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Abstract

In the latest World Health Organization classification of brain tumors, gliomatosis cerebri has been redefined to varying
subsets of diffuse gliomas; however, the term is still used to describe gliomas with infiltrative growth into three or more
cerebral lobes. These tumors are frequently misdiagnosed and difficult to treat due to their atypical presentation using
structural imaging modalities including computed tomography and T |/T2-weighted magnetic resonance imaging (MRI). In
this retrospective case series, we compared clinical MRI to amino acid positron emission tomography (PET) to assess the
potential value of PET in the assessment of the extent of tumor involvement and in monitoring disease progression. We
report the clinical course and serial multimodal imaging findings of four patients. Each patient presented at varying points
in disease progression with widespread glioma brain involvement and was evaluated at least once by amino acid PET
using alpha-[''C]methyl-L-tryptophan ([''C]-AMT). Increased uptake of [''C]-AMT was detected in a subset of non-
enhancing brain lesions and detected tumor invasion before MRI signs of tumor in some regions. Increased uptake of
[''C]-AMT was also detected in tumorous regions not detected by perfusion MRI or MR spectroscopy. Metabolic
response to treatment was also observed in two patients. Overall, these data are consistent with and expand upon
previous reports using other amino acid PET tracers in gliomatosis and show the potential added value of this imaging
modality to clinical MRI in the detection and monitoring of these diffusely infiltrative tumors.
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Introduction Gliomatosis histologically fits within grades 11-1V,

Gliomas typically present as a focal mass in one area of
the brain; however, they may also be diffuse in nature,
either at presentation or upon progression. In rare
cases, the glioma is diffusely infiltrative throughout
multiple cerebral lobes and without a circumscribed
mass (1). Gliomatosis cerebri has been defined as glio-
mas with widespread growth involving three or more
cerebral lobes and frequent extension into infratento-
rial structures (1). Gliomatosis cerebri has been
removed from the most recent 2016 World Health
Organization (WHO) classification and is now placed
into several diffuse glioma subtypes (2); however, the
term is still used widely today. Infiltration throughout
the white matter represents the progression of an initial
lesion in many cases, but gliomatosis can also present
with multifocal tumors (3,4).

and the prognosis is worse than that of a localized
glioma with the same histologic grade (5). The
median progression-free and overall survival for these
types of tumors are 10 and 13 and months, respectively,
with a five-year survival of 18% (5). Due to the
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widespread disease within the brain, complete surgical
removal of these tumors is extremely difficult or impos-
sible. Therefore, treatment regimens rely heavily on
combination chemotherapy and radiotherapy (CRT),
with the standard therapy consisting of radiotherapy
(RT) with concomitant temozolomide (TMZ) (3). In
many cases, RT is given as whole brain radiation due
to the lack of focal mass or resection cavity. Some
studies have demonstrated improved survival in
patients receiving a RT dose of 60 Gy. In contrast,
survival benefit was not seen with chemotherapy
alone (3).

Due to the difficulty in identifying and treating
gliomatosis, multiple imaging modalities are often
used to obtain accurate diagnosis, optimize treatment
regimens, and monitor disease  progression.
Developments with magnetic resonance imaging
(MRI), including spectroscopy (MRS), fluid-
attenuated inversion recovery (FLAIR) sequences,
and diffusion-weighted imaging (DWI) have led to
improved detection of non-contrast enhancing infiltra-
tive gliomas. Additional imaging includes positron
emission tomography (PET) with '®*F-fluorodeoxyglu-
cose (FDG-PET) (6) and amino acid-based PET
ligands that target amino acid transport and, in some
cases, alternative cellular energy pathways. Amino acid
PET can detect glioma infiltration and assist prognos-
tication in non-enhancing gliomas (7), but there have
been only limited studies to define the role of amino
acid PET in patients with gliomatosis (8-14).

In our center, the amino acid radiotracer alpha-[''C]
methyl-L-tryptophan ([''C]-AMT) has been successful-
ly used to identify and monitor epileptic and tumorous
lesions in the brain (15-23). Tryptophan is an essential
amino acid for protein synthesis; however, within the
brain most of the tryptophan enters alternative path-
ways to produce serotonin, melatonin, tryptamine, and
kynurenine (KYN). The KYN pathway is generally
regarded as a pro-inflammatory pathway and its activ-
ity is increased with glioma progression (24). Within
this pathway, indoleamine 2,3-dioxygenase 1 (IDO1),
indoleamine 2,3-dioxygenase 2 (IDO2), and trypto-
phan 2,3-dioxygenase 2 (TDO2) form the rate limiting
step of tryptophan conversion to KYN. IDOI1 and
TDO2 activity can lead to an immunosuppressed
tumor microenvironment that promotes progression
of glioblastoma (24). Production of KYN increases
the occupancy of the aryl hydrocarbon receptor, thus
enhancing the invasiveness of human glioblastoma cells
(24,25).

Here, we present the data of four patients with
extensive multi-lobar glioma infiltration of varying his-
tologic grades, who have all undergone multiple imag-
ing studies including 1-3 rounds of [''C]-AMT-PET.
These data are compared with clinical MRI findings

as well as clinical course to illustrate the potential
added value of ['"C]-AMT-PET. We also briefly
review the limited literature reporting on the use of
other amino acid tracers in imaging gliomatosis cerebri.

Case studies

Patient |

Initial clinical presentation and MRI: A 29-year-old
Indian woman presented with a seizure, prompting an
MRI scan which revealed diffuse hyperintensities
across both frontal lobes and a small area of increased
contrast enhancement in the posterior right frontal
lobe. MRS demonstrated elevated choline and reduced
N-acetylaspartate (NAA) in the left temporal lobe and
right frontal lobe, indicative of neoplastic processes.
An excisional biopsy of the right frontal lesion revealed
WHO grade II diffuse astrocytoma. Due to the diffuse
nature of her disease, complete surgical resection was
not a viable option, so she was followed with serial
MRI until progression, at which time TMZ was
started.

Clinical course and follow-up imaging: Over the next
3.5 years (2003-2007), the patient was followed by
serial scans and received 10 cycles of TMZ until clinical
progression. MRI at this time demonstrated an
increase in size of the right frontal lobe contrast-
enhancing lesion (from 3.3 x 2.3cm to 5.1 x 3.1cm in
a seven-month period in 2007) with concordant
increases in glucose metabolism on FDG-PET. After
resection of the symptomatic FDG-avid mass, pathol-
ogy classification changed to a WHO grade III anaplas-
tic oligoastrocytoma.

Clinical progression was noted again three years
later, with MRI demonstrating several new areas of
contrast enhancement in the left insula, indicative of
new lesions, which were treated with GammakKnife to
18 Gy. However, within six months, this lesion
increased in size, contrast enhancement, and relative
cerebral blood volume (rCBV) on perfusion MRI.
The patient was treated with tomotherapy (intensity
modulated RT) to 50 Gy in 25 fractions which suc-
ceeded in decreasing the left insular lesion size.

[M'CJ-AMT-PET abnormalities extended beyond
M RI-positive lesions: In 2011, an [''C]-AMT-PET was
done under a research protocol approved by the
Human Investigation Committee of Wayne State
University. The PET scan demonstrated increased
uptake in the right frontal and parietal lobes (standard-
ized uptake value [SUV] tumor/normal cortex
ratios=1.36 and 1.21, respectively) and left temporal
lobe and insula (SUV ratios = 1.23 and 1.24, respective-
ly) (Table 1, Fig. 1). MRI of the right frontal lobe also
demonstrated increased T2/FLAIR signal and
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AMT-PET/T1-Gad

Fig. |. Representative axial image planes from the 201 | scans of patient |: co-registered [''C]-AMT-PET/MRI post-gadolinium
(TI-gad) images in the upper panel and corresponding FLAIR images in the lower panel. The images demonstrate multiple
[''C]-AMT-accumulating lesions in the right parietal, left medial frontal, left insular, and left inferior temporal regions (arrows), which
also showed an increased signal on FLAIR images but no contrast enhancement. FLAIR showed additional brain regions with high
signal but low uptake of [''C]-AMT, consistent with edema. Note that high uptake of [''C]-AMT in the basal ganglia, occipital cortex,

and cerebellum is physiologic.

continued worsening in the left temporal lobe and
insula with increased rCBV and elevated choline/crea-
tine ratios on MRS. Notably, the AMT-positive right
parietal lesion was not picked up on MR studies.

In 2012, MRI demonstrated continued worsening of
the left temporal and insular lesions with FLAIR signal
alteration now spreading into the thalamus and peri-
trigonal white matter. A repeat [''C]-AMT PET scan
was consistent with these findings and highlighted
increased activity within the right parietal region. The
patient died in late 2012, almost 10 years after her ini-
tial disease presentation.

Patient 2

Initial clinical presentation, MRI, and ["'CJ-AMT-
PET: A 69-year-old Caucasian woman presented to
an outside Emergency Department (ED) with confu-
sion and fever and was found to be septic with pneu-
monia and treated with antibiotics. At the time of
transfer to our institution, the patient was intact neu-
rologically, but MRI demonstrated multiple contrast
enhancing lesions in the left hemisphere (thalamus,
temporal lobe, and peri-trigonal white matter). The
largest of these was a heterogeneous 4.4cm mass in
the left thalamus. Increased rCBV and MRS abnormal-
ities were consistent with a high-grade glial neoplasm.
Additionally, a right thalamic mass of 3.2cm, which
was non-enhancing and without rCBV or MRS
abnormalities, was also visualized. [''C]-AMT-PET

demonstrated severely increased radiotracer uptake in
the left posterior thalamus (SUV ratio=3.96), with
additional uptake extending into the adjacent white
matter. A separate area with a moderately increased
uptake (SUV ratio=1.4) was found in the non-
enhancing right thalamic lesion (Table 1, Fig. 2).

Biopsy of the smaller left temporal lesion confirmed
WHO grade III anaplastic astrocytic diffusely infiltra-
tive glioma. Molecular analysis demonstrated wild-type
isocitrate dehydrogenase 1 and 2 (IDHI1 and 2), and
0% methylguanine-DNA-methyltransferase (MGMT)
promoter methylation of 15%.

Clinical course and follow-up M RI: The patient could
not complete the prescribed full courses of CRT due to
the development of bilateral pulmonary emboli. Within
the next six weeks, the patient received partial brain
radiotherapy to 60 Gy and TMZ doses off and on
at the reduced dosage of 140 mg/day for a total of
three weeks.

Seven months after the initial diagnosis, MRI
demonstrated new nodular enhancement in the left
posterolateral thalamus and left external capsule
but remained inconclusive whether this was due to radi-
ation injury or infiltrating tumor. The final MRI one
month later, after clinical worsening, demonstrated
extensive FLAIR hyperintensities throughout both
hemispheres and a 6-mm rightward midline shift,
although the two thalamic lesions remained stable. She
died shortly thereafter at 18 months after the original
diagnosis.
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Patient 3

Initial clinical presentation and MRI: A 24-year-old
African American man presented to the ED with
changes in speech, loss of appetite, memory difficulty,
occasional nausea, and vomiting over three months.
Physical examination revealed right-sided upper and
lower extremity weakness, significant gait imbalance,
and papilledema. MRI demonstrated a right midline
shift with widespread enhancing lesions involving bilat-
eral frontal, parietal, and temporal lobes, as well as left
occipital lobe, while MRS was notable for elevated
choline and diminished NAA peaks within the left tem-
poral region. Biopsy of the left temporal lobe mass

Fig. 2. Representative axial brain images for patient 2. (a) T|
MRI with gadolinium fused with [''C]-AMT-PET image, the red
arrow highlights the left contrast-enhancing thalamic lesion
with SUV ratio of 3.96, the yellow arrow highlights the right
non-enhancing thalamus lesion with an SUV ratio of 1.4. (b)
[''C]-AMT-PET image (c) T| gadolinium image, (d) T2 image.

demonstrated a tumor that was histologically
consistent with a WHO grade II oligodendroglioma,
although negative for IDH1/2 mutation, no MGMT
promoter methylation, and no 1p/19q co-deletion.

Clinical course and follow-up M RI: Shortly after the
biopsy, he developed complete right hemiparesis and
began intensive rehabilitation. Whole brain RT
(45 Gy in 25 fractions) was initiated followed by tomo-
therapy boost (900 cGy in five fractions) to the left
temporal region for a total dose of 54 Gy. Symptoms
stabilized following treatment and the patient began
carboplatin (five days of treatment dose every
28 days) therapy.

Five months after the biopsy an MRI demonstrated
an irregular, heterogeneously enhancing 5.4 x
3.7 x 3.5cm left temporal lobe mass with worsening
FLAIR and T2 signal alteration and continued 4-mm
rightward midline shift with additional left uncal her-
niation. Left temporal lobe MRS demonstrated
increased choline, reversal of Hunter’s angle, and
abnormal lipid lactate levels, all suggesting high-grade
glial tumor. However, perfusion imaging showed
decreased rCBV within the left temporal lobe/insula
region, which was more consistent with radiation
injury rather than high-grade glioma.

[M'CJ-AMT-PET supported tumor progression and
detected treatment response: [''Cl-AMT-PET demon-
strated a small, focal hotspot with increased radiotrac-
er accumulation posterior to the radiated left temporal
tumor (SUV ratio=1.74) (Table 1, Fig. 3). This PET
finding supported tumor progression rather than radi-
ation injury. Bevacizumab treatment was added to his
carboplatin, and follow-up MRIs two and four months
later showed stable lesions. Repeat [''C]-AMT-PET
two months after the initial PET scan also showed
decreased radiotracer uptake in the left temporal
lesion (SUV ratio = 1.38).

The temporal lobe mass and the associated white
matter signal alterations remained stable on subsequent
MRIs; however, a new lesion developed in the

Fig. 3. Representative axial images for patient 3 from July 2017. (a) TI MRI with gadolinium fused with [''C]-AMT-PET image, with
the red arrow highlighting the left medial temporal lesion with SUV ratio of 1.74. (b) ['' C]-AMT-PET image, (c) T2/FLAIR image, (d) T1

post-gadolinium image.
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subcortical white matter underlying the motor cortex.
He continued to clinically decompensate with worsen-
ing motor and verbal skills over the next few months
and died 20 months after disease presentation.

Patient 4

Initial clinical presentation and MRI. A 60-year-old
Caucasian man presented to an outside hospital with
chest pain, left arm pain, and difficulty speaking. MRI
demonstrated a heterogeneously enhancing 4.2-cm left
temporal lobe mass with surrounding vasogenic edema
and moderate mass effect. Upon admission to our insti-
tution, he presented with dense receptive aphasia and
difficulty word finding without sensory-motor deficits.
The patient underwent volumetric resection of the left
temporal mass, and histopathology confirmed WHO
grade IV astrocytic glioma (glioblastoma) with wild-
type IDH1/2 and no MGMT promoter methylation.
Clinical course and follow-up MRIs: One month
later, MRI demonstrated nodular enhancement
within the posterior medial wall of the resection
cavity and T2/FLAIR signal alteration in the left fron-
tal lobe. He began treatments of TMZ (140 mg/day)
and RT (planned 60 Gy/30 fractions). Unfortunately,
he was admitted to the hospital for bilateral foot

February 2017

abscesses and all treatments were held after 10 Gy of
RT and one dose of TMZ.

Four months later, a repeat MRI demonstrated that
the nodular enhancement along the posterior resection
cavity wall had decreased and the left frontal lobe
remained stable. His original treatments were resumed,
and the patient completed the planned CRT. On
follow-up imaging, FLAIR and T2 signal intensity
changes were seen in the left temporal lobe resection
bed concerning for tumor progression.

Serial [M'C]-AMT-PET supported tumor
progression, detected treatment response followed by
development of new tumor foci: [''C]-AMT-PET dem-
onstrated increased uptake in the left temporal region
(SUV ratio=2.5) (Table 1, Fig. 4). Additionally,
increased uptake (SUV ratio=1.6) was noted in the
right inferior frontal cortex, which corresponded to a
developmental venous malformation (DVM) seen on
MRI.

About four months later, the patient began tumor
treating fields (TTFields) therapy, delivered by the
Optune® device, along with a bi-weekly course of bev-
acizumab and irinotecan. After 90 days of these inter-
ventions, follow-up MRI and [''C]-AMT-PET
demonstrated improvement in the left temporal lobe
lesion (SUV ratio=1.4). However, a new focus with

April 2017

Fig. 4. Representative axial images for patient 4 from February 2017, before receiving TTFields therapy (a—d) and from April 2017,
two months after starting TTFields treatment combined with bevacizumab and irinotecan (e—h). (a) T| post-gadolinium MRI fused
with [''C]-AMT-PET image, the yellow arrow highlights the left temporal lesion with SUV ratio of 2.5 and the red arrow highlighting
the right frontal DVM lesion (SUV ratio of 1.6). (b) [''C]-AMT-PET image, (c) T gadolinium image, (d) T2 image. Repeated AMT-PET
in April 2017 showed a new area with high uptake of [''C]-AMT in the right inferior medial region (SUV ratio = 1.6). () TI MRI with
gadolinium fused with [''C]-AMT-PET image, red arrow highlighting the new frontal lesion. The left temporal lesion showed a

decreased SUV ratio (1.4) compared to the first study. (f) [''C]-AMT-PET image, (g) T gadolinium image, (h) T2 image. TTFields,

Tumor Treatment Fields.
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increased uptake of [''C]-FAMT was detected in the
right medial inferior frontal lobe (SUV ratio=1.6)
(Table 1, Fig. 5), which was not seen on MRI at this
time. MRS detected abnormal metabolism in left peri-
trigonal white matter adjacent to the temporal lobe
tumor resection bed, consistent with high-grade glial
neoplasm.

One year after his initial diagnosis, the patient had
increased frequency and severity of headaches, vision
loss, difficulty of speech, and decreased hearing.
TTFields compliance became suboptimal (<18 h/day)
and the irinotecan was stopped, while bevacizumab
was continued. An MRI scan revealed increased size
of the lesions in the right frontal lobe and spread to
the left frontal lobe. The corresponding, third
[''C]-AMT-PET scan showed worsening in the original
temporal lobe lesion, as well as three new foci in the
right frontal lobe (SUV ratios >1.85 in all) and one
in the left frontal lobe (SUV ratio=1.98) (Table 1,
Fig. 5). He continued to decline and died one month
later.

Discussion

The serial imaging findings of the presented four
patients demonstrate the potential utility of amino
acid PET in both the early and late clinical course of
gliomatosis. These findings are largely consistent with
previous reports using PET imaging with a variety of

other amino acid tracers in patients with gliomatosis
(Table 2). [''C]-methionine ([''C]-MET) PET study
demonstrated high tracer uptake to extend beyond
the CT- and MRI-detected tumor and showed good
correspondence between dense tumor infiltration on
histopathology and high [''C]-MET uptake on PET
(11). A subsequent [''C]-MET PET study also demon-
strated increased radiotracer accumulation in type II
gliomatosis (with an obvious mass) but low uptake in
a type I lesion (without a well-defined mass) (12).
Monitoring disease progression using [''C]-MET after
radiotherapy has also been successful (10), as amino
acid PET may be more sensitive to tumor progression
than MRI. For example, 3-[F-18]-a-methyl-tyrosine
PET detected a glioma two years before a visible
MRI lesion (13) and increased accumulation of [''C]-
MET and [''C]-choline within the tumor lesions
demonstrated improved detection of tumor margins
compared to other imaging modalities (14). A more
recent study of pediatric astrocytic gliomas included
five cases of gliomatosis cerebri, where '*F-3,4-dihy-
droxyphenylalanin ['"*F]-DOPA showed increased
uptake in the tumor regions (26) and affected manage-
ment by differentiating tumor from treatment-related
changes or by guiding targeted biopsy. Altogether,
these studies support the clinical use of amino acid
PET, regardless of the radiotracer used.

Prior studies from our institution have indicated the
clinical utility of [''C]-AMT-PET imaging for

Fig. 5. Representative images for patient 4 from July 2017 demonstrating additional, non-enhancing lesions with increased uptake of
[''C]-AMT including left frontal (red arrow, SUV ratio = 1.98), right periventricular (yellow arrow, SUV ratio = 1.86), and right frontal
(green arrow, SUV ratio = 2.49) lesions that emerged during continuing TTFields therapy: (a) Tl MRI with gadolinium fused with

[''C]-AMT-PET image with three new frontal lesions highlighted. (b) ['' C]-AMT-PET image, (c) T| gadolinium image. (d) T1 MRI with
gadolinium fused with [''C]-AMT-PET image of a new high right frontal lesion highlighted by red arrow (SUV ratio =2.2); (e) [''C]-

AMT-PET image, (f) TI MRI with gadolinium image.
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Table 2. Summary of the main findings of studies reporting on amino acid PET findings in patients with gliomatosis.

Age

Author Journal (year) Patients (n)

(years)

Amino acid PET

tracer used Main findings

Mineura et al. ] Nucl Med (1991) | 32

N

12-38
19

Plowman et al.
Shintani et al.

Br ] Neurosurg (1998)
J Neurol Sci (2000)

Sato et al. Neuroradiology (2003) 8

Desclée et al. J Neuroradiol (2010) 3 12-73

Pichler et al. EJNMMI (2010) 2% 227

Cai et al. Clin Nucl Med (2011) |

Morana et al. J Nucl Med (2014) 5% 6-17

15—60

[C-11]-methionine High uptake extending beyond
CT and MRI lesions

Histopathology verified dense
tumor infiltration in PET+
regions

Low uptake in both cases

High uptake in MRI-detected
lesions

Interval decrease of uptake after
radiotherapy

High uptake with 7 patients with
gliomatosis; higher than FDG
uptake

Low uptake in | patient (had
severe intracranial
hypertension)

Tumor detection two years
before MRI lesion in one
patient

High uptake in two type II;
low uptake in one type |

Low uptake in both cases
(WHO grade Il

High uptake in portions of
T2-positive, low FDG-uptake
region

Markedly (n=4) or moderately
(n=1) increased uptake

Affected management in n=3
(guided biopsy side (n=1) or

differentiated tumor from treat-
ment-related changes (n =2)).

[C-11]-methionine
[C-11]-methionine

3-[F-18]-a-methyl-
tyrosine

[C-11]-methionine
O-(2-[F-18]-fluoroethyl)-

L-tyrosine
[C-11]-methionine

[F-18]-DOPA

*Gliomatosis cases in a larger glioma series.

differentiating glioblastoma progression from radiation
injury (19) and detection of tumor infiltration (22). In
the former study, a SUV ratio of 1.65 was used to
define recurrent high-grade glioma from radiation
injury. Furthermore, tumor/cortex SUV ratio of 1.36
was used to differentiate gliomas from non-glioma
tissue (edema) in pretreatment cases (27). This is espe-
cially relevant for patient 1, where areas of unknown
significance on MRI corresponded with [''C]-AMT-
PET increased uptake. For example, new modest
uptake (SUV ratio =1.31) was visible in the left insular
cortex but using MRI this area remained stable without
interval. However, six months later, MRI progression
was evident with increased lesion enhancement and
FLAIR abnormalities. In the left medial frontal
cortex [''"C]-FAMT-PET demonstrated a mild increase
(SUV ratio=1.21) before MRI scans finding new

nodular enhancement in this region, suggesting that
even mild [''C]-AMT increases may represent infiltrat-
ing glioma in such patients. Furthermore, ratios below
1.4 may predict slow progression and prolonged
survival.

Imaging with [''C]-AMT-PET in patient 2 detected
gliomatosis in a non-contrast enhancing lesion when
rCBV and MRS did not indicate active tumor.
Subsequent MRI demonstrated tumor progression
with bilateral FLAIR hyperintensities and a 6-mm
right midline shift, suggestive of widespread tumor
infiltration.

In patients 3 and 4, serial [''C]-AMT-PET detected
an initial response to treatment a change in therapy
(bevacizumab in patient 3 and Optune combined with
bevacizumab and irinotecan in patient 4). Patient 4
used TTFields for three months with adjuvant
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chemotherapy (bevacizumab and irinotecan). This
combination led to a marked reduction in [''C]-AMT
accumulation within the temporal lobe lesion, but high
uptake of [''C]-AMT emerged in the right frontal lobe,
an area not directly under TTFields therapy. In this
case, [''C]-AMT imaging before and after treatment
allowed monitoring of tumor metabolism with
higher sensitivity to tumor growth or regression
than MRI alone. Amino acid PET has previously mon-
itored treatment efficacy during bevacizumab and
TTFields therapy in glioblastomas (20,28). TTFields
has also been successful at reducing tumor burden
and symptoms in glioblastoma (29). Taken together,
these cases demonstrated that amino acid PET with
['"C]-AMT can provide increased sensitivity for
tumor progression and monitor response to gliomatosis
treatment.

Increased tumoral accumulation of [''C]-AMT may
be due to increased activity of the large amino acid
transporter 1 (LATI1), which is often upregulated
early in brain tumor progression to transport trypto-
phan across the blood—tumor barrier (30). The same
transport system drives tumoral accumulation of
other commonly used amino acid PET tracers in
neuro-oncology (31). Tumoral [''C]-AMT accumula-
tion may also represent an increase in key enzymes of
the immunosuppressive kynurenine pathway (32,33).
While upregulation of these enzymes (such as IDO1/2
and TDO2) is common in glioblastomas, little is known
of the activity of these enzymes in gliomatosis. The
data presented here suggest that [''C]-AMT-PET can
provide complementary information to conventional
MRI and to advanced sequences such as MRS or per-
fusion imaging. MRS is inherently limited by brain
sampling, which is of greater importance in multifocal
tumors like gliomatosis. This was illustrated in patients
1 and 2 with multiple [''C]-AMT-positive lesions that
were incompletely sampled by MRS. Perfusion MRI
can detect high-grade tumors and differentiate malig-
nant glioma progression from radiation injury, but it
has limited ability to detect tumor-infiltrated brain,
especially with grade II-1II gliomas. Patients 1, 2,
and 3 had multiple [''C]-AMT-positive lesions with
low rCBV, detected by perfusion MRI.

In conclusion, this case series describes the clinical
course and imaging findings, including [''C]-AMT-
PET in four patients with gliomatosis. While their
treatment was not guided by this imaging modality,
this retrospective analysis demonstrates that [''C]-
AMT-PET can provide complementary information
compared to both conventional and advanced MRI.
The scans were predictive of progression in some of
these patients, and this may provide valuable informa-
tion for treatment planning in the future. Amino acid
PET can also be also used to monitor treatment

response in gliomatosis. Furthermore, use of PET
imaging with specific radiotracers may help better
understand the molecular pathways in gliomatosis
and glioblastoma progression and may lead to further
targeted therapies and improved outcomes for patients.
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