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Abstract 

Background The clinical features of cerebellar high-grade gliomas (cHGGs) in adults have not been thoroughly 
explored. This large-scale, population-based study aimed to comprehensively outline these traits and construct a pre-
dictive model.

Methods Patient records diagnosed with gliomas were collected from various cohorts and analyzed to compare 
the features of cHGGs and supratentorial HGGs (sHGGs). Cox regression analyses were employed to identify prognos-
tic factors for overall survival and to develop a nomogram for predicting survival probabilities in patients with cHGGs. 
Multiple machine learning methods were applied to evaluate the efficacy of the predictive model.

Results There were significant differences in prognosis, with SEER-cHGGs showing a median survival of 7.5 months 
and sHGGs 14.9 months (p < 0.001). Multivariate Cox regression analyses revealed that race, WHO grade, surgical 
procedures, radiotherapy, and chemotherapy were independent prognostic factors for cHGGs. Based on these factors, 
a nomogram was developed to predict 1-, 3-, and 5-year survival probabilities, with AUC of 0.860, 0.837, and 0.810, 
respectively. The model’s accuracy was validated by machine learning approaches, demonstrating consistent predic-
tive effectiveness.

Conclusions Adult cHGGs are distinguished by distinctive clinical features different from those of sHGGs and are 
associated with an inferior prognosis. Based on these risk factors affecting cHGGs prognosis, the nomogram predic-
tion model serves as a crucial tool for clinical decision-making in patient care.
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Introduction
Cerebellar gliomas are a prominent subset of central 
nervous system malignancies in children, but they are 
significantly less prevalent in adults [1–4]. Primar-
ily, most cerebellar gliomas in the pediatric popula-
tion are low-grade gliomas, which are less aggressive 
tumors, such as pilocytic astrocytomas, accounting for 
nearly one-third of such tumors [5, 6]. Cerebellar high-
grade gliomas (cHGGs) in adults, including primarily 
cerebellar glioblastomas and a minority of primary or 
anaplastic gliomas categorized as WHO grade III, are 
extremely rare. Research indicates that cerebellar glio-
blastoma accounts for only 0.24% to 4.1% of all primary 
glioblastomas, substantially less than their supratento-
rial counterparts [7, 8].

Current research efforts are primarily concentrated on 
uncovering prognostic factors that influence survival in 
supratentorial glioblastomas [9]. However, investigations 
into cHGGs are limited, primarily due to their rarity and 
the small number of cases available for in-depth analy-
sis. The majority of previous research on cHGGs largely 
stems from case reports and small series, indicating a 
substantial gap in knowledge about the properties and 
prognosis of cHGGs [10].

Recent molecular studies have revealed unique biologi-
cal behavior specific to cerebellar tumors, distinct from 
those observed in supratentorial HGGs (sHGGs) [4, 11]. 
While therapeutic regimens for cerebellar and supraten-
torial HGGs are currently available, discernible varia-
tions in treatment efficacy or prognosis exist [8, 11]. This 
highlights the pressing necessity of investigating distinct 
clinical presentations and developing a specialized clini-
cal prediction model tailored for cHGGs.

As practical and instructive research on cHGGs, this 
investigation delved into the distinctive clinical features 
and inferior prognosis of cHGGs. Furthermore, we iden-
tified crucial factors impacting prognosis and devised a 
tailored predictive model for adult cHGGs.

Methods
Study population and data collection
This study collected clinical files for 512 cHGGs from 
the 18 registries of the SEER database (SEER*Stat soft-
ware version 8.3.6) (S-cHGG), according to the Inter-
national Classifcation of Diseases for Oncology, third 
edition (ICD-O-3). An additional cohort of 66 cHGGs 
was collected from the dataset of West China Hospital of 
Sichuan University (W-cHGG). For the sHGGs cohort, 
we accessed the clinical records of 606 cases from the 
TCGA database (https:// portal. gdc. cancer. gov/) and 300 
cases from the CGGA database (http:// www. cgga. org. 
cn/) (Additional file 1: Figure S1).

The study enrolled participants aged ≥ 18  years with 
detailed clinical documentation and a definitive diagno-
sis of primary high-grade gliomas, including anaplastic 
oligodendroglioma (AO), anaplastic astrocytoma (AA), 
anaplastic oligoastrocytoma (AOA) and glioblastoma 
(GBM). Exclusion criteria were patients missing essential 
variables such as age, sex, survival duration, and progno-
sis. Patient records were collected during hospitalization, 
and follow-up information was obtained 3–6  months 
post-discharge via outpatient visits, telephone calls, and 
emails. This study was approved by our institutional 
review board of West China Hospital of Sichuan Univer-
sity (No. 2022.108).

Variables and definitions
The patients included in the study were profiled accord-
ing to different key variables, such as patient demo-
graphic files (age, gender, race), tumor characteristics 
(histopathology, WHO grade, tumor size), and treatment 
data (surgical resection, radiotherapy, and chemother-
apy). Age was analyzed continuously and in categories, 
where the median value was used to divide patients into 
18–57  years and ≥ 57  years. The year at diagnosis was 
defined as three intervals: 1973–2004, 2005–2009, and 
2010–2016, highlighting the significant role of radio-
therapy plus concomitant and adjuvant temozolomide in 
HGGs management since 2005. Tumor sizes were clas-
sified based on the median value into either < 38.0  mm 
or ≥ 38.0  mm. Tumor grades were divided into WHO 
grade III and IV, based on the 2016 World Health Organ-
ization classification of central nervous system tumors. 
For more details, see https:// seer. cancer. gov/ seers tat/ 
varia bles/ seer/ brain_ cns- recode/. For surgical manage-
ment, the extent of resection was categorized as gross 
total resection (GTR), subtotal resection (STR), or par-
tial resection (PR). Overall survival (OS) was defined 
as the period from surgery to patient death or the last 
follow-up.

Cox analyses and nomogram construction
To pinpoint independent prognostic factors for OS, both 
univariable and multivariable Cox regression analyses 
were conducted. Variables such as race, WHO grade, sur-
gery, chemotherapy, and radiotherapy were incorporated 
to construct a nomogram model. The effectiveness and 
credibility of the model were appraised by receiver oper-
ating characteristics, where values range from 0.5 to 1.0, 
and a higher value indicates superior discriminative capa-
bility. Additionally, calibration plots and decision curve 
analysis were utilized to verify the agreement between 
the predicted outcomes and the actual observations.

https://portal.gdc.cancer.gov/
http://www.cgga.org.cn/
http://www.cgga.org.cn/
https://seer.cancer.gov/seerstat/variables/seer/brain_cns-recode/
https://seer.cancer.gov/seerstat/variables/seer/brain_cns-recode/
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Model evaluation and interpretation
To evaluate the model’s performance, multiple machine 
learning methods were employed using the “tidymod-
els” R package. Additionally, to evaluate the importance 
of variables in the nomogram, we measured SHAP val-
ues and various metrics, including an increase in mean 
squared error (IncMSE) and node purity (IncNodePu-
rity). Additionally, SHAP interaction values were ana-
lyzed to illustrate how interactions between variables 
affect their impact on the predicted outcomes.

Statistical analyses
Data analysis was conducted with R software (R Foun-
dation, Vienna, Austria, version 4.1.2). The method of 
multiple imputation by chained equations (MICE) was 
adopted for missing values, excluding variables with more 
than 5% missing data from our analysis. We assessed cat-
egorical data using the Chi-square test or Fisher’s exact 
test. The log-rank test was applied to determine Kaplan-
Meier survival curve differences. Both univariate and 
multivariate Cox regression analyses were performed to 
explore independent prognostic factors among the clini-
cal variables. ANOVA was used to detect significant dif-
ferences across multiple groups. If ANOVA showed 
significant results, Tukey’s honestly significant difference 
(Tukey HSD) test was used for post hoc analysis. The 
Wilcoxon rank sum test (also known as the Mann‒Whit-
ney U test) was utilized to compare two independent 
samples. Dunn’s test was applied for nonparametric com-
parisons among multiple independent samples without 
normally distributed data.

Variables with a p value < 0.1 in univariate analysis 
were advanced to multivariate Cox regression analysis. 
The “forestplot” package in R was used to display the p 
value, hazard ratio, and 95% confidence interval of each 
variable. The ability of the nomogram to predict the 
prognosis of cHGG patients was evaluated by construct-
ing receiver operating characteristic (ROC) curves in the 
“rms” R package. Further model interpretation, including 
the SHAP summary plot and interaction analysis, was 
carried out using the “xgboost” and “shapviz” R pack-
ages. The “ingredients” package helped determine vari-
able importance, pinpointing the features most crucial 
to the model’s predictive accuracy. All the statistical tests 
were two-sided, with a p value < 0.05 indicating statistical 
significance.

Results
Clinical characteristics
A summary of the clinical features is shown in Table  1. 
Patients with cHGGs were older than those with 
sHGGs (S-cHGGs 56.5 ± 18.3, W-cHGGs 54.4 ± 17.3, 

and sHGGs 51.1 ± 14.0) (p < 0.001). In terms of demo-
graphics, a greater prevalence of HGG was observed in 
males and white individuals, regardless of tumor loca-
tion. The median diameter of tumors in cHGGs was 
approximately 38.0  mm, with more than 55.0% of these 
tumors ≥ 38.0  mm, highlighting a significant risk of 
malignant mass effects. Regarding the pathological type, 
there was a greater incidence of GBM in infratentorial 
tumors, with 70.5% in the S-cHGGs cohort and 87.9% in 
the W-cHGGs group, compared to approximately 65.5% 
in the sHGGs cohort. Overall, 50.8% in S-cHGGs under-
went gross total resection surgery. However, the applica-
tion of radiotherapy and chemotherapy was significantly 
less common for cHGGs than for those with sHGGs. 
Moreover, the median survival time was considerably 
shorter for cHGGs, at only 7.5 months for S-cHGGs, as 
opposed to 14.9  months for sHGGs. The difference in 
postoperative adjuvant treatments, such as radiotherapy 
and chemotherapy, was statistically significant between 
supratentorial and infratentorial HGGs.

The significant differences in diagnosis age, pathologi-
cal type, and WHO grade for S-cHGGs and W-cHGGs 
underscored the heterogeneity in the biological behavior 
of cHGGs among distinct ethnicities (p < 0.05) (Addi-
tional file 2: Table S1).

Survival time
Significant differences were observed in the survival 
durations of HGGs across various subgroups based on 
factors such as age, gender, pathological type, WHO 
grade, surgical procedure, and treatment modalities, 
including radiotherapy and chemotherapy (p < 0.05 for 
all). Specifically, within the S-cHGGs cohort, notable dif-
ferences in survival were identified between subgroups 
differentiated by WHO grade, surgical procedure, radio-
therapy, chemotherapy, only gross total resection (GTR) 
versus partial resection/subtotal resection (PR/STR), 
and GTR followed by chemoradiotherapy versus PR/
STR combined with chemoradiotherapy (p < 0.05 for all) 
(Table  2). Additionally, the results presented pairwise 
comparisons of the survival time of adult HGGs in the 
three cohorts (Additional file 3: Table S2).

Univariate and multivariate Cox regression analyses
Variables such as race, WHO grade, type of surgery, 
radiotherapy, and chemotherapy, with p values ≤ 0.1, 
were identified as potentially significant and were thus 
selected for further analysis (Table 3). Further explora-
tion using Kaplan-Meier analysis assessed the influence 
of these variables on overall survival. These findings 
indicated that white patients with WHO grade III, 
maximal resection, radiotherapy, and chemotherapy 
experienced improved survival outcomes than their 



Page 4 of 13Chang et al. BMC Cancer          (2024) 24:836 

Table 1 Clinical features of high-grade gliomas in adults across three cohorts

S-cHGGs (n = 512) W-cHGGs (n = 66) sHGGs (n = 909) P value

Year at diagnosis (%) < 0.001
 1973–2004 218 (42.6) 9 (13.6) -

 2005–2009 91 (17.8) 23 (34.8) -

 2010–2016 203 (39.6) 34 (51.6) -

Age (year) 56.5 ± 18.3 54.4 ± 17.3 51.1 ± 14.0 < 0.001
Age (%) < 0.001
 18–57 years 233 (45.5) 44 (66.7) 744 (81.8)

 ≥ 57 years 279 (54.5) 22 (33.3) 165 (18.2)

Gender (%) 0.862

 Male 306 (59.8) 38 (57.6) 551 (60.6)

 Female 206 (40.2) 28 (42.4) 358 (39.4)

Race (%) < 0.001
 White 475 (92.8) 0 545 (60.0)

 Black 37 (7.2) 0 64 (7.0)

 Asian - 66 (100%) 300 (33.0)

Tumor size (mm) 38 (30.0, 43.0) 38 (29.9, 43.8) 0.982

Tumor size (%) 1.000

 < 38 mm 229 (44.7) 29 (43.9) -

 ≥ 38 mm 283 (55.3) 37 (56.1) -

Pathological type (%) < 0.001
 AO 9 (1.8) 2 (3.0) 88 (9.68)

 AA 142 (27.7) 6 (9.1) 167 (18.4)

 AOA 0 0 59 (6.5)

 GBM 361 (70.5) 58 (87.9) 595 (65.5)

WHO grade (%) < 0.001
 Grade III 151 (29.5) 8 (12.1) 314 (34.5)

 Grade IV 361 (70.5) 58 (87.9) 595 (65.5)

Surgery type (%) 0.702

 PR/STR 252 (49.2) 29 (43.9) -

 GTR 260 (50.8) 37 (56.1) -

Radiotherapy (%) < 0.001
 Yes 294 (57.4) 38 (57.6) 836 (92.0)

 No 218 (42.6) 28 (42.4) 73 (8.0)

Chemotherapy (%) < 0.001
 Yes 248 (48.4) 37 (56.1) 646 (71.1)

 No 264 (51.6) 29 (43.9) 263 (28.9)

Survival time (Month) 7.5 (2.0, 19.0) 8.0 (2.0, 25.0) 14.9 (8.3, 30.0) < 0.001
Status on OS (%) < 0.001
 Dead 443 (86.5) 58 (87.9) 535 (58.9)

 Alive 69 (13.5) 8 (12.1) 374 (41.4)

Therapy (%) 0.015
 PR/STR 79 (15.4) 10 (15.6) -

 PR/STR + Radio 49 (9.6) 2 (3.0) -

 PR/STR + Chemo 24 (4.7) 8 (12.1) -

 PR/STR + Radio + Chemo 100 (19.5) 9 (13.6) -

 GTR 87 (17.0) 10 (15.6) -

 GTR + Radio 49 (9.6) 7 (10.6) -

 GTR + Chemo 28(5.5) - -

 GTR + Radio + Chemo 96 (18.8) 20 (30.3) -
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counterparts (Fig.  1A-E). Race (HR 0.651, 95% CI 
0.455–0.933, p = 0.019), WHO grade (HR 1.200, 95% CI 
1.000–1.470, p < 0.01), surgery procedures (HR 1.662, 
95% CI 1.368–2.018, p < 0.001), radiotherapy (HR 0.553, 
95% CI 0.451–0.679, p < 0.001), and chemotherapy (HR 

0.515, 95% CI 0.419–0.633, p < 0.001) were indepen-
dently confirmed as prognostic indicators of overall 
survival (Fig. 1F, Table 3). These findings emphasize the 
critical significance of these variables in predicting the 
prognosis of patients with cHGGs.

Table 2 The survival time of high-grade gliomas in adults across three cohorts

There were significant difference in survival time among various subgroups by WHO grade (p = 0.028)§, surgical procedures (p = 0.003)&, radiotherapy (p < 0.001)#, 
chemotherapy (p < 0.001)∮, status (p < 0.001)£, only GTR versus PR/STR procedure (p = 0.032)⁋, GTR + Radio + Chemo versus PR/STR + Radio + Chemo therapy 
(p = 0.014)∬ in S-cHCGs cohort

S-cHGGs (n = 512) W-cHGGs (n = 66) sHGGs (n = 909) P value

Age (%)

 18–57 years 8.0 (3.0, 21.0) 9.5 (2.5, 26.5) 18.4 (9.7, 46.6) < 0.001
 ≥ 57 years 7.0 (2.0,18.0) 5.7 (2.1, 19.2) 11.8 (7.3, 18.7) < 0.001
Gender (%)

 Male 7.0 (2.0, 18.8) 11.0 (2.3, 24.5) 15.0 (8.5, 27.0) < 0.001
 Female 8.0 (3.0,19.0) 6.5 (2.0, 27.2) 14.9 (8.0, 36.7) < 0.001
Race (%)

 White 8.0 (2.0, 20.0) - - -

 Black 7.0 (2.0, 13.0) - - -

Tumor size (%)

 < 38 mm 7.0 (2.0, 18.0) 9.0 (3.0, 27.0) - 0.293

 ≥ 38 mm 8.0 (2.0, 20.0) 7.0 (2.0, 25.0) - 0.900

Pathological type (%)

 AO 14.0 (5.0, 22.0) 9.5 (5.3, 13.8) 38.4 (14.2, 71.8) 0.061

 AA 9.0 (3.0, 18.8) 19.0 (2.0, 84.0) 21.6 (11.2, 51.4) < 0.001
 GBM 7.0 (2.0, 19.0) 8.0 (2.3, 24.5) 12.6 (7.6, 21.0) < 0.001
WHO grade (%)§

 Grade III 9.0 (3.0, 19.0) 10.0 (1.8, 52.0) 24.5 (11.6, 62.1) < 0.001
 Grade IV 7.0 (2.0, 19.0) 8.0 (2.3, 24.5) 12.6 (7.6, 21.0) < 0.001
Surgery type (%)&

 GTR 9.0 (3.0, 25.0) 17.0 (4.8, 47.5) - 0.003
 PR/STR 7.0 (2.0, 15.2) 8.0 (2.0, 25.0) - 0.659

Radiotherapy (%)#

 Yes 11.0 (6.0, 23.8) 16.0 (6.3, 33.0) 32.1 (10.0, 66.8) < 0.001
 No 3.0 (1.0, 9.0) 2.0 (1.0, 8.2) 14.9 (8.4, 28.5) < 0.001
Chemotherapy (%)∮

 Yes 13.0 (6.0, 25.0) 16.0 (6.0, 34.0) 14.3 (8.2, 29.1) 0.054

 No 3.0 (1.0, 11.2) 2.0 (1.0, 13.0) 16.1 (9.2, 31.1) < 0.001
Status on OS (%)£

 Dead 7.0 (2.0, 16.0) 6.5 (2.0, 18.0) 13.7 (7.4, 49.3) < 0.001
 Alive 20.0 (7.0, 68.0) 18.5 (5.8, 76.2) 15.3 (9.5, 25.9) < 0.001
Therapy (%)

 GTR ⁋ 2.0 (1.0, 10.0) 4.0 (2.0, 9.0) - 0.124

 GTR + Radio 10.0 (4.0, 18.0) 12.5 (6.8, 14.2) - 0.392

 GTR + Chemo 10.0 (5.0, 24.2) 11.5 (8.2, 22.5) - 0.065

 GTR + Radio +  Chemo∬ 18.5 (6.0, 33.0) 18.0 (16.0, 70.0) - 0.032
 PR/STR 1.0 (1.0, 4.5) 1.0 (1.0, 2.8) - 0.191

 PR/STR + Radio 8.0 (3.0, 14.0) 10.5 (6.8, 14.2) - 0.789

 PR/STR + Chemo 7.0 (4.0, 17.2) - - -

 PR/STR + Radio + Chemo 10.0 (7.0, 21) 10.5 (6.0, 24.0) - 0.166
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Patients with cHGGs, who received adjuvant radio-
therapy and chemotherapy post-GTR, showed bet-
ter outcomes, both in overall KM analysis (Fig. 2A) and 
in subtype analysis based on WHO grade (Fig.  2B and 
C) and racial background (Fig. 2D and E). However, for 
white patients with WHO grade III, GTR followed by 
chemoradiotherapy was associated with a better progno-
sis (Fig. 2F). These findings underscore the effectiveness 
of comprehensive treatment approaches in enhancing 
outcomes for cHGGs.

Construction and evaluation of nomograms
A nomogram was designed to predict the 1-, 3-, and 
5-year probabilities of OS according to five critical vari-
ables, as illustrated in Fig.  3A. The predictive perfor-
mance of the nomogram, as evidenced by the area under 
the curve (AUC) for 1, 3, and 5 years, reached 0.860 (95% 
CI 0.829–0.907), 0.837 (95% CI 0.797–0.878), and 0.810 
(95% CI 0.770–0.850), respectively. The calibration curve 
and DCA for the 1-, 3- and 5-year OS probability indi-
cated a noteworthy consistency between the predicted 
outcomes of the nomogram and the actual observations 
(Fig.  3B-D). Moreover, Kaplan‒Meier survival analysis, 
stratified by the model’s overall risk score, revealed that 
individuals with lower risk scores achieved significantly 
superior survival than their higher-risk counterparts, as 
illustrated in Fig. 3E.

Evaluation of the performance of the prediction model
Multiple machine-learning approaches were used to vali-
date the comprehensive performance of the model pre-
diction, which exhibited relatively strong power. Among 

these methods, the Nave-Bayes method presented the 
optimal predictive ability (AUC = 0.660), and the Deci-
sion tree method had the weakest predictive performance 
(AUC = 0.500) (Fig. 4A-C).

Moreover, five crucial variables significantly contribut-
ing to the predictive effectiveness were identified based 
on their high mean absolute SHAP scores. The SHAP 
summary plot revealed a diverse distribution of points, 
indicating that WHO grade and chemotherapy exerted 
substantial impacts on the model’s performance (Fig. 4D). 
For instance, the SHAP value for the 306th patient was 
0.865 (displayed in the top right corner), illustrating that 
WHO grade III significantly increased the model’s pre-
dictive confidence, whereas the absence of radiotherapy 
diminished it (Fig. 4E). A lower %IncMSE value signifies a 
negligible effect on model performance, whereas a higher 
value indicates a notable enhancement. Compared with 
its absence, IncNodePurity measures the improvement in 
node purity when a feature is introduced, further empha-
sizing the critical roles of WHO grade and chemotherapy 
in enhancing the model’s predictive capability (Fig.  4F). 
Furthermore, SHAP interaction analysis revealed that 
race had a pronounced interaction effect with other vari-
ables (Fig. 4G).

Discussion
Researches on the prognosis of patients with cHGGs 
have yielded varied conclusions for both pediatric and 
adult populations [7, 10–14]. Individuals with gliomas 
in the cerebellar region revealed an unfavorable prog-
nosis compared to those in other regions for pediatric 
HGGs or adult GBM [15, 16]. In contrast, Babu et  al. 

Table 3 Univariate and multivariate cox regression analysis in SEER-cHCGs cohort

Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

Year 1973–2005 (preference)

 2005–2009 1.092 0.844–1.414 0.501

 2010–2016 1.144 0.926–1.414 0.212

Age 18–57 / ≥ 57(years) 1.044 0.866–1.259 0.649

Gender Male / Female 0.975 0.806–1.179 0.795

Race Black / White 0.744 0.521–1.062 0.098 0.651 0.455–0.933 0.019
Tumor size < 3.8 / ≥ 3.8(cm) 0.899 0.745–1.085 0.266

Pathylogical AO (preference)

 AA 1.351 0.662–2.759 0.408

 GBM 1.374 0.680–2.778 0.376

WHO grade III / IV 1.037 0.848–1.267 0.048 1.200 1.000–1.470 < 0.01
Surgery GTR / PR/STR 1.464 1.210–1.772 < 0.001 1.662 1.368–2.018 < 0.001
Radiotherapy No / Yes 0.472 0.391–0.570 < 0.001 0.553 0.451–0.679 < 0.001
Chemotherapy No / Yes 0.464 0.384–0.560 < 0.001 0.515 0.419–0.633 < 0.001
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[17] reported that there was no significant differ-
ence in prognosis between individuals with cerebellar 
GBM and those with supratentorial GBM (7  months 

versus 8  months, p = 0.24). The median survival time 
for patients with either cGBM or sGBM was 8 months, 
but those with cGBM experienced notably greater 

Fig. 1 Variables affecting the overall survival of patients with cerebellar high-grade gliomas (cHGGs) in the SEER database. Kaplan-Meier survival 
curves stratified by race (p < 0.1) (A), WHO grade (p < 0.05) (B), surgery (p < 0.001) (C), radiotherapy (p < 0.001) (D), and chemotherapy (p < 0.001) (E). 
(F) Forest plot assessing the associations between these five variables and prognosis in patients with cHGGs
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Fig. 2 Effects of variable subgroups on the overall survival in the SEER database. Kaplan-Meier survival curves stratified by therapy (p < 0.001) 
(A), WHO grade IV (p < 0.01) (B), WHO grade III (p < 0.05) (C), white race (p < 0.001) (D), white race with WHO grade IV (p < 0.01) (E), and white race 
with WHO grade III (p < 0.05)
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survival at two and three years—21.5% and 12.7%, 
respectively—than the 8.0% and 5.3% for sGBM suf-
ferers [14]. Contrasting with previous findings, we 
discovered that cHGGs typically resulted in less favora-
ble outcomes than their supratentorial counterparts, 

with a median survival time of 7.5  years compared to 
14.9 years. The poor prognosis of patients with cHGGs 
could be related to the tumor spreading into the brain-
stem and the diversity of glioblastomas [15]. This dis-
parity indicates that cHGGs may represent a potentially 

Fig. 3 Model construction and validation for 1-, 3-, and 5-year overall survival (OS). A Nomogram model for OS. B Receiver operating characteristic 
curve for OS. Calibration plots (C) and decision curve analysis (D) of the 1-, 3-, and 5-year OS probabilities showing good consistency in cHGGs. E 
Kaplan-Meier curves for OS among risk-stratified subgroups of cHGGs (p < 0.001)
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more aggressive disease with distinct biological behav-
iors, presenting more complex treatment challenges 
and distinguishing it as a separate entity from sHGGs.

Current investigations into the impact of race on the 
prognosis for HGGs have shown variability. Specific 

analyses revealed better survival outcomes for Asians or 
Pacific Islanders than white and black populations across 
all evaluated timeframes [18, 19]. Alternative studies 
indicated improved survival rates for white patients, 
with notable comparisons showing a median survival of 

Fig. 4 Machine learning approaches for the prognostic model. Time-dependent ROC curves (A) and accuracy (B) of the machine learning methods 
used for the prognostic model. C Decision curve for the prognostic model. D The SHAP summary plot revealed a diverse distribution of points, 
indicating that WHO grade and chemotherapy substantially impacted the model’s performance. E The SHAP value of each variable in the 306th 
patient. F IncMSE (panel left) and IncNodePurity (panel right). They also emphasized the notable influence of WHO grade and chemotherapy 
on the model’s predictive accuracy. G SHAP interactions among variables
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13.0  months for Hispanic patients versus 24.3  months 
for white patients [19–21]. An underlying explanation 
might be that being Caucasian is independently associ-
ated with a better prognosis for patients receiving the 
Stupp regimen [22]. This study revealed that the median 
survival times for patients with cHGGs were 8.0 months 
for whites, 7.0  months for blacks, and 8.0  months for 
Chinese, indicating no significant survival disparities 
across these races. We posited that disparities in health-
care access, socioeconomic conditions, and comorbidi-
ties collectively affect survival in HGGs. Notably, race 
was an independent prognostic factor in multivariate 
analysis, albeit with a relatively modest effect, as indi-
cated by the SHAP plot (Fig. 4D, F, G). This pointed to 
the possibility of intricate interactions between race and 
other variables affecting clinical outcomes across various 
racial groups.

Glioma grade has been recognized as a vital prognos-
tic factor for survival, with a higher grade associated with 
worse outcomes [23, 24]. This conclusion is consistent 
with research on cHGGs, where WHO grade has been 
recognized as an independent prognostic risk factor 
[25]. The median survival time for patients with WHO 
grade III cHGGs was 9.0  months, and for those with 
WHO grade IV, it was only 7.0  months. This was sig-
nificantly lower compared to patients with sHGGs, who 
had respective median survival times of 24.5 months and 
12.6 months for WHO grades III and IV.

Current therapeutic strategies for managing cHGGs 
primarily revolve around surgery, radiotherapy, and 
chemotherapy. However, an optimal treatment protocol 
has yet to be established. Previous studies have high-
lighted the importance of maximal surgical resection for 
improving the prognosis of glioma patients [26]. Aligning 
with previous research on sHGGs [27–29], our research 
identified surgical procedures, particularly gross total 
resection, as an independent indicator of improved sur-
vival in patients with cHGGs. Moreover, the combination 
of maximal surgical resection with chemoradiotherapy 
markedly improved survival, with a median survival time 
of 18.5 months, while outcomes from solely using GTR or 
PR/STR were less favorable (2.0 months and 1.0 months, 
respectively). Compared to surgical procedures alone, 
supplementing surgical intervention with either radio-
therapy or chemotherapy can also significantly increase 
survival. Regrettably, in both the S-cHGGs and 
W-cHGGs cohorts, approximately 32% of individuals did 
not receive adjuvant radiotherapy or chemotherapy fol-
lowing surgery.

The limited number of cases has prevented the estab-
lishment of predictive models based on the clinical fea-
tures of cHGGs in previous literature [7, 14]. Here, a 

nomogram model incorporating five key variables, race, 
WHO grade, surgery, radiotherapy, and chemotherapy, 
exhibited impressive predictive performance [30]. The 
effectiveness and reliability of the nomogram model 
were validated by machine learning approaches, indi-
cating that it could be a practical and intuitive tool for 
predicting the prognosis of individual cHGGs.

This retrospective study faces limitations arising 
from its dependence on a specific cohort from public 
databases. The exclusion of cases due to missing infor-
mation might introduce selection bias, and there is var-
iability in the definition of factors across cohorts. The 
demographic distribution in this study, with a heavy 
predominance of whites (92.5%) and a small percentage 
of black participants (7.2%), may limit the generaliz-
ability of these findings, highlighting the importance of 
demographic diversity in research outcomes. Molecular 
markers such as IDH1/2, 1p/19q, and MGMT, which 
are crucial for assessing prognosis, were unavailable in 
the SEER database. Additionally, the diversity of WHO 
tumor grades, indicative of molecular heterogeneity 
and a wide range of subclassifications, presented signif-
icant variability even within the same grade. The lack of 
imaging details on the extent of tumor invasion into the 
brainstem represented a critical omission that could 
influence patient prognoses. Despite these limitations, 
the findings of this study persist as scientifically sound 
and provide valuable guidance for the clinical manage-
ment of cHGGs.

Conclusions
Adult cHGGs have distinct clinical features that diverge 
from those of sHGGs and are associated with an inferior 
prognosis. The nomogram prediction model, based on 
crucial indicators affecting cHGGs prognosis, is a valu-
able tool for guiding clinical decision-making in patient 
care.

Abbreviations
cHGGs  Cerebellar high-grade gliomas
sHGGs  Supratentorial high-grade gliomas
S-cHGGs  SEER cerebellar high-grade gliomas
W-cHGGs  West China Hospital cerebellar high-grade gliomas
AA  Anaplastic astrocytoma
AO  Anaplastic oligodendroglioma
GBM  Glioblastoma
GTR   Gross total resection
STR  Subtotal resection
PR  Partial resection
OS  Overall survival
Radio  Radiotherapy
Chemo  Chemotherapy
IncMSE  Increase in mean squared error
IncNodePurity  Increase in node purity
MICE  Multiple imputation by chained equations
ROC  Receiver operating characteristic



Page 12 of 13Chang et al. BMC Cancer          (2024) 24:836 

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12885- 024- 12580-4.

Additional file 1: Figure S1. The flowchart for the selection of high-grade 
gliomas from the various databases. (A) SEER database. (B) TCGA database. 
(C) CGGA database.

Additional file 2: Table S1. Comparative analysis of clinical features for 
adults with high-grade gliomas among three cohorts.

Additional file 3: Table S2. Comparative analysis of survival time for adults 
with high-grade gliomas among three cohorts.

Authors’ contributions
QM and XN designed the study. TC, RZ, JH G, YH L and YJ collected the data 
and analyzed the data. TC, RZ, JH G and YY wrote the manuscript. XN, YH L, YJ 
and QM revised the manuscript. All the authors have read and approved the 
final manuscript.

Funding
This work was supported by the National Natural Science Foundation of China 
(Nos. 82203456 and 82072773), China Postdoctoral Science Foundation (No. 
2022M712255), Project of Science & Technology Department of Sichuan Prov-
ince (Nos. 2023NSFSC1868 and 2023YFG0127), Postdoctoral Research Fund, 
Sichuan University (No. 2024SCU12016) and Postdoctoral Research Fund, West 
China Hospital, Sichuan University (No. 2023HXBH070).

Availability of data and materials
The datasets used in this study are available in the SEER database (https:// 
seer. cancer. gov/), TCGA database (https:// portal. gdc. cancer. gov/) and CGGA 
database (http:// www. cgga. org. cn/). The data from the West China Hospital of 
Sichuan University are available upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was conducted in accordance with the Declaration of Helsinki 
and was approved by the institutional review board of West China Hospital 
of Sichuan University (No. 2022.108). Informed consent was obtained from 
patients at West China Hospital of Sichuan University, while it was unnecessary 
for participants in the SEER, TCGA, and CGGA databases.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 12 May 2024   Accepted: 28 June 2024

References
 1. Choudhri AF, Siddiqui A, Klimo P Jr. Pediatric cerebellar tumors: emerging 

imaging techniques and advances in understanding of genetic features. 
Magn Reson Imaging Clin N Am. 2016;24(4):811–21.

 2. Hassounah M, Siqueira EB, Haider A, Gray A. Cerebellar astrocytoma: 
report of 13 cases aged over 20 years and review of the literature. Br J 
Neurosurg. 1996;10(4):365–71.

 3. Djalilian HR, Hall WA. Malignant gliomas of the cerebellum: an analytic 
review. J Neurooncol. 1998;36(3):247–57.

 4. Raghu ALB, Chen JA, Valdes PA, Essayed W, Claus E, Arnaout O, Smith 
TR, Chiocca EA, Peruzzi PP, Bernstock JD. Cerebellar high-grade glioma: 
a translationally oriented review of the literature. Cancers (Basel). 
2022;15(1):174.

 5. Saunders DE, Phipps KP, Wade AM, Hayward RD. Surveillance imaging 
strategies following surgery and/or radiotherapy for childhood cerebellar 
low-grade astrocytoma. J Neurosurg. 2005;102(2 Suppl):172–8.

 6. Bonfield CM, Steinbok P. Pediatric cerebellar astrocytoma: a review. Childs 
Nerv Syst. 2015;31(10):1677–85.

 7. Adams H, Chaichana KL, Avendano J, Liu B, Raza SM, Quinones-Hinojosa 
A. Adult cerebellar glioblastoma: understanding survival and prognostic 
factors using a population-based database from 1973 to 2009. World 
Neurosurg. 2013;80(6):e237–43.

 8. Picart T, Barritault M, Berthillier J, Meyronet D, Vasiljevic A, Frappaz D, 
Honnorat J, Jouanneau E, Poncet D, Ducray F, Guyotat J. Characteristics of 
cerebellar glioblastomas in adults. J Neurooncol. 2018;136(3):555–63.

 9. Yoshikawa MH, Rabelo NN, Telles JPM, Figueiredo EG. Modifiable risk fac-
tors for glioblastoma: a systematic review and meta-analysis. Neurosurg 
Rev. 2023;46(1):143.

 10. von Bartheld CS, Bahney J, Herculano-Houzel S. The search for true num-
bers of neurons and glial cells in the human brain: a review of 150 years 
of cell counting. J Comp Neurol. 2016;524(18):3865–95.

 11. Tauziede-Espariat A, Saffroy R, Pages M, Pallud J, Legrand L, Besnard A, 
Lacombe J, Lot G, Borha A, Tazi S, Adle-Biassette H, Polivka M, Lechapt E, 
Varlet P. Cerebellar high-grade gliomas do not present the same molecu-
lar alterations as supratentorial high-grade gliomas and may show 
histone H3 gene mutations. Clin Neuropathol. 2018;37(5):209–16.

 12. Gittleman H, Lim D, Kattan MW, Chakravarti A, Gilbert MR, Lassman AB, 
Lo SS, Machtay M, Sloan AE, Sulman EP, Tian D, Vogelbaum MA, Wang TJC, 
Penas-Prado M, Youssef E, Blumenthal DT, Zhang P, Mehta MP, Barnholtz-
Sloan JS. An independently validated nomogram for individualized esti-
mation of survival among patients with newly diagnosed glioblastoma: 
NRG Oncology RTOG 0525 and 0825. Neuro Oncol. 2017;19(5):669–77.

 13. Karremann M, Rausche U, Roth D, Kuhn A, Pietsch T, Gielen GH, Warmuth-
Metz M, Kortmann RD, Straeter R, Gnekow A, Wolff JE, Kramm CM. 
Cerebellar location may predict an unfavourable prognosis in paediatric 
high-grade glioma. Br J Cancer. 2013;109(4):844–51.

 14. Jeswani S, Nuno M, Folkerts V, Mukherjee D, Black KL, Patil CG. Com-
parison of survival between cerebellar and supratentorial glioblastoma 
patients: surveillance, epidemiology, and end results (SEER) analysis. 
Neurosurgery. 2013;73(2):240–6; discussion 6; quiz 6.

 15. Weber DC, Miller RC, Villa S, Hanssens P, Baumert BG, Castadot P, Varlet P, 
Abacioglu U, Igdem S, Szutowicz E, Nishioka H, Hofer S, Rutz HP, Ozsahin 
M, Taghian A, Mirimanoff RO. Outcome and prognostic factors in cerebel-
lar glioblastoma multiforme in adults: a retrospective study from the Rare 
Cancer Network. Int J Radiat Oncol Biol Phys. 2006;66(1):179–86.

 16. Utsuki S, Oka H, Miyajima Y, Kijima C, Yasui Y, Fujii K. Adult cerebellar 
glioblastoma cases have different characteristics from supratentorial 
glioblastoma. Brain Tumor Pathol. 2012;29(2):87–95.

 17. Babu R, Sharma R, Karikari IO, Owens TR, Friedman AH, Adamson C. 
Outcome and prognostic factors in adult cerebellar glioblastoma. J Clin 
Neurosci. 2013;20(8):1117–21.

 18. Thakkar JP, Dolecek TA, Horbinski C, Ostrom QT, Lightner DD, Barnholtz-
Sloan JS, Villano JL. Epidemiologic and molecular prognostic review of 
glioblastoma. Cancer Epidemiol Biomarkers Prev. 2014;23(10):1985–96.

 19. Patel NP, Lyon KA, Huang JH. The effect of race on the prognosis of the 
glioblastoma patient: a brief review. Neurol Res. 2019;41(11):967–71.

 20. Nizamutdinov D, Stock EM, Dandashi JA, Vasquez EA, Mao Y, Dayawansa 
S, Zhang J, Wu E, Fonkem E, Huang JH. Prognostication of survival 
outcomes in patients diagnosed with glioblastoma. World Neurosurg. 
2018;109:e67–74.

 21. Shah AH, Barbarite E, Scoma C, Kuchakulla M, Parikh S, Bregy A, Komotar 
RJ. Revisiting the relationship between ethnicity and outcome in glio-
blastoma patients. Cureus. 2017;9(1):e954.

 22. Shah BK, Bista A, Sharma S. Survival trends in elderly patients with glio-
blastoma in the United States: a population-based study. Anticancer Res. 
2016;36(9):4883–6.

 23. Shergalis A, Bankhead A 3rd, Luesakul U, Muangsin N, Neamati N. Current 
challenges and opportunities in treating glioblastoma. Pharmacol Rev. 
2018;70(3):412–45.

 24. Stupp R, Brada M, van den Bent MJ, Tonn JC, Pentheroudakis G, Group 
EGW. High-grade glioma: ESMO Clinical Practice Guidelines for diagnosis, 
treatment and follow-up. Ann Oncol. 2014;25 Suppl 3:iii93–101.

 25. Li J, Huang W, Chen J, Li Z, Liu B, Wang P, Zhang J. Nomograms for pre-
dicting the overall survival of patients with cerebellar glioma: an analysis 

https://doi.org/10.1186/s12885-024-12580-4
https://doi.org/10.1186/s12885-024-12580-4
https://seer.cancer.gov/
https://seer.cancer.gov/
https://portal.gdc.cancer.gov/
http://www.cgga.org.cn/


Page 13 of 13Chang et al. BMC Cancer          (2024) 24:836  

of the surveillance epidemiology and end results (SEER) database. Sci 
Rep. 2021;11(1):19348.

 26. Brown TJ, Brennan MC, Li M, Church EW, Brandmeir NJ, Rakszawski KL, 
Patel AS, Rizk EB, Suki D, Sawaya R, Glantz M. Association of the extent of 
resection with survival in glioblastoma: a systematic review and meta-
analysis. JAMA Oncol. 2016;2(11):1460–9.

 27. Bell EH, Zhang P, Fisher BJ, Macdonald DR, McElroy JP, Lesser GJ, Fleming J, 
Chakraborty AR, Liu Z, Becker AP, Fabian D, Aldape KD, Ashby LS, Werner-
Wasik M, Walker EM, Bahary JP, Kwok Y, Yu HM, Laack NN, Schultz CJ, Gray 
HJ, Robins HI, Mehta MP, Chakravarti A. Association of MGMT promoter 
methylation status with survival outcomes in patients with high-risk 
glioma treated with radiotherapy and temozolomide: an analysis from 
the NRG oncology/RTOG 0424 trial. JAMA Oncol. 2018;4(10):1405–9.

 28. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, 
Belanger K, Brandes AA, Marosi C, Bogdahn U, Curschmann J, Janzer RC, 
Ludwin SK, Gorlia T, Allgeier A, Lacombe D, Cairncross JG, Eisenhauer E, 
Mirimanoff RO, European Organisation for R, Treatment of Cancer Brain 
T, Radiotherapy G, National Cancer Institute of Canada Clinical Trials G. 
Radiotherapy plus concomitant and adjuvant temozolomide for glioblas-
toma. N Engl J Med. 2005;352(10):987–96.

 29. Zhang M, Li R, Pollom EL, Amini A, Dandapani S, Li G. Treatment patterns 
and outcomes for cerebellar glioblastoma in the concomitant chemora-
diation era: a National Cancer database study. J Clin Neurosci. 2020;82(Pt 
A):122–7.

 30. Duan HB, Hao CY, Zhang Y, Qiao BJ, Jing ZJ, Chen XH, Zheng J, Qiao XH. A 
novel histogram based on the SEER database predicts overall survival in 
patients with high-grade cerebellar glioma. FASEB J. 2022;36. https:// doi. 
org/ 10. 1096/ fasebj. 2022. 36. S1. L7876.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1096/fasebj.2022.36.S1.L7876
https://doi.org/10.1096/fasebj.2022.36.S1.L7876

	Investigating distinct clinical features and constructing a nomogram model for survival probability in adults with cerebellar high-grade gliomas
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study population and data collection
	Variables and definitions
	Cox analyses and nomogram construction
	Model evaluation and interpretation
	Statistical analyses

	Results
	Clinical characteristics
	Survival time
	Univariate and multivariate Cox regression analyses
	Construction and evaluation of nomograms
	Evaluation of the performance of the prediction model

	Discussion
	Conclusions
	References


