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Abstract
Introduction
Intracranial tumors (ICTs) are a diverse group of malignancies that pose an immediate threat to
patients' lives, no matter their local or metastatic origin, benign or malignant nature. These
lesions have severe clinical courses and need to be diagnosed and treated as soon as possible,
with pathological verification being the pivotal moment in the process of determining curative
modalities.
Aim
The aim of this study was to compare the incidence of histologically confirmed ICTs in Eastern
Bulgaria, based on their type (primary, metastatic, and non-volume occupying lesions (NVOL)),
their respective subtypes, and incidence in a descriptive manner.
Materials and Methods
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For a period of five full calendar years (January 1st, 2012 – December 31st, 2016), all
histologically confirmed cases of intracranial tumors were prospectively collected from two
individual tertiary healthcare institutions. The cases were then statistically analyzed in a
descriptive manner, and incidences of primary, metastatic, and NVOL were compared with
regards to their specific origins, types, and subtypes. Metastatic tumors were further segregated
relative to their intracranial metastatic location.
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The total number of individual ICTs registered in the set timeframe was 822. Primary ICTs
represented a total of 66.12% of the histologically confirmed cases, with the most common
entries being tumors from a glial and meningeal origin, 30.90% were histologically confirmed as
metastatic ICTs, from which the most common entries were of pulmonary origin, and the other
2.94% were NVOL. On behalf of their intracranial metastatic location, metastatic tumors were
located predominantly in the supratentorial region, represented as a total of 87.80%, while the
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other 12.20% were located in the subtentorial region. Based on the descriptive analysis, the
annual incidence per 100,000 capita of all ICTs is 9.12, comprised of 6.03 per 100,000 for
primary ICTs, 2.82 per 100,000 for metastatic ICTs, and 0.27 per 100,000 for NVOL. The annual
incidence of the most commonly diagnosed primary ICTs per 100,000 is 2.36 for meningioma,
2.03 for glioblastoma, and 0.48 for pituitary adenoma. The annual incidence of the most
commonly diagnosed metastatic ICTs per 100,000 is 1.32 for lung cancer metastases, 0.28 for
gastrointestinal tract (GIT) metastases, 0.22 for melanoma, and 0.17 for breast cancer
metastases.
Conclusion
Based on our results, primary ICTs are operated and biopsied more than two times as much as
metastatic ICTs and only a small fraction of neurosurgical interventions are undertaken due to
NVOL. Metastatic ICTs are predominantly supratentorial with no evidence of a tumor
predominantly metastasizing in the subtentorial region. The demographics reported in the
study establish some aspects of age and gender preferences, as well as the annual incidence per
100,000 for the most commonly diagnosed types of ICTs in our population.

Categories: Pathology, Neurosurgery, Epidemiology/Public Health
Keywords: cns, intracranial tumors, intracranial metastases, non-tumor volume occupying lesions,
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Introduction
Intracranial tumors (ICTs) are either signs of advanced distant malignant processes or local
processes that can be either benign, malignant, or reactive in nature since non-tumor volumeoccupying lesions (NVOL) can be viewed as distinct types of specific intracranial processes [12]. These lesions present an immediate threat to patients' lives and need to be diagnosed and
treated as soon as possible, regardless of their origin [3-5]. Irrespective of the differences in the
distinct tumor groups and the involvement of many medical specialists, these tumors are hard
to diagnose and treat due to their state of advancement, biological properties, and the specifics
of the blood-brain barrier [6-8].
Despite variances in the pathogenesis, evolution of ICT groups, and even within a clinical ICT
entity, the primary symptom and reason for the diagnosis of an ICT is almost always the onset
of neurological deficits [9-11]. The first sign of a distant malignant process can rarely be a
neurological deficit caused by its intracranial spread, while, in most other cases, these
metastases are the first sign of advancement of a condition and are difficult or resistant to
treatment [12-13]. In the case of local tumors, the neurological deficit is virtually always the
first sign of the disease, and its rate, measured via the Karnofski neurological status score, can
be used as a predictive factor [14]. Primary ICTs seldom have a prior generalized manifestation,
such as the case with some astrocytomas that can cause epileptic seizures and pituitary
adenomas, which can cause a variety of conditions, such as gigantism, acromegaly, Cushing’s
disease, or generalized panhyperpituitarism [15].
Local and metastatic ICTs without a systemic or neurological manifestation are discovered
rarely as incidental findings when the patient undergoes radiological investigation in the head
and neck region for non-related reasons [16-18]. While metastatic disease is often associated
with an advanced age and some local tumors are generally reserved for younger individuals,
both groups can be observed virtually in all age groups [13, 19-20]. This can sometimes pose as
a difficulty for both the clinical and pathological diagnosis, especially in the case of severely
anaplastic tumors, even with the help of a wide range of immunohistochemical markers [21].

2017 Stoyanov et al. Cureus 9(7): e1476. DOI 10.7759/cureus.1476

2 of 17

Because of the different etiology and pathogenesis of distinct groups of tumors, few statistical
studies have been targeted at comparing their incidence altogether. Studies targeted at
metastatic tumors are mainly focused on the radiological and neurological or autopsy findings
and completely exclude primary tumors from the reports [13, 20, 22-24]. On the other
hand, studies targeted at primary ICTs exclude metastatic lesions [19, 25]. The different
approaches in diagnosis and statistical analysis seemingly restrict the opportunities for the two
groups to be statistically compared, allowing for a wide interpretation of their incidences,
respective to the design of individual studies with only a few available studies directly
comparing incidence between the two main groups but excluding NVOLs, to our knowledge [12, 13, 19-20, 23-28].
The aim of this study was to compare the incidence and demographics of histologically
confirmed ICTs (primary, metastatic, and NVOLs) in Eastern Bulgaria with regard to their
respective types and subtypes in a descriptive manner, based on the total number of individual
cases.

Materials And Methods
We prospectively collected medical data for all pathologically confirmed ICT cases for the span
of five calendar years (January 1st, 2012 – December 31st, 2016) from the central databases and
pathological archives of two tertiary health centers - St. Marina University Hospital, Varna,
Bulgaria and St. Anna Hospital, Varna, Bulgaria. The neurosurgery wards in the two respective
centers service the whole northeastern and part of the southeastern region of Bulgaria,
providing for the neurosurgical needs of nearly one-third of the country’s total population
(1,802,793 people in total). The Committee on Ethics for Scientific Research, Medical
University - Varna approved this study, protocol #20 (1).
The main criteria for what was deemed a primary tumor were set accordingly to the 2016
edition of the World Health Organization (WHO) classification of tumors of the central nervous
system (CNS) [29]. Metastatic ICT histological findings, including the wide assay of
immunohistochemical profiles, radiological findings, and medical documentation, were
reviewed to pinpoint the primary location. For some metastatic ICTs, such data could not be
retrieved, and thus their primary location remained statistically unknown.
A case was regarded as an individual patient with a histologically confirmed intracranial
process, not an individual pathological finding. This avoided statistical blurring from patients
operated or biopsied more than once in either of the institutions. Therefore, despite the
number of histologically confirmed findings being more than a thousand, the total number of
individual cases reviewed for the aim of this study was 822.
The criteria for the descriptive statistical segregation of these 822 cases were primarily the
place of origin – metastatic, primary intracranial, or NVOL, the main histological type, cellular
origin, and in the case of metastatic tumors, the location of origin and intracranial location
(sub or supratentorial), patient age, and gender [30].
The broad term “primary ICT” was chosen in favor of “CNS tumor” with the idea of avoiding the
common misclassification of tumors from non-neuroectodermal origin into this group and the
goal of classifying only tumors developing inside the cranial cavity. NVOLs were viewed as
lesions originating inside of the cranial cavity but reactive in nature. A metastatic lesion was
deemed as a malignant formation with a primary origin other than the CNS and cranial cavity.
The criteria also excluded all cases of CNS tumors with a primary localization outside of the
cranial cavity, such as spinal cord lesions.
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Statistical analysis was carried out with MaxStat Pro version 3.6 (http://www.maxstat.de/) using
a descriptive statistical approach. All figures were generated with the built-in capabilities of
Microsoft Office 2016 (Microsoft Corp., Redmond, WA).

Results
Statistical analysis of the 822 histologically confirmed cases revealed that 66.18% (n = 544) of
them fell under the category of primary ICT, 30.90% (n = 254) were metastatic ICTs in nature,
and the remaining 2.92% (n = 24) were NVOL. Out of the 543 primary ICT cases, 57.64% (n =
313) were malignant in nature, while the other 42.36% (n = 230) were benign (Figure 1).

FIGURE 1: Incidence of histologically confirmed benign,
malignant, and primary ICTs, as well as metastatic ICTs and
NVOL
ICTs: intracranial tumors; NVOL: non-volume ocupying lesions

Further analysis of primary ICTs revealed that from the 544 cases, 47.24% (n = 257) were tumors
from the broad family of glial tumors, including embryonal tumors with multilayered rosettes
(ETMLR) (formerly known as primitive neuroectodermal tumor - PNET) and medulloblastoma
types of tumors, while the other 52.76% (n = 286) were attributed to meningioma – 39.15% (n =
213), pituitary adenoma – 8.27% (n = 45), neurinoma – 2.21% (n = 12), primary CNS lymphoma
– 1.29% (n = 7), hemangiopericytoma – 0.74% (n = 4), cranial chordoma – 0.55% (n = 3),
pineocytoma – 0.18% (n = 1), myofibroblast tumor 0.18% (n = 1), and primary intracranial
leiomyosarcoma – 0.18% (n = 1).
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From the 257 cases of tumors in the glial group, 87.16% (n = 224) were attributed to tumors of
astrocytic origin, while the remaining cases were attributed to ependymoma 3.89% (n = 10),
oligodendroglioma 3.11% (n = 8), subependymoma 1.95% (n = 5), medulloblastoma 1.17% (n =
3), ETMLR 1.17% (n = 3), oligoastocytoma 0.78% (n = 2), and choroid plexus papilloma 0.78% (n
= 2).
Analysis of the 224 tumors with astrocytic origin showed the following distribution:
glioblastoma multiforme 81.70% (n = 183), astrocytoma WHO Grades I-II 10.71% (n = 24),
anaplastic astrocytoma WHO Grade III 6.25% (n = 14), and gliosarcoma 1.34% (n = 3).
Therefore, the most common primary ICT was meningioma (n = 213), accounting for a total of
25.91% of all ICTs and 39.15% of all primary ICTs. The second most common primary ICT and
most common malignant primary ICT was glioblastoma multiforme (n = 183), accounting for a
total of 22.26% of all ICTs, 33.64% of all primary ICTs, 71.21% of all glial tumors, and 81.70% of
all astrocytic tumors. Other common primary entries included astrocytoma WHO Grades I-II,
astrocytoma WHO Grade III, and neurinoma. The total incidence of individual types of ICTs are
shown in Figure 2; their relations to all primary ICTs, metastatic ICTs, and respected
subtypes are shown in Table 1.
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FIGURE 2: Incidence of individual histologically confirmed
types of primary intracranial tumors.
CNS NH B lymphomas - central nervous system non-Hodgkin lymphoma; ETMLR - embryonal
tumor with multilayered rosettes
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Total NVOL

24

CNS metastatic tumors:

n=
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Total metastatic intracranial tumors
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Total intracranial tumors
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CNS metastases without a specified
primary location:

TABLE 1: Incidence of Occurrence of Histologically Confirmed Primary and Metastatic
Intracranial Tumors and Their Association to Their Individual Groups, Types, and
Subtypes
2017 Stoyanov et al. Cureus 9(7): e1476. DOI 10.7759/cureus.1476

8 of 17

WHO: World Health Organization; ETMLR: embryonal tumor with multilayered rosettes; CNS: central nervous system; NVOL: nontumor volume-occupying lesions

The 24 cases of NVOL were distributed as follows: CNS abscessed 45.83% (n = 10), epidermoid
cysts 29.17% (n = 7), colloid cysts 12.50% (n = 3), Langerhans histiocytosis 4.17% (n = 1),
cholesterol granuloma 4.17% (n = 1), and demyelinating pseudotumor 4.17% (n = 1). The total
incidence of individual types of NVOLs and their relatedness to all ICTs are shown in Table 1.
From the 254 tumors of extracranial origin, 79.53% (n = 202) were with a known primary origin,
and the primary locus of origin for the remaining 20.47% (n = 52) remained unknown. The
primary place of origin was determined with the help of patient histories, image
diagnostics readings, and the presence of primary biopsies histologically correlating to the CNS
metastases.
From the 202 cases of metastatic ICTs with a known origin, 58.91 % (n = 119) were from the
broad category of metastatic lung cancer, 9.90% (n = 20) from metastatic melanoma, 7.92% (n =
16) from metastatic adenocarcinoma originating from the colorectal region, 7.43% (n = 15) from
metastatic breast cancer, 3.46% (n = 7) from metastatic adenocarcinoma originating from the
gastroesophageal region, 3.46% (n = 7) from metastatic clear cell carcinoma of the kidneys,
3.46% (n = 7) from transitional cell carcinoma of the urinary tract, 1.48% (n = 3) from metastatic
squamous cell carcinoma of the uterine cervix, 1.48% (n = 3) from metastatic endometrial
adenocarcinoma, 1% (n = 2) from metastatic prostate adenocarcinoma, 0.50% (n = 1) from
metastatic ovarian carcinoma, 0.50% (n = 1) from CNS leukemic infiltration, and 0.50% (n = 1)
from pancreatic adenocarcinoma. All registered cancer types were present in both males and
females without a clear statistical predominance, excluding breast, uterine cervix, ovarian,
endometrial, and prostate carcinomas, which were gender-specific but are not of statistical
interest due to the gender specificity and organs of origin.
From the 119 metastatic cases that fell under the category of metastatic lung cancer, 84.87% (n
= 101) were from the non-small cell cancer category and the other 15.13% (n = 18) were small
cell lung cancer metastases. The 101 cases of non-small cell lung cancer metastases were
represented as a total of 69.31% (n = 70) of pulmonary adenocarcinoma and 30.69% (n = 31) of
pulmonary squamous cell carcinoma.
Of the 52 cases of intracranial metastases with unknown primary location, 69.24% (n = 36) were
diagnosed as metastatic adenocarcinoma, 21.15% (n = 11) as metastatic squamous cell
carcinoma, 7.69% (n = 4) as metastatic neuroendocrine tumors, and 1.92% (n = 1) as metastatic
alveolar soft part sarcoma. The total incidence of individual types of metastatic ICTs, with
regards to their primary location, and relation to all intracranial, metastatic, and pulmonary
metastatic tumors is shown in Table 1.
A review of the metastatic location of the metastatic tumors (allowed by the biopsy bills filled
by the operating neurosurgeons and additional medical documentation) revealed that from all
254 metastatic CNS tumors, 87.80% (n = 223) were supratentorial and the remaining 12.20% (n =
31) were subtentorial (Figure 3). There was no specific tumor type with
statistically predominant subtentorial metastatic location.
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FIGURE 3: Intracranial location of individual histologically
confirmed types of metastatic central nervous system tumors.

Therefore, based on the reported findings from the primary ICTs, gliomas represent 31.27% (n =
257 out of 822) of the total cases of ICTs, meningiomas - 25.91% (n = 213 out of 822), pituitary
adenomas - 5.47% (n = 45 out of 822), neurinomas - 1.46% (n = 14 out of 822), primary CNS
lymphomas represented - 0.85% (n = 7 out of 822), haemangiopericytomas - 0.49% (n = 4 out of
822), cranial chordomas - 0.36% (n = 3 out of 822), pineocytoma - 0.12% (n = 1 out of 822),
myofibroblast tumor - 0.12% (n = 1 out of 822), and primary CNS leiomyosarcoma - 0.12% (n = 1
out of 822) (Table 1).
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From the NVOL, CNS abscesses represented 1.34% of the cases (n = 11 out of 822), epidermoid
cysts - 0.85% (n = 7 out of 822), colloid cysts - 0.36% (n = 3 out of 822), Langerhans histiocytosis
- 0.12% (n = 1 out of 822), cholesterol granuloma - 0.12% (n = 1 out of 822), and demyelinating
pseudotumor - 0.12% (n = 1 out of 822) (Table 1).
From the metastatic lesions, subclassification analysis revealed that pulmonary cancer
metastases represented 14.48% (n = 119 out of 822) of the total cases of ICTs, metastatic lesions
originating from the gastrointestinal tract - 2.92% (n = 24 out of 822), melanoma metastases 2.43% (n = 20 out of 822), breast cancer metastases - 1.82% (n = 15 out of 822), clear cell renal
carcinoma metastases - 0.85% (n = 7 out of 822), transitional cell urinary tract metastases 0.85% (n = 7 out of 822), uterine cervix squamous cell carcinoma metastases - 0.36% (n = 3 out
of 822), endometrial adenocarcinoma - 0.36% (n = 3 out of 822), prostate adenocarcinoma
metastases - 0.24% (n = 2 out of 822), ovarian carcinoma metastases - 0.12% (n = 1 out of 822),
leukemic infiltration of the CNS - 0.12% (n = 1 out of 822), and the remaining 6.33% (n = 52 out
of 822) of the cases were represented by metastatic lesion only identified as a main histologic
malignant type, but their primary location remained statistically unknown (Figure 4, Table 1).
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FIGURE 4: Individual histologically confirmed types of
intracranial tumors according to their histological type and
location of origin for metastatic lesions.
ICTs: intracranial tumors; NVOL: non-volume ocupying lesions; GIT: gastrointestinal tract; CNS:
central nervous system; CNS NH B Lymphomas: central nervous system non-Hodgkin
lymphoma
Note: Rare CNS metastatic entries include ovarian carcinoma, endometrial adenocarcinoma,
prostate adenocarcinomas, pancreatic adenocarcinoma, CNS leukemic infiltrations. NVOL
includes cerebral abscess, epidermoid and colloid cysts, Langerhans histiocytosis, cholesterol
granuloma, and demyelinating pseudotumor. Rare ICTs included cranial chordoma,
hemangiopericytoma, pineocytoma, primary intracranial leiomyosarcoma, and myofibroblastic
tumor. CNS metastases without a specified primary location included metastases of common
types of cancer, such as squamous cell, adenocarcinoma, and neuroendocrine carcinoma,
whose primary location remained unspecified and metastases of the rare oncologic entree,
alveolar soft part sarcoma.

The mean age and male to female ratio for the most common entries are as follows:
glioblastoma multiforme (n = 183) mean age: 59.18 years (standard deviation ± 13.52), male to
female ratio 1.3:1; astrocytoma WHO Grade III (n = 14) mean age: 56.91 years (standard
deviation ± 10.37), male to female ration 1.8:1; astrocytoma WHO Grades I-II (n = 24) mean age:
45.55 years (standard deviation ± 19.94), male to female ratio 1.5:1; meningioma (n = 213) mean
age: 60.40 years (standard deviation ± 10.95), male to female ratio 1:1.8; neurinoma (n = 12)
mean age: 61.55 years (standard deviation ± 6.89), male to female ratio 1:2.2; pituitary
adenoma (n = 45) mean age: 48.17 years (standard deviation ± 4.70), male to female ratio
1.05:1; ependymoma (n = 10) mean age: 27.71 years (standard deviation ± 21.36), male to
female ratio 1.1:1; CNS lymphoma (n = 7) mean age: 58.50 years (standard deviation ± 7.40),
male to female ratio 1.4:1; breast cancer metastases (n = 15) mean age: 56.83 years (standard
deviation ± 10.82), male to female ratio 0:1; gastrointestinal tract (GIT) metastases (n = 32)
mean age: 64.29 years (standard deviation ± 3.87), male to female ratio 1.8:1; melanoma
metastases (n = 20) mean age: 49.15 years (standard deviation ± 14.98), male to female ratio
1:1; pulmonary metastases (n = 119) mean age: 60.82 years (standard deviation ± 8.42), male to
female ratio 3.1:1; urogenital metastases, including gender-specific cancer types (n = 25), mean
age: 62.33 (standard deviation ± 7.32), male to female ratio 1.2:1; and CNS abscess (n = 11)
mean age: 57.67 years (standard deviation ± 17.31), male to female ratio 2.66:1 (Figure 5).

2017 Stoyanov et al. Cureus 9(7): e1476. DOI 10.7759/cureus.1476

12 of 17

FIGURE 5: Mean age of diagnosis of the most commonly
diagnosed ICTs
ICTs: intracranial tumors; CNS: central nervous system; GIT: gastrointestinal tract; CNS NH B
lymphomas: central nervous system non-Hodgkin lymphoma

Based on the descriptive analysis and the total population of the regions referred to our
institutions (1,802,793 people), the annual incidence per 100,000 capita of all ICTs is 9.12,
comprised of 6.03 per 100,000 for primary ICTs, 2.82 per 100,000 for metastatic ICTs, and 0.27
per 100,000 for NVOL. The annual incidence of the most commonly diagnosed primary ICTs per
100,000 is 2.36 for meningioma, 2.03 for glioblastoma, and 0.48 for pituitary adenoma. The
annual incidence of the most commonly diagnosed metastatic ICTs per 100,000 is 1.32 for lung
cancer metastases, 0.28 for GIT metastases, 0.22 for melanoma, and 0.17 for breast cancer
metastases (Figure 6).
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FIGURE 6: Annual incidence per 100,000 for the most
commonly diagnosed ICTs
ICTs: intracranial tumors; NVOL: non-tumor volume-occupying lesions: GBM: glioblastoma
multiforme; GIT: gastrointestinal tract

Discussion
Most often, neurological deficits are the first sign of an ICT and can be severe and remain
permanent, despite the therapeutic actions taken by medical personnel. Segregation between
primary and metastatic ICTs is a pivotal moment in the diagnostic process and plays a major
role in determining the therapeutic modalities for further treatment and, therefore, plays a key
role in managing medical resources. It is the first step towards the application of personalized
medicine in the case of ICTs. The knowledge of the incidence and demographics of individual
ICT entries are key steps in the preparation, both for the patient intervention and the
institutional planning of resources. As such, our report gives a rare glimpse comparing the
different types of ICTs and the individual patient demographics for the most common entries.
Similar studies to ours are rarely undertaken [27]. Our results, to our knowledge, are the only
ones giving modern insight in such depth to the problem and the first ever to touch on it in our
population.
Although favoring the classification of primary ICTs and NVOLs when compared to metastatic
ICTs, due to the histological verification criteria, our study reports similar findings to other
studies [2, 20, 24, 26-28]. Our findings concur with the total incidence for primary ICTs when
compared to similar modern analyses on the topic, giving nearly identical rates for the most
commonly diagnosed lesions [2, 27].
To our knowledge, apart from one very recent article, the last published articles that compared
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primary and metastatic ICTs were published more than three decades ago [26-28]. Our study
outnumbers older publications in the total number of cases reviewed, although not in the
period of data sampling. However, based on the time gap, these differences could be attributed
to advances in neurosurgery and its increased availability for the global population. On the
other hand, our results are very close in figures to those reported by Werneck de Carvalho, et al.
in Brazil in 2017, despite some variances in study design and populational differences [27].
Nonetheless, the results of all studies concur with ours, stating that primary ICTs are greater in
incidence when compared to metastatic ICTs, despite the values ranging from 1.6% to 49% for
metastatic ICTs, when compared to our results stating 30.90%.
Since then, due to most metastatic ICTs being diagnosed only radiologically and deemed
inoperable, statistical analyses have focused only on comparing either primary or metastatic
lesions of the CNS. This is due to methodological incompatibility between the diagnostic
criteria for the two groups, making such studies extremely hard to undertake as the criteria, the
volume of data analysis, and representation of data would be difficult to compose. Our
histological criteria are a drawback in this aspect but nonetheless present a modernized view of
the problem, as well as establishing the demographics of patients, previously unreported in our
country in such depth. Our results are also consistent with the data from articles investigating
the incidence of metastatic ICTs, concurring that the greatest portion of these are attributed to
breast, melanoma, lung, and gastrointestinal cancer metastases [1, 23-24].
However, despite the reported data, all authors agree that the total occurrences, and therefore,
the statistical percentage of metastatic ICTs, are higher than that of the cases that underwent
neurosurgical interventions and were histologically confirmed. This statement is further
illustrated mainly by the absence of oncological entries that are known to spread to the CNS but
are not present in our study. On the other hand, the presence of some extremely rare entries,
such as pineocytoma and primary intracranial leiomyosarcoma, are of great value to the
statistical significance of the reported data, as they are rarely present in any statistical report.
To our knowledge, at the present time, no other study has compared the incidence of NVOLs to
primary or metastatic ICTs.

Conclusions
The demographic characteristics of this study establish some aspects of the age and gender
ratios for the most commonly diagnosed types of ICTs in our population in a descriptive
manner based on histological verification criteria. These findings are the first ever reported in
our population and the most detailed report in more than 30 years. Based on our results,
primary ICTs represent 66.06% of all histologically verified intracranial lesions, metastatic ICTs
represent 30.90%, and only a small fraction of cases are attributed to NVOLs (3.04%). The
annual incidence per 100,000 capita of all ICTs was 9.12, comprised of 6.03 for primary ICTs,
2.82 for metastatic ICTs, and 0.27 for NVOL. The most common ICTs diagnosed include
glioblastoma, meningioma, and pituitary adenoma for primary ICTs, lung, melanoma, GIT, and
breast cancer for metastatic ICTs, and cerebral abscess for NVOL. CNS metastases are mostly
supratentorial, accounting for 87.80%, with no statistical evidence of a tumor type
predominantly metastasizing in the subtentorial region.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Committee on Ethics
for Scientific Research, Medical University - Varna "Prof. Dr. Paraskev Stoyanov" issued
approval Protocol № 20 (1), from 26.04.2012. Animal subjects: This study did not involve

2017 Stoyanov et al. Cureus 9(7): e1476. DOI 10.7759/cureus.1476

15 of 17

animal subjects or tissue. Conflicts of interest: The authors have declared that no conflicts of
interest exist.

Acknowledgements
The authors would like to thank all of the medical and non-medical personnel, past and
present, of the neurology, neurosurgery, radiology, nuclear medicine, pathology, and all other
medical wards in the “St. Marina” University Hospital, Varna, Bulgaria and “St. Anna” Hospital,
Varna, Bulgaria, who, while performing their medical and humanitarian duties, allowed for the
implementation of this study.

References
1.
2.

3.

4.

5.
6.

7.
8.
9.
10.
11.

12.

13.
14.

15.
16.
17.
18.
19.

Gavrilovic IT, Posner JB: Brain metastases: epidemiology and pathophysiology. J Neurooncol.
2005, 75:5–14. 10.1007/s11060-004-8093-6
Dolecek TA, Propp JM, Stoup NE, Kruchko C: CBTRUS statistical report: primary brain and
central nervous system tumors diagnosed in the United States in 2005-2009. Neuro Oncol.
2012, 14:v1-v49. 10.1093/neuonc/nos218
Sands SA, Kellie SJ, Davidow AL, et al.: Long-term quality of life and neuropsychologic
functioning for patients with CNS germ-cell tumors: from the First International CNS GermCell Tumor Study. Neuro Oncol. 2001, 3:174–83. 10.1093/neuonc/3.3.174
Nussbaum ES, Djalilian HR, Cho KH, Hall WA: Brain metastases. Histology, multiplicity,
surgery, and survival. Cancer. 1996, 78:1781–88. 10.1002/(SICI)10970142(19961015)78:8<1781::AID-CNCR19>3.0.CO;2-U
Mostow EN, Byrne J, Connelly RR, Mulvihill JJ: Quality of life in long-term survivors of CNS
tumors of childhood and adolescence. J Clin Oncol. 1991, 9:592–99. 10.1200/JCO.1991.9.4.592
Okuda T, Kato A: Surgical Treatment for Multiple Brain Metastases . Clinical Management and
Evolving Novel Therapeutic Strategies for Patients with Brain Tumors. Lichtor T (ed): InTech,
Rijeka, Croatia; 2013. 183-92. 10.5772/52353
Buckner JC, Brown PD, O’Neil BP, et al.: Central nervous system tumors. Mayo Clin Proc.
2007, 82:1271–86. 10.4065/82.10.1271
Deeken JF, Löscher W: The blood-brain barrier and cancer: transporters, treatment, and
Trojan horses. Clin Cancer Res. 2007, 13:1663–74. 10.1158/1078-0432.CCR-06-2854
Taphoorn MJ, Klein M: Cognitive deficits in adult patients with brain tumours . Lancet Neurol.
2004, 3:159–68. 10.1016/S1474-4422(04)00680-5
Meyers CA, Brown PD: Role and relevance of neurocognitive assessment in clinical trials of
patients with CNS tumors. J Clin Oncol. 2006, 24:1305–309. 10.1200/JCO.2005.04.6086
Caraceni A, Nanni O, Maltoni M, et al.: Impact of delirium on the short term prognosis of
advanced cancer patients. Italian Multicenter Study Group on Palliative Care. Cancer. 2000,
89:1145–49. 10.1002/1097-0142(20000901)89:5<1145::AID-CNCR24>3.0.CO;2-X
Nguyen LN, Maor MH, Oswald MJ: Brain metastases as the only manifestation of an
undetected primary tumor. Cancer. 1998, 83:2181–84. 10.1002/(SICI)10970142(19981115)83:10<2181::AID-CNCR17>3.0.CO;2-J
Nayak L, Lee EQ, Wen PY: Epidemiology of brain metastases . Curr Oncol Rep. 2012, 14:48–54.
10.1007/s11912-011-0203-y
Gofton TE, Graber J, Carver A: Identifying the palliative care needs of patients living with
cerebral tumors and metastases: a retrospective analysis. J Neurooncol. 2012, 108:527–34.
10.1007/s11060-012-0855-y
Arafah BM, Nasrallah MP: Pituitary tumors: pathophysiology, clinical manifestations and
management. Endocr Relat Cancer. 2001, 8:287–305. 10.1677/erc.0.0080287
Pallud J, Fontaine D, Duffau H, et al.: Natural history of incidental World Health Organization
grade II gliomas. Ann Neurol. 2010, 68:727–33. 10.1002/ana.22106
Nakamura M, Florian R, Julia M, et al.: The natural history of incidental meningiomas .
Neurosurgery. 2003, 53:62–71. 10.1227/01.NEU.0000068730.76856.58
Katzman GL, Dagher AP, Patronas NJ: Incidental findings on brain magnetic resonance
imaging from 1000 asymptomatic volunteers. JAMA. 1999, 282:36–39. 10.1001/jama.282.1.36
Fisher JL, Schwarzbaum JA, Wrensh M, Wiemels JW: Epidemiology of brain tumors . Neurol

2017 Stoyanov et al. Cureus 9(7): e1476. DOI 10.7759/cureus.1476

16 of 17

20.

21.
22.

23.

24.
25.
26.
27.

28.

29.

30.

Clin. 2007, 25:867–90. 10.1016/j.ncl.2007.07.002
Schouten LJ, Rutten J, Huveneer HAM, Twijinstra A: Incidence of brain metastases in a cohort
of patients with carcinoma of the breast, colon, kidney, and lung and melanoma. Cancer.
2002, 94:2698-705. 10.1002/cncr.10541
Stoyanov GS, Dzhenkov D, Ghenev P: Cytokeratin AE1/AE3 mimicry in glioblastoma. Script
Sci Med. 2017, 49:47-52. 10.14748/ssm.v49i1.2055
Yamanaka R, Koga H, Yamamoto Y, et al.: Characteristics of patients with brain metastases
from lung cancer in a palliative care center. Support Care Cancer. 2011, 19:467–73.
10.1007/s00520-010-0838-5
Tsukada Y, Fouad A, Pickren JW, Lane WW: Central nervous system metastasis from breast
carcinoma autopsy study. Cancer. 1983, 52:2349-54. 10.1002/10970142(19831215)52:12<2349::AID-CNCR2820521231>3.0.CO;2-B
Smedby KE, Brandt L, Bäcklund ML, Blomqvist P: Brain metastases admissions in Sweden
between 1987 and 2006. Br J Cancer. 2009, 101:1919–24. 10.1038/sj.bjc.6605373
Wrensch M, Minn Y, Chew T, et al.: Epidemiology of primary brain tumors: current concepts
and review of the literature. Neuro Oncol. 2002, 4:278–99. 10.1093/neuonc/4.4.278
Walker AE, Robins M, Weinfeld FD: Epidemiology of brain tumors: the national survey of
intracranial neoplasms. Neurology. 1985, 35:219-26. 10.1212/WNL.35.2.219
Werneck de Carvalho LE, Sarraf JS, Semblano AA et al.: Central nervous system tumours
profile at a referral center in the Brazilian Amazon region, 1997-2014. PLoS One. 2017,
12:e0174439. 10.1371/journal.pone.0174439
Guõmundsson KR: A survey of tumours of the central nervous system in Iceland during the
10-year period 1954–1963. Acta Neurol Scand. 1970, 46:538–52. 10.1111/j.16000404.1970.tb05811.x
Louis DN, Perry A, Reifenberger G, et al.: The 2016 World Health Organization Classification
of tumors of the central nervous system: a summary. Acta Neuropathol. 2016, 131:803-20.
10.1007/s00401-016-1545-1
Delattre JY, Krol G, Thaler HT, Posner JB: Distribution of brain metastases . Arch Neurol. 1988,
45:741–44. 10.1001/archneur.1988.00520310047016

2017 Stoyanov et al. Cureus 9(7): e1476. DOI 10.7759/cureus.1476

17 of 17

