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Abstract
Background: Novel therapeutic targets in epithelioid glioblastoma (E-GBM) patients are urgently needed.
About half of these tumors show the point mutations of the B-Raf proto-oncogene (BRAF). Therefore, this
is a target of special interest for this group of patients. Meanwhile, unlike conventional glioblastoma, E-
GBM lacks speci�c prognostic markers.

Case presentation: We present a case report of a long-term surviving 37-years-old male patient diagnosed
with a BRAF V600E-mutated E–GBM with IDH wild-type. The tumor displayed atypical exophytic growth
and an obvious proliferation of vascular endothelial cells. Notably, tumor tissue was found under
subarachnoid space. After conventional postoperative treatment options (including radiotherapy and
temozolomide chemotherapy) were exhausted, vemurafenib treatment was initiated. The patient
maintained clinically stable, and follow-up MRI was consistent with stable disease for the following
�fteen months up to now. To identify potential therapeutic targets of E-GBM, we carried out whole exome
sequencing analysis and RNA-sequence to study the molecular characteristics of this E-GBM sample. The
mutant genes were pro�led using glioma RNA-sequencing data from Chinese Glioma Genome Atlas
(CGGA) database. We found that CNTNAP3, mTOR, NFATC3, and NOM1 shared by DNA-sequence data
and RNA-sequence data were independent prognostic factors. Biological function was associated with
phenotypes of focal adhesion and cell cycle. A prognostic risk model was constructed based on the
mutant genes for predicting the survival of glioma patients. Survival plot and a nomogram was used to
verify that our prognostic risk model is reliable and accurate.

Conclusions: Our �ndings provided a new sight on the BRAF inhibitor, in combination with which
CNTNAP3, mTOR, NFATC3, and NOM1 inhibitors seem to be a valuable salvage treatment option for E-
GBM.

Background
Epithelioid glioblastoma (E-GBM) is a rare glioblastoma (GBM) variant newly added to IDH-wild type GBM
in the 2016 WHO classi�cation [1]. The tumor is a highly invasive tumor with typical histological features,
including closely arranged tumor cells with smooth and round cell boundaries, abundant eosinophilic
cytoplasm and the absence of interspersed neuropil [2]. Compared with conventional GBM, E-GBM tends
to occur in younger adults and exhibits more aggressive behavior, with a median survival of 5.6 months
in children and 6.3 months in adults [3]. The diagnosis of E-GBM is often challenging, as there is still no
speci�c immunohistochemical and molecular markers [4, 5]. Interestingly, BRAF V600E mutation
characteristically occurred in approximately 50% of all E-GBMs compared with a low frequency in
conventional GBM [6].

The BRAF inhibitors targeting the V600E mutation (for example vemurafenib and dabrafenib) represented
a breakthrough in the treatment of malignant melanoma. At present, BRAF inhibition is the treatment of
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choice if the V600E mutation is existent [7, 8]. However, data on clinical use of BRAF inhibitors in patients
with glioma are scarce [9-13].

Sequencing techniques have shown great potential in exploring the relationship between genome
alterations and tumors [14]. Since the accomplishment of the Human Genome Project (HGP) and the
launch of Chinese Glioma Genome Atlas (CGGA), the accumulation of tumor genetic knowledge has
increased rapidly in the recent decade. Bioinformatic analysis based on CGGA databases not merely
revealed a panorama of tumor-related genome alterations, but also established the basis for comparative
studies of tumor relevant types [15, 16].

Advances in high-throughput next-generation sequencing technology enable oncologists to decipher the
genetic and epigenetic landscapes of tumors [17-21]. Aside from mutations, tumor driver genes may also
be altered by transcriptional, methylation, or copy number variation (CNV), which makes the affected
genes more di�cult to be pinpointed as drivers. A further complicating issue is that mutations in
individual gliomas can affect different genes in various combinations. This can alter prognosis and
response to therapy [22, 23] and poses a challenge to con�dently identify genes that are truly
collaborating with one another. Therefore, it is important to understand the functional genomic
landscapes of glioma.

Despite the use of intensive therapy, the clinical course of E-GBM is aggressive and associated with a
high prevalence of hemorrhagic episodes, tumor dissemination in the leptomeninges, and outside the
Central Nervous System (CNS) [3]. Here, we present a rare case of an IDH wild-type E-GBM patient with
BRAF V600E mutation, in whom clinical and follow-up magnetic resonance images (MRI) stability could
be achieved for �fteen months by the treatment of BRAF inhibitor vemurafenib. Furthermore, we provide
new insights on the combination of BRAF inhibitors with these mutant genes inhibitors (CNTNAP3,
mTOR, NFATC3, and NOM1), which seems to be a valuable treatment option for E-GBM.

Materials And Methods
Patients and datasets

The Institutional Review Board of Nanfang Hospital a�liated to Southern Medical University approved
the study. We collected 966 gliomas with RNA-sequence (RNA-seq) data and clinical information from
Chinese Glioma Genome Atlas (CGGA) database.

Histopathology

The pathological molecular markers included glial �brillary acidic protein (GFAP, monoclonal, OriGene,
1:100 dilution), epithelial membrane antigen (EMA, monoclonal, OriGene, 1:100 dilution), O6-
methylguanine-DNA methyltransferase (MGMT, monoclonal, OriGene, 1:100 dilution), neuronal nuclei
(Neu-N, monoclonal,OriGene, 1:100 dilution), oligodendrocyte transcription factor 2 (Oligo-2,
monoclonal,OriGene, 1:100 dilution), epidermal growth factor receptor (EGFR, monoclonal, OriGene, 1:100
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dilution), vascular endothelial growth factor (VEGF, polyclonal, OriGene, 1:100 dilution), isocitrate
dehydrogenase 1 (IDH1, monoclonal, OriGene, 1:100 dilution), Ki-67 (monoclonal, OriGene, 1:100 dilution),
ATRX chromatin remodeler (ATRX, polyclonal, OriGene, 1:100 dilution), BRAF V600E (monoclonal, Roche,
1:100 dilution), H3K27M (polyclonal, OriGene, 1:100 dilution), cytokeratin (CK, monoclonal, OriGene, 1:100
dilution), capicua transcriptional repressor (CIC, monoclonal, OriGene, 1:400 dilution), far upstream
element binding protein 1 (FUBP1, monoclonal, OriGene, 1:400 dilution), desmin (monoclonal, OriGene,
1:100 dilution).

Tissue Processing and WES analysis

Whole exome sequencing (WES) and analysis were carried out at the Genomics Laboratory of
GenomicCare Biotechnology (Shanghai, China). For thawed soft tissue, DNA was extracted using the
Maxwell RSC Blood DNA Kit (cat# AS1400, Promega, Madison, WI, USA) on a Maxwell RSC system (cat#
AS4500, Promega). For the FFPE tissue, DNA was extracted using the MagMAX FFPE DNA/RNA Ultra Kit
(cat# A31881, ThermoFisher, Waltham, MA, USA) on a KingFisher Flex system (ThermoFisher). The
extracted DNA was sheared using a Covaris L220 sonicator, then the library preparation and capture was
done using Tecan EVO 150 (Thermo�sher), and sequenced on an Ion S5 sequencer Thermo�sher) to
generate paired-end reads. After removing adapters and low-quality reads, the reads were aligned to the
National Center for Biotechnology Information (NCBI) human genome reference assembly hg19 using the
Burrows‐Wheeler Aligner alignment algorithm and further processed using the Genome Analysis Toolkit
(GATK, version 3.5), including the GATK Realigner Target Creator to identify regions that needed to be
realigned. Somatic single-nucleotide variants (SNV), Indel, and CNV were determined using the
MuTect/ANNOVAR/dbNSFP31, VarscanIndel, and CNV nator software respectively as reported in Zang et
al. [24].

RNA-sequence

RNA from the FFPE sample was puri�ed using the MagMAX FFPE DNA/RNA Ultra Kit (cat# A31881,
ThermoFisher) on a KingFisher Flex system (ThermoFisher), and used as the template to synthesize
cDNA using NEBNext RNA First Strand Synthesis Module (cat# E7525S, NEB, Waltham, MA, USA) and
NEBNext mRNA Second Strand Synthesis Module (cat# E6111S, NEB) sequentially. The library
preparation, sequencing, and base calling were done similarly as above in the WES section.

Independent prognosis analysis

The mutant genes shared by DNA-seq and RNA-seq in the sequencing results were selected for further
molecular characteristics analysis. With the median expression level of each mutant gene in glioma
patients as the boundary, they were divided into high and low expression groups, then Kaplan-Meier
method, univariate COX regression analysis, and multivariate COX regression analysis were used for
survival analysis and independent prognosis analysis (P < 0.001), and the "survival" package and Then,
the Wilcoxon rank-sum test was used to analyze the expression of mutant genes in IDH1-mutant (MUT)
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and IDH1-wild type (WT) (p<0.05), and the box diagram of clinical correlation analysis was drawn by
"ggpubr" package [25, 26].

Bioinformatic analysis

According to the median expression level of each mutant gene, it was divided into high and low
expression groups. With fold change > 2 and p < 0.05 as the screening criteria, 966 cases of expression
matrix were analyzed, and the differential genes related to mutant genes were screened out. Then use R
language "pheatmap" package "limma" package to draw heat map and volcano map of differentially
expressed genes. In order to analyze the main function of the mutated genes, the clusterPro�ler package
[27] of R software was used for GO and KEGG analysis. The 0.05 was set as the cutoff of the p-value. The
analysis result was plotted by using ggplot2 package. The analysis results were annotated by Pathview
[28] in the R Bioconductor package (https://www.bioconductor.org/).

Construction of Prognostic Risk Model

Prognostic risk model was to evaluate the accuracy of prognostic models of single variable and for the
multivariate prognosis rule by the area under curve (AUC) of the receiver-operating characteristic (ROC)
curve. The prognosis risk model of single gene and multi-gene were carried out by using R language
“pROC” package. The multivariate prognostic rules are based on logistic regression models. The ROC
curve shows sensitivity and speci�city of the binary diagnostic decision for varying cut points based on a
single quantitative diagnostic variable or based on a multivariate diagnostic rule.

Identi�cation of a prognostic risk model

multivariate COX regression model (include Patient's age, gender and WHO grade) was used to evaluate
the relationship between each gene and OS of glioma patients by R programming languages. P < 0.05 is
considered statistically signi�cant. Risk characteristics were established according to the regression
coe�cient weighted gene expression, and the risk scoring formula was constructed as follows:

In the formula, I is the number of selected genes, Expn is the expression value of each gene, and HRn is
the multiple Cox regression hazard ration (HR). Glioma patients were divided into low-risk and high-risk
groups according to the median risk score, and the performance of prognostic risk characteristics was
measured by Kaplan-Meier. The results were visualized in survival curve by R “survival” package. In order
to better predict the 1- year, 3- year, and 5-year survival ratio of glioma patients, the prognostic risk model
and several clinicopathological factors were included, and a nomogram was established by using the R
rms package based on the results of the multivariate analysis.
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Statistical analysis

R language (version 3.5.3) was used for statistical analysis of data: Kaplan-Meier analysis, univariate
Cox Return analysis, and multivariate Cox Return analysis were used to identify the mutant genes related
to prognosis, Wilcoxon rank-sum test and Kruskal-Wallis H were used to compare two or more groups for
clinical correlation analysis of core genes. The Kaplan-Meier survival curve of each core gene, the forest
map of independent prognosis analysis of each core gene, and the box diagram of multiple groups of
comparisons were compared. P <0.05 (bilateral) was the difference with statistical signi�cance.

Case Presentation
A 37‐year‐old man was admitted to our hospital with sudden dizziness and headache for 5 days (Figure
1). The �rst magnetic resonance imaging (MRI) showed that there was a lump of abnormal signal
shadow with a size of about 4.5*3.0*3.0 cm in the left temporal lobe. Severe edema regions around the
lesion were present. To enable a histological diagnosis and treatment decision, tumor resection was
performed. The operation was performed from the posterior part of the inferior temporal gyrus, and the
old hematoma and grayish red tumor tissue were seen. Extended resection of the tumor was performed
along the lateral side of the relative boundary, deep to the temporal horn of the lateral ventricle. After the
surgery, the pathological diagnosis was E-GBM. The surgical specimen showed that cancer cells were
distributed diffusely, and the cells were arranged closely, which were polygonal, round or triangular, with
dense nuclei, visible local nucleoli, partial nuclear deviation, and rich red cytoplasm. Besides, there were
obvious cell atypia, visible mitotic cells, obvious proliferation of vascular endothelial cells, vasodilatation
and congestion, and �aky necrosis and hemorrhage. Notably, tumor tissue was found in the local
subarachnoid space. The immunohistochemical results were listed as the following: Ki-67 (label index:
15%), GFAP (positive), MGMT (unmethylated), EMA (negative), EGFR (negative), VEGF (positive), ATRX
(wild-type), Olig-2 (positive), IDH1 (wild-type), BRAF V600E (mutant), CIC (positive), FUBP1 (positive),
H3K27M (negative), Desmin (negative), and CK (negative). Fluorescence in situ hybridization (FISH)
detection showed that chromosome (chr) 1p was deleted and 19q was intact. Eight days after operation,
the second MRI showed that the left temporal lobe tumor changed after resection, with effusion and a
little hematocele in the operation area, and the ependyma of the right lateral ventricle body was slightly
thickened.

On the eleventh day after operation, temozolomide (TMZ, Merck Sharp & Dohme Ltd) 75mg/m2 was used
as neoadjuvant chemotherapy for 17 days. Compared with the second MRI, the third MRI (28 days after
operation) showed a new slice-like enhancement in the operation area and tumor recurrence was not
ruled out. The fourth MRI of cervical, thoracic and lumbar showed GBM cerebrospinal �uid spread and
metastasis, and the dura mater in spinal canal and spinal cord surface was widely thickened and
strengthened (35 days after operation). Cerebrospinal �uid liquid-based cytology showed that individual
malignant tumor cells could be seen (35 days after operation). The third and fourth MRI showed that the
patient's condition was still progressing after TMZ treatment. Therefore, the patient received 36Gy total
central radiotherapy (37 days after operation) for eighteen days, and then locally pushed for 24Gy for
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seven days. During concurrent radiotherapy and chemotherapy, the patient developed third-degree bone
marrow suppression. Besides, there are persistent low back pain, a sharp deterioration of mental and
dietary conditions, and bed rest and inability to go to the �elds. Therefore, the patient stopped
radiotherapy and chemotherapy. Since all other conventional treatment options had been exhausted, and
to �nd a target for an experimental salvage therapy, we adopt genomic technology and whole exome
sequencing (WES) analysis to study molecular characteristics of this case. The WES sequencing analysis
results revealed a V600E mutation of the BRAF kinase. Consecutively, vemurafenib (Roche, BRAF
inhibitor) therapy was initiated (960 mg twice daily).

Following vemurafenib treatment, the patient was in stable condition and moves freely. However, seven
gastrointestinal reactions (malignant, vomiting, etc.) occurred two weeks after the start of dose treatment.
Therefore, we changed the dose of vemurafenib to 480mg, twice daily. So far, patients have been well-
tolerated and the clinical follow-up was stable. Compared with the fourth MRI, the �fth MRI found that the
extensive thickening and enhancement of the endocranium on the spinal canal and spinal cord surface
were signi�cantly reduced. WES sequencing analysis and RNA-seq results of formalin-�xed and para�n-
embedded (FFPE) tissue revealed nine mutant genes in both DNA-seq data and RNA-seq data (Figure 2A).
The protein-protein interaction analysis (PPI) of these nine mutant genes suggested that NFATC3, mTOR,
and BRAF interact with each other (Figure 2B). The GBM cohort was divided into a high expression group
and a low expression group based on each mutated gene’s median expression level, and then univariate
and multivariate Cox regression analysis was performed to determine the prognostic value of the nine
mutated genes. The results showed that the four mutant genes were regarded as independent prognostic
factors in CGGA data. Independent prognostic analysis showed that hazard ration (HR) was 1.2 (95%
con�dence interval, CI: 1.05 ~ 1.3) for CNTNAP3, 1.5 (95% CI: 1.30 ~ 1.546) for mTOR, 1.3 (95% CI: 1.19 ~
1.5) for NFATC3 and 1.3 (95% CI: 1.19 ~ 1.5) for NOM1 Meanwhile, both age and gender are prognostic
risk factors (Figure 3A). Thereafter, the Kaplan–Meier method was used to determine the effect of the
CNTNAP3, mTOR, NFATC3, and NFATC3 expression on patient’s survival. The data showed that patients
with high expression of the four mutant genes had signi�cantly shorter overall survival (OS) time than
others (P < 0.05, log-rank test) (Figure 3B). Previous reviews have addressed the evidence behind IDH1 as
a major prognostic feature for gliomas [29-33]. The gene expression of CNTNAP3, mTOR, NFATC3, and
NOM1 in IDH1-wild type (WT) was higher than that in the IDH1-mutant (MUT) group (Figure 3C). The
result of CNV analysis revealed deletion of copy number on chromosome 1 and 6, and ampli�cation of
copy number of chromosome 19q and chromosome 21 in this case of E-GBM, as shown in
Supplementary Figure 1.

Bioinformatic analysis

According to the median of each gene expression level, it was divided into high and low expression
groups, then taking |log2 FC| > 0.5 and p < 0.05 as the screening criteria, analyzing 966 samples of
mRNACGGA data. CNTNAP3, mTOR, NFATC3 and NOM1 respectively screened out 2489 related
differential genes (down 986, up 1503), 4650 related differential genes (down 93, up 4557), 5930 related
differential genes (down 3853, up 2077), and 4143 related differential genes (down 478, up 3665) (Figure
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4A-D). The results of the heat map showed that the most relevant twenty up-regulated genes and twenty
down-regulated genes which might be most relevant to each mutant genes (Figure 4A-D).

The case was associated with phenotypes of cell cycle and focal adhesion by GO analysis and KEGG
enrichment pathways analysis. GO analysis showed that the related differential genes of CNTNAP3,
mTOR, NFATC3, and NOM1 were enriched in biological processes related to cell cycle. For example, the
GO terms of cell cycle include regulation of cell cycle G2/M phase transition (GO:1902749, NEDD1,
DYNC1H1, NDE1, TAOK1, ATM, FOXN3, DCTN1, PSMD4, CLSPN, PSMB10, PSMC5, etc.), regulation of cell
cycle G1/S phase transition (GO:1902806, ADAM17, CNOT6L, RFWD3, GIGYF2, TAF1, STXBP4, KMT2E,
EP300, SENP2, etc.), G2/M transition of mitotic cell cycle (GO:0032496, BACH1, TAF2, NEDD1, DYNC1H1,
NDE1, FBXL15, TAOK1, ATM, PPM1D, etc.), and regulation of G1/S transition of mitotic cell cycle
(GO:2000045, ADAM17, CNOT6L, RFWD3, GIGYF2, KMT2E, EP300, SENP2, ATM, PKD2). Important genes
involved in cell cycle in these pathways include ATM, ADAM17, and PKD2. These genes are involved in
the cell cycle of GBM [34-36]. GO analysis con�rmed that the four mutant genes affected E-GBM through
regulation of cell cycle and cell adhesion (Figure 5A-D). Moreover, related differential genes of CNTNAP3,
mTOR, NFATC3, and NOM1KEGG were mainly enriched in KEGG enrichment pathways including Glioma,
focal adhesion, MAPK signaling pathway, and P13K-Akt signaling pathway (Figure 5A-D). The common
KEGG enrichment pathways of the related differential genes of CNTNAP3, mTOR, NFATC3, and NOM1
were the pathways of focal adhesion (hsa04510, HRAS, BRAF, BAD, SHC2, MYL5, PIP5K1A, VCL, MAPK3,
GSK3B, MAPK1, etc.), FoxO signaling pathway (hsa04068, SMAD4, HRAS, PRKAA1, STK4, EP300, BRAF,
ATM, MAPK3, MAPK11, MAPK1, MAP2K2, STAT3, etc.), and EGFR tyrosine kinase inhibitor resistance
(hsa01521, HRAS, BRAF, BAD, SHC2, RPS6KB1, MAPK3, GSK3B, MAPK1, MAP2K2, STAT3, AKT3, etc.).
From GO analysis and KEGG pathway enrichment analysis, it is not di�cult to �nd that the BRAF gene
may play an important role in the molecular mechanism of poor prognosis in patients with E-GBM.

Construction of prognostic risk model

In order to verify the cooperative relationship between CNTNAP3, mTOR, NFATC3, and NOM1, we
established a multivariate prognostic risk model. The ROC curve was used to evaluate the e�cacy to
predict CNTNAP3, mTOR, NFATC3, and NOM1, and their interaction in glioma patients. The areas under
curve (AUC) for CNTNAP3, NOM1, NFATC3, mTOR and their interaction were 0.572, 0.590, 0.623, 0.659
and 0.687, respectively (Figure 6A).

Constrcution of a nomogram intergating the prognostic risk model and clinicopathological factors

The prognostic risk model (CNTNAP3, mTOR, NFATC3, and NOM1) were integrated to establish a
prognostic risk model. The risk scores were calculated using the formula mentioned in the glioma
methods, as follows: risk score = (1.2 * expression level of CNTNAP3) + ( 1.5 * expression level of mTOR)
+ ( 1.3 * expression level of NFATC3) + ( 1.2 * expression level of NOM1), in GBM methods, the risk score
= (1.30 * expression level of CDCP1) + ( 1.12 * expression level of CD44). Glioma patients were
respectively divided into low-risk (n= 485) and high-risk (n= 485) groups according to the median risk
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score. The survival curve showed poorer prognosis in the high-risk group than low-risk group (Figure 6B, P
< 0.001).

To con�rm the prognostic value of risk signature, we constructed a nomogram based on risk signature,
and the clinical relevance and prognostic value of age and glioma type (primary glioma, secondary
glioma, and recurrent glioma), gender, radiotherapy, TMZ chenmotherapy, and IDH status. The incidence
of 1-year, 3-year, and 5-year survival rates can be estimated from the total scores, which are the sum of
the scores for each item, as shown in Nomotu (Figure 6C).

Discussion And Conclusions
In the IDH wild-type and BRAF V600E mutant E-GBM patient treated with vemurafenib as salvage therapy,
we achieved clinical stability over �fteen months, which is remarkable at that point of the clinical course
after postoperative conventional treatment options were exhausted. Therefore, targeted therapy with
BRAF inhibitors may constitute a valuable salvage treatment option. Furthermore, the case showed that
when the postoperative conventional treatment options were exhausted in E-GBM patients, especially
young patients, it may be helpful to assess whether there is a BRAF mutation.

In malignant melanoma patients with a BRAF V600E mutation, targeted BRAF inhibitors had signi�cantly
improved the prognosis [7, 8]. In contrast, there was little data on the curative effect of patients with brain
tumors, particularly GBM. Targeted therapies such as vemurafenib or dabrafenib have been used in a
limited number of brain tumor patients with predominantly pleomorphic xanthoastrocytoma,
ganglioglioma, and E-GBM [10-13, 37]. Meletath and co-workers reported a case of malignant gliomas
arising from ganglioglioma, which produced signi�cant clinical and radiologic responses within 24
months through the use of dabrafenib in combination with tumor-treating �elds [10]. Chamberlain [11]
treated three adult BRAF V600E mutant ganglioglioma patients with dabrafenib. The median progression-
free survival was seven months (range: 4-10 months). In another case series by the same author [12],
similar results were observed in four patients with BRAF V600E-mutated and recurrent pleomorphic
xanthoastrocytoma treated with vemurafenib. In a recently published case series, Carry [37] reported a
secondary E-GBM patient who survived for 16 months after dabrafenib treatment initiation. The E-GBM
patient was arising from an anaplastic astrocytoma after ten years of �rst-line and second-line treatment.
Liangliang successfully treated a BRAF V600E-mutated extraneural metastatic anaplastic
oligoastrocytoma with vemurafenib and everolimus (mTOR inhibitor) [38].

Up to now, our patients still show clinical stability over �fteen months with vemurafenib. The survival rate
of our patients is comparable to or even longer than that of other patients with BRAF V600E mutation [6,
39, 40]. A recent meta-analysis in glioma patients demonstrated an improved overall survival (hazard
ratio: 0.6) if a BRAF mutation was present [41]. That meta-analysis also revealed that a BRAF V600E
mutation improved the survival of children and young adults with gliomas but did not have prognostic
value in older adults. On the other hand, children with a newly diagnosed epithelioid glioblastoma suffer
from an overall poor prognosis, independent of a BRAF V600E mutation [3]. However, the possible
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molecular mechanisms of E-GBM patients are still unclear. Therefore we obtained nine share mutant
genes in DNA-seq data by WES analysis and RNA-seq data. We analyze the expression and prognostic
correlation of these nine genes in CGGA RNA sequence data. Among them, CNTNAP3, mTOR, NFATC3,
and NOM1 are independent prognostic risk factors. The results of multivariate Cox regression analyses
showed that patients with high expression of the four mutant genes had signi�cantly shorter OS than
others.

Mammalian target of rapamycin (mTOR) represents the serine/ threonine protein kinase and plays a
critical role in response to various signal stimuli from mitogen, cytokine, nutritional status, and cellular
energy level. Its major functions and activities are under the regulation of PI3K/ protein kinase B (PKB)
signal pathway, and mTOR exerts its signal transduction function at downstream of PI3K/AKT pathway.
Previous work showed that abnormality of mTOR expression or functional activity resulted in occurrence,
progression, and resistance acquirement in multiple tumors [42-45].

The Nuclear Factor of Activated T cells (NFAT) family includes four classic members: c1, c2, c3, and c4,
which were �rstly described in immune cells [46, 47]. Katia reported that NFATc3 controls tumor growth by
regulating proliferation and migration of human astroglioma cells [48]. The research of contact in
associated protein family member 3 (CNTNAP3) and nuclear mif4g domain-containing protein 1 (NOM1)
in glioma has not been found yet. Then through Wilcoxon rank-sum test, we found that the gene
expression of CNTNAP3, mTOR, NFATC3, and NOM1 in IDH1-WT was higher than that in the IDH1-MUT
group. The GO analysis and KEGG enrichment pathway showed that the case was associated with
phenotypes of cell cycle and focal adhesion. Future studies with more cases of E-GBM patients are
warranted to con�rm these preliminary but promising results. Furthermore, it has been demonstrated that
vemurafenib has a limited ability to penetrate the blood-brain barrier [49]. Thus, a future effort should be
directed to develop new BRAF inhibitors that can effectively penetrate the blood-brain barrier. Patients
with BRAF 600E-mutated E–GBM may be accompanied by mutations of CNTNAP3, mTOR, NFATC3, and
NOM1, which may affect the prognosis of glioma patients through the regulation of cell cycle and focal
adhesion. Therefore, for E-GBM, when screening BRAF, it should also suggest screening these genes,
since in these cases targeted therapy with BRAF inhibitor combined with CNTNAP3, mTOR, NFATC3, and
NOM1 inhibitors seems to be a valuable salvage treatment option.
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Figure 1

Overview of the patient’s course of disease and therapeutic regimens.
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Figure 2

Venn diagram (A) shows the common mutant genes in both DNA-seq data and RNA-seq data. The PPI
network (B) of the common mutant genes in both DNA-seq data and RNA-seq data.
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Figure 2

Venn diagram (A) shows the common mutant genes in both DNA-seq data and RNA-seq data. The PPI
network (B) of the common mutant genes in both DNA-seq data and RNA-seq data.
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Figure 3

Forest plot (A), survival plot (B) and box plot (C) of the four common mutated genes (from left to right:
CNTNAP3, mTOR, NFATC3, and NOM1).
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Figure 3

Forest plot (A), survival plot (B) and box plot (C) of the four common mutated genes (from left to right:
CNTNAP3, mTOR, NFATC3, and NOM1).
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Figure 4

Heat map and volcano map of differential genes related to CNTNAP3 (A), mTOR (B), NFATC3 (C), and
NOM1 (D).
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Figure 4

Heat map and volcano map of differential genes related to CNTNAP3 (A), mTOR (B), NFATC3 (C), and
NOM1 (D).
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Figure 5

GO and KEGG enrichment pathways analysis of differential genes related to CNTNAP3 (A), mTOR (B),
NFATC3 (C), and NOM1 (D). The color change of the circle represents the signi�cant degree of the
enriched genes in the pathways.
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Figure 5

GO and KEGG enrichment pathways analysis of differential genes related to CNTNAP3 (A), mTOR (B),
NFATC3 (C), and NOM1 (D). The color change of the circle represents the signi�cant degree of the
enriched genes in the pathways.
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Figure 6

Nomogram for predicting the survival rate of glioma patient. (A) AUCs for predicting CNTNAP3, mTOR,
NFATC3, NOM1OS, and their interaction were 0.572, 0.590, 0.623, 0.659 and 0.687, respectively. (B)
survival plot of the prognostic risk model. (C) A nomogram was established based on the risk signature,
age, glioma type (0: primary glioma, 2: secondary glioma, and 1: recurrent glioma), gender (0: male, 1:
female), radiotherapy (0:No, 1: Yes), TMZ chenmotherapy (0:No, 1: Yes), and IDH status (1: mutuant, 0:
wild-type) for predicting survival of glioma patient.
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wild-type) for predicting survival of glioma patient.
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