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Abstract

We analyzed the longitudinal concentrations and prognostic roles of plasma

b-synuclein (b-syn), glial fibrillary acidic protein (GFAP), and neurofilament

proteins (NfL and NfH) in 33 patients with malignant gliomas, who underwent

surgical and adjuvant therapy. GFAP and NfL levels were increased in patients

with glioblastoma compared to cases with other tumors. b-syn, NfL and NfH

increased after surgery, whereas GFAP decreased at long-term follow-up. b-syn
and neurofilament concentrations were influenced by surgery and/or radio-

therapy regimens. GFAP and neurofilament levels were significantly associated

with survival. Plasma neuronal and astrocytic biomarkers are differentially

altered in malignant glioma types and displayed distinct trajectories after surgi-

cal and adjuvant therapy.

Introduction

Malignant gliomas are the most common and aggressive

primary tumors of the central nervous system in adult

patients.1,2 Biofluid markers are urgently needed to opti-

mize the prognostic assessment and monitor treatment

responsiveness as well as tumor recurrence. Blood neuro-

filament light (NfL) and heavy (NfH) chain proteins, and

glial fibrillary acidic protein (GFAP) are well-established

neuronal and astrocytic biomarkers, respectively3,4; how-

ever, their potential application in malignant gliomas has

not been fully explored.4-8 Furthermore, b-synuclein
(b-syn) is emerging as a promising synaptic marker in

several neurological diseases,9-12 and might be of interest

in the neuro-oncological field, given its high expression in

glioma tissues.13

In this study, we investigated the longitudinal concen-

trations and prognostic value of plasma b-syn, GFAP,

NfL, and NfH proteins in a cohort of patients with malig-

nant gliomas, who underwent surgical and adjuvant

therapy.

Methods

Selection criteria

We retrospectively analyzed 105 blood samples obtained

from 33 patients with malignant gliomas, recruited from

2008 to 2010 at the Department of Neurosurgery, Martin-

Luther-University Halle-Wittenberg (Halle, Germany).

Patient demographical and clinical characteristics as well

as diagnostic and treatment data are reported in the sup-

plementary methods and elsewhere.14 Briefly, preoperative

neuroimaging data were collected for each patient.14

Complete and incomplete resection were performed in 16

and 17 patients, respectively.14 Histological analysis

revealed a glioblastoma or other malignant gliomas in 21

and 12 patients, respectively.14,15 Thirty-one of the 33

patients underwent radiotherapy (mean total dose 54 Gy,

total dose ≤54 Gy n = 11, > 54 Gy n = 20).14 We calcu-

lated the overall survival as the time (in months) from

the first blood collection to death or date of the last

follow-up information (September 2011).14 The study
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was carried out in compliance with the Helsinki Declara-

tion and was approved by the Ethics Committee of the

Medical Faculty of the Martin-Luther-University Halle-

Wittenberg (/2008).

Biomarker analyses

EDTA plasma samples were collected at scheduled time-

points and processed according to standard procedures.

Timepoints were the following: before surgery (t0)

(n = 28), after surgery and before starting radiotherapy

(t1) (n = 30), at the end of radiotherapy (t2) (n = 28),

and at the first post-treatment follow-up 4–8 weeks after

the end of radiotherapy (t3) (n = 19).14 Mean interval

times are reported in the supplementary methods. Plasma

b-syn, GFAP, NfL, and NfH were analyzed according to

previously reported protocols (details in the supplemen-

tary methods).10,11,16,17

Statistical analyses

We used the Mann–Whitney U-test and Kruskal–Wallis

test (followed by Dunn-Bonferroni post hoc test) to com-

pare continuous variables, depending on the number of

the groups. Spearman’s correlations and multivariable

linear regression analyses were used to test the possible

associations between variables. Kaplan–Meier analyses as

well as univariate and multivariate Cox regressions inves-

tigated the associations between survival, each blood bio-

marker and/or known prognostic factors18 in malignant

gliomas (details in the supplementary methods).

Results

Associations between plasma biomarkers
and clinical variables

At t0, both plasma GFAP and NfL were moderately to

strongly correlated with preoperative tumor volume

(GFAP: r = 0.617, p = 0.002; NfL: r = 0.479, p = 0.018)

and necrotic volume (GFAP: r = 0.757, p < 0.001; NfL:

r = 0.604, p = 0.004), whereas b-syn was moderately asso-

ciated with necrotic volume (r = 0.439, p = 0.047). NfH

did not correlate with any neuroradiological variable.

Patients with glioblastoma had increased GFAP (t0:

p < 0.001, t1: p = 0.004; t2: p = 0.001; t3: p = 0.014) and

NfL (t0: p < 0.001, t1: p = 0.003; t2: p = 0.001; t3:

p = 0.007) levels compared to those with other tumors,

whereas b-syn and NfH values did not differ between the

two groups (Fig. 1A). Given the higher mean preoperative

tumor volume in glioblastomas compared to other

tumors (p = 0.038, supplementary methods), we per-

formed the comparisons at t0 after adjustment for tumor

volume and confirmed the same results (GFAP:

b = 0.637, p < 0.001; NfL: b = 0.599, p = 0.003). Associa-

tions between biomarkers and demographical variables

are reported in the supplementary results.

Time course of plasma biomarkers and
effect of therapeutic regimens on
biomarker levels

In the entire cohort, b-syn, NfL and NfH levels increased

after surgery (b-syn: t1–t0: 2.4-fold, p = 0.004; t2–t0:
p = 0.034; NfL: t1–t0: 2.9-fold, p = 0.003; t2–t0:
p = 0.047; NfH: t1–t0: 2.5-fold, p = 0.006; t2–t0,
p = 0.040) and showed a nonsignificant decreasing trend

at follow-up (Tables 1 and 2 and Fig. 1B). Conversely,

GFAP levels did not increase significantly after surgery,

but decreased significantly at long-term follow-up (t3–t1:
p = 0.007) (Fig. 1B).

The type of surgery influenced both b-syn and neurofi-

lament (NfL and NfH) but not GFAP levels (Tables 1 and

2). Specifically, b-syn increased after both complete and

incomplete resection (t1–t0: complete: 1.9-fold, p = 0.022;

subtotal: 4.8-fold, p = 0.027) but remained significantly

high only after incomplete resection (t2–t0: p = 0.031)

before reducing at follow-up, whereas the concentrations

decreased early after complete resection (t3–t1: 2.5-fold,
p = 0.025) (Fig. 1C). Generally, incomplete resection was

associated with significantly higher b-syn values at t2

(p = 0.002) and t3 (p = 0.028) compared to complete

Figure 1. (A) Distribution of plasma b-syn, GFAP, NfH, and NfL levels in patients with glioblastoma and in those with other malignant gliomas.

Groups were compared by Kruskal–Wallis test and Dunn’s post hoc test. Data are shown as medians and IQRs. (B) Time course of plasma b-syn,

GFAP, NfH, and NfL in the entire cohort at different timepoints [preoperative phase (t0), after surgery and before adjuvant therapy (t1) and after

adjuvant therapy (t2 and t3)]. As plasma concentrations of GFAP differed by several orders of magnitude from other biomarkers, units were

adjusted to align all time courses in one graph. b-syn, NfH, and NfL are presented as log(pg/mL), whereas GFAP values as log(ng/mL). Data are

shown as medians and IQRs. (C) Time course of plasma b-syn in patients undergoing complete or incomplete resection. b-syn is presented as log

(pg/mL). Data are shown as medians and IQRs. (D) Time course of plasma NfL and NfH in patients undergoing complete or incomplete resection.

NfH and NfL are presented as log(pg/mL). Data are shown as medians and IQRs. (E) Time course of plasma b-syn in patients undergoing

radiotherapy at high (>54 Gy) or low total dose (≤54 Gy). b-syn is presented as log(pg/mL). Data are shown as medians and IQRs. (F–H) Survival

curves in the entire cohort according to the values of significantly prognostic blood biomarkers: GFAP (F), NfL (G), NfH (H). Biomarker levels have

been stratified in low and high levels with respect to their median values (GFAP: 2403 pg/mL, NfL: 114 pg/mL, NfH: 868 pg/mL). The cumulative

time-dependent probability of survival was calculated by the Kaplan–Meier estimate. The reported p-values refer to the log rank test.
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Table 1. Time course of plasma b-syn and GFAP in patients with malignant gliomas.

b-syn Subgroup

Baseline t0

(pg/mL)

After surgery

t1 (pg/mL)

End of

radiotherapy

t2 (pg/mL)

Post-radiotherapy

follow-up t3

(pg/mL)

Entire cohort 2.01 (0.63–3.40) 4.86 (2.68–10.11) 3.47 (2.32–7.92) 2.00 (1.32–4.50)

Type of

tumor

Glioblastoma (n = 21) 2.89 (0.63–6.14) 9.08 (3.49–10.59) 3.83 (2.93–8.17) 3.11 (1.00–4.31)

Other tumors (n = 12) 1.84 (0.88–2.31) 2.85 (2.12–6.75) 2.14 (1.61–11.13) 1.89 (1.45–5.64)

Type of

surgery

Complete resection

(n = 16)

2.31 (0.75–3.33) 4.38 (2.17–9.97) 2.68 (2.03–3.49) 1.76 (1.24–2.83)

Incomplete

resection (n = 17)

1.66 (0.63–3.69) 7.91 (2.84–12.67) 9.11 (4.10–17.76) 4.67 (2.67–7.90)

Radiotherapy

total dose

≤54 Gy (n = 11) – 6.75 (1.19–17.51) 7.28 (3.68–15.34) 4.59 (3.46–4.83)

>54 Gy (n = 20) – 4.12 (2.80–9.52) 2.68 (1.94–4.10) 1.88 (1.22–3.99)

GFAP Subgroup

Baseline t0

(pg/mL)

After surgery t1

(pg/mL)

End of radiotherapy

t2 (pg/mL)

Post-radiotherapy

follow-up t3 (pg/mL)

Entire cohort 2403 (111–8727) 2495 (781–25962) 1242 (323–6548) 471 (173–1220)

Type of tumor Glioblastoma (n = 21) 7452 (2766–25507) 13241 (1887–55960) 2278 (1042–17548) 931 (598–2609)

Other tumors (n = 12) 102 (59–572) 858 (170–2153) 271 (130–740) 223 (155–399)

Type of

surgery

Complete resection (n = 16) 2624 (101–8104) 2803 (645–13597) 1054 (323–2079) 531 (221–1135)

Incomplete resection (n = 17) 2105 (274–34006) 2153 (781–63176) 1233 (350–2861) 335 (137–1421)

Radiotherapy

total dose

≤54 Gy (n = 11) – 13954 (1199–55045) 4042 (1942–26998) 701 (221–2118)

>54 Gy (n = 20) – 1774 (395–13372) 742 (260–1330) 335 (173–1220)

Values are given in median and interquartile range.

b-syn, beta-synuclein protein; GFAP, glial fibrillary acidic protein; Gy, grays.

Table 2. Time course of plasma neurofilament proteins (NfL and NfH) in patients with malignant gliomas.

NfL Subgroup Baseline t0 (pg/mL)

After surgery

t1 (pg/mL)

End of radiotherapy

t2 (pg/mL)

Post-radiotherapy

follow-up t3 (pg/mL)

Entire cohort 113.5 (32.7–301.5) 326.5 (155.0–691.3) 301.5 (111.3–465.8) 125.0 (55.2–313.0)

Type of tumor Glioblastoma (n = 21) 259.0 (91.2–425.0) 535.0 (250.0–922.0) 400.0 (169.9–627.0) 192.0 (141.0–383.5)

Other tumors (n = 12) 26.1 (10.0–36.4) 131.0 (57.9–276.0) 98.8 (50.2–223.5) 69.7 (52.1–143.5)

Type of

surgery

Complete resection

(n = 16)

48.1 (11.0–307.0) 326.5 (188.0–702.3) 171.5 (111.3–430.8) 122.5 (87.7–208.5)

Incomplete resection

(n = 17)

132.0 (36.4–302.0) 328.4 (103.0–740.0) 372.0 (95.7–684.3) 157.0 (53.3–343.0)

Radiotherapy

total dose

≤54 Gy (n = 11) – 535.0 (250.0–1096.0) 429.5 (355.8–780.8) 252.5 (88.0–410.5)

>54 Gy (n = 20) – 209.0 (104.0–551.0) 163.5 (68.5–341.3) 120.0 (55.2–214.0)

NfH Subgroup Baseline t0 (pg/mL)

After surgery

t1 (pg/mL)

End of radiotherapy

t2 (pg/mL)

Post-radiotherapy

follow-up t3 (pg/mL)

Entire cohort 868 (165–1729) 2144 (1020–4267) 1686 (426–3938) 901 (225–3087)

Type of

tumor

Glioblastoma (n = 21) 1160 (356–1826) 2205 (1554–45761) 1950 (1439–4282) 1350 (634–3730)

Other tumors (n = 12) 305 (124–2300) 1519 (489–3693) 422 (218–2389) 480 (214–1811)

Type of

surgery

Complete resection

(n = 16)

769 (78–1353) 2145 (1148–4692) 1382 (298–1955) 707 (248–2262)

incomplete resection

(n = 17)

1201 (306–3116) 2144 (877–3544) 2514 (921–6315) 1234 (225–4961)

Radiotherapy

total dose

≤54 Gy (n = 11) – 1554 (489–2972) 3296 (1698–6256) 2065 (430–4052)

>54 Gy (n = 20) – 268 (80–1364) 709 (247–2147) 567 (224–2566)

Values are given in median and interquartile range.

Gy, grays; NfH, neurofilament heavy chain protein; NfL, neurofilament light chain protein.
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resection (Fig. 1C). Moreover, NfL and NfH showed a

similar time course to that of b-syn after complete and

incomplete resections, but the postoperative increase was

statistically significant only after complete surgery (NfL:

t1–t0: 6.8-fold, p = 0.009; t2–t0: p = 0.042; NfH: t1–t0:
2.8-fold, p = 0.008) (Fig. 1D).

A radiotherapy total dose >54 Gy was associated with a

significant reduction in b-syn concentrations (t3–t1: 2.2-
fold, p = 0.008). Indeed, patients receiving a total dose

≤54 Gy demonstrated significantly higher b-syn levels at

t2 (p = 0.003) and t3 (p = 0.046) compared to the other

subgroup (Fig. 1E). In both subgroups receiving a total

dose ≤ or >54 Gy, GFAP levels displayed a tendency

toward decreasing values (t1–t3: p = 0.037 and p = 0.027,

respectively, after multiple comparison correction both

not significant). No effect of radiotherapy total dose was

seen on NfL and NfH levels.

The same analyses in the group of patients with glio-

blastoma are reported in the supplementary results.

Associations between plasma biomarkers
and survival

Following univariate Cox regression analysis, significant

associations with survival were found in the entire cohort

for plasma GFAP (hazard ratio and 95% confidence inter-

val, HR (95%CI): 1.629 (1.237–2.143), p < 0.001), NfL

(HR: 2.573 (1.561–4.239), p < 0.001) and NfH (HR:

1.652 (1.107–2.465), p = 0.014) (Table S1). Similarly,

patients with higher levels of all three biomarkers had

shorter survival times at Kaplan–Meier survival analyses

(Fig. 1F–H). Multivariate analyses and sub-analyses in

glioblastoma patients are reported in the supplementary

results and in Tables S1–S5.

Discussion

In this study, we described the temporal pattern and

prognostic value of plasma b-syn, GFAP, and neurofila-

ment proteins (NfL and NfH) in patients with malignant

gliomas who underwent surgical and adjuvant therapy.

First, we found a postinterventional increase in plasma

b-syn values irrespective of the extent of surgery. In this

regard, the acute synaptic disruption following a surgical

traumatic injury might be responsible for the release of b-
syn from the pre-synaptic terminals and for its acute raise

in blood in the postoperative phase. Similarly, we previ-

ously reported elevated blood b-syn levels in patients with

traumatic brain injury.11 However, we found sustained

high b-syn levels after an incomplete resection but an

early decline at follow-up following a complete resection.

Here, we could speculate that the presence of residual

tumor might lead to persistent structural damage or,

alternatively, to chronic protein release/leakage13 or both.

In accordance with the latter hypothesis, we found a sig-

nificant decrease of b-syn in patients treated with a high

radiotherapy total dose, suggesting the possible effect of

the adjuvant regimen in mitigating b-syn release.

As previously reported,4–6 we found higher GFAP levels

in glioblastoma compared to other tumors and strong

associations between the biomarker levels and preopera-

tive tumor or necrosis volume. Considering the latter

finding,4–6 the correlations between GFAP blood levels

and expression in tumor tissue6 and the decline of plasma

GFAP in our cohort at long-term follow-up, the marker

might be potentially used to measure the efficacy of treat-

ment and/or residual disease.

Moreover, we observed increased NfL levels in glioblas-

toma patients and temporal patterns of both NfL and

NfH similar to that of b-syn after the two types of sur-

gery (see above), providing further evidence for the high

sensitivity of plasma neurofilaments to track acute neu-

roaxonal damage after neurosurgical procedures.19

Although, we cannot exclude the normal physiological

kinetics of the biomarkers contributing to our findings.

Specifically, given their long half-life and slow turn-over

inside neurons, neurofilaments can accumulate over a

period of weeks after neuronal damage and gradually

decrease.3,20 In contrast, serum GFAP peaks at 20 hours

following brain injury, and declines over 72 hours with

an estimated half-life of 24–72 hours.4,21 These data may,

thus, partially explain the relatively steady levels of neuro-

filaments after surgery compared to the rapid decline of

GFAP at follow-up in our cohort.

Concerning the prognostic value of blood biomarkers,

further studies are needed to better investigate this issue,

given that, in our cohort, baseline GFAP, NfL, and NfH

demonstrated a moderate association with survival only

with univariate Cox regression analysis. Similarly, their

performance should be compared to that of other candi-

date prognostic biomarkers (i.e., galectin-1, long noncod-

ing RNAs, pyroptosis-related genes).22–24

Overall, the major strengths of our study comprise its

longitudinal nature and the exploitation of immunoassays

with higher sensitivity and readout resolution compared to

those used in previous studies.4 Nevertheless, potential lim-

itations include the small sample size, and the lack of longi-

tudinal volumetric data, as well as the absence of healthy or

tumor control groups not undergoing surgical and/or adju-

vant therapy. Furthermore, although our cases were diag-

nosed according to the past WHO classification of tumors

of the central nervous system (due to the lack of molecular

characterization at the time of patient recruitment),14,15 the

biomarker distribution in the comparison of glioblastoma

with other tumors may maintain its validity even according

to the new 2021 classification.25
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In conclusion, plasma b-syn, GFAP, and neurofilaments

are differentially altered according to the subtype of

malignant glioma and showed distinct trajectories after

surgical and adjuvant therapy. Studies on larger cohorts

might better clarify the relative contribution of surgical

and adjuvant therapies to blood biomarker dynamics.
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