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Abstract Objectives To analyze the epidemiological aspects of primary and metastatic tumors
of the central nervous system (CNS) among patients operated on by a single surgeon
dedicated to neuro-oncology at Hospital Regional do Oeste, in Chapecé (Santa
Catarina, Brazil), between 2013 and 2016.

Methods Cross-sectional, retrospective, and observational analysis of 347 patients
undergoing surgery due to intracranial tumors. The patients’ data were obtained from
the hospital registry, medical records, and pathology reports.

Results Primary CNS tumors comprised 72.1% of the sample. There was a predomi-
nance of females (52.7%), and the mean age was 49.3 years, with a peak of incidence
between the ages of 25 and 64 years. Gliomas were the most common primary brain
tumors (23.7%), followed by meningiomas (17.0%). Lung cancer (15.3%), breast cancer
(4.9%), and melanoma (3.5%) were, in descending order, the most frequent primary
sites of metastases, which were recorded in 97 cases (27.9%).

Conclusion The lack of standardization in the process of notification of tumor
diseases imposes challenges in the establishment of estimates close to the real
ones, preventing improvement of public health care policies to protect patients
with neuro-oncological conditions. Based on the current model, regionalization of
the data seems to be the best option in the management of this subgroup of patients.
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Resumo Objetivos Analisar aspectos epidemioldgicos dos tumores cerebrais primarios e
metastaticos entre os pacientes operados por um Gnico cirurgido dedicado a neuro-
oncologia no Hospital Regional do Oeste, em Chapecd, SC, Brasil, durante os anos de
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Métodos Estudo transversal, retrospectivo, do tipo observacional, com analise de
347 casos de neoplasias intracranianas de acordo com os dados obtidos no setor de
registro hospitalar, nos prontudrios da institui¢do e registros anatomopatolégicos dos
pacientes tratados cirurgicamente.

Resultados Tumores cerebrais primarios corresponderam a 72.1% da amostra. Houve
predominio do sexo feminino (52,7%) e a média de idade foi de 49,3 anos, com pico de
incidéncia na faixa etdria de 25 a 64 anos. Gliomas foram os tumores cerebrais
primarios mais encontrados (23.7%), seguidos por meningiomas (17,0%). Canceres
de pulmao (15,3%), mama (4,9%) e melanoma (3,5%) foram, em ordem decrescente, as
localizagoes primarias mais frequentes das metdstases registradas em 97 casos
(27.9%).

Conclusao A dificuldade em se estabelecer uma estimativa mais proxima da realidade
devido a falta de padronizacao na notificacao de agravos tumorais impede uma melhor
conducdo de politicas publicas de amparo ao paciente neuro-oncolégico. Assim, nos
moldes atuais, a regionalizacao dos dados parece a melhor op¢do na administracao

oncolégica

Introduction

Tumors of the central nervous system (CNS) account for 1.5% of
all cancers and 2.4% of all cancer-related deaths annually.'
Primary brain tumors affect between 11 and 19 per 100,000
individuals,® while brain metastases affect 11 out of 100,000
individuals in the general population. Additionally, necropsy
studies show that up to 25% of the patients with malignancies
have metastases to the CNS.*

Since the mid-1980s, epidemiological studies have pointed
out to an increased incidence of CNS tumors in different
countries, which is most pronounced in elderly individuals.’
Some hypotheses to explain this observation include the
dissemination of computerized tomography (CT) scans, infec-
tious diseases (such as AIDS), and use of mobile phones, in
addition to others that still lack a solid foundation. Both
incidence and mortality associated with these tumors have
increased in most developed countries, especially in groups
with more advanced age. In most of these countries, the
mortality associated with these malignancies occupies the
12 position of all deaths.®

The supratentorial location is the most frequent CNS site
of tumors in adults, and gliomas (astrocytomas, ependymo-
mas, oligodendrogliomas) account for more than 30% of the
tumors in this group, followed by meningiomas and schwan-
nomas. In children, the most common location is the infra-
tentorial region, with medulloblastomas, ependymomas,
and cerebellar astrocytomas featuring as the most frequent
histological types.?

Secondary neoplasms are classified according to their
primary location, and the primary tumors that most common-
ly evolve to metastases to the CNS in adults are bronchogenic
carcinoma (mainly small-cell carcinoma and adenocarcino-
ma), breast cancer, renal carcinoma, melanoma, and malignant
neoplasms of the gastrointestinal tract. However, the primary
site of up to 10% of all brain metastases is unknown.”~ ' Among
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desse subgrupo de pacientes.

patients younger than 21 years, CNS metastases originate
mainly from sarcomas (osteogenic sarcoma, rhabdomyosarco-
ma, and Ewing’s sarcoma) and germ cells tumors.*

Although the incidence of CNS tumors is lower than that of
other tumors, brain tumors assume great importance in
oncology and stand out in the context of new research and
treatments, due to great advances in the genetic and molecular
fields of treatment obtained with new discoveries about the
etiology of these tumors. Intracranial metastases are still
considered the most frequent and fearsome neurological
complication of all cancers.'" In addition to the high indexes
of functional deficit and the importance of brain metastases in
the prognosis of other cancers, brain tumors stand out in the
oncological field. There are a disproportionate number of
deaths and sequels compared with other types of cancers,
making CNS tumors an important public health care problem.

Based on the above considerations, the present study
aimed to analyze the epidemiological aspects of primary
and metastatic brain tumors among patients operated on by
asingle neurosurgeon dedicated to neuro-oncology between
2013 and 2016 at the Hospital Regional do Oeste, in Chapecd
(Santa Catarina, Brazil), a tertiary referral center for approxi-
mately one million individuals.

Methods

This was a cross-sectional, retrospective, and observational
analysis of the incidence of primary and metastatic intracra-
nial tumors of patients operated on by a single neurosurgeon
dedicated to neuro-oncology at Hospital Regional do Oeste.
We obtained the data from the patients’ medical records,
maintained at the hospital, along with the pathology reports
of all patients surgically treated at our center. We included
only data from patients who had undergone a neurosurgical
procedure between January of 2013 and December of 2016,
which included the patients’ gender, age, tumor location, and
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histological type. The study population was divided into the
following age groups: children (< 14 years), young adults
(15-24 years), adults (25-64 years), and elderly (> 65 years).
We excluded all incomplete and/or inconclusive data, as well
as patients with tumors of the spinal cord, spinal column, and
cauda equina.

We initially analyzed a total of 398 patients with a
diagnosis of “intracranial tumor” (ICD-10 codes C71, D43,
C71.9,D32, and D33) who had undergone surgical treatment
by the same neurosurgeon with a focus on neuro-oncology,
in addition to data gathered by the neurosurgeon’s own
records, which were subsequently verified against the hos-
pital records. Patients submitted to new neurosurgical treat-
ments due to relapse and/or diagnosis of inflammatory
lesions (parasites, fungal, and bacterial) were excluded
from the analysis.

After analyzing the obtained clinical records and histo-
pathological reports, we selected 347 patients who were
further subdivided according to the tumors’ histological type
and topography. The data were then analyzed and regrouped
according to the 2007 World Health Organization (WHO)
classification of brain tumors.'? We adopted the 2007 WHO
classification for this purpose, instead of the more recent
2016 one, since the latter takes into consideration molecular
parameters, which were not available in our cohort at the
time of data collection.

Statistical Analysis

The variables were organized on tabulated databases for
further processing using the software programs Microsoft
Office Excel 2010 (Microsoft Corporation, Redmond, WA,
USA) and BioEstat 5.0 (Instituto Mamiraua, Tefé, AM, Brazil).
The data were organized in tables for further analysis.

The level of measurement of the observed variables
“histology” and “sex” was nominal and did not require a
normality test to prove the lack of this assumption. The
normality of the variable “age” was verified using the Lillie-
fors test.

The chi-square test was applied to analyze differences in
frequency between age groups, the most frequent diagnostic
classes, and comparisons between the genders. However,
when the frequencies were too small, the Fisher exact test
was instead applied. To compare the diagnostic categories for
the age groups, we applied the Kolmogorov-Smirnov test for
independent samples.

All statistical analyses were performed with the software
Statistica 7.0 (StatSoft Inc., Tulsa, OK, USA) and the level of
significance was set at 5%.

Results

We analyzed 347 patients who attended the Neurosurgery
Unit at the Western Regional Hospital from January of 2013
to December of 2016. Of all, 183 were women (52.7%) and
164 were men (47.3%), and the mean age was 49.3 years
(minimum 46 days, maximum 91 years). The mean age
among female patients was 47.7 years and among males, it
was 51.3 years. No statistically significant difference was
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observed when we compared the frequencies of men and
women (chi-square test, p = 0.494). However, there was a
slightly increased prevalence of the female gender in all
histological types analyzed (51.3%). When we compared
the histological types against both genders, we observed
two distinct groups (p < 0.05), with a predominance of
women in the categories of meningiomas (74.6%) and breast
metastasis (100%), and a predominance of men in the
categories of lung metastasis (58.5%) and glioblastoma
(59.1%) (of note, this analysis included only the subtypes
with more than 15 cases).

A progressive increase in the number of patients with CNS
tumors undergoing neurosurgical treatment for cancer was
observed after 2014, when one of the neurosurgeons of our
center began to focus on these patients’ care. In 2015, a
neuro-oncology outpatient clinic was inaugurated, which
has been offering, to date, multidisciplinary care to patients
with CNS tumors, including radiotherapy, radiology, neuro-
surgery, pathology, and oncology. With a team specifically
dedicated to the care of patients with CNS tumors, there was
an increase in the number of patients referred from the
public health care system to our center to receive advanced
care. Therefore, the increased number of patients observed
after 2014 is attributed to the improved flow of the care
offered to the patients, mainly in the public health care
system, but also in the private sector. These patients receive
a more efficient and prompt care and, on the same day, are
evaluated by several professionals who discuss their initial
and follow-up management and evaluate their treatment
response. As shown in =Fig. 1, the number of patients
increased from 59 in 2013 to 85 in 2014, 98 in 2015, and
105 in 2016.

Regarding the location of the tumor in the CNS, 52.7%
(n = 183) were located in the supratentorial compartment,
19.9% (n = 69) in the infratentorial compartment, 17.0%
(n = 59) involved the meninges, 8.6% (n = 30) affected the
sellar region, and 1.7% (n = 6) were detected in the ventric-
ular cavity (=Fig. 2). A greater prevalence of tumors was
found in the 25-64 age group (250 patients, 72% of the total
cases analyzed; p < 0.0001) (=Table 1). A comparison
among histological types using the chi-square test revealed
a significantly (p < 0.05) increased frequency of the follow-
ing categories: meningiomas (n = 59), lung metastasis
(n = 53), and glioblastoma (n = 44).

Atotal of 250 patients had primary tumors (72.0%), and 97
had metastases to the CNS (28.0%). Among the primary brain
tumors, meningeal tumors were the most prevalent (17.0%),
followed by glioblastomas (12.7%) and pituitary tumors
(7.5%) (~Table 2).

When we compared the histological types by age groups
using the Kolmogorov-Smirnov test, we observed two dis-
tinct groups (p < 0.05): Group A, which included high-grade
gliomas, oligodendrogliomas, metastases, lymphomas, me-
ningiomas, schwannomas, and pituitary tumors, and com-
prised 98% of the patients above the age of 25 years; and
Group B, which included low-grade gliomas and other types
of tumors, and comprised 83% of the cases under the age of
25 years.
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Fig. 1 Number of patients with intracranial neoplasms submitted to surgical resection at Hospital Regional do Oeste (Chapecd, SC, Brazil)
between 2013 and 2016, performed by a single surgeon dedicated to neuro-oncology. The data are stratified by year (2013-2016).
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Fig.2 Number of intracranial neoplasms submitted to surgical resection at Hospital Regional do Oeste (Chapecd, SC, Brazil) between 2013 and
2016, performed by a single surgeon dedicated to neuro-oncology. The data are stratified by tumor location.

Discussion

Tumors affecting the CNS comprise a group of very hetero-
geneous diseases. These tumors are less frequent than non-
CNS neoplasms, but their incidence and mortality have been
increasing over the past decades across several countries,
especially among the elderly.'>~"> According to a study by
Baldi et al, CNS tumors occupy the 15™ and 13" positions
among the most common tumors affecting men and women
respectively.” In Brazil, CNS tumors are responsible for ~ 2.5%
of all cases of cancer and occupy the 10" position in inci-
dence for both men and women.>

Analyses of cancer prevalence are the best indicators of
survival associated with this disease and potential long-term
prophylactic implications. Still, the incidence of some types
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of cancer, especially those affecting the CNS, are often not
properly reported. Only a few records of tumor statistics
satisfy the data requirements of true estimates. Exploring
the various hypotheses is laborious and difficult due to lack
of standardization of the tumor registries (codification of
erroneous classification and differences between the sub-
type of registered tumor and those confirmed by pathologi-
cal analysis), regional differences in the health care system,
registered tumors without proper histological confirmation,
and autopsy rates that prevent a closer picture of reality.
With satisfactory regional analyses, statistics could be more
realistic.

The notification of cancer cases diagnosed in Brazil is not
compulsory, unlike that in developed countries. Statistics
obtained from notified cases offer a foundation for health
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Table 1 Number of intracranial neoplasms submitted to surgical
resection at Hospital Regional do Oeste (Chapecd, SC, Brazil)

between 2013 and 2016, performed by a single surgeon dedicated
to neuro-oncology. The data are stratified by patients’ age groups

Histology 0-14 | 15-24 | 25-64 | > 65 | Total
years | years | years | years
Glioma 6 4 56 12 78
Metastasis - 1 72 24 97
Lymphoma - 9 2 11
Meningioma - 3 44 12 59
Schwannoma | - 18 2 20
Sellar region | - 2 24 26
Others 15 4 27 10 56
care planning, including decision-making in drug

manufacturing and research, funding for health care ser-
vices, and research of risk factors. Different types of tumors
located in the CNS, either primary or metastatic, have
specific biological features, treatment, prognosis, and sus-
ceptibility to different risk factors. Even benign tumors can
lead to death depending on their location, ability to infiltrate
local structures, and tendency to become malignant, which
hinders a proper classification of CNS tumors and the epide-
miological estimates of this pathology.®'®

In this study, the female gender was more frequent in all
histological types analyzed. Although the frequency was only
slightly increased, this finding corroborates data obtained in
recent studies, which indicate higher prevalence rates of brain
tumors among women.'”-'® This more pronounced increase in
the incidence of neuro-oncological involvement in females may
suggest the occurrence of risk factors related to sex, with
increased use of oral contraceptives, hormone replacement
therapy, and infertility treatments emerging as potential expla-
nations. Exposures to electromagnetic fields (such as those from
cell phones) and to occupational and chemical hazards have
increased considerably over the years and must be evaluated
more carefully, regardless of gender as a causal factor.

Aligned with previous studies,'®2" we found that the
incidence of CNS tumors was the lowest in the youngest age
group and increased with age, particularly in the 25-64 years
group.

Meningiomas occur mainly in patients between 40-70
years of age and affect women at a rate 2.3 times higher than
that in men (12.42 per 100,000 in females and 5.46 per
100,000 in males).?? Most meningiomas are considered
benign (92.8%), only 2.2% are considered atypical, and 5%
are considered malignant. Exposure to ionizing radiation,
hormonal factors, genetic polymorphisms, diabetes, smok-
ing, hypertension, epilepsy, and atopy are considered risk
factors for these tumors.'® In our study, meningiomas were
the most common primary brain tumors, followed by high-
grade gliomas. These data corroborate those found in recent
studies reported by Wohrer et al,23 CBTRUS,22 Rockhill
et al,2* and Barnholtz-Sloan & Kruchko.?’
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High-grade gliomas were the second most common histo-
logical type in our cohort, with glioblastomas emerging as the
most frequent gliomas, corroborating findings of other stud-
ies.26-31 Glioblastomas increase in frequency with age and are
rare in children. On histopathology, they have increased
cellularity, nuclear atypia, infiltration, necrosis, and vascular
proliferation. Its relapsing nature makes this type of tumor
difficult to treat, attributing low survival rates (only 2.2% of the
patients survive more than 3 years after diagnosis) and high
relapse rates.32 Low-grade gliomas corresponded to 26% of all
gliomas. However, when compared with all primary brain
tumors, they were only slightly representative in our cohort,
comprising only 8% of the total number of tumors.3

Pituitary tumors were particularly frequent in the 25-64
age group in our study. Melmed3* and Goel et al*® have
observed that these tumors lack gender preference and reach
a maximum frequency in the 3™ and 4™ decades of life,
which is aligned with the results of the present study.

Primary brain tumors did not constitute the majority of
the neoplasms analyzed, in detriment of the metastases to
the CNS, which corroborates most of the literature on the
subject.3®73% About 20-25% of the patients with cancer
develop brain metastases, while necropsy-based studies
estimate the occurrence of intracranial metastases in up to
one third of the patients who die from cancer.*%-4!

The treatment of intracranial tumors includes supportive
and definitive therapy.*? Supportive treatment ensures
symptomatic relief and improvement of neurological func-
tion with the administration of agents such as anticonvul-
sants and corticosteroids, which reduce peritumoral edema,
mass effect, and intracranial pressure. These results produce
immediate relief of headache and improve neurological
manifestations. Definitive treatment, in turn, includes sur-
gery, radiotherapy, and chemotherapy.*?

Surgical removal is one of the pillars in the treatment of
brain metastases, and it remains the best therapeutic option
in cases of single brain metastases, especially in public
hospitals lacking high technology for proper management
of neurosurgical patients.***° The treatment of brain metas-
tases is individualized and includes, as main options, surgery,
corticosteroids, radiotherapy, chemotherapy, and radiosur-
gery, the latter with an increasingly important role.

Surgery aims at restoring the patients’ functional status,
improving neurological symptoms and diagnostic confirma-
tion, promoting immediate palliation, and extending the
duration of the control of the disease in the CNS, provided
that the accessibility and resectability of the tumor are
respected. The classic treatment of single brain metastases
consists of surgical resection, followed by radiotherapy,
providing a median survival of 40 weeks, which is signifi-
cantly greater than the 15 weeks obtained with radiotherapy
as a single treatment.*®*’ However, compared with radio-
therapy alone, there is an increasing preference for radiosur-
gery on lesions close to eloquent areas.>®

Considering that the location of the metastases and their
relationship with eloquent areas of the brain determine the
occurrence of clinical manifestations and therapeutic plan-
ning, a proper staging of the primary disease improves the
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Table 2 Classification (2007 World Health Organization) of intracranial neoplasms submitted to surgical resection at Hospital
Regional do Oeste (Chapecd, SC, Brazil) between 2013 and 2016, performed by a single surgeon dedicated to neuro-oncology

Histology Males (n) Females (n) Total (n) Total (%)
Glioblastoma 26 18 44 12.68
Anaplastic astrocytoma 3 2 5 1.45
Oligodendroglioma 2 5 7 2.02
Anaplastic oligodendroglioma 0 2 2 0.58
Ependymoma 1 1 2 0.58
Ganglioglioma 0 1 1 0.29
Lymphoma 6 5 11 3.18
Meningioma 15 44 59 17
Schwannoma 10 10 20 6.77
Tumors of the sellar region (pituitary) 13 13 26 7.49
Craniopharyngioma 2 2 4 1.16
Neuroblastoma (olfactory, esthesioneuroblastoma) 3 2 5 1.45
Medulloblastoma 4 2 6 1.74
Yolk sac tumor 1 0 1 0.29
Choroid plexus 1 0 1 0.29
Plasmocytoma 2 0 2 0.58
Pineocytoma 2 1 3 0.87
Teratoma (rhabdoid) 0 1 1 0.29
Dysembryoplastic neuroepithelial tumor 0 2 2 0.58
Teratoma (mature) 0 1 1 0.29
Metastatic
Lung 31 22 53 15.27
Breast 0 17 17 4.9
Melanoma 7 5 12 3.47
Kidney 1 0 1 0.29
Gastrointestinal 2 7 9 2.6
Prostate 2 0 2 0.58
Testicular 2 0 2 0.58
Others (unclassified)
Fibrous dysplasia 4 0 4 1.16
Undifferentiated carcinoma 3 1 4 1.16
Colloid cyst 1 0 1 0.29
Hemangioblastoma 3 1 4 1.16
Dermoid 1 4 5 1.45
Chordoma 2 0 2 0.58
Jugulotympanic glomus 2 4 6 1.74
Low-grade glioma 11 10 21 6.06

treatment of intracranial metastases. In contrast, in patients
with controlled or absent systemic disease, the number, size,
and location of the lesions and the patients’ clinical con-
ditions determine the best theralpy.7’8

All types of cancer may metastasize to the CNS, but the
rates of occurrence of metastases vary greatly with the
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tumor’s histology. In the present study, lung carcinoma
was the most common type of cancer metastasizing to the
CNS; this is aligned with findings in the literature, which
describe incidence rates ranging from 18-65%, and consider
that these metastases occur independently of the control of
the primary disease.*3~>? Breast neoplasms were the second
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most frequent histological type in our study, followed by
melanoma, which is also aligned with findings from the
literature3®48->4 Of note, young and premenopausal
patients are more likely to develop brain metastases during
the course of breast cancer than elderly and postmenopausal
patients; however, the present study found an increased rate
of CNS tumors in the more advanced age groups.®*—®

Despite the small number of cases with melanoma in our
series, it is worth mentioning that these tumors are more
likely to metastasize to the CNS, ranging from 6-43% in
different clinical series and 12-90% in autopsy series.”’™>°
There was a predominance of supratentorial metastases (80—
85% of the cases) in the transition between the white and
gray matter in the region irrigated by the middle cerebral
arteries.3*® Metastases to the cerebellum have a worse
prognosis compared with supratentorial metastases due to
a higher propensity of these lesions to cause hydrocephalus,
hernia, brainstem compression, and death.®’

Studies involving molecular biology research aim at better
understanding the progression of CNS tumors, but studies
including regional statistics are also fundamental since they
help to identify eventual exposure to carcinogenic factors,
launching appropriate public health care policies and treat-
ments, and identifying susceptible population groups.

The neuro-oncology outpatient clinic at the Hospital
Regional do Oeste is a referral center for the care of patients
with brain tumors in Santa Catarina, Brazil, and the first in
the state (to our knowledge, even in the public health system)
to count with the combined presence of a neurosurgeon, an
oncologist, a radiologist, a pathologist, and a radio-oncolo-
gist. This multidisciplinary team providing neuro-oncol-
ogical care maximizes treatment results, considering that
weekly meetings are performed to discuss the cases treated
at our outpatient clinic, contributing to the continuous
improvement and guaranteeing the excellence of medical
services and care provided to the patient.

Limitations of our study include its retrospective design and
a potentially biased selection of the patients, whose data were
retrieved from a single surgeon’s records and may have
excluded patients with CNS tumors operated on by other
surgeons at the same hospital. The study also did not include
patients with CNS tumors seen at the same institution but not
undergoing surgery, which may have underestimated patients
with certain tumors whose treatment involve medications or
radiotherapy alone (such as pituitary tumors and neurino-
mas). Another limitation of our study was the fact that we only
included as epidemiological variables the patients’ age and
gender, and the tumors’ histology and location.

Conclusion

Questions about the increased incidence of tumors involving
the CNS, particularly in elderly patients, have been ongoing
for decades and seem to be far from clarified. The lack of
reliable records prevents any joint action of health care
professionals and government to elucidate possible risk
factors and develop concrete public policies to allow for
the early diagnosis of neuro-oncological diseases.
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Differences in data collection hinder proper estimates of the
real incidences when different sources are compared, especially
in underdeveloped countries. For now, local statistics may offer
the closest estimates from reality to allow the development of
public policies in the management of neuro-oncological
patients.
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