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Abstract: Medulloblastoma is one of the most common malignant pediatric brain tumors and has a poor prognosis 
and high mortality. We investigated the prognostic significance of specific gene signatures and established a novel 
prognostic model for medulloblastoma patients. Ninety-seven differentially expressed genes between 69 medullo-
blastoma samples and 4 normal cerebellum samples were identified using the GSE68956 dataset. Univariate and 
multivariate Cox regression analyses revealed optimal prognosis-related genes, of which PFKP and STXBP1 exhibit-
ed significant prognostic values. A risk score model was then established to assess the prognostic value of the gene 
signature. Kaplan-Meier survival analysis demonstrated that patients with a high risk score had significantly poorer 
overall survival (OS, log-rank P = 0.003308). The concordance index (C-index) of the two-gene prognostic model for 
OS prediction was 0.752 (95% CI, 0.740-0.764). The area under the receiver operating characteristic curve (AUC) 
values for predicting 3-year and 5-year survival were 0.726 and 0.730, respectively. The risk score model was fur-
ther validated in the ICGC cohort and PUMCH cohort using quantitative real-time polymerase chain reaction (qRT-
PCR). Cox regression analyses were performed to assess the two-gene risk score model, metastasis stage, and che-
motherapy as independent prognostic factors for medulloblastoma. The C-index of the comprehensive prognostic 
model composed of the two-gene signature integrated with clinicopathological features for predicting OS was 0.823 
(95% CI, 0.739-0.907). The AUCs of the comprehensive prognostic model for predicting 3-year and 5-year survival 
were 0.774 and 0.759, respectively. Thus, the two-gene risk score model is a promising prognostic biomarker for 
medulloblastoma.
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Introduction

Medulloblastoma is one of the most common 
malignant brain tumors in children, accounting 
for nearly 10% of all pediatric brain tumors 
[1-3]. It is commonly found in children aged 
0-14 years and is slightly more common in 
males, with a male to female incidence rate 
ratio of 0.63 [3]. Surgery, radiotherapy and che-
motherapy constitute a combined treatment 
for medulloblastoma [4]. However, medullobla- 
stoma patients generally exhibit low survival 
rates and high mortality rates [3]. Therefore, 
assessments of prognostic and therapeutic 

factors are indispensable for the management 
of these patients.

Traditionally, medulloblastoma patients are str- 
atified into average and high-risk groups accord-
ing to clinical presentation, which helps to guide 
therapeutic decisions [5]. Nonetheless, clinical 
parameters show relatively limited and unreli-
able correlations with prognosis [6, 7]. To date, 
genome-wide expression profiling has identified 
molecular subgroups of medulloblastoma, in- 
cluding wingless (WNT), sonic hedgehog (SHH), 
group 3, and group 4 [8-10]. These four sub-
groups have distinct clinical and molecular 
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characteristics, contributing to the tumorigen-
esis and progression of medulloblastoma [11], 
yet the literature reports controversial and 
inconsistent prognostic significance for these 
molecular subgroups [5, 7, 10]. In general, the 
lack of precise prognostic biomarkers and mod-
els for survival assessment remains a major 
problem for improving the clinical outcomes of 
medulloblastoma patients.

In this study, we aimed to investigate the prog-
nostic significance of specific gene signatures 
in medulloblastoma and to establish a novel 
promising prognostic model for medulloblasto-
ma patients by performing a comprehensive 
gene expression profile assessment.

Materials and methods

Data retrieval and processing

Medulloblastoma expression profiles were do- 
wnloaded from the Gene Expression Omnibus 
(GEO, http://www.ncbi.nlm.nih.gov/geo/) data-
base, a public functional genomics data reposi-
tory of high-throughput gene expression da- 
ta, chips and microarrays [12]. After extensive 
data screening in GEO, the GSE68956 dataset 
was selected because it compares gene ex- 
pression in 69 medulloblastoma samples and 
4 normal cerebellum samples [13]. Moreover, 
both clinicopathological and survival data of 
the cohort were obtained for further analysis. 
Seven (10.1%) medulloblastoma samples were 
excluded because of a lack of clinical or surviv-
al data. In addition, level 3 RNA sequencing 
data and prognostic information for medu- 
lloblastoma patients were downloaded from  
the International Cancer Genome Consortium 
(ICGC, https://dcc.icgc.org/) database. The 
ICGC cohort, containing 60 medulloblastoma 
patients, was chosen as the validation set. All 
patients without prognostic information were 
excluded.

Identification of differentially expressed genes 
(DEGs)

DEGs between medulloblastoma and normal 
cerebellum samples were identified using ed- 
geR (https://bioconductor.org/packages/relea- 
se/bioc/html/edgeR/) in R 3.5.1 [14]. Adjusted 
P values (adj. P) were applied to correct false 
positive results by using the default Benjamini-
Hochberg false discovery rate method. Adj. P < 

0.01 and |fold change (FC)| > 1 were consid-
ered the cutoff values for identifying DEGs [15]. 
A DEG hierarchical clustering heat map was 
constructed using the centered Pearson corre-
lation method provided by the pheatmap pack-
age (https://cran.r-project.org/web/packages/
pheatmap/) [16].

Construction and evaluation of the gene-based 
prognostic model

Univariate Cox regression analysis was first 
performed on the DEGs to identify associations 
between the expression levels of genes and 
patients’ overall survival (OS) using the survival 
package (http://bioconductor.org/packages/
survival/) in R 3.5.1 [17]. Those genes with a P 
value < 0.05 identified by univariate Cox regres-
sion were further screened by multivariate Cox 
regression. Based on the Akaike information 
criterion (AIC), the optimal prognosis-related 
genes were determined to establish a prognos-
tic risk score model for predicting OS [18]. 
Patients were divided into high- and low-expres-
sion groups according to the median expres-
sion levels of the prognosis-related genes [19]. 
Kaplan-Meier (K-M) survival curve analysis 
using the survival package was then performed 
to estimate associations between the expres-
sion levels of the prognosis-related genes and 
prognosis.

The prognostic risk score model was estab-
lished with the following formula: risk score = 
expression level of Gene1 × β1 + expression 
level of Gene2 × β2 +…+ expression level of 
Genen × βn [19, 20], where β represents the 
regression coefficient calculated by the multi-
variate Cox regression model. Subsequently, a 
prognostic risk score was generated for each 
patient. All medulloblastoma patients were 
divided into high-risk (high risk score) and low-
risk (low risk score) groups according to the 
median value of their risk score [19, 20]. Next, 
a K-M survival curve was constructed to esti-
mate the prognosis of patients with high or low 
risk scores, and survival differences between 
the high-risk and low-risk groups were assessed 
by a two-sided log-rank test. The prognostic 
performance was evaluated by the concor-
dance index (C-index) and time-dependent re- 
ceiver operating characteristic (ROC) curve an- 
alysis within 3 and 5 years to evaluate the pre-
dictive accuracy of the gene-based prognostic 
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model with the R package ‘survcomp’ (http://
www.bioconductor.org/packages/survcomp/) 
and ‘survivalROC’ (https://cran.r-project.org/
web/packages/survivalROC/) [21, 22]. Both 
the C-index and area under the curve (AUC) 
range from 0.5 to 1, with 1 indicating perfect 
discrimination and 0.5 indicating no discrimina-
tion. Next, 1000 bootstrap resamples were 
used to test the consistency between the pre-
dicted probabilities and actual survival out-
comes. The performance of the gene-based 
risk score model constructed with the training 
set was similarly validated in the ICGC valida-
tion cohort.

Furthermore, univariate and multivariate Cox 
proportional hazards regression analyses were 
performed to evaluate the prognostic effect of 
various clinicopathological parameters and 
gene-based prognostic risk scores, especially 
to determine whether the gene signature is 
independent of other clinicopathological para- 
meters. The prognostic performance within 3 
and 5 years was assessed by the C-index and 
ROC curve analysis to evaluate the predicti- 
ve accuracy of the comprehensive prognostic 
model composed of the gene signature and 
clinicopathological characteristics. All analyses 
were conducted using R version 3.5.1, and a P 
value < 0.05 was considered statistically sig-
nificant. Hazard ratios (HRs) and 95% confi-
dence intervals (CIs) are reported if necessary.

Validation of prognosis-related genes using 
quantitative real-time polymerase chain reac-
tion (qRT-PCR)

A total of 28 fresh-frozen medulloblastoma and 
28 paired normal specimens were obtained 
from Peking Union Medical College Hospital 
between January 2018 and September 2019. 
All procedures involving human participants 
were performed in accordance with the ethical 
standards of the Institutional Ethics Committee 
of Peking Union Medical College Hospital at the 
Chinese Academy of Medical Sciences & Peking 
Union Medical College and with the 1964 
Declaration of Helsinki and its later amend-
ments or comparable ethical standards. 
Informed consent was obtained from all partici-
pants included in the study. The primers used 
for qRT-PCR are shown in Supplementary Table 
1. Total RNA was isolated from medulloblasto-
ma tissues, and cDNA was synthesized from 

total RNA. The cDNA reverse transcription kit 
(TOYOBO, FSQ-101) was used to reverse tran-
scribe RNA, and the SYBR Green PCR kit 
(Applied Biosystems, No. 4368708) was uti-
lized to amplify the resulting cDNA. Detection 
was performed with a QuantStudio 5 Real-Ti- 
me PCR System (Applied Biosystems; Thermo 
Fisher Scientific). Each experiment was con-
ducted at least three times. The 2-ΔΔCt meth-
od was applied to calculate the expression level 
of genes relative to the housekeeping gene 
GAPDH.

Functional and pathway enrichment analyses

Coexpressed genes among the optimal progno-
sis-related genes were obtained from Coex- 
pedia (http://www.coexpedia.org/), which is an 
online database of distinct context-associated 
gene coexpression networks inferred from indi-
vidual series of microarray samples from sev-
eral public depositories such as GEO and 
ArrayExpress [23]. Database for Annotation, 
Visualization and Integrated Discovery (DAVID, 
http://david.ncifcrf.gov/) is an online tool for 
gene functional classification, which provides 
an essential foundation for high-throughput 
gene analysis investigating the biological sig-
nificance of genes [24]. DAVID was used for 
functional annotation and pathway enrichment 
analysis, including Gene Ontology (GO) enrich-
ment and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway analysis, for the opti-
mal prognosis-related genes and their coex-
pressed genes [25, 26]. A P value < 0.05 was 
considered statistically significant.

Results

Identification of DEGs

Analysis of the GSE68956 dataset using edgeR 
revealed 97 DEGs, including 37 upregulated 
and 60 downregulated genes, between medul-
loblastoma and normal cerebellum samples 
(Supplementary Table 2). For visualization, the 
hierarchical clustering heat map of the DEGs is 
presented in Figure 1.

Identification of prognosis-related genes

By performing univariate Cox regression analy-
sis on the 97 candidate genes in the cohort 
consisting of 62 medulloblastoma patients, we 
identified 5 prognosis-related genes, namely, 
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Figure 1. Hierarchical clustering heat map of differentially expressed genes between medulloblastoma samples and 
normal cerebellum samples. Red: upregulation; blue: downregulation.

RPL29 (HR 4.814), CCND2 (HR 0.198), IMPDH2 
(HR 4.748), PFKP (HR 3.747) and STXBP1 (HR 
0.470), which were indicated to have significant 
prognostic value (P < 0.05). According to multi-
variate Cox regression analysis, only two ge- 
nes exhibited a significant prognostic value for 

medulloblastoma: PFKP (HR 4.875, P = 0.037) 
and STXBP1 (HR 0.109, P = 0.043). Expression 
of the above two genes between tumor and  
normal tissues was further validated in the 
GSE68956 dataset, which showed that both 
were significantly underexpressed in medullo-
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blastoma tissues (Figure 2A). In addition, K-M 
survival curves were constructed to assess 
associations between the expression levels  
of the prognosis-related genes and OS, and  
the results indicated a better prognosis for  
the PFKP low-expression group (log-rank P =  
0.04099) and STXBP1 high-expression group 
(log-rank P = 0.01325) (Figure 2B and 2C).

Construction and evaluation of the prognostic 
model

The prognostic risk score model was estab-
lished with the following formula: risk score = 
expression level of PFKP × 5.42 + expression 
level of STXBP1 × -4.51. Subsequently, we cal-
culated the prognostic risk score for each 
patient. All patients were divided into high-risk 
(high risk score) and low-risk (low risk score) 
groups based on the individual inflection point 
of the prognostic risk score (Figure 3). As illus-
trated in Figure 4, PFKP was significantly over-
expressed and STXBP1 significantly underex-
pressed in the high-risk group compared with 

ing the median risk score as the cutoff. As 
depicted in Figure 3, a total of 60 patients in 
the ICGC cohort were classified into low-risk (n 
= 30) and high-risk (n = 30) groups; the OS rate 
of the medulloblastoma patients in the high-
risk group was significantly lower than that of 
those in the low-risk group (log-rank P = 0.021, 
Figure 5D). The two-gene signature construct-
ed with the training set also displayed favorable 
predictive ability for the 3- and 5-year OS rates, 
with AUC values of 0.779 and 0.806, respec-
tively, in the ICGC validation set (Figure 5E and 
5F).

In addition, we performed univariate and multi-
variate Cox regression analyses to evaluate the 
prognostic significance of the two-gene prog-
nostic risk score together with various clinico-
pathological parameters, including age, sex, 
subtype, T stage, metastasis at diagnosis (M 
stage) and chemotherapy (Table 1). The univari-
ate analysis indicated metastasis at diagnosis 
(M stage), chemotherapy and risk score to be 
significantly associated with OS in our cohort. 

Figure 2. Expression and survival analysis of PFKP and STXBP1 in the GEO 
training cohort. A. Expression levels of PFKP and STXBP1 between the me-
dulloblastoma group and the normal cerebellum group. B. The Kaplan-Mei-
er survival curve indicated that the PFKP low-expression group had better 
OS rates than the PFKP high-expression group (log-rank P = 0.04099). C. 
The Kaplan-Meier survival curve indicated that the STXBP1 high-expression 
group had better OS rates than the STXBP1 low-expression group (log-rank 
P = 0.01325).

the low-risk group. In addition, 
K-M survival curve analysis 
demonstrated that patients 
with a high risk score had a 
significantly poorer OS than 
patients with a low risk score 
(log-rank P = 0.003308). The 
3-year OS rates of the high-risk 
and low-risk groups were 
64.5% and 89.6%, respective-
ly, and the 5-year OS rates 
were 52.5% and 85.3%, re- 
spectively (Figure 5A). The 
C-index of the two-gene prog-
nostic model for OS prediction 
was 0.752 (95% CI, 0.740 to 
0.764; P < 0.001). Furthermore, 
the two-gene signature exhib-
ited a favorable predictive abil-
ity for 3-year and 5-year OS 
rates, with AUC values of 0.726 
and 0.730, respectively (Figure 
5B and 5C).

To confirm whether the prog-
nostic signature has similar 
predictive value in different 
populations, we then used it to 
predict OS in an independent 
external validation cohort us- 
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However, other clinicopathological variables, 
such as age, sex, subtype, or T stage, were not 
significantly associated with prognosis. The 
K-M survival curves and log-rank test for all 
these clinicopathological variables are shown 
in Supplementary Figure 1. Multivariate analy-
sis indicated that M stage, chemotherapy and 
risk score were significantly associated with 

5-year OS rates, with AUC values of 0.774 and 
0.759, respectively (Figure 6).

Validation of PFKP and STXBP1 using qRT-PCR

As shown in Figure 7, the expression levels of 
PFKP and STXBP1 in 28 samples of ��������medullo-
blastoma were significantly lower than those in 

Figure 3. Risk score analysis of the two-gene signature of medulloblastoma in the training and validation cohorts. 
A, D. Patient survival status and time distributed by risk score. B, E. Risk score curve of the two-gene signature. 
C, F. Heatmap of PFKP and STXBP1 from the GSE68956 and ICGC cohorts. Colors from green to red indicate the 
expression level from low to high. The dotted line represents the individual inflection point of the risk score curve, 
by which the patients were categorized into low-risk and high-risk groups. Left panel: GSE68956; right panel: ICGC.

Figure 4. Expression levels of PFKP and STXBP1 in low- and high-risk groups.

OS, which demonstrated that 
the two-gene prognostic risk 
score can serve as an indepen-
dent prognostic factor for me- 
dulloblastoma. The C-index of 
the comprehensive prognostic 
model, which is composed of 
the two-gene signature inte-
grated with clinicopathological 
characteristics, for predicting 
OS was 0.823 (95% CI, 0.739 
to 0.907; P = 0.001). The com-
prehensive prognostic model 
also showed a favorable pre-
dictive ability for 3-year and 
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Figure 5. Kaplan-Meier survival curve analysis of the risk score for patient OS. A. In the GSE68956 cohort, the high-
risk group had significantly poorer OS rates than the low-risk group (log-rank P = 0.003308). D. In the ICGC cohort, 
the high-risk group had significantly poorer OS rates than the low-risk group (log-rank P = 0.021). B, C. The prognos-
tic performance of the two-gene signature demonstrated by the time-dependent ROC curve for predicting 3-year and 
5-year OS rates in the GSE68956 cohort. E, F. The prognostic performance of the two-gene signature demonstrated 
by the time-dependent ROC curve for predicting 3-year and 5-year OS rates in the ICGC cohort.

Table 1. Univariate and multivariate Cox proportional hazards analyses of clinical parameters and risk 
score

Variables No. of 
Patients

Univariate Analysis Multivariate analysis
HR (95% CI) P HR (95% CI) P

Age < 20 years 23 Reference Reference

≥ 20 years 39 1.392 (0.537-2.606) 0.496 0.792 (0.248-2.526) 0.694

Sex Female 21 Reference Reference

Male 41 1.037 (0.417-2.584) 0.937 1.290 (0.445-3.738) 0.639

Subtype Classic 48 Reference Reference

Desmoplastic 14 0.644 (0.187-2.221) 0.486 0.395 (0.090-1.729) 0.217

T Stage T1 3 Reference Reference

T2 13 1.966 (0.207-2.640) 0.556 0.497 (0.039-6.23) 0.588

T3 27 1.561 (0.166-2.691) 0.697 0.380 (0.030-4.804) 0.455

T4 9 1.599 (0.122-2.090) 0.720 0.594 (0.042-8.49) 0.701

Tx 10 5.768 (3.566-7.879) 0.139 1.612 (0.133-5.592) 0.708

Metastasis at Diagnosis (M stage) No (M0) 43 Reference Reference

Yes (M1-4) 19 2.393 (0.995-5.754) 0.0313 1.405 (0.489-3.734) 0.048

Chemotherapy V, C, Cx 36 Reference Reference

V, C, Cx, VP 16 2.013 (0.722-5.615) 0.181 1.081 (0.317-3.684) 0.901

Others 10 2.432 (0.818-7.226) 0.010 6.186 (1.555-14.609) 0.009

Risk Score Low 31 Reference Reference

High 31 4.185 (1.493-11.74) 0.0065 7.128 (1.748-24.072) 0.006
HR, hazard ratio; CI, confidence interval; Tx, T stage unknown; V, vincristine; C, carmustine; Cx, cisplatin; VP, etoposide; Others, V+C, or V+C+CC (cyclophosphamide), or 
V+C+VP.
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normal tissues; thus, the qRT-PCR results were 
consistent with the high-throughput sequencing 
data obtained from the GEO training cohort. 
K-M survival analyses also demonstrated������� a bet-
ter prognosis for the PFKP low-expression 
group (log-rank P = 0.0263) and STXBP1 high-
expression group (log-rank P = 0.03378). Fi- 
nally, to investigate whether the prognostic risk 
score model can be applied to the PUMCH 
cohort consisting of 28 medulloblastoma pa- 
tients, we calculated the risk score for each 
patient and used the median risk score as the 
cutoff. The 28 patients in the PUMCH cohort 
were classified into a low-risk group (n = 14) 
and a high-risk group (n = 14), and the OS rate 
of the medulloblastoma patients in the latter 
was significantly lower than that of those in the 
former (log-rank P = 0.002, Figure 8A). The 
prognostic two-gene signature also exhibited 
robust predictive ability for 3- and 5-year OS 
rates, with AUC values of 0.918 and 0.731, 
respectively, in the PUMCH cohort (Figure 8B 
and 8C). These findings strongly support the 
reliability of our prognostic risk score model for 
predicting the prognosis of medulloblastoma 
patients, which might assist both physicians 
and patients with individualized survival predic-
tions and facilitate better treatment decision-
making and follow-up scheduling.

Functional and pathway enrichment analyses

A total of 257 genes coexpressed with PFKP 
and 292 genes coexpressed with STXBP1 we- 

cantly enriched in extracellular exosomes and 
the cytoplasm (Figure 9B), and MF category 
genes were significantly enriched in ATP bind-
ing and calcium ion binding (Figure 9C). In addi-
tion, KEGG pathway analysis mainly revealed 
enrichment in metabolic pathways, the biosyn-
thesis of antibiotics, endocytosis and the HIF-1 
signaling pathway (Figure 9D).

Discussion

As reported in the literature, medulloblastoma 
is a complicated disease entity that can be 
stratified into different subgroups according to 
clinical, histopathological and molecular fea-
tures [1-4, 8-10]. A few studies have investigat-
ed associations between the above methods of 
classification and prognosis of medulloblasto-
ma patients to guide therapeutic decisions. 
However, most of these studies have reported 
controversial and inconsistent prognostic sig-
nificance [5-7].

Zeltzer et al. [6] reported that the metastasis 
stage, adjuvant treatment, and residual tumor 
were clinical factors associated with prognosis 
in medulloblastoma. Based on the study of Ray 
et al. [27], the presence of metastatic disease 
at presentation is one of the strongest predic-
tors of survival. Patients with desmoplastic or 
extensive nodular tumors are believed to have 
better survival, even after a reduction in thera-
py [28]. Pietsch et al. [7] also identified M stage 
as the only clinical factor associated with sur-

Figure 6. ROC curve analysis of the comprehensive prognostic model. A. The 
prognostic performance of the comprehensive prognostic model, composed 
of the two-gene signature integrated with clinicopathological characteris-
tics, demonstrated by the ROC curve for predicting the 3-year OS rate (AUC 
= 0.774). B. The prognostic performance of the comprehensive prognostic 
model, composed of the two-gene signature integrated with clinicopatho-
logical characteristics, demonstrated by the ROC curve for predicting the 
5-year OS rate (AUC = 0.759).

re obtained using Coexpedia 
(Supplementary Table 3). GO 
enrichment analysis, including 
biological process (BP), cellu-
lar component (CC) and molec-
ular function (MF) categories, 
was performed on PFKP and 
STXBP1 and their coexpressed 
genes; 77 of the genes are 
associated with BPs, 37 with 
CCs, 24 with MFs, and 35 with 
KEGG pathways (Supplemen- 
tary Table 4). According to GO 
functional annotation analysis, 
genes in the BP category were 
significantly enriched in posi-
tive regulation of I-kappaB ki- 
nase/NF-kappaB signaling and 
glycolytic process (Figure 9A); 
CC category genes were signifi-

http://www.ijcem.com/files/ajtr0105438suppltab3.xlsx
http://www.ijcem.com/files/ajtr0105438suppltab4.xlsx
http://www.ijcem.com/files/ajtr0105438suppltab4.xlsx
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Figure 7. Expression and survival analysis of PFKP and STXBP1 using qRT-PCR in the training cohort. Relative ex-
pression levels of PFKP (A) and STXBP1 (B) between medulloblastoma and normal tissues based on qRT-PCR. (C) 
The Kaplan-Meier survival curve indicated that the PFKP low-expression group had better OS rates than the PFKP 
high-expression group (log-rank P = 0.0263). (D) The Kaplan-Meier survival curve indicated that the STXBP1 high-
expression group had better OS rates than the STXBP1 low-expression group (log-rank P = 0.03378). 

Figure 8. Survival analysis of the risk score for patient OS in the training cohort. A. Kaplan-Meier survival curves 
indicated that the high-risk group had significantly poorer OS rates than the low-risk group (log-rank P = 0.002). B, C. 
The prognostic performance of the two-gene signature demonstrated by the time-dependent ROC curve for predict-
ing 3-year and 5-year OS rates in the training cohort.

vival. In our study, we found metastasis at diag-
nosis (M stage) to be an independent prognos-

tic factor for medulloblastoma, consistent with 
previous studies. Furthermore, several studies 
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Figure 9. GO functions and KEGG pathways for PFKP and STXBP1 and their coexpressed genes. A. Enriched bio-
logical processes. B. Enriched cellular components. C. Enriched molecular functions. D. Enriched KEGG pathways.

of small populations of medulloblastoma pa- 
tients have demonstrated the significance of 
single biological prognostic markers, such as 

MYC amplifications, chromosome 17p dele-
tions, the apoptotic index, TrkC expression, the 
Ki-67 index, and chromosome 6q status [7, 13, 
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29-33]. In conclusion, single clinical, histopath-
ological and molecular features have only lim-
ited prognostic significance.

The lack of effective and reliable prognostic 
biomarkers or models remains a major problem 
for improving the prognosis of medulloblasto-
ma patients. Recent large-scale genomic analy-
ses have enabled further characterization of 
medulloblastoma in ways that have both prog-
nostic and therapeutic significance. In contrast 
to previous studies that focused more on 
expression of a single mRNA or microRNA [7, 8, 
10, 13, 29-33], our study is the first to develop 
a multigene-based risk score model to predict 
the prognosis of medulloblastoma patients. 
Survival analysis also indicated that our two-
gene model can serve as an independent prog-
nostic factor for medulloblastoma, with good 
accuracy and stability compared with other 
clinicopathological parameters. Moreover, the 
comprehensive prognostic model, composed 
of the two-gene signature integrated with clini-
copathological characteristics, exhibited a mo- 
re favorable predictive ability (C-index 0.823) 
with regard to clinical outcome for both 3-year 
and 5-year OS rates of medulloblastoma pa- 
tients compared with the isolated two-gene 
prognostic risk score model (C-index 0.752). To 
date, however, only a few studies have attempt-
ed to integrate multiple clinical and biological 
markers to predict clinical outcomes for medul-
loblastoma patients. Gajjar et al. [34], Ray et al. 
[27] and Pietsch et al. [7] all treated every sin-
gle gene pattern as an independent molecular 
feature in univariate and multivariate analyses 
to construct prognostic models [7, 27, 34]. In 
contrast, our study utilized multiple prognosis-
associated genes to establish an isolated risk 
score model, which was then treated as the 
molecular feature, combining this with other 
clinicopathological variables to independently 
predict the OS of medulloblastoma patients. To 
our knowledge, this is the first study in which a 
multigene-based risk score model is used to 
predict the prognosis of medulloblastoma 
patients.

Platelet isoform of phosphofructokinase (PFKP) 
and syntaxin-binding protein 1 (STXBP1) were 
determined to be the most significant progno-
sis-related genes in our risk score model. Both 
were found to be significantly underexpressed 
in medulloblastoma tissues, with low expres-

sion of PFKP predicting a better OS but low 
expression of STXBP1 predicting a poorer OS. 
The PFKP gene encodes an enzyme that has a 
key role in glycolysis regulation [35] and may be 
involved in metabolic reprogramming in several 
cancers, including cancers of the brain, blad-
der, kidney, and lung [36-40]. Previous studies 
have demonstrated that PFKP is a crucial play-
er in many steps of cancer initiation and metas-
tasis [35]. Sanzey et al. [36] reported that PFKP 
silencing resulted in a prominent increase in 
survival in mice. As a result, phosphofructoki-
nase 1 (PFK1), encoded by the PFKP gene, is 
regarded as an important therapeutic target to 
address the metabolic escape mechanisms of 
glioblastoma. However, the roles of PFKP in 
medulloblastoma have not been previously 
studied. The STXBP1 gene encodes a syntaxin-
binding protein that appears to play a role in the 
release of neurotransmitters via the regulation 
of syntaxin, a transmembrane attachment pro-
tein receptor. Few studies have investigated 
the roles of STXBP1 in brain tumors. Because it 
is expressed in postmitotic neurons of the adult 
human brain and in tumors of neuronal origin, 
STXBP1 may serve as a molecular tool to under-
stand the growth and differentiation of the ner-
vous system in general [41]. Lou et al. [42] iden-
tified STXBP1 as the most significantly down-
regulated hub gene, which may promote the 
progression of glioblastoma. In summary, the 
roles of PFKP and STXBP1 in medulloblastoma 
have not been reported and remain obscure. 
Our study provides evidence that PFKP may act 
as a promoter and STXBP1 as a suppressor in 
medulloblastoma, which should be investigat-
ed by further studies.

There are some limitations to the present study. 
Due to the limited clinical and molecular infor- 
mation of our cohort, we could not compare the 
prognostic value of our two-gene signature wi- 
th molecular subgroups, including WNT, SHH, 
group 3, and group 4. Finally, the roles of PFKP 
and STXBP1 in medulloblastoma have not been 
reported in the literature, and future studies on 
the underlying mechanisms of these two genes 
in the development and progression of medul- 
loblastoma are warranted.

In conclusion, by performing a comprehensive 
gene expression profile assessment, we identi-
fied a two-gene risk score model that signifi-
cantly predicted the prognosis of medulloblas-
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toma patients. This two-gene risk score model 
is a promising independent prognostic factor 
for medulloblastoma. Furthermore, the com-
prehensive prognostic model, composed of the 
two-gene signature integrated with clinicopath-
ological features, exhibited favorable prognos-
tic value for medulloblastoma patients. Further 
studies with large-sized, multicenter and pro-
spective clinical cohorts are needed to verify 
the prognostic model developed in this study.
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Supplementary Table 1. Primers for real-time PCR
Genes Forward (5’ to 3’) Reverse (5’ to 3’)
PFKP TGGGAGTGGAGGCAGTCAT GTCGCTTGTAGGTGTTCAGGT
STXBP1 GGGTATGGAACGGTAGAAA GTAGGGACTGGAATGAAGATAG
GAPDH TGACTTCAACAGCGACACCCA CACCCTGTTGCTGTAGCCAAA

Supplementary Table 2. The differentially expressed genes between medulloblastoma and normal 
cerebellum samples
Gene logFC AveExpr t P. Value adj.P.Val B
Upregulated
    EEF1A1 2.538481 12.672487 4.28201 5.3612E-05 0.00415432 1.66804231
    COL1A1 2.378493 12.003382 3.584391 0.00059496 0.02441355 -0.5639775
    TMSB10 2.329815 11.667048 5.04582 3.0073E-06 0.00044665 4.37323578
    CD24 2.03645 8.797425 3.863177 0.0002341 0.01376097 0.29684805
    VIM 1.999864 11.913215 3.574618 0.00061427 0.02488161 -0.5933478
    ACTB 1.967914 13.010389 5.015034 3.3918E-06 0.00049347 4.25978276
    SOX4 1.925101 11.605467 3.896045 0.00020916 0.01274467 0.40118173
    FN1 1.85657 9.870389 3.265095 0.00164363 0.0461265 -1.4934931
    GNB1 1.807946 10.9553 5.697208 2.203E-07 4.7591E-05 6.84489322
    SMARCA4 1.787274 9.303171 4.216695 6.783E-05 0.0050371 1.44846332
    RPL29 1.759057 12.057696 3.548295 0.0006693 0.02615332 -0.6721683
    RPLP0 1.72707 13.787328 3.720766 0.00037891 0.01822842 -0.1483705
    CCND2 1.681113 11.443201 3.519371 0.00073515 0.02715468 -0.7583039
    YBX1 1.49619 11.553288 6.505679 7.435E-09 2.779E-06 10.0612907
    PABPC1 1.466484 12.048551 3.287016 0.00153574 0.04414645 -1.4317109
    MDK 1.408007 11.805854 3.591316 0.00058162 0.02427796 -0.5431355
    TUBB 1.366906 14.082475 4.550575 1.9986E-05 0.00222631 2.59156652
    CCNG1 1.317474 8.27372 3.727938 0.00036992 0.01821324 -0.1262166
    HMGB2 1.314427 8.453733 3.835566 0.00025721 0.01432558 0.20965794
    PCBP2 1.267703 12.191399 3.483105 0.00082639 0.02945661 -0.8655939
    ITGB1 1.255156 9.997868 3.590937 0.00058234 0.02427796 -0.5442748
    TOP2A 1.254234 9.250008 4.30657 4.9049E-05 0.00384252 1.7511347
    FSCN1 1.25236 12.760222 3.696992 0.00041021 0.01886699 -0.2215919
    RPN2 1.242964 9.993432 3.355394 0.00124039 0.03844661 -1.2370251
    PRMT1 1.24098 11.664696 3.946271 0.00017591 0.01119723 0.56172713
    HMGN2 1.231314 11.042082 3.262718 0.00165575 0.0461265 -1.5001744
    TCF3 1.218019 9.149746 3.639458 0.00049646 0.02190689 -0.3974537
    SMARCA4 1.201879 10.456384 4.935102 4.6284E-06 0.00063938 3.96680051
    RPLP1 1.167442 13.248213 3.321113 0.00138105 0.04136767 -1.3349977
    ODC1 1.161828 11.61622 3.522837 0.00072694 0.02699156 -0.7480085
    MAZ 1.132894 9.719497 3.928743 0.0001869 0.01166702 0.50554813
    CBX3 1.127179 7.766966 3.611856 0.00054372 0.02335033 -0.481145
    COL6A2 1.113687 10.435635 3.565164 0.00063352 0.02524987 -0.6217045
    PPIB 1.068116 10.758278 3.698937 0.00040756 0.01886676 -0.2156114
    EIF4B 1.062685 10.529136 3.332689 0.00133196 0.04040642 -1.3019987
    IMPDH2 1.025355 10.521864 3.305679 0.00144916 0.04252449 -1.3788653
    PDIA3 1.006196 9.02399 3.838472 0.00025468 0.01432558 0.21881378
Downregulated
    KCTD2 -1.004962 10.218443 -3.964435 0.00016519 0.01070561 0.62011741
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    TMEM151B -1.011556 9.077583 -4.886442 5.5865E-06 0.00072997 3.78958685
    ATP5O -1.017491 8.815119 -3.429117 0.00098227 0.03320526 -1.0238355
    GABRA1 -1.027386 8.237936 -5.542195 4.1487E-07 8.4502E-05 6.24535297
    SLC1A6 -1.056038 9.817112 -4.829401 6.9575E-06 0.00088572 3.58297923
    PTK2B -1.057713 8.346553 -6.238417 2.3122E-08 6.3397E-06 8.98351718
    BCL6 -1.057734 7.676724 -4.437528 3.039E-05 0.00281362 2.19888982
    PFKP -1.086018 8.569962 -4.342424 4.3055E-05 0.00352807 1.8729418
    FGF9 -1.0869 8.630849 -4.474997 2.6464E-05 0.00258444 2.32842135
    PPP3CA -1.087309 8.326598 -5.192059 1.691E-06 0.00028349 4.91661788
    RUNX1T1 -1.095114 8.563353 -4.237981 6.2838E-05 0.00471546 1.51979971
    DPP6 -1.122927 8.852233 -3.935803 0.0001824 0.01150705 0.52815851
    NAP1L3 -1.14382 7.41058 -3.539467 0.00068878 0.02629464 -0.6985122
    GOT1 -1.153486 8.772709 -3.701851 0.00040362 0.01886676 -0.2066506
    INPP5A -1.174916 8.526295 -5.961687 7.3802E-08 1.9486E-05 7.88184356
    MGLL -1.191022 10.573987 -3.392968 0.00110175 0.03570174 -1.1287898
    DNM1 -1.215033 11.035099 -5.421891 6.7502E-07 0.00013006 5.78465144
    KCNK1 -1.242021 6.611438 -5.216047 1.5376E-06 0.00026735 5.00643722
    STXBP1 -1.243376 10.642568 -3.298294 0.00148286 0.04294489 -1.3998033
    GABRA6 -1.264288 6.859061 -6.251127 2.1913E-08 6.2488E-06 9.03448401
    TUBB4A -1.270348 9.613768 -5.459876 5.791E-07 0.00011468 5.92966131
    MT3 -1.289249 10.758994 -5.355047 8.8312E-07 0.00016568 5.5305045
    CBLN1 -1.291544 8.894373 -3.327724 0.00135281 0.04069273 -1.3161635
    ATP1A2 -1.294143 6.634868 -6.410525 1.1151E-08 3.4564E-06 9.67615913
    TRIM9 -1.298185 7.04659 -4.755654 9.224E-06 0.00111454 3.3177187
    ENO2 -1.299399 10.266533 -3.242992 0.0017596 0.04795062 -1.555478
    SORL1 -1.304403 8.310209 -6.505874 7.4288E-09 2.779E-06 10.062081
    SLC12A5 -1.338029 6.551949 -5.879824 1.0371E-07 2.5495E-05 7.5591013
    GPM6B -1.376737 7.74434 -3.709532 0.00039341 0.01867133 -0.1830096
    PCP4 -1.401126 7.927174 -4.268165 5.6362E-05 0.00432045 1.62133016
    CKB -1.416802 9.726276 -3.235162 0.00180249 0.04885904 -1.5773619
    TF -1.423151 8.193771 -4.816363 7.3142E-06 0.00091479 3.53593082
    ANK3 -1.433544 7.227315 -4.440689 3.0038E-05 0.00281362 2.2097937
    ATP1B1 -1.434756 8.365901 -3.985468 0.00015355 0.01004269 0.68794606
    CST3 -1.468756 11.777746 -3.755892 0.0003368 0.01715033 -0.0396004
    QDPR -1.481555 8.000082 -6.480651 8.2727E-09 2.8084E-06 9.95985016
    PTGDS -1.552706 10.956064 -3.793857 0.00029632 0.0159354 0.07873201
    ALDH1A1 -1.586181 7.265789 -6.725779 2.8957E-09 1.3762E-06 10.9574668
    TSPAN7 -1.603254 9.884463 -5.132786 2.1372E-06 0.00033122 4.69550275
    EFR3A -1.630272 7.094419 -6.896139 1.3893E-09 7.0743E-07 11.6556495
    VSNL1 -1.665229 6.790871 -6.461932 8.9597E-09 2.9034E-06 9.88404448
    ITPR1 -1.705896 6.475495 -8.470431 1.403E-12 1.0002E-09 18.2095132
    SLC1A3 -1.744028 7.70895 -4.591964 1.7121E-05 0.00193744 2.73671335
    PLP1 -1.751277 6.278802 -7.648055 5.2413E-11 3.1138E-08 14.7712275
    PRKCZ -1.791335 7.979327 -6.49456 7.7962E-09 2.779E-06 10.0162138
    PHYHIP -1.824159 9.348432 -9.732873 5.4503E-15 9.7139E-12 23.4639703
    GRM4 -1.903659 9.352769 -7.844271 2.2138E-11 1.4347E-08 15.5902248
    AGT -1.922606 7.624722 -8.597255 8.0197E-13 6.3525E-10 18.7400337
    SPOCK2 -1.949088 10.039431 -5.062945 2.8123E-06 0.00042657 4.43648935
    CRYM -1.95485 8.460849 -9.758161 4.8801E-15 9.7139E-12 23.5683085
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    KIAA0513 -2.040691 9.627983 -8.751046 4.0708E-13 4.1458E-10 19.3829455
    CLU -2.062903 12.180775 -3.410983 0.00104059 0.03418614 -1.0765877
    PRUNE2 -2.107459 7.785494 -6.557309 5.9635E-09 2.6571E-06 10.2708667
    SCRN1 -2.185975 9.42464 -5.804662 1.4155E-07 3.2552E-05 7.26415229
    PVALB -2.286366 8.486539 -11.918852 4.6802E-19 3.3365E-15 32.2513059
    ABLIM1 -2.495643 9.391604 -6.39879 1.1722E-08 3.4818E-06 9.62876733
    ALDOC -2.670672 10.498201 -9.248573 4.5543E-14 6.4936E-11 21.4573386
    TIAM1 -2.752643 8.207577 -8.798265 3.3059E-13 3.9279E-10 19.5802215
    SNAP25 -3.607967 8.554881 -8.693794 5.2395E-13 4.6691E-10 19.1436729
    MBP -3.725658 8.516217 -6.536948 6.5057E-09 2.7282E-06 10.1881681
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Supplementary Figure 1. Kaplan-Meier survival curves and log-rank test for clinicopathologic parameters in 62 
medulloblastoma patients.


