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Abstract

Purpose: This study investigates the relationship between diffusion-weighted imaging (DWI) and mean apparent diffusion
coefficient (ADC) values in predicting the genetic and molecular features of gliomas. The goal is to enhance non-invasive diagnostic
methods and support personalised treatment strategies by clarifying the association between imaging biomarkers and tumour
genotypes.

Material and methods: A total of 91 glioma patients treated between August 2023 and March 2024 were included in the analysis.
All patients underwent preoperative magnetic resonance imaging (MRI), including DWI, and had available histopathological and
genetic test results. Clinical data, tumour characteristics, and genetic markers such as IDH1 mutation, MGMT promoter methylation,
EGFR amplification, TERT pathogenic variant, and CDKN2A deletion were collected. Statistical analysis was performed to identify
correlations between ADC values, MRI perfusion parameters, and genetic characteristics.

Results: Significant associations were found between lower ADC values and aggressive tumour features, including IDH1-wildtype,
MGMT unmethylated status, TERT pathogenic variant, and EGFR amplification. Additionally, distinct ADC patterns were observed
in gliomas with CDKN2A, TP53, and PTEN gene deletions. These findings were further supported by contrast enhancement and
other MRI parameters, indicating their role in tumour characterisation.

Conclusions: DWI and ADC measurements demonstrate strong potential as non-invasive tools for predicting glioma genetics. These
imaging biomarkers can aid in tumour characterisation and provide valuable insights for guiding personalised treatment strategies.

Key words: diffusion-weighted imaging, apparent diffusion coefficient, glioma, MRI, tumour characterisation.

of cellular struc- tures. When studying gliomas, it has been
observed that ADC levels are related to the density of tumour
cells, their growth rate, and the presence of dead tissue. This
method offers a more indirect way of determining the

Introduction

Gliomas are a diverse group of primary brain tumours
distinguished by their different clinical behaviour, his-

tological characteristics, and genetic profiles. Therefore, it is
crucial to make precise evaluations and descriptions of these
tumours for precise diagnoses to optimise treat- ment
approaches and enhance patient results [1]. Obtain- ing
histopathological specimens for accurate diagnosis might be
challenging in clinical situations in which sur- gery is not
possible. To overcome these challenges, it is essential to
utilise non-invasive diagnostic technologies to improve the
effectiveness and precision of diagnosis.

Although traditional imaging modalities are beneficial,
they often lack the information required for a full exa-
mination of tumours. This gap has generated curiosity in
more sophisticated imaging methods, including diffusion-
weighted imaging (DWI) and its derivative — the apparent
diffusion coefficient (ADC). DWI utilises the motion of
water molecules in tissue to generate contrast in magnetic
resonance images (MRI). The ADC values obtained by DWI
yield quantitative as- sessments of water diffusion, which are
inversely correlat- ed with cellular density and the integrity

histological and genetic characteristics of the tumour,
eliminating the necessity for invasive procedures [2].

Recent research has shown that ADC measures can be
used to differentiate between low-grade and high-grade
gliomas and to predict certain genetic alterations, such as
isocitrate dehydrogenase (IDH) status [3,4]. These in- sights
are vital because genetic alterations in glioma have a
considerable impact on prognosis and therapy response. For
example, gliomas with IDH mutations typically cor- respond
to more favourable outcomes and have different metabolic
pathways compared to gliomas without IDH alterations [5].
Furthermore, evaluating the status of the IDH1 gene is the
initial stage in determining the ac- curate genetic profile of
glioma, serving as an indicator for subsequent genetic
analyses [6].
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The present study aims to explore the relevance of
diffusion imaging, specifically ADC values, in predicting
glioma genetics and tumour features. Through the synthe- sis
of current research and clinical data, we seek to clarify how
modern imaging techniques might improve our un-
derstanding of glioma biology and aid in the development of
individualised treatment strategies.

Material and methods

Patient cohort

The research study contains a cohort of 91 individuals who
received neurosurgical treatment between August 2023 and
March 2024. The inclusion criteria encompassed individuals
aged 18 years and above who received pre- operative MRI
with DWI assessment and had accessible histopathological
and genetic test findings. Patients who had incomplete
datasets were not included in the study. The study obtained
approval from the institutional Bio- ethics Committee.

Clinical data collection

The clinical data obtained encompassed demographic in-
formation, such as age and sex, along with tumour features,
including location, laterality, and multiplicity. The recorded
additional information included clinical symptoms, his- tory
of recurrence, Karnofsky performance status (KPS),
handedness, smoking status, particular tumour diagnosis,
tumour grade, and body mass index (BMI).

MRI protocol

MRI examinations were conducted using a 1.5 T MRI
scanner, using a standardised protocol (Supplementary Table
1) to maintain consistency and reproducibility of imaging
data. The sequences comprised pre- and post- gadolinium T1-
and T2-weighted images, fluid-attenuated inversion recovery
(FLAIR), DWI, and dynamic suscepti- bility contrast (DSC)
imaging. Post-contrast images were acquired after
administering a bolus injection of a gado- linium-based
contrast agent at a dose of 0.1 mmol/kg body weight,
followed by a saline flush.

Radiological variables

The images were examined on the analysis software Philips
Intellispace Portal. The radiological characteristics assessed
included components from the Vasari classification [7]. The
features encompassed multifocal lesions, contrast
enhancement characteristics, T2/FLAIR mismatch, intra-
tumoural necrosis, maximal diameter, tumour volume,
involvement of the corpus callosum, involvement of the
cortex, extension into the ependymal layer, and invasion of
the pia mater. In addition, ADC was measured in DWI, while
relative cerebral blood volume (rCBV) and relative cerebral
blood flow (rCBF) were analysed using DSC im- aging the
average. The regions of interest (ROIs) were po- sitioned
according to the method previously outlined by Xing et al.
[4]. To accurately position the ROIs on the solid tumour
components and avoid areas with cysts, bleeding, necrosis, or
swelling around the tumour, the DWI pic- tures were aligned
with conventional MRI scans, including T1-weighted scans
before and after the injection of gado- linium and T2-

weighted scans. Therefore, the average ADC values were
determined by manually positioning between 3 and 5 non-
overlapping ROIs positioned within the tu- mour regions of
the visually lowest ADC values.

Histopathological and genetic analysis

The histopathological diagnosis was determined by the most
recent WHO CNS?5 classification [8]. The genetic indicators
that were evaluated were IDH1 mutation status, O%-methyl-
guanine-DNA methyltransferase (MGMT) methylation,
epidermal growth factor receptor (EGFR) amplifica- tion,
cyclin-dependent kinase inhibitor 2A (CDKN2A) deletion,
TP53 deletion, platelet-derived growth factor re- ceptor alpha
gene (PDGFRA) amplification, phosphatase and tensin
homologue (PTEN) deletion, 1p/19q codele- tion, telomerase
reverse transcriptase (TERT) patho- genic variants, and
H3F3A (K27M) pathogenic variants. The markers were
chosen based on their well-established significance in brain
tumour pathophysiology and prog- nosis. Standard molecular
techniques, such as polymerase chain reaction (PCR),
fluorescence in situ hybridisation (FISH), and next-
generation sequencing (NGS), were em- ployed for genetic
analysis.

Statistical analysis

The normality of the data was evaluated using the Shapiro-
Wilk test. The selection of statistical tests, either the Mann-
Whitney U test or the y?test, depended on whether the data
were continuous or categorical. These tests were used to
identify any significant differences between the 2 groups of
independent variables. Instances with in- complete genetic
data were omitted from the statistical analysis to ensure
uniformity. The results were presented using 95% confidence
intervals (95% CI), and statistical significance was
determined by a p-value of less than 0.05. The statistical
studies were performed using R Studio soft- ware.

Results

Demographic and clinical characteristics

Table 1 provides a comprehensive summary of the de-
mographic and clinical characteristics of the 91 patients
included in this study.

The cohort comprised a slightly higher proportion of
males (52.7%) than females (47.3%), with a mean age of 52
years (SD = 15 years). The malignancies were predomi-
nantly found in the temporal (35.2%) and frontal lobes
(34.1%). The tumours were evenly distributed across the left
and right hemispheres, with each hemisphere ac- counting for
46.2% of the cases. A minor fraction of tu- mours (7.7%)
affected both hemispheres simultaneously. The prevalent
clinical symptoms were headache (27.5%), epilepsy (26.4%),
and paresis (24.2%). Additional symp- toms that were
documented included speech difficulties (19.8%), vision
disturbances (15.4%), memory disorders
(11%), ataxia (9.9%), dizziness (4.4%), and paraesthesia
(5.5%). A significant proportion of patients, specifically
9.9%, exhibited no symptoms.

The patients” KPS had a mean value of 81 (SD = 12),
suggesting that most patients had a relatively high level of
functional ability during the examination.
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Table 2 providEs a comprehensive overview of the diag-
nosis and molecular characteristics of the study participants.
Among the 91 patients included in the study, 29.7% were
diagnosed with astrocytoma, and 70.3% with glio- blastoma.
The tumours were graded according to the WHO
classification, with 9 patients (9.9%) having grade 2
tumours, 17 patients (18.7%) having grade 3 tumours, and
65 patients (71.4%) having grade 4 tumours.

Table 1. Patients’ characteristics

Sex
Female 43 47.3
Male 48 52.7
Age (Mean; SD) 52 15
Handedness
Left 2 2.2
Right 72 79.1
Both 2 2.2
NA 15 16.5
Location
Temporal lobe 32 35.2
Frontal lobe 31 34.1
Parietal lobe 15 16.5
Occipital lobe 4 4.4
Cerebellum 3 3.3
Corpus callosum 3 3.3
Brainstem 2 2.2
Insular 1 11
Side
Left 42 46.2
Right 42 46.2
Both 7 7.7
Paresis 22 24.2
Paraesthesia 5 55
Speech disorders 18 19.8
Headache 25 27.5
Dizziness 4 4.4
Epilepsy 24 26.4
Ataxia 9 9.9
Vision disturbance 14 154
Memory disorders 10 11
No symptoms 9 9.9
Recurrence 29 31.9
KPS (mean; SD) 81 12
Nicotinism
No 54 59.3
Yes 11 121
NA 26 48.6
BMI (mean; SD) 26.14 4.7

SD - standard deviation, KPS — Karnofsky Performance Scale

The analysis of IDH1 mutation status revealed that
71.4% of patients had IDH1-wildtype tumour, while 28.6%
of patients had IDH1 mutations. Regarding MGMT Table 2.
Diagnosis and molecular characteristics

Multifocal lesion

Diagnosis

Astrocytoma 27 29.7

Glioblastoma 64 70.3
Grade

2 9 9.9

3 17 18.7

4 65 714
IDH1 mutation

Wildtype 65 714

Mutant 26 28.6
MGMT methylation

Unmethylated 33 37.9

Methylated 54 62.1
EGFR amplification

No 40 46.0

Yes 47 54.0
CDKN2A deletion

Non-deleted 41 45.1

Heterozygous 28 30.8

deletion

Homozygous 17 18.7

deletion

NA 5 55
TP53 deletion

Non-deleted 78 85.7

Deleted 3 3.3

NA 10 11.0
PDGFRA amplification

Non-amplified 67 73.6

Amplified 14 154

NA 10 11.0
PTEN deletion

Non-deleted 45 49.5

Deleted 35 385

NA 11 12.1
1p19q codeletion

Non-codeleted 86 98.9

Codeleted 1 11
TERT pathogenic variant

No 34 374

Yes 44 48.4

NA 13 14.3
H3K27M pathogenic variant

No 68 74.7

NA 23 25.3

No

68

4.7

Yes

23

25.3
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IDH1 - isocitrate dehydrogenase 1, MGMT - O6-
methylguanine-DNA  methyltransferase; EGFR -
epidermal growth factor receptor, CDKN2A — loss of
cyclin-dependent kinase inhibitor 2A, PDGFRA -
platelet-derived growth factor receptor alpha gene, PTEN
— phosphatase and tensin homologue, TERT — telomerase
reverse transcriptase promoter methylation, 37.9% of
patients were found to have MGMT promoter
unmethylated, whereas 62.1% of patients had MGMT
promoter methylated. EGFR ampli- fication was present
in 54% of patients. CDKN2A deletion status indicated that
45.1% of patients had non-deleted CDKN2A, 30.8% of
patients had heterozygous deletions, and 18.7% of patients
had homozygous deletions. TP53 deletion was found in
3.3% of patients. PDGFRA amplifi- cation was observed
in 15.4% of patients. PTEN deletion was detected in
38.5% of patients. Only one patient had 1p/19q codeletion,
while the vast majority (98.9%) did not have this genetic
feature. TERT pathogenic variants were identified in
48.4% of patients. Representative patients’ examinations
are presented in Figures 1-3.

Table 3 outlines the imaging parameters assessed in the
study.

Contrast enhancement was observed in 67 patients
(73.6%), while 24 patients (26.4%) showed no enhance-
ment. The quality of enhancement was graded as follows:
0 means no enhancement (26.4%), 1 means mild/minimal
enhancement (13.2%), and 2 means marked/avid enhance-
ment (62.6%). T2/FLAIR mismatch was present in 9 pa-
tients (9.9%). The mean rCBF was 4.1, and the mean
rCBV was 5.2. Intratumoural necrosis was noted in 66
patients (72.5%). The maximal diameter of the tumours
had a mean
of 44.6 mm, and the mean tumour volume was 31.2 cm3.
The mean ADC was 1.36 x 10 3 mm?/s. Corpus callosum
involvement was observed in 25 patients (27.5%), while
cortical involvement was noted in 77 patients (84.6%).
Ependymal extension was present in 59 patients (64.8%),
and pial invasion was seen in 68 patients (74.7%).

Table 4 provides a comprehensive analysis of the rela-
tionship between various MRI perfusion parameters and
genetic features in gliomas.

Patients with IDH1-wildtype gliomas exhibited a sig-
nificantly lower mean ADC value compared to those with
IDH1 mutations (p < 0.05). Contrast enhancement was
significantly more frequent in IDH1-wildtype gliomas
compared to IDH1 mutant gliomas (p < 0.05). Enhance-
ment quality, T2/FLAIR mismatch, and other variables
also varied significantly between these 2 groups (p <
0.05). Gliomas without MGMT promoter methylation had
a significantly lower mean ADC value compared to
MGMT promoter methylated gliomas (p < 0.05). Contrast
enhancement was observed more frequently in gliomas
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Figure 1. Representative magnetic resonance images of examined patient. A 68-year-old man with glioblastoma G4.
Molecular characteristics: IDH1-wild- type, present TERT promoter pathogenic variant, CDKN2A homozygous deletion,
EGFR amplification, MGMT promoter unmethylated. A) Pre-contrast T1.

B) Contrast enhanced tumour on T1 post gadolinium. C) T2-weighted scan. D) Fluid-attenuated inversion recovery (FLAIR).
E) Diffusion-weighted imaging (DWI). F) Reduced diffusion on apparent diffusion coefficient (ADC) map

Figure 2. Representative magnetic resonance images of examined patient. A 67-year-old man with glioblastoma G4.
Molecular characteristics: IDH1-wild- type, present TERT promoter pathogenic variant, CDKN2A homozygous deletion,
EGFR amplification, MGMT promoter unmethylated. A) Pre-contrast T1.

B) Contrast enhanced tumour on T1 post gadolinium. C) T2-weighted scan. D) Fluid-attenuated inversion recovery (FLAIR).
E) Diffusion-weighted imaging (DW1). F) Apparent diffusion coefficient (ADC) map
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Figure 3. Representative magnetic resonance images of examined patient. A 52-year-old man with glioblastoma G4.
Molecular characteristics: IDH1-wild- type, present TERT promoter pathogenic variant, CDKN2A non-deleted, EGFR non-
amplification, MGMT promoter unmethylated. A) Pre-contrast T1.

B) Contrast enhanced tumour on T1 post gadolinium. C) T2-weighted scan. D) Fluid-attenuated inversion recovery (FLAIR).
E) Diffusion-weighted imaging (DWI).. F) ADC map

Contrast enhancement Corpus callosum involvement
No 24 26.4 No 66 725
Yes 67 73.6 Yes o5 275
Enhancement quality Cortical involvement
0 24 26.4 0 14 154
1 12 13.2 1 77 84.6
2 55 626 Ependymal extension
T2/FLAIR mismatch 0 32 35.2
No 82 90.1 1 59 64.8
Yes 9 9.9 Pial invasion
rCBF (Mean; SD) 4.1 No 23 253
rCBV (Mean; SD) 5.2 Yes 68 747
Intratumoural necrosis
rCBF — regional cerebral blood flow, rCBV - relative cerebral blood
No 25 27.5 volume, ADC — apparent diffusion coefficient
Yes 66 72.5
Maximal diameter (mm) (mean; 44.6 374.7
SD)
Volume (cm3) (mean; SD) 31.12 429.5
Mean ADC (x 103 mm3s) (mean; 1.36
SD)

Table 3. Imaging parameters
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Table 4. Relationship between magnetic resonance imaging perfusion and genetic features

13 |< 6 59 |< 6 11(49| <

0

IDH1 Wildtype 63 | 2 |< 18 | 47 45 | 2 21 | 44 16 | 49 7 | 58
mutation [\ one [ 152 1009 g [ g 005 [1g] 1 [ 71005 [g [ 7 1005 7 21 | 5 11 | 15 7 | 19 7 | 19
MGMT  |Unmethylat| 1.21 | < 3 | 30 [< [3]3]27]< 31 | 2 11 | 22 27 | 6 13 | 20 7 | 26 4 | 29
methylatio|  ed 0.05 0.05 0.05
n Methylated | 1.46 20 | 34 20| 8 |26 47 | 7 14 | 40 37 | 17 19 | 35 14 | 40 10 | 44
EGFR No | 147 |< 17 | 23 |< |17 3 20| < 34 | 6 12 | 28 33| 7 17 | 23 8 | 32 9 | 31
grr?plificati Yes | 1.26 9005 | 6 | 41 |005 [5g 33005 45 | 2 13 | 34 32 | 15 15 | 32 12 | 35 5 | 42
CDKN2A | Non- | 151 |< 17 | 24 |< [17)3 21| < 37 | 4 9 | 32 35 | 6 19 | 22 12 | 29 9 | 32
deletion deleted 0.05 0.05 0.05

Heterozyg | 1.21 3 | 25 3|32 26 | 2 1| 17 21 | 7 8 | 20 4 | 24 3 | 25

ous

deletion

Homozyg | 1.26 3 | 14 3|4 (10 15 | 2 5 | 12 9 | 8 5 | 12 4 | 13 2 | 15

ous

deletion
TP53 No | 1.36 < 23 | 55 23| 9 |46 70 | 8 23 | 55 59 | 19 30 | 48 19 | 59 12 | 66
deletion ves | 195|005 ¢ 3 0|03 3 [ o 0 3 3 | 0 o | 3 0o | 3 1| 2
PDGFRA | No 1.4 22 | 45 22| 8 |37 60 | 7 18 | 49 51 | 16 26 | 41 17 | 50 12 | 55
grr?plificati Yes 1.29 1 13 1]1/12 13 1 5 9 11 3 4 10 2 12 1 13
PTEN No | 1.42 21 | 24 |< |21]1]23[< 38 | 7 10 | 35 37 | 8 20 | 25 6 | 39 |<005 11 | 34 |<
deletion Yes | 1.31 2 | 33 |005 [0 g[25/005 34 | 1 13 | 22 24 | 11 10 | 25 13 | 22 2 | 33 |0C
1p19q No | 1.37 22 | 64 22[11[53 77 | 9 24 | 62 64 | 22 31 | 55 21 | 65 14 | 72
codeletion|  yeg 1.8 1 0 1/0/]0 1 0 1 0 0 1 0 1 0 1 0 1
TERT No | 154 < 16 | 18 |< |16]1[17[< 28 | 6 8 | 26 26 | 8 13 | 21 9 | 25 6 | 28
pathogenic/  yes | 1.3 005 [ 5 | 39 005 [5[9(30/ 005 [ 42 | 2 10 | 34 2 | 12 15 | 29 11 | 33 6 | 38
variant
H3k27 No | 1.41 19 | 49 18] 8 |41 0o | 1 16 | 52 53 | 15 26 | 42 17 | 51 11 | 57
pathogenic
variant

Results are based on two-sided tests assuming equal variances.
IDH1 - isocitrate dehydrogenase 1, MGMT — O¢-methylguanine-DNA methyltransferase, EGFR — epidermal growth factor receptor, CDKN2A - loss of cyclin-dependent kinase inhibitor 2A, PDGFRA — platelet-derived growth factor
receptor alpha gene, PTEN — phosphatase and tensin homologue, TERT — telomerase reverse transcriptase
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with MGMT promoter methylation compared to un- methylated
cases (p < 0.05). Similar trends were observed across other
MRI parameters.

Gliomas without EGFR amplification had a higher mean
ADC value compared to those with amplification (p < 0.05).
Contrast enhancement was more common in EGFR-amplified
gliomas compared to non-amplified cases (p < 0.05).

Gliomas with non-deleted CDKN2A exhibited a high- er
mean ADC value compared to heterozygous deletions and
homozygous deletions (p < 0.05). Contrast enhance- ment was
less frequent in gliomas with homozygous dele- tions
compared to non-deleted gliomas (p < 0.05).

The mean ADC value was significantly higher in glio- mas
with TP53 deletion compared to non-deleted TP53 gliomas (p
<0.05).

Gliomas without PDGFRA amplification showed a higher
mean ADC value compared to those with ampli- fication, but
this difference was not statistically significant. Gliomas
without PTEN deletion had a higher mean ADC value
compared to those with PTEN deletion. This difference was
statistically significant (p < 0.05). Con- trast enhancement was
more common in gliomas with PTEN deletion compared to
non-deleted PTEN gliomas
(p < 0.05).

Gliomas with TERT pathogenic variants exhibited a lower
mean ADC value compared to those without the variant (p <
0.05). Contrast enhancement was more fre- quent in gliomas
with TERT variants compared to those without (p < 0.05).

Discussion

The present study examines the significant relation- ship
between DWI measures, particularly mean ADC values, and
various genetic and molecular features of gliomas. The results
of our research show that DWI and ADC values can be used as
non-invasive indicators to pre- dict genetic changes and tumour
features. This is particu- larly significant in the setting of
tumours where biopsy is challenging or unfeasible, providing a
vital alternative for acquiring diagnostic and prognostic
information without intrusive treatments.

IDH1 mutation status

Our results indicate that IDH1-wildtype gliomas ex- hibit
significantly lower mean ADC values compared to IDH1-
mutant gliomas. Mounting evidence suggests that mutations in
the IDH gene family can decrease the pro- duction of o-
ketoglutarate, resulting in the formation of the oncometabolite
(R)-2-hydroxyglutarate. This, in turn, leads to an increase in
cell proliferation or cellu- larity. Therefore, our findings align
with previous stud- ies suggesting that IDH1 wildtype gliomas
are typically more aggressive and have higher cellularity,
resulting in

lower ADC values [4,9-12]. The significant association
between lower ADC values and the presence of contrast
enhancement further supports the aggressive nature of
IDH1-wildtype gliomas. Prompt determination of the
IDH1 gene status is crucial, particularly during the ini- tial
non-invasive diagnostic phase. The significance of the
IDH1 gene status determines the subsequent genetic tests
necessary for a comprehensive diagnosis (layered re- port
structure) and accurate classification of the tumour, as
required by the current CNS5 classification [8].

MGMT methylation

The study reveals that gliomas with unmethylated pro-
moter of MGMT have lower mean ADC values compared
to methylated MGMT gliomas. This observation corrobo-
rates existing literature indicating that MGMT methyla-
tion is associated with better prognosis and lower cellular
density, reflected in higher ADC values [5]. However, it is
important to note that the relationship between ADC val-
ues and MGMT status has been strongly debated in the lit-
erature. Some studies, such as those by Romano et al. [13]
and Moon et al. [14], report higher ADC values in methy-
lated MGMT tumours, supporting the notion of lower cel-
lular density in these tumours. Conversely, Pope et al. [15]
and others have found lower ADC values in unmethylated
tumours, suggesting that these results may not be consis-
tent across all cases and may vary depending on the tu-
mour region analysed (e.g. enhancing versus peritumoral
tissue). The higher frequency of contrast enhancement in
methylated MGMT gliomas suggest enhanced tumour
permeability and angiogenesis, characteristics often ob-
served in these tumours [16]. Early assessment of MGMT
promoter methylation is vital for optimising treatment
strategies and improving prognostication in glioma pa-
tients. Specifically, patients with methylated promoters
respond better to temozolomide [17]. It also aids in risk
stratification, guiding clinical decision-making, and en-
hancing clinical trial design by selecting appropriate pa-
tient cohorts [18]. Thus, integrating MGMT methylation
assessment early in the diagnostic process is crucial for
effective glioma patient management.

According to the recent CNS5 and cIMPACT-NOW,
specific genetic alterations change the final diagnosis.
Confirming the presence of certain genetic alterations in
glioma can reclassify the tumour as “molecularly” high-
grade, resulting in a considerably lower survival rate com-
pared to gliomas without mutations [19]. IDH1-wildtype
lower-grade gliomas that exhibit one of three particular
genetic markers (EGFR amplification, +7/-10 abnormali-
ty, or TERT promoter alterations) are classified as the most
malignant type of tumour, known as WHO grade 4 [20].
In IDH1-mutant lower-grade gliomas, the mutation of the
highest malignancy is CDKN2A homozygous dele- tion.
Hence, identifying these indicators during the initial phase
of diagnosis potentially influences subsequent treat-
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ment. Noninvasive assessment of molecular characteris- tics
is primarily employed in patients for whom acquiring
histopathology material is highly hazardous or unfeasible.
For these patients, MRI and acquired ADC are advanta-
geous because DW!I is the typical sequence performed
during initial diagnosis.

EGFR amplification

Gliomas without EGFR amplification showed higher
mean ADC values compared to those with EGFR am-
plification. This is consistent with the notion that EGFR
amplification is related to increased tumour aggressive- ness
and cellularity, resulting in lower ADC values [21]. The
higher prevalence of contrast enhancement in EGFR
amplified gliomas further underscores their aggressive
phenotype.

CDKNZ2A deletion

In the presented study non-deleted CDKN2A gliomas
exhibited higher mean ADC values compared to those with
heterozygous or homozygous deletions. CDKN2A deletions
are known to contribute to tumour progression and
malignancy, which could be reflected in lower ADC values
[22]. The relationship between CDKNZ2A gene sta- tus and
ADC value has been investigated in several stud- ies, which
have shown contradictory findings. Indeed, certain research
has shown a substantial correlation be- tween ADC and
CDKN2A, although in other studies the correlation is not
statistically significant [23,24].

TERT pathogenic variants

TERT is an enzyme responsible for maintaining telo-
meres that safeguard genomic integrity during cell division.
TERT is highly expressed in stem cells and cancer cells,
playing a crucial role in cellular immortality. Mutations in
promoter of TERT are a hallmark of various cancers, in-
cluding glioblastoma, and they are commonly used as dia-
gnostic and prognostic markers. Suppression of TERT by
promotion mutation expression has been shown to increase
cellular sensitivity to DNA damage, making TERT a prom-
ising target for novel therapeutic approaches in GBM. In our
study, gliomas with TERT pathogenic variants exhi- bited
lower mean ADC values, indicative of higher tumour
cellularity and increased aggressiveness, which is in line
with previous research [25]. This finding aligns with the
established role of TERT mutations in promoting tumour
proliferation and malignancy. Additionally, the significant
association between TERT promoter mutations and in-
creased contrast enhancement on MRI further underscores
the aggressive nature of these tumours. Contrast enhance-
ment reflects the disruption of the blood-brain barrier and
neovascularisation, which are characteristic of high-grade,
rapidly growing tumours. The combined observation of

lower ADC values and greater contrast enhancement in
TERT-mutant gliomas provides robust non-invasive indi-
cators of tumour aggressiveness and highlights the potential
utility of advanced imaging techniques in the characterisa-
tion and management of these malignancies.

In summary, this study highlights the utility of DWI and
ADC values in non-invasively predicting the genetic and
molecular landscape of gliomas. The significant corre-
lations between imaging biomarkers and genetic features
underscore the potential of advanced MRI techniques in
guiding personalised treatment approaches.

Limitations of the study

Despite the promising findings and significant insights
provided by this study, several limitations should be ac-
knowledged to contextualise the results and guide future
research.

Firstly, the study cohort, although comprehensive, was
relatively small and drawn from a single institution. This
limits the generalisability of the findings across broader
populations and different clinical settings. Larger, multi-
centre studies are necessary to validate these results and
account for potential variations in imaging protocols, ge-
netic testing methods, and patient demographics. Second- ly,
the study’s retrospective design inherently introduces certain
biases, including selection bias and information bias. The
study also relied heavily on mean ADC values, which, while
informative, may not capture the full com- plexity of tumour
diffusion characteristics. ADC values can be influenced by
various factors, including tumour heterogeneity, necrosis,
and surrounding oedema. Ad- vanced diffusion imaging
techniques, such as diffusion tensor imaging (DTI) and
diffusion kurtosis imaging (DKI), might provide more
detailed insights into the mi- crostructural properties of
gliomas.

Future directions

This study reveals the potential of DWI and ADC val- ues
in glioma characterisation and treatment planning. To
validate these associations, larger, multicentre cohorts are
needed to account for variations in imaging protocols,
genetic testing methods, and patient demographics. Lon-
gitudinal studies tracking changes in ADC values during and
after treatment can provide insights into tumour re- sponse
and resistance mechanisms. Moreover, further re- search is
needed to understand the biological mechanisms driving the
observed correlations between ADC values and genetic
alterations. Automated analysis tools lever- aging artificial
intelligence and machine learning can fa- cilitate the
processing of large imaging datasets and aid in real-time
clinical decision-making. Expanding research to include
paediatric populations and rare glioma subtypes will ensure
the benefits of advanced imaging techniques are realised
across diverse patient groups.
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Conclusions

This study underscores the significant potential of DWI
and mean ADC values as non-invasive biomark- ers for
predicting genetic and molecular characteristics of gliomas.
Our findings demonstrate that lower ADC values are
generally associated with more aggressive tu- mour
phenotypes and specific genetic alterations, such as IDH1-
wildtype, MGMT unmethylated status, EGFR ampli-
fication, and CDKN2A homozygous deletion.

In conclusion, DWI and ADC metrics provide criti- cal
insights into the genetic and molecular landscape of
gliomas, offering a non-invasive and effective tool for
enhancing diagnostic precision and tailoring therapeutic
interventions. This study highlights the transformative
potential of advanced imaging in the era of personalised
oncology, ultimately aiming to improve patient outcomes
through more targeted and informed treatment strategies.
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