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Abstract

Objective—Glioblastoma multiforme (GBM) is an aggressive primary brain tumor with most
dismal survival rates. This study aims to examine the prognostic value of primary tumor sites and
race on survival outcomes.

Methods—~Patient data obtained from the Scott & White Hospital Brain Tumor Registry (1976 to
2013) were stratified according to sex, age, race, primary tumor site, vital status, and survival rate.

Results—Of the 645 patients, 580 (89.9%) were diagnosed with GBM not otherwise specified
(GBM NOS), 57 (8.8%) with GBM, and 8 (1.2%) with giant-cell GBM. The majority were male
(53.5%), age 50 or older (78.7%). The white population had the highest GBM prevalence (87.1%)
and the lowest overall survival rate vs. all other race groups (6.6% vs. 30.1%, p<0.01). The black
population had a relatively low prevalence of GBM (5.9%) and the greatest overall survival rate
vs. all others (47.4% vs. 7.3%, p<0.01). Primary tumor sites located in the temporal (25.8% vs.
20.2%, p=0.03), occipital (8.1% vs. 2.9%, p=0.05), and parietal lobes (24.2% vs. 20.8%, p=0.05)
had a greater occurrence in surviving individuals. The overall survival for men vs. women was
(62.9% vs. 37.1%, p=0.12).
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Conclusions—Black racial background and temporal, occipital, or parietal primary tumor sites
are suggestive of positive survival outcomes. Conversely, white racial background with primary
tumor sites in the brain overlapping and NOS areas seem to be associated with negative outcomes
and decreased survival. Thus, racial background and primary tumor site may be useful prognostic
factors in GBM patients.
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Introduction

Primary brain tumors account for about 2% of all malignant neoplasms in adults.
Approximately half of them represent gliomas. Glioblastoma multiforme (GBM) derived
from neuro-epithelial cells is the most frequent and deadly primary malignant central
nervous system (CNS) tumor in adults.! GBM accounts for 60-70% of all gliomas in the
adult population.23 According to the National Database of Central Brain Tumor Registry of
the United States (CBTRUS), the age-adjusted GBM incidence rate is 3.97 cases per
100,000 for men and 2.53 cases per 100,000 for women. GBM cases represent about 20% of
all primary CNS tumors in the adult population and about 75% of all anaplastic gliomas.
Patients younger than 20 years of age have a lower incidence rate and frequency rapidly
increases starting in the 5t decade of life.4

Epidemiologic studies of glioma have examined many risk factors over the past several
decades; however, there are few consistent findings. GBM remains one of the most
challenging treatment tasks in clinical oncology. Unfortunately, the median survival of
patients with GBM treated only with the use of neurosurgical procedures and supportive care
is 4.2 months.? The median survival time after surgical treatment followed by chemo-
radiation therapy also remains poor at 14.6 months.! Radiation is the most effective
treatment, with the notable exception of the chemotherapy drug temozolomide. Risk factors
influencing survival include age, functional status (Karnofsky Performance Status Score),
infiltrating nature, multidrug resistance, radio-resistance, an impermeable blood-brain
barrier, a lack of preclinical models, extent of initial tumor resection, and genetic
alterations.*6-9 With this in mind, the currently combined therapeutic methods of radical
surgical resection with adjuvant radio-chemotherapy is contributing to incremental
improvements in survival and quality of life of patients with GBM.

To assess potentially novel predictors of GBM survival and the influence on the progression
of disease, we analyzed our GBM data bank with a focus on the spatial relationships of race,
age, sex, primary tumor site, and vital status of diagnosed patients.

Materials and Methods

Sources of data and study population

This study meets the National Institute of Health (NIH) and Baylor Scott & White Health
Care Central Texas Institutional Review Board (IRB) guidelines. All human investigations
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were performed after approval by an IRB and in accordance with an assurance filed with and
approved by the U.S. Department of Health and Human Services. Data were compared with
the CBTRUS.

Patient data were obtained from the Scott & White Brain Tumor Registry (Temple, TX).
GBM diagnoses were considered definitive when obtained through surgical biopsy,
resection, and final histological examination. The data were stratified according to sex, age
groups (0-20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90, 91 and older), race
(white, black, Hispanic, others/unknown), primary site of the tumor (frontal lobe, parietal
lobe, temporal lobe, occipital lobe, brain overlapping, brain not otherwise specified (NOS),
cerebrum, spinal cord (SC), corpus callosum (CC), brain stem (BS), and thalamus), vital
status (subsistent or deceased), and overall survival in years. The Third Edition of the
International Classification of Diseases for Oncology was used to categorize GBM by
histology into GBM NOS, GBM, and giant-cell GBM.

Statistical analysis

Results

Descriptive statistics, including means standard deviation (SDs) and frequencies
(percentages) were used to describe patient characteristics (age, gender, race, GBM type,
and primary tumor site), and survival status. Bivariate analyses assessed underlying
differences in characteristics and overall survival among patients. Chi-square analysis
(Fisher’s exact tests for small-expected cell counts) was employed to compare categorical
variables and the nonparametric Wilcoxon rank-sum and Kruskal-Wallis tests were
employed for continuous measures. All analyses were performed in SAS v9.2 (Cary, NC). A
type | error of 0.05 was assumed throughout.

A total of 645 patients were identified with a diagnosis of GBM reported between 1976 and
2013. Demographic characteristics for all ages and for children ages 0-20 were obtained
from Scott & White Brain Tumor Registry in Central Texas. 1.1% of all patients were
younger than 20 years of age at the time of diagnosis. 21.2% were under the age of 50 and
78.7% were 50 years of age or older. 53.5% of all examined GBM cases occurred in males
and 46.5% in females.

Distribution of GBM by Histology and Primary Site

First, we determined the distribution of GBM by histology as shown in Table 1, 2. Of the
645 evaluated cases, 580 were GBM NOS (89.9%), 57 were GBM (8.8%) and 8 were giant
cell GBM (1.2%). The distribution of GBM by primary tumor site is shown in Table 1, 2 and
Figure 2B. The most common primary site was in the frontal lobe (28.5%), followed by
parietal lobe (21.1%), temporal lobe (20.8%), brain overlapping (9.9%), and brain NOS
(9.8%). Ten percent of total GBM cases were located within the occipital lobe (3.4%),
cerebrum (2.8%), spinal cord (2.2%), corpus callosum (1.1%), brain stem (0.3%), and
thalamus (0.2%).
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Prevalence by Age

A difference was found in prevalence between the nine age groups. Of the 645 GBM cases,
1.1% occurred in patients 0-19 years of age and the remaining 638 (98.9%) occurred in
patients 20 years of age or older. Higher occurrence of disease, in descending order,
occurred in patients aged 61-70 (28.5%), 71-80 (24.3%), 51-60 (19.9%), and 41-50
(14.3%) (Table 1, 2). Lower prevalence was observed in age groups 81-90 (5.4%), 31-40
(4.2%), 21-30 (1.6%), 0-20 (1.2%), and 91 and older (0.6%).

Prevalence by Sex

No significant gender-specific predilections of GBM were observed. Of the 645 cases, 345
were male (53.5%) and 300 were female (46.5%), resulting in similar disease prevalence in
both genders. (Table 1, 2).

Prevalence by Race

The prevalence of GBM in our sample was significantly higher in white patients than in
black, Hispanic or others/unknown (Table 1, 2 and Figure 2A). Among the four evaluated
racial groups, 562 cases were white (87.1%), 38 cases were black (5.9%), 27 cases were
Hispanic (4.2%), and 18 cases were in other racial groups (2.8%).

Prevalence by Vital Status

Sub-analysis of vital status prevalence of GBM is presented in Table 2. Vital status was
analyzed in four racial groups. Of the 645 cases, 583 patients (90.4%) perished before data
analysis in 2013, regardless of treatment. Only 62 patients (9.6%) were still alive at the time
of data analysis.

GBM Distribution among White Patients

Of the 562 cases observed in white patients, 517 were diagnosed with GBM NOS (92.0%),
38 were with GBM (6.8%), and 7 with giant-cell GBM (1.2%) (Table 1).

Distribution of GBM in the white population by primary site of tumor was similar and
insignificant when compared with the total GBM diagnosed population. Primary tumors
were less commonly found in the frontal lobe among white individuals when compared with
non-white population (27.1% vs. 40.6%, p=0.01).

When the prevalence of GBM was stratified by age, we observed 1.1% of cases occurring in
patients under 20 years of age and 98.9% were among patients 20 years or older (Figure 1).
The effect of gender on GBM occurrence in the white population aligns with that found in
the total diagnosed. Of the 562 cases, 301 were male (53.6%) and 261 were female (46.4%),
resulting in similar disease prevalence in both genders.

Vital status evaluation revealed a lower survival among white patients when compared with
non-white patients (6.6% vs. 30.1%, p<0.01) (Table 2). Figure 1 represents survival rate in
years (percent representation of diagnosed with brain tumor patients which still alive) from
the time of initial diagnosis. As a result, 27.0% of living patients survived for 1 year after
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treatment, 21.6% for 2 years, 16.2% for 3 years, 10.8% for 5 years, 5.4% survived for 6, 7
and 8 years each, and just 2.7% for 9, 12, and 26 years each.

Comparative Analyses Based on Race, Primary Site of Tumor, and Sex in Subsistent,
Deceased, and in Total GBM Diagnosed Populations

To better understand the observed survival trend found in the white population in relation to
the other racial groups, we analyzed the prevalence of GBM by race, primary site of tumor,
and distribution by sex among surviving individuals (alive patients at the time of data
analysis) and the total GBM diagnosed population.

A side-by-side comparison based on race between surviving, deceased, and the total sample
is shown in Figure 2A. These data show a discrepancy in the number of surviving white
versus non-white individuals (6.6% vs. 30.1%, p<0.01). This is significant considering only
37 white individuals survived of the total 562 diagnosed (Table 2).

Another significant finding was the survival rate of black vs. non-black patients (47.4% vs.
7.3%, p<0.01) (Figure 2A, Table 2). Our black sample showed a relatively low overall
prevalence of disease (5.9%) compared with the white population (87.1%). Additionally,
they have the highest survival rate among all analyzed race groups (Figure 2A).

The Hispanic and the other/unknown groups showed lower, but favorable survival rates of
18.5% vs. 9.2% (for Hispanic vs. non-Hispanic) and of 11.1% vs. 9.6% (for Other/Unknown
vs. non-Other/Unknown).

When primary tumor sites in surviving individuals were compared with those in the
deceased group (Figure 2B), we found that the greatest survival rates occurred when tumors
were located in the temporal (25.8% vs. 20.2%, p=0.03), occipital (8.1% vs. 2.9%, p=0.05),
and parietal lobes (24.2% vs. 20.8%, p=0.05) (Table 2). When primary tumor sites in
surviving patients were compared with other locations (Table 1, Table 2), temporal lobe vs.
other locations (11.9% vs. 9.0%, p=0.03), frontal lobe (8.7% vs. 10.0%, p=0.62), parietal
(11.0% vs. 9.2%, p=0.53), occipital lobe (22.7% vs. 9.2%, p=0.05), brain overlapping (4.6%
vs. 10.2%, p=0.15), brain NOS (4.8% vs. 10.1%, p=0.18), cerebrum (16.7% vs. 9.4%,
p=0.40), spinal cord (0.0% vs. 9.8%, p=0.38), corpus callosum (14.3% vs. 9.6%, p=0.51),
brain stem (0.0% vs. 9.6%, p=1.00), and thalamus (0.0% vs. 9.6%, p=1.00), we found
significantly greater survival rates occurred with tumors located in occipital lobe (22.7% vs.
9.2%, p=0.05) (Table 2). Conversely, we found lower survival rates when comparing brain
overlapping and brain NOS with other locations in surviving (4.6% vs. 10.8%, p=0.15) and
deceased (4.8% vs. 10.1%, p=0.18) patients (Figure 2B, Table 1, 2).

Comparative analysis of gender related differences between surviving, deceased, and total
sample are shown in Table 2. We found that overall survival rate for men was greater than
for women (62.9% vs. 37.1%, p=0.12), but this was not found to be statistically significant.
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Discussion

In this study, we examined the value of tumor primary site distribution, racial relationships,
gender, and age-associated influence in relation to prognostic significance among GBM
patient survival.

We observed that the primary tumor sites associated with greater survival were located in the
temporal, occipital, and parietal lobes. These findings are consistent with results showing
statistically significant longer survival in these sites.10 Meanwhile, locations with poorer
survival rates were brain overlapping and brain NOS. This may be due to the fact treatment
may be complicated due to posterior extension into areas such as the optic chiasm and
midbrain, limiting the extent of radiation treatment and surgical resection.1! The greater
percentage of deceased individuals diagnosed with overlapping tumors could be explained
by their wide extent of critical parenchymal involvement.12

In newly diagnosed patients, the extent of the resection has been shown to carry prognostic
value.13:14 However, certain tumor locations, such as eloquent cortex, basal ganglia, BS, or
SC are not amenable to surgical intervention and these patients typically exhibit a worse
prognosis. Recent breakthroughs in nanoparticle technology have proven effective in
delivering chemotherapy to GBM tumor stem cell in the mouse model.2® This treatment
could prove helpful in the case of tumors that are situated in such location.

A previous study described a correlation between GBM involving the sub-ventricular zone
(SVZ).16 These findings implicate the existence of an aggressive GBM subtype that may be
related to the recruitment of neuronal stem like cells in the SVZ.17 This is supported by
experiments showing a higher migration potential of SVVZ neuronal progenitor cells, and
therefore, reflects on aggressiveness of GBM and overall survival.1819 Approximately 50%
of GBM patients treated with alkylating agents have been shown to have prolonged
progression-free and overall survival 20:21

According to national statistical reports, GBM was identified as the most common CNS
tumor subtype for black individuals in the age groups of 35-49, 50-64, 65-79, and 80+,
accounting for 34%, 58%, 60%, and 54% of cases, respectively.22 In our study, black
individuals have lower prevalence of GBM (5.9%) when compared with the white
population (87.1%), and the black population had the greatest survival rate (47.4%) when
compared with other racial groups. These data pertaining to Central Texas are above the
national average. This may be due to the fact that the population of black individuals in
Central Texas counties averages to be 8% with a range between 1.8% and 21.5%.23
However, a greater percentage of African American adults aged 18-64 years are without
health insurance compared with the white population.2* This may hinder access to care and
thus many ailments within the black community may go unreported.

The CBTRUS report represents the national rate of GBM relative survival, which estimates
that less than 5% of patients survive five years post diagnosis. Our data presents evidence
that the relative survival in Central Texas is 9.6% for all GBM diagnosed patients and 6.6%
for the white population, which is well above the national average.
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Relatively low survival rates in our white sample appears to be partly due to the relatively
high survival rates observed in black and Hispanic populations, which are 47.4% and 18.5%,
respectively. The vast majority of glioma cases are idiopathic in origin. Demographic
differences in incidence by race, sex, and country suggest that genetics, hormones, and
environmental risk factors may play a role in GBM. In line with this theory, a history of
diabetes has been shown to lower the risk of glioma by 42%.22:25 However, study bias (e.g.,
participation, information, and survival), variations in health care access/utilization, residual
confounders, and other unrealized influences may explain the differences in GBM
incidence.28 An example of this is the greater mortality among Medicaid patients compared
with those insured under Medicare.2” In a study of white and black individuals in
Washington, DC around the time of the Civil Rights Movement, gliomas appeared to twice
as frequently in white people than in black individuals, with a white to black case ratio of
12.1:1.28 However, when subdivided into pre and post-Civil Rights Movement, there is a
clear increase in the percentage of cases of gliomas in black population. The initial ratio
being 13.7:1 and decreasing to 9:1. The ratio of white to black cases for GBM was 15.5:1.
This is likely a direct result of improved access to healthcare and diagnostic evaluation,
producing a higher incidence and prevalence.2” However, the data still suggest that there is a
genetic component at play.28 A more recent study showed that white individuals still have
twice the incidence in comparison to black individuals nationwide.? In addition, there is a
controversy in the literature related to survival advantage for black individuals where it was
found that they have a higher rate of survival at 60 months post-diagnosis.1’:28 In the same
study, gliomas were twice as prevalent in men as in women in both races.28 The CBTRUS
report found that there was a higher incidence in the northeast and an overall lower
incidence in the south-central region of the United States.2’

Based on CBTRUS report, GBM is 1.57 times more common in males,2® which is in
contrast to our data obtained in Central Texas. Males were also shown to be more likely to
survive the first year after diagnosis, but had no advantage in subsequent years.2’ Our data
show that males have a 53.5% prevalence rate of GBM compared with 46.5% in females.

The CBTRUS report shows that the incidence of GBM increases with age, with rates highest
in individuals between 75 and 84 years of age. However, our data suggest that prevalence of
GBM is highest in the 61-70 age group. These results imply a peak prevalence of GBM
among a relatively younger population in Central Texas than the national average. One
potential explanation is based on obesity rates. It has been suggested that increased BMI and
lack of physical activity during adolescence is correlated with increased risk of glioma.3 In
Texas, 30% of women are obese compared with 28.5% of men.31 However, the distribution
of obesity in the United States is 40.6% amongst women and 37.5% among men.32 This
suggests that differences in obesity rates may not be a significant factor in explaining the
discrepancy in men and women with GBM between Texas and U.S. populations.

The most common identified carcinogens include pesticides, herbicides, nitrosamines,
petrochemical substances, electromagnetic irradiation, and vinyl chloride. However, the role
of these pro-carcinogenic factors has not been unequivocally proven.3:33 Among potential
carcinogens, therapeutic X-irradiation was the only definitive carcinogen found in an
international meta-analysis study.3

World Neurosurg. Author manuscript; available in PMC 2019 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nizamutdinov et al. Page 8

Data suggest that GBM can be subdivided into distinct subtypes based on molecular
expression. Epidermal growth factor receptor (EGFR), neurofibromatosis-related protein 1
(NF1), and platelet-derived growth factor receptor alpha (PDGFRA)/Isocitrate
dehydrogenase 1 (IDH1) mutations each define classical, mesenchymal, and proneural
subtypes of GBM, respectively.34 The neural subtype predominated in the frontal lobe and
the mesenchymal subtypes predominated in the temporal lobe. Proneural and classical
subtypes were found to be common in the frontal and temporal lobe.2:3538 The p53 mutant-
containing tumors occurred predominantly around the lateral ventricles in the frontal lobe.3”
Thus, our results correlate with previously noted decreased malignancy shown in frontal
lobe GBMs. These distinctions are important because they may account for the differences
seen in prognosis in tumors that are histologically similar.

Future epidemiologic studies would benefit through improved measures of environmental
exposures, more precise statistical methods for detecting interaction effects.38

Limitations

Considering the fact of historical medical data included in this study, confirmed MRI
imaging may not performed for all patients, which is a limitation for this study. Scott and
White Hospital Brain Tumor Registry has a large number of GBM NOS cases, and lack of
socio-economic status of the patients, including insurance/rates related information, which is
considered to be a limitation for this study.

Conclusion

The key epidemiologic determinants found to be important to negatively impact survival of
GBM diagnosed patients include advanced age, primary tumor sites located in brain
overlapping and brain NOS, Caucasian race, and female gender.

The important epidemiologic factors found to most likely confer long term survival of GBM
diagnosed patients include young age, primary tumor sites located in temporal, occipital, or
parietal lobes, black race, and male gender.

This epidemiological study can serve as a basis for future research in this area and offers
insights into the race dependent GBM distribution and disease outcomes.
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Figure 1. Distribution, prevalence and survival rate among white GBM diagnosed patients
Distribution by primary tumor site: 27.1% of all GBM in white population were located in

frontal lobe, 21.2% of all were in temporal lobe, 19.8% in parietal, 11.0% in brain
overlapping, 10.6% in brain NOS, 3.4% in occipital lobe, 3.2% in cerebrum, 2.2% in SC,
1.3% in CC, and 0.4% in BS. Prevalence by age: among white patients, 29.2% were 61-70
years of age, 26.9% were 71-80, 19.0% were 51-60, 11.9% were 41-50, 5.5% were 81-90,
4.3% were 31-40, 1.4% were 21-30, 1.1% were 0-20, and 0.7% were 91 years or older,
respectively. Distribution based on survival rate in years since first diagnosed: 2.7% of white
were still living in each group after 26, 12, and 9 years since first time diagnosed, 5.4% after
8, 7, and 6 years each, 10.8% after 5 years, 16.2% after 3 years, 21.6% after 2 years, and
27.0% after 1 year.
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Figure 2. Comparative analyses between total GBM diagnosed population, group of deceased,
and subsistent patients based on race, primary tumor site distribution

A. Comparative analysis based on prevalence by race. The GBM prevalence in subsistent vs.
deceased GBM treated patients was 59.7% vs. 90.1% in white, 29.0% vs. 3.4% in black,
8.1% vs. 3.8% in Hispanic, and 3.2% vs. 2.7% in other/unknown. B. Comparative analysis
based on primary tumor site. The GBM prevalence in subsistent vs. deceased group of
patients in descending order was 25.8% vs. 28.8% in frontal lobe, 25.8% vs. 20.2% in
temporal lobe, 24.2% vs. 20.8% in parietal lobe, 8.1% vs. 2.9% in occipital lobe, 4.8% vs.
10.6% in brain overlapping, 4.8% vs. 10.1% in brain NOS, 4.8% vs. 2.6% in cerebrum,
1.6% vs. 1.0% in CC, 0.0% vs. 2.4% in SC, 0.0% vs. 0.3% in BS, 0.0% vs. 0.2% in
thalamus.
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Table 2

Survival and mortality rates comparison in association with age, sex, race, histology, and primary tumor
location (N=645). Overall average for survivors was 9.6% of the sample. Among survivors, males (62.9%),
females (37.1%), most prevalent locations were temporal lobe (25.8%), parietal lobe (24.2%), and occipital
lobe (8.1%). Overall average for deceased patients was 90.4%. Among deceased, mortality was greater for
brain overlapping (10.6%), brain NOS (10.1%), and frontal lobe (28.8%). Locations in SC (14 cases), BS (2
cases), thalamus (1 case) resulted in death. Significantly high mortality rate was in white population (59.7%
vs. 90.1%, p<0.01). Significantly high survival rate was in black population (29.0% vs. 3.4%, p<0.01), when
compared survived vs. deceased.

Study Sample Survived Died
Patient (N=645) (N=62, 9.6%) (N=583, 90.4%)
Characteristics N (%) N (%) N (%) P-value
Age Mean (SD): 61.6 (14.5) 52.3 (14.4) 62.6 (14.2) <0.01
Median (Min-Max): | 64.0 (4-96) 49.0 (27-85) 64.0 (4-96)
Female 300 (46.5) 23(37.1) 277 (47.5) 0.12
Race
White 562 (87.1) 37 (59.7) 525 (90.1) <0.01
Hispanic 27 (4.2) 5(8.1) 22 (3.8) 0.17
Black 38 (5.9) 18 (29.0) 20 (3.4) <0.01
Other/Unknown 18 (2.8) 2(3.2) 16 (2.7) 0.69
Histology <0.01
NOS 580 (89.9) 43 (69.4) 537 (92.1)
Multiforme 57 (8.8) 18 (29.0) 39 (6.7)
Giant Cell 8(1.2) 1(1.6) 7(1.2)
Primary Site
Temporal lobe 134 (20.8) 16 (25.8) 118 (20.2) 0.03
Frontal lobe 184 (28.5) 16 (25.8) 168 (28.8) 0.62
Parietal lobe 136 (21.1) 15 (24.2) 121 (20.8) 0.05
Occipital lobe 22 (3.4) 5(8.1) 17 (2.9) 0.05
Brain, overlapping 65 (10.1) 3(4.8) 62 (10.6) 0.15
Brain, NOS 62 (9.6) 3(4.8) 59 (10.1) 0.18
Cerebrum 18 (2.8) 3(4.8) 15 (2.6) 0.40
SC 14 (2.2) 0(0.0) 14 (2.4) 0.38
cc 711 1(1.6) 6 (1.0) 0.51
BS 2(0.3) 0(0.0) 2(0.3) 1.00
Thalamus 1(0.2) 0(0.0) 1(0.2) 1.00
Year Mean (SD): 2001 (9.2) 2010 (3.9) 2000 (9.2) <0.01
Median (Min-Max): | 2003 (1976-2013) | 2011 (1988-2013) | 2001 (1976-2013)
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