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Abstract

Purpose: Fluorine-18 labeled tryptophan analog L-1-['®Flfluoroethyl-tryptophan (L-1-['®F]FETrp)
was designed for positron emission tomography (PET) imaging of cancer by dual targeting of the
overexpressed amino acid transporters and altered indoleamine 2,3-dioxygenase (IDO)-
mediated kynurenine pathway of tryptophan metabolism. In our previous study, we described
the radiosynthesis and preliminary evaluation of L-1-['®F]JFETrp for PET imaging of breast
cancer. The aim of this study was to investigate the in vivo imaging mechanism and further
evaluate this radiotracer in more wide range types of cancers including prostate cancer, lung
cancer, and glioma.

Procedures: The mice bearing subcutaneous PC-3 prostate cancer, subcutaneous H2009 and
H460 lung cancers, subcutaneous MDA-MB-231, orthotopic A549 lung cancer, and intracranial
73C glioma were employed to evaluate L-1-['®F]FETrp for PET imaging of cancer. The in vivo
catabolism of L-1-['®F]FETrp in the tumor was studied by analysis of PC-3 extracts with radio-
HPLC.

Results: Small animal PET/CT imaging of L-1-['®F]FETrp visualized all tumors in these different
mouse models with high accumulations of radioactivity in PC-3 (7.5 + 0.6 % ID/g), H2009 (5.3 £
0.8 % ID/g), H460 (9.0 + 1.4 % ID/g), A549 (4.5 £ 0.5 % ID/g), and 73C (4.1 + 0.7 % ID/g) tumors.
The radio-HPLC analysis of PC-3 tumor extracts revealed that about 30 % of L-1-['®F]FETrp was
converted into a highly polar radioactive metabolite. The uptake in H460 cancer was about 1.7-
fold higher than that in H2009 cancer, which indicated L-1-['®F]FETrp could differentiate these
subtypes of lung cancers (H2009 and H460) by imaging quantification. Furthermore, small
animal PET/CT imaging in intracranial glioma revealed L-1-['®F]FETrp could pass blood-brain
barrier (BBB) and accumulate in glioma with a favorable imaging contrast (tumor-to-brain 2.9).
Conclusions: L-1-['®F]FETrp highly accumulated in a wide range of malignancies including lung
cancer, prostate cancer, and glioma. These results suggested that L-1-["®F]FETmp is a promising
radiotracer for PET imaging of cancer.

Key Words: PET, Tryptophan metabolism, IDO, Kynurenine pathway, Cancer imaging

Electronic supplementary material The online version of this article (https:/
doi.org/10.1007/s11307-019-01327-4) contains supplementary material,
which is available to authorized users.

Correspondence to: Hancheng Cai; e-mail: cai.hancheng@mayo.edu


http://crossmark.crossref.org/dialog/?doi=10.1007/s11307-019-01327-4&domain=pdf
http://dx.doi.org/10.1007/s11307-019-01327-4
http://dx.doi.org/10.1007/s11307-019-01327-4

Xin Y. et al.: L-1-['®F]FETrp for PET Imaging of Cancer

Introduction

Tryptophan is transported into tumor cells primarily through
L-type amino acid transporter (LAT) and further catabolized
into several bioactive metabolites mainly through intracellu-
lar rate-limiting enzymes indoleamine 2,3-dioxygenase/tryp-
tophan 2,3-dioxygenase (IDO/TDO)-mediated kynurenine
pathway, which can regulate immune response by suppress-
ing T cell function and allow tumor immune escape [1, 2].
Given the importance of kynurenine pathway of tryptophan
metabolism in numerous cancers, the kynurenine pathway is
increasingly recognized as a prominent target for cancer
imaging and therapy [3-6]. For instance, several IDO
inhibitors have being investigated as a single agent or
combination with other therapies for treatment of a wide
range of primary or metastatic cancers including breast,
prostate, lung, melanoma, pancreas, ovarian, and brain
tumors in multiple clinical trials [7—10]. In particular, these
IDO inhibitors serve as immunometabolic adjuvants that
enhance systemic immune responses with combination
immunotherapy of programmed cell death protein 1/
programmed death-ligand 1/(PD-1/PD-L1) antibody drugs,
leading to promising results in clinical trials [11, 12].
However, selecting right patients for this type of combina-
tion immunotherapy and monitoring the cancer immuno-
therapy response are difficult due to the lack of validated
biomarkers.

Positron emission tomography (PET) is a noninvasive and
quantitative imaging technique and it allows the functional
evaluation of cancer-associated metabolic abnormalities [13].
PET imaging of IDO-mediated kynurenine pathway of
tryptophan metabolism may provide valuable information for
monitoring IDO inhibitor-based combination cancer immuno-
therapy. Currently, radiotracer alpha-['' CJmethyl-L-tryptophan
(["'C]AMT) is used for PET imaging of IDO-mediated
kynurenine pathway in clinical research [14]. However, this
radiotracer is limited to a few PET centers due to its short half-
life (20 min) and the complicated radiosynthesis [15].
Recently, a number of fluorine-18 labeled tryptophan analogs
have been developed for cancer imaging, including r-1-
["®F]fluoroethyl-tryptophan (L-1-['®*F]FETrp), however, none
of them has been translated to clinic PET imaging of cancer
[16-22]. Among these radiotracers, Dr. Henrottin’s group and
our group have identified and prepared L-1-['"*F]FETtp for PET
imaging of IDO-mediated kynurenine pathway [16-18]. In
these studies, we have described the development of a practical
method for the automated radiosynthesis of L-1-['*FJFETrp,
and our biological evaluation results suggest that r-1-
["*F]FETrp is a promising radiotracer for PET imaging of
IDO-mediated kynurenine pathway of tryptophan metabolism
in a breast cancer mouse model [16]. Furthermore, our
comparative study between L-1-['*F]FETrp and [''C]JAMT in
patient derived tumor xenograft mouse models showed the
advantages of L-1-["®F]FETrp over [''CJAMT in terms of
tumoral uptake, tumor-to-background ratio and radiotracer
availability [17].
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Our previous study has demonstrated r-1-['*F]JFETrp
influx into breast cancer cells predominantly via
overexpressed amino acid transporters LAT and alanine-,
serine-, and cysteine-preferring (ASC), and the tumor cell
uptake is associated with IDO expression [16]. However,
there is lack of evidence of L-1-['*F]FETrp in vivo catabo-
lism in IDO overexpressed cancers. Moreover, we need to
validate the imaging findings in other common cancers with
high IDO expression. In the present study, we investigated
the metabolic stability of L-1-['"*F]FETrp in cancer and its
“trapping mechanism”, and further evaluated this radiotracer
as a cancer imaging agent in more wide range types of
cancer mouse models including subcutaneous PC-3 prostate
cancer, subcutaneous H2009 and H460 lung cancers,
orthotopic A549 lung cancer, and intracranial 73C glioma.

Materials and Methods

Radiosysnthesis of 1-1-['*F]JFETrp, Cell Lines,
and Animal Models

Radiotracer L-1-['*F]FETrp with a molar activity of 495.43
+129.5 GBg/umol (n=7) was obtained using a one-pot
two-step procedure in GE FX-N module following our
previously reported method [16]. Carcinomas cell lines PC-
3, H2009, H460, and A549 were obtained from the
American Type Culture Collection (ATCC, Manassas,
VA). Mouse astrocytes derived glioma cell line 73C with
BRAFV600E, Pten —/—, P53 —/—, was kindly provided by
Dr. Robert M Bachoo Laboratory. Male SCID mice (6—
8 weeks of age) were purchased from the Wakeland Mouse
Breeding Core at the UT Southwestern Medical Center.
Nude mice were purchased from the NCI or Jackson
laboratory. The preparation of subcutaneous PC-3 tumor
model, subcutaneous H2009 and H460 tumor model,
subcutaneous MDA-MB-231 tumor model, orthotopic
A549 lung tumor model, and intracranial 73C glioma mouse
model is detailed in the Electronic Supplementary Material
and in compliance with the Guidelines for the Care and Use
of Research Animals established by the UT Southwestern
Medical Center Animal Use Committee. Detailed procedures
for the radiosynthesis of L-1-['*F]FETrp, cell culture, and
animal model preparation are presented in the supplemental
materials.

Animal Studies

After the intravenous injection of 3.7-7.4 MBq of L-1-
["®F]FETtp in ~ 150 pl of saline, mice were subjected to the
small animal positron emission tomography/computed to-
mography (micro-PET/CT) scan (Siemens Medical Solu-
tions Inc., Knoxville, TN) under 1-2 % isoflurane
anesthesia. Static PET scans were performed for 15 min,
immediately followed by a CT scan (10 min). For the PET
quantification, tumor and other organs were determined by
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CT morphology, and regions of interest (ROIs) were defined
manually over their entire volumes. The resulting quantita-
tive data were expressed in percentage injected dose per
gram (% ID/g). After the in vivo imaging studies, the
biodistribution and metabolic stability studies were per-
formed to validate the imaging data. The procedures for
biodistribution and metabolic stability studies could be
found in supplemental materials.

Statistical Analyses

Statistical analyses were performed using two-way analysis
of variance (ANOVA) with GraphPad Prism 7.0 (GraphPad
Software, Inc., San Diego, CA). Differences between groups
were considered to be significant at a P value of <0.05.

Results

t-1-["*FJFETrp “Trapping” into a Tumor and
Imaging Prostate Cancer with PET

To investigate the “trapping mechanism” of L-1-['*F]FETrp
in cancer, we evaluated L-1-['"®F]JFETrp in PC-3, which
produces constitutively IDO activity in culture naturally
(25), on cell uptake study and PET imaging, and further
compared the results with MDA-MB-231 tumor, where IDO
expression was undetectable [16]. L-1-["®F]FETrp uptake in
PC-3 cells was continually increasing and up to 7.8 £0.1 %/
mg within 60 min (Fig. la). As expected, L-1-['*F]FETrp
uptake increased ~18 % in comparison to our previous
results in MDA-MB-231 cells (6.6 +0.7 %/mg). Similar to
cell uptake results, radioactive uptake of PC-3 tumor on L-1-
['*FJFETrp PET imaging at 2 h post-injection (7.5+0.6 %
ID/g, Fig. 1b and Suppl. Table 1, see Electronic Supple-
mentary Material (ESM)) was 64 % higher than the
corresponding uptake of MDA-MB-231 (4.6+£0.4 % ID/g)
[16], which was consistent with the in vitro cell uptake
results.

Based on above results, we further hypothesized that the
presence of IDO expression would enhance L-1-['*F]FETrp
trapping process in cancer, and thus increase the imaging
contrast (tumor-to-muscle ratio) at later time point. There-
fore, we scanned PC-3 tumor bearing mice at 4 h post-
injection. It was found that L-1-['*F]FETrp uptake of PC-3
tumor on PET/CT image was still in a relatively high level
(6.4+1.0 % ID/g) at 4 h. These imaging results were further
validated by ex vivo biodistribution data (5.7+0.6 % ID/g,
Suppl. Table 2, see ESM). The PC-3 tumor uptake at 4 h
slightly decreased in comparison with that at 2 h, while, the
imaging contrast (tumor-to-muscle ratio) was increased from
43 at 2 h to 4.9 at 4 h (Suppl. Table 1). The increased
imaging contrast is probably due to a lower background at
later time point, IDO-promoted trapping enhancement and
radioactive metabolites transport.

Xin Y. et al.: L-1-['®F]FETrp for PET Imaging of Cancer

According to IDO-mediated kynurenine pathway of
tryptophan metabolism, L-1-["®F]FETrp trapping in tumor
cells either binds to the enzyme IDO or undergoes
catabolism to its radioactive metabolites within tumor cells.
Therefore, it is of great interest to assess whether there is
radioactive metabolite formed in tumor tissue. Since the cold
standard of the potential metabolite L-1-['*F]FEt-N-formyl-
kynurenine was not available in our lab, we conducted the
metabolism study under a similar radio-HPLC condition as
previously used for L-1-FETrp metabolism study [23] in
order to estimate the indenity of radio-metabolites. The
radio-HPLC study of PC-3 tumor extracts (Supplemental
Fig. 1) revealed that about 30 % of L-1-['"*F]FETrp was
converted to a more hydrophilic radioactive metabolite
(retention time 4.6 min) compared parent radiotracer
(retention time 11.2 min). Taking into account the fact that
the retention time of L-1-FETrp and its metabolite L-1-FEt-
N-formyl-kynurenine was 9.2 min and 5.0 min, respectively,
under similar HPLC condition [23], we might conclude that
this radioactive metabolite was L-1-['®F]FEt-N-formyl-
kynurenine or L-1-['*F]FEt-kynurenine. The observed radio-
active metabolite suggested that the biotransformation of L-
1-["®F]JFETrp was involved in the tumor uptake.

PET Imaging of Lung Cancer with i-1-
["*FJFETrp

Like prostate cancer, overexpressed LAT and ASC and
dysregulated IDO-mediated kynurenine pathway were found
in many lung tumors [4, 5]. Non-small cell lung cancers
H2009 and H460 are commonly used for PET radiotracer
evaluation and H460 has a high IDO expression [24].
Therefore, we also evaluated L-1-['®F]FETrp for PET
imaging of cancer in animal models bearing both lung
tumors H2009 and H460. As shown in Fig. 2 a, the cell
uptakes of L-1-['®F]FETrp were higher in H460 (30 min,
10.6+1.9 %/mg; 60 min, 15.6+3.4 %/mg) than these in
H2009 (30 min, 8.3+ 1.0 %/mg; 60 min, 10.2+ 1.0 %/mg).
Micro-PET/CT imaging with L-1-['*F]FETrp acquired at 2 h
post-injection showed that the accumulations of L-1-
["*F]FETrp in H2009 lung tumor (5.3+0.8 % ID/g) and
H460 lung tumor (9.0 + 1.4 % ID/g) were much higher than
that in normal lung tissue (1.6 +0.1 % ID/g, p=0.0004 and
0.0002, respectively) (Fig. 2b). Furthermore, L-1-["*F]FETrp
uptakes between H2009 tumor and H460 tumor were
significantly different, and the radioactive uptake in H460
was about 1.7-fold higher than that in H2009 (p =0.0053),
which is in agreement with the cell uptake results (Fig. 2a).
Since the H460 tumor has a high IDO expression [24], it is
of interest for us to examine the retention of radiotracer with
PET in the lung tumors at different time points. The PET
imaging on lung tumor xenografts were acquired at 1, 2, 3,
and 4 h post-injection. These series imaging revealed a
favorite retention of L-1-['*FJFETrp in tumor H460 during
1-4 h (Fig. 2¢).
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Fig. 1. a In vitro cell uptake of L-1-["®F]FETrp into PC-3 and MDA-MB-231 cells within 60-min incubation. Data were
expressed as percentage of injected dose (% ID) per mg protein (n = 3-6). b Representative PET/CT image of mice bearing PC-
3 tumor xenograft. The mice (n = 3) were injected with the L-1-['®F]JFETrp into a tail vein and PET data were acquired 2 h post-

injection. The PC-3 tumor is marked with a white arrow.
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Fig. 2. a Radioactive uptake of L-1-["®F]FETrp into H2009 and H460 cells at 30- and 60-min incubation (n = 6). b Radiotracer
accumulations in H2009 tumor, H460 tumor, and normal lung at 2 h post-injection (n = 3). The uptakes of radiotracer in both
tumors H2009 and H460 were significantly higher than that in normal lung (P = 0.0004 and 0.0002, respectively). The uptake of
radiotracer in tumor H460 was significantly higher than that in tumor H2009 (P =0.0053). ¢ PET images of xenograft-bearing
mice with H2009 and H460 lung tumors (left shoulder: H2009 tumor; right shoulder: H460). Xenograft-bearing mice were
injected with L-1-["®F]FETrp via a tail vein and PET/CT data were acquired at 1, 2, 3, and 4 h post-injection. Tumors are marked

with white arrows.
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Encouraged by the PET imaging results in lung tumor
xenografts, we next evaluated L-1-["®F]FETrp in a mouse
model bearing orthotropic lung tumor AS549, which was
reported to have a high IDO expression [24]. As expected, a
high accumulation of the radioactivity (4.5+0.5 % ID/g)
was obtained at 2 h post-injection (Fig. 3), and the
orthotropic A549 lung tumor was clearly visualized by
micro-PET/CT with a favorable imaging contrast (tumoral
lung/normal lung) of 2.6. These imaging data demonstrated
the high potential of L-1-['*F]FETrp PET for imaging lung
cancer in clinic.

PET Imaging of Brain Cancer with i-1-
["SF]FETrp

In our study, we observed the normal brain uptake of L-1-
['"®F]FETrp was low during 5- to 60-min dynamic imaging,
which provided a favorable low brain imaging background,
but also might be indicative of its low blood-brain barrier
(BBB) penetration or quick washout from the brain. Low
availability of a radiotracer in the brain is commonly
indicative of a failure in the development of neuroimaging
agents. It is still unknown if the low uptake of L-1-
["*F]FETrp in normal brain during 5-60 min will limit the
brain tumor imaging.

In order to assess whether L-1-['*FJFETrp could pass
BBB and accumulate in brain tumor, we evaluated PET
imaging of brain tumor with L-1-['"®F]FETrp in an intracra-
nial glioma mouse model. Our micro-PET imaging results
(Fig. 4a, b) revealed L-l-[lSF]FETI‘p could pass BBB, and
accumulated in 73C glioma (4.1+0.7 % ID/g) with a
favorable imaging contrast (tumor-to-brain 2.9). After PET
imaging, mouse brains were sliced and the location of 73C
glioma was further confirmed through GFP fluorescence by
fluorescent microscopy imaging (Fig. 4c). These results
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demonstrated that L-1-["*F]FETrp had a good BBB perme-
ability and high potential for the imaging of brain tumor.

Discussion
i-1-["F]JFETrp “Trapping” into a Tumor

Tryptophan is used in the biosynthesis of proteins and
bioactive metabolites in cell metabolism and involved in
three major metabolism pathways in humans, including
protein synthesis, serotonin pathway, and kynurenine path-
way. Among them, kynurenine pathway accounts for ~95 %
of tryptophan metabolism. Radiotracer L-1-['*F]FETrp was
designed for PET imaging of cancer by dual targeting of the
amino acid transporters (LAT and ASC) and IDO-mediated
kynurenine pathway of tryptophan metabolism. Given that L-
1-['"®F]FETrp is structurally similar to tryptophan and an
IDO inhibitor/substrate 1-methyl-L-trytophan, we hypothe-
size that L-1-['"®F]JFETrp can cross tumor cell membrane
through overexpressed amino acid transporters LAT and
ASC, and then binds to IDO enzyme, and subsequently
undergoes its catabolism in the cells (Fig. 5). Because of the
nature of their exchange transport mechanism, LAT and
ASC cannot highly concentrate amino acid-based radio-
tracers in cancer cells, which often leads to a moderate
imaging contrast (tumor-to-background ratio) for LAT- or/
and ASC-targeted amino acid radiotracers. IDO, a cytosolic
enzyme [25], can bind with L-1-['"*F]JFETrp and catalyze its
degradation. This intracellular binding to IDO and subse-
quent catabolism would contribute to the increased trapping
of L—l-[lSF]FETI’p in cancers and thereby lead to an
improved imaging contrast compared to conventional amino
acid-based radiotracers. In this study, we validated our
hypothesis and further evaluated L-1-['*F]FETrp for PET
imaging of cancer, including prostate cancer, lung cancer,
and brain cancer.
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A549 Lung

Fig. 3. PET/CT image of orthotopic A549 lung tumor mice. Mice were injected with the L-1-['8F]FETrp through tail vein. PET/
CT data were acquired at 2 h post-injection. The lung uptake data were expressed as means = SD (n=3). The uptake of
radiotracer in lung tumor A549 was significantly higher than that in normal lung (P = 0.0008).
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Fig. 4. a Representative PET images of intracranial glioma transplanted on mice (n=3). Intracranial brain 73C-glioma
transplanted mice were injected with the L-1-['8F]FETrp into a tail vein. PET data were acquired 2 h post-injection. The glioma is
marked with white arrows. b The radioactive uptake qualification of 73C glioma and normal brain 2 h post-injection. The uptake
of radiotracer in glioma was significantly higher than that in normal brain (P =0.0030). ¢ 73C-GFP glioma in mouse brain, both
DIC and fluorescent images show the tumor in thalamus-stratum region.

The in vitro enzymatic assay has proved standard com-
pound L-1-FETrp is an IDO substrate [23]. Our previous study
also demonstrated that L-1-['®F]JFETrp was transported into
cancer cells predominantly through overexpressed amino acid
transporters LAT and ASC, and the accumulation in cancer
cells was associated with intracellular IDO expression, which
was exemplified in breast cancer MDA-MB-231 cells with and
without interferon-gamma treatment [16]. In this study, we
further found that L-1-['*F]FETrp has a higher uptake in high-
IDO expressing tumor cells (PC-3) as compared to low-IDO
expressing tumor cells (MDA-MB-231). This findings were
consistent with results from a recent report that demonstrated L-
1-["®F]FETtp uptakes in tumor cells were correlated with
different levels of IDO expression [18]. To our best knowledge,
there was, so far, no in vivo study of L-1-['**F]FETrp on tumors
with different levels of IDO expression. Our PET imaging
results showed that L-1-['®F]FETrp uptake in high-IDO
expressing tumor (PC-3) was significantly higher than that in
low-IDO expressing tumor (MDA-MB-231), suggesting L-1-
["*F]FETrp uptake is likely associated with IDO expression in
the tumor. Furthermore, the high uptake of L-1-['*F]FETrp in
high-IDO expressing tumors (PC-3 and H460) indicated that a
trapping mechanism was involved in the radioactive uptake
and retention. In addition, 98 % of L-1-["*F]FETrp remained
intact in MDA-MB-231 tumor tissue [16], while, 30 % of L-1-
["®FJFETrp was metabolized in PC-3 tumor tissue, giving a
radioactive metabolite, which very likely corresponded
kynurenine analogs. Collectively, these findings strongly

support our proposed IDO-mediated trapping mechanism,
which is L-1-['®*F]FETrp influx into tumor through
overexpressed amino acid transporters LAT and ASC, and
further retention or trap within the tumor via IDO-mediated
kynurenine pathway of tryptophan metabolism (Fig. 5).

PET Imaging of Cancer with 1-1-['*F]FETrp

PET imaging performed in mouse tumor models illustrates
the potential utility of L-1-['*F]JFETrp for imaging of various
cancers. Specifically, the low uptake in normal lung and
substantial different radioactive uptakes in H2009 and H460
tumors indicate that L-1-['"*F]FETrp not only enables to
detect lung tumors, but also can differentiate the subtypes of
lung tumors H2009 and H460. The high uptake of r-1-
["®F]JFETrp in H460 tumor is probably due to the high
expression of IDO in this tumor. To our best knowledge, the
IDO expression level in H2009 was not reported. Therefore,
more work is needed to compare the IDO activities on both
tumors. Moreover, L-1-['*F]FETrp for PET imaging of lung
cancers was further evaluated in more clinic-relevant
orthotopic A549 tumor mice. These results clearly demon-
strated the potential of L-1-['*F]JFETrp PET for cancer
imaging in clinic.

Our previous study in subcutaneous patient-derived brain
tumor xenografts suggested that L-1-["*F]FETrp is a prom-
ising agent for PET imaging of brain tumor [17]. However,
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Fig. 5. The proposed mechanism of L-1-['®F]FETrp “trapping” in tumor cell. L-1-['®F]FETrp crosses tumor cell membrane
through exchange amino acid transporters LAT and ASC, then binds to IDO enzyme, forming an IDO-radiotracer complex,
which cannot pass through cell membrane. The IDO-radiotracer complex either releases free L-1-['®F]FETrp or yields L-1-
["®F]FEt-N-formyl-kyn, which might be further catabolized into Kyn metabolites in the cells. L-1-['®F]FETrp is trapped in the
tumor cell mainly due to the binding to IDO enzyme and further catabolism.

its BBB permeability is still our special concern. Thus, we
evaluated PET imaging of L-1-['"*F]FETrp in an intracranial
glioma mouse model, and found that L-1-["*F]FETrp could
pinpoint the tumor in the brain. This study clearly
demonstrated the potentials of L-1-['*F]JFETrp for PET
imaging of brain tumor in clinic and also indicated its
applications in other brain diseases with altered kynurenine
pathway of tryptophan metabolism.

Given its low uptake in normal lung and brain, as well as
favorable kinetics and radiation dosimetry [17], the imaging
results of L-1-["*F]FETrp in this study strongly support the
clinical translation for both lung cancer and brain tumor.
Although the application of L-1-['"*F]JFETrp PET in primary
prostate tumor may be still limited because of its high
accumulation in the surrounding of prostate, such as urinary
bladder that increases gradually over time, but it may find
application in assessment of prostate cancer recurrence at
early imaging time point as recent FDA-approval PET drug
amino acid analog Axumin (F-18 fluciclovine) injection
does [26]. In addition to diagnosis of various cancers, L-1-

["®F]FETrp PET may serve as a novel research tool for
monitoring IDO-targeted therapy response. For instance, the
results from a phase 2 clinic trial have showed a significant
improvement in radiographic and clinical progression by
treatment with IDO inhibitor indoximod post-sipuleucel-T
therapy in patients with metastatic castration resistant
prostate cancer. However, current biomarkers failed to
monitor the augmentation of immune response with IDO
inhibition [27, 28]. L-1-['"*F]FETrp PET may have potential
to serve as an imaging biomarker for monitoring IDO
inhibitor-based immunotherapy in clinic. Moreover, amino
acid transporters LAT and ASC are highly expressed in wide
range of human cancers including breast cancer, prostate
cancer, lung cancer, and brain tumor, responsible for cancer
initiation, progression, and metastasis [29, 30]. Therefore, L-
1-["®F]FETrp PET also have potentials to facilitate LAT/
ASC drug development for cancer diagnosis and therapy.
In summary, L-1-["*F]FETtp PET clearly visualized the
breast cancer [16], prostate cancer, lung cancer, and brain
cancer [17] in various animal models, demonstrated the
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potential for further clinical translation. Moreover, the
observed in vivo metabolism of L-1-['"*FJFETrp in PC-3
tumor and favorable retention of radioactivity in these
tumors suggested that biotransformation of radiotracer is
implicated in the radioactive uptake, which support that
IDO-mediated kynurenine pathway of tryptophan metabo-
lism was involved in enhancement of radioactivity accumu-
lation. A limitation of this study is the lack of direct
quantitative comparison of IDO and TDO expressions in
these tumors and thus to what extent the altered kynurenine
pathway affects the L-1-['"*F]FETrp uptake and retention is
still unclear. Further studies on correlation of L-1-['"*F]FETrp
uptake with IDO and TDO activity as well as the expression
of amino acid transporters (LAT and ASCT) on these tumors
are needed.

Conclusion

L-1-['"*F]FETrp highly accumulates in a wide range of
malignancies including lung cancer, prostate cancer, and
gliomas. The biotransformation of L-1-['*F]JFETrp occurs in
the tumor with high IDO expression. L-1-["*F]FETrp is a
promising radiotracer for PET imaging of cancers by dual
targeting of the amino acid transporters (LAT and ASC) and
IDO-mediated kynurenine pathway of tryptophan
metabolism.
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