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Abstract. Background/Aim: Biomarkers for patients suffering
from glioblastoma (GBM) are scarce. Extracellular vesicles
(EV) are a promising candidate for a potential biomarker.
Therefore, EV concentration could be a potential biomarker of
tumor burden, volume, and prognosis. Patients and Methods:
Large EV (IEV) and small EV (sEV) were isolated from 36
GBM patients’ blood plasma by differential centrifugation.
Nanoparticle tracking was used to measure EV concentration.
Quantitative analysis of tumor volume was performed by
evaluating T2/FLAIR relaxation times. Results: The mean size
of IEV was 173.3 nm + 18.2 nm, while sEV measured 148.3 +
9.0 nm. Patients with higher IEV concentrations showed a
trend towards longer overall survival (36.1 vs. 16.5 months,
p=0.08). Regarding inflammatory markers, higher leukocyte
count was positively correlated with higher sEV concentration
(*=0.3887, DF 21, p=0.0015). No significant relationship was
found between IEV or sEV concentration and tumor volume.
Conclusion: Overall EV concentration in the peripheral blood
is not a predictor of tumor volume. sEV concentration is
associated with a potential pro-inflammatory metabolism.

Correspondence to: Judith Biintzel, MD, Robert-Koch-Strafie 40,
37075 Gottingen, Germany. E-mail: judith.buentzel@med.uni-
goettingen.de

Key Words: Extracellular vesicles, biomarker, glioblastoma, liquid
biopsy.

©2024 The Author(s). Published by the International Institute of
Anticancer Research.

This article is an open access article distributed under the terms and
@@@@ conditions of the Creative Commons Attribution (CC BY-NC-ND) 4.0
BY NC ND

international license (https://creativecommons.org/licenses/by-nc-nd/4.0).

Glioblastoma (GBM) accounts for 12-15% of all intracranial
tumors (1). According to the new WHO classification, they
are classified as grade 4 gliomas called “glioblastoma, IDH-
wildtype” (90% of cases diagnosed) and “astrocytoma IDH-
mutant” [10% of cases diagnosed (2, 3)]. GBMs usually
reach a median overall survival (OS) of approximately 14
months after diagnosis despite standard therapy based on
maximal surgical resection followed by radio-chemotherapy
(1,4).

Despite this intensive therapy regimen, the risk of
recurrence is high and associated with high mortality. Against
this background of therapeutic impasse, new strategies and,
in particular, reproducible and easy-to-implement non-
invasive measures are needed for a reliable detection of tumor
relapse. Possible starting points for this endeavor could be
extracellular vesicles (EV), which are easily obtained from
the blood, urine, cerebrospinal fluid, ascites, amniotic fluid,
and seminal fluid (5). Numerous studies have revealed the
importance of EVs as mediators of intercellular
communication between gliomas and their microenvironment
(6). As reviewed by Young et al., a growing number of
studies are investigating the idea of using circulating EV as
biomarkers and have already observed a direct correlation
between vesiculaemia and tumor burden, as well as OS and
recurrence (7).

The aim of this study was to: 1) determine EV
concentration at different stages of the disease (pre-operative
or post-operative setting, follow-up of patients with stable
disease and follow-up of patients in progression), 2) correlate
EV concentration with tumor volume as measured using
magnetic resonance (MR) scans, 3) evaluate its relationship
with OS and 4) assess its association with systemic
inflammatory markers (leukocyte count, C-reactive protein)
in order to qualify and quantify EV concentration as a
possible predictor and biomarker.

2735



in vivo 38: 2735-2739 (2024)

Patients and Methods

Patient selection. The project was approved by the local Ethics
committee (project number 3/2/14). After providing written consent,
GBM patients were included in the study. Overall, 36 patients were
recruited between May 2015 and January 2020. Status of disease
(pre-operative, stable disease, progressive disease) was assessed at
the time of recruitment. Stable and recurrent disease were defined
according to the Rano criteria. Maximum time span between MR
scans considered for analysis and drawing blood samples was one
month. The diagnosis of GBM was verified by the Institute of
Pathology at the University Medical Center Goettingen.

Sample preparation and measurement of EV concentration. IEV and
SEV were isolated from 10 to 15 ml peripheral blood drawn from
GBM patients. After collection, samples were processed
immediately (<2 h) following our previously established protocols
(8,9). Nano particle tracking analysis (NTA) of IEV and sEV was
conducted on a ZetaView PMX-120 device (PMX 120 ZetaView®
Mono Laser, Particle Metrix, Inning am Ammersee, Germany)
equipped with a 640 nm laser and a CMOS camera (CMOS camera
640x480 pixels, Particle Metrix). Samples were diluted in 1 ml PBS
to obtain a concentration of 50-400 particles/frame. For each
sample, videos at 11 cell positions were recorded at 25°C with a
camera sensitivity of 80-83 for sEV and 76-79 for IEV, respectively.
Data were analyzed with the ZetaView software (v8.02.31).

Assessment of tumor and perifocal edema volume. The MRI
examinations were performed on a 3.0 Tesla (Siemens Magnetom
Prisma, Siemens Medical Solutions, Erlangen, Germany). A
32-channel head coil was used. A standard protocol for all patients
was performed. After native sequences were performed, contrast-
enhanced sequences were obtained using a single intravenous dose of
gadobutrol (Gd-DO3A-butrol, Gadovist). The following sequences
were used: 2D T2w MRI sequence with fluid-attenuated inversion
recovery impulse (T2w FLAIR) in axial acquisition (TE=80 ms,
TR=8,000 ms, FOV=256x256 mm?, FA=120°, anisotropic voxel
size of 1 mm x 1 mm % 3 mm), 3D Tlw MPR without contrast
enhancement in sagittal acquisition (TE=2.67 ms, TR=1,580 ms,
FOV=256x256 mm2, FA=8°, isotropic voxel size of | mm x 1 mm X
1 mm); iv), 3D T1w with gadolinium contrast enhancement in sagittal
acquisition (TE=4.57 ms, TR=2,070 ms, FOV=256x256 mm?2,
FA=15°, isotropic voxel size of 1 mm x 1 mm x 1 mm).

Quantitative analysis of tumor volume was performed by evaluating
four MR sequences (T1w, T1w gadolinium enhanced, T2w, and T2w-
FLAIR) simultaneously to annotate a data set. The images were strictly
segmented according to their timing, starting with the preoperative
image, independent of the other MR acquisitions of the same patient
(i.e., in a prospective fashion). Tumors were measured using electronic
calipers, in which the largest (a) and smallest (b) tumor extents were
determined, and then the volume determination was calculated using
the formula V=a*b*b*0.52 (planimetry).

Statistical analysis. GraphPad Prism (Version 9.3.0, GraphPad
Software, Boston, MA, USA) was used for statistical analysis.
Simple linear regression analysis was used to assess correlations
between 1EV or sEV concentrations and clinical parameters (OS,
inflammatory markers, tumor volume, edema volume). Unpaired
student’s t-test was applied comparing subgroups. A p-value <0.05
was considered as significant. To find the cut-off for high and low

Table 1. Clinical characteristics.

Sex

Male 20

Female 16
Age

Years [+SD] 59.34+15.45
Disease status

Pre-operative 16

Stable disease 12

Recurrent disease

Post-operative 2
Localization glioblastoma

Single hemisphere 33

Bihemispherical 3

Left hemisphere 19

Right hemisphere 14

Frontal lobe 9

Parietal lobe 8

Temporal lobe 6

Occipital lobe 1

Several locations 12
Mutation status

MGMT methylation 17/31

ATRX loss 4/23

IDH?2 mutation 2/25
Corticosteroid therapy

Yes 14

No 10

No information 12
Treatment at the time of recruitment

Surgery 18

Temozolomide/CCNU 10

None 7
Mean tumor volume

cm? [+SD] 32.00+£35.29
Mean edema volume

cm? [+SD] 150.66+121.42

EV concentration we used program X-tile (10), as previously
published by our group (11) before applying Log-rank test and
Hazard ratios for survival analysis. Kaplan-Meier curves were
drawn using GraphPad Prism (Version 9.3.0).

Results

A cohort of 36 GBM patients was enrolled in the study.
Clinical baseline characteristics, disease and mutation status,
as well as the number of patients under corticosteroid therapy
are listed in Table I. Mean size of IEV was 173.3%18.2 nm,
whereas sEV showed a mean size of 148.3+9.0 nm. Regarding
inflammatory markers, a higher leukocyte count was positively
correlated with higher sEV concentrations in simple linear
regression (r2=0.3887; DF=21; p=0.002), whereas leukocyte
count was not associated with IEV number (r2=0.013; DF=21;
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Figure 1. Patients with higher concentrations of large (A) or small extracellular vesicles (B) tend to have a longer overall survival. Kaplan—Meier
curve; (A) p=0.08; HR=245, 95%CI=0.96-6.27. (B) p=0.11; HR=2.19, 95%CI=0.67-7.21.

Table II. Subgroup analysis of large extracellular vesicle (IEV) and small extracellular vesicle (sEV) concentrations in pre-operative samples and

samples acquired during stable disease.

Mean (+SD) [particles/ml blood plasma] t-value p-Value
IEV concentration pre-operative subgroup 1.28x109 (£6.91x108) 1.086 0.288
IEV concentration stable disease subgroup 9.66x109 (+8.38x108)
sEV concentration pre-operative subgroup 5.41x108 (£2.49x108) 2.663 0.014

sEV concentration stable disease subgroup

9.58x108 (+5.24x108)

p>0.05). C-reactive protein was neither associated with IEV
(1?=0.0024; DF=19; p>0.05) nor sEV (1?=0.0682; DF=19;
p>0.05) concentration. Both tumor volume and the edema
surrounding the tumor lesion were quantified. Tumor volume
was not associated with either 1IEV (r2=0.03792; DF=31;
p>0.05) or sEV concentration (r2=0.04087; DF=30; p>0.05).
In line, edema and IEV (r2=().004; DF=22; p>0.05) and edema
and sEV (r2=0.003; DF=22; p>0.05) showed no relevant
correlation.

Concerning disease status, we were able to show that SEV
concentration could be used to predict whether a patient was
recruited pre-operatively (87.50% correctly classified
patients) or later, during stable disease (66.67% correctly
classified patients) in multiple regression analysis. The
receiver operating characteristics curve showed an AUC of
0.76 (95%CI1=0.56-0.95; p=0.023), and positive predictive
power was 80.00%. Pre-operative patient samples showed a
significantly lower sEV concentration than samples of
patients with stable disease, while no significant differences
were observed concerning IEV concentration (Table II).

Overall survival is not associated with vesicle concentration.
Are 1IEV or sEV concentrations useful biomarkers for prognosis
in GBM patients? Patients were categorized into two groups

based on vesicle concentration: high and low. Cut-off for
survival analysis was set at a concentration of >1.23x10° IEV
particles/ml blood plasma (IEVyep concentration: 12 patients,
IEV 0w concentration: 24 patients). The cut-off for high sEV
concentration was at >3.61x108 sEV particles/ml blood plasma
(SEVhigh concentration: 7 Patients, sEVioy concentration: 28
patients). Overall, patients with higher 1EV or sEV
concentration showed a trend toward a longer OS [36.1 months
(high 1EV concentration) vs. 16.5 months (low IEV
concentration)]; p=0.08; HR=2.45, 95%C1=0.96-6.27; 29.27
months (high sEV concentration) vs. 14.53 months (low sEV
concentration); p=0.11; HR=2.19, 95%CI=0.67-7.21 (Figure
1A and B).

Discussion

EV are easily obtained from peripheral blood, making them
a promising target of interest in biomarker research.
Especially in the case of GBM, there is a need for additional
information, as MR diagnostics are not always able to
distinguish between pseudo-progression and recurrent disease
(12). Furthermore, MR imaging does not adequately correlate
the true neoplastic disease burden, as micro-infiltrative
processes are beyond the limits of radiological imaging (13).
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We initially hypothesized that EV concentration might be a
marker for cancer volume. Yet, we did not observe a
correlation between the volume of the glioma lesion and EV
concentration nor between the volume of glioma lesion,
surrounding edema, and EV concentration. An explanation
might be the immune-privileged environment of the brain,
which is less permeable to the transit of cancer-derived EV
from the brain to the blood, whereas data on non-brain
cancers, such as breast cancer, demonstrated a correlation
between EV concentration and tumor size (14).

Only a few studies have evaluated total EV concentration in
the peripheral blood of GBM patients. We were able to observe
higher sEV concentrations in recurrent disease and could
distinguish pre-operative patients from others using ROC
analysis. Koch et al. observed a similar phenomenon, with
higher IEV concentrations in patients with progressive disease.
Compared to our patients, this cohort was much smaller (11
subjects) and underwent radiochemotherapy (15). However,
both studies suggest that EV concentration is correlated with
disease status. Summing up, EV concentration might be a
potential biomarker for detecting early recurrence. Overall, EV
concentration could offer a useful addition to monitoring GBM
patients. However, the value of monitoring EV concentration
as a prognostic marker is still under debate (15-17).
Considering the small number of patients included in previous
studies (15-17) and our cohort, as well as the heterogeneity of
the results, we require larger data sets and longitudinal,
prospective studies before establishing EV concentration as a
biomarker in GBM patients. Studies investigating other cancer
entities already demonstrated the prognostics value of using
EV expressing cancer-related proteins in the peripheral blood
of patients (18, 19). Monitoring e.g. EGFRVIII expression on
EV in GBM patients might offer a similar, refined approach.

EV extracted from the peripheral blood are a mixture of
cancer-derived EV and EV from various benign cells (20).
We observed an association between sEV concentration and
leukocyte count A higher GBM burden is likely associated
not only with increased secretion of tumor-derived sEVs into
the peripheral blood but also with a cancer-induced pro-
inflammatory environment. An elevated number of infiltrating
and circulating neutrophil granulocytes is known to be
associated with the severity of patients’ disease (21).
Combining the simplicity of monitoring EV concentration
with subtyping the EVs’ cell of origin, e.g., by flow
cytometry, may offer additional insights.

This retrospective study is limited due to the small number
of patients (n=36) included. No longitudinal samples of
patients were available; therefore, we had to rely on sub-
group analysis of different patient groups (pre-operative
patients, stable disease, and recurrent disease), further
restricting patient numbers in sub-analysis.

Still, our data shed light on the application of EV
concentration as a clinical biomarker for patients with GBM.

In the absence of a reliable biomarker, GBM treatment does
not allow early detection of tumor recurrence and timely
monitoring of disease progression. Our results suggest that
the concentration of EV in the plasma, together with the
ability to characterize their specific cargo, may be useful for
diagnosing and monitoring treatment in patients with GBM.

Conclusion

The present study is based on a very small cohort. Accordingly,
the results have to be carefully analyzed and cautiously
interpreted. However, we could demonstrate that sEV
concentration is able to differentiate between patients’ surgical
status and is associated with a potential pro-inflammatory
metabolism. To what extent a higher EV concentration is
associated with a better prognosis should be investigated in
larger, prospective studies, as we observed a trend towards
longer OS in patients with high IEV and sEV concentrations.
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