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Abstract:

Brain cancer is the tenth leading cause of death in the U.S. Glioblastoma multiforme (GBM) is the
most lethal primary malignant central nervous system tumor in adults. The present study employed
samples from 1985-2014 to discover the difference in prognosis among glioblastoma subtypes after
the evolution of treatment modalities over the past few years. The current study aims to find the
differences between Glioblastoma multiforme (GBM) and giant cell glioblastoma (GCG) in terms of

prognosis among adults and elderly patients in the U.S.
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This study is a historical cohort type of study and is conducted on adults and elderly individuals with
GBM or GCG from the years 1985-2014 in the U.S. Data were collected from the Surveillance,
Epidemiology, and End Results Program (SEER) database. The study exposure was GBM or GCG
and the outcome was mortality. The potential confounders were age, sex, race, ethnicity, year of
diagnosis, primary site, and surgery. A chi-square test was used for categorical data. A univariate
analysis was used for variables having a p-value < 0.05. Potential confounders were selected and
evaluated using multivariate logistic regression models to calculate the odds ratio with stepwise
selection.

The study sample was 25,117. The incidences of GBM and GCG were not similar in relation to age
group. Also, Spanish-Hispanic ethnicity was independently protective of GBM and GCG as
compared to Non-Spanish-Hispanic ethnicity patients with GBM have a higher mortality rate than
do GCG patients. The mortality rate was higher among patients diagnosed before 2010.

In conclusion, GCG was not statistically significant in association to reduced mortality. Non-Spanish-
Hispanics with GBM or GCG had a higher mortality rate than did Spanish-Hispanics. Factors such
as being female, being age >59, and having a year of diagnosis before 2010 were independently
associated with increased mortality.

Key words: Brain Cancer, Glioblastoma multiforme, Giant Cell Glioblastoma, Prognosis

1. Introduction

Brain cancer and other nervous system cancers are the tenth leading cause of death in
the U.S. Brain cancer is common among adults and elderly individuals [1].
Glioblastoma multiforme (GBM) is a common malignant tumor that originates from
astrocytes. It is a rapid-growing tumor that affects the nervous system, including the brain
and the spinal cord [2].
It is estimated that GBM cases in the U.S. account for approximately 20% of all primary CNS
tumors in the adult population and almost 75% of all anaplastic gliomas [3]. Glioblastoma
multiforme (GBM) is the most lethal primary malignant central nervous system tumor in
adults [4-6]. GBM incidence and prognosis have changed over the past few years. This has

been explained by several risk factors, such as sex, age group, race, ethnicity, year of
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diagnosis, primary site, and surgical removal of the tumor [7-8]. It has been found that the
overall prognosis of patients with GBM is poor, with a median survival of 14.6 months and
a five-year survival rate of <5% [4,9]. A review of the relevant literature, which included a
well-conducted systematic review [ 10], provided evidence of an association between survival
in cases of glioblastoma and several prognostic factors, including age at diagnosis, sex,
race/ethnicity, primary site, and treatment (including surgery). However, no information was
available about the effect of subtypes of glioblastoma and prognosis, particularly in terms of
whether survival in cases of giant cell glioblastoma was different from that in cases of other
subtypes of glioblastoma multiforme. Kozak and Moody conducted a study using the
Surveillance, Epidemiology, and End Results (SEER) database from 1988-2004, with which
they made a comparison between GCG and GBM and found that GCG had a better prognosis
[11]. The present study included samples from 1985-2014 to discover the difference in
prognosis between glioblastoma subtypes after the evolution of treatment modalities over the
past few years. Therefore, the current study aimed to find the differences between GBM and
GCG regarding prognosis among adults and elderly patients in the U.S.
2. Materials and Methods
2.1 Study strategy and data source:

A historical cohort was assembled using data from the Surveillance, Epidemiology, and

End Results (SEER) database in July 2017 (http://www.seer.cancer.gov/). The data was

collected via SEER*Stat software from 1985-2014. The SEER program was established in
1973 by the U.S. NCI and collects incidences and survival records of patients with malignant

tumors from 18 population-based cancer registries in the U.S. [12]. The registries represent
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approximately 28% of the population of the U.S.; registries were selected, in part, for their
diverse population subgroups. These surveys have multi-stage sampling and are considered
to be complex, overestimated, and not representative of the entire U.S. population. However,

SEER does its own modeling through extrapolation.

2.2 Study population:

Patients aged younger than 20 years have a lower incidence rate; frequency
rapidly increases starting in the fifth decade of life [13]. Therefore, the inclusion criteria for
the analysis were patients with a confirmed diagnosis of GBM or GCG at age 18 or older
from the years 1985-2014. The exclusion criteria included insurance, grading, and tumor size,
due to a high percentage (over 25%) of missing data in the SEER database. The SEER
database included patients’ insurance data from the years 2007 and onwards. Also, in terms
of tumor size, 65% of data was missing in the database. However, glioblastoma has no clear
grading system, as it is a type of glioma and is considered the most malignant type (type 4).

Therefore, grading was also excluded [14].

2.3. Ethical Considerations

Ethical approval was waived, since the analysis was considered nonhuman
subjects research by the Florida International University Health Science Institutional
Review Board.

2.4 Study variables:
The study variables included data of GBM patients (histology codes: ICD-0-3:9440/3,
9441/3) with tumors located in several locations: supratentorial (cerebrum, frontal lobe,

temporal lobe, parietal lobe, occipital lobe), brain overlap, and infratentorial (cerebellum,

d0i:10.20944/preprints201905.0221.v1
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99  ventricle, and brainstem). In addition, primary site codes (C71.0-C72.0) were extracted from
100  the SEER database. Diagram 1 shows the variables that were analyzed.
101  Inaddition, the SEER research data record description was used to categorize other variables
102 such as race, which was categorized into White, Black, and Others. Ethnicity was also
103 categorized into Non-Spanish Hispanic-Latino and Spanish-Hispanic-Latino. Year of
104  diagnosis was categorized into years before 2010 and years 2010-2014 due to the approval
105  of Bevacizumab for recurrent glioblastoma in 2010 [15].
106 2.5 Statistical analysis:
107  First, the population was selected from the SEER database. Then, the characteristics of the
108  population were described. After that, the general distribution of the data was examined.
109  Next, some variables were transformed into appropriate categories (e.g. age group was
110  categorized into adults from 18-59 years old and elderly individuals >59 years old) [16]. The
111 primary site was categorized into supratentorial, brain overlap (including the brain ventricles
112 and other unspecified brain locations), and infratentorial regions.
113 The alpha level was set at 0.2 due to the small sample size of GCG incidences in the SEER
114  database.
115 A chi-square test was used for categorical data. Categorical data were expressed by numbers
116  (n)and percentage (%). A univariate analysis was used for variables having a p-value < 0.05,
117  while potential confounders (patient’s sex, age group, race, ethnicity, year of diagnosis,
118  primary site, and surgery) were selected and evaluated by multivariate logistic regression

119  models to calculate the odds ratio with stepwise selection. A collinearity model was used to
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determine the relationship between each of the confounders for the exclusion of dependent

variables. However, no significant relationship between the confounders was excluded.

2.6 Data Availability
The Surveillance, Epidemiology, and End Results (SEER) data used to support the findings

of this study were supplied by the National Cancer Institute under license and so cannot be
made freely available. Requests for access to these data should be made to the National

Cancer Institute (http://www.seer.cancer.gov/).

Independent:

Glioblastoma Multiforme (GBM) and — Dependent:
Giant Cell Glioblastoma (GCG)

Mortality

Potential Confounders:
Sex
Age group
Race
Ethnicity
Year of diagnosis
Primary site
Surgery

Diagram 1: Variables were analyzed using the SEER database and Stata software
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144 3. Results

145 The study sample was 25,117. It included 24,909 patients with GBM and 208 with GCG.
146  However, 88.3% of patients with GBM died within a few years, while 84.1% of GCG patients
147  also died from the tumor. The baseline characteristics of the study sample are explained in
148  table 1, which shows that gender has a slight variation in GBM and GCG incidences. Males
149  are more likely to develop GBM than GCG; conversely, females are more likely to develop
150  GCG. Table 1 also shows that the incidence of GBM and GCG is not similar in relation to
151  age group. Hence, it is statistically significant that adults have a higher predisposition to
152 developing GCG than GBM.

153
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Table 1: Baseline characteristics of GBM and GCG patients from 1985-2014 in the U.S.

s 1 2 3 5
Characteristics GBM NOS GCG P-value
N(%) N(%)

14,375 (57.7) 115 (55.3)

10,534 (42.3) 93 (44.7)

Adults (18-59) 10,221 (41.0) 120 (57.7)

Elderly (>60) 14,686 (59.0) 88 (42.3)
I I B B TR
“ 22,700 (91.3) 184 (88.5)
DT % (40) 259
T N S T
23,791 (95.5) 192 (92.3)

20,719 (83.3) 171 (82.2)
4,190 (16.8) 37 (17.8)
I N S
17,828 (71.6) 168 (80.8)
6,767 (27.2) 33(15.9)
R I S
“ 3,287 (26.1) 13 (11.4)
5,719 (45.5) 50 (43.9)

GTR 3,574 (28.4) 51 (44.7)

1
GBM = Glioblastoma Multiforme.
2
154 NOS = Not Otherwise Specified, 2GBM = Glioblastoma Multiforme, 3GCG= Giant Cell Glioblastoma.

155 Race also reveals some variations in terms of the two subtypes of glioblastoma, with
156  individuals who have a white racial background being more prone to GBM, while individuals
157  of other races being more prone to GCG. The Non-Spanish-Hispanic-Latino ethnicity has a

158  slightly higher incidence of GBM than GCG, while, inversely, Spanish-Hispanic-Latinos
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159  have fewer incidences of GBM than GCG. The incidence of GBM was slightly higher than
160  the incidence of GCG before 2010; after 2010, the incidence of GCG was higher. However,
161  incidences of both tumors have decreased considerably since 2010.

162 The study reveals some statistically significant differences in terms of tumor primary
163  site, with high statistical significance. Both subtypes of tumors originate more often in the
164  supratentorial part of the brain than elsewhere in the central nervous system. However, GCG
165  tumors originate more from the supratentorial site than do GBM tumors. It is also statistically
166  significant that GBM risk is higher in patients with no surgery or no gross total resection,
167  while patients with gross total resection (GTR) have an elevated GCG risk. Table 2 shows
168  that patients with GBM have a higher mortality rate than do GCG patients. Table 3 shows
169  that GCG has an odds ratio [OR] of 0.56 with a confidence interval of 0.53-1.44, which is
170  independently associated with reduced mortality.

171 Table 2 also shows a slight difference in mortality between age groups in relation to the
172 two glioblastoma subtypes; this difference is statistically significant. It indicates that elderly
173  patients have a worse prognosis than do adults. Glioblastoma patients with a white racial
174  background also face a slightly increased risk of death. The Spanish-Hispanic-Latino
175  ethnicity has a lower mortality rate than do Non-Spanish-Hispanic-Latinos, as explained in
176  table 3. The Spanish-Hispanic-Latino ethnicity is independently protective from GBM and
177  GCG (OR 0.63, C1=0.52-0.77). GBM and GCG tumors with brain overlap have a statistically

178  significant worse outcome than do other primary tumor sites, as shown in table 2.


https://doi.org/10.20944/preprints201905.0221.v1
https://doi.org/10.1002/brb3.1402

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 May 2019 d0i:10.20944/preprints201905.0221.v1

10 of 18

Table 2: Mortality rate of GBM and GCG patients from 1985-2014 in the U.S.

I ortality N

N (%) N (%)
o[ —S L — -
GBM" 2,916 (11.7) 21,993 (88.3)

33(15.9) 175 (84.1)
e
T 1,778(123) 12,703 (87.7)

1,162 (10.9) 9,465 (89.1)
Agegrowp | | | <000l
DTS 1,464 (14.2) 8,877 (85.8)
Elderly 1,483 (10.0) 13,291 (90.0)
S N R TS
2,534 (11.1) 20,350 (88.9)
200 (16.9) 981 (83.1)
198 (19.7) 808 (80.3)
Non-Spanish- 2,741 (11.4) 21,242 (88.6)
Hispanic
Spanish-Hispanic- 208 (18.3) 926 (81.7)

Latino

1
GBM = Glioblastoma Multiforme.
2
179 GCG = Giant Cell Glioblastoma.

180  Surgery also plays a role in patients’ outcomes. The mortality rate increases in patients with
181 no tumor resection. As shown in table 3, the factors independently associated with
182  increased mortality are: being female ([OR] 1.12, CI =1.01-1.25), being age >59 years (OR
183  1.64,CI=1.48-1.82), and being diagnosed earlier than 2010 (OR 5.26, C1 =4.74 - 5.84). Table
184 4 shows some of the incidental findings.

185

186

187
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Table 3: Odds ratio of GBM and GCG patients from 1985-2014 in the U.S.

Characteristics Unadjusted 'Adjusted

2 3 -

Reference

> 0.70 (0.5-1.02) 25,117 0.88 (0.53-1.44) 12,694

GCG

1Adjusted for age, sex, race, ethnicity, year of diagnosis, and primary site surgery.
2OR = Odds Ratio.

3CI = Confidence Interval.

4GBM = Glioblastoma Multiforme.

5GCG = Giant Cell Glioblastoma.

188
Table 4: Incidental findings of race/ethnicity and the year of diagnosis.
Unadjusted Adjusted
1 2
|| oR'tesec) [Pyae] ORGSO | Puale
T 0.61(0.52-0.71) <0.001  0.64(0.52-0.79) <0.001
m 0.50 (0.43-0.60) <0.001 0.61 (0.50-0.75) <0.001
By | |
Non-Spanish- REF
Hispanic
Spanish- 0.57 (0.49-0.67) <0.001 0.63 (0.52-0.77) <0.001
Hispanic-Latino
Year of
Dlagn05|s
Before ?Jiiil 5.44 (5.01-5.91) <0.001 5.26 (4.74 - 5.84) <0.001
2010-2014 REF
1
OR =0dds Ratio.
2
CI = Confidence Interval.
189
190

191
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4. Discussion

To the best of our knowledge, this study is one of the few that address the association of
subtype of glioblastoma and mortality in adults in the U.S. after 2010 and that involve a large
sample size in GCG and GBM with the utilization of I[CD-0-3 codes. GBM is more common
than GCG and has a higher mortality rate. On the other hand, the current study provides
statistically significant data about ethnicity, explaining that the Spanish-Hispanic-Latino
ethnicity is independently protective from both glioblastoma subtypes as compared to the
Non-Spanish-Hispanic ethnicity. Furthermore, factors like being female, being age >59, and
having a year of diagnosis before 2010 are independently associated with increased mortality.

This study found that elderly individuals have the highest mortality rate among GBM
and GCG patients in comparison to adults (p<0.001). Some studies were consistent with the
previous findings [17-20]. Therefore, age is considered a significant predictor of survival
time [21]. This study also demonstrates that elderly individuals are more prone to having
GBM than GCG, which explains the rarity of GCG. This finding may indicate that the elderly
population is more susceptible to GBM due to an increased chance that cells will mutate into
cancer cells. The current study demonstrated that more males are afflicted with GBM than
with GCG, while more females are afflicted with GCG (P=0.481), consistent with [3,22-26].
Another study, conducted on Black patients with GBM, showed that Black males were
affected by GBM more than were Black females [27]. Therefore, GCG, an uncommon type
of glioblastoma multiform, more often affects females. However, GBM affects males more

than females, regardless of race. The previous findings may be explained by genetic factors.

d0i:10.20944/preprints201905.0221.v1
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The present study stated that the mortality rate is higher among GBM and GCG patients
diagnosed before 2010 (P<0.001). Also, one study showed that the prognosis for elderly
patients with glioblastoma has improved since the introduction of the Stupp regimen (i.e.,
radiotherapy plus concomitant and adjuvant temozolomide) in 2005 [21]. This indicates that
year of diagnosis has a significant impact on the prognosis of glioblastoma patients. However,
the proportion of patients with GBM is slightly higher than the proportion of GCG patients
before 2010. On the other hand, the proportion of GCG incidences is slightly higher than the
proportion of GBM incidences after 2010 (P=0.71).

Patients who didn’t have a Gross Total Resection (GTR) have a higher mortality rate

(P<0.001). Moreover, patients who hadn’t undergone surgery or GTR developed GBM more
often than they did GCG (P<0.001).
Studies like [28,29] had similar findings, stating that GTR has a better survival rate than does
partial resection or biopsy. Brain overlap GBM and GCG tumors are associated with higher
mortality rates than are supratentorial and infratentorial tumors (P<0.001). This finding was
similar in one study [3].

However, another study showed that the median survival time for both cerebellar GBM
(cGBM) and supratentorial GBM (sGBM) patients is eight months, though sGBM had a
worse prognosis as the study progressed [30]. Also, patients with brain overlap tumors have
a higher tendency to develop GBM than GCG (P<0.001). Because GBM is more common
than GCQG, it affects brain overlap regions more than supra- and infratentorial regions (which
are affected more by GCG, P<0.001). This accounts for the higher mortality rate. Non-

Spanish-Hispanic people have a higher mortality rate from GBM (88.6%, P<0.001). In

d0i:10.20944/preprints201905.0221.v1
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235  addition, a study done on Americans with glioblastoma suggested that Latinos tend to have
236  alower incidence of GBM and present slightly younger than non-Latino Whites [31].
237 However, white people were found to have the highest incidence of death from GBM

238  and GCG as compared to individuals of other races (P<0.001).
239

240 5. Conclusions

241 GCG was not statistically significant in terms of its association with reduced mortality.
242  Factors such as being female, being age >59, and having a year of diagnosis before 2010
243  were independently associated with increased mortality. The Spanish-Hispanic ethnicity was
244  independently protective from GBM and GCG as compared to the Non-Spanish-Hispanic
245  ethnicity. Additional studies should be conducted on GBM and GCG patients with the

246 inclusion of important factors such as tumor size and insurance.
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