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REVIEW

Investigation of glial fibrillary acidic protein (GFAP) in body fluids as a potential
biomarker for glioma: a systematic review and meta-analysis

Jessy V. van Asperena� , Daria M. Fedorushkovaa� , Pierre A.J.T. Robeb† and Elly M. Hola†
aDepartment of Translational Neurosciences, University Medical Center Utrecht Brain Center, Utrecht University, Utrecht, the Netherlands;
bDepartment of Neurology and Neurosurgery, University Medical Center Utrecht Brain Center, Utrecht University, Utrecht, the Netherlands

ABSTRACT
Introduction: Liquid biopsies are promising diagnostic tools for glioma. In this quantitative systematic
review, we investigate whether the detection of intermediate filaments (IF) in body fluids can be used
as a tool for glioma diagnosis and prognosis.
Materials and methods: We included all studies in which IF-levels were determined in patients with
glioma and healthy controls. Of the 28 identified eligible studies, 12 focussed on levels of GFAP in
serum (sGFAP) and were included for metadata analysis.
Results: In all studies combined, 62.7% of all grade-IV patients had detectable levels of sGFAP com-
pared to 12.7% of healthy controls. sGFAP did not surpass the limit of detection in lower-grade
patients or healthy controls, but sGFAP was significantly elevated in grade-IV glioma (0.12ng/mL
(0.06� 0.18), P< 0.001) and showed an average median difference of 0.15 ng/mL (0.04� 0.25, P< 0.01)
compared to healthy controls. sGFAP levels were linked to tumour volume, but not to
patient outcome.
Conclusion: The presence of sGFAP is indicative of grade-IV glioma, but additional studies are neces-
sary to fully determine the usefulness of GFAP in body fluids as a tool for grade-IV glioma diagnosis
and follow-up.
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Clinical significance

This systematic review and meta-analysis show that GFAP in
serum is linked to grade-IV glioma.

The high heterogeneity between studies and relatively low
sensitivity makes applicability of sGFAP as a biomarker,
however, currently uncertain.

Additional studies are necessary to investigate whether
sGFAP can be used for the diagnosis or follow-up of spe-
cific subgroups of grade-IV patients.

Introduction

Gliomas are tumours that arise from the glial cells in the
brain (Louis et al. 2016). Glioma can occur in different malig-
nancy grades with increasing malignancy: that is, grade
I¼ pilocytic astrocytoma, grade II¼ astrocytoma and oligo-
dendroglioma, grade III¼ anaplastic astrocytoma and oligo-
dendrocytoma, and grade IV¼glioblastoma multiforme
(GBM). This grading is based on various histopathological
features (Louis et al. 2016). GBM is the most common pri-
mary malignant brain tumour, and the most severe of all

gliomas. Due to its rapid progressive, heterogeneous nature,
and diffuse spread in the brain, current treatment, consisting
of chemotherapy, radiotherapy and/or surgery, is unsuccess-
ful in eradicating GBM (Aldape et al. 2019). This results in a
five-year survival rate of 6.8% (Ostrom et al. 2019).

Tissue biopsies are widely used in the diagnosis of brain
tumours. However, the procedure is highly invasive and
potentially hazardous. In addition to the risk of neurological
dysfunction, post-operative oedema and haemorrhage result
in a mortality rate for biopsies of 0.5% to 3.5% (Yong and
Lonser 2013). Furthermore, there is a notable inter- and
intra-observer variability for histopathology of glioma biop-
sies (Mittler et al. 1996). Patients cannot undergo the invasive
procedure repeatedly for longitudinal sampling due to the
high risk. This complicates treatment monitoring in glioma
patients, since neuro-imaging does not always provide
proper correlation with treatment response (Neagu et al.
2015). Liquid biopsies can be a more objective, less invasive,
and quicker diagnostic tool for glioma diagnosis or follow-
up. It could aid in early detection of the tumour and possibly
enable regular follow-up over time, allowing the monitoring
of tumour progression and therapy response.
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Emerging biomarkers in various types of cancer are inter-
mediate filaments (IFs), which are cytoskeletal proteins
(Sharma et al. 2019). The composition of the IF network
varies greatly across various cell types. IFs play a role in
many different cellular processes, from regulating the
deformability and mechanical strength of the cell to various
essential cellular mechanisms such as transmembrane trans-
port and intracellular signalling (Etienne-Manneville 2018). In
addition, IFs are involved in facilitating cell motility and
migration, depending on the context, cell type, and type of
IF (Chung et al. 2013, De Pascalis et al. 2018). These func-
tional characteristics of IFs are of interest considering the
malignancy of glioma (Skalli et al. 2013, van Bodegraven
et al. 2019a, Hohmann Dehghani 2019). Glial fibrillary acid
protein (GFAP) is an IF which is co-expressed with nestin and
vimentin and is mainly present in the astrocytes and neural
stem cells in the brain (Hol and Pekny 2015).

Because of the diverse roles of GFAP, its level in serum
has been assessed for a variety of brain diseases (Messing
and Brenner 2020). More specifically, GFAP is a novel bio-
marker for traumatic brain injury (TBI) (Shemilt et al. 2019)
and a commercial test has recently been approved for use in
the clinic by the U.S. Food and Drug Administration (The U.S.
Food and Drug Administration 2018). While there is no con-
sistent correlation between GFAP expression in tissue and
glioma malignancy (reviewed in van Bodegraven et al.
2019a), we observed that the ratio between two splice var-
iants of GFAP, GFAPa and d, is correlated to glioma grade
(Stassen et al. 2017). The release of GFAP by tumour cells
and its diffusion to blood serum or other body fluids may,
however, differ between tumour grades as a result of higher
cell death/proliferation and blood-brain permeability in
tumours of higher grades. Serum or other body fluid GFAP
levels might thus be of use in the clinical practice of neuro-
oncology, for example as a diagnostic help in the case of
doubtful MRI images or to monitor treatment effect in gli-
oma patients. A prerequisite to this end is to assess the level
of intermediate filaments in the body fluids of glioma
patients compared to healthy controls.

Materials and methods

Systematic review

Collection of all biomedical literature on measurements of
IFs in body fluids (serum, cerebral spinal fluid [CSF], urine,
saliva) of glioma patients was systematically performed
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (Moher et al.
2009). The PubMed database was screened on April 12th
2020 for publications on IFs, glioma, and body fluids using a
search string with Medical Subject Headings (MeSH) and
Title/Abstract filters as listed in Table S1. The same search
string was used again on March 24th 2021. All articles were
independently assessed by two researchers (DMF and JVA)
via the online web-tool Rayyan (Qatar Computing Research
Institute) (Ouzzani et al. 2016). Reviews were also examined
to identify additional relevant studies.

Primary outcomes of interest included the number of
patients with detectable IF levels in serum, CSF and/or other
body fluids, and mean or median levels of IFs in the serum,
CSF and/or other body fluids of primary, non-treated glioma
patients separated per glioma malignancy grade, as docu-
mented by the World Health Organisation (Louis et al. 2016).
Detectable levels were defined as values that surpassed the
lower limit of detection (LLOD) as specified by the authors of
the paper (Table S3). Prespecified inclusion criteria resulted
in the selection of all studies of patients with non-treated gli-
oma (WHO Grade I, II, III, and IV) that reported on the appro-
priate outcome data. Exclusion criteria were: patient age
<18 years, case reports, animal studies, non-English reports,
articles not available in full text, in vitro studies, and studies
that did not provide comparative data on outcomes of inter-
est or otherwise did not meet inclusion criteria.

Data extraction

Data on primary glioma patients in which IF levels in body
fluids were determined, were used. Data for any outcome of
interest was extracted from the text of included studies.
When the outcome measures were not reported in the text,
the data points were extracted from the graphs using
https://automeris.io/WebPlotDigitizer (Rohatgi 2020).

Meta-analysis and judgement of bias and applicability

The extracted data on GFAP protein levels in serum (sGFAP)
of glioma patients separated by grade and in controls were
further used for a meta-analysis. The ‘quantile estimation’
model by McGrath et al. (McGrath et al. 2020) was applied in
RStudio (version 1.2.5042) (R Foundation for Statistical
Computing, Vienna) (R Core Team 2013) and the outcome
was subsequently applied in the metaphor package
(Viechtbauer 2010). In brief, the sampling variance of effect
sizes was estimated for all studies and meta-analysed using
the inversed variance method and the random-effects model.
The outcome measure was the average estimate of the
median for sGFAP levels within glioma grades or controls
and the average estimate of the difference of the median for
sGFAP level differences between glioma grades and/or con-
trols. Significance was defined as P� 0.05 with a 95% confi-
dence interval and was determined for each estimated
median either to be significantly different than zero or sig-
nificantly different between groups. Heterogeneity was
assessed with the tau2 statistic (estimated variance of true
effects) and the I2 statistic (percentage of variation across
studies) with the aforementioned metaphor package.
Robustness of results was judged with the QUADAS-2 tool,
which consists of four domains concerning risk of bias and
applicability to which a label of ‘low risk’, ‘high risk’, or
‘unknown’ was assigned for every included study by DMF
and JVA (Whiting et al. 2011). Disagreement between the
two investigators or lack of information resulted in an
‘unknown’ assessment. The funnel plot of the results and
subsequent regression test for funnel plot asymmetry were
generated using the metaphor package for RStudio
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(Viechtbauer 2010). Forest plots of sensitivity and specificity
and SROC curves were plotted with the Mada package for
RStudio (Doebler and Holling 2015). Graphics were made
with the ggplot2 package for RStudio and the Seaborn pack-
age in Jupyter notebook (Python) (Wickham 2016, Waskom
et al. 2020).

Results

Systematic search

The search strategy resulted in 849 publications that were
scanned on title and abstract by two researchers, independ-
ently. The 39 remaining studies that matched our inclusion
criteria were evaluated in detail and 28 studies reporting on

IF levels in body fluids of glioma patients were identified.
Since only two out of 28 studies focussed on IF proteins
other than GFAP (Ludwig et al. 2009, Husain et al. 2012), we
decided to focus the systematic review on outcome meas-
ures regarding GFAP in body fluids of glioma patients
(Figure 1).

The majority of the identified studies reported on soluble
GFAP protein levels in serum of glioma patients of different
grades. The studies reporting on this outcome-measure were
used for a meta-analysis. Other reported measures identified
during the systematic search were on soluble GFAP levels in
CSF, on numbers of GFAP positive tumour cells, immune
cells, and extracellular vesicles, and on auto-antibodies
against GFAP. The results of the studies not included in the
meta-analysis are discussed per category.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram of included studies.
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Meta-analysis on GFAP levels in serum of
glioma patients

Sixteen studies investigated the baseline levels of soluble
serum GFAP (sGFAP) protein in the serum of glioma patients
before treatment intervention, using antibody-based immu-
noassays. The reported outcome measures of twelve of these
studies were used for a meta-analysis on sGFAP levels in dif-
ferent glioma grades and control group (Table 1). The
remaining four studies categorised the patients differently by
combining grade I/II and grade III/IV patients (Brommeland
et al. 2007, Shih et al. 2017, Hepner et al. 2019; Urbanavi�ci�ut _e
et al. 2020) and were therefore not included in the meta-
analysis, but will be discussed separately. The details on the
control populations used in every study included in the
meta-analysis are listed in Table S2.

First, we meta-analysed data on the percentage of sub-
jects with detectable levels of GFAP in their serum in glioma
patient and control groups, as reported by the twelve stud-
ies. Within the individual studies, a subject was considered
positive for sGFAP (sGFAPþ) when the levels of sGFAP
exceeded the lower limit of detection (LLOD) of the assay
used, as determined by the authors and specified in Table
S3. When combining all studies, the percentage of patients
with detectable levels of sGFAP is 62.7% in grade IV glioma,
in comparison to 12.7%, 17.2%, 10.7% and 15.1% in controls,
grade-I, grade-II and grade-III patients, respectively (Figure 2
and Table S4). The percentage sGFAPþ grade-IV patients
showed large variation across studies, ranging from 29.1%
(G�allego P�erez-Larraya et al. 2014) to 100% ((Husain et al.
2012), Figure 2(B)), although the latter study only included
nine patients. sGFAP levels were detected using either the
ElectroChemiLuminescence (ECL) technology from Roche
(Husain et al. 2012, Baumgarten et al. 2018) or MesoScale
Discovery (Lange et al. 2014), or the sandwich enzyme-linked
sorbent assay (sELISA) from Biovendor (Jung et al. 2007,
Ilhan-Mutlu et al. 2013, Kiviniemi et al. 2015, Vietheer et al.

2017, Lyubimova et al. 2020, 2011, van den Bossche et al.
2021)/Proteogenix (G�allego P�erez-Larraya et al. 2014).
The single study that used the latter technique was also
the study that reported the lowest percentage of sGFAPþ

grade-IV patients. No large differences were, however,
observed in percentage of sGFAPþ subjects between studies
that used the ECL methods versus the sELISA method from
Biovendor. Most studies, regardless of the assay, used a
LLOD within the range between 0.01 to 0.05 ng/mL to define
a serum sample positive or negative for GFAP, with the
exception of four studies (Table S3; Lange et al. 2014, van
den Bossche et al. 2021).

Next, we investigated the concentrations of soluble GFAP
in the serum of glioma patients and controls by meta-analy-
sing the mean/median sGFAP values reported by the differ-
ent studies (Table 1, Table S5). When the mean/median
sGFAP levels were not reported, we extracted individual
datapoints from the graphs to calculate the median sGFAP
concentration for that study (Lange et al. 2014; van den
Bossche et al. 2021). Assuming that GFAP is normally not
present in serum, we first tested within the separate groups
whether the basal sGFAP levels were significantly different
from zero. The average estimated median of sGFAP levels
were not significantly different from zero in healthy controls
and grade I–III patients (0.00 ng/mL (0.00� 0.00), Figures
S1–S3); however, a significant elevation was found in
patients with glioma grade IV (0.12 ng/mL (0.06� 0.18),
P< 0.001, Figure 3(A)). Next, we determined the estimated
median differences of sGFAP levels between the different
groups by only including studies where sGFAP levels were
directly compared. When directly comparing the sGFAP levels
of grade-IV patients to the levels of sGFAP in controls, an
average median difference of 0.15 ng/mL (0.04� 0.25,
P< 0.01) was found (Figure 3(B)). This significant difference
was also apparent when comparing sGFAP of grade-IV
patients to grade III (0.10 ng/mL (0.02� 0.19), P< 0.05), grade

Table 1. An overview of studies quantifying GFAP protein levels in serum of grade IV patients and controls.a

Reference Method LLOD [ng/mL] Reported values
GFAP [ng/mL] –

Grade IV n
sGFAP [ng/mL]
– Controls n

Van den Bossche
et al. (2021)

sandwich ELISA (BioVendor) NA Individual values 0.021 (0–0.84) 40 NA NA

Lyubimova et al. (2020) sandwich ELISA (BioVendor) 0.08 Median (IQR) 0.38 (0.14–1.28) 91 0.0 (0.0-0.0) 66
Baumgarten et al. (2018) ECL (ElecsysVR GFAP prototype

test, Roche diagnostics)
0.05 All 0.16 (0–0.593)

0.18 (0.13)
25 NA NA

Vietheer et al. (2017) sandwich ELISA (BioVendor) 0.04 Median (IQR) 0.00 (0.00–0.22) 33 NA NA
Tichy et al. (2016) ECL (ElecsysVR GFAP prototype

test, Roche diagnostics)
0.05 Mean (SD) 0.23 (0.34) 33 NA NA

Kiviniemi et al. (2015) sandwich ELISA (BioVendor) 0.014 All 0.076 (0–0.387)
0.11 (0.12)

8 NA NA

G�allego P�erez-Larraya
et al. (2014)

sandwich ELISA (Proteogenix) 0.02 Mean (SD) 0.17 (0.53) 111 0.01 (0.02) 99

Lange et al. (2014) ECL (MesoScale Discovery) 0.0156 Individual values 0.086
(0.0047–0.317)

21 0.086
(0.0047–0.317)

15

Ilhan-Mutlu et al. (2013) sandwich ELISA (BioVendor) 0.03 Median (range) 0 (0–6.3) 34 0 (0–0.13) 26
Husain et al. (2012) ECL (MesoScale Discovery) 0.04 All 0.09 (0.07–0.15)

0.10 (0.03)
9 NA NA

Lyubimova et al. (2011) sandwich ELISA (BioVendor) 0.1 Median (range) 0.212 (0.12–8.89) 42 0 (0–0.112) 69
Jung et al. (2007) sandwich ELISA (BioVendor) 0.012 Median (range) 0.18 (0–5.6) 50 0 (0–0) 50
aIf all values were reported, both the median (range) and the mean (SD) are described. When individual data points were reported, the data were extracted and
the median (range) was calculated. Abbreviations: LLOD: lower limit of detection; n: number of subjects; NA: not available.
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II (0.09 ng/mL (0.01� 0.17), P< 0.05), and grade I (0.19 ng/mL
(0.03� 0.35), P< 0.05) (Figures S4–S6). However, no signifi-
cant difference in sGFAP levels were found when comparing
grade III to grade II, to grade I, or to controls
(Figures S7–S10). Some studies compared the sGFAP levels of
glioma patients to patients with brain metastases. Since our
search did not focus on this patient group, we summarized
these findings in Table S4 but did not include the brain
metastasis group in the quantitative analysis.

Judgement of bias and applicability

Quality assessment of meta-analysed papers by the QUADAS-
2 tool revealed that all studies were at risk of bias to some
degree, mostly due to a lack of information about whether

the results were interpreted without knowledge about the
reference standard and vice versa (Table S6). Furthermore,
not all controls were age- and sex-matched (Table S2). The
funnel plot of the analysis showed qualitatively moderate
asymmetry and thus moderate publication bias, which was
further strengthened by the significant regression test for
funnel plot asymmetry (Figure S11).

Sensitivity and specificity analysis

Following the results of our meta-analysis, we conducted
sensitivity and specificity analyses to determine the validity
of sGFAP as a biomarker for grade-IV glioma (Figure 4(A and
B)). The estimated sensitivity was between 29% and 89% for
sGFAP levels for grade-IV glioma compared to controls, while
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Figure 2. (a) A graphic overview of percentage of subjects with detectable levels of serum measured by different studies, grouped by glioma grade. (b) A graphic
overview of percentage of grade-IV patients positive for serum GFAP as measured by the individual studies. Size of the dot represents the number of grade-IV
patients included. Colours correspond to the method utilized in the study. Abbreviations: ECL: electrochemiluminescence; sELISA: sandwich Enzyme-Linked
Immunosorbent Assay.

a. b.

Figure 3. (a) A forest plot of average estimated median (p< 0.0001) GFAP levels in serum of grade-IV patients, measured with sELISA or ECL, as meta-analysed
with inverse variance and a random-effects model. Heterogeneity measures: tau2¼ 0.0077; I2¼ 93.33%. Squares indicate the observed outcome from individual
studies and horizontal lines indicate its 95% confidence interval. The size of the square corresponds to the relative weight assigned in the pooled analysis using
the random-effects model. The diamond at the bottom of the figure indicates the pooled median with 95% CI. (b) A forest plot of average estimated median differ-
ence (p< 0.0001) of sGFAP levels between grade-IV patients and the control group as meta-analysed with inverse variance and a random-effects model.
Heterogeneity measures: tau2¼ 0.0132; I2¼ 84.73%. Squares indicate the median difference between grade-IV patients and controls from individual studies and
horizontal lines indicate its 95% confidence interval. The size of the square corresponds to the relative weight assigned in the pooled analysis using the random-
effects model. The diamond at the bottom of the figure indicates the pooled median difference with 95% CI.
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the specificity was relatively high (varying between 67% and
99%). SROC analysis showed an AUC of 0.885 but showed a
wide range of variety (Figure 4(C)) (Mandrekar 2010). This
analysis was limited due to a small study sample.

Additional analyses of sGFAP

In addition to the studies included in the meta-analysis, four
additional studies reported on sGFAP measurements in gli-
oma using different conditions or groups. Brommeland and
colleagues investigated the baseline levels of sGFAP in
grade-III and grade-IV glioma combined and detected sGFAP
in 16 out of 31 patients, with a mean of 239 ng/L (range
30� 1210 ng/L). The authors described a tendency towards
lower GFAP concentrations in grade III (87.5 ng/L) in compari-
son to grade IV (262 ng/L) patients, but information about
the range of these measurements is lacking (Brommeland
et al. 2007). Both Shih et al. and Urbanaviciute et al. com-
pared sGFAP levels in grade I/II patients and grade III/IV
patients combined. Both studies did not find a significant dif-
ference in sGFAP levels between the high- and low grade
groups (Shih et al. 2017, Urbanavi�ci�ut _e et al. 2020) or
between glioma patients and controls (Urbanavi�ci�ut _e et al.
2020). In the study by Shih and colleagues the mean level of
sGFAP was even higher in the low grade glioma group
(n¼ 54, 0.281 ± 0.522 ng/L) compared to the high-grade
group (n¼ 20, 0.145 ± 0.354 ng/L) (Shih et al. 2017). Hepner
and colleagues divided central nervous system (CNS) tumour
patients into progressive- and stable disease groups, with
high- and low-grade gliomas but also other CNS tumours
included in both categories. Higher levels of sGFAP were
measured in both progressive- and stable disease groups in
comparison to control samples (Hepner et al. 2019).

sGFAP association with patient outcome, treatment
response and tumour characteristics

In addition to baseline sGFAP measurements, many studies
investigated whether sGFAP levels correlate with patient out-
come, treatment response and/or tumour characteristics, as
summarised in Table 2. A clear correlation between sGFAP
levels and overall survival (OS) and progression free survival
(PFS) is lacking. Some studies report no association between
sGFAP levels and OS or PFS (G�allego P�erez-Larraya et al.
2014, Shih et al. 2017, Vietheer et al. 2017). However, detec-
tion or an increase of sGFAP has also been linked to a less
favourable outcome (Kiviniemi et al. 2015, Lyubimova et al.
2020), as well as a (trend towards) more (Ilhan-Mutlu et al.
2013, Urbanavi�ci�ut _e et al. 2020) favourable outcome of
grade-IV glioma patients. Of the studies that investigated
treatment response, Baumgarten et al., Kiviniemi et al. and
Husain et al. showed a significant increase of sGFAP in grade
IV patients in the week after surgery (Husain et al. 2012,
Kiviniemi et al. 2015, Baumgarten et al. 2018). However,
Vietheer et al. showed decreased sGFAP levels in grade IV
glioma patients 6-12weeks after the surgery (Vietheer et al.
2017). There is thus a contrast between short-term effects
and long-term effects of treatment of grade-IV glioma on
sGFAP levels.

sGFAP levels appear to be affected by the growth dynam-
ics of the tumour, as studies showed that sGFAP correlates
to tumour volume (Jung et al. 2007, G�allego P�erez-Larraya
et al. 2014, Kiviniemi et al. 2015, Tichy et al. 2016, Lyubimova
et al. 2020), necrotic tumour volume (Kiviniemi et al. 2015),
number of necrotic cells (Jung et al. 2007), and to the Ki67
proliferative index (Kiviniemi et al. 2015). A correlation
between tumour volume and sGFAP levels was however not
confirmed by others (Ilhan-Mutlu et al. 2013, Vietheer et al.
2017). The relation between tumour tissue GFAP expression
and sGFAP levels is not clear, with one study describing
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Figure 4. Forest plots of calculated sensitivity (a) and specificity (b) based on reported numbers of grade-IV glioma and controls. Only studies with similar thresh-
olds are shown. SROC curve (c) has been fitted using the bivariate model of Reitsma et al. as a linear mixed model with known variances of the random effects
(Reitsma et al. 2005). An AUC of 0.885 was calculated.
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higher levels of intratumoral GFAP in the patients with the
highest sGFAP levels (Tichy et al. 2016), and two studies find-
ing no correlation between the two measures (Jung et al.
2007, Kiviniemi et al. 2015).

The WHO glioma classification of 2016 includes IDH-1
genotyping, in which an IDH-1 mutation in the tumour tissue
is associated with a better prognosis (Verhaak et al. 2010,
Louis et al. 2016). In this meta-analysis, three reports incorpo-
rated this classification. Both Kiviniemi et al. and Vietheer
et al. measured higher sGFAP levels in glioma grade-IV
patients with IDH-1 wild-type (IDHwt) status, compared to
glioma grade IV with a IDH-1 mutation (IDHmut) (Kiviniemi
et al. 2015, Vietheer et al. 2017). Urbanaviciute et al. however
did not detect differences between the IDHwt and IDHmut

groups (Urbanavi�ci�ut _e et al. 2020). At last, Tichy and col-
leagues found higher rates of MGMT promotor methylation
in patients with high sGFAP levels, but this correlation was
not found by Kiviniemi et al (Kiviniemi et al. 2015, Tichy
et al. 2016). Further molecular characterisation of the sGFAP-
positive and sGFAP-negative populations remains an import-
ant topic for further research.

GFAP protein levels in CSF of glioma patients

Three studies measured the levels of soluble GFAP in CSF
(cGFAP) of glioma patients. Using radioimmunoassays,
Syzmas et al. showed that the levels of cGFAP were elevated

Table 2. Overview of survival analyses and other correlations.a

Reference Method Association with survival? Other correlations

Urbanavi�ci�ut _et et al. (2020) sandwich ELISA (R&D systems) Detection of sGFAP is not associated
with OS in all glioma (p¼ 0.3808,
log-rank test, follow-up unknown),
but is associated to favourable OS
(p¼ 0.0153) in grade-IV patients

NA

Lyubimova et al. (2020) sandwich ELISA (BioVendor) sGFAP >0.2 ng/mL is associated to
poor OS (p¼ 0.028; log-rank test,
follow-up at least five years).

A ‘direct significant relationship of
medium strength’ between sGFAP
and tumour volume (Spearman’s
test, data not shown). No
correlations to tumour location in
the brain (data not shown)

Vietheer et al. (2017) sandwich ELISA (BioVendor) sGFAP is not associated with OS or
PFS (multivariate regression
analysis, 78weeks follow-up)

No correlation between tumour
volume and sGFAP observed
(Spearman rho ¼ 0.048, p¼ 0.790)

Shih et al. (2017) sandwich ELISA (BioVendor) sGFAP is not associated with PFS
(p¼ 0.653) or OS (p¼ 0.985;
univariate analysis, follow-up at
least 750 days).

NA

Tichy et al. (2016) ECL (ElecsysVR GFAP prototype test,
Roche diagnostics)

NA Significant correlation between grade
IV tumour volume and sGFAP
levels (Spearman rank
R¼ 0.586, p¼ 001).

Kiviniemi et al. (2015) sandwich ELISA (BioVendor) sGFAP > 0.014 ng/mL is associated to
poor PFS in patients with primary
high-grade glioma compared to
patients with sGFAP � 0.014 ng/
ml (p¼ 0.008; log-rank test,
30months follow-up).

Pre-operative sGFAP values
significantly correlated to
enhancing tumour volume and
necrotic tumour volume in MRI-T1-
Gad (r¼ 0.64; P¼ 0.005 and
r¼ 0.73; P¼ 0.001, respectively).
No correlation between tumour
GFAP detected by IHC and sGFAP
levels (p¼ 0.761)

G�allego P�erez-Larraya et al. (2014) sandwich ELISA (Proteogenix) sGFAP > 0.5 ng/mL is not associated
with OS or PFS (one-dimensional
Cox model, 50months follow-up)

NA

Ilhan-Mutlu et al. (2013) sandwich ELISA (BioVendor) sGFAP is not associated with OS, but
there is a trend towards more
favourable OS of grade IV patients
with detectable sGFAP as
compared to patients without
detectable sGFAP (log-rank test ¼
0.18, follow-up at least 40months)

No correlation between
neuroradiological characteristics
and sGFAP observed

Jung et al. (2007) sandwich ELISA (BioVendor) NA Significant correlation between
tumour volume and sGFAP
(Spearman Rho, CC ¼ 0.47;
p< 0.001) and necrotic volume
and sGFAP levels (CC ¼ 0.49,
p¼ 0.004). No correlation between
sGFAP and tissue GFAP expression

Brommeland et al. (2007) sandwich ELISA NA GFAP > 150 ng/L and tumour size >
20 cm3 significantly associated
(Multivariate linear regression,
P< 0.0001, Spearman ¼ 0.67).

aWhenever stated in the original research article, the applied statistical test and follow-up period was defined in brackets. Abbreviations: ELISA: Enzyme-Linked
Immunosorbent Assay; NA: not available; OS: overall survival; PFS progression-free survival.
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(range 4� 50 lg/mL) in five patients with gliomas (of which
2 were grade-IV glioma). In this study, no cGFAP levels above
3lg/mL were detected in the non-glial tumour control
group (Szyma�s et al. 1986). Hayakawa et al. analysed the CSF
of 12 grade-IV glioma patients using a similar technique and
detected cGFAP levels above 25 ng/mL in eight patients,
with cGFAP levels even reaching values above 500 ng/mL in
three samples. Elevated cGFAP levels were detected in two
out of 10 astrocytoma patients and in none of the two oligo-
dendroglioma patients or eight controls (Hayakawa et al.
1980). Both studies noted a large increase in cGFAP levels
within the first days after surgery, followed by a gradual
decrease (Hayakawa et al. 1980, Szyma�s et al. 1986). Recently,
GFAP was also detected in a proteomic screen on CSF sam-
ples of glioma patient. Although the overall abundance of
the GFAP protein was low, in a small subset of patients the
levels surpassed the threshold based on maximum levels
measured in control samples. Interestingly, the cGFAP high
patients had large, enhancing tumours with direct contact to
the ventricles, indicating that tumour location plays a role in
cGFAP levels. However, this MRI pattern was also observed in
patients with low cGFAP levels. Since the calculated sensitiv-
ity levels of cGFAP as a marker for grade IV were low
(25.45%), Schmid et al concluded that cGFAP does not

appear to be a stable marker for all grade-IV patients, never-
theless it may be clinically relevant for follow-up studies in
patients with high levels (Schmid et al. 2021).

GFAP protein in extracellular vesicles and
circulating cells

Previous studies have not only focussed on soluble GFAP lev-
els in serum and CSF of glioma patients, but also on the
presence of GFAP in extracellular vesicles (EVs) and circulat-
ing cells, as summarised in Table 3. EVs are membrane
vesicles that are secreted by cells, including tumour cells,
and contain proteins, RNAs and lipids. Larger EVs in the
range of 100 to 1000 nm are termed microparticles, whereas
vesicles smaller than 100 nm can be referred to as exosomes
(Kao and Papoutsakis 2019). Blood samples of grade-IV
patients contained higher numbers of both GFAP positive
microparticles and exosomes in comparison to control sam-
ples (Sartori et al. 2013, Galbo et al. 2017, Lewis et al. 2019),
or higher levels of GFAP within EVs (Lewis et al. 2019). In
addition to baseline differences, the number GFAPþ micro-
particles increase upon surgical resection and show the high-
est numbers seven months after surgery (Sartori et al. 2013).
Two of the three studies did not use permeabilization steps

Table 3. Overview of GFAP measurements in extracellular vesicles and cells.

Reference Target Method GFAP antibody Result

Sartori et al. (2013) Microparticles Flow cytometry: gating on
particle size and
annexin V positivity

Detection of surface GFAP

Rabbit pc (DakoCytomation,
Glostrup, Denmark)

Higher # of GFAPþ and GFAP- MPs in
grade-IV glioma patients (n¼ 61)
compared to controls (n¼ 20)

Significant increase in GFAP- and GFAPþ

MPs 7 days to 7months after surgery,
greatest increase in GFAPþMPs
after 7months

Galbo et al. (2017) Exosomes Exosome isolation by
ultracentrifugation

Flow cytometry: gating on
CD9-positivity

Detection of surface GFAP

Mouse mc conjugated to
AF488 (Biolegend, San
Diego, CA)

Higher % of GFAPþ exosomes in
recurrent grade-IV glioma patients
(22.8%, n¼ 8) compared to controls
(2.9%, n¼ 3)

Lewis et al. (2019) Extracellular vesicles EV isolation by single-step
dielectrophoretic (DEP)
separation

Intravesicular GFAP
labelling and
quantification of IFI

Mouse mc conjugated to
AF488 (BD Pharmingen)

IFI higher in 65% of grade-IV glioma
patients (n¼ 17) compared to max IFI
observed in controls (n¼ 23)

Sensitivity: 93%, Specificity: 38%, AUC:
0.65 (based on 15 grade-IV patients
and 8 controls)

M€uller et al. (2014) Circulating
tumour cells (CTCs)

Centrifugation of cells on
glass slides

CD45 and GFAP labelling
to identify CD45- CTCs

Rabbit pc (Dako,
Glostrup, Denmark)

Higher % of GFAPþ CTCs in blood of
primary and recurrent GBM patients
(20.6%, n¼ 141) compared to controls
(noncancer controls and brain
metastasis patients, 3.7%, n¼ 27). No
correlation with overall survival. Higher
% of GFAPþ CTCs in tumours with
EGFR amplification (28.6%, n¼ 70)
versus no amplification (14.1%, n¼ 71)

Van den Bossche
et al. (2021)

Monocytes Flow cytometry: gating on
FSC-area, SSC, HLA-DR,
CD300e, CD14 and
CD16

Detection of
intracellular GFAP

Rabbit pc (Dako,
Glostrup, Denmark)

Higher % of GFAPþ CD16þ monocytes in
dif.astr. (n¼ 28), oligod.g (n¼ 32),
grade-IV glioma (n¼ 145), and
metastasis (n¼ 21) patients compared
to controls (n¼ 38). Cut-off value of
0.6% GFAPþCD16þ monocytes gives
sensitivity of 81%, specificity of 85%,
AUC of 87% for detection any brain
tumour.

Grade IV patients with >20%
GFAPþCD16þCD14- monocytes
associated with decreased OS

Abbreviations: AUC: area under the curve; CTC: circulating tumour cells; dif. astr.: diffuse astrocytoma; FSC: forward scatter; HLA-DR: human leukocyte antigen
complex; IFI: immunofluorescent intensity; mc: monoclonal; MP: microparticles; oligod.g: oligodendroglioma; OS: overall survival; pc: polyclonal; SSC: side scatter.
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in their sample preparation, indicating that the identified
GFAP is expressed on the surface of the EVs and can poten-
tially also be picked up by the sELISA and ECL studies
described in the earlier meta-analysis. With exception of a
single grade-III patient that was included in the exosome
study (Galbo et al. 2017), GFAPþ EV levels have not been
measured in grade II/III; therefore, no conclusions can be
drawn about the specificity of increased GFAPþ EV levels for
grade-IV glioma.

In addition to EVs, also cells in the circulation of glioma
patients are more frequently GFAP positive. M€uller and col-
leagues detected GFAPþ non-haematopoietic (CD45-) cells in
20.6% of blood samples of grade-IV glioma patients, whereas
only a single blood sample contained GFAP positive cells in
their control population. The authors found no significant
difference between patients with primary and recurrent GBM
tumours, nor was the presence of GFAP-positive cells linked
to overall survival. GFAP-positive cells were, however, more
frequently present in blood samples of patients with EGFR
gene amplifications (M€uller et al. 2014). A recent study per-
formed by van den Bossche and colleagues found that the
percentage of GFAP-positive CD16þ monocytes are indicative
of brain tumours. Increased populations of these cells were
found in blood samples of diffuse astrocytomas, oligodendro-
gliomas, grade-IV gliomas and metastasis patients. The levels
of GFAPþ monocytes were directly compared to soluble
sGFAP levels, but no correlation was found. Within grade IV
patients, abundance of GFAP carrying monocytes correlated
to tumour volume and was associated with shorter OS. The
authors conclude that levels of GFAPþ CD16þ monocytes
cannot be used to distinguish between different glioma
grades but have high sensitivity to detect brain lesions in
general (van den Bossche et al. 2021).

GFAP auto-antibodies and miscellaneous measurements

In addition to GFAP protein measurements in body fluids,
also GFAP auto-antibodies have been a focus of research.
Ludwig et al. performed a serum auto-antibody screen
against a peptide library and GFAP was identified as an
informative antigen to discriminate between serum of grade
IV gliomas and that of controls (Ludwig et al. 2009). Auto-
antibodies against GFAP were also identified in a two-dimen-
sional western blot screen performed by Wei and colleagues,
where antibodies against GFAP were detected in 5 out 20
patients. Upon further validation within a larger patient
population using ELISA, the authors found a significant cor-
relation between tumour grade and GFAP autoantibody lev-
els. GFAP auto-antibodies were significantly elevated in
grade-III and grade-IV sera respective of control samples and
correlated with tumour volume (Wei et al. 2013). Two add-
itional studies on GFAP auto-antibodies showed mixed
results. Koszewicz et al. failed to detect GFAP auto-antibodies
in a group of 15 grade-IV patients but did detect GFAP
reactivity in one of the eight grade II/III glioma patients
(Koszewicz et al. 2016). Ruutiainen et al. on the other hand
did detect elevated GFAP auto-antibodies in both CSF and

serum of patients with brain tumours in comparison to the
control group (Ruutiainen et al. 1981).

Discussion

In this systematic review, we investigated whether GFAP in
body fluids can be used as a marker for (high grade) glioma.
The majority of the identified studies reported on GFAP pro-
tein levels in serum (Figure 2). In all antibody-based immuno-
assay studies combined, 62.7% of all grade-IV glioma
patients had detectable levels of GFAP in serum, with a
median basal level of 0.12 ng/mL (0.06� 0.18), compared to
12.7% of healthy controls with a median basal level of
0.00 ng/mL (0.00� 0.00) (Figure 2). Overall, higher sGFAP is
associated with grade-IV glioma and not with lower grades
(Figures 3 and S1–S3), and a similar trend is observed for sol-
uble GFAP in CSF. The sGFAP level is not clearly related to
patient prognosis of grade-IV patients, but there is evidence
for a correlation to tumour volume (Table 2). In addition to
soluble GFAP levels in body fluids, multiple studies link
grade-IV glioma to increased levels of GFAP positive cells,
EVs, and auto-antibodies against GFAP (Sartori et al. 2013,
M€uller et al. 2014, Galbo et al. 2017, Lewis et al. 2019, van
den Bossche et al. 2021).

Quality assessment of meta-analysed papers showed that
almost all studies were risk for bias, mostly because authors
did not state whether the sGFAP results were interpreted
without knowledge of the results of the reference standard,
and vice versa (Table S6). It is however unlikely that the
histopathological diagnosis of glioma samples was deter-
mined with prior knowledge about the level of sGFAP.
However, whenever this was not explicitly stated, we had to
give an ‘unclear’ assessment. It was difficult to obtain evi-
dence for sGFAP levels in lower-grade glioma. This is prob-
ably due to the fact that lower-grade glioma has a lower
prevalence in the population.

The funnel plot of sGFAP in grade-IV glioma showed sev-
eral studies outside of the 95% C.I., which revealed the high
heterogeneity we have encountered between studies (Figure
S11). One source of heterogeneity could be the different
commercial kits that were used to determine the sGFAP lev-
els. Also the fact that studies use different LLODs to deter-
mine sGFAP positive and negative samples is a likely source
of heterogeneity and a limitation of the meta-analysis.
Although most studies used LLODs within a similar range,
not every study explicitly stated how the LLOD was deter-
mined and whether values below the LLOD were defined as
0 or were taken along as originally measured (Table S3).
Other factors likely to contribute to the variability between
studies are the heterogeneity of the patient population, the
relatively small number of patients included in each study,
and the small number of studies in general. The limited
number of studies is also reflected in the sensitivity and spe-
cificity outcomes. Although the high specificity indicates that
an elevation of sGFAP discriminates grade-IV patients from
other glioma patients and controls, the sensitivity is limited.
In addition, the wide range of the SROC curve (Figure 4(C))
highlights that more studies are needed to conclusively
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determine sensitivity and specificity. For example, both Ilhan-
Mutlu et al. and Vietheer et al. showed a zero median sGFAP
level in grade-IV glioma patients, illustrating the large vari-
ability in sGFAP levels within the group of GBM patients
(Table 1). Further investigation into sGFAP positive and nega-
tive subgroups of GBM patients is needed to determine the
diagnostic value of sGFAP. So far, only three studies deter-
mined sGFAP in subgroups of patients classified according to
WHO 2016 (Kiviniemi et al. 2015, Vietheer et al. 2017,
Urbanavi�ci�ut _e et al. 2020), and two of these studies showed
that higher sGFAP levels are mainly associated with IDHwt
tumours (Kiviniemi et al. 2015, Vietheer et al. 2017).
Integration of additional genetic markers into sGFAP analysis
may link the presence of sGFAP to specific molecular sub-
groups of GBM patients.

Although our meta-analysis shows that the presence of
sGFAP is linked to grade-IV glioma, the fact that not all
grade-IV patients have sGFAP and that sGFAP is occasionally
detected in controls without malignancies makes the useful-
ness of sGFAP as a biomarker currently uncertain. Large pro-
spective studies will have to determine the sensitivity and
specificity of this tool. One clinical challenge in which the
utility of sGFAP has not been tested yet, is in the differenti-
ation between high-grade and low-grade non-enhancing
tumours. The lack of contrast enhancement, associated with
preservation of blood–brain barrier (BBB) integrity, is typically
associated with low-grade tumours. Nevertheless, in 30–40%
of the cases non-enhancing gliomas are in fact grade-IV
tumours, which can lead to an underestimation of the
aggressiveness of the tumour and delay in proper diagnosis
and treatment (Hu et al. 2020). When sGFAP levels are ele-
vated in grade IV irrespective of BBB permeability, sGFAP has
the potential to help in the diagnosis of these hidden grade-
IV cases. An additional focus should be to monitor sGFAP
levels within the sGFAP-positive group over the progression
of the disease and in response to different treatment
regimes. This may help in determining whether sGFAP levels
can be used to monitor therapeutic response or can contrib-
ute to the distinction between progression and pseudo-
progression.

GFAP is regulated by alternative splicing (Middeldorp and
Hol 2011) and the ratio between tissue expression levels of
two splice variants, GFAPa and d, correlates to glioma grade
(Stassen et al. 2017, van Bodegraven et al. 2019b). An inter-
esting future strategy is to measure the different GFAP iso-
forms in serum of grade-IV glioma patients. The binding site
of the anti-GFAP antibodies used to detect sGFAP could not
be retrieved for all studies, but in the most widely used
sELISA kit from BioVendor, the antibody is raised against an
epitope in the coil 2B of the rod region of GFAP (AA 312-
340) and therefore will pick up several different GFAP iso-
forms, including GFAPa and GFAPd. Although measurements
of the isoforms separately will not aid in improving the sensi-
tivity issue of sGFAP as a biomarker, measurements of the
GFAP isoforms in serum may help in predicting progression-
free and overall survival.

Additional studies identified during this systematic review
show that not only soluble GFAP levels are altered in grade-

IV patients, but also the levels of GFAP-positive EVs and cells
(Table 3). Since GFAP is a cytosolic protein, the fact that two
studies detected GFAP on the surface of exosomes and
microparticles is surprising. Surface expression of an IF pro-
tein is however not unique for GFAP, as surface vimentin has
gained recent attention in respect to circulating gastric can-
cer cells (Liu et al. 2020), and viral infections (Ramos et al.
2020). EVs play an important role in tumour cell communica-
tion and progression (Becker et al. 2016), therefore further
investigation into the source and function of GFAP-positive
EVs is an interesting focus of research. Since the studies
focussing on GFAP in EVs did not include lower-grade glioma
patients, it is unknown whether GFAP-positive EVs are spe-
cific for grade-IV patients or all glioma patients. In the case
of GFAP positive monocytes, however, increased levels were
not associated with any specific glioma grade but were
rather a sign of brain damage in general (van den Bossche
et al. 2021).

This systematic review was initially set-up to investigate
the presence of all IF proteins in body fluids of glioma
patients, but apart from studies on GFAP, studies on other
IFs in body fluids of glioma patients are scarce. Heppner
et al. measured the levels of serum neurofilament light (NFl)
in patients with progressive and stable brain tumours and
found increased levels of NFl levels in patients with progres-
sive CNS tumours (Hepner et al. 2019). In addition, Ludwig
et al. identified auto-antibodies against vimentin in the
serum of glioma patients of different grades (Ludwig et al.
2009). At last, vimentin was one of the upregulated proteins
identified during a proteomic screen on CSF samples of
grade-IV glioma patients (Schmid et al. 2021). Particularly IF
proteins vimentin and nestin are interesting targets to fur-
ther test as glioma biomarkers, as expression levels of these
proteins negatively correlate with progression-free and over-
all survival in glioma (Wu et al. 2015, Lin et al. 2016, Lv et al.
2017, Zhao et al. 2018).

To conclude, this systematic review and meta-analysis
shows that the presence of sGFAP is indicative of grade-IV
glioma, but the relative low sensitivity currently limits the
usefulness as a biomarker for initial diagnosis. Additional
studies are needed to determine the whether sGFAP can be
detected in high-grade gliomas without contrast enhance-
ments, whether sGFAP monitoring is relevant during disease
progression, and to determine the potential of GFAP iso-
forms and other IF proteins in body fluids as biomarkers for
(the follow-up of) grade IV glioma.
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