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Abstract
Purpose. Preclinical studies showed the tryptophan analog PET radiotracer 1-(2-18F-�uoroethyl)-L-
tryptophan (18F-FETrp) to accumulate in various tumors, including gliomas, and being metabolized via
the immunosuppressive kynurenine pathway. In this �rst-in-human study, we tested the use 18F-FETrp-
PET in patients with neuroendocrine and brain tumors.

Procedures. We applied dynamic brain imaging in patients with gliomas (n = 2) and multi-pass 3D whole-
body PET scans in patients with neuroendocrine tumors (n =4). Semiquantitative analysis of organ and
tumor tracer uptake was performed using standardized uptake values (SUVs). In addition, organ
dosimetry was performed based on extracted time-activity curves and the OLINDA software.

Results. Neuroendocrine tumors showed an early peak (10-min post-injection) followed by washout. Both
gliomas showed prolonged 18F-FETrp accumulation plateauing around 40-min and showing
heterogeneous uptake including non-enhancing tumor regions. Biodistribution showed moderate liver
uptake and fast clearance of radioactivity into the urinary bladder; the estimated effective doses were
similar to other 18F-labeled radioligands. 

Conclusions. The study provides proof-of-principle data for the safety and potential clinical value of 18F-
FETrp-PET for molecular imaging of human gliomas.

INTRODUCTION
Tryptophan is an essential amino acid required for biosynthesis of proteins, serotonin, and niacin [1].
Under some pathologic conditions, including cancers, induction of indoleamine 2,3-dioxygenase (IDO)
also leads to increased tryptophan metabolism via the kynurenine pathway (KP) that can exert a strong
immunosuppressive effect [2, 3]. Pharmacological blockade of KP activity can reverse this immune
suppression [2–4]. Human studies using molecular imaging targeting tryptophan metabolism may clarify
the role of tryptophan metabolism in the biological behavior of malignant tumors and identify tumors
likely to respond to KP inhibition.

We have previously used alpha-[11C]-methyl-L-tryptophan (11C-AMT) in human cancer imaging with
positron emission tomography (PET) [5–9]. 11C-AMT can be metabolized to serotonin, and, to a certain
degree, via the KP [10] and has shown several potential neuro-oncology applications [5, 7–9]. However,
the clinical use of 11C-AMT-PET is limited due to the radiotracer’s short half-life, cumbersome
radiosynthesis, and its re�ection of multiple metabolic pathways. Here we report the �rst human
experience with the 18F-labeled tryptophan analog 1-(2-[18F]�uoroethyl)-L-tryptophan (18F-FETrp).
Preclinical studies showed 18F-FETrp to be the substrate of IDO [11–15]. Here we applied 18F-FETrp-PET
to establish its safety and potential utility to image human gliomas known to express IDO [16]. We also
scanned patients with neuroendocrine tumors that can upregulate the serotonin (but not the kynurenine)
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pathway and were expected to show lower 18F-FETrp accumulation, while allowing body imaging to
evaluate the tracer’s biodistribution and perform dosimetry.

METHODS
Subjects. Six patients (4 females, age: 56 ± 10 years, body weight: 81 ± 18 kg) participated in this study.
Four had previously diagnosed neuroendocrine tumors, and the remaining two had a brain tumor, glioma
on subsequent histopathology. Inclusion/exclusion criteria are given in Supplemental Data. The subjects’
vital signs were recorded before radioligand injection and at the conclusion of the PET scan (~ 70 min
p.i.). The study was approved by the WSU Institutional Review Board, and all participants signed a
consent form.

Radioligand preparation. 18F-FETrp was prepared as described recently [17] and was carried as outlined in
our FDA-approved Investigational New Drug Application (#162,122). 18F-FETrp was obtained with high
radiochemical purity (> 99%) and had speci�c radioactivity of 226 ± 19 GBq/µmol (N = 6 batches) at the
time of injection. The mean and standard deviation of the administered mass of 18F-FETrp was 0.78 ± 
0.40 ug (range, 0.35–1.50 µg). The mean administered activity was 470 ± 140 MBq (300–630 MBq).
There were no adverse or clinically detectable pharmacologic effects in any subjects, and no signi�cant
changes in vital signs or the results of laboratory studies or electrocardiograms were observed.

PET/CT acquisition. All scans were performed using a GE Discovery STE PET/CT scanner (Waukesha, WI,
USA). Before tracer injection, a low-dose helical CT (60 mA, 100 kVp) scan was acquired for attenuation
correction and localization. Following intravenous injection of 18F-FETrp (5.2 MBq/kg), patients with a
brain tumor underwent a 3D dynamic brain scan (5x3, 3x5, 3x10min), whereas patients with
neuroendocrine tumors underwent a multi-pass 3D whole-body PET scan (3min/bed) consisting of three
sequential acquisitions (0–20, 20–40, 40-60min). Images were reconstructed with OSEM image
reconstruction using 28 subsets with 4 iterations and were corrected for attenuation.

Image analysis. For semiquantitative analysis of organ and tumor tracer uptake, standardized uptake
values (SUVs) in regions representing various organs/tissues were determined. A complete set of organs
was automatically segmented from CT image volumes using the multiple-organ objective segmentation
(MOOSE) software [18] (details in Supplemental Data). Tumor regions were de�ned on PET/CT images
co-registered with the subjects’ magnetic resonance images (MRIs) or CT images. For the brain tumors,
where tracer uptake was heterogeneous within the MRI-de�ned tumor mass, circular ROIs with a diameter
of at least 6 mm were placed manually on the MRI-co-registered PET images centered around the
maximum uptake area in two 3-mm axial slices. For the hemispheric tumor, additional ROIs were used in
adjacent lower-uptake contrast-enhancing tumor regions.

Calculating residence times. The residence time for each organ was calculated using the OLINDA
software [19, 20] (see details in Supplemental Data).
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RESULTS
Biodistribution of 18 F-FETrp. The urinary bladder had the highest uptake, with a peak of 40% of injected
activity at 10-min (Fig. 1). Similar to the kinetics of the bladder, radioactivity peaked in the �rst image
acquisition for the liver (10%), kidneys (5.0%), and other organs and decreased throughout the length of
the scan (Fig. 2). The scans showed no signi�cant bone radioactivity.

Dosimetry of 18 F-FETrp. The organs with their residence time are listed in Table 1. The organ with the
highest radiation dose (µGy/MBq) was the urinary bladder wall, followed by the kidneys and liver
(Table 2). The effective dose equivalent (EDE) was 14.7 µSv/MBq for males and 18.3 µSv/MBq for
females. The total patient dose (EDE) for a clinical study, when administering a dose of 5.2 MBq/kg
(equivalent to 0.14 mCi/kg), was 5.3 mSv (530 mrem) for males and 5.7 mSv (570 mrem) for females.

Tumor uptake of 18 F-FETrp. Both gliomas showed 18F-FETrp accumulation plateauing around 40min
after tracer injection (Fig. 3). Tracer uptake in normal brain was low, providing an excellent tumor-to-
background contrast. Tracer uptake was heterogeneous in both tumor masses: in the hemispheric glioma,
the highest 18F-FETrp-uptake area was con�ned to a portion of the contrast-enhancing mass (Fig. 3A).
Histopathology from this area showed a WHO grade II astrocytoma (IDH1-mutated with gemistocytic
features). In the brainstem glioma, high 18F-FETrp uptake encompassed a portion of non-enhancing area
with high FLAIR signal (Fig. 3B), which was biopsied and showed a diffuse astrocytoma (Ki-67 6–8%,
IDH2-mutated). SUV at 40-60min post-injection in the highest uptake region was 3.5 in the hemispheric
and 2.2 in the brainstem glioma, yielding a tumor-to-cortex ratio of ~ 7 and 4.5, respectively. Tracer uptake
peaked early in the neuroendocrine tumors and was lower with an average SUV of 2.0 and a tumor to
tissue contrast of ~ 2:1 (Fig. 4).

DISCUSSION
This �rst human PET study with 18F-FETrp, a tryptophan analog with the potential to evaluate tumoral
tryptophan transport and metabolism via the KP demonstrates the safety and biodistribution of this
radiotracer, with a fast 18F-FETrp excretion into the urinary bladder, with small residual activity in the liver
and kidneys. Unlike in our previous study in mice [14], we observed only moderate tracer uptake in the
pancreas. The estimated effective doses are similar to those of other 18F-labeled radioligands [21].

Neuroendocrine tumors showed an initial uptake followed by washout, consistent with lack of trapping
within the tumors. In contrast, the gliomas showed excellent 18F-FETrp tracer uptake with prolonged
accumulation in the presence of very low uptake in non-tumoral brain. In addition, high 18F-FETrp uptake
provided differential spatial information with respect to tracer accumulation within a larger tumor mass,
rendering 18F-FETrp a promising tracer to identify tumor regions for treatment targeting. Similar to
previous PET studies with AMT and other amino acid analog radiotracers, 18F-FETrp may detect non-
enhancing glioma portions and differentiate contrast-enhanced tumor regions from non-tumoral mass
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(such as edema) [7–9]. However, the potential ability of 18F-FETrp uptake to re�ect IDO activity and
respond to IDO inhibition sets it apart from other 18F-labeled amino acid PET tracers. Since KP activation
contributes to an immunosuppressive tumor microenvironment, associated with malignant phenotype
and poor prognosis [16, 22], the KP is an attractive target for glioma immunotherapy. Pending further
studies, 18F-FETrp-PET holds the promise to serve as a unique molecular imaging approach to study
tryptophan metabolism in vivo.

Conclusion
Our study provides strong proof-of-principle data for the potential clinical value of 18F-FETrp-PET for
molecular imaging of human gliomas.
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Tables 1-2 is available in the Supplementary Files section.

Figures

Figure 1

Maximum intensity projection images of a male patient with neuroendocrine tumors (arrows) at 10, 30,
and 50-min after 18F-FETrp injection. The images showed initial uptake in the kidneys, liver, and tumor
tissue (arrows), with subsequent tracer extraction via urine resulting in high tracer accumulation in the
bladder.



Page 8/10

Figure 2

Mean radioactivity from 18F-FETrp in various organs. A fast initial organ uptake is followed by steady
washout. Data are mean ± SD in four subjects. LLI=lower large intestines

Figure 3
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Uptake of 18F-FETrp in two patients with a glioma. (A) Heterogeneous tracer accumulation in a left
hemispheric contrast-enhancing tumor mass in a 64-year-old woman, who had a history of a resection of
a low-grade glioma; recent MRIs suggested slow tumor progression behind the previous resection cavity.
The images (summed uptake 40-60 min p.i.) clearly identi�ed a portion of the MRI-detected mass with
high, sustained tracer accumulation (R1) in addition to a posterior "warm" region (R2) and fairly large
portion that showed lower tracer uptake (R3). (B) 18F-FETrp accumulation in a slowly growing brainstem
mass in a 37-year-old woman; high uptake was con�ned to the anterior portion of the FLAIR-hyperintense,
non-contrast-enhancing area. Biopsy obtained from this area showed a diffuse astrocytoma. For both
tumors, the corresponding time-activity curves indicated trapping of tracer in tumor tissue, resulting in
excellent contrast of all the tumor regions against normal brain tissue.

Figure 4
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18F-FETrp Uptake in two patients with neuroendocrine tumors (arrows; 10-min post-injection). In contrast
to the uptake in brain tumors, the tracer underwent washout following high initial uptake (at 10-min p.i.).
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