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Background

Glioblastoma occurs with a global incidence of between 
0.59 and 3.69 per 100,000 people. It accounts for more 
than 60% of all brain tumors in adults. Despite the rarity 
of the tumor, it accounts for 2.5% of all cancer-related 
deaths given its poor prognosis, with a median overall 
survival rate of 14–15 months after diagnosis with the Stupp 
regimen, 20.9 months after diagnosis with the addition of 
tumor treating fields as per the EF-14 trial, or 3 months 
after diagnosis when left untreated. Although it can occur 
at any age, the peak incidence is between 75 and 84 years 
of age with a median age of 64 at diagnosis. Whites have 
the highest incidence of glioblastoma compared with other 

ethnicities, and there is a higher incidence among non-
Hispanics compared with Hispanics (1-3). 

Studies have found that survival rates decrease with 
increasing age, with one review of 139 glioblastoma patients 
showing a median overall survival of 12 months for patients 
under 65 years of age and 8 months for patients over 65 
years of age (P=0.008) (4,5). Higher functional status was 
also correlated with improved survival, with a median overall 
survival of 10 months for patients who had Karnofsky 
performance status (KPS) greater than 70 and 6 months for 
patients who had KPS less than 70 (P=0.015), although Cox 
regression did not show that this was an independent factor. 
Patients who had a gross total resection had a median 
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overall survival of 14 months, compared with 6 months 
for patients who had a subtotal resection (P<0.0001) (5). A 
meta-analysis of 28 studies supports this conclusion, with 
16 studies demonstrating a statistically significant survival 
benefit with greater extent of resection (6). While initial 
studies did not show clear gender differences in survival, a 
recent review of 6,586 glioblastoma patients from the SEER 
database demonstrated a 5-year survival rate of 6.8% among 
males and 8.3% among females (P<0.001) (7). 

Glioblastoma tumor heterogeneity has posed a significant 
challenge in developing effective therapies. Numerous 
biomarkers have been identified, and the role and practical 
significance of these markers are difficult to establish when 
studied in isolation. Population-based studies provide real-
world data which can be advantageous in guiding research 
direction.

With increasing availabil ity of next generation 
sequencing, survival data can be obtained for patients with 
various biomarkers and combinations thereof. This can be 
analyzed in the context of demographic information, clinical 
characteristics, and radiographic characteristics (Figure 1), 
allowing for more personalized prognostication. Differential 
response to therapies may also be assessed, which can guide 
treatment plans for different populations, as well as allow 
for development of novel treatment targets.

Population studies may also allow for reappropriation 
of existing therapies for other conditions in glioblastoma 
treatment. Retrospective analysis of patients who are taking 
statins or nonsteroidal anti-inflammatory drugs (NSAIDs) 
or who are on a ketogenic diet can highlight potential 
benefits of these treatments and the specific populations 
that benefit.

IDH mutations

In 2016, the World Health Organization (WHO) revised 
its criteria for glioblastoma classification, dividing it into 
primary and secondary subtypes, with primary glioblastoma 
comprising IDH-wild type tumors and accounting for 90% 
of all diagnosed and secondary glioblastoma comprising 
IDH-mutant tumors and accounting for the remaining 
10%. This classification system was supported by three 
separate meta-analyses suggesting improved survival for 
IDH-mutant tumors, reporting pooled hazard ratios of 
0.322 for progression free survival and 0.358 for overall 
survival (8). This was further supported by a multivariate 
analysis of 585 glioblastoma patients, which revealed that 
IDH 1/2 was an independent prognostic marker, with 

IDH-wildtype having a greater than 4-fold worse outcome 
compared with IDH-mutant tumor (9).

When focused on long term survivors of glioblastoma, a 
review of eleven studies revealed presence of IDH mutation 
in up to 40% of cases, compared with a reported prevalence 
of less than 4% in short term survivors. However, this 
difference was only significant in some studies, and in a 
cohort study of 40 long-term survivors there was also found 
to be no significant difference in progression free survival 
between IDH-wild type and IDH-mutant tumors. Overall, 
this appears to suggest that while IDH may be a factor in 
long term survival, it is likely not the sole factor (8).

A meta-analysis by Dai et al. not only confirmed an 
association between IDH1 mutations and decreased 
mortality, but also identified variable mortality benefit 
between populations. While Europeans experienced a 
65% decreased risk of mortality, Asians experienced a 32% 
decreased risk (10). However, according to a SEER-based 
study, Asians also had the longest median survival (638 days) 
compared to other racial groups (11). SEER analysis shows 
no significant difference in percentage of IDH1 mutant 
patients across racial demographic groups, with 6.42% (95% 
CI, 4.26–8.97%) in non-Latino whites, 5.74% (95% CI, 
1.43–12.74%) in Latinos, 8.33% (95% CI, 0.01–37.94%) in 
blacks, and 4.41% (95% CI, 0.33–13.30%) in Asians. The 
one-year survival rate was 38.2% (95% CI, 37.5–38.9%) 
in non-Latino whites, compared with 41.7% (95% CI, 
39.4–44.0%) in Latinos. The five-year survival rate was 
8.5% (95% CI, 6.9–10.2%) in Latinos, compared with 4.4% 
(95% CI, 4.0–4.8%) in non-Latino whites and 44.3% (95% 
CI, 40.9–47.9%) in Asians. Overall, Latino patients had 
improved survival outcomes compared with non-Latino 
whites and worse outcomes compared with Asians, despite 
similar percentages of IDH1 mutant patients (12). 

MGMT promoter methylation

A review of thirteen studies showed that MGMT promoter 
methylation was detected in greater than 90% of long-term 
survivors, which was significantly higher than short-term 
survivors in most comparative studies. It was shown to be 
prognostic for improved survival across all subgroups (8). 

With  regard  to  t rea tment ,  MGMT promoter 
methylation has been shown to be a predictive factor for 
response to temozolomide, consistent with its silencing of a 
DNA repair protein allowing for susceptibility to alkylating 
agents. In a retrospective analysis of 206 patients, MGMT 
promoter methylation produced a significant overall survival 
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benefit but also showed a significant improvement with 
addition of temozolomide to radiotherapy, demonstrating 
an overall survival of 22.7 months with the combination 
of radiation and adjuvant temozolomide compared with 
15.3 months with radiotherapy alone. Patients who were 
MGMT unmethylated did not demonstrate any survival 
benefit with addition of temozolomide to radiotherapy (13).

A study by Shu et al. analyzed mutation status and 
MRI-derived and clinical features including ADC signal, 
peritumoral edema, T1/FLAIR ratio, contrast enhancement, 
necrosis, cyst formation, and deep white matter invasion, 
age, KPS, and gender, and found no association with 
MGMT status (14).

There has also been an association described between 
MGMT promoter methylation and IDH mutation, as well 
as possible synergistic effects. In a study of 100 patients, 
MGMT methylated/IDH1-mutant patients survived 
significantly longer compared with all other subtypes, 
with an overall survival of 66.8 months, compared with  
15.5 months for MGMT methylated/IDH1-wildtype and 
11.1 months for MGMT unmethylated/IDH1-wildtype (15). 

TERT promoter mutations

TERT promoter mutations are associated with enhanced 
telomere maintenance. Gliomas with only TERT promoter 
mutations are primarily grade IV gliomas, although 
according to one study, 39 of 406 (9.6%) of TERT 
promoter mutations in glioma patients were grade II or 
grade III. These patients had a more aggressive course and 
were associated with poor survival, consistent with what is 

being termed a molecular glioblastoma (16). Gliomas that 
have mutations in both TERT promoter and IDH without 
1p/19q codeletion are relatively rare, accounting for 4% 
of all gliomas. Grade IV tumors with mutations in both 
TERT promoter and IDH are associated with poor survival 
despite the positive prognostic value of IDH mutations, 
while TERT promoter mutations in the presence of both 
IDH mutation and 1p/19q codeletion are associated with 
improved survival (17). 

TERT promoter mutations have been shown to be a 
negative prognostic indicator in some studies (18,19). Shu 
et al. did not redemonstrate this correlation. However, 
there were several patterns of interest identified. Poor 
survival associated with TERT was only observed in 
patients exhibiting high peritumoral edema. There was 
also a correlation between TERT promoter mutation and 
central hypointense T1 core within an enhancing T1 post-
GAD hyperintense region on MRI, representing pathologic 
necrosis (14).

Other molecular characteristics

Although p53 mutation was found in higher frequency in 
long term survivors, this was not significant and there was 
no association with survival (8). Data on PTEN mutation 
was conflicting, with some studies showing increased 
prevalence and others showing decreased prevalence (8). 
Gain of chromosome 19 and 20 was more prevalent in 
long term survivors and associated with survival, and CD34 
was upregulated in long term survivors (8). Other markers 
including EGFR amplification, CDKN2A/B homozygous 

Figure 1 Glioblastoma appearance on magnetic resonance imaging (MRI). A 45-year-old male with newly diagnosed glioblastoma. (A) T1 
post-contrast image; (B) T2-FLAIR image; (C) DSC image depicting decreased rCBV in central T1 hypointense region of necrosis and 
increased rCBV in periphery of tumor; (D) DTI image depicting white matter tracts. DSC, dynamic susceptibility contrast; rCBV, relative 
cerebral blood volume. 
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deletion, H3F3A K27M, PI3KCA helical and kinase 
domain missense mutation, PDGFRA amplification, NF1 
homozygous deletion, BRAF V600 mutation, and ATRX 
loss were not significantly elevated (8).

Molecular subtypes

EGFR is overexpressed in numerous human epithelial 
tumors as a result of gene amplification. This is frequently 
associated with EGFR gene mutations, most commonly 
EGFRv3 mutation. EGFRv3 mutations lead to a deletion 
of exons 2–7 of the EGFR gene resulting in inability to 
bind any ligand. EGFR mutations are present in 40% of 
glioblastoma tumors, with approximately half expressing 
the EGFRv3 variant. Data regarding prevalence in other 
tumor types is conflicting and limited by technical problems 
with detection. EGFR has therefore been identified as a 
potential therapeutic target for glioblastoma, with research 
on targeted therapy, CAR T cell therapy, and vaccines 
underway. However, although EGFR receptors seem 
to play a key role in inhibiting apoptosis and enhancing 
proliferation initially, they appear to play a limited role at 
advanced stages of tumorigenesis (20,21). 

Since introduction of the new WHO classification, The 
Cancer Genome Atlas has introduced a classification system 
by molecular subtype: proneural, classical, mesenchymal, 
and neural. The proneural subtype was characterized by 
IDH mutation, p53 mutation, PDGFRA amplification, 
CDK4/6 amplification, and MET amplification. The 
classical subtype was IDH and p53 wildtype but with 
PTEN loss and EGFR amplification with EGFRv3. 
The mesenchymal subtype was IDH-wildtype with NF1 
mutation, p53 loss, and CDKN2A loss. The neural subtype 
was IDH-wildtype with no distinct characteristics. The 
classification system was obtained based on gene expression 
microarray analysis. These subtypes appear to have a 
relatively even distribution among long term survivors (22). 

Statins

In addition to lipid lowering and cardiovascular effects, 
statins have been shown to modulate the inflammatory 
response, have anti-oxidant properties, inhibit the 
thrombogenic response, and decrease the oxidative stress 
response. In animal models, lovastatin was found to 
inhibit proliferation of lung, breast, prostate, and gastric 
cancer cells. Cytotoxic effects via apoptosis have also 
been demonstrated. Furthermore, lovastatin was found to 

inhibit attachment, mobility, and invasion in the cancer cell 
metastasis process (23). The precise mechanism remains 
unclear, although potential mechanisms including down-
regulation of NF-kappaB have been proposed. Cancer 
cell line sensitivity to statins was found to have a strong 
correlation with expression of TGF-beta target genes 
SERPINE1 and ZYX. Further experiments revealed 
that statin inhibition of HMG-CoA reductase results in 
TGF-beta inhibition through effects on Rho/ROCK 
phosphorylation of Smad3 (24). 

A study of cancer patients in the entire Danish 
population who have received a diagnosis of cancer 
between 1995 and 2007, comprising approximately 
300,000 patients, showed that patients who had previously 
undergone statin therapy had significantly reduced 
mortality, with hazard ratio of 0.85 for both all-cause 
mortality and cancer-related mortality (25). This has also 
been demonstrated in a study of 339 glioblastoma patients 
obtained from the Danish Cancer Registry, with statin 
users matched to non-users based on demographic data, 
which showed that prediagnostic statin use was associated 
with a reduced risk of death with hazard ratio of 0.79 
for any statin use (borderline significance) and 0.66 for 
high-intensity statin use (statistically significant) (26).  
There has also been evidence of glioma prevention, with a 
case control study showing that simvastatin and lovastatin 
had inverse association with glioma with odds ratio 0.49 (27).  
However, preoperative statin use has not been found 
to improve overall or progression free survival after 
glioblastoma surgery in a population of 841 patients from 
MD Anderson (23).

NSAIDs

NSAIDs have also been extensively evaluated in risk of 
cancers. With respect to glioma, multivariate analyses 
have shown that high expression of COX-2 has been 
linked to poor survival of glioma patients. Inhibition of 
prostanoid synthesis by NSAIDs leads to a blockage of 
immunosuppressive lymphoid and myeloid cells within the 
glioma tumor microenvironment. This prompted particular 
interest in NSAID use as possible adjuvant therapy (28). 

Many studies demonstrated reduced risk of colon cancer 
with NSAID use. Three case control studies have suggested 
an inverse relationship between NSAID use and glioma risk. 
Ferris et al reported an overall odds ratio of 0.68, although 
only aspirin was found to have a significant effect (27). This 
appears to suggest that aspirin may influence glioma survival 
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through a COX-independent process such as antiplatelet 
effect, particularly given the pro-metastatic and proinvasive 
effects of platelets through secretion of transforming growth 
factor beta, vascular endothelial growth factor, or platelet 
derived growth factor. A retrospective analysis aspirin use 
was again found to have better overall survival in patients 
with WHO grade III glioma, but no effect was seen with 
other NSAIDs. Aspirin use did not improve survival among 
patients with WHO grade IV gliomas, however (28). 

Ketogenic diet

At a cellular level, there is evidence of increased glycolysis 
in glioblastoma, as there is often activation of the PI3 
kinase/Akt signaling pathway as well as loss of p53 wild-
type activity. Hypoxia in malignant glioma also stimulates 
accumulation of HIF-1 alpha and subsequent expression of 
genes involved in glucose metabolism. Increased glucose 
uptake has been observed in malignant gliomas through 
FDG-PET imaging (29). Given that glioma cells mainly 
consume glucose, dietary carbohydrate restriction has 
been proposed as a potential therapeutic strategy. In vitro 
and in vivo studies have demonstrated that the ketogenic 
diet, which is defined as a ratio of 4 g fat to 1 g protein 
and carbohydrate combined, inhibits cancer growth by 
inducing ketosis and increased lipolysis, mimicking the 
metabolic response to starvation when ketones become 
the main fuel source for the brain. While normal brain 
cells compensate for glucose restriction by metabolizing 
ketone bodies, glioblastoma cells do not have adequate 
capacity to do so (30). This appears to be due to decreased 
expression of critical ketolytic enzymes in tumor cells (31). 
Studies on beta-hydroxybutyrate, the main ketone produced 
during ketosis, have demonstrated that it is a specific class 
I histone deacetylase inhibitor which can activate specific 
genes to protect against oxidative stress (31). In mice, 
adjuvant ketogenic diet showed synergistic effect with 
radiation therapy as compared with radiation alone. The 
underlying mechanism of the synergistic effect remains 
unclear, although the ketogenic diet is presumed to increase 
cytotoxicity as a radiation modifier (32).

Population studies have revealed that elevated levels 
of insulin are associated with a worse prognosis in breast 
cancer patients, and increased IGF-1 is associated with 
increased risk of prostate cancer and breast cancer. Tumor 
rates were higher in diabetic patients treated with insulin 
releasing drugs such as sulfonylureas or with insulin, but 
not with insulin sensitizing drugs such as metformin, 

which suggests that insulin itself affects tumor formation 
and growth by acting as a growth factor. In patients with 
glioblastoma, higher blood glucose levels are associated 
with a worse prognosis (29). 

A retrospective review of patients with high grade 
glioma treated with concurrent chemoradiotherapy and 
adjuvant chemotherapy showed that patients who were on a 
ketogenic diet had significantly lower serum glucose levels 
even in conjunction with steroids, although the study was 
not sufficiently powered to assess efficacy (33). 

This data has been the basis  for cl inical  tr ials 
investigating the impact of ketogenic diet. It was found to 
have no benefit as a single agent in recurrent glioma (29). 
As adjuvant therapy, it has been deemed safe and feasible, 
but its efficacy has yet to be established (30). 

The modified Atkins diet is a less stringent version 
of a ketogenic diet which still generates serum ketones 
in patients. While a classic ketogenic diet is defined as a 
ratio of 4 g fat to 1 g protein and carbohydrate combined, 
the modified Atkins diet uses a ratio of 1–2 g fat to 1 g 
protein and carbohydrate combined. A feasibility study was 
conducted with 29 patients with grade II-IV astrocytoma 
following the modified Atkins diet during standard 
treatment. Ketosis was achieved in all 29 patients, and no 
serious adverse events occurred (34). 

Conclusions

Over the past decade, there have been numerous population 
studies in glioblastoma, including both comparative 
and cohort studies, which have sought to uncover the 
determinants of survival in this elusive disease. This has 
included examination of demographics, molecular markers, 
radiographic features, concurrent or prior treatment with 
statins or NSAIDs, and diet. The studies analyzing these 
molecular markers and treatments are summarized in Table 1 
and Table 2 respectively.

IDH mutation and MGMT promoter methylation have 
been identified by the majority of studies as indicators of 
improved survival. However, there have also been multiple 
studies that do not show a clear association. Similarly, 
TERT has been identified as a negative prognostic marker 
in some but not all studies. Subgroup analyses have revealed 
intriguing findings that suggest that these factors do not 
provide absolute benefit or risk, but rather improve or 
worsen outcomes in particular contexts. This reinforces the 
high level of heterogeneity observed in glioblastoma.

Most notably, MGMT promoter methylation has 
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Table 1 Population studies in glioblastoma multiforme: molecular features

Paper
Number of 
subjects

Type of study Molecular features Conclusions

Sonoda et al. 
[2009] (35)

40 Comparative MGMT, PTEN, TP53 -MGMT promoter methylation more prevalent in LTS and associated 
with improved survival

-PTEN mutation and TP53 mutation low prevalence in LTS

Das et al. [2011] 
(36)

7 Cohort MGMT, PTEN, EGFR, 
chromosome 1p19q

-MGMT promoter methylation and PTEN protein expression favorable

-Chromosome 1p19q deletion not significant

Barbus et al. 
[2011] (37)

23 Comparative IDH, FABP5, CRABP2 -IDH mutation more prevalent in LTS 

-FABP5 higher in STS

-CRABP2 not significant suggesting different retinoic acid signaling 
pathways

Zhang K et al. 
[2013] (38)

42 Comparative IDH, MGMT,  
chromosome 1p19q

-IDH mutation and MGMT promoter methylation more prevalent in LTS

-Chromosome 1p19q deletion not significant

Labussiere et al. 
[2014] (18)

395 Comparative MGMT, TERT -TERT promoter mutation negative prognostic indicator

-TERT promoter mutation associated with IDH-wildtype, EGFR  
amplification, CDKN2A deletion, and chromosome 10q loss but not 
MGMT promoter methylation

-TERT promoter mutation has poorer outcome in EGFR wildtype group 
but improved in EGFR amplification group

Hartmann et al. 
[2013] (39)

326 Comparative IDH, MGMT,  
chromosome 1p19q, 
EGFR, TP53

-IDH not associated with LTS

-MGMT promoter methylation associated with survival

-More LTS were IDH mutant/MGMT promoter methylated

-Chromosome 1p19q deletion, EGFR, TP53 mutation not associated 
with survival

Shinawi et al. 
[2013] (40)

35 Comparative G-CIMP -G-CIMP associated with IDH

-Different G-CIMP loci between LTS and STS

Reifenberger  
et al. [2014] (41)

94 Comparative IDH, MGMT -IDH mutation significant for proneural subtype

Gerber et al. 
[2014] (42)

7 Cohort IDH, MGMT -IDH mutation rare

-MGMT promoter methylation strongly prognostic

Mazaris et al. 
[2014] (43)

476 Comparative MGMT, TP53, PTEN -MGMT promoter methylation not significant

-TP53 and PTEN more prevalent in LTS

Geisenberger  
et al. [2015] (44)

16 Comparative MGMT, co-gain of 
chromosome 19/20

-MGMT not significant

-Co-gain of chromosome 19/20 more prevalent in LTS and associated 
with survival

Amelot et al. 
[2015] (45)

207 Comparative IDH, MGMT -IDH mutation not significant, MGMT unknown significance

Sarmiento et al. 
[2016] (46)

40 Cohort IDH -No significant difference in PFS between IDH-wildtype and  
IDH-mutant

Table 1 (continued)
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Table 1 (continued)

Paper
Number of 
subjects

Type of study Molecular features Conclusions

Lu et al. [2016] 
(47)

591 Comparative IDH -IDH mutation more prevalent in LTS 

-Absence of similarity between LGG and secondary GBM suggestive 
of multiple genetic/epigenetic pathways

Smrdel et al. 
[2016] (48)

80 Comparative IDH, MGMT,  
CDKN2A/B,  
chromosome 1p19q

-IDH mutation and MGMT promoter methylation more prevalent in LTS

Nakagawa et al. 
[2017] (49)

96 Comparative IDH, MGMT,  
chromosome 1p19q, 
TERT, loss of  
chromosome 19q

-MGMT promoter methylation associated with LTS

-Loss of chromosome 19q associated with survival

-IDH mutation, chromosome 1p19q co-deletion, TERT promoter  
mutation not significant

Li et al. [2017] 
(50)

77 Comparative MGMT, FBLN4, IG-
FBP-2, CHI3L1

-MGMT promoter methylation more prevalent in LTS and associated 
with survival

-FBLN4, IGFBP-2, CHI3L1 upregulated in STS

-FBLN4, IGFBP-2 associated with poor survival, CHI3L1 not  
associated

Cantero et al. 
[2018] (51)

74 Comparative IDH, H3F3A, PI3K, 
PDGFRA, NF1, BRAF, 
ATRX, MGMT

-IDH mutation more prevalent in LTS and associated with survival

-Lack of mutations associated with survival

-MGMT promoter methylation not associated with survival

Michaelsen  
et al. [2018] (52)

93 Comparative IFNG, CXCL9, 
LGALS4, CD34

-IFNG, CXCL9, LGALS4, CD34 associated with survival

-CD34 inversely related to MGMT promoter methylation

Ahmadipour  
et al. [2019] (9)

565 Comparative MGMT, Ki67, IDH -MGMT promoter methylation and IDH mutation prognostic for survival

-Ki67 associated with poor prognosis

Parsons et al. 
[2008] (53)

90 Comparative IDH -IDH mutation associated with survival

Sanson et al. 
[2009] (54)

183 Comparative IDH, chromosome 
1p19q, MGMT

-IDH1 mutation inversely correlated with grade

-IDH1 mutation associated with chromosome 1p19q codeletion and 
MGMT promoter methylation but mutually exclusive with EGFR  
amplification and loss of chromosome 10

Weller et al. 
[2009] (55)

286 Cohort MGMT -MGMT promoter methylation associated with longer OS

-IDH1 mutation associated with longer PFS with trend for longer OS

Hartmann et al. 
[2010] (56)

233 Cohort IDH, MGMT -IDH1 most prominent single prognostic factor for OS

-MGMT promoter methylation also prognostic for OS

Bleeker et al. 
[2010] (57)

98 Comparative IDH -IDH1 associated with diminished NADP+ dependent IDH activity and 
reduced NADPH production

Yan et al. [2012] 
(58)

118 Comparative IDH, MGMT, Ki67, 
EGFR

-IDH1 mutation correlated with MGMT promoter methylation, p53  
expression, low Ki67, low EGFR expression, and improved OS and 
PFS

Table 1 (continued)
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Table 1 (continued)

Paper
Number of 
subjects

Type of study Molecular features Conclusions

Castells et al. 
[2012] (59)

47 Comparative IDH, EGFR, MGMT, 
VEGF

-IDH mutation and EGFR non-amplification correlated with survival

-MGMT promoter methylation and VEGF not significant

Carrillo et al. 
[2012] (60)

202 Comparative IDH, MGMT -MGMT promoter methylation and IDH mutation associated with  
survival

Mukasa et al. 
[2012] (61)

122 Comparative IDH, MGMT,  
chromosome 1p19q, 
TP53

-No significant correlations with survival among GBM patients

Juratli et al. 
[2012] (62)

99 Comparative IDH, MGMT -No significant correlations with survival among GBM patients -

Shin et al. [2013] 
(63)

67 Comparative IDH, CD133, CD34, 
VEGF

-CD133 associated with poor OS and PFS

-IDH1 negatively correlated with CD34

-CD34 and VEGF not associated with prognosis

Phillips et al. 
[2013] (64)

187 Comparative PDGFRA, IDH -PDGFRA amplification increases with grade and is associated with 
less favorable prognosis in IDH1 mutants

Wang et al. 
[2013] (65)

448 Comparative SNP rs11554137:C>T 
(IDH1 codon 105)

-No significant correlation with survival among GBM patients but poor 
outcome with malignant glioma

Zhang W et al. 
[2013] (66)

82 Comparative 5-microRNA  
signature, IDH, MGMT

-5-microRNA signature correlated with poor OS and PFS

Stancheva et al. 
[2014] (67)

106 Comparative IDH, TP53 -IDH mutation correlated with survival but TP53 did not

Molenaar et al. 
[2014] (68)

98 Comparative IDH, MGMT -Combination of IDH mutation and MGMT promoter methylation  
outperforms either factor alone

Shabihkhani  
et al. [2017] (12)

571 Comparative IDH, MGMT -No statistical significance difference in prevalence of IDH mutation or 
MGMT promoter methylation between Hispanics and Caucasians

Hegi et al. 
[2005] (13)

206 Comparative MGMT -MGMT promoter methylation provided survival benefit with addition 
of temozolomide to radiotherapy

Shu et al. [2018] 
(14)

304 Comparative MGMT, TERT -Correlation between TERT promoter mutation and central hypointense 
T1 core within an enhancing T1 post-GAD hyperintense region on MRI 
suggesting pathologic necrosis

-No imaging association with MGMT promoter methylation

Millward et al. 
[2016] (15)

100 Comparative IDH, MGMT -Combination of MGMT promoter methylation and IDH mutation  
associated with longer OS and PFS than either factor alone

Wang et al. 
[2006] (19)

299 Comparative TERT -Shorter tandem repeats associated with increased hTERT mRNA and 
improved survival

GBM, glioblastoma multiforme; LGG, low grade glioma; LTS, long term survivors; STS, short term survivors; OS, overall survival; PFS,  
progression free survival.
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Table 2 Population studies in glioblastoma multiforme: treatments

Paper
Number of  
subjects

Type of study Treatments Conclusions

Bhavsar et al. 
[2016] (23)

284 Cohort Preoperative  
statin

-Preoperative statin use not correlated with survival

Gaist et al. 
[2014] (26)

339 Cohort Prediagnostic  
statin

-Prediagnostic statin use was associated with reduced HR of death

-Increased duration or intensity of statin associated with reduced HR of 
death

Ferris et al. 
[2012] (27)

517 cases,  
400 controls

Case-control Prediagnostic  
statin/NSAID

-Simvastatin and lovastatin inversely associated with glioma

-Aspirin use inversely associated with glioma

-Duration of statin/NSAID use inversely related to glioma risk

Seliger et al. 
[2018] (28)

1093 grade  
III/IV (862 GBM)

Comparative Concurrent or  
prior statin/NSAID

-Improved survival with aspirin in grade III glioma

-No survival benefit with NSAID or statin use

Champ et al. 
[2014] (33)

53 Comparative Concurrent  
ketogenic diet

-Ketogenic diet associated with lower glucose levels

-Ketogenic diet safe and well tolerated

GBM, glioblastoma multiforme; HR, hazard ratio; NSAID, nonsteroidal anti-inflammatory drug.

been shown to provide survival benefit with addition of 
temozolomide to radiotherapy, in accordance with its 
mechanism of action. There is also some suggestion of 
synergistic effects between IDH mutation and MGMT 
promoter methylation given the profound increase in 
survival when both these factors are present.

Radiographic data has been used as another tool for 
characterizing the varied survival rates, particularly given 
the radiographic heterogeneity of glioblastoma in terms of 
features such as peritumoral edema, enhancement, necrosis, 
cyst formation, and invasion. Although no correlation with 
MGMT promoter methylation has been observed, TERT 
was found to be correlated with radiographic necrosis.

Demographic differences have also been described, 
including improved survival benefit for IDH1 mutations 
among Caucasians compared with Asians. Treatments 
primarily directed at managing cardiovascular risk factors, 
namely aspirin and statins, have shown some possible 
survival benefit as well. Ketogenic diet has been proposed 
as a potential treatment given the clinical correlation of 
low glucose level with survival and the theoretical benefit 
of limiting capacity for glycolysis, although sufficiently 
powered clinical trials have yet to be undertaken. Together, 
this suggests that diet and environmental factors may play a 
key role in altering the course of the disease.

While correlations have been discovered among various 
prognostic factors, these studies have also opened up many 

avenues for further study and elucidation of the nature 
of the interplay between these factors. As new patterns 
emerge, physicians may be able to provide more accurate 
prognostication and develop more individualized treatment 
plans.
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