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Update on the Role of [ F]FDOPA PET/CT
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trum of diseases, including neuroendocrine tumors (NETs), congenital hyperinsulinism, par-
kinsonian syndromes and neuro-oncology. Genetic analysis and disease specific
biomarkers may guide the optimum selection of patients that may benefit most from [18F]
FDOPA PET in different stages of several neuroendocrine neoplasms and in congenital
hyperinsulinism. For clinical routine in neuro-oncology, indications for [18F]FDOPA PET
include tumor delineation and distinguishing between treatment related changes and recur-
rent disease. New developments as the advent of large axial field of view PET/CT or inte-
grated PET/MRI systems may provide more unique opportunities, such as those related to
detection of smaller lesions in primary staging of NETs, dose reduction in children with con-
genital hyperinsulinism, or possibilities to obtain more extensive noninvasive quantification
of cerebral uptake by using image derived input functions. Although the widespread use of
[18F]FDOPA has been hampered by complex synthesis methods and high production costs
in the past, significant efforts have been undertaken to provide robust GMP compliant syn-
thesis methods with high activity yield and molar activity.
Semin Nucl Med 00:1-11 © 2024 The Author(s). Published by Elsevier Inc. This is an open
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
Introduction

[
18
F]-dihydroxyphenylalanine ([18F]FDOPA) is a

radiopharmaceutical used for several indications
in oncology and neurodegenerative diseases. [18F]FDOPA
was first used in vivo in humans more than four decades ago
as described in a hallmark Nature paper by Garnett et al.,
which demonstrated its ability to visualize the dopaminergic
system in the basal ganglia.1 Since then, indications have
broadened and its use has been widely explored in different
domains, leading to the inclusion of [18F]FDOPA PET scans
in international guidelines regarding neurodegenerative dis-
orders, neuro-oncology, congenital hyperinsulinism (CHI)
and neuro-endocrine tumors (NETs), including pheochro-
mocytoma (PCC)/paraganglioma (PGG), and medullary
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thyroid cancer.2�5 The favorable half-life of 110 minutes of
the fluorine-18 radionuclide, alongside the development of
automated GMP compliant production methods with higher
molar activity, increased activity yield and less complex syn-
thesis modules, could allow for a more widespread use of the
tracer.6 Herein we will focus on the current and future use of
[18F]FDOPA, its diagnostic accuracy and ability to be used as
a means for measuring treatment response, disease progres-
sion and its aid in management in a broad spectrum of
diseases.
Neuro-Endocrine Tumors
Neuro-endocrine tumors are a heterogenous group of neo-
plasms which can occur within many different organs.
Uptake of [18F]FDOPA in neuro-endocrine tumors is facili-
tated by the large amino acid transporter (LAT1/4F2gc).
[18F]FDOPA follows the same pathway as L-DOPA, a precur-
sor in the catecholamine synthesis pathway. After entering
the cell, L-DOPA is converted to L-dopamine by the enzyme
aromatic L-amino-acid decarboxylase (AADC) and then
stored in synaptic vesicles. Disease specific uptake of [18F]
FDOPA may be increased in some instances by premedica-
tion with carbidopa, a peripheral decarboxylation blocking
1
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agent. NET’s can be subdivided in grades 1-3 and neuroen-
docrine carcinoma as a separate category, based on the num-
ber of mitoses and the proliferation marker Ki-67 index.7

Neuro-endocrine tumors usually show high somatostatin
receptor expression (mainly somatostatin receptor subtype
2), which can be visualized using 68Gallium labeled somato-
statin labeled analogs ([68Ga]SSA). In comparison to [68Ga]
SSA PET, [18F]FDOPA has an inherent advantage of superior
spatial resolution, owing to less kinetic energy after emission
of the positron from fluorine-18 than gallium-68, leading to
a smaller positron range.8 Fluorine-18 labelled SSA PET
alternatives have been investigated with promising results,
but have not yet been widely adopted.9 [68Ga]SSA PET has
the advantage that it can be used to select those patients that
would benefit from peptide receptor radionuclide therapy
(PRRT).
The sensitivity of [18F]FDOPA for the detection of NET

activity depends on its origin, with highest diagnostic
accuracy for NETs of the midgut and somewhat less for
the foregut.10 Experiences for primary lung NET’s are less
favorable.11 Although uptake via the LAT is specific for
neuroendocrine tumors, false positive uptake has been
described to occur rarely, mostly due to other malig-
nancy12 False negative findings are more prevalent in
NETs originating from the thymus, duodenum and in
insulinoma. In the Guideline for PET/CT imaging of neuro-
endocrine neoplasms with 68Ga-conjugated somatostatin recep-
tor targeting peptides and [18F]FDOPA it is described that
[18F]FDOPA is approved in several European countries for
diagnosis (glomus tumor, pheocromocytoma (PCC), para-
ganglioma (PGG), congenital hyperinsulinism), staging
(PCC, PGG, and well differentiated neuroendocrine
tumors of the digestive tract) and in case of reasonable
suspicion of recurrence of residual disease (PCC, PGG,
medullary cancer, well differentiated NET’s of the digestive
tract, endocrine digestive tumors with negative somato-
statin receptor scintigraphy).3 These indications will be
discussed briefly in this section.
Pheochromocytoma and Paraganglioma
PCC’s and PGG’s are neuro-endocrine tumors arising
from the neural crest and can be found in the adrenal
medulla (PCC) or in sympathetic and parasympathethic
ganglia or the autonomous nervous system (PGG).13 Indi-
cations for scanning procedure involve elevated plasma or
urinary metanephrines or clinical symptoms related to
catecholamine excess but can also be performed when
adrenal lesions increase in size in genetically predisposed
subjects.14 Few studies have compared [18F]FDOPA to
[68Ga]SSA PET in diagnosing PCC. Results indicate that
[18F]FDOPA may be more sensitive for detecting primary
PCC (sporadic or related to non-SDHx mutations),15

whereas [68Ga]SSA PET performs equally well or slightly
superior for detecting extra-adrenal disease and SDHx-
mutation related disease. An example of the added value
of [18F]FDOPA PET over [68Ga]SSA in the detection of
PCC is shown in Figure 1. Recently proposed scanning
algorithms for nuclear imaging in PCC and PGG also
includes [18F]FDG PET as a third choice, when [18F]
FDOPA or [68Ga]SSA are not available, or as a second
choice in case of extra-adrenal, multifocal or metastatic
disease.16
Medullary Thyroid Carcinoma
Medullary thyroid carcinoma (MTC) accounts for approxi-
mately 2 percent of thyroid carcinoma’s, yet is related to a
significant percentage of thyroid cancer related deaths
(approximately 15 percent) and a relatively high proportion
of patients has metastases upon primary presentation.17 It is
a neuroendocrine tumor originating from parafollicular
C cells of the thyroid gland. The clinical presentation varies
between the sporadic (75%) and the hereditary form (25%),
related to multiple endocrine neoplasia (MEN). Surgery is
the only curative treatment, consisting of total thyroidectomy
and neck dissection.18 High accumulation of [18F]DOPA in
MTC exists as both LAT expression and AADC activity are
upregulated.19 Although ultrasound is considered to be the
primary imaging modality of choice for diagnosis and detec-
tion of lymph nodes metastases in MTC, a recent study has
shown high sensitivity of [18F]FDOPA PET for detection of
the primary lesion in this setting, as well as for lymph node
metastases in the lateral compartment of the neck, but less so
in the central compartment, possibly due to small size. In
this series, [18F]FDOPA PET showed the additional advan-
tage of detecting distant metastasis in a small portion of
patients, which may alter patient management.20 However,
additional evidence may be mandatory to recommend
[18F]FDOPA PET for staging before treatment and for evalu-
ating treatment response.21 In the postoperative period, sec-
retae from parafollicular C-cells such as serum calcitonin
(Ctn), procalcitonin (PCT) and carcinoembryonic antigen
(CEA) can be used as tumor markers and guide selection of
those patients who benefit most from [18F]FDOPA PET scan-
ning, with the American Thyroid Association (ATA) advising
additional imaging when postoperative Ctn values higher
than 150 pg/ml.22 A shortened CT/CEA doubling time
(within 24 months) could also prompt additional investiga-
tion. The detection rate of [18F]FDOPA on a per patient base
has been estimated to be around 72%.23 A negative [18F]
FDOPA PET scan has been associated with a longer progres-
sion-free and disease specific survival.24 When compared
with [18F]FDG, [18F]FDOPA has higher efficacy for detection
of metastases in lymph nodes, liver and the bone, whereas
[18F]FDG PET may be more sensitive for lung metastases
and can be used as a back-up when [18F]FDOPA PET and
[68Ga]SSA PET are not available.25 It should also be consid-
ered in aggressive subtypes, e.g. in subjects with shorter Ctn/
CEA doubling times, as the [18F]FDG uptake correlates with
poor differentiation of malignant MTC cells. In these instan-
ces, highly [18F]FDG avid disease may show no [18F]FDOPA
uptake26 Figure 2 shows an example of combined [18F]
FDOPA and [18F]FDG PET imaging in one patient in the set-
ting of recurrent disease. If [18F]FDOPA is unavailable,
[68Ga]SSA PET could be the functional imaging modality of



Figure 1 A 66 year old patient presented with a left adrenal mass, which was detected as an incidental finding in the
work-up of anemia. Laboratory findings showed increased plasma metanephrines, raising the suspicion of PCC. Ini-
tially, a [68Ga]DOTATOC PET scan was performed with no specific uptake at the location of the adrenal mass (B). A
few weeks later a [18F]FDOPA PET scan revealed markedly increased uptake in the adrenal mass (red arrows), highly
suggestive of PCC (A). No other sites of disease were detected. After surgical resection, the diagnosis of PCC was con-
firmed, with a low Ki proliferation index (<1%) and no associated genetic mutations (sporadic form).
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choice, although its detection rate for recurrent MTC has
been estimated to be somewhat lower (around 64%).25
Gastrointestinal NETs
Around 55 percent of NETs develop in the gastrointestinal
tract, making it the most prevalent primary site.27 Within
the GI tract, the small bowel is the most common site of
NETs, followed by the rectum and the appendix.28 Gastro-
intenstinal NETs are slow-growing tumors with distinct
histological features. The clinical presentation may depend
on the primary site and whether or not these tumors are
releasing endocrine substances (secretory NETs). In non-
secretory NETs symptoms may arise late due to mass
effect. Alternatively, these may be detected as an incidental
finding after surgery or endoscopy. For disease monitor-
ing, serum chromogranin A is the most often used bio-
marker.29 In the midgut, a sensitivity and specificity of
93% and 89% have been described.10 Accurate staging is
of importance in many patients as it may guide further
treatment plans including surgery with curative intent,
which may still be possible if the metastatic spread is lim-
ited. A meta-analysis comparing [18F]FDOPA with [68Ga]
SSA PET in intestinal NETs demonstrated comparable sen-
sitivity on a per patient basis, but a significantly higher
sensitivity of [18F]FDOPA on a lesion basis, particularly
with respect to detection of lesions in the liver and bone
and when high levels of serotonin or 5-HIIA were
present.30,31
Congenital Hyperinsulinism
[18F]FDOPA PET also plays a role in management of congen-
ital hyperinsulinism (CHI), a rare disease that develops in
approximately 1 to 30000 to 50000 live births.32 Initial treat-
ment may start with Diaxozide, which attempts to inhibit
insuline release by opening the KATP channel of pancreatic
beta-cells. Other treatment modalities are octreotide, or glu-
cagon when urgent treatment of hypoglycemia is needed.
Congenital hyperinsulinism can be the result of either focal
or diffuse pancreatic disease, and can be distinguished easily
via [18F]FDOPA PET. Focal lesions may be hard to identify
using conventional imaging techniques using CT and MRI.
Yet, its detection may be crucial as up to 97 percent of
patients are cured with surgery and it can influence whether
to perform a lesionectomy or a near total pancreatecomy.33

Histopathologically, focal lesions correspond to beta-cell
adenomatosis, whereas in the diffuse form there is enlarge-
ment of islet cell nuclei without an overall increase in the vol-
ume of endocrine tissue.34 Genetic analysis guides the
selection of patients suited for [18F]FDOPA imaging as it can
predict the presence of a focal lesion and can prevent unnec-
essary imaging in subjects with diffuse disease.35 The discon-
tinuation of medication for congenital hyperinsulinism prior



Figure 2 A 65 year old patient with known medullary thyroid carcinoma was scanned using [18F]FDOPA (C, D) for the
differentiation of enlarged mediastinal and hilar lymph nodes as previously seen on CT (not shown). While increased
uptake was noted in lymph nodes in the lower neck area on the right (D, green arrow), this was not the case in the
mediastinal lymph nodes. An [18F]FDG PET scan was performed for further investigation and showed feint uptake in
the lower right neck area (A, B, green arrow), but intense uptake in the mediastinal and hilar lymph nodes. Pathologic
examination of these lymph nodes showed a granulomatous inflammation, considered to be due to sarcoidosis.
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to imaging does not bring any additional benefits.36 For the
imaging procedure itself, anesthesia is required, with careful
monitoring of vital signs and plasma glucose. Image recon-
struction at different time points may allow optimal detection
of focal lesions and recognition of physiological uptake pat-
terns (Fig. 3).37
Neurology
Highest cerebral uptake of [18F]FDOPA is usually present in
the striatum where it is taken up through the LAT and con-
verted to [18F]fluorodopamine by L-DOPA decarboxylase in
the presynaptic dopaminergic neurons. As with imaging of
NETs the availability of [18F]FDOPA in the striatum can be
increased by premedication with carbidopa, which inhibits
the peripheral action of AADC. [18F]FDOPA is approved by
the Food and Drug Administration (FDA) and European
Medicine Agency (EMA) for the detection of a presynaptic
dopaminergic deficit in Parkinsonian syndromes, a group of
neurodegenerative movement disorders characterized by
symptoms of bradykinesia, rigidity, and/or rest tremor, of
which idiopathic Parkinson’s disease (IPD) is the most com-
mon.38 IPD is characterized by neuronal loss of dopaminer-
gic neurons in the substantia nigra, a small brain region in
the midbrain, that project to the striatum.39 Other etiologies
that are marked by a presynaptic loss of striatal dopaminergic
neurons include Dementia with Lewy bodies (DLB), multi-
system atrophy (MSA) or tauopathies such as corticobasal
degeneration CBD and progressive supranuclear palsy (PSP).
Non-neurodegenerative etiologies of these symptoms include
essential tremors, vascular parkinsonism, psychogenic par-
kinsonism and drug-induced parkinsonism. According to
the combined European Association of Nuclear Medicine/
SNMMI guidelines, presynaptic dopaminergic imaging can
be performed to confirm the presence of a presynaptic
degenerative dopaminergic deficit, which helps to differenti-
ate between neurodegenerative and non-neurodegenerative
etiologies of parkinsonism, in the differential diagnosis of
DLB and Alzheimer’s disease, and confirmation of diagnosis



Figure 3 Two subjects scanned for differentiation between the focal and diffuse form of congenital hyperinsulinism
using [18F]FDOPA PET. Images were acquired after 20 minutes (A, D), 40 minutes (B, E) and 60 minutes (C, F). On
the left side, the Maximum Intensity Projection (MIP) images show the diffuse form, whereas on the right side a focal
lesion (arrow) in the pancreatic body can be appreciated, slightly more visible on the latest image time point.
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in early disease stages when symptoms may be subtle.2

Figure 4 shows a typical example of a clinical scenario in
which presynaptic dopaminergic imaging is requested.
When compared to dopamine transporter (DAT) SPECT, a

more widely available method to assess presynaptic dopami-
nergic integrity, [18F]FDOPA PET offers comparable sensitiv-
ity and specificity, while providing the added advantage of
higher spatial resolution, potential for quantitative analysis,
and reduced susceptibility to the effects of normal aging.40

On the other hand, the effect of dopaminergic degeneration
may be smaller using [18F]FDOPA, presumably related to
possible upregulation of the AADC enzyme as a compensa-
tory mechanisms in the early stages of IPD.41

Image interpretation in the clinic usually consists of visual
analysis and comparison of semi-quantificative values to a
normal database. For semi-quantification, the striatal-to-
occipital ratio (SOR) of static imaging is often used, as the
specific signal of the occipital cortex is low due to little decar-
boxylase activity, and has been proven equally effective in
differentiating IPD patients from healthy individuals as
dynamic imaging.42 Dynamic imaging can provide additional
parameters such as the influx constant Ki, which could pro-
vide a more direct measure of the [18F]FDOPA influx con-
stant. Full kinetic modeling of [18F]FDOPA is difficult
because of metabolites, which may be partially suppressed
by Carbidopa and Entacapone, but other metabolites such as
6-FDA may be present and complicate the analysis. Age
related effects that influence SORs have not been consistently
reported, yet a larger automated analysis of 892 [18F]FDOPA
PET scans did show an age effect of striatal dopamine synthe-
sis capacity.43

Although changes in cerebral [18F]FDOPA uptake in IPD
are most prominent in the striatum, some studies have
reported significant alterations outside this region, especially
in frontal brain regions and motor cortex.44-46 However, con-
trasting results have been found and sample sizes were small,
limiting the generalizability of their findings. When interpret-
ing extrastriatal [18F]FDOPA PET findings, it is important to
note that this tracer is not only specific to dopaminergic neu-
rons, but is also trapped by other neurons that express the
AADC enzyme, including serotonergic and noradrenergic
neurons.47

By the time a patient with IPD develops the typical motor
symptoms, it is estimated that 50-60% of the dopaminergic
neurons in the striatum have already been lost.48 Nonmotor
symptoms like idiopathic REM behavior disorder (iRBD),
constipation, hyposmia, depression, and fatigue often pre-
cede IPD, marking a prodromal stage.49 On their own, these
symptoms lack sufficient sensitivity for screening,50 but com-
bined with dopaminergic imaging they could assist in



Figure 4 A 75 year old male patient was referred to the nuclear medicine department for an [18F] FDG PET scan
because of the suspicion of MSA. The patient presented with parkinsonism, autonomic dysfunction and had a poor
response to treatment with L-DOPA. The [18F]FDG PET scan (A) showed normal to slightly prominent uptake in the
striatum, ruling against MSA. A subsequent [18F]FDOPA scan (B) showed reduced striatal-to-occipital binding in the
posterior putamen on both sides (arrows), fitting the diagnosis of idiopathic Parkinson’s disease.
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detecting a high-risk population.51 Among the prodromal
IPD symptoms, iRBD has been the most studied, as it is con-
sidered to be the first prodromal condition that may appear a
decade prior to motor symptoms.52 Recent studies have
shown that patients with iRBD already show lower striatal
[18F]FDOPA uptake compared to healthy individuals, but
longitudinal studies of this patient population with [18F]
FDOPA PET are scarce.53

[18F]FDOPA PET is also a valuable tool for the investiga-
tion of PD subtypes and its progression. Early longitudinal
studies reveal a consistent annual reduction of striatal [18F]
FDOPA uptake of 5-13% per year in patients with idiopathic
Parkinson’s disease.54,55 The rate of dopaminergic decline
varies, with the most prominent decline being present in the
early stages of the disease.54 The decline preferentially starts
in the posterior putamen, followed by the anterior putamen
and the caudate nucleus.
IPD is a highly heterogeneous disorder, with a wide range

of motor and nonmotor symptoms.56 The variability in clini-
cal presentation suggests that different subtypes of IPD exist.
Dopaminergic imaging through [18F]FDOPA PET could help
reveal differences in these clinical phenotypes and their rela-
tion to dopaminergic function. Multiple studies have estab-
lished a link between presynaptic dopamine tracer uptake in
the striatum, and especially in the putamen, and the severity
of bradykinesia and rigidity, but not with tremor.57,58 The
latter is thought to be influenced more by serotonergic,
rather than dopaminergic innervation.58 However, significant
heterogeneity exists across studies in sample size, stages of
the disease and imaging acquisition techniques, with
variations in varying or even absent correlations.59 Further-
more, a recent study employing trimodal imaging with [18F]
FDOPA PET, [18F]FDG PET and functional MRI has revealed
that dopamine depletion in the putamen disrupts striatocort-
ical connectivity, affecting motor control, and is associated
with reduced functional connectivity between the striatum
and sensorimotor cortex, as well as cortical hypometabolism,
which correlates with motor impairments.60 Beyond motor
symptoms, reduced [18F]FDOPA tracer uptake in the caudate
has been associated with cognitive decline, especially in exec-
utive functioning.61,62 Additionally, deficits in attention,
visual memory, and verbal fluency have also been related to
lower caudate dopamine activity.63,64 A study with voxel-
based analysis of whole-brain [18F]FDOPA scans in 15 early-
stage IPD patients found correlations between worse execu-
tive functioning and dopaminergic denervation in the ante-
rior cingulate cortex and middle frontal gyrus, and verbal
fluency and decreased tracer uptake in the dorsolateral pre-
frontal cortex and the striatum.65 These findings underscores
the role of the mesocortical dopaminergic pathways in cogni-
tive function in early IPD.

Research into gender differences in brain [18F]FDOPA
uptake remains relatively limited, though some studies have
indicated that women with IPD may show higher tracer
uptake in certain brain regions compared to men. Kaasinen
and colleagues have reported that women with IPD demon-
strate increased uptake in the dorsolateral prefrontal cortex45

and in a later study Kaasinen et al. observed that women had
higher uptake in the putamen, ipsilateral to the predominant
motor symptoms.66 These studies were however limited due
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to small sample sizes and lack of longitudinal data. Recent
studies in non-PD populations support these gender differen-
ces. A study involving brain [18F]FDOPA PET scans of 177
subjects with neuro-endocrine tumors also identified higher
[18F]FDOPA uptake in women, particularly in the putamen
and diffuse cortical regions.67 Similarly a retrospective analy-
sis of [18F]FDOPA PET scans of 115 subjects found that
women exhibited higher striatal [18F]FDOPA Ki values com-
pared to men. However, no significant gender differences
were observed in the striatal [18F]FDOPA SOR.43 These stud-
ies support the idea that striatal dopaminergic levels and con-
nectivity are better preserved in women than in men,
possibly related to a protective role of estrogens.68

In Parkinson’s disease, ‘brain first’ versus ‘gut first’ etiopa-
thogenesis subtypes have been described.69 In the latter sce-
nario, the alfa-synucleinopathy primary originates in the
enteric or peripheral autonomic nervous system and then
spreads to the brain.
Horsager and colleagues described typical imaging find-

ings, depending on the subtype. The ‘body-first’ subtype is
associated with a primary loss of cardiac MIBG signal and
delayed colon transit time, followed by decreased striatal
[18F]FDOPA uptake, whereas the ‘brain-first’ subtype is char-
acterized by an initial reduction of striatal [18F]FDOPA
uptake, followed by loss of cardiac MIBG signal and delayed
colon transit time.70 Interestingly, efforts have been under-
taken to quantify sympathethic cardiac functioning in IPD
patients with [18F]FDOPA, initially with promising results.
Goyal et al. showed significantly reduced cardiac uptake in
PD patients with autonomic dysfunction (n = 28) in compari-
son with controls (n = 22).71 However, a direct comparison
of cardiac [18F]FDOPA uptake with the validated cardiac
innervation PET tracer [18F]dopamine showed that [18F]
FDOPA was not able to distinguish between those patients
that hat high or low cardiac uptake of [18F]dopamine, mak-
ing it questionable that it is indeed a valid sympathetic car-
diac imaging agent.72

Another approach of investigating brain-body interactions,
such as the gut-brain axis, is the simultaneous dynamic
acquisitions of multiple regions using multiple tracers and a
Large Axial Field of View (LAFOV) PET system. One such
combination is the simultaneous assessment of the dopami-
nergic system of the brain and parasympathetic innervation
of the intestines by using a dual tracer approach with the
injection of [18F]FDOPA and [11C]donepezil. Several meth-
ods have been developed to distinguish between the signal of
two different PET tracers.73 As an alternative to simultaneous
dual tracer PET imaging, the increased sensitivity of the
LAFOV PET camera could allow administration of lower
doses of radioactivity, limiting the time needed between
injection of two separate radioligands.
Neuro-Oncology
Radiolabelled amino acids, such as 11C-methionine ([11C]
MET, 18F-fluoroethyl-L-tyrosine ([18F]FET), or [18F]F-
DOPA, commonly show high uptake in glioma cells and
metastases due to the overexpression of L-amino acid
transporters with a high tumor to normal-ratio due to low
uptake in the normal brain. Amino acid imaging may provide
information relevant for treatment planning, assessment of
treatment response and to discriminate between recurrent
disease and treatment related changes ("pseudoprogression").
Its role is complementary as MRI is the primary imaging
modality in all stages and may increase with the development
of novel therapies such as immunotherapy.74 Contrast
enhancement on MRI can also occur due to the disruption of
the blood-brain barrier by therapeutic agents, making con-
ventional MRI unreliable to differentiate tumor progression
from treatment related changes of gliomas.75 In 2019, com-
bined EANM/EANO/RANO guidelines were released with
specific recommendations for imaging protocols and image
analysis.76 As opposed to [11C]MET and [18F]FET, semi-
quantification of tumorratios relative to the contralateral stri-
atum have also been used for [18F]FDOPA. For detecting
recurrent glioblastoma for instance, a threshold of 2.1 for the
tumor-to-striatummax ratio has been proposed.77 Several cut-
off values have been proposed for [18F]FDOPA for primary
diagnosis, differentiating high grade vs low grade glioma
and defining tumor extent, for which the reader is
referred to a systematic review.78 Although [18F]FDG PET
is the most often used tracer in oncologic imaging, it is
less sensitive in detecting primary or recurrent gliomas
due to the physiologically high uptake of [18F]FDG in
the brain.79 Upon visual assessment, amino acid tracers
such as [18F]FET, [11C]MET and [18F]FDOPA seem to
perform equally well to identify primary brain tumors.80

The use of [11C]methionine however may be more lim-
ited due to its half-life of 20 minutes and the subsequent
need of an on-site cyclotron.

In general there seems to be a positive correlation between
amino acid uptake and tumor grade, probably related to
increasing LAT1 expression,81�83 but this has not consis-
tently been shown in recurrent disease.84 For tumor delinea-
tion, a recent systematic review described that in many
studies discrepancies were present between [18F]FDOPA
derived biological tumor volume and those derived from
MRI (contrast enhancement, perfusion), although it is not
fully clear whether incorporation of additional [18F]FDOPA
derived information can improve outcome.78 The sensitivity
and specificity [18F]FDOPA to differentiate between tumor
progression and treatment related changes is estimated to be
around 85-100% and 72-100% respectively, although most
studies evaluating amino acid imaging for this indication
used [18F]FET PET.85 In the postoperative setting, mild
uptake of [18F]FDOPA can be present at the margins of surgi-
cal resection, possibly due to macrophage activity.78

Recently, radiomics have been utilized to predict significant
molecular parameters in newly diagnosed gliomas using
[18F]FDOPA by means of machine learning. Zaragori et al.,
reported the best model reaching an AUC of 0.83 to predict
the presence of isocitrate dehydrogenase (IDH) mutations.86

Predictions using machine learning models may further
improve by incorporating MRI based features.87 [18]FDOPA
has also been used to identify responders in treatment
response evaluation and was shown to be able to predict a
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favorable response to antiangiogenic therapy such as
bevacicumab88
Radiochemistry
A potential challenge for widely adopting [18F]FDOPA in the
clinic is the relatively high tracer production costs and the
use of complex synthesis modules. [18F]FDOPA can be pre-
pared by electrophylic fluorination of the trimethylstannyl
precursor with [18F]fluorine gas ([18F]F2).

89 Activity yield
and molar activity can be increased by producing [18F]F2
from [18O]O2 via a double-shoot approach instead of by the
bombardment of 20Ne using deuterons.89 Nowadays, nucleo-
philic production methods have become available that rely
on no-carrier added fluorine-18 instead of [18F]F2, resulting
in an even higher molar activity and radiochemical yield,
along with the potential benefit of safer synthesis.90 Recently,
a novel automated GMP compliant synthesis method of [18F]
FDOPA has been described, increasing the robustness of the
production.6 Cost saving can further be achieved by cluster-
ing single batch-production and patients on 1 day.91 Interest-
ingly, the first in human use of [18F]FDOPA produced by
organo-photoredox reactions has also recently been
published.92
Future Perspectives
Aside from the widespread current applications in both clinic
and research, technical advancements may further increase
the utility of [18F]FDOPA PET. For instance, novel LAFOV
PET camera’s with markedly increased sensitivities allow for
significant dose reductions with regard to the scanning of
children with CHI, whereas a more robust automated synthe-
sis of [18F]FDOPA may increase patient safety in this group.
The increased camera sensitivity may also be used to detect
smaller metastases in the context of MTC, especially lymph
nodes in the central neck area and small lung nodules, which
could support its role in primary staging. With respect to gas-
trointestinal NETs, it is increasingly being recognized that
[18F]FDOPA has increased sensitivity on a lesion basis, which
could set this modality apart when considering curative sur-
gery. For IPD and other parkinsonian syndromes, [18F]
FDOPA may help further defining subtypes of these heterog-
enous disorders by assessing presynaptic dopaminergic func-
tioning. In addition, with LAFOV PET systems
advancements can be achieved when performing noninvasive
dynamic [18F]FDOPA imaging, as the image derived input
function can be obtained by sampling larger blood pools
over the thorax.93 This approach allows a more extensive
quantification and could potentially be valuable in tracking
disease progression and treatment response, which is not a
common indication in clinical practice, but may be of rele-
vance in future clinical trials evaluating disease modifying
agents. With the advent of PET/MRI, simultaneous measure-
ment of PET and MRI parameters during tasks could be per-
formed, providing more accurate assessments of underlying
biological processes.94 Finally, amino acid imaging such as
[18F]FDOPA has been proven to be a valuable adjunct to
MRI for differentiating radionecrosis from recurrent disease,
and future research may shed more light on associated clini-
cal benefits (e.g. reductions of unnecessary biopsies, treat-
ment or follow-up imaging, improved quality of life).
Conclusions
Several decades after the introduction of [18F]FDOPA PET,
its role has become increasingly pivotal in the diagnosis and
management of a broad spectrum of diseases. Given the com-
plexity of neuroendocrine tumors, the guided selection of
patients suited for specific imaging modalities by genotyping
or biomarkers can further increase the diagnostic accuracy,
as reflected by multiple guidelines. In addition, [18F]FDOPA
PET is well-established in the management of congenital
hyperinsulism, parkinsonian syndromes and several domains
in neuro-oncology. Although the widespread use of [18F]
FDOPA has been hampered by complex synthesis methods
and high production costs in the past, significant efforts have
been undertaken to provide robust GMP compliant synthesis
methods with high activity yield and molar activity.
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