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ABSTRACT

Background: Central nervous system (CNS) tumors are a group of neoplasms that originate from various cells in the CNS.
The increasing incidence and prevalence of this type of tumor in developing countries are striking; however, there are few cur-
rent studies in Latin America including Mexico estimating the impact of these pathological entities on the general population.
Objective: The objective of the study was to study the characteristics of primary CNS tumors over a period of 52 years.
Methods: A review of records from patients with a histopathological diagnosis of CNS neoplasm over a period of 52 years was
conducted at a tertiary-care academic medical center. Patients were grouped by sex, age, and the tumor’s anatomical location.
Results: A sample of 9615 patients with tumor lesions was obtained; 51% were female, 49% were male, and their mean age
was 42 years. The tumors with the highest prevalence were neuroepithelial tumors (38.6%), followed by meningeal tumors
(22.8%). Neuroepithelial tumors accounted for 64% in the group of patients under 40 years of age and 56% among those
above 40 years of age. The most frequently involved location was supratentorial, in 78.9% of cases. Conclusions: Although
retrospective in nature and based on a small sample, this study reports the epidemiology and characteristics of primary brain
tumors in the Mexican population. (REV INVES CLIN. 2018;70:177-83)
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INTRODUCTION

Primary tumors of the central nervous system (CNS)
encompass a group of neoplasms originating in multi-
ple cell types found in the CNS. These tumors are di-
agnosed in approximately 52,000 individuals annually
in the United States, with a high associated mortality
ratel. Primary brain tumors account for only 2% of all
tumors; in the United States, their estimated incidence
is 28.6/100,000 adults?. Most tumors have a high
degree of morbidity and mortality3, as in the cases of
anaplastic astrocytoma and glioblastoma, in which the
5-year survival rates are 29.7% and 5.5%, respective-
ly4. Risk factors that have been associated with pri-
mary brain tumors include hereditary syndromes and
ionizing radiation with therapeutic or diagnostic pur-
poses, and other sources®. Headache is the most com-
mon clinical manifestation of brain tumors, and in half
of the patients, the worst symptom®; seizures are also
one of the most common presentations but are more
frequent in cases of primary tumors than in meta-
static lesions”8. Primary malignant brain tumors are a
common concern among medical investigators not
only because of their poor prognosis but also because
these entities result in a large proportion of cases with
neurological dysfunction, as well as decreased psycho-
logical health and quality of life®. In Mexico, only a few
institutions have conducted research on the epidemiol-
ogy of this entity, although their sample sizes were not
large!®1l The purpose of this study was to describe
the prevalence of primary brain tumors, as well as the
subtypes that most frequently affect the population
of patients treated in a tertiary care neurology and
neurosurgery institute, over a period of 52 years.

PATIENTS AND METHODS

This is a retrospective, descriptive study of patients
over 18 years of age, diagnosed with a CNS tumor
and elective treated by neurosurgical resection; after
the histopathological diagnosis, patients were fol-
lowed at the National Institute of Neurology and Neu-
rosurgery Manuel Velasco Suarez in Mexico. The
study includes all patients fulfilling the inclusion crite-
ria over a 52-year period. The data obtained for the
study were collected from the hospital’s chart data-
base and included patients with a CNS tumor requir-
ing neurosurgical intervention and whose histopatho-
logical results were available.
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The group and histological diagnosis were established
based on the WHO international system for the clas-
sification of CNS tumors, created in 20072 The clas-
sification includes 7 groups: neuroepithelial tumors,
tumors of cranial and paraspinal nerves, meningeal
tumors, hematopoietic tumors and lymphoma, germ
cell tumors, tumors of the sellar region, and meta-
static tumors.

Statistical analysis was based on qualitative variables
(sex, tumor’s anatomical site, and histological group)
and quantitative variables (age). Frequency, percent-
age, measures of frequency, and central tendency
measures were analyzed using descriptive statistics.

RESULTS

During the period studied, 9,615 tumor lesions were
diagnosed and grouped in terms of their degree of
malignancy, histopathological type, and the most fre-
quent anatomical location. Tumors were more fre-
quent in females (51%) than in males (49%), and the
mean age at diagnosis in the entire cohort was 42
years.

The group of neuroepithelial tumors was the most
common (38.6% of cases), followed by meningeal
tumors (22.8%), tumors of the sellar region (20.2%),
cranial and paraspinal nerves (6.5%), metastatic tu-
mors (4.1%), lymphomas and hematopoietic tumors
(1.8%), and germ cell tumors (0.7%). According to
the histology subtype, the mean age at diagnosis was:
astrocytomas, 40 years; glioblastomas, 46.4 years;
ependymoma, 37 years; medulloblastoma, 29 years;
meningioma, 46.8 years; lymphoma, 47.5 years;
schwannoma, 40.5 years; and pituitary adenoma, 41
years. The mean age based on the histological group
was 38.7 years for neuroepithelial tumors, 36.7 years
for cranial and paraspinal nerves tumors, 41.7 years
for meningeal tumors, 51.8 years for lymphoma and
hematopoietic tumors, 36.5 years for sellar region
tumors, 21.5 years for germ cell tumors, and 40 years
for metastases.

We divided the sample of patients into two groups,
those over age 40 and those under age 40, to deter-
mine the frequency with which brain tumors develop
since they seem to appear at a younger age in the
Mexican population. We found that the most
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Figure 1. Percentage of patients over age 40 and its correla-
tion with the histopathological tumor group.

NT: neuroepithelial tumors; MT: meningeal tumors; TC and
PN: tumors of cranial and paraspinal nerves; GT: germ cell
tumors; Mets: metastases; HT and L: hematopoietic tumors
and lymphoma.

Over 40 years old

HT&L

3% Mets.

GT

TC&PN
6%

prevalent tumors in patients older than 40 years were
meningioma in the first place, followed by glioblas-
toma, and pituitary adenomas in the third place.

In patients under 40 years of age, the most prevalent
tumor was a pituitary adenoma, followed by astrocy-
toma and meningioma.

Among tumors of the sellar region, pituitary adeno-
mas accounted for 94.5% of all cases. Among neuro-
epithelial tumors, glioblastoma represented 42.5% of
cases; astrocytomas 32.7%; oligoastrocytomas 7.1%;
medulloblastomas 6.7%; ependymomas 4.1%, and
oligodendrogliomas 3.2%. Among meningeal tumors,
meningiomas accounted for 77.3% of all meningeal
tumors; the rest were mesenchymal tumors. Details
are shown in figures 1 and 2.

According to the degree of malignancy, Grade | tu-
mors were the most prevalent, followed by those clas-
sified as Grade Il (Fig. 3).

In the group of other tumors, which included 467
patients, the most frequent lesions were epidermal
cysts, dermoid cysts, arachnoid cysts, osseous cysts,
and sebaceous cysts, and chondromas, hamartomas,
chordomas, and glomus tumors, among others.
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Figure 2. Percentage of patients under age 40 and its cor-
relation with the histopathological tumor group.

NT: Neuroepithelial tumors; MT: meningeal tumors; TC and
PN: tumors of cranial and paraspinal nerves; GT germ cell
tumors; Mets: metastases; HT and L: hematopoietic tumors
and lymphoma.

Under 40 years old
HT&L  Mets.  GT
2% 3%

2%

Figure 3. Degree of malignancy (the WHO classification
2007).13

Degree of malignancy

Others
5%

Anatomical location
and histopathology type

The supratentorial region was the most affected, and
the majority of tumors were located in the sellar re-
gion, followed by the frontal lobe. The tumors that
were most frequently located in the infratentorial
were meningeal tumors, followed by cranial and para-
spinal tumors, and neuroepithelial tumors.
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Table 1. Tumor groups and correlation with location

Location MT NT TSR TC&PN GT HT and L Mets. Total
n=2195 n=3849 n=1956 n=577 n = 40 n=136 n=312 n=9065
(%) (%) (%) (%) (%) (%) (%) (%)
Supratentorial
Frontal 4 1173 — 2 4 38 91 1312
(0.18) (30.4) (0.34) (10) (27.9) (29.1) (14.4)
Temporal 5 894 - 6 1 13 44 963
(0.22) (23.2) (1.0) (2.5 (9.5) (14.1) (10.6)
Parietal 3 720 - 1 6 14 59 803
(0.13) (18.7) (0.17) (15) (10.2) (18.9) (8.8)
Occipital 2 436 — 10 2 8 14 472
(0.09) (11.3) 1.7 (5) (5.8) (4.4) (5.2)
Intraventricular 55 166 - 2 6 5 3 237
(2.5) (4.3) (0.34) (15) (3.6) (0.96) (2.6)
Sellar 130 6 1956 - 11 1 - 2104
(5.9) (0.15) (100) (27.5) (0.7) (23.2)
Parasagittal 281 - - - - - 1 282
(12.8) (0.32) (3.1)
Convexity 685 3 - - - - 1 689
(31.2) (0.07) (0.32) (7.6)
Corpus callosum - 76 - - 2 12 - 920
(2.0) (5) (8.8) (0.9
Infratentorial
Cerebellum 89 203 - - - 8 45 345
(4.0) (5.2) (5.8) (14.4) (3.8)
CPA 114 3 - 326 - 1 2 446
(5.19) (0.07) (56.4) 0.7) (0.6) (4.9)
Skull base 311 52 - 41 3 12 11 430
(14.1) (1.3) (7.1) (7.5) (8.8) (3.5 4.7)
Tentorium 132 - - - - - 1 133
(6.0) (0.32) (1.4)
Sphenoid wing 162 - - - - 1 - 163
(7.3) (0.7) 1.7
Foramen magnum 51 1 - - - - - 52
(2.3) (0.02) (0.5
Medullary 171 116 - 189 5 23 40 544
7.7) (3.0) (32.7) (12.5) (16.9) (12.8) 6)

NT: neuroepithelial tumors; MT: meningeal tumors; TSR: tumors of the sellar region; TC and PN: tumors of cranial and paraspinal nerves;
GT: germ cell tumors; Mets: metastases; HT and L: hematopoietic tumors and lymphoma; CPA: cerebellopontine angle.

Among the meningeal tumors, 54% were infratento-
rial, and 90.3% of the neuroepithelial tumors were
supratentorial.

Medullary compromise was most frequently associ-
ated with spinal nerve tumors, which represented
38.2% of cases, followed by meningiomas and epen-
dymomas. Spinal cord involvement was observed in
6.1% of tumors, predominantly as a result of schwan-
nomas, followed by neurofibromas. In terms of tu-
mor location, meningiomas were most frequently
situated on the convexity. Astrocytomas and

glioblastomas were most frequently detected in the
frontal lobe. Metastatic lesions were more frequent
in the parietal lobe followed by the cerebellum and
temporal lobe, and ependymomas were most com-
mon in the medullary region. Table 1 shows the loca-
tion of the tumors according to the histopathological
diagnosis group and the affected region. However,
only 9065 cases of the total cohort are shown on this
table because it does not include 467 tumor lesions,
which corresponded to the other tumors, shown in
table 2, and 83 tumors in which the location was not
specified in the records.
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Table 2. Histopathological subtype of 9615 cases of primary brain tumors and metastases over a 52-year period

Type of brain tumors n=9615 M, n = 4690 F,n=4925 Mean
(%) (%) (%) age
Neuroepithelial tumors
Astrocytomas 1220 (12.6) 677 (14.4) 543 (11) 40
Glioblastoma 1586 (16.4) 941 (20) 645 (13) 46.4
Ependymoma 154 (1.6) 78 (1.6) 76 (1.5) 37
Oligodendroglioma 121 (1.2) 63 (1.3) 58 (1.17) 42
Oligoastrocytoma 265 (2.7) 144 (3.0) 121 (2.4) 40.3
Choroid plexus tumors 68 (0.7) 27 (0.57) 41 (0.8) 34.5
Embryonal tumors
Medulloblastoma 253 (2.6) 158 (3.3) 95 (1.9) 29
PNET 6 (0.06) 2 (0.04) 4 (0.08) 45.5
Neuroblastoma 15 (0.15) 8 (0.17) 7 (0.14) 38.2
Neuroglial tumors
Ganglioglioma/ 15 (0.15) 5(0.10) 10 (0.20) 40
paraganglioma
Astroblastoma 18 (0.18) 12 (0.25) 6 (0.12) 33
Tumors of cranial
and paraspinal nerves
Schwannoma 540 (5.6) 235 (5.0) 305 (6.19) 40.5
Neurofibroma 86 (0.8) 37 (0.78) 49 (0.99) 333
Meningeal tumors
Meningioma 1925 (20) 591 (12.6) 1334 (27) 46.8
Mesenchymal
Hemangioblastoma 175 (1.8) 107 (2.2) 68 (1.3) 38
Hemangiopericytoma 62 (0.6) 23 (0.49) 39 (0.79) 44.8
Sarcoma 33(0.3) 11 (0.23) 22 (0.44) 45
Histiocytoma 5 (0.05) 3 (0.06) 2 (0.04) 35.2
Hematopoietic tumors 174 (1.8) 96 (2.04) 78 (1.5) 51.8
and lymphoma
Tumors of sellar region
Craniopharyngioma 200 (2.0) 108 (2.3) 92 (1.8) 32
Pituitary adenoma 1750 (18.1) 876 (18.6) 874 (17.7) 41
Germ cell tumors 75 (0.7) 60 (1.2) 15 (0.30) 21.5
Metastases 402 (4.1) 221 (4.7) 181 (3.6) 40
Other tumors 467 (4.8) 204 (4.3) 263 (5.3) -

N (number), % (percentage), M (male), F (female), PNET: primary neuroectodermal tumor.

Brain metastases

Overall, there were 402 patients with brain metasta-
ses registered. In order of frequency, metastases
originated in the lung 40.5%, breast 14.6%, kidney
9.9%, and melanoma 9.4% (Table 3).

At the medullary level, metastases were most com-
mon in the thoracic and cervical regions followed by
the lumbosacral area.
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DISCUSSION

Tumors of the CNS are a common cause of consulta-
tion in the departments of neurology and neurosur-
gery in many institutions. The type of tumor deter-
mines its specific treatment as well as the survival
rate. Survival tends to vary according to the type of
lesion. An example of this is the poor survival rate in
tumors of the posterior fossa: 26% at 5 years and 7%
if they compromise the brain stem?3.
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Table 3. Primary metastases according to gender

Type of metastases n (%) Male (%) Female (%)

Total metastases n =402 (100) n=167 (41.5) n=235(584)
Lung 163 (40.5) 44 (26.3) 119 (50.6)
Breast 59 (14.6) 23 (13.7) 36 (15.3)
Kidney 40 (9.9) 26 (15.7) 14 (5.9)
Melanoma 38 (9.4) 18 (10.7) 20 (8.5)
Thyroid 10 (2.4) 6 (3.5) 4 (1.7)
Embryonal carcinoma 8 (1.9) 4 (2.39) 4(1.7)
Prostate 5(1.2) 5(02.9) -
Digestive 4 (0.9) 2 (1.19) 2 (0.85)
Sarcoma 3(0.7) 1 (0.59) 2 (0.85)
Testicular 2 (0.4) 2 (1.19) -
Bladder 2 (0.4) - 2 (0.85)
Chondrosarcoma 2 (0.4) 1 (0.59) 1(0.4)
Ovary 1(0.2) - 1(0.4)
Choriocarcinoma 1(0.2) - 1(0.4)
Unclassified 27 (6.7) 17 (10.1) 10 (4.2)
Unknown primary 33(8.2) 17 (10.1) 16 (6.8)
Other 4 (0.9) 1(0.59) 3(1.27)

The main objective of this study was to provide an
understanding of how tumors behave in the Mexican
population and how they compare to other series.
This series shows that in the adult population studied
for a primary brain tumor lesion, the most prevalent
tumor was meningioma (20%), and the group of tu-
mors with the highest prevalence was the neuroepi-
thelial tumors (38.5%). In the series by CBTRUS in the
United States, the most prevalent tumor also was
meningioma, accounting for 35.5% in 2012 and, later,
37% in 2016414, In the European series as well as in
those from France and Greece, neuroepithelial tumors
were the most prevalent, with 53.9% for the French,
and 33.3% for the Greek populations. In Asia, the
series reported by China showed that neuroepithelial
tumors had a prevalence of 38% and meningeal tu-
mors of 36%. However, in Japan, the tumors with the
highest prevalence were those of the meninges, with
a 38.2% prevalencel#1>. Among studies from Latin
America, the study by Anaya et al. in Mexico and the
one conducted in Colombia, agreed that the most
prevalent brain tumor was meningioma (33% and
50%, respectively) (Table 2)13.16

Cerebral metastases comprise the majority of intra-
cranial tumors in the adult population, with an inci-
dence between 8.5% and 9.6%, while the literature
has reported an average incidence of 10-20% in all
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patients with cancer. This incidence tends to vary de-
pending on the primary lesion. In order of frequency,
metastases originate mostly from lung cancer, renal
cell carcinoma, melanoma, and breast cancer. Al-
though lung and breast cancers are more prevalent,
the one with the greatest risk of invading the CNS is
melanomal7:18,

In order of frequency, tumors that originate at the
medullary level are meningiomas, spinal nerve tumors,
and ependymomas?®.

In medullary tumors, metastatic invasion hinges on
hematogenous, lymphatic, and contiguous dissemina-
tion2°. Metastases in the thoracic and cervical regions
occur more commonly than in the thoracolumbar re-
gion. In our series, as in the study by Payer et al,
thoracic and cervical metastases were the most com-
mon, followed by those in the lumbosacral region?!.

The mean age at diagnosis of glioblastoma is 64
years; it is more frequent in men than in women, and
it tends to be more common in Caucasians than in the
black population*!1. In Mexico, a study by Loépez-
Gonzalez et al. showed that the mean age of glioblas-
toma diagnosis was 51 years and represented 9% of
the 1,776 patients included in their study; it was also
more frequent in male patients?©.
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international series of primary brain tumor prevalence (%)

Country Author Period NT MT TSR TC&PN GT Mets. HT&L
China Chen et al. 1950-2009 38 36.5 4.1 13.3 1.3 51 1.7
USA CBTRUS. 2005-2009 29 355 15 8.3 0.5 - 2.2
USA CBTRUS. 2009-2013 29.2 37 16.7 8.2 0.3 - 2
France Rigau et al. 2004-2008 53.9 28.8 2.2 8.4 3 - 3.2
Japan Nakamura et al. 1989-2008 20 38.2 19.3 10.2 1.2 - 3.6
Colombia Ramos et al. 2001-2006 65.4 323 - - 0.3 - -
Mexico Anaya et al. 1993-2013 23.6 33.2 18.2 13.2 0 8.8 3
Mexico Hernandez A. et al. 1964-2016 38.6 22.8 20.2 6.5 0.7 4.1 1.8

NT: neuroepithelial tumors; MT: meningeal tumors; TSR: tumors of the sellar region; TC and PN: tumors of cranial and paraspinal nerves;

GT: germ cell tumors; Mets: metastases; HT and L: hematopoietic tumors and lymphoma.

In a study conducted in Korea, glioblastoma repre-
sented 5.9% of all CNS tumors, and 30.4% of neuro-
epithelial tumors were diagnosed at age 5522. In our
series, 1,586 patients had glioblastoma, appearing at
a mean age of 46.4 years, and it also was more fre-
quent in males. Hence, in our population, this type of
tumors presents at an early age compared with that
reported in the literature.

One of the objectives of this study was to understand
how tumors of the CNS behave in our population,
compared to other Latin American, North American,
and international series. Table 4 shows the differ-
ences between our population and those reported in
the literature. However, these are only single-center
statistics and collaboration with other institutions is
pivotal to increase our knowledge on these tumors at
the national level.
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