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Simple Summary: High-grade gliomas are aggressive brain tumors that often return after
treatment due to their infiltrative growth. While MRI is commonly used to guide treatment,
it fails to detect the full extent of tumor spread. This study investigated whether PET
imaging with radiolabeled amino acids—performed before treatment—can predict where
tumors will recur. In 14 patients, areas of future recurrence overlapped significantly with
regions of increased amino acid uptake on baseline PET, more than with contrast-enhancing
regions on MRI at baseline. However, specific PET parameters could not reliably distinguish
which of these regions would later develop into recurrent tumors. These findings support
the use of amino acid PET to visualize tumor infiltration beyond MRI-visible boundaries but
highlight that more research is needed before it can predict recurrence with high precision.

Abstract: Background/Objectives: Positron emission tomography (PET) imaging with
radiolabeled amino acids is increasingly used in glioma patients for biopsy planning, tumor
delineation, prognostication, and therapy response assessment. This study investigated
whether baseline amino acid PET imaging could identify regions at risk of future tumor
recurrence. Methods: Retrospective case series of 14 patients with high-grade glioma.
Contrast-enhanced magnetic resonance imaging (MRI) data of tumor recurrence and base-
line imaging (PET-MRI) were co-registered. Volumes of interest (VOIs) of the high-grade
glioma were derived from contrast-enhanced MRI at baseline and follow-up and from
amino acid PET at baseline. The Dice similarity coefficient (DSC) was used to assess the
overlap between VOIs. Furthermore, dynamic and static PET parameters were compared
between the VOIs derived from contrast-enhanced MRI at follow-up and from the region
of increased amino acid transport at baseline. Results: Regions of tumor recurrence in
high-grade glioma patients overlap significantly more with baseline regions of increased
amino acid transport on PET compared to regions of contrast enhancement on baseline MRI
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(p < 0.001). However, the static and dynamic PET statistics did not differentiate between
regions that would later develop tumor recurrence and other areas of increased amino
acid transport at baseline. Conclusions: These findings reaffirm the ability of amino acid
PET to visualize the infiltrative components of gliomas not detected by contrast-enhanced
MRI. Also, this study supports the role of amino acid PET in visualizing glioma infiltration
beyond the MRI-visible tumor, but also indicates that accurately predicting the specific
regions of recurrence based on baseline PET remains limited.

Keywords: high grade glioma; invasion; tumor recurrence; amino acid PET

1. Introduction

Adult-type diffuse glioma comprises a group of primary brain tumors that originate
from glial cells (i.e., astrocytes or oligodendrocytes) that can be classified based on their
molecular profile following recent recommendations by the World Health Organization
(WHO) [1]. In contrast to other brain tumors, adult-type diffuse gliomas show an extensive,
diffuse infiltration of tumor cells in the surrounding brain parenchyma over relatively
long distances [2-5]. Due to this infiltrative growth, curative treatment is essentially
impossible. Neuroimaging, especially magnetic resonance imaging (MRI), plays a pivotal
role in glioma care. Different MRI techniques are used for the diagnosis and monitoring of
tumor recurrence. Furthermore, MRI supports treatment decision making, guides the use of
focused treatments, and determines the response to treatment [6,7]. However, conventional
and advanced MRI techniques remain incapable of visualizing the infiltrative component
of gliomas. In high-grade gliomas, blood-brain-barrier (BBB) deficiencies can be visualized
by use of gadolinium-based contrast-agents. In general, these contrast-enhancing regions
are known to contain the largest bulk of glioma cells. However, the invading glioma cells
in the surrounding brain parenchyma cannot be observed on MRI [6,8,9]. The visualization
of tumor spread is of crucial importance when treating patients suffering from glioma
as patient survival depends strongly on the extent of tumor infiltration [10,11]. Despite
surgical resection and an extended irradiated volume, a small portion of infiltrating glioma
cells escape effective treatment and develop into tumor recurrence over time [12].

Next to MRI, the use of positron emission tomography (PET) imaging using radio-
labeled amino acid tracers can play an important role in glioblastoma assessment [13,14].
Frequently, studies on the use of amino acid PET used either [''C]MET (L-(methyl-11C)
methionine) or [*®F]FET (18F-fluoro-ethyl-tyrosine), which enter the glioblastoma cell pri-
marily through the lateral amino acid transporter (LAT) 1 and LAT?2, respectively [15]. One
of the advantages of amino acid PET imaging concerns the improved tumor delineation, as
['!CIMET PET showed a significantly larger metabolically active tumor than the contrast
enhancement region in glioma [16,17]. However, it remains unknown how this larger
metabolically active tumor as visualized on PET imaging is related to the region of tumor
recurrence in the post-treatment setting.

This study retrospectively investigated whether regions of tumor recurrence could be
predicted using the pre-operatively obtained PET-MRI images using radiolabeled amino
acid PET in high-grade glioma patients.

2. Materials and Methods
2.1. Ethical Approval

The local medical ethical committee approved the conduction of this study at our
hospital (ethical review board assigned file number: 014/21-ek).
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2.2. Patients

Patients older than 18 years, diagnosed with a high-grade adult-type diffuse glioma
in the supratentorial brain who developed tumor progression, were eligible for inclusion.
For inclusion, pre-treatment dynamic amino acid PET images (baseline) and pre-treatment
contrast-enhanced, isotropic, T1-weighted MRI data (baseline) needed to be available. Fur-
thermore, contrast-enhanced, isotropic, T1-weighted MRI data of the lesion reflecting tumor
progression needed to be available. Furthermore, tumor recurrence was ensured through
the histopathological assessment of tissue obtained through stereotactic biopsy. Patients
with insufficient quality of MRI or PET data or the presence of extensive structural lesions
other than the neuro-oncological disease (e.g., parenchymal loss due to (cortical) infarctions)
were excluded. To confirm that contrast-enhancing lesions observed on follow-up MRI
represented true tumor recurrence rather than progressive residual disease, immediate
postoperative MRI scans (<72 h post-operation) were reviewed for all patients. Only new
contrast-enhancing lesions not present on early postoperative imaging were considered
indicative of recurrence.

The Picture Archiving and Communication System (PACS) of our university medical
center was searched for patients who complied with the inclusion criteria between January
2013 and January 2023.

The demographic data of each included patient were extracted from the electronic
patient file. These data consisted of the following: (1) age at diagnosis, (2) gender,
(3) histopathological diagnosis at baseline, and (4) progression-free survival time.

2.3. PET-MRI Protocol

Contrast-enhanced, isotropic (1 mm) T1-weighted MRI data and dynamic radiolabeled
amino acid PET-MRI data were acquired on a 3T PET-MRI system (Siemens Biograph mMR,
Siemens Healthineers, Erlangen, Germany). The dynamic amino acid PET imaging protocol
used either [''C]MET or ['®F]FET. The radiosynthesis of the radiolabeled amino acids has
been described in detail elsewhere [18]. After the injection of an intravenous bolus of the
radiotracer, dynamic PET data were acquired in 3D list mode from 0 to 60 min. Emission
recording reconstruction consisted of 38 time frames (time frames 1-12: 15 s each; time
frame 13-19: 30 s each; time frame 20-24: 60 s each; time frame 25-29: 120 s each; time
frame 30-34: 180 s each; time frame 35-36: 300 s each; time frame 37-38: 600 s each),
covering the entire list-mode scan duration up to 60 min after injection. PET images were
reconstructed using a 256 x 256 matrix, resulting in a voxel size 1.00 x 1.00 x 2.03 mm?
using a default subset expectation maximization algorithm with 8 iterations, 21 subsets,
and a 3 mm Gaussian smoothing filter. For attenuation correction, the HiRES method was
used as this method combines the individual Dixon attenuation correction approach with a
bone attenuation template.

Post-treatment contrast-enhanced, isotropic (1 mm) T1-weighted MRI data, revealing
the new contrast-enhancing lesion that was found to represent tumor progression, were
recorded at a 3T MRI scanning system.

2.4. Co-Registration of Different Imaging Modalities at Different Time Points

Dynamic PET data were motion-corrected and co-registered with individual T1-
weighted MRI images using PMOD (PMOD Technologies LLC, Ziirich, Switzerland). Also,
individual T1-weighted MRI images after treatment were co-registered to the pre-treatment
individual T1-weighted MRI images using rigid image transformation and the image nor-
malization tools available in PMOD (PMOD Technologies LLC, Ziirich, Switzerland). All
registrations were controlled by one of the researchers (D.H., ten years of experience with
(experimental) neuroimaging).
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The dynamic PET data of each patient were reconstructed as time-averaged images
to create static PET reconstructions. Static images were reconstructed from the acquired
images 20—-40 min after injection of the radiotracer, following the current guidelines [14].
These static, time-averaged images were used for volume of interest (VOI) delineation
using the “Hot 3D” semi-automatic segmentation method. This volume of interest covered
the region of increased amino acid transport at baseline. The delineation of this region with
increased amino acid transport at baseline was not influenced by the contrast enhancement,
as observed on the T1-weighted MRI data. The same method of delineation was used to
semi-automatically segment the contrast-enhancing lesions for each patient. The segmenta-
tion images were converted into binarized images that served as masks for further analyses.
A schematic representation of the study methodology is provided in Figure 1.

Baseline Baseline Follow-up
post-contrast [*FJFET- post-contrast
Tiw MRI PET/MRI Tiw MRI

b =
W

Rigid registration

l VOI-AA-PET J VOI-FU-MRI

Figure 1. Schematic overview of the study methodology. Baseline contrast-enhanced T1-weighted
MRI (left panel), baseline amino acid PET (in this example, ['8F]FET PET/MRI; middle panel),
and follow-up contrast-enhanced T1-weighted MRI (in this example, a fat-suppressed T1-weighted
sequence was used, right panel) were motion-corrected and co-registered using rigid image trans-
formation. After alignment, three volumes of interest (VOIs) were segmented as follows: (1) the
contrast-enhancing lesion on baseline MRI (VOI-B-MRI, yellow), (2) the region with increased amino
acid uptake on baseline PET (VOI-AA-PET, green), and (3) the new contrast-enhancing lesion on
follow-up MRI, representing histopathologically proven tumor recurrence (VOI-FU-MRI, pink). These
VOIs were used to assess spatial overlap (Dice similarity coefficient) between imaging modalities
and time points. Additionally, VOI-AA-PET and VOI-FU-MRI were used to create overlapping and
non-overlapping subregions to investigate whether baseline static and dynamic PET parameters
could predict future tumor recurrence.
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2.5. Dice Similarity Coefficient

To predict whether regions of tumor recurrence overlapped with regions with altered
amino acid transport, the co-registered masks of the region with increased amino acid
transport were compared with the masks of the lesion reflecting tumor progression. Ad-
ditionally, to predict whether regions of pathological contrast-enhancement at baseline
overlapped with regions of future tumor progression, the co-registered masks of both MRI
sessions were compared. The aforementioned comparisons of masks were carried out using
the Dice similarity coefficient (DSC; see Equation (1)). The DSC was defined as a percentage
(0-100%).

1)

2.6. PET Statistics

The derived masks were also used for further dynamic PET analysis. Normalization
of PET statistics was carried out by placing a 10 mm radius VOI in normal-appearing
brain tissue containing both cortical gray matter and subcortical white matter [14]. Next to
normalization (e.g., to calculate tumor-to-brain ratio; TBR), the VOI in the normal appearing
brain tissue was used to ensure the time activity curves did not suffer from imaging artifacts.
The different dynamic and static parameters derived from PET data were derived from
PMOD. Time to peak (TTP in seconds) and area under the time activity curve (SUV*s) were
the PET statistics derived from the dynamic PET imaging study. PET statistics derived
from the static imaging study concerned the mean and maximum TBR.

2.7. Statistical Analysis

All statistical analyses were performed on IBM SPSS Statistics for Windows, version 28
(IBM Corp., Armonk, NY, USA). Patient characteristics were analyzed by applying descriptive
statistics depending on the type and distribution of variables. A comparison of DSC values
between the prediction of tumor recurrence was carried out using a paired Student’s t-test.
Also, a paired Student’s t-test was used to compare the dynamic and static PET parameters
of the VOIs of the contrast-enhancing region on follow-up MRI and the VOIs with increased
amino acid transport on baseline PET. The level of significance for all hypothesis in this
study was assumed at p < 0.05. Post hoc Bonferroni correction was applied when necessary.

3. Results
3.1. Patient Demographics

Fourteen patients (mean age 53.6 £ 4.1 years; 7 females) were included in this pilot
study. Eleven radiolabeled amino acid investigations were carried out by use of ['!C[MET
with a mean administered dose of 711 £ 89 MBq. The remaining three studies were
performed after a mean dose of 184 + 25 MBq of ['®F]FET. Histopathological diagnosis after
biopsy or resection showed that three patients suffered from glioblastoma (IDHyidtype, all
grade 4). Eight patients suffered from astrocytoma (IDHmyt, 1p/19q intact, all grade 3) and
three patients suffered from an oligodendroglioma (IDHmut, 1p/19q co-deleted, all grade 3).
All patients underwent complete tumor resection. After surgery, a post-operative MRI was
made within 72 h after surgery following international recommendations. Furthermore,
all patients received adjuvant chemoradiotherapy. Patients suffering from astrocytoma
or glioblastoma received adjuvant temozolomide. Oligodendroglioma patients received
adjuvant PCV (procarbazine, lomustine and vinCRISTine). The median progression-free
survival was found to be 12 months (ranging from 3 to 44 months). An overview of the
patients included in this study is provided in Table 1.
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Table 1. Overview of the patients included in this study.
Baseline Amino Acid PET Lesion Derived from Follow-Up MRI
DS(; DSC Area
Baseline . Area Under
PES Amino Baseline Under the the Time
Nr Age Sex  Dose Tracer Tumor Type . MRI vs. TP Time TBRmax TBRmean  TIP .. TBRmax  TBRmean
(Months)  Acid PET .y Activity
Follow- Activity
vs. Follow- Up MRI Curve Curve
Up MRI P
763 MB Astrocytoma
01 59 F 11 q (IDHmut, 1p/19q 21 41.7% 8.6% 37.5 1980 2.7 3.8 52.5 2150 2.7 41
[""CIMET .
intact) grade 3
707 MB Astrocytoma
02 72 M 1 q (IDHmut, 1p/19q 16 100.0% 0% 52.5 909 2.0 15 52.5 851 2.0 14
[""CIMET .
intact) grade 3
717 MB Astrocytoma
03 50 F 11 q (IDHmut, 1p/19q 13 0% 0% 345 1120 1.7 15 157.5 1290 1.7 1.7
[""'CIMET .
intact) grade 3
739 MB Oligodendroglioma
04 58 M 11 q (IDHmut, 1p/19q 11 33.3% 0% 90 2390 2.6 2.1 90 2920 2.5 2.6
[""CIMET
co-deleted) grade 3
448 MB Astrocytoma
05 46 M 11 q (IDHmut, 1p/19q 8 27.5% 0% 157.5 1450 1.8 2.1 22.5 907 3.1 1.4
[""CIMET .
intact) grade 3
204 MB Astrocytoma
06 40 M 18 d (IDHmut, 1p/19q 44 60.8% 0% 52.5 909 2.0 1.5 52.5 851 2.0 14
[*°F]JFET .
intact) grade 3
192 MB Glioblastoma
07 72 F 18 d (IDH yi1dtype) 12 85.6% 0% 37.5 1980 2.7 3.8 52.5 2150 2.7 41
[*°FIFET Yp
grade 4
749 MB Oligodendroglioma
08 5 F (11 C]ME(iF (IDHmut, 1p/19q 8 4.6% 0% 37.5 1920 3.0 15 127.5 1380 15 1.1

co-deleted) grade 3
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Table 1. Cont.
Baseline Amino Acid PET Lesion Derived from Follow-Up MRI
DS(; DSC Area
Baseline . Area Under
PES Amino Baseline Under the the Time
Nr Age Sex  Dose Tracer Tumor Type . MRI vs. TP Time TBRmax TBRmean  TIP .. TBRmax  TBRmean
(Months)  Acid PET - Activity
Follow- Activity
vs. Follow- Up MRI Curve Curve
Up MRI P
711 MB Oligodendroglioma
09 79 F 1 q (IDHmut, 1p/19q 12 38.1% 0% 52.5 1200 1.6 14 2250 822 14 1.0
[""CIMET
co-deleted) grade 3
750 MB Glioblastoma
10 36 M (1 C]MEC"IF (IDHyidtype) 37 59.2% 37.8% 37.5 1180 4.9 1.6 37.5 978 2.9 13
grade 4
738 MB Astrocytoma
11 37 F 1 q (IDHmut, 1p/19q 12 78.5% 7.8% 157.5 1470 1.4 1.7 1125 773 1.1 1.0
[""CIMET .
intact) grade 3
763 MB Astrocytoma
12 30 M 11 d (IDHmut, 1p/19q 11 93.3% 68.5% 165 1970 1.1 2.0 60 1270 21 14
[""CIMET .
intact) grade 3
156 MB Glioblastoma
13 69 F [18F]FE% (IDHyidtype) 10 14.0% 14.5% 82.5 1030 1.8 0.6 97.5 930 1.2 14
grade 4
737 MB Astrocytoma
14 47 M [HC]ME(iF (IDHmut, 1p/19q 3 50.5% 40.3% 345 1120 1.7 1.5 157.5 1290 1.7 1.7

intact) grade 3
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3.2. Volumes of Interest on Baseline Amino Acid PET Yield Significantly Greater Overlap with
Regions of Future Tumor Recurrence Compared to Baseline Contrast-Enhanced MRI

The median VOI size of the region with increased amino acid transport was signifi-
cantly higher as compared to the median VOI size derived from baseline contrast-enhanced
T1-weighted images (Z = —2.982; p = 0.003).

The mean overlap between the tumor recurrence masks and masks from regions with
altered amino acid transport was shown to be 49.1 + 8.6%. The mean overlap between
tumor recurrence masks and baseline contrast-enhancement masks was significantly lower
with 12.7 + 5.7% (t = 4.291; p < 0.001). This suggests that, in general, amino acid PET
at baseline covers regions of future tumor recurrence, whereas contrast-enhancement at
baseline does not. An exemplary case is presented in Figure 2.

Baseline post-contrast €& ; Follow-up post-

Tlw MRI

contrast Tlw MRI

Baseline [*8F]FET-PET

Fusion baseline e o Fusion baseline
[*8F]FET-PET with P i [BFIFET-PET with |
baseline MR P : follow-up MRI \

Figure 2. Exemplary glioblastoma case illustrating the predictive value of baseline ['8F]FET-PET for
future tumor recurrence. [8F]FET-PET/MRI at baseline can be observed in the first column. The
second column shows a T1w MRI at follow-up (7 months after last radiation), the [\8F]FET-PET at
baseline, and the fused images. The first column shows a [18F]FET-PET/MRI section at the level of
the centrum semiovale, with no abnormalities on Tlw MRI, whereas the [\8FJFET-PET image shows
increased amino acid transport in the posteromedial part of the left frontal lobe. In the second column,
post-contrast Tlw MRI shows a new contrast-enhancing lesion (histopathologically proven tumor
progression) in the posteromedial part of the left frontal lobe. The fusion with baseline [\8F]FET-PET
clearly indicates that the tumor recurrence at follow-up overlaps with the region of increased amino
acid transport at baseline.
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3.3. Baseline Static and Dynamic Amino Acid PET Statistics Cannot Be Used for Predicting the
Region of Tumor Recurrence

When investigating if future regions of tumor recurrence could be recognized on
baseline amino acid PET data (n = 11), no significant differences in dynamic PET statistics
(i.e., time to peak and area under the time activity curve) were found between the VOIs
containing the future regions of tumor recurrence on MRI and other regions with increased
amino acid transport at baseline (Z = —0.421; p = 0.674 and Z = —1.690; p = 0.091, respec-
tively). Furthermore, the TBRmax and TBRmean of the VOIs (n = 14) containing the future
regions of tumor recurrence derived from the co-registered MRI data did not differ from
the other regions with increased amino acid transport at baseline (Z = 1.125; p = 0.260 and
Z = —0.889; p = 0.374, respectively). These results suggest that while baseline amino acid
PET identifies a broader region of glioma infiltration—within which local tumor recurrence
tends to occur—it does not allow for the accurate prediction of the specific subregions that
will develop into tumor recurrence. This highlights the possible added value of amino acid
PET for visualizing the at-risk area, albeit with limited specificity.

4. Discussion

This study shows that, after rigid image transformation and normalization, regions of
tumor recurrence overlapped significantly more with baseline regions of increased amino
acid transport on PET compared to regions of contrast enhancement on baseline MRI
data. These findings suggest that the well-known invisible infiltrating tumor component
can be visualized by use of PET imaging with radiolabeled amino acid tracers. Unfortu-
nately, regions which develop into tumor recurrence are not different from other regions
of increased amino acid transport when comparing dynamic or static PET parameters.
Therefore, although regions of future tumor recurrence are found within the area with
increased amino acid transport at baseline, the accurate prediction of which region will
develop into a region of tumor recurrence remains elusive. Therefore, this study shows
that, while baseline amino acid PET identifies a broader area containing future recurrence,
it lacks the capacity to pinpoint which part of this area will progress.

During the last few years, the use of PET with radiolabeled amino acid tracers in
glioma patients has been investigated extensively. In the pre-treatment setting, amino acid
PET has been found to be promising for the non-invasive staging of WHO-grade gliomas.
Characteristically, amino acid transport is higher in high-grade gliomas (WHO grade 3 and
4) as compared to low-grade gliomas (WHO grade 2), although uptake intensities vary and
partially overlap [19-22]. The use of dynamic PET statistics has been found to be especially
valuable with regard to non-invasive tumor grading [23,24]. Also, amino acid PET has
been found useful for biopsy planning purposes [9]. More specifically, ['F]FET PET
imaging was found to identify high-grade tumor regions within non-contrast-enhancing
gliomas [13,25]. Next to the aforementioned, amino acid PET imaging has been found to be
suitable for improving glioma geospatial distribution [13]. Various studies have validated
the increased amino acid transport as observed on PET imaging with histopathological
assessment of biopsied brain tissue [9,26,27]. Most recently, Song et al. showed that,
in 31 glioma patients, ['F]FET-PET delineated significantly larger tumor volumes than
contrast-enhanced MRI. Of the 21 biopsy samples obtained from regions with increased
['8F]FET uptake, all were histopathologically confirmed as glioma tissue/infiltration [28].
As aresult, the Response Assessment in Neuro-Oncology working group and the European
Association for Neuro-Oncology recommendations advise to integrate amino acid PET
in the work up to surgery in glioma patients. They state that the integration of amino
acid PET into surgical planning allows the better delineation of the extent of resection
beyond margins visible with contrast-enhanced MRI [13]. Taken together, the results of
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the current study fit the hypothesis that regions of future treatment recurrence are present
at baseline. This has also been suggested by Arbizu et al., who found that amino acid
PET imaging more accurately identified infiltrating regions of tumor extending beyond
the MRI contrast-enhancing lesion. Therefore, amino acid PET helped in distinguishing
regions with (infiltrating) tumor, non-tumoral edema, and normal brain tissue [16]. Indirect
evidence supporting the hypothesis that regions of recurrence are present at baseline and
can be identified by pre-treatment amino acid PET imaging was provided by Ort et al. [29].
They reported that, in a retrospective case series of thirty patients, overall survival was
significantly longer (p = 0.006) when the gross total resection was based on amino acid PET
images as compared to a gross total resection based on contrast-enhanced MRI [29].

To our knowledge, this study, for the first time, employs amino acid PET at baseline to
investigate whether regions with increased amino acid transport will grow into regions
of future recurrence in high-grade glioma patients. A particular strength of our approach
concerns the use of rigid image transformation and normalization, ensuring robust data
processing. Furthermore, the use of both dynamic and static PET statistics can be appre-
ciated as a strength of the paper, although no significant differences were found between
regions of future recurrence and other regions with increased amino acid transport. This
study was limited by its retrospective, single-center design and small sample size. Future
research should focus on the value of longitudinal amino acid PET data to investigate the
spatiotemporal changes in residual regions with increased amino acid transport.

The current results illustrate a fundamental distinction as follows: while amino acid
PET imaging detects a broader zone of glioma infiltration—within which recurrence tends
to occur—it does not allow for pinpointing the exact subregion that will relapse. This means
that amino acid PET is more sensitive than contrast-enhanced MRI for identifying at-risk
tissue, but it lacks the specificity required for precise recurrence prediction. Clinicians
should therefore view PET as a tool for improved treatment field delineation rather than as
a predictor of recurrence at the voxel level.

5. Conclusions

This study demonstrates that regions of tumor recurrence in high-grade glioma pa-
tients overlap significantly more with baseline regions of increased amino acid uptake on
PET than with contrast enhancement on baseline MRI. These findings confirm that amino
acid PET imaging provides a more sensitive delineation of tumor infiltration. However,
PET parameters—both static and dynamic—could not distinguish which subregions within
the PET-positive area would eventually recur. Thus, amino acid PET should be considered
a valuable tool for identifying a broader at-risk region that might benefit from intensified
treatment, but not for the precise prediction of recurrence loci. Future research should aim
to improve spatial prediction by combining PET with additional imaging modalities or
molecular markers.

6. Key Points

Amino acid PET imaging reliably visualizes the infiltrative components of high-grade
gliomas beyond what is seen on contrast-enhanced MRL

Baseline amino acid PET indicates regions at risk of recurrence but cannot accurately
predict which specific subregions will progress.

6.1. Pertinent Findings

This retrospective case series assessed whether baseline amino acid PET imaging can
retrospectively identify regions that later develop into tumor recurrence in high-grade
glioma patients. A significant spatial overlap was found between baseline areas of increased



Cancers 2025, 17,1986

11 0f 13

References

amino acid uptake and subsequent recurrence. These results underscore the utility of amino
acid PET in delineating the full extent of glioma infiltration beyond MRI-visible margins,
though its predictive specificity remains limited.

6.2. Implications for Patient Care

These findings may inform glioma treatment planning and underscore the need for
further research to refine prediction models and improve outcomes in this aggressive
disease.
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