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Sir,

Neuroendocrine tumors (NET) typically have a good outcome despite the dismal prognosis 

of highly aggressive forms. Their clinical and therapeutic management largely depends on 

their embryological origin, stage, degree of differentiation, proliferation status, hormonal 

activity, and location. Nuclear medicine has a central role in managing these patients, aiding 

in the diagnostic localization, and staging of the disease. Nuclear imaging also provides 

prognostic information particularly by assessing tumor differentiation using specific 

radiopharmaceuticals such as 68Ga-labeled somatostatin analogs (68Ga-DOTA-SSA) for 

gastroenteropancreatic NETs and chromaffin cell tumors [1]. Tumor aggressiveness and 

various cellular events (e.g. apoptosis, hypoxia, etc.) can also be assessed using 18F-FDG [2] 

and other radiopharmaceuticals, respectively. Recognition of the imaging, molecular, and 

cellular pathology or functional correlations has underpinned the concept of imaging 

biomarkers. A similar approach based on the use of imaging prognosticators is already 

widely used in the assessment of thyroid cancers of follicular origin by radioiodine and 18F-

FDG. Compared to the use of these radiopharmaceuticals for phenotypic characterization of 

tumors, 18F-FDOPA appears as a versatile imaging tool for NETs. The prognostic 

information provided by 18F-FDOPA is largely unknown. 18F-FDOPA seems to be 

positioned between a radiotracer for tumor differentiation and 18F-FDG. In our opinion, this 

means that 18F-FDOPA provides potential information that we are unable to fully understand 

with our current knowledge of the biology of these tumors.

18F-FDOPA is a fluorinated analog of a naturally occurring amino acid, L-DOPA. It is 

widely accepted that 18F-FDOPA enters the cells via the large-type amino acid transporters 

(mainly LAT-1 and LAT-2). LAT transporters require another cell surface glycoprotein, 

heavy chain (CD98hc), for their functional expression, as a heteromeric complex at the 

membrane. Therefore, 18F-FDOPA uptake by target cells depends primarily on the 
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expression of the LAT1-2/CD98hc heterodimer. The retention of the tracer is probably more 

dependent on the expression and activity of the aromatic L-amino acid decarboxylase 

(AADC) that converts 18F-FDOPA into 18F-dopamine, and the concentration of 18F-

dopamine in synaptic vesicles via vesicular monoamine transporters. This probably explains 

the prolonged retention of 18F-FDOPA in tumors that secrete serotonin and catecholamines.

Beyond their role in neurosecretion, the LATs allow the constant supply of amino acids 

necessary for cellular growth, metabolism, and signaling. However, these transporters have a 

lower affinity for L-DOPA than other larger amino acids such as leucine, which is a major 

activator of mTOR kinase, enabling continuous protein synthesis, cell cycle progression, and 

inhibition of autophagy induction. Therefore, these nutritional transporters are not specific to 

NETs and can be overexpressed in a variety of tumors that rely on them for growth, 

migration, and invasiveness [3]. For example, there is a correlation between higher 18F-

FDOPA uptake and histological grade in gliomas. Another element adding to the complexity 

of these amino acid transporters is related to their mode of function. In fact, LATs are 

sodium-independent exchangers of amino acids. This means that 18F-FDOPA enters the cells 

via an obligatory efflux of certain amino acids. Therefore, 18F-FDOPA uptake could be 

dependent on the overall intracellular concentration of amino acids. Finally, another 

influencing factor could be the phenomenon of competitive cellular entry between 18F-

FDOPA and other amino acids.

What can be highlighted through publications and clinical observations? First, 18F-FDOPA 

is an exceptional radiopharmaceutical in the evaluation of NETs of the ileum [4, 5] and 

sporadic pheochromocytoma/paraganglioma (PHEO/PGL). Second, uptake in pancreatic 

NETs is variable from one patient to another regardless of the secretory profile [6-8]. Third, 

medullary thyroid cancers usually have moderate uptake of 18F-FDOPA with an often low, 

but unpredictable retention rate pattern [9]. The behavioral model of PHEOs/PGLs 

highlights the complexity of this radiotracer and its relationship to molecular genetics. Based 

on our longstanding experience in the imaging of PHEOs/PGLs, it appears that the major 

phenotypic determinant of 18F-FDOPA-based imaging is the genetic component of these 

tumors [10, 11]. Indeed, findings are almost always false-negatives in tumors associated with 

succinate dehydrogenase (mitochondrial complex II) deficiency. It is now well established 

that these tumors exhibit tricarboxylic acid cycle (Krebs cycle) dysfunction with highly 

elevated accumulation of succinate [12] acting as an oncometabolite, deficiency in certain 

amino acids such as glutamate, aberration of catecholamine metabolism, a DNA 

hypermethylation phenotype [13], and accelerated angiogenesis. We have also observed 

differences in 18F-FDOPA uptake/retention between different tumors in the same patient.

We still do not know what mechanisms are involved in the dysregulation of the 8F-FDOPA 

transport and storage machinery and cannot explain the interpatient and intrapatient 

differences. It is probable that these relationships between genotype and the phenotype 

found on imaging could play an important role in the pathogenesis and clinical behavior of 

other NETs. Thus, it may be worth pursuing further studies seeking to correlate the 18F-

FDOPA phenotype with the molecular biology, genetics, and clinical behavior of various 

NETs. The addition of sophisticated tools in the quantification of 18F-FDOPA uptake would 

be particularly interesting in these exploratory approaches. Due to the relationship between 
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these amino acid transporters and the mTOR signaling pathway, the evaluation of 

therapeutic responses to mTOR inhibitors using 18F-FDOPA PET is worth particular 

consideration.

In conclusion, 18F-FDOPA is the most versatile radiotracer for NETs, rendering it clinically 

very sensitive for tumor localization in the era of 68Ga-DOTA-SSA and theranostic 

approaches with peptide receptor radionuclide therapy. However, a better understanding of 

this tracer will without doubt have major implications in the metabolic phenotyping of these 

tumors. LAT-based imaging by PET also enables the evaluation of specific LAT family 

inhibitors/modulators as emerging tools for mTOR inhibition.

References

1. Janssen I, Blanchet EM, Adams K, Chen CC, Millo C, Herscovitch P, et al. Superiority of [68Ga]-
DOTATATE PET/CT to other functional imaging modalities in the localization of SDHB-associated 
metastatic pheochromocytoma and paraganglioma. Clinical Cancer Res. 2015;21:3888–95. 
doi:10.1158/1078-0432.CCR-14-2751. [PubMed: 25873086] 

2. Bahri H, Laurence L, Edeline J, Leghzali H, Devillers A, Raoul JL, et al. High prognostic value of 
18F-FDG PET for metastatic gastroenteropancreatic neuroendocrine tumors: a long-term evaluation. 
J Nucl Med. 2014;55:1786–90. doi:10.2967/jnumed.114.144386. [PubMed: 25286923] 

3. Ganapathy V, Thangaraju M, Prasad PD. Nutrient transporters in cancer: relevance to Warburg 
hypothesis and beyond. Pharmacol Ther. 2009;121:29–40. doi:10.1016/j.pharmthera.2008.09.005. 
[PubMed: 18992769] 

4. Montravers F, Kerrou K, Nataf V, Huchet V, Lotz JP, Ruszniewski P, et al. Impact of 
fluorodihydroxyphenylalanine-18F positron emission tomography on management of adult patients 
with documented or occult digestive endocrine tumors. J Clin Endocrinol Metab. 2009;94:1295–
301. doi:10.1210/jc.2008-1349. [PubMed: 19141589] 

5. Montravers F, Grahek D, Kerrou K, Ruszniewski P, de Beco V, Aide N, et al. Can 
fluorodihydroxyphenylalanine PET replace somatostatin receptor scintigraphy in patients with 
digestive endocrine tumors? J Nucl Med. 2006;47:1455–62. [PubMed: 16954553] 

6. Ambrosini V, Tomassetti P, Castellucci P, Campana D, Montini G, Rubello D, et al. Comparison 
between 68Ga-DOTA-NOC and 18F-DOPA PET for the detection of gastro-entero-pancreatic and 
lung neuro-endocrine tumours. Eur J Nucl Med Mol Imaging. 2008;35:1431–8. doi:10.1007/
s00259-008-0769-2. [PubMed: 18418596] 

7. Imperiale A, Sebag F, Vix M, Castinetti F, Kessler L, Moreau F, et al. 18F-FDOPA PET/CT imaging 
of insulinoma revisited. Eur J Nucl Med Mol Imaging. 2015;42:409–18. doi:10.1007/
s00259-014-2943-z. [PubMed: 25367749] 

8. Imperiale A, Rust E, Gabriel S, Detour J, Goichot B, Duclos B, et al. 18F-
fluorodihydroxyphenylalanine PET/CT in patients with neuroendocrine tumors of unknown origin: 
relation to tumor origin and differentiation. J Nucl Med. 2014;55:367–72. doi:10.2967/
jnumed.113.126896. [PubMed: 24343986] 

9. Soussan M, Nataf V, Kerrou K, Grahek D, Pascal O, Talbot JN, et al. Added value of early 18F-
FDOPA PET/CT acquisition time in medullary thyroid cancer. Nucl Med Commun. 2012;33:775–9. 
doi:10.1097/MNM.0b013e3283543304. [PubMed: 22546877] 

10. Gabriel S, Blanchet EM, Sebag F, Chen CC, Fakhry N, Deveze A, et al. Functional characterization 
of nonmetastatic paraganglioma and pheochromocytoma by (18)F-FDOPA PET: focus on missed 
lesions. Clin Endocrinol. 2013;79:170–7. doi:10.1111/cen.12126.

11. Archier A, Varoquaux A, Garrigue P, Montava M, Guerin C, Gabriel S, et al. Prospective 
comparison of Ga-DOTATATE and F-FDOPA PET/CT in patients with various 
pheochromocytomas and paragangliomas with emphasis on sporadic cases. Eur J Nucl Med Mol 
Imaging. 2015. doi:10.1007/s00259-015-3268-2.

12. Lendvai N, Pawlosky R, Bullova P, Eisenhofer G, Patocs A, Veech RL, et al. Succinate-to-fumarate 
ratio as a new metabolic marker to detect the presence of SDHB/D-related paraganglioma: initial 

Taïeb et al. Page 3

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2020 August 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



experimental and ex vivo findings. Endocrinology. 2014;155:27–32. doi:10.1210/en.2013-1549. 
[PubMed: 24189137] 

13. Letouze E, Martinelli C, Loriot C, Burnichon N, Abermil N, Ottolenghi C, et al. SDH mutations 
establish a hypermethylator phenotype in paraganglioma. Cancer Cell. 2013;23:739–52. 
doi:10.1016/j.ccr.2013.04.018. [PubMed: 23707781] 

Taïeb et al. Page 4

Eur J Nucl Med Mol Imaging. Author manuscript; available in PMC 2020 August 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	References

