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Abstract

Background: Our goal in this manuscript was to perform a survival
analysis and understand the causes of death (CODs) in patients with
glioblastoma using the Surveillance, Epidemiology, and End Results
(SEER) database.

Methods: A retrospective cohort study was conducted using version
8.3.9.2 of SEER*Stat software to extract data from the SEER 17 Plus
database. Patients with World Health Organization (WHO) grade [V
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glioblastoma diagnosed between 2000 and 2019 were included to cal-
culate overall survival (OS), relative survival (RS), and conditional
survival. R software was used to calculate univariate and multivariate
Cox regression models for age, sex, and race to identify their effect
on survival.

Results: We included 45,071 patients with grade IV glioblastoma
according to WHO 2016 classification. The observed 1-year, 3-year,
and 5-year survival rates showed a decline to 40.1%, 9.8%, and 5.2%,
respectively. Similarly, the relative 1-year, 3-year, and 5-year survival
rates were 40.7%, 10.2%, and 5.4%, respectively. The conditional
3-year survival rates improved up to 16.9%, 42.9%, and 60.2% after
1, 3, and 5 years of survival, correspondingly, with females show-
ing better estimates. The most common cancer CODs were the brain
and other central nervous system (CNS) cancers. Among non-glio-
blastoma cancer CODs, breast cancer was the most common cause.
Additionally, cardiovascular diseases, cerebrovascular diseases, and
septicemia were the most common non-cancer CODs.

Conclusion: In this study, patients with glioblastoma showed a sharp
decline in OS and RS over time after diagnosis. However, there was
a notable improvement in conditional 3-year survival over time. Car-
diovascular diseases emerged as the most common non-cancer COD,
with lower survival rates in males and advanced age.

Keywords: Glioblastoma; Survival rate; Cause of death; SEER pro-
gram; Non-cancer mortality

Introduction

Gliomas are tumors originating from glial cells or their precur-
sors and include types such as astrocytomas. The World Health
Organization (WHO) classifies gliomas into four grades (I to IV):
grade I (pilocytic astrocytoma), grade II (diffuse astrocytoma),
grade III (anaplastic astrocytoma), and grade IV (glioblastoma).
Glioblastomas are further categorized into isocitrate dehydro-
genase (IDH)-wild-type, which develops de novo without evi-
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dence of a less malignant precursor lesion, and IDH-mutant-type,
which arises from preexisting lower-grade astrocytomas [1].

Glioblastoma is known as the most aggressive, malignant
primary brain tumor. In the United States of America (USA), the
age-adjusted incidence rate of glioblastoma is 3.22 per 100,000
persons, constituting about 15% of all brain tumors and 48.3%
of malignant brain tumors [2]. Research indicates no significant
trend in increasing incidence rates in the USA or Canada, though
incidence varies across different regions worldwide [3].

There are limited available data to distinguish between
glioblastoma-specific survival and overall survival (OS) in
glioblastoma patients. Non-cancer-related deaths can affect
OS since OS is defined as the duration from randomization
to death from any cause. Relative survival (RS) represents the
ratio of the OS in patients with cancer to the expected survival
of a comparable cancer-free population. In contrast, cancer-
specific survival focuses solely on deaths caused by cancer,
excluding other competing causes of death (CODs) from its
endpoint. There is a high risk of competing non-cancer events
for glioblastoma patients with a high rate of associated comor-
bidities, especially with advanced age. Few studies reported
cancer itself as a predominant COD in these patients, with a
significant subset related to other causes. Most of these deaths
are due to heart and cerebrovascular diseases and infections.
Given the high proportion of elderly glioblastoma patients
in registries and trials, it is difficult to distinguish between
glioblastoma-specific and non-glioblastoma deaths and the ef-
ficacy of drugs in survival and quality of life improvement [4].

Our primary objective in this study was to estimate OS, RS,
and conditional survival to determine if patients’ survival rates
improved over the years following diagnosis and to investigate
both cancer-specific mortality and non-cancer reasons for death
in glioblastoma patients. Utilizing the Surveillance, Epidemi-
ology, and End Results (SEER) database, we conducted com-
prehensive analyses to thoroughly understand the clinical char-
acteristics, prognosis, and their associations with risk factors,
aiming to enhance outcomes for glioblastoma patients.

Materials and Methods

Ethics approval and consent to participate

This study was conducted in accordance with the ethical guide-
lines outlined by the World Medical Association’s Declaration
of Helsinki. Approval for all procedures was obtained from the
Ethical Committee of Assiut Faculty of Medicine, Egypt (10-
2024). All data were collected from the anonymized SEER da-
tabase. The study’s execution did not require informed consent
(the need for consent was waived).

Study population

In this retrospective cohort study, we employed SEER*Stat
software version 8.3.9.2 to collect data from the SEER 17
Plus database, an authoritative population-based cancer reg-
istry that covers nearly 34.6% of the US population [5]. The

study included patients diagnosed between 2000 and 2019.
We utilized the International Classification of Diseases for
Oncology, Third Edition (ICD-O-3), applying the codes 9440-
9442 to identify glioblastoma cases (previously classified as
WHO grade 1V) and topographic location codes C71.0-C71.9
to specify brain tumor locations [6]. These codes were used
for case identification in epidemiological and registry-based
research. We excluded patients who had an unknown survival
time. Similarly, we excluded patients who were missing criti-
cal clinical data. Additionally, we excluded other histology and
other grades.

Outcomes and their measures

We evaluated both cancer-specific and non-cancer CODs in
our study, as well as calculated the standardized mortality
ratios (SMRs) for each COD. To pinpoint the most clinically
significant CODs among patients with glioblastoma and to
inform follow-up care decisions, we categorized non-cancer
CODs by age groups: overall, under 18, 18 - 44, 45 - 59,
60 - 74, and over 75 years. CODs were determined using
the SEER COD recode, which is based on death certificate
information and employs the ICD-10 codes. Other assessed
outcomes in this study were OS, RS, and conditional sur-
vival. OS was the percentile of cancer patients who were still
alive after a certain duration after being diagnosed, and it
is not considered because of death, so it also included non-
cancer CODs [7]. The expected survival rate was calculated
using a cohort of individuals without cancer. This calculation
was based on the assumption that multiple CODs act inde-
pendently and compete with each other concurrently [7, 8].
Conditional survival was defined as the probability that a pa-
tient survives an additional specified period, given that they
have already survived a certain number of years following an
initial cancer diagnosis [9].

Statistical analysis

We employed SEER *Stat software version 8.3.9.2 to calculate
SMRs for all CODs following a glioblastoma diagnosis. SMRs
were determined by dividing the number of observed deaths
by the number of expected deaths. Here, observed deaths re-
ferred to glioblastoma patients who succumbed to a specific
cause, while expected deaths represented the anticipated num-
ber of deaths from the same cause in a demographically simi-
lar population without glioblastoma. Adjustments were made
for demographic variables such as age and race. The data was
stratified into three intervals based on the time from diagnosis
to death: less than 1 year, 1 to 5 years, and more than 5 years,
each accompanied by their corresponding 95% confidence in-
tervals (CIs).

Simultaneously, we calculated OS, RS, and conditional
survival using survival analysis modules within SEER*Stat.
Univariate and multivariate Cox proportional hazards regres-
sion models were constructed using R software version 3.5 to
evaluate the impact of variables, including age groups (< 18,
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Table 1. Baseline Characteristics of Patients With Glioblastoma

Characteristic Diagnosed cases no. (%) Deaths no. (%)
All patients 45,071 (100) 40,568 (90.01)
Sex
Male 26,139 (58.00) 23,591 (58.15)
Female 18,932 (42.00) 16,977 (41.85)
Race
White 40,037 (88.83) 36,237 (89.32)
American Indian/Alaska Native 191 (0.42) 165 (0.41)
Asian or Pacific Islander 2,207 (4.90) 1,857 (4.58)
Black 2,505 (5.56) 2,231 (5.50)
Unknown 131 (0.29) 78 (0.19)
Age at diagnosis
<18 497 (1.10) 404 (1.00)
18 -44 3,936 (8.73) 3,087 (7.61)
45-59 13,507 (29.97) 11,915 (29.37)
60 - 74 18,217 (40.42) 16,572 (40.85)
>75 8,914 (19.78) 8,590 (21.17)

18 - 44,45 - 59, 60 - 74, > 75 years), sex, and race. Outcome
measures are presented with their corresponding 95% Cls to
indicate the precision of the estimates. Statistical significance
was defined as a P value less than 0.05. All statistical tests
were two-sided.

Results

Patients and clinical characteristics

From 2000 to 2019, a total of 45,071 patients with glioblasto-
ma grade IV, according to the WHO 2016 classification, were
included in our analysis (Table 1). About 40.4% of patients
were in the 60 - 74 years age group. The majority were male
(26,139; 58.0%) and White individuals (40,037; 88.8%). The
mean survival time of the included patients was 13.8 months
(standard deviation (SD), 21.7 months). Throughout the study
period, the majority of the included patients (40,568; 90.1%)
died. Within this group, a significant portion of patients
(38,089; 85.5%) died from glioblastoma grade IV, whereas a
smaller cohort of patients (1,934; 4.3%) died from causes un-
related to the primary tumor. Notably, the frontal lobe (12,347,
27.4%) and temporal lobe (11,023; 24.5%) were the most com-
mon sites affected by glioblastoma grade IV.

Survival analysis

The observed 1-year, 3-year, and 5-year survival rates of our
patients declined over time to 40.1%, 9.8%, and 5.2%, respec-
tively. Likewise, the relative 1-year, 3-year, and 5-year sur-
vival rates decreased to 40.7%, 10.2%, and 5.4%, respectively

(Table 2). In male participants, the observed 3-year and 5-year
survival rates were 9.5% and 4.9%, respectively, whereas fe-
male participants had better observed 3-year and 5-year sur-
vival rates of 10.3% and 5.6%, respectively. White patients
had the lowest survival rates among all included patients. For
the older cohorts, the 3-year and 5-year observed survival rates
were the lowest among all age groups. The conditional sur-
vival estimates of glioblastoma grade IV improved over time
since the primary diagnosis. After surviving 1, 3, and 5 years,
the conditional 3-year survival estimates increased to 16.9%,
42.9%, and 60.2%, respectively. Female patients had better
conditional survival than male patients. Older patients had the
lowest conditional survival of any age bracket.

Prognostic factors (age, sex, race)

We conducted univariate Cox regression analyses to recog-
nize the significant factors that influence the survival of our
patients. Age, sex, and race were investigated to determine
whether they had a significant impact on survival (P < 0.05),
followed by a multivariate Cox regression analysis (Table 3).
Older patients displayed a significantly lower probability of
survival than younger patients. Male patients had a lower like-
lihood of survival than female patients. White patients showed
the lowest survival rate among all races. Multivariate Cox pro-
portional hazards analysis demonstrated that age, sex, and race
were independent prognostic factors influencing survival out-
comes in patients with glioblastoma grade I'V.

CODs

Of the included patients, 39,937 (88.6%) died during the fol-
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Table 2. Survival of Glioblastoma Patients With Conditional Survival According to Age

Observed survival 95%

Relative survival 95%

Years G UG CI (lower - upper) CI (lower - upper)
Overall

1 year 45,071 0.40 (0.396 - 0.405) 0.41 (0.402 - 0.411)

3 years 45,071 0.10 (0.095 - 0.101) 0.10 (0.099 - 0.105)

S years 45,071 0.05 (0.049 - 0.054) 0.05 (0.052 - 0.057)

3 years after 1-year survival 16,751 0.17 (0.163 - 0.175) 0.17 (0.168 - 0.18)

3 years after 3 years of survival 3,499 0.43 (0.411 - 0.4406) 0.44 (0.422 - 0.458)

3 years after 5 years of survival 1,554 0.60 (0.575 - 0.627) 0.62 (0.59 - 0.644)
Age<18

1 year 497 0.55 (0.507 - 0.596) 0.55(0.507 - 0.596)

3 years 497 0.21 (0.17 - 0.244) 0.21 (0.17 - 0.244)

S years 497 0.16 (0.125 - 0.193) 0.16 (0.125 - 0.193)

3 years after 1-year survival 260 0.30 (0.246 - 0.361) 0.30 (0.246 - 0.361)

3 years after 3 years of survival 87 0.73 (0.615 - 0.808) 0.73 (0.615 - 0.809)

3 years after 5 years of survival 59 0.84 (0.698 - 0.916) 0.84 (0.699 - 0.916)
Age 18 - 44

1 year 3,936 0.71 (0.699 - 0.728) 0.72 (0.7 - 0.729)

3 years 3,936 0.30(0.285-0.316) 0.30 (0.287 - 0.317)

S years 3,936 0.19 (0.179 - 0.207) 0.20* (0.181 - 0.209)

3 years after 1-year survival 2,616 0.33(0.312-0.35) 0.33*(0.313 - 0.351)

3 years after 3 years of survival 953 0.55 (0.517 - 0.584) 0.56* (0.52 - 0.588)

3 years after 5 years of survival 522 0.67 (0.629 - 0.715) 0.68* (0.633 - 0.719)
Age 45 - 59

1 year 13,507 0.55(0.545 - 0.562) 0.56 (0.548 - 0.565)

3 years 13,507 0.13 (0.124 - 0.136) 0.13 (0.126 - 0.139)

S years 13,507 0.07 (0.06 - 0.069) 0.07 (0.062 - 0.072)

3 years after 1-year survival 6,979 0.16 (0.146 - 0.164) 0.16 (0.149 - 0.167)

3 years after 3 years of survival 1,420 0.41 (0.382 - 0.436) 0.42 (0.39 - 0.445)

3 years after 5 years of survival 608 0.59 (0.544 - 0.628) 0.60 (0.556 - 0.642)
Age 60 - 74

1 year 18,217 0.35 (0.345 - 0.359) 0.36 (0.35 - 0.365)

3 years 18,217 0.07 (0.063 - 0.071) 0.07 (0.066 - 0.075)

S years 18,217 0.03 (0.027 - 0.033) 0.03 (0.029 - 0.035)

3 years after 1-year survival 5,893 0.12 (0.113 - 0.131) 0.13 (0.119 - 0.138)

3 years after 3 years of survival 932 0.32 (0.284 - 0.35) 0.34 (0.301 - 0.37)

3 years after 5 years of survival 332 0.49 (0.43 - 0.547) 0.52 (0.458 - 0.582)
Age>175

1 year 8,914 0.12 (0.115 - 0.129) 0.13 (0.121 - 0.136)

3 years 8,914 0.02 (0.013 - 0.019) 0.02 (0.016 - 0.022)

S years 8,914 0.01 (0.004 - 0.008) 0.01* (0.006 - 0.011)

3 years after 1-year survival 1,003 0.07 (0.056 - 0.091) 0.09 (0.066 - 0.108)

3 years after 3 years of survival 107 0.27 (0.185 - 0.368) 0.33* (0.223 - 0.446)

3 years after 5 years of survival 33 0.39 (0.215 - 0.558) 0.48* (0.253 - 0.67)

*Significant P value less than 0.05. Cl: confidence interval.
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Table 3. Univariate and Multivariate Analysis of Age, Race, and Sex as Prognostic Factors

Univariate

Multivariate

Coefficients 95% CI (lower - upper) Pvalue Coefficients 95% CI (lower - upper) P value

Age
60 - 74 Reference
<18 0.51 (0.46 - 0.57)
18 -44 0.42 (0.4 - 0.43)
45-59 0.67 (0.65 - 0.69)
>75 2.09 (2.04 - 2.15)
Race
White Reference
American Indian/Alaska Native  0.85 (0.73 - 1)
Asian or Pacific Islander 0.81 (0.78 - 0.85)
Black 0.93 (0.89-0.97)
Unknown 0.7 (0.56 - 0.87)
Sex
Male Reference
Female 1.02 (1 -1.04)

0 0.52 (0.47 - 0.57) 0
0 0.42 (0.4 - 0.44) 0

0 0.67 (0.65 - 0.68) 0

0 2.1 (2.05 - 2.16) 0
0.044  0.98(0.84 - 1.14) 0.75
0 0.86 (0.82 - 0.9) 0
0.001  1.03(0.98 - 1.07) 0.24
0.002  0.83(0.66 - 1.03) 0.1
0.05 0.95 (0.94 - 0.97) 0

Cl: confidence interval.

low-up period. Most deaths (63.2%) occurred within 1 year
of diagnosis, while 34.8% occurred from 1 to 5 years, and 2%
occurred after 5 years. Among all age groups, patients aged be-
tween 60 - 74 years (40.9%) had the highest number of deaths

throughout the study. Of the total deaths, 35,235 (88.23%)
were from brain and other nervous system cancers, 657
(1.65%) were from other cancers, and 4,045 (10.13%) were
from non-cancer causes. Figure 1 displays the most common

Causes of Death During Each Latency Period
After Diagnosis of Glioblastoma

Proportion of deaths as percentage

Total deaths < 1 year 1-5year

Latency period

100%
90%
80%
70%
60% W Brain and other nervous
system cancers
50%
B Non-CNS cancers
40%
30% W Non-cancer causes
20%
10%
0%

> 5 year

Figure 1. Causes of death after glioblastoma diagnosis graded by latency period. CNS: central nervous system.
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COD in glioblastoma graded by latency period.

Cancer CODs

The most common non-glioblastoma grade IV cancer causes
were breast cancer (SMR, 2.26; 95% CI, 1.46 - 3.33), fol-
lowed by cancers of other endocrine organs including the
thymus (SMR, 63.28; 95% CI, 36.86 - 101.32), small intes-
tine (SMR, 15.42; 95% CI, 6.20 - 31.77), soft tissue including
heart (SMR, 5.04; 95% CI, 2.03 - 10.39), and bones and joints
(SMR, 10.65; 95% CI, 2.90 - 27.26). Other causes of cancer
are demonstrated in Table 4.

Non-cancer CODs

The most common non-cancer CODs were cardiovascular dis-
eases (SMR, 2.97;95% CI, 2.73 - 3.23), cerebrovascular diseases
(SMR, 5.11; 95% CI, 4.39 - 5.92), and septicemia (SMR, 8.97;
95% CI, 7.26 - 10.96) during all latency periods (Table 5). Infec-
tious and parasitic diseases, including human immunodeficiency
virus (HIV), were noted as a considerable COD (SMR, 5.94;
95% CI, 4.41 - 7.83). This may be attributed to HIV’s tendency
to target microglial cells and macrophages in the CNS. Figure 2
shows the most common non-cancer COD in glioblastoma.

Non-cancer CODs within 1 year after glioblastoma grade
IV diagnosis

A total of 25,235 deaths occurred within 1 year after glioblas-
toma grade IV diagnosis; 21,833 (86.5%) patients died of brain
and other nervous system cancers, 427 (1.7%) died of other
cancers, and 2,975 (11.8%) died of non-cancer causes. Within
this year, cardiovascular diseases, cercbrovascular diseases,
and septicemia remained the leading CODs with SMRs of 3.47
(95% CI, 3.15 - 3.81), 5.77 (95% CI, 4.83 - 6.84), and 9.94
(95% CI, 7.67 - 12.67), respectively.

In the first year after glioblastoma grade IV diagnosis, the
most common non-cancer COD in all age groups, except for
those younger than 18 years and patients aged 18 - 44, was car-
diovascular diseases. There were no significant differences in
the risk of death in patients younger than 18 years compared to
the general population. Patients aged 18 - 44 had higher risks
of dying from cerebrovascular diseases (SMR, 24.52; 95% CI,
5.06 - 71.67) and other parasitic and infectious diseases, in-
cluding HIV (SMR, 9.96; 95% CI, 1.21 - 35.99). Notably, par-
ticipants older than 75 years had the highest risk of death from
heart diseases (SMR, 3.00; 95% CI, 2.59 - 3.47) compared to
any other age group within this year after diagnosis. Tables 6-
10 show the CODs for all age subgroups.

Non-cancer CODs from 1 to 5 years after glioblastoma
grade IV diagnosis

A total of 13,910 deaths (34.8% of all deaths) occurred from

1 to 5 years after diagnosis of glioblastoma grade 1V; 12,746
(91.6%) patients died of brain and other nervous system can-
cers, 203 (1.5%) died of other cancers, and 961 (6.9%) died of
non-cancer causes. The most common non-cancer CODs were
cardiovascular diseases (SMR, 2.22; 95% CI, 1.84 - 2.65), cer-
ebrovascular diseases (SMR, 3.92; 95% CI, 2.76 - 5.41), and
treatment-related adverse effects (SMR, 3.05; 95% CI, 2.09
-4.30).

Within 1 to 5 years of glioblastoma grade IV diagnosis,
cardiovascular diseases were the most common non-cancer
COD in all age groups except participants who were diagnosed
below 18 years and those over 75 years. Compared with the
general population, patients younger than 18 years had a sig-
nificantly higher risk of death from pneumonia and influenza
(SMR, 402.27; 95% CI, 10.18 - 2,241.30). Patients aged 18
- 44 had higher risks of dying from cardiovascular diseases
(SMR, 5.88; 95% CI, 2.54 - 11.58), influenza, and pneumonia
(SMR, 31.62; 95% CI, 6.52 - 92.41). Patients diagnosed with
glioblastoma grade IV aged 45 - 59 and 60 - 74 had a higher
risk of death from cardiovascular and cerebrovascular diseas-
es, accidents, and adverse effects. Interestingly, there were no
significant differences in the risk of death in patients older than
75 years compared to the general population.

Non-cancer CODs more than 5 years after glioblastoma
grade IV diagnosis

A total of 792 patients, accounting for 2.0% of all deaths, died
more than 5 years after being diagnosed with grade IV glio-
blastoma; 656 (82.8%) patients died of brain and other nerv-
ous system cancers, 27 (3.4%) died of other cancers, and 109
(13.8%) died of non-cancer causes. The most common non-
cancer CODs were cerebrovascular diseases (SMR, 3.56; 95%
CI, 1.63 - 6.76), followed by septicemia (SMR, 4.67; 95% CI,
1.27 - 11.95), influenza and pneumonia (SMR, 4.02; 95% ClI,
1.09 - 10.29). More than 5 years after diagnosis of glioblas-
toma grade 1V, the leading COD in patients aged 18 - 44 was
cerebrovascular diseases (SMR, 30.17; 95% CI, 9.80 - 70.40).

Discussion

Glioblastoma remains one of the most formidable challenges
in neuro-oncology due to its aggressive nature and limited
treatment options [9]. Our study utilized data from the SEER
database to comprehensively analyze the clinical characteris-
tics, outcomes, and CODs in patients diagnosed with glioblas-
toma grade IV between 2000 and 2019.

We examined the distribution of glioblastoma cases across
different demographic groups. Remarkably, most patients were
aged between 60 and 74 years, reflecting the increasing inci-
dence of glioblastoma with advancing age. Male patients con-
stituted the larger proportion of the cohort, which is consistent
with previous observations suggesting a male predilection for
glioblastoma and previous studies’ results [10, 11].

Previous studies have shown that glioblastoma patients
experience a gender disparity in outcomes, with females of-
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Figure 2. Non-cancer causes of death in glioblastoma.

ten having a better prognosis than males [12, 13]. Survival
analysis reveals a substantial decline in both OS and RS over
time, reflecting the disease’s aggressive nature. Compared to
males, females experienced a slight but consistently increased
survival. This suggests a possible sex-specific difference either
in the mechanism of the disease or response to therapy. Sur-
vival disparities existed among the various racial groups, with
White patients having the lowest survival rates. More research
is needed to better understand the significant causes of dispari-
ties, whether social or biological. The survival estimates were
based on conditional survival curves, which demonstrate that
survival prospects improve with time after diagnosis, espe-
cially for those who survive 6 - 10 years after diagnosis. Con-
ditional survival curves also clearly show that older patients
had lower conditional survival rates compared with younger
patients. Young people, particularly those in the adolescent and
young adult category, had the highest SMRs for death from
cancer and non-cancer causes, underscoring the importance
of age-relative considerations in glioblastoma treatment de-
cision-making and survivorship care planning. Older patients
had an increased risk of death from cerebrovascular disease,
highlighting the importance of managing this age-related co-
morbidity and optimizing outcomes in this population, which
is supported by existing data [14, 15]. Cardiovascular diseases
were the most commonly identified non-glioblastoma COD,
just as they are in the general population [16, 17]. Notably,
this emphasizes the importance of systems that provide car-
diovascular risk reduction for all patients with glioblastoma,
particularly given the increased likelihood of cardiac mortal-

ity following diagnosis. Colorectal cancer was the next most
common non-glioblastoma COD. This could be in part due to
common modifiable risk factors for cardiovascular disease and
colorectal cancer, such as dyslipidemia, smoking, and a seden-
tary lifestyle.

Our analysis also revealed an increased risk of death from
septicemia, particularly in the first 5 years following diag-
nosis, suggesting a potential association with cancer-related
treatments such as surgery, chemotherapy, and radiotherapy.
It is crucial to ensure careful supervision and immediate ac-
tion whenever any signs of infection are spotted among people
suffering from glioblastoma under treatment. Furthermore, our
study identified suicide as a notable risk within the first 5 years
of glioblastoma diagnosis, highlighting the need for integrated
mental health support and psychosocial interventions as part of
comprehensive glioblastoma care.

Our study’s limitations include its retrospective nature,
which may introduce biases and limitations in adjusted factors.
The large sample size may also lead to statistically significant
findings that may not always translate into clinical signifi-
cance. Additionally, the study period limited the assessment of
long-term outcomes, particularly for patients diagnosed later
in the study period.

Furthermore, the ICD-O-3 classification we utilized does
not incorporate molecular features such as IDH mutation sta-
tus, which are now essential in the WHO 2021 classification.
Prior to 2021, glioblastoma encompassed both IDH-wild-type
and IDH-mutant cases. Given the constraints of our dataset,
our study relies on the historical classification system. How-
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Table 6. SMRs for Each COD Following Glioblastoma Diagnosis in Patients Less Than 18 Years

Total deaths

Deaths by time after diagnosis
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63.39% (35.48 - 104.55)
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125.45% (78.62
- 189.94)

22

Non-cancer

causes

128.47% (90.45
-177.07)

28.39 (0.72 37
-158.17)

1

96.30* (52.65 - 161.58)

14

204.81% (128.36
-310.09)

22

Other COD

*Significant. CNS: central nervous system; Cl: confidence interval; COD: cause of death; SMR: standardized mortality ratio.

ever, we acknowledge that the 2021 WHO Classification of
CNS tumors has redefined glioblastoma strictly as an IDH-
wild-type, CNS WHO grade IV tumor in adults, while IDH-
mutant cases are now categorized separately as astrocytoma,
WHO grade IV.

Our analysis of CODs revealed that the majority of deaths
were attributable to glioblastoma itself due to the aggressive
nature of the disease. However, a notable proportion of deaths
were attributed to non-cancer causes, with cardiovascular dis-
eases, cerebrovascular diseases, and septicemia emerging as
the most common non-cancer CODs. Importantly, the risk of
non-cancer mortality varied across different age groups, with
older patients exhibiting a higher risk of death from cardiovas-
cular and cerebrovascular conditions.

Strength of the study

Our study may raise the awareness of healthcare providers
about glioblastoma and its management, including an assess-
ment of other associations such as CODs. Overall, our study
provides valuable insights into the clinical characteristics,
outcomes, and CODs in patients with glioblastoma grade IV.
These findings point to the urgent need for novel therapeutic
approaches to improve survival outcomes and mitigate the bur-
den of non-cancer comorbidities in this patient population. It is
also essential to integrate holistic and personalized approaches
to glioblastoma management, cardiovascular risk assessment,
infectious disease management, and psychosocial support into
routine care to optimize outcomes and enhance the quality of
life for glioblastoma patients across the continuum of their dis-
ease journey.

Recommendation

Further research is warranted to elucidate the underlying
mechanisms driving disparities in survival outcomes across
demographic groups and to inform personalized treatment
strategies for glioblastoma patients.

Conclusion

In this study, patients diagnosed with WHO grade IV glioblas-
toma showed a sharp decline in OS and RS over time after
diagnosis. However, there was a notable improvement in con-
ditional 3-year survival over time. Cardiovascular diseases
emerged as the most common non-cancer COD, with lower
survival rates in males and advanced age. Accordingly, age,
race, and sex were considered independent prognostic factors
influencing survival outcomes in patients with glioblastoma
grade IV.
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