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ABSTRACT

Background: Central nervous system (CNS) tumors embody a diverse group of neoplasms
with scattered histopathological characteristics and clinical behavior. Understanding their
demographic profile, anatomical distribution and histological spectrum is important for
accurate diagnosis and targeted efficient patient management. With this in mind, the present
study was undertaken to evaluate the clinicopathological profile of CNS tumors diagnosed at
a tertiary care teaching hospital.

Methods: We conducted a retrospective descriptive study on 200 histopathologically
confirmed cases of CNS tumors retrieved from available pathology reports, referral
documents, and patient case files maintained in the medical record department. Archived data
relating to demographic characteristics and tumour location and histopathological diagnosis
were obtained. Tumors were classified according to World Health Organization (WHO)
Classification of Tumors of the Central Nervous System and gliomas were further classified
on World Health Organization (WHO) grading. Results: The highest proportion of cases was
observed in the 41-50-year age group (23.0%), followed by the 31-40-year (19.0%) and 51—
60-year (17.5%) age groups. The male cases outnumbered the females with a ratio of 1.33: 1.
The most common location was the frontal lobe (19.0%), followed by the
meninges/falx/convexity (15.0%), temporal lobe (13.0%), and sellar/suprasellar region
(12.0%). The majority of tumors were supratentorial (74.0%). Diffuse astrocytic and
oligodendroglial tumors represented the most common types of neoplasms (28.0%), followed
by meningiomas (26.0%), pituitary adenomas (11.0%) and glioblastomas (9.0%) and
schwannomas (9.0%). Gliomas were divided into four grades, with Grade IV being the
largest group (37.9%), followed by Grade II (27.0%), Grade III (21.6%) and Grade I (13.5%)).
Conclusions: CNS tumors were highly heterogeneous in terms of demographics, anatomical
location and histopathology. Most were found in middle aged adults with a male
predominance. The findings provide useful regional information on the clinicopathological
spectrum of CNS tumors and can help to optimise the diagnosis and management of these
tumours.

Keywords: Central nervous system tumors; Glioma; Meningioma; Histopathology; WHO
grading; Brain tumors
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INTRODUCTION

Central nervous system (CNS) tumors are a
heterogeneous group of complex tumors
that arise from the brain, spinal cord,
meninges, cranial nerves and other
structures of the CNS. While they represent
only approximately 2% of all malignancies,
their morbidity, mortality, neurological
function and impact on quality of life is
much greater. ! These tumors are known to
affect individuals across all age groups and
exhibit remarkable dispersion with respect
to  histogenesis, anatomical location,
biological behavior and clinical outcome.
Over the past 20 years, there have been
significant improvements in the diagnosis
and management of CNS tumors, driven by
the introduction of new neuroimaging and
neurosurgical ~ methods, along  with
molecular diagnostics and
neuropathological classification of tumors.?
The current World Health Organisation
(WHO) classification combines histological
and molecular features and includes many
distinct tumour entities with different
prognostic and therapeutic significance.’
For the reasons stated above, accurate
histological diagnosis, grading, treatment
planning and prognosis still remain a
cornerstone of diagnosis. The incidence of
CNS tumors is highly variable between
different geographic locations. Studies in
India have consistently shown that the
largest group of primary CNS neoplasms
consists of astrocytomas, gliomas and
meningiomas, with varying proportions in
different institutions and regions. The
clinical presentation, surgical accessibility,
therapeutic approach and prognosis also
depend on anatomical location. Different
histological tumor types reflect
characteristic predilections for specific
intracranial and spinal locations with most
of the studies reporting the frontal lobe as
the frequently involved cerebral region,
followed by the temporal and parietal lobes
while tumors such as; meningiomas and
schwannomas demonstrate distinct site-
specific distributions.*> Regional
differences in tumor distribution may be due

to differences in demographic
characteristics, environment, referral
patterns and access to healthcare. Despite
the growing body of literature,
comprehensive  clinicopathological data
from many regions of India remain limited.
Consequently, institution-based studies
continue to play a vital role in documenting
local disease patterns and expanding the
national database on CNS neoplasms. The
present study was undertaken to evaluate the
clinicopathological spectrum of central
nervous system tumors with particular
emphasis on their histological patterns and

anatomical distribution in an Indian
population.
METHODOLOGY

This retrospective observational study was
conducted in the Department of Anatomy,
GMC Jammu. Data were collected
retrospectively from available pathology
reports, referral documents, and patient case
files maintained in the medical record
department. Information regarding age, sex,
anatomical site of the tumor, and
histopathological diagnosis was retrieved
and entered into a predesigned proforma.
Histopathological diagnoses recorded in the
pathology reports were reviewed and
categorized  according to  standard
histological classifications of CNS tumors.
Cases with incomplete demographic or
histopathological information were
excluded from the study. All data were
extracted from existing records and entered
into a structured data collection proforma.
Patient identifiers were removed prior to
analysis to ensure confidentiality.

Data were compiled and analyzed using
appropriate statistical methods. Categorical
variables were expressed as frequencies and
percentages, and the results were presented
in tabular form.

RESULTS
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Table 1: Showing age distribution of CNS tumors

Age Group (Years) | Cases (n) | Percentage (%)
0-10 8 4.0

11-20 18 9.0

21-30 28 14.0

3140 38 19.0

41-50 46 23.0

51-60 35 17.5

>60 27 13.5

Total 200 100

Evidently, majority of CNS tumors (23%)
were prevalent in 41-50 years of patients,
followed by 19% patiets with age 31-40

years, 17.5% were aging between 51-60
years, 14% were 21-30 years of age as
shown in table 1

Table 2: Showing gender distribution of CNS
tumors

Gender | Cases | Percentage (%)
Male 114 57.0
Female | 86 43.0
Total 200 100

Table 2 shows the gender distribution of
CNS tumours, among 200 studies patients,
57% were male and 43% were females

Table 3: Anatomical distribution of CNS tumors

Site

Frontal lobe

Temporal lobe

Parietal lobe

Occipital lobe

Sellar/Suprasellar region

Cerebellum

Cerebellopontine angle

Ventricular system

Meninges/Falx/Convexity

Spinal cord

Total

Cases | Percentage (%)
38 19.0
26 13.0
22 11.0
10 5.0
24 12.0
18 9.0
16 8.0
8 4.0
30 15.0
8 4.0
200 100

A total of 200 cases of central nervous
system tumors were evaluated for
anatomical distribution. The frontal lobe
was the most frequently involved site,
accounting for 38 cases (19.0%), followed
by the meninges/falx/convexity with 30
cases (15.0%). Temporal lobe tumors
constituted 26 cases (13.0%), while lesions
arising in the sellar/suprasellar region
accounted for 24 cases (12.0%). Parietal
lobe involvement was observed in 22 cases
(11.0%). The cerebellum and
cerebellopontine angle were affected in 18

(9.0%) and 16 (8.0%) cases, respectively.
Occipital lobe tumors comprised 10 cases
(5.0%). The ventricular system and spinal
cord were the least common sites, with &
cases each, representing 4.0% of the total
study population. Overall, supratentorial
locations constituted the majority of cases,
with the frontal lobe emerging as the
predominant anatomical site of
involvement. With respect to compartment
anatomy, supratentorial constituted 148
tumours and infratentorial made up to 22%
CNS tumours as shown in table 3.

Table 4: Distribution of CNS tumors as per Histological Spectrum
Histological Type Cases | Percentage (%)
Diffuse astrocytic and oligodendroglial tumors | 56 28.0
Glioblastoma 18 9.0
Meningioma 52 26.0
Pituitary adenoma 22 11.0
Schwannoma 18 9.0
Medulloblastoma 8 4.0
Ependymoma 6 3.0
Craniopharyngioma 5 2.5
Metastatic tumors 5 2.5
Others 10 5.0
Total 200 100
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With respect to the histological distribution
of central nervous system tumors, diffuse
astrocytic and oligodendroglial tumors
accounted for the largest histological group,
constituting 56 cases (28.0%) as reflected in
table 4. This was followed by meningiomas
comprising 52 cases (26.0%), Glioblastomas
represented 18 cases (9.0%), while
schwannomas were encountered in an equal
proportion, accounting for 18 cases (9.0%).
Pituitary adenomas constituted 22 cases
(11.0%) of the study population.
Medulloblastomas  and  ependymomas
accounted for 8 (4.0%) and 6 (3.0%) cases,

respectively, followed by
craniopharyngiomas and metastatic tumors
observed in 5 cases each, representing 2.5%
of the total cases. A heterogeneous group of
less common neoplasms categorized as
"others" comprised 10 cases (5.0%).
Clearly, neuroepithelial tumors, including
diffuse astrocytic and oligodendroglial
tumors, glioblastomas, ependymomas, and
medulloblastomas, constituted the
predominant category of CNS neoplasms,
while meningiomas represented the most
common non-neuroepithelial tumor.

| Fig 1: WHO Grade Distribution of Gliomas (n=74) |

The distribution of gliomas according to
WHO grade classification demonstrated that
Grade IV gliomas constituted the largest
proportion, accounting for 37.9% of all
glioma cases, which was followed by Grade
II tumors representing 27.0%. And Grade III
gliomas made upto 21.6% of cases, while
Grade I tumors were the least frequent,
accounting for 13.5% as shown in Fig 1

DISCUSSION

Age distribution provides important details
into the epidemiology of central nervous
system (CNS) tumors, as different tumor
types exhibit distinct age predilections. In
the present study, the highest frequency of
tumors was observed in the 41-50 years age
group (23.0%), followed by 31-40 years

B Grade |

M Grade Il
Grade lll

B Grade IV

(19.0%) and 51-60 years (17.5%). Thus, the
majority of cases occurred between 31 and
60 years of age, indicating a predominance
of CNS tumors among middle-aged adults.
Our findings are comparable to those
reported by Kadaru et al., who observed the
highest incidence of CNS tumors in the 41—
50 years age group in their
clinicopathological ~analysis.®  Similarly,
Gupta and Goyal reported in their study on
168 histologically confirmed CNS tumors,
reported a median age of 41.3 years, with
the majority of tumors occurring in
adulthood, likewise Thakur et al.,
demonstrated a nearly identical age pattern,
with the maximum number of tumors
occurring in the 41-50 years age group
(21.1%), followed by the 31-40 years age
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group (19.7%).”® The similarity between
their findings and the present study suggests
that the age distribution of CNS tumors
remains relatively consistent across different
regions of India. The predominance of
middle-aged individuals in the present series
may be explained by the histological
composition of the cohort.

In the present study, males constituted
57.0% of cases, while females accounted for
43.0%, resulting in a male-to-female ratio of
1.33:1. This finding indicates a modest male
predominance among patients with CNS
tumors. The results of the present study are
comparable to those reported by Kadaru et
al., who observed an overall male
predominance with a male-to-female ratio
of 1.2:1 in their clinicopathological analysis
of CNS tumors, similarly, Kumar et al
reported that 62.5% of patients with CNS
tumors were male and 37.5% were female,
yielding a male-to-female ratio of 1.66:1.%°
The slightly higher male predominance in
that series may be attributed to the greater
proportion of malignant gliomas and other
high-grade neuroepithelial tumors, which
are known to occur more frequently in
males. Likewise, Bhattacharya S et al.
reported that 54.76% of CNS tumor patients
were male and 45.24% were female,
producing a male-to-female ratio of
1.21:1.19 In contrast, Thambi R et al., in a
seven-year study from South India
involving 510 brain tumors, reported a
male-to-female ratio of 0.9:1, indicating a
slightly higher proportion of female
patients.'! The authors attributed this
finding largely to the high frequency of
meningiomas, which represented the most
common tumor type among female patients.
The male predominance observed in the
present study may be explained by the
substantial contribution of diffuse astrocytic
and oligodendroglial tumors and
glioblastomas, both of which have been
consistently reported to occur more
frequently in males.

The anatomical distribution of central

because the location of a tumor often
influences its clinical presentation, surgical
accessibility,  histological  type, and
prognosis. In the present study, the frontal
lobe was the most frequently involved site,
accounting for 19.0% of all tumors,
followed by the meninges/falx/convexity
(15.0%), temporal lobe (13.0%),
sellar/suprasellar region (12.0%), and
parietal lobe  (11.0%). Collectively,
supratentorial locations constituted the
majority of cases. The predominance of
frontal lobe tumors observed in the present
study is in agreement with the findings of
Kadaru et al., who reported the frontal lobe
as the most common site, accounting for
39.8% of all CNS tumors, Masoodi T et al.,
Andrews et al., and Jalali et al., also
reported predominance of frontal lobe
tumors in their study.®'>!3%  Similar
findings have been reported by Larjavaara et
al., who observed frontal lobe involvement
in 40% of gliomas, followed by temporal
(29%), parietal (14%), and occipital (3%)
locations.!>  Although the proportion
observed in our study (19%) was lower than
that reported by Larjavaara et al., the
ranking of the frontal lobe as the
commonest site remained similar. This
difference is likely attributable to the
inclusion of all CNS tumors in the present
study, whereas Larjavaara et al. evaluated
gliomas specifically, which are known to
show a marked frontal lobe predilection.'
Likewise, Abuawad et al., reported the
frontal lobe as the most common site for
malignant primary brain tumors, accounting
for 32.2% of cases.!® Although the
percentage in our study was lower, the
frontal lobe remained the predominant
location across all studies, suggesting a
consistent anatomical predisposition of CNS
tumors toward anterior cerebral regions.
Temporal lobe tumors accounted for 13% of
cases in our series, which was comparable
to the 14.2% reported among malignant
brain tumors in Abuawad et al., study,
although lower than the 29% reported by

nervous system (CNS) tumors is an  Larjavaara et al. for gliomas.'>!® Similarly,
important  clinicopathological parameter  parietal lobe tumors constituted 11% of
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cases in our cohort, closely approximating
the 10.4-14% range reported in large
glioma registries and population-based
studies.'® These similarities indicate that the
temporal and parietal lobes consistently
rank among the major intracerebral
locations for CNS tumors. Occipital lobe
tumors represented only 5% of cases in the
present study. This finding is in agreement
with previous reports where occipital
involvement ranged from 0.9% of all CNS
tumors in the CBTRUS database to 3.5% of
CNS tumors in the study by Larjavaara et
al., and Kadaru et al study.®!® The
uniformly low occurrence across studies
suggests that the occipital lobe remains one
of the least commonly affected cerebral
regions.®°Meningeal, falcine, and
convexity tumors accounted for 15% of
cases in the present study, reflecting the
contribution of meningiomas, which
commonly arise at these sites. Hosainey et
al., reported that 24.7% of meningiomas
occurred on the cerebral convexity, 16.1%
in parasagittal regions, and 11.4% along the
falx.!” The lower frequency observed in our
study compared with the 39.2-40.2%
reported by the CBTRUS registry may be
due to the higher proportion of intra-axial
tumors in our cohort.'® Sellar and
suprasellar tumors constituted 12% of cases,
which is consistent with reports indicating
that sellar lesions account for approximately
10-15%  of intracranial  neoplasms.
Comparable frequencies have been reported
by Abuawad et al. (17.7%) and the
CBTRUS registry (18.1-18.2%), with minor
differences likely reflecting variations in
case mix and referral patterns.!®!® The
cerebellum and cerebellopontine angle
accounted for 9% and 8% of tumors,
respectively, which are higher than the 1.5%
cerebellar  involvement  reported by
Larjavaara et al., likely because our study
included a wider range of tumor types,
including medulloblastomas,  vestibular
schwannomas, ependymomas, and posterior
fossa meningiomas.!> Ventricular tumors
represented 4% of cases compared with
2.2% reported by Larjavaara et al.l®

Similarly, spinal cord tumors accounted for
4% of cases, slightly higher than the 2.8%
reported by the CBTRUS registry.18 These
differences may be related to institutional
referral patterns and the inclusion of both
pediatric and adult patients in the present
study.

The histological distribution of central
nervous system (CNS) tumors in the present
study reveals important patterns when
compared with global and regional
epidemiological data. Among 200 CNS
tumor cases, diffuse astrocytic and
oligodendroglial tumors emerged as the
most common histological group (28.0%),
followed closely by meningioma (26.0%),
pituitary adenoma (11.0%), and
glioblastoma (9.0%) [Table 4]. The global
meta-analysis by Salari et al. (2023), which
synthesized data from 80 studies, reported
that meningiomas constitute approximately
24.1% of all primary CNS tumors, a figure
remarkably similar to our finding of 26.0%.’
This close alignment suggests that our
cohort reflects typical global
epidemiological patterns for this tumor type.
However, Walsh K et al. from United
States, reported higher meningioma
proportions (36% of primary CNS tumors),
likely due to increased incidental detection
through advanced neuroimaging.'” The 48%
meningioma prevalence reported by Sen et
al., further demonstrates the substantial
regional  variation in CNS  tumor
distribution.?’

Interestingly, our glioblastoma frequency
(9.0%) is notably lower than the global
prevalence of 17.7% reported in the meta-
analysis by Salari et al., and 145 %
reported by Grochans S et al.,.>*! This lower
glioblastoma prevalence in our study could
reflect several factors: differences in age
distribution within our cohort (glioblastoma
incidence peaks between 45-70 years),
variations in environmental risk factors,
genetic predisposition in our population, or
differential access to diagnostic facilities
affecting case detection. The combined
category of diffuse astrocytic and
oligodendroglial tumors (28.0%) in our
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study slightly exceeds the global astrocytic
tumor prevalence of 20.3% reported by
Salari et al.° Maurya et al reported that
31.3% of their patients had astrocytic
tumors, which is compatible with our
study.”> The predominance of astrocytic
tumors in our cohort is consistent with
epidemiological observations that tumors
involving neuroepithelial cells are more
common than other CNS tumor types
globally as also reported by Shah et al.>>Our
pituitary adenoma frequency (11.0%)
closely mirrors the global prevalence of
12.2%, reported by Salari et al., indicating
typical representation of this common CNS
neoplasm.’ Pituitary adenomas are known to
have high prevalence in the general
population, with epidemiologic studies
showing increased detection up to 16.7%
following widespread MRI availability
(Ezzat s et al).?* The 1.1 per 100,000 per
year incidence rate for acoustic neuroma
(vestibular schwannoma) reported in the
literature  provides context for our
schwannoma finding of 9.0%, which is is
consistent with the global schwannoma
prevalence of 6.7%.° Slight elevated
schwannoma rate may reflect our facility's
particular expertise in skull base tumor
management or referral patterns.
Medulloblastoma, the most common
malignant pediatric brain tumor, accounted
for 4.0% of cases in our study, which is

slightly is lower than the global
medulloblastoma  prevalence of 7.7%
reported by Salari et al’> The lower

percentage in our cohort suggests either a
smaller proportion of pediatric patients or
that our facility serves a predominantly
adult population. Our study documented
ependymoma (3.0%), craniopharyngioma
(2.5%), and metastatic tumors (2.5%) at
frequencies  consistent ~ with  global
expectations. The ependymoma rate of 3.0%
closely matches the global prevalence of
3.2% reported by Salari et al, demonstrating
typical representation of this neuroepithelial
tumor.” Metastatic tumors comprised a
small but significant proportion (2.5%) of
CNS tumors in our cohort, consistent with

the understanding that CNS metastases
represent approximately 10-20% of all
intracranial tumors, with variation based on
systemic cancer prevalence and diagnostic
practices.” These findings indicate that the
overall histological spectrum in our study
broadly parallels international trends, while
reflecting the influence of local referral
patterns and institutional case composition.
The WHO grade distribution of gliomas in
the present study demonstrated that Grade
IV gliomas constituted the largest
proportion (37.9%), followed by Grade II
gliomas (27.0%) and Grade III gliomas.
This predominance of high-grade tumors is
consistent with findings reported by Anand
N et al., in a study of adult diffuse gliomas
classified according to the WHO 2016
criteria, observed that Grade IV tumors
accounted for 52.7% of cases, followed by
Grade III (25.0%) and Grade II tumors
(22.3%).2> Although the proportion of
Grade IV gliomas in our study was lower,
both studies identified Grade IV gliomas as
the most frequent category. Similarly,
population-based data from Germany by
Weidl D et al, reported that Grade IV
gliomas constituted the majority of newly
diagnosed gliomas (68.3%), whereas Grade
IT and Grade IIT tumors accounted for only
9.0% and 9.2% of cases, respectively.?
Compared with these findings, our study
demonstrated a relatively higher proportion
of lower-grade gliomas, particularly Grade
II tumors (27.0%), which may reflect
differences in referral patterns, patient
demographics, and institutional case
composition. The predominance of Grade
IV tumors in the present study is
biologically expected, as glioblastoma and
other Grade IV gliomas are characterized by
rapid growth, marked infiltrative potential,
and earlier clinical presentation.

CONCLUSION

The present study revealed the diverse
clinicopathological spectrum of central
nervous system tumors, reflecting a wide
age range, with a predominance of middle-
aged adults and a modest male
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preponderance. Anatomically, supratentorial
tumors constituted the majority of cases,
with cerebral hemispheric locations being
more frequently involved than infratentorial
regions.  Histologically, neuroepithelial
tumors formed the largest category of
neoplasms, while meningiomas represented
the most common non-neuroepithelial
tumors. Among gliomas, higher-grade
lesions predominated, emphasizing the
substantial burden of aggressive glioma
subtypes in routine neuropathological
practice. We suggest larger multicentric
studies with incorporation of molecular
classification for comprehensive
characterization of the evolving nature of
CNS tumors.
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