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Abstract

This retrospective study comprehensively analyses the epidemiological trends of Central Nervous System (CNS) cancers in Saudi Arabia
over three decades, from 1990 to 2019. Utilizing data from the Institute for Health Metrics and Evaluation (IHME) and the Saudi Cancer
Registry, the study examines incidence, prevalence, and mortality rates, offering a detailed depiction of CNS cancer trends in the region. The
findings reveal a significant increase in the incidence of CNS cancers, with rates increasing from 1.1 to 3.63 per 100,000 population. Despite
this rise, the incidence in Saudi Arabia remains lower than in more developed regions, suggesting regional variations in risk factors and
healthcare practices. The study observes a marked decline in mortality rates, from 25% in 1990 to below 10% in 2019, indicative of the effect
of advancements in early detection, molecular diagnostics, and therapeutic interventions. Gender disparities were apparent, with males
exhibiting higher incidence and mortality rates, aligning with global epidemiological patterns. The study also highlights demographic
variability in CNS cancer incidence, with a prominent increase in adult populations, particularly those aged 55 and above. These findings
underscore the need for targeted public health strategies and healthcare policies to address the rising incidence and improve patient outcomes.
The study advocates for future research focusing on the etiology of CNS cancers, particularly in genetic and environmental factors, and calls
for international collaboration in research to understand global variations in CNS cancer trends.
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Global Incidence and Mortality Patterns of CNS
Cancers
Advances in diagnostic modalities, particularly molecular
diagnostics, have revolutionized the accuracy of CNS tumor

INTRODUCTION

Epidemiological Overview of CNS Neoplasms
Prevalence and Impact of CNS Malignancies
Central nervous system (CNS) cancers, encompassing

malignancies of the brain and spinal cord, represent a critical
public health concern due to their high morbidity and
mortality rates [1, 2]. These neoplasms, accounting for
approximately 3.7% of all cancers in men and 2.3% in
women, are among the leading causes of cancer-related
deaths across various age groups [3]. CNS tumors,
particularly brain neoplasms, are the predominant cause of
cancer-related mortality in pediatric populations and rank
third in adult demographics [4]. Despite advancements in
oncological therapies, CNS cancers pose significant
challenges due to their heterogeneity, aggressive nature, and
complex pathophysiology [5].
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characterization, emphasizing the role of histopathological
classification in treatment planning and prognosis
determination [6]. Even benign CNS tumors have deleterious
effects, potentially leading to fatal outcomes due to their
intracranial location, space-occupying characteristics, and
potential for malignant transformation [7]. Notably, the
incidence and mortality rates of CNS neoplasms are
disproportionately higher in developed regions such as
Europe, Australia/New Zealand, and North America,
compared to Africa and the Pacific [8].

A critical analysis of age-specific incidence rates is essential
in investigating demographic variability in CNS cancer
incidence. Such analysis explains the demographic trends and
shifts in CNS cancer cases, providing valuable insights into
the epidemiology of these malignancies [9, 10]. The
incidence of central nervous system (CNS) cancers exhibits
notable demographic variability, mainly when analyzed
across different age groups. CNS tumors are a significant
cause of morbidity and mortality among children [11]. In
contrast, adults, especially those in middle-aged and elderly
groups, show a marked increase in the incidence of CNS
cancers, such as gliomas [12, 13]. This age-related rise in
incidence is attributed to factors like cumulative
environmental exposures, and genetic mutations [14]. Shifts
in the demographic patterns of CNS cancer incidence suggest
variation in exposure to environmental factors, and possibly
lifestyle changes [15, 16].

The World Health Organization (WHOQ) categorizes CNS
malignancies into distinct histological classes, confounding
the traditional benign-malignant classification system in
favor of a more comprehensive grading system [17, 18]. The
epidemiology of CNS tumors, including their frequency,
incidence, management, and recurrence rates, varies
significantly based on histological type, age at diagnosis, and
gender, and consequently, the available treatment modalities
differ among these variables [17, 18]. Understanding these
trends is crucial for tailoring clinical management strategies
and guiding research efforts aimed at unraveling the complex
etiology of CNS cancers [19, 20]. Recent studies have
indicated a global increase in CNS tumor incidence,
attributed partly to enhanced detection techniques [21, 22].
The advent of sophisticated diagnostic tools has led to
improved identification of CNS tumors, including detection
in asymptomatic individuals [23, 24].

Etiological Factors in CNS Tumour Development
Identifying risk factors is crucial for pinpointing populations
at higher risk for CNS cancers and tailoring intervention
strategies. The etiology of brain tumors remains elusive,
although genetic mutations, developmental anomalies, and
environmental factors are suspected contributors [25, 26].

High-throughput genomic studies have shed light on potential
causative factors and risk elements associated with CNS
tumors [27]. Research has identified several risk factors,
including exposure to ionizing radiation and a history of

allergies, with the latter showing a stronger correlation in
pediatric populations [28]. Studies suggested a link between
European ancestry and an increased risk of childhood
ependymoma [29] and a correlation between enlarged
telomeres and heightened ependymoma risk in adolescents
[30]. The relationship between higher birth weights and
childhood CNS tumor incidence has been demonstrated by
multiple meta-analyses [27, 30, 31], although some studies
report conflicting findings [32]. Chromosomal structural
anomalies are recognized as significant risk factors for
pediatric cancers, particularly in children under five [33-37],
with a twofold increased risk of CNS tumors in children with
congenital disabilities [36-39].

The potential carcinogenic effects of ubiquitous mobile
phone use have also been scrutinized. The International
Agency for Research on Cancer (IARC) classified
radiofrequency fields from cell phones as possibly
carcinogenic in 2011 [40], although studies on extremely
low-frequency magnetic fields (ELF-MF) have vyielded
inconclusive results [41]. A notable study linked high ELF-
MF exposure to an increased risk of glioma [42].

Most CNS tumors are sporadic and only a small percentage
of patients have a familial predisposition [43, 44]. In Saudi
Arabia, CNS cancers are relatively rare compared to global
statistics, with metastatic carcinoma and high-grade gliomas
being the most prevalent [17]. Benign tumors were observed
more frequently in females and malignant CNS tumors were
higher in males than females, particularly those over 40 [7,
39]. A detailed understanding of CNS tumor prevalence in
Saudi Arabia can illuminate disease variability across
populations and uncover disparities in incidence and
mortality rates.

The primary aim of this study is to conduct a comprehensive
analysis of the epidemiological trends of Central Nervous
System (CNS) cancers in Saudi Arabia, focusing on
understanding the incidence and mortality rates. This analysis
seeks to compare these rates with global statistics to identify
unique regional trends and patterns specific to the Saudi
Arabian context. Additionally, the study aims to explore the
demographic variability in the incidence of CNS cancers
within Saudi Arabia. It specifically investigates the age-
specific incidence rates, highlighting the differences in the
burden of CNS tumors across various age groups and
focusing on comparing pediatric populations to adult
demographics.

MATERIALS AND METHODS

Data Acquisition and Source Analysis

This study adopted a methodology from the Global Burden of
Disease study [45], utilizing a comprehensive data collection
and analysis approach. The primary data source was the
Institute for Health Metrics and Evaluation (IHME) database,
from which CNS cancer data from 1990 to 2019 were
extracted. This dataset included detailed information on the
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incidence, prevalence, and mortality rates of CNS cancers in
Saudi Arabia, providing a robust foundation for our
epidemiological analysis [46].

In addition to the IHME database, this study incorporated
data from the Saudi Cancer Registry. This registry is a critical
resource for cancer data in Saudi Arabia, offering valuable
insights into the local epidemiological trends and patterns of
CNS cancers [47]. Integrating data from the Saudi Cancer
Registry was instrumental in ensuring a comprehensive
understanding of the CNS cancer landscape within the Saudi
Arabian context, allowing for a more nuanced and region-
specific analysis [48].

Ethical Considerations in Data Utilization
Data from the Saudi Arabian National Cancer Database was
utilized with approval from the Committee for Research

4.5 +

35 1+

Incidence rate of CNS cancer per 100,000
papulation

Ethics for the Health of Makkah Region, Ministry of Health
(H-02-K-076-0103-268).

Data Analysis and Visualisation

Data analysis in February 2023 involved descriptive statistics
using Excel for gender and year-wise prevalence on GBD
prevalence data. Excel was used to visualize CNS cancer's
cause of death in Saudi Arabia and its age distribution pattern.
SPSS (version 26) facilitated statistical comparisons and
confidence intervals of 95% (95%Cl).

REsuLTs AND Discussion

Escalating Incidence of CNS Cancers in Saudi
Arabia over 30 years

From 1990 to 2019, Saudi Arabia recorded 75,667 CNS
cancer cases, with males comprising 56.3%. The incidence
rate escalated from 1.1 per 100,000 in 1990 to 3.63 per
100,000 in 2019 (Figure 1).
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Figure 1. CNS cancer incidence in Saudi Arabia over 30 years. Figure presents a line graph depicting the incidence rates
of CNS cancers in Saudi Arabia over 29 years, from 1990 to 2019. The X-axis of the graph represents the years, while the

Y-axis indicates the incidence rates per 100,000 population.

The current study provides an extensive analysis of the
epidemiology of CNS cancers in Saudi Arabia over a period
spanning from 1990 to 2019. A key finding is the observed
increase in the incidence of CNS cancers, coupled with a
concurrent decline in mortality rates. Notably, while the
incidence rate in Saudi Arabia is on an upward trajectory, it
remains comparatively lower than those reported in more
developed regions [29]. This difference may be attributed to
genetic, environmental, and lifestyle factors and variations in
healthcare systems and cancer screening programs.

This investigation into the epidemiological trends of CNS
cancers in Saudi Arabia has revealed a notable increase in
incidence rates, rising from 1.1 to 3.63 per 100,000 by 2019.
This escalation mirrors trends observed in the broader Middle
East and North African regions, where a similar upsurge in
CNS cancer prevalence has been documented [46, 49].

However, the incidence rate in Saudi Arabia, peaking at 3.63
per 100,000, remains comparatively lower than that reported
in developed countries such as Europe, Australia, and the
USA, where incidence rates are higher [29]. Globally, age-
standardized incidence rates have maintained a steady level
of approximately 1.1% from 2010 to 2019 despite an overall
increase in the total cancer burden.

Demographic Variability in CNS Cancer Incidence
and Mortality

In examining the incidence rates of CNS cancers in Saudi
Arabia over 30 years, our analysis revealed distinct age-
related trends. The incidence rates remained consistently
stable for the pediatric and adolescent age groups (0-14 and
15-19 years). In stark contrast, a significant increase was
observed in the adult population, particularly in the 20-54 age
group, where the incidence rate escalated ninefold by 2019

140,
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compared to 1990. Notably, the data indicated that
individuals aged 55 and over have become increasingly

Number of CNS cancer cases

susceptible to CNS cancers in the last two decades, marking
them as the highest-risk group (Figures 2a and 2b).
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Figure 2. Age Group Analysis of CNS Cancer Incidence and Rate of Increase (1990-2019)

a) Incidence of CNS Cancer Cases by Age Group. This chart displays the number of CNS cancer cases across different
age groups from 1990 to 2019. The X-axis represents the years from 1990 to 2019, while the Y-axis shows the incidence
of cases. The lines illustrate the trends and fluctuations in the number of CNS cancer cases within each age group over 29
years. b) Rate of Increase in CNS Cancer Cases by Age Group. This chart focuses on the rate of increase in CNS cancer
cases, again segmented by age group. The X-axis details the years from 1990 to 2019, and the Y-axis represents the rate
of increase in cases. Each colored line traces the trajectory of the rate at which CNS cancer cases have increased within
each age group, providing a comparative view of the acceleration or deceleration in case numbers across different age
demographics. Four lines, each representing an age group, are color-coded for clarity: 0-14 (blue line), 15-19 (orange),

20-54 (grey), and 55+ (yellow).

The study highlights a significant increase in CNS cancer
incidence in the age group of 55 and older, followed by the
20 to 54 age groups. This pattern agrees with findings from
regional studies in Lebanon, the United Arab Emirates, and
Jordan [47, 49-51], suggesting potential socio-geographical
factors influencing these trends. The observed increase in
CNS malignancies over time, particularly among the elderly,
is a trend that has been documented globally [21, 22, 24, 48,
52-54]. Research indicates that the incidence of CNS cancers
escalates with advancing age, especially in individuals aged
80 and above [12, 46].

Gender-Based Disparities in Incidence and
Mortality

In the analysis of 75,667 CNS cancer cases in Saudi Arabia,
a gender disparity was evident, with 42,593 cases in males
and 33,074 in females. As depicted in Figure 3a, the data
indicated that the 15-19 age group had the lowest incidence
among all CNS patients. In contrast, the age group of 20-54
years exhibited the highest number of incidences. Notably,
the incidence rate peaked in the 55 and over age group. This
trend was more noticeable in males, who consistently showed

higher incidence rates across all age groups, with the disparity
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between genders widening significantly in the 55 and over
category. Furthermore, Figure 3b illustrates that the 55+ age
group also experienced the highest mortality rate,

underscoring the increased vulnerability of this demographic
to CNS cancer-related fatalities.
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Figure 3. Age Group Analysis of CNS Cancer Incidence and Rate of Increase (1990-2019).

a) Incidence of CNS Cancer Cases by Age Group: This bar chart displays the number of CNS cancer cases across different
age groups from 1990 to 2019, segregated by gender, male (orange) and Female (blue). The X-axis represents the years
from 1990 to 2019, while the Y-axis shows the incidence of cases. The lines illustrate the trends and fluctuations in the
number of CNS cancer cases within each age group over 29 years. b) Rate of Increase in CNS Cancer Cases by Age Group:
This bar chart focuses on the rate of increase in CNS cancer cases, again segmented by age group segregated by gender,
male (orange) and Female (blue). The X-axis details the years from 1990 to 2019, and the Y-axis represents the rate of
increase in cases. Each bar traces the trajectory of the rate at which CNS cancer cases have increased within each age
group, providing a comparative view of the acceleration or deceleration in case numbers across different age demographics.

Furthermore, the study highlights significant gender
disparities in both incidence and mortality rates of CNS
cancers in Saudi Arabia. Males consistently exhibited higher
rates than females, which aligns with global epidemiological
patterns [22, 24, 46, 55]. This gender-based variation in CNS
cancer incidence and mortality could be influenced by a
combination of biological, environmental, and lifestyle
factors and warrants further investigation to understand the
underlying causes.

This study's findings contribute to the global understanding
of CNS cancer epidemiology, particularly regarding gender
disparities and age-related prevalence. Consistent with
existing literature [22, 46, 55, 56], our analysis indicates that
male patients across all age groups exhibit a higher
prevalence of CNS malignancies. This gender-based

prevalence aligns with research focused on neuroepithelial
tumors in the Eastern Province of Saudi Arabia, which are
more commonly observed in males and patients under the age
of 49 [51, 57]. However, these tumors appear to be less
prevalent in older age groups.

These findings underscore the complex interplay of age and
gender in the epidemiology of CNS cancers. They also
highlight the need for further research into these trends'
underlying mechanisms, including potential hereditary and
environmental factors. The comparative analysis of regional
and international data provides valuable insights into the
variations and similarities in CNS cancer incidence,
contributing to a more nuanced understanding of its global
epidemiology.
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Mortality Trends: A Comparative Analysis

In assessing the mortality trends associated with CNS cancers
in Saudi Arabia over a three-decade span, a line chart was
utilized to depict the percentage of deaths relative to the total
number of diagnosed cases. This analysis revealed a notable
decrease in the mortality rate from 25% in 1990 to below 10%

by 2019. This decline became particularly pronounced post-
2003. When disaggregated by gender, the data indicated a
consistently higher mortality rate among males than females
throughout the study period. However, the downward
trajectory in mortality rates was observed to be parallel in
both genders over the 30-year timeframe, as illustrated in
Figure 4.
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Figure 4. Trend in CNS Cancer Mortality Percentage per year in Saudi Arabia (1990-2019)

This line chart illustrates the reduction in deaths due to CNS cancers in Saudi Arabia over 30 years. This visualization
effectively captures the overall declining trend in CNS cancer mortality rates in Saudi Arabia while also highlighting the
gender-specific mortality trends within the same period. The X-axis of the chart is marked with years, ranging from 1990 to
2019. The Y-axis quantifies the annual percentage of deaths due to CNS cancers, calculated as a proportion of all diagnosed
cases yearly. The chart employs three colored lines to represent different categories: (blue) males and females, (orange)

females, and (grey) males.

A pivotal finding of this study is the discernible decline in the
mortality rate associated with CNS tumors in Saudi Arabia,
marking a significant shift in the trajectory of these cancers.
This decline is likely due to advancements in diagnostic
techniques,  improvements in  clinical  practices,
enhancements in cancer registration systems, and the
evolution of therapeutic approaches. The impact of early
detection, refined molecular diagnostics, and targeted
interventions is evident in the reduced mortality rates
observed globally for CNS tumors [58]. This aligns with the
findings from the Global Burden of Disease (GBD) study,
which indicated a decrease in the death-to-incidence ratio in
regions with improvements in the Socio-Demographic Index
(SDI) [58-60]. Furthermore, data from the National Cancer
Institute corroborate this trend, showing an increase in the 5-
year survival rate for CNS cancers from 26.8% in 1990 to
36.1% in 2009 [47]. In Saudi Arabia, this positive trend is
reflected in the reduction of the mortality rate from 25% in
1990 to 10% by 2019, underscoring significant progress in
managing CNS cancers.

Concurrently, the CONCORD-3 study has provided insights
into the survival rates from CNS cancers, indicating a
stabilization over 15 years. Notably, survival rate
improvement from 3 to 10% was observed in countries with

a higher Socio-Demographic Index (SDI), predominantly
high-income nations [61]. This improvement in survival rates
can be attributed to the enhanced effectiveness of treatment
modalities and the disparity in healthcare services across
different demographic populations [56, 59, 61]. These
findings suggest that advancements in medical treatments and
healthcare infrastructure, more prevalent in higher SDI
countries, are crucial in improving patient outcomes in CNS
cancers.

Contrasting Mortality Rates with Incidence Trends
Over the period from 1990 to 2019, there was a significant
escalation in CNS cancer mortality in Saudi Arabia. Figure
5a graphically represents this trend, showing an overall
increase in the percentage of patients death due to
neurological cancers. Notably, the mortality rate among male
patients was consistently higher than that observed in female
patients. This gender-specific mortality trend is quantitatively
depicted in Figure 5b, which illustrates the fold change in the
number of deaths due to CNS cancer. The data reveal a
mortality rate in 2019 that is nearly quadruple that of 1990.

In Figure 5, three lines represent different categories of
mortality data: a blue line indicates the total number of deaths
each year, an orange line represents the annual number of

.Archives of Pharmacy Practice | Volume 14 | Issue 4 | October — December 2023

143




Almasoudi et al.: Epidemiological Trends of Central Nervous System Neoplasms in Saudi Arabia: A Retrospective Analysis Over Three Decades

female deaths, and a grey line shows the total number of male
deaths annually. This visual representation underscores the

conducted to assess the statistical significance of these trends.
The analysis confirmed that the variations in mortality rates

over the 30 years and the differences between male and

increasing trend in CNS cancer-related deaths over the 30
female mortality rates were statistically significant.

years, with a marked disparity between male and female
mortality rates. Additionally, an ANOVA analysis was
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Figure 5. Trends in CNS Cancer Mortality in Saudi Arabia by Gender (1990-2019)

Figure 5 presents a series of line charts illustrating the trends in mortality due to CNS cancers in Saudi Arabia over 30
years, differentiated by gender. a) line chart of the number of deaths from 1990-2019 by gender. b) lone chart of the fold
change of death annually from 1990-2019. The charts are composed of three distinct lines, each representing a different
aspect of the mortality data: (blue) both male and female patients, (orange) female), and (grey) male. Additionally, the
figure includes the results of an ANOVA analysis, which confirms the statistical significance of the observed trends in
CNS cancer mortality, both over time and between genders. This analysis underscores the importance of the findings in
understanding the evolving landscape of CNS cancer mortality in Saudi Arabia.
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Global  Epidemiological
Implications

The comparative analysis of CNS cancer trends in Saudi
Arabia with international studies offers a broader perspective
on the global epidemiology of these malignancies. The
increasing trend of CNS cancers observed in Saudi Arabia
reflects a broader global pattern. Studies from various
regions, including North America, Europe, and Asia, have
reported similar increases in CNS cancer incidence,
suggesting a global rise in these malignancies [24]. This trend
may be attributed to aging populations, environmental
influences, and improved diagnostic capabilities [14, 62].

Comparisons  and

Interpreting CNS Cancer Trends in Saudi Arabia
In interpreting the CNS cancer trends in Saudi Arabia, it is
crucial to consider the region's unique socio-demographic
and healthcare context. The study's findings, which indicate a
lower incidence rate in Saudi Arabia than in developed
countries, might be influenced by regional differences in
genetic predispositions, lifestyle factors, and healthcare
access [63]. Additionally, the advancements in healthcare
infrastructure and cancer care in Saudi Arabia could
contribute to the observed decline in mortality rates,
mirroring global trends toward improved cancer management
[64].

Global  Epidemiological
Implications

The broader implications of this study extend beyond the
regional context, contributing to the global understanding of
CNS cancer epidemiology. The gender disparities and age-
related prevalence patterns observed in Saudi Arabia align
with global data, underscoring the need for gender-specific
and age-targeted approaches in CNS cancer research and
treatment [24, 64]. Furthermore, the study highlights the
importance of international collaboration in cancer research,
as understanding the variations in cancer trends across
different regions can lead to more effective global cancer
control strategies [65].

Comparisons  and

CoNcLUSION

Summary of Key Findings and Implications

This comprehensive study has provided valuable insights into
the epidemiological trends of CNS cancers in Saudi Arabia
over 30 years, from 1990 to 2019. The key findings reveal a
notable increase in the incidence of CNS cancers, with the
rates rising from 1.1 to 3.63 per 100,000 population. Despite
this increase, the incidence rates in Saudi Arabia remain
lower than those observed in more developed regions,
suggesting regional variations in risk factors and healthcare
practices.

A significant decline in mortality rates was also observed,
decreasing from 25% in 1990 to below 10% in 2019. This
decline indicates advancements in healthcare, particularly in
early detection, molecular diagnostics, and therapeutic
interventions. The study also highlighted gender disparities,

with males exhibiting higher incidence and mortality rates, a
trend consistent with global data.

The findings underscore the importance of continuous
surveillance and research into CNS cancers. They highlight
the need for targeted strategies to address the rising incidence
and further reduce mortality rates. The gender disparities
observed call for gender-specific research and healthcare
approaches.

Future research should focus on understanding the underlying
causes of the observed trends, including genetic,
environmental, and lifestyle factors. International
collaboration in research could provide a more
comprehensive understanding of global variations in CNS
cancer trends. Additionally, there is a need to explore new
diagnostic and therapeutic technologies to improve patient
outcomes further.

In conclusion, this study contributes significantly to
understanding CNS cancer trends in Saudi Arabia, offering a
foundation for future research and healthcare policy
development aimed at combating these malignancies more
effectively.

Prospects for
Development
The findings of this study pave the way for future research
endeavors and have substantial implications for health policy
and cancer management strategies. There is an urgent need
for comprehensive etiological studies that delve into the
genetic, environmental, and lifestyle factors specific to the
Saudi population, which could elucidate the underlying
causes of CNS cancers. Additionally, the observed gender
disparities in CNS cancer incidence and mortality rates
necessitate gender-specific research to understand the
contributing biological and socio-environmental factors,
potentially leading to more personalized prevention and
treatment approaches. Exploring novel diagnostic methods,
such as advanced imaging techniques and liquid biopsies,
alongside new treatment modalities like targeted therapies
and immunotherapies could significantly enhance early
detection and improve patient outcomes. Furthermore,
international collaborative studies could provide valuable
comparative data, helping to place the findings within a
global context.

Future Research and Policy

Regarding health policy and cancer management, these
findings could inform the development of targeted screening
programs and preventive strategies tailored to the specific
high-risk factors in the Saudi population. Insights from this
research could guide healthcare policy in strengthening the
infrastructure for cancer care, including establishing
specialized centers for CNS cancer treatment and research.
Public health campaigns, informed by the data on increasing
incidence rates and gender disparities, could raise awareness
about CNS cancers, promote early detection, and encourage
healthy lifestyle choices. Additionally, these findings could
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influence policy formulation, particularly in resource
allocation for cancer research, improving healthcare access,
and developing national guidelines for CNS cancer
management. Overall, this study sets a foundation for future
initiatives to reduce the burden of CNS malignancies,
focusing on improving outcomes through informed research
and policymaking.

Advancing CNS Cancer Research: Genomic and
Molecular Perspectives

Exploring genomic and molecular research holds immense
potential in advancing our understanding and treatment of
CNS cancers. Integrating genomic data into CNS cancer
research can provide deeper insights into the molecular
mechanisms underlying tumor development and progression.
This approach could lead to the identification of novel
biomarkers for early detection and prognosis and the
discovery of new therapeutic targets. Personalized medicine,
driven by genomic profiling, could revolutionize the
treatment of CNS cancers by enabling more precise and
effective interventions based on individual genetic makeup.

Moreover, molecular research can facilitate the
understanding of drug resistance mechanisms in CNS
cancers, paving the way for developing more effective
treatment strategies. Studying epigenetic changes and the
tumor microenvironment could also provide critical
information about tumor behavior and response to therapy.
Additionally, advancements in molecular imaging could
enhance the visualization of tumor characteristics, aiding in
more accurate diagnosis and treatment planning.

In the future, combining genomic and molecular research
with emerging technologies such as artificial intelligence and
machine learning could lead to ground-breaking
developments in CNS cancer diagnosis and treatment. These
technologies can potentially analyze complex genomic data
more efficiently, predict treatment responses, and personalize
patient care.

In conclusion, genomic and molecular research represents a
frontier in CNS cancer research, offering promising avenues
for improving patient outcomes. Continued investment in this
field and interdisciplinary collaboration are essential for
harnessing its full potential in the fight against CNS cancers.

While this study provides valuable insights into the
epidemiological trends of CNS cancers in Saudi Arabia, it is
essential to acknowledge certain limitations that may impact
the interpretation and generalizability of the findings. Firstly,
while comprehensive, the reliance on retrospective data from
the Saudi Cancer Registry and the IHME database may be
subject to inherent biases such as underreporting or
misclassification of cases. This could potentially affect the
accuracy of the incidence and mortality rates reported.
Additionally, the study's retrospective nature limits our
ability to establish causality between observed trends and

potential risk factors.

Another limitation is the lack of detailed patient-level data,
which restricts our ability to analyze the impact of individual
factors such as lifestyle, genetic predisposition, and
environmental exposures on the incidence and progression of
CNS cancers. Furthermore, while the study provides a
comparative analysis of global trends, the specific socio-
cultural and environmental context of Saudi Arabia might
limit the applicability of these findings to other regions. The
study also does not account for advancements in treatment
modalities over the 30-year period, which could have
influenced survival rates and mortality data. Recognizing
these limitations is crucial for interpreting the study's findings
and guiding future research directions.
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