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Comparative Insights into '*F-FDG and ®®Ga-FAPI PET Imaging
in Glioma: Diagnostic Value, Tumor Grading, and Clinical
Implications

Gliomada "8F-FDG ve %8Ga-FAPI PET Goriinttilemeye lliskin Karsilastirmali Bilgiler:
Tanisal Deger, Timor Derecelendirmesi ve Klinik Cikarimlar
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Abstract

Gliomas are the most common primary malignant brain tumors and are characterized by heterogeneous growth and complex biology, which
complicate accurate diagnosis and management. While magnetic resonance imaging (MRI) remains the clinical standard, its limitations in
delineating tumor margins and distinguishing recurrence from treatmentinduced changes highlight the need for complementary molecular
imaging. '®F-fluorodeoxyglucose ('8F-FDG) positron emission tomography (PET) has been extensively studied, providing valuable prognostic
information by reflecting tumor glycolytic activity. However, its diagnostic utility is hampered by high cortical background uptake and by poor
sensitivity in detecting low-grade gliomas. Conversely, glioma-68 fibroblast activation protein inhibitor (FAPI) PET targets cancer-associated
fibroblasts, offering superior tumor-to-background contrast and improved visualization of infiltrative margins. Comparative studies suggest that
FAPI PET better discriminates between low- and high-grade gliomas, correlates with tumor stromal activity, and aids in therapy planning by
differentiating true progression from post-treatment changes. Despite these advantages, the evidence base for FAPI remains limited, largely
derived from small cohorts and pilot studies. Standardized imaging protocols and larger prospective trials are necessary to validate its role. Overall,
8-FDG and FAPI PET provide complementary insights into glioma biology, and their integration with MRI and amino acid tracers may refine
diagnostic accuracy, therapeutic planning, and prognostic assessment in clinical neuro-oncology.
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Oz

Gliomalar, en sik gorilen primer malign beyin timérleridir ve heterojen blylime ile karmasik biyoloji gostermeleri nedeniyle dogru tani ve
yonetimi guglestirir. Manyetik rezonans gorintileme (MRG), klinik standart olmaya devam etse de timar sinirlarini belilemedeki ve niksu
tedaviye bagh degisikliklerden ayirt etmedeki sinirliliklari, tamamlayici molekdler gérintileme yontemlerine olan gereksinimi ortaya koymaktadir.
'8F-florodeoksiglukoz ('®F-FDG) pozitron emisyon tomografisi (PET), timaorin glikolitik aktivitesini yansitarak degerli prognostik bilgiler saglamasi
nedeniyle kapsamli bicimde arastiriimistir. Ancak tanisal yararliligi, korteksteki yliksek arka plan tutulumu ve dustik dereceli gliomalari saptamadaki
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dustk duyarlilik nedeniyle sinirlanmaktadir. Buna karsilik, galyum-68 fibroblast aktivasyon proteini inhibitori (FAPI) PET, kansere iliskili fibroblastlari
hedef alarak daha Ustiin timaor-arka plan kontrasti ve infiltratif sinirlarin daha iyi goriintilenmesini saglar. Karsilastirmali calismalar, FAPI PET'in distk
ve yUksek dereceli gliomalari ayirt etmede daha basarili oldugunu, timaor stromal aktivitesi ile korelasyon gésterdigini ve gercek progresyonu tedavi
sonras! degisikliklerden ayirarak tedavi planlamasina katki sagladigini diisindirmektedir. Bununla birlikte, bu avantajlara ragmen FAPI'ye iliskin
kanit temeli halen sinirlidir ve biytk 6lctide kiiglik kohortlar ile pilot calismalara dayanmaktadir. Roliniin dogrulanabilmesi icin standartlastirimis
gorlntileme protokollerine ve daha blytk, prospektif calismalara ihtiyag vardir. Genel olarak, '®F-FDG ve FAPI PET, glioma biyolojisine iliskin
birbirini tamamlayici bilgiler sunmakta; MRG ve amino asit belirtecleri ile birlikte kullanimlari, klinik néro-onkolojide tanisal dogrulugu, tedavi

planlamasini ve prognostik degerlendirmeyi gelistirebilir.

Anahtar Kelimeler: Glioma, '®F-FDG, PET, FAPI, timor derecelendirmesi, molekdler gériintileme

Introduction

Gliomas are the most common primary malignant brain
tumors, characterized by heterogeneous and infiltrative
growth. Magnetic resonance imaging (MRI) is the standard
imaging modality but has limitations in delineating tumor
margins and distinguishing tumor progression from post-
treatment changes. Molecular imaging with positron
emission tomography (PET) provides complementary
information. "8F-florodeoksiglukoz ("8F-FDG) PET measures
glucose metabolism and is useful for high-grade gliomas
(HGG), with uptake correlating with tumor aggressiveness
and overall survival, but is limited by high cortical
background and reduced sensitivity to low-grade or small
lesions (1,2).

Fibroblast activation protein inhibitor (FAPI) PET targets
FAP in cancer-associated fibroblasts (CAF), offering high
tumor-to-background contrast and better visualization of
infiltrative margins. Pilot studies indicate FAPI PET may
improve detection of residual or recurrent gliomas and
provide prognostic information related to tumor stromal
aggressiveness (3-5). Combining FDG and FAPI PET with
MRl and advanced analysis may enhance diagnostic
accuracy, treatment planning, and prognostic assessment
in glioma patients.

Mechanism of Uptake

Molecular imaging with PET provides complementary
information to MRI in glioma evaluation. '®F-FDG PET
measures glucose metabolism in tumor cells, reflecting
the Warburg effect, and is widely used to assess tumor
aggressiveness and to grade tumors. However, its clinical
utility is limited by high cortical background, reduced
sensitivity for low-grade or small lesions, and potential
uptake confounded by inflammation or therapy Kawada et
al. (6). Glucose loading prior to '®F-FDG PET can enhance
tumor-to-background contrast, improving delineation and
characterization of gliomas Kim et al. (7).

FAPI-PET, targeting FAP expressed in CAFs, highlights
stromal components and infiltrative tumor margins that
are often underrepresented on MRI or F-FDG PET. This
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modality offers high tumor-to-background contrast, aiding
detection of residual or recurrent gliomas and potentially
providing prognostic information related to stromal
aggressiveness Mori et al. (4), Djekidel et al. (8). FAPI PET
is particularly promising for visualizing infiltrative gliomas
and complementing anatomical imaging, although current
evidence is limited to pilot studies and small patient cohorts.

Overall, "8F-FDG PET and FAPI PET provide complementary
insights into glioma biology, with FDG reflecting metabolic
activity and FAPI delineating stromal and infiltrative regions,
supporting improved diagnosis, treatment planning, and
prognostic assessment.

Diagnostic Value of "®F-FDG PET in Glioma

BF-FDG PET has been widely applied in glioma imaging
due to its ability to reflect the glycolytic activity of tumor
cells. Early studies, such as Padma et al. (9), demonstrated
that higher FDG uptake strongly correlated with tumor
grade and poorer survival outcomes, highlighting its
prognostic significance. Subsequent work confirmed this
trend, showing that standardized uptake values (SUVs) are
generally higher in HGG than in low-grade gliomas (LGG)
Takahashi et al. (10). This underscores the utility of ®F-FDG
PET in assessing tumor aggressiveness and predicting
clinical outcomes.

However, the diagnostic accuracy of "®F-FDG PET is limited
by the intrinsically high glucose metabolism in normal
cortical tissue, which reduces the lesion-to-background
contrast, particularly in LGG. Meta-analyses by Nihashi et
al. (11) and Zhao et al. (12) consistently showed that while
8F-FDG PET has moderate sensitivity and specificity, amino
acid tracers such as '""C-methionine (MET) or '"8F-FDG in
detecting recurrent gliomas and differentiating tumor tissue
from treatment-related changes. Sharma et al. (13) further
confirmed this in a direct comparison in which MET-PET was
superior to '8F-FDG PET in distinguishing tumor recurrence
from post-treatment necrosis or pseudoprogression.

The role of "F-FDG PET has therefore shifted from primary

diagnosis to prognostic evaluation. Treglia et al. (14), in a
systematic review of meta-analyses, concluded that "8F-FDG
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provides meaningful information in predicting patient
outcomes but is less effective than amino acid tracers for
lesion detection. Similarly, Wang et al. (15) highlighted
that PET, particularly with MET or fluoroethyltyrosine (FET),
was more accurate than MRI spectroscopy in detecting
recurrence, whereas "8F-FDG was less reliable as a stand-
alone tool. An earlier receiver-operating characteristic
analysis of irradiated low-grade astrocytomas, Henze et al.
(16), also found "8F-FDG PET useful but inferior to MET-PET
in distinguishing tumor progression from radiation-induced
changes.

Advantages of FAPI PET in Glioma

The diagnostic evaluation of cancer of unknown primary
(CUP) has long relied on "8F-FDG PET/computed tomography
(CT) as a functional imaging tool, given its ability to detect
tumors based on glycolytic activity. However, several studies
have consistently demonstrated the limitations of ®F-FDG,
particularly in tumors with low glucose metabolism or
in anatomical regions with intrinsically high background
uptake, such as the brain.

The introduction of FAPI has opened new avenues in
molecular imaging. FAP expressed predominantly in CAFs,
is widely present in the stroma of multiple solid tumors but
minimally expressed in normal tissues, including the brain.
This biological property forms the basis for the high tumor-
to-background contrast of glioma-68 (%Ga)-FAPI PET/CT.
Kratochwil et al. (17) highlighted the molecular rationale
for targeting FAP emphasizing its role in tumor proliferation,
invasion, and stromal remodeling study by Giesel et al.
(18) showed that ®Ga-FAPI PET/CT has markedly lower
background uptake in normal brain tissue compared to
the high physiological uptake of '"F-FDG, resulting in a
much higher tumor-to-background ratio (TBR). This feature
is particularly important for brain tumors, where "®F-FDG
often struggles due to high baseline glucose metabolism,
making lesion detection and delineation difficult.

A broader perspective on the application of FAPI imaging
was provided by Dendl et al. (19), who described the
“perfect symbiosis” between FAP biology and FAPI
imaging. While the high uptake in malignant stroma offers
a powerful diagnostic advantage, the authors cautioned
that FAP expression is not exclusively tumor-specific and
may also occur in conditions such as fibrosis, chronic
inflammation, or tissue repair, thereby posing a risk of false
positives. This consideration is particularly important in
neuro-oncology, where reactive gliosis and post-treatment
changes are common.

The superiority of FAPI over F-FDG in the CUP setting
was further supported by the prospective trial by Gu et al.
(20) in head and neck CUR In this study, ®Ga-FAPI PET/CT

identified primary tumors in 51% of patients compared to
only 25% with FDG PET/CT, with significant improvements
in sensitivity, positive predictive value, and overall
diagnostic accuracy. Importantly, the implementation of
FAPI imaging altered clinical management in nearly one-
quarter of patients, underscoring its real-world clinical
impact. Although this study focused on head and neck
malignancies, the results are directly translatable to CUP
in the brain, where the detection of occult primary lesions
remains a major diagnostic challenge.

FDG vs. FAPI for Tumor Grading and diagnostic

Recent evidence highlights important differences
between'®F-FDG and FAPI PET in the assessment of glioma
grading. Ruan et al. (21) demonstrated that ®*Ga-FAPI-46
uptake increases with glioma grade, with grade IV tumors
showing a mean maximum standard uptake value (SUV,__)
of 5.03 compared to only 1.14 in grade I-Il (p=0.02), and
exhibiting significantly higher TBR. This reflects the biological
reality that FAP expression rises with tumor aggressiveness.
In contrast, '"8F-FDG PET, as reported by Valentini et al. (22),
shows higher uptake in HGG due to increased proliferation,
angiogenesis, reflected by higher Ki-67 indices. However,
its clinical utility is hampered by the intrinsically high
glucose metabolism of normal cortex, resulting in low TBR
and making the distinction between LGG and normal brain
tissue unclear. A direct head-to-head study by Liu et al. (23)
confirmed these limitations: although FAPI SUV __ values
were generally lower than those of ®F-FDG, the TBR of
FAPI was markedly superior because normal brain tissue
shows negligible uptake. This allows clearer discrimination
between high- and LGG compared with FDG. Supporting
these imaging findings, Oster et al. (24) demonstrated
that FAPI uptake strongly correlates with FAP expression in
tumor tissue, with gliosarcoma showing particularly high
tracer accumulation in line with its stromal biology.

Lyu et al. (25) conducted a preliminary study on 25
patients using '®F-FAPI-42 PET/CT. They found significantly
higher SUV__ and TBR values in HGG compared with
LGG. With cutoff values of SUV__ 1.20 and TBR 9.09,
the diagnostic accuracy was high [area under the curve
(AUC) 0.812-0.850]. The strength of FAPI lies in its low
background uptake in the normal brain, providing superior
contrast compared with FDG. No significant difference
was observed between isocitrate dehydrogenase-mutant
and wild-type gliomas, suggesting FAPI uptake reflects
tumor grade rather than molecular subtype. Study Dev
et al. (26), among six high-grade glioma patients, one
grade IV lesion demonstrated ®8Ga-FAPI-04 uptake with
SUV __=2.8, corresponding to MRI enhancing regions and

max

FET PET uptake. While the study primarily classified lesions
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as FAPI-positive vs. FAPI-negative (based on uptake above
background), it did not provide detailed per-grade averages
or TBR values. Study by Kosaka et al. (27) reported that
HGG (World Health Organization grade III-IV) showed an
average SUV, of 8.6£2.7 and SUV __ of 11.6+3.7, higher
than brain metastases, but with significant overlap that
reduces discriminatory value. Dunet et al. (28) confirmed
that "®F-FDG reflects tumor aggressiveness. However, in
(grade I-1), "8F-FDG uptake is low and often indistinguishable
from normal cortex, yielding only 38% sensitivity and a
poor AUC (0.40). In contrast, HGG typically present with
higher SUV__ values, yet specificity remains limited (86%)
due to overlap with other enhancing lesions. This trend
was reinforced by Pietrzak et al. (29), who retrospectively
analyzed over 14,000 '8F-FDG PET/CT scans and found
that primary brain tumors had a mean SUV__ of 9.2+4.7,
metastases were even higher at 12.4+5.6, while benign
lesions remained low at ~1.0. Importantly, the range of
uptake in primary tumors was broad (1.2-25.0), indicating
that although HGG are generally more hypermetabolic
than LGG, the absolute differences are often obscured by
overlapping values. Katsanos et al. (30) performed a meta-
analysis of 23 studies (994 patients) comparing '®F-FDG with
amino-acid tracers. '®8F-FDG had lower sensitivity (63%) but
higher specificity (89%) than ""C-MET (94% sensitivity, 55%
specificity) and "8F-FET (88% sensitivity, 57% specificity).
Thus, high "®F-FDG uptake is specific for high-grade glioma,
but many high-grade cases may be missed because 8F-FDG
uptake has low sensitivity, highlighting the need for
complementary tracers such as FAPI. Quartuccio et al. (31)
reviewed 22 studies on '8F-FDG PET combined with MRI.
The combined approach consistently outperformed either
modality alone, particularly in distinguishing HGG and in
differentiating tumor recurrence from radionecrosis. The
integration of PET metabolic parameters (SUV, T/N ratio)
with MRI functional markers (apparent diffusion coefficient,
cerebral blood volume, Cho/Cr) yielded AUC values >0.90.
This shows that '8F-FDG PET, despite its limitations, remains
valuable when combined with advanced MRI, offering
complementary metabolic information. Overall, "F-FDG
PET demonstrates a clear trend of increased uptake with
higher glioma grade, but its main limitations are poor
contrast in LGG and considerable overlap with metastatic
lesions and normal brain tissue. The comparison summary
is shown in Table 1.

Implications for Therapy Planning and Monitoring

Accurate delineation of tumor extent is critical for effective
neurosurgical intervention and radiotherapy planning in
glioma patients. Conventional MRI often fails to precisely
define tumor margins, particularly in infiltrative gliomas,

and cannot reliably distinguish treatment-related changes
from true tumor progression. Molecular imaging with PET
provides complementary functional information that can
address these limitations.

BE-FDG PET, which measures glucose metabolism, has
been widely used to assess tumor aggressiveness and
guide therapy. However, its high uptake in normal cortical
tissue can obscure tumor margins, limiting sensitivity for
low-grade lesions and complicating early assessment of
treatment response Kim et al. (5). PET tracers with higher
tumor specificity, such as FAPI, target FAP expressed
in CAFs within the tumor stroma, offering high tumor-
to-background contrast and enabling visualization of
infiltrative tumor regions that may not enhance on MRI
Yao et al. (3), Dev et al. (26).

Studies have demonstrated that FAPI PET can effectively
differentiate  tumor recurrence from post-treatment
changes, which is essential for determining whether
additional therapy or biopsy is needed Dev et al. (26).
Furthermore, pilot studies suggest that pre-radiotherapy
FAPI PET can improve delineation of radiation target
volumes, ensuring that infiltrative areas are included while
minimizing exposure to normal tissue Yao et al. (3). The
PET/RANO report by Galldiks et al. (32) emphasizes that PET
imaging contributes to more precise radiotherapy planning
and monitoring, allowing early detection of nonresponding
tumor regions and informing adaptive treatment strategies
to enhance therapeutic efficacy while reducing toxicity.

Limitations and Future Perspectives

Despite promising results, the clinical adoption of FAPI
PET in glioma remains limited. Current evidence primarily
derives from case series or pilot studies with small cohorts,
thereby restricting the generalizability of the findings
(8,26,33,34). While FAPI PET demonstrates high tumor-to-
background contrast and the ability to visualize infiltrative
tumor regions, standardized imaging protocols are lacking
and diagnostic thresholds have not yet been validated.

Preliminary studies suggest that FAPI PET can differentiate
tumor recurrence from post-treatment changes and
may provide prognostic information related to stromal
activity and aggressiveness Dev et al. (26), Hua et al.
(34). Furthermore, combining FAPI PET with other tracers,
such as amino acid PET ("'C-MET, '8F-FET), could offer
complementary information, potentially improving clinical
decision-making and therapy planning Chandekar et al.
(33), Djekidel et al. (8). To establish its clinical utility, larger
prospective trials are required to assess reproducibility,
diagnostic accuracy, and prognostic value in glioma
patients.
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Table 1. Comparison of '"®F-FDG and FAPI PET in glioma grading and diagnostic performance across key studies

Study Tracer/method Key findings Implications for glioma grading
. FAPI uptake reflects tumor
Ruan et al. (21), @ SUV__ 1 with grade (grade IV = 5.03 vs. grade . . .
(2024) Ga-FAPI-46 PET/CT HI=1"%4, p=0.02); TBR significantly higher aggressiveness; superior contrast vs.
FDG.
- . — . . Confirms metabolic aggressiveness,
Valentini et al. (22), 1SF-FDG PET Higher uptake in high-grade gliomas linked to but limited by high cortical

2017

proliferation, angiogenesis, Ki-67.

background (low TBR).

2 5F-FDG vs. FAPI PET/CT

FDG SUV__ >FAPI SUV__, but FAPI TBR > FDG

FAPI allows clearer discrimination of

2024 (normal brain negligible uptake). glioma grade.

Oster et al. (24), 65Ga-FAPL46 PET + tissue FAPI up_tak.e s’grongly correlates with FAP Va||d_ates b|o|og|_ca| basis of FAPI PET,
2024 expression; gliosarcoma shows very high uptake. | esp. in stromal-rich tumors.

Lyu et al. (25), - HGG had higher SUV__ and TBR than LGG; cutoff | FAPI provides high diagnostic

2022 SIAPRAZ FECT (25 i) SUV__ 1.20 (AUC 0.812), TBR 9.09 (AUC 0.850). | accuracy, independent of IDH status.

Dev et al. (26),
2024

%8Ga-FAPI-04 PET/CT vs.
FET (6 patients)

5/6 recurrences detected by both FAPI and FET;
1 negative consistent with treatment change.
example grade IV lesion SUV__=2.8

Shows FAPI highlights recurrent high-
grade gliomas with high contrast;
useful in differentiating recurrence
vs. treatment effects.

Kosaka et al. (27),

HGG: SUV,  8.6%2.7, SUV_ 11.6£3.7; higher

Uptake higher in HGG, but overlap

18F_
2008 ARG than brain metastases, but overlapping values. reduces specificity.

Dunet et al. (28), 18F-FDG PET In LGG, FDG uptake often indistinguishable from | FDG unreliable in LGG detection;
2015 cortex; sensitivity only 38%, AUC 0.40. better in HGG.

Pietrzak et al. (29),
2021

18F-FDG PET/CT (14,000

eEIns) (1.2-25.0).

Primary brain tumors SUV _=9.2+4.7,
metastases=12.4+5.6; benign ~1.0; wide range

Confirms trend of 1 uptake with
grade, but overlap with metastases.

Katsanos et al. (30),
2019

Meta-analysis FDG vs.
MET/FET

FDG: sensitivity 63%, specificity 89%; MET/FET:
higher sensitivity but lower specificity.

FDG highly specific for HGG, but low
sensitivity — many missed cases.

Quartuccio et al. (31),
2020

8F-FDG PET + MRI (22
studies)

PET+MRI > PET or MRI alone; AUC >0.90 for
grading and recurrence detection.

Multimodal imaging maximizes
accuracy; FDG retains
complementary value.

'®F-FDG: "®F-fluorodeoxyglucose, FAPI: Fibroblast activation protein inhibitor, PET/CT: Positron emission tomography/computed tomography, SUV.

: Maximum standardized uptake

max’

value, SUV_,: Average standardized uptake value, TBR: Tumor-to-background ratio, FAP: Fibroblast activation protein, HGG: High-grade gliomas, LGG: Low-grade glioma, AUC: Area
under the curve, IDH: Isocitrate dehydrogenase, FET: Fluoroethyltyrosine, MRI: Magnetic resonance imaging

Conclusion

"®F-FDG PET and FAPI PET each offer distinct and
complementary contributions to glioma imaging. "®F-FDG
remains a well-established modality for evaluating tumor
aggressiveness and predicting outcomes, although its
diagnosticaccuracy is limited by physiological cortical uptake
and by poor sensitivity for low-grade lesions. In contrast,
FAPI PET demonstrates superior lesion-to-background
contrast, enabling improved delineation of tumor margins,
tumor grading, and differentiation of recurrence from post-
treatment effects. These properties make FAPI a promising
tool for enhancing neurosurgical and radiotherapy planning.
Nevertheless, clinical application is still constrained by the
paucity of large-scale, standardized studies. Future research
should focus on multicenter prospective trials, protocol
harmonization, and the integration of FAPI with other
tracers to maximize diagnostic and therapeutic impact.

Ultimately, a multimodal imaging strategy that combines
MRI, FDG, FAPI, and amino acid PET may represent the
most effective approach to optimize glioma diagnosis,
treatment monitoring, and patient outcomes.
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