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Abstract

Objective: Several parameters are known to predict the survival of glioblastoma (GB),
including extent of resection and MGMT promotor methylation. Staining for glial fibrillary
acidic protein (GFAP) is a common component of routine histological work-up, but its clinical
utility in GB is unclear. The aim of the present study was to analyze the predictive value of

quantitative GFAP measurements for survival of patients with GB.

Methods: All subjects in our institutional database of patients with primary GB who underwent
surgery between 2011 and 2014 with examination of immunohistochemical staining of GFAP
were included. Percentage GFAP staining was measured in 5% increments (5-100%).
Univariate and multivariate analyses were performed between GFAP values and survival data.
Clinically relevant cut-offs for GFAP staining were identified by receiver operating
characteristic (ROC) curves.

Results: The final cohort consisted of 272 GB patients with available quantitative GFAP
measurements (mean age, 62 (£11.1) years, 117 females [43%]). Overall survival was 11.4
months (£8.6). Median GFAP value was 70% (range, 5-100%). The ROC curve showed the
clinically relevant cut-off for GFAP at 75% (area under the curve: 0.691). Accordingly, GB
patients with GFAP >75% presented poorer survival on Kaplan-Meier survival estimation
(p=0.021). Multivariate analysis adjusted for age, extent of resection, preoperative Karnofsky
performance status scale, IDH1 mutation and MGMT methylation status confirmed the
independent predictive value of GFAP >75% for overall survival (p=0.032). Finally, patients
with GFAP >75% showed significantly poorer long-term survival than those with GFAP <75%:
5.8% vs 15.2% (p=0.0183) and 0.8% vs 8% (p=0.0076) for 2- and 3-year survival respectively.

Conclusion: Quantitative immunohistochemical assessment of GFAP staining could provide a
novel biomarker for overall and especially long-term survival of patients with GB. Prospective
multi-center validation of the prognostic value of GFAP for GB survival is needed.
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Introduction

Glioblastoma (GB) is the most common malignant brain tumor and is of very poor prognosis *.
Under standard therapy, median survival ranges from 12.2 to 18.2 months 2. Despite multiple
research efforts, prognosis is still poor, due to early tumor progression and recurrence.
However, there are individual differences, with some patients surviving only for a few months
and others for years 3. Research over the last decade revealed prognostic factors for survival:
06-methylguanine DNA methyltransferase (MGMT) promoter hypermethylation, and isocitrate
dehydrogenase 1 (IDH1) mutations*°. The clinical significance of such findings highlights the
importance of MGMT promoter methylation assessment, which is the most commonly
performed molecular analysis in GB .

There are also other histological parameters commonly assessed during routine
neuropathological diagnostic work-up of GB tissues, including immunohistochemical staining
for glial fibrillary acidic protein (GFAP). The clinical evidence on GFAP staining is mostly
based on lipid studies in multiple sclerosis brains 8. In neuropathological preparations, GFAP
is frequently used as a reliable marker of astrocytes and tumors of glial origin. Some studies
demonstrated progressive loss of GFAP expression with increasing astrocytoma grade 13,
Immunohistochemical staining for GFAP frequently shows abundant staining in GB samples
14, However, studies investigating the direct influence of GFAP expression in GB cells on
patients’ survival are lacking. The aim of the present study was to evaluate the prognostic
impact of routinely assessed GFAP staining count on GB survival using the data from our

institutional GB database.

2

Page 2 of 18



Methods

Patient population:

All adult patients (>18 years) operated on for primary GB between January 2011 and December
2014 in our neurosurgical department were eligible for this study. All histological findings in
the database were reviewed in accordance with the 2016 Classification of Central Nervous
System Tumors of the World Health Organization'. Cases with quantitative GFAP
measurements were included in the final analysis. The study was performed in accordance with
the Declaration of Helsinki and was approved by the local review board of Essen University
Hospital (n° 15-6504-BO).

The following patient data were collected for analysis: gender, age, preoperative Karnofsky
performance status (KPS), extent of resection, IDH1 mutation and MGMT promoter
methylation status, immunohistochemical staining of GFAP, postoperative adjuvant treatment,
and overall survival (OS).

Pathohistological assessment

06-methylguanine-DNA methyltransferase (MGMT) promoter methylation was assessed by
pyrosequencing. Isocitrate  dehydrogenase analysis was performed by either
immunohistochemistry (IHC) or DNA sequencing; in general, IHC testing for IDH1-R132H
was the preferred method for all patients, but patients were additionally tested by DNA
sequencing when IDH1-R132H was non-mutant on IHC.

GFAP staining

Paraffin-embedded brain tumor tissue samples were mounted on 5 um slides. Specimens were
analyzed using the double-label streptavidin biotin method. For detection of glial cells, a
solution of anti-glial fibrillary acidic protein (GFAP) was incubated and 3,3’-diaminobenzidine
tetrahydrochloride (DAB) was used to prepare substrate-chromogen, resulting in brown

cytoplasmic staining. '® Percentage GFAP staining was measured in 5% increments.
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Determination was feasible when enough en-bloc non-necrotic tissue samples were available
for further analysis. Figure 1 shows examples of cases with 70% and 95% GFAP.

Data Management and Statistical Analysis

The main study endpoint was OS after GB surgery. Long-term (2- and 3-year) survival was also
addressed. GFAP measurements were evaluated as continuous variables and as dichotomized
at a clinically relevant cutoff using receiver operating characteristic (ROC) curves. Patient age
was assessed as a continuous and as a dichotomous variable (dichotomized at the cohort’s mean
age). Based on radiological reports, extent of resection was evaluated as a categoric variable:
gross-total resection (GTR: removal of >95% of the contrast-enhancing tumor mass), subtotal
resection (STR, <95%) and stereotactic biopsy (SB). Preoperative KPS was also assessed as a
dichotomous variable, with KPS < 70% defined as poor initial clinical condition.

Associations between GFAP values and survival data were first analyzed on univariate and
bivariate methods. Continuous variables were addressed with Pearson's linear correlation,
Student t or Mann-Whitney U tests, as appropriate. Associations between categoric variables
were analyzed on %2 or Fisher exact test, as appropriate. Kaplan-Meier survival plots were made
for GFAP measurements. Finally, the predictive value of GFAP was tested on multivariate
models adjusted for common confounders: age, preoperative KPS, extent of resection, IDH1-
mutation and MGMT promoter status, and postoperative chemoradiotherapy), using linear and
binary logistic regression analyses for OS and long-term survival respectively. Missing values
were replaced using multiple imputation. Statistical analyses were performed on SPSS software

(version 24.0). Differences were regarded as significant at p< 0.05.
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Results

Patient population

Between 2011 and 2014, 327 patients with histologically confirmed diagnosis of primary GB
were treated in our neurosurgical department. In 272 cases (83.2%), quantitative GFAP
measurements were taken during histological tissue analysis, and these patients were included
in final analysis: mean age 62 [£11.1] years; 117 female [43%)]. Preoperative KPS was 80% in
79 patients (29%). Diagnosis was confirmed by stereotactic biopsy in 56 patients [20.6%]; the
other 216 cases underwent open surgery (GTR=127 [46.7%], STR=89 [32.7%]). MGMT-
promoter status was available in 250 cases. Mean OS was 11.4 months (£11.2). Regarding long-
term survival, there were 30 (11.0%) and 13 (4.8%) cases with 2- and 3-year survival,
respectively.

Cases excluded from analysis due to absence of GFAP measurements (n=55) did not differ from
the final cohort on demographic (mean age=64 years [£11.38], p=0.27; 21 females [38.2%],
p=0.51) or survival data (OS=11.9 months [£14.2], p=0.17).

GFAP staining and association with survival

The median GFAP value was 70% (range, 5-100%). There was an inverse linear correlation
between GFAP values and OS (p=0.033, r=-0.129): long-term survivors showed lower median
GFAP count: 60% vs 70% (p=0.0875) and 50% vs 70% (p=0.0189, see Figure E1 in Online
Supplements) for 2- and 3-year survival, respectively. Subsequent ROC curve analyses between
GFAP values and long-term outcome parameters showed that the clinically relevant cut-off for
GFAP at 75% (area under the curve: 0.589 and 0.691 for 2- and 3-year survival respectively,
Figure E2 in Online Supplements). Accordingly, GFAP status was dichotomized for further
analysis.

GFAP values were >75% in 121 patients (44.5%). Multivariate linear regression analysis
showed significant association between GFAP >75% and OS (p=0.039) adjusted for

preoperative KPS, extent of surgery, IDH1- mutation and MGMT-methylation status (Table 1).
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GB patients with GFAP >75% likewise presented poorer Kaplan-Meier survival estimates
(p=0.021, Figure 2).

There was an association between GFAP cutoff and long-term outcome. Patients with GFAP
>75% showed significantly lower long-term survival: 5.8% vs 15.2% (p=0.018) and 0.8% vs
8% (p=0.008) for 2- and 3-year survival, respectively (Figure 3). Finally, multivariate binary
logistic regression analysis for predictors of 2- and 3-year survival confirmed an independent
association between GFAP >75% and long-term survival (p=0.037/p=0.018, Table 2).

Due to poor clinical condition after surgery and/or refusal, 41 patients (15.1%) did not receive
any postoperative adjuvant treatment and were referred to best supportive care. In the remaining
cases, standard chemoradiotherapy was performed with temozolomide according to the STUPP
protocol. No significant association was found between restriction of postoperative treatment

and GFAP status (19 [46.3%] vs 102 [44.2%] for GFAP >75%, p=0.87).
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Discussion

To the best of our knowledge, the prognostic value of GFAP staining for GB survival has not
previously been analyzed. The present large single-center series of primary GB demonstrated a
strong association between the characteristics of GFAP staining in GB cells and clinical
outcome. We identified a clinically relevant cutoff, whereby GFAP greater than or equal to

75% was independently associated with GB survival, OS and long-term survival.

GFAP staining: historical development and clinical application

The clinical evidence on GFAP staining is mostly based on lipid studies in multiple sclerosis
brains 817, Astrocytes (astroglia) are characterized by the presence of this unique structural
protein, isolated and specified by Eng in 1969. GFAP is a key intermediate filament (IF) 111
protein responsible for the cytoskeleton structure of glia cells and for maintaining their
mechanical strength, as well as supporting neighboring neurons and the blood-brain barrier 7.
There are 10 isoform variants, GFAP-a (Isoform 1) being the predominant isoform in brain and
spinal cord, but also found in the peripheral nerve system 8, GFAP-3, also called GFAP-¢,
(Isoform 2) is preferentially expressed by neurogenic astrocytes in the subventricular zone *°.
The gene for GFAP is localized in human chromosome 17g21. Mutations in the GFAP gene
have been identified in a few disease states such as Alexander's disease, and in glioma-like

tumors in some Alexander's disease patients 202,

Evidence for GFAP staining in neuro-oncology: a new prognostic marker for GB?

GFAP is frequently used for visualization of astrocytes and tumors of glial origin. Some
previous studies analyzing GFAP staining in high-grade glioma cells reported lower GFAP
expression in giant cell glioma ® °. Similarly, Rutka et al. reported progressive loss of GFAP

production with increasing malignancy in astrocytoma cells 2,

Recent investigations found no somatic mutations of GFAP in genome-wide GB sequencing,

although GFAP expression was reduced in primary GBs, xenograft specimens and GB cell lines
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2223 Takeuchi et al. also demonstrated that GFAP-positive tumor cells had low proliferative
potential on an immunohistochemical double-labeling method . In recent studies, Berendsen
and van Bodegraven et al. observed differential expression of GFAP which was inconsistent
with the degree of astrocytoma malignancy?>-26. All these studies addressed possible alterations

in GFAP expression depending on the malignancy of the analyzed glial tumors.

However, GFAP staining might also have clinical value as a prognostic marker for glial tumor.
Brehar et al. described a potential clinical implication of GFAP-6, which was associated with
greater tumor invasiveness in cerebral astrocytoma?’. This might be in line with the present
findings of an association between percentage GFAP staining in GB cells and patient survival:
the higher the GFAP value in GB tissues, the poorer the outcome. In particular, >75%
immunohistochemical staining of GFAP was strongly associated with the overall and especially
with long-term survival, independently of the main confounders (age, preoperative KPS, extent
of surgery, IDH1-mutation and MGMT-methylation status). Statistical assessments on
univariate, multivariate and survival analysis confirmed this correlation. This association
between GFAP staining and GB survival might reflect greater destruction of cellular
membranes in GB tissue, resulting in more strongly enhanced immunohistochemical staining.
On the other hand, the previously reported loss of GFAP production with increasing malignancy
13 could be attributed to higher cell mitosis rates, which in turn might be associated with better

response to radiation and/or chemo-therapy.

The present findings conflict with previous reports of GFAP staining as a marker of glioma
malignancy. However, our study focused on survival of patients with primary GB, whereas
previous studies predominantly investigated various GFAP patterns in low- and high-grade glial
tumor. In addition, we performed quantitative measurement of GFAP staining based on the

percentage scale, whereas other studies used a simple dichotomous assessment differentiating
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“high” versus “low” GFAP expression. Nevertheless, the present results need to be confirmed

in a large prospective series.

Study Limitations

This study was limited by its retrospective design, affecting the quality and accuracy of the
collected data. In particular, molecular genetic marker data (IDH1 mutation and MGMT
methylation status) were partially missing and had to be replaced in the statistical analysis by
multiple imputation. Furthermore, quantitative GFAP measurements were not always
performed in all patients in due time, and several cases without GFAP count (16.8%) had to be
excluded from analysis, incurring some selection bias. However, there were no differences in
demographic and clinical characteristics between included and excluded patients. Finally, non-
computerized quantitative assessment of GFAP staining incurred an additional risk of bias
regarding interobserver reliability. Accuracy could be improved by using computer image
analysis programs, limiting observer bias and increasing the sensitivity and throughput of
immunohistochemistry 28. Nevertheless, our study presents the first evidence for the potential

prognostic value of GFAP staining in GB patients.

Conclusion

Routine immunohistochemical assessment of GFAP with quantitative measurements might
become a novel biomarker for overall and especially long-term survival of patients with GB.

Prospective multi-center validation of GFAP as a marker for GB survival is needed.

FIGURES

Figure 1: Tissue samples with different GFAP percentages (A: 70%, B: 95%)
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RC — regression coefficient, Cl — confidence interval, EOR — Extent of resection, RCT —

adjuvant radiation/chemotherapy

Table 2: Multivariate binary logistic regression analysis for predictors of long-term survival

2-year survival 3-year survival
Parameter p- p-
aOR 95% ClI aOR 95% ClI
value value
Age 2 62 years 072 | 028 | 1.82 | 0483 | 054 | 012 | 238 | 0416
0,
GFAP = 75% 037 | 014 | 1.00 | 0049 | 0.06 | 001 | 0.64 | 0.020
KPS < 70% 050 | 012 | 217 | 0356 | 043 | 003 | 611 | 0529
MGMT 506 | 225 | 1581 | <0.001 | 407 | 083 | 19.94 | 0.083
IDH1 574 | 091 | 36.41 | 0.06 2%1 219 223‘,‘ 41 0.009
EOR(SBVSSTRVS | 548 | 115 | 536 | 0.02
&TR) 458 | 114 | 1846 | 0.032
RCT 337 | 1.10 | 1028 | 003 | 440 | 054 | 3561 | 0.165

aOR — adjusted odds ratio, Cl — confidence interval, EOR — Extent of resection, RCT—adjuvant

radiation/chemotherapy

10

Page 10 of 18



Journal Pre-proof

ONLINE SUPPLEMENTS

11

Page 11 of 18



References

1. Louis DN, Perry A, Reifenberger G, et al. The 2016 World Health Organization
Classification of Tumors of the Central Nervous System: a summary. Acta Neuropathol.
Jun 2016;131(6):803-820.

2. Brown TJ, Brennan MC, Li M, et al. Association of the Extent of Resection With
Survival in Glioblastoma: A Systematic Review and Meta-analysis. JAMA Oncol. Nov
12016;2(11):1460-1469.

3. Gerber NK, Goenka A, Turcan S, et al. Transcriptional diversity of long-term
glioblastoma survivors. Neuro Oncol. Sep 2014;16(9):1186-1195.

4. Hegi ME, Liu L, Herman JG, et al. Correlation of O6-methylguanine methyltransferase
(MGMT) promoter methylation with clinical outcomes in glioblastoma and clinical

strategies to modulate MGMT activity. J Clin Oncol. 2008 Sep 1;26(25):4189-99.

5. Yan H, Parsons DW, Jin G et al. IDH1 and IDH2 mutations in gliomas. N Engl J Med.

2009 Feb 19;360(8):765-73.

6. Holdhoff M, Ye X, Blakeley JO et al. Use of personalized molecular biomarkers in the

clinical care of adults with glioblastomas. J Neurooncol. 2012 Nov;110(2):279-85.

7. Eng LF, Vanderhaeghen JJ, Bignami A, Gerstl B. An acidic protein isolated from
fibrous astrocytes. Brain Res. May 7 1971;28(2):351-354.

8. Bignami A, Eng LF, Dahl D, Uyeda CT. Localization of the glial fibrillary acidic protein
in astrocytes by immunofluorescence. Brain Res. Aug 25 1972;43(2):429-435.

9. Duffy PE, Huang Y'Y, Rapport MM. The relationship of glial fibrillary acidic protein to
the shape, motility, and differentiation of human astrocytoma cells. Exp Cell Res. May

1982;139(1):145-157.

12

Page 12 of 18



10.

11.

12.

13.

14.

15.

16.

17.

18.

Duffy PE, Huang YY, Rapport MM, Graf L. Glial fibrillary acidic protein in giant cell
tumors of brain and other gliomas. A possible relationship to malignancy,
differentiation, and pleomorphism of glia. Acta Neuropathol. 1980;52(1):51-57.

Deck JH, Eng LF, Bigbee J, Woodcock SM. The role of glial fibrillary acidic protein in
the diagnosis of central nervous system tumors. Acta Neuropathol. Jun 30
1978;42(3):183-190.

Peraud A, Mondal S, Hawkins C, Mastronardi M, Bailey K, Rutka JT. Expression of
fascin, an actin-bundling protein, in astrocytomas of varying grades. Brain Tumor
Pathol. 2003;20(2):53-58.

Rutka JT, Murakami M, Dirks PB, et al. Role of glial filaments in cells and tumors of
glial origin: a review. J Neurosurg. Sep 1997;87(3):420-430.

Restrepo A, Smith CA, Agnihotri S, et al. Epigenetic regulation of glial fibrillary acidic
protein by DNA methylation in human malignant gliomas. Neuro Oncol. Jan
2011;13(1):42-50.

Schaich M, Kestel L, Pfirrmann M, et al. A MDR1 (ABCB1) gene single nucleotide
polymorphism predicts outcome of temozolomide treatment in glioblastoma patients.
Ann Oncol. 2009;20(1):175-181.

Takeuchi H, Sato K, Ido K, Kubota T. Mitotic activity of multinucleated giant cells with
glial ~ fibrillary  acidic  protein  immunoreactivity in  glioblastomas: an
immunohistochemical double labeling study. J Neurooncol. May 2006;78(1):15-18.
Eng, LF, Gerstl B, and Vanderhaeghen JJ A study of proteins in old multiple sclerosis

plaques. Trans. Am. Soc. Neurochem. 1970 1:42.

Reeves SA, Helman LJ, Allison A, Israel MA. Molecular cloning and primary structure
of human glial fibrillary acidic protein Proc Natl Acad Sci U S A. 1989 Jul;86(13):5178-

82.

13

Page 13 of 18



19.

20.

21.

22.

23.

24,

25.

26.

27.

Roelofs RF, Fischer DF, Houtman SH et al. Adult human subventricular, subgranular,
and subpial zones contain astrocytes with a specialized intermediate filament

cytoskeleton. Glia. 2005 Dec;52(4):289-300.

Brenner M, Johnson AB, Boespflug-Tanguy O, Rodriguez D, Goldman JE, Messing A.
Mutations in GFAP, encoding glial fibrillary acidic protein, are associated with

Alexander disease. Nat Genet. 2001 Jan;27(1):117-20.

Van der Knaap MS, Salomons GS, Li R, Franzoni E et al. Unusual variants of

Alexander's disease. Ann Neurol. 2005 Mar;57(3):327-38.

Parsons DW, Jones S, Zhang X, et al. An integrated genomic analysis of human
glioblastoma multiforme. Science. Sep 26 2008;321(5897):1807-1812.
Network TC. Corrigendum: Comprehensive genomic characterization defines human

glioblastoma genes and core pathways. Nature. Feb 6 2013;494(7438):506.

Christensen BC, Smith AA, Zheng S et al. DNA methylation, isocitrate dehydrogenase

mutation, and survival in glioma. J Natl Cancer Inst. 2011 Jan 19;103(2):143-53

Berendsen S, van Bodegraven E, Seute T et al. Adverse prognosis of glioblastoma
contacting the subventricular zone: Biological correlates. PLoS One. 2019 Oct

11;14(10):e0222717

van Bodegraven EJ, van Asperen JV, Robe PAJ et al. Importance of GFAP isoform-

specific analyses in astrocytoma. Glia. 2019 Aug;67(8):1417-1433.

Brehar FM, Arsene D, Brinduse LA et al. Immunohistochemical analysis of GFAP- &

an nestin in cerebral astrocytomas. Brain Tumor Pathol. 2015 Apri;32(2):90-8.

14

Page 14 of 18



28. Pham NA, Morrison A, Schwock J et al. Quantitative image analysis of
immunohistochemical stains using a CMYK color model. Diagn Pathol. 2007 Feb

27:2:8.

The immunohistochemical images were provided by the Institute of Neuropathology of the University

Hospital of Essen

15

Page 15 of 18



Figure 2: Kaplan-Meier survival curve showing survival pattern and time in GB patients with

GFAP >75% VErsus <75%.
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Figure 3: Long-term survival in GB patients with different GFAP staining patterns
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Figure E2: ROC curves for correlation between GFAP values and 2- and 3-year survival

TABLES

Table 1: Multivariate linear regression analysis of predictors of OS

Parameters RC 959% ClI p-value
Age > 62 years -3.15 -5.59 -0.72 0.011
GFAP > 75% -2.40 -4.70 -0.11 0.040
KPS <70% -0.46 -3.64 2.72 0.773
MGMT 4.10 1.78 6.42 0.001
IDH1 9.06 -6.91 25.03 0.210
EOR (SB vs STR vs GTR) 3.24 1.76 4.71 <0.001
RCT 5.32 3.61 7.04 <0.001
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