Nucl Med Mol Imaging. 2019;46(3):580–90.

6. Unterrainer M, Fleischmann DF, Lindner S, Brendel M, Rupprecht
R, Tonn JC, et al. Detection of cerebrospinal fluid dissemination of
recurrent glioblastoma using TSPO-PET with 18F-GE-180. Clin
Nucl Med. 2018;43(7):518–9.

7. Beyer L, Brendel M, Rohrer G, Sonnenfeld S, Nübling G, Lindner
S, et al. Translocator protein 18kDa (TSPO) expression in patients
with clinically diagnosed progressive Supranuclear palsy. J Nucl
Med. 2018;59(Suppl 1):1700.

8. Schöberl F, Levin J, Remi J, Goldschagg N, Eren O, Okamura N,
et al. IgLON5: a case with predominant cerebellar tau deposits and
leptomeningeal inflammation. Neurology. 2018;91(4):180–2.

9. Mahler C, Unterrainer M, Muth C, Egensperger R, Vomacka L,
Lindner S, et al. Imaging microglial activation in tacrolimus-
associated CNS vasculitis with translocator protein PET.
Neurology. 2018;91(20):936–7.

10. Mahler C, Schumacher M, Unterrainer M, Vomacka L, Lindner S,
Rupprecht R, et al. Monitoring CNS inflammatory activity in
natalizumab related PML with TSPO-PET. Mult Scler J. 2018;24:
37–8.

11. Brendel M, Probst F, Jaworska A, Overhoff F, Korzhova V, Albert
NL, et al. Glial activation and glucose metabolism in a transgenic
amyloid mouse model: a triple-tracer PET study. J Nucl Med.
2016;57(6):954–60.

12. Deussing M, Blume T, Vomacka L, Mahler C, Focke C, Todica A,
et al. Coupling between physiological TSPO expression in brain
and myocardium allows stabilization of late-phase cerebral
[18F]GE180 PET quantification. Neuroimage. 2018;165:83–91.

13. Parhizkar S, Arzberger T, Brendel M, Kleinberger G, Deussing M,
Focke C, et al. Loss of TREM2 function increases amyloid seeding
but reduces plaque-associated ApoE. Nat Neurosci. 2019;22(2):
191–204.

14. Sridharan S, Lepelletier F-X, Trigg W, Banister S, Reekie T,
Kassiou M, et al. Comparative evaluation of three TSPO PET ra-
diotracers in a LPS-induced model of mild neuroinflammation in
rats. Mol Imaging Biol. 2017;19(1):77–89.

15. Cumming P, Burgher B, Patkar O, Breakspear M, Vasdev N,
Thomas P, et al. Sifting through the surfeit of neuroinflammation
tracers. J Cereb Blood Flow Metab. 2018;38(2):204–24.

1210 Eur J Nucl Med Mol Imaging (2019) 46:1208–1211

https://doi.org/10.1007/s00259-019-4268-4
https://doi.org/10.1007/s00259-019-4268-4


16. Sridharan S, Raffel J, Nandoskar A, Record C, Brooks D, Owen D,
et al. Confirmation of specific binding of the 18 kDa translocator
protein (TSPO) radioligand [F-18] GE-180: a blocking study using
XDB173 in multiple sclerosis normal appearing white and grey
matter. Mol Imaging Biol. 2019;24:421–2. https://doi.org/10.
1007/s11307-019-01323-8

17. Feeney C, Scott G, Raffel J, Roberts S, Coello C, Jolly A, et al.
Kinetic analysis of the translocator protein positron emission to-
mography ligand [18F] GE-180 in the human brain. Eur J Nucl
Med Mol Imaging. 2016;43(12):2201–10.

18. Fan Z, Calsolaro V, Atkinson RA, Femminella GD, Waldman A,
Buckley C, et al. Flutriciclamide (18F-GE180) PET: first-in-human
PET study of novel third-generation in vivo marker of human
translocator protein. J Nucl Med. 2016;57(11):1753–9.

19. Jaremko Ł, Jaremko M, Giller K, Becker S, Zweckstetter M.
Structure of the mitochondrial translocator protein in complex with
a diagnostic ligand. Science. 2014;343(6177):1363–6.

20. Jaremko M, Jaremko Ł, Giller K, Becker S, Zweckstetter M.
Structural integrity of the A147T polymorph of mammalian
TSPO. Chembiochem. 2015;16(10):1483–9.

Eur J Nucl Med Mol Imaging (2019) 46:1208–1211 1211

https://doi.org/10.1007/s11307-019-01323-8
https://doi.org/10.1007/s11307-019-01323-8

	In response to: The validity of 18F-GE180 as a TSPO imaging agent
	References


