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ABSTRACT
Introduction: Gliomas represent 80% of the central nervous system tumors. World Health Organization (WHO) has added, in 2016, 
molecular features to the classification of gliomas. The pathophysiology and risk factors of these tumors are not yet fully understood. 
Objective: Perform a retrospective analysis of immunohistochemical and anatomopathological reports of gliomas. Method: Cross-
sectional, retrospective and descriptive study carried out from anatomopathological and immunohistochemical exams made between 
January 2014 and December 2018 in a pathological anatomy laboratory in the city of Maringá-PR. Of the 234 reports related to the 
term glioma, 204 were selected for this study. Results: Astrocytic, ependymal and oligodendroglial tumors were found, with astrocytomas 
accounting for the majority (86.8% of the cases found). Mean age at diagnosis was 51.8 years and the prevalence was higher in men. 
Furthermore, immunohistochemically detectable mutations were analyzed, such as p53 (mutated in 66.7% of those tested), isocitrate 
dehydrogenase (IDH) (28.6% mutated), X-linked alpha-thalassemia mental retardation (ATRX) (21.0%) and diagnostic markers such as 
positive epithelial membrane antigen (EMA) in all analyzed ependymomas. Conclusion: The necessity of further researches on gliomas 
is undeniable , both epidemiologically considering the new classification and within the clinical and pathophysiological scope in order 
to improve the understanding of the pathology and the treatment for the patients. 
Key words: Glioma; Glioblastoma; Astrocytoma; Immunohistochemistry; Molecular Epidemiology.

RESUMO
Introdução: Os gliomas representam 80% dos tumores do sistema nervoso 
central. A Organização Mundial da Saúde (OMS) adicionou, em 2016, 
critérios moleculares na classificação dos gliomas. A fisiopatologia e os fatores 
de risco desses tumores ainda não são totalmente conhecidos. Objetivo: 
Realizar uma análise retrospectiva dos laudos anatomopatológicos e imuno-
histoquímicos de gliomas. Método: Estudo transversal, retrospectivo e 
descritivo, a partir de exames anatomopatológicos e imuno-histoquímicos 
realizados entre janeiro de 2014 e dezembro de 2018 em um laboratório de 
anatomia patológica na cidade de Maringá-PR. Dos 234 laudos relacionados 
com o termo glioma, 204 foram selecionados para este estudo. Resultados: 
Foram encontrados tumores astrocitários, ependimários e oligodendrogliais, 
sendo que os astrocitomas corresponderam à maioria (86,8% dos casos 
encontrados). A média de idade ao diagnóstico foi de 51,8 anos e houve 
maior prevalência desses tumores no sexo masculino. Também foram 
analisadas mutações detectáveis por imuno-histoquímica como p53 (mutada 
em 66,7% dos testados), isocitrato desidrogenase (IDH) (28,6% mutados), 
X-linked alpha-thalassemia mental retardation (ATRX) (21,0%) e marcadores 
diagnósticos como o epithelial membrane antigen (EMA) positivo em todos 
os ependimomas analisados. Conclusão: É inegável a necessidade de novas 
pesquisas sobre os gliomas tanto no campo epidemiológico, tendo em vista a 
nova classificação, quanto no escopo fisiopatológico e clínico, com o objetivo 
de melhorar o entendimento sobre a patologia e o tratamento dos pacientes.
Palavras-chave: Glioma; Glioblastoma; Astrocitoma; Imuno-Histoquímica; 
Epidemiologia Molecular.

RESUMEN
Introducción: Los gliomas representan 80% de los tumores del sistema 
nervioso central. La Organización Mundial de la Salud (OMS) agregó, en 
2016, criterios moleculares sobre como clasificar los gliomas. La fisiopatología y 
los factores de riesgo de estos tumores aún no se comprenden completamente. 
Objetivo: Realizar un análisis retrospectivo de informes inmunohistoquímicos 
y anatomopatológicos de gliomas. Método: Estudio transversal, retrospectivo 
y descriptivo con base em pruebas anatomopatológicas e inmunohistoquímicas 
realizadas entre enero de 2014 y diciembre de 2018 en un laboratorio de 
anatomía patológica de la ciudad de Maringá-PR. De los 234 informes 
relacionados con el término glioma, se seleccionaron 204 para este 
estudio. Resultados: Se encontraron tumores astrocíticos, ependimarios 
y oligodendrogliales, siendo los astrocitomas la mayoría (86,8% de los 
casos encontrados). La edad media al diagnóstico fue de 51,8 años y hubo 
una mayor prevalencia de estos tumores en el sexo masculino. También se 
analizaron mutaciones detectables inmunohistoquímicamente, como p53 
(mutado en 66,7% de los analizados), isocitrato desidrogenase (IDH) (28,6% 
mutado), X-linked alpha-thalassemia mental retardation (ATRX) (21,0%) y 
marcadores de diagnóstico como epithelial membrane antigen (EMA) positivo 
en todos los ependimomas analizados. Conclusión: Es innegable la necesidad 
de profundizaren las investigaciones sobre los gliomas, tanto en el campo 
epidemiológico, ante la nueva clasificación, como en el ámbito fisiopatológico 
y clínico, con el objetivo de mejorar el conocimiento sobre la patología y el 
tratamiento de los pacientes.
Palabras clave: Glioma; Glioblastoma; Astrocitoma; Inmunohistoquímica; 
Epidemiología Molecular.
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INTRODUCTION
 
Gliomas are part of a heterogeneous group of tumors 

of the central nervous system (CNS), arising from glial 
cells, that is, astrocytic, oligodendrocytes and ependymal 
cells1. It is estimated that annually, nearly 11 thousand 
cases of primary tumors of CNS occur in Brazil, causing 
more than nine thousand deaths2. Approximately 80% of 
the CNS malignant tumors are gliomas3. 

The incidence of gliomas varies broadly worldwide; 
the world mean is 3.4 cases per 100 thousand inhabitants 
annually with predominance of males. In USA, the 
estimate is 7.15 cases per 100 thousand inhabitants per 
year, while in Brazil, is 5.8 cases per year for each 100 
thousand inhabitants. The occurrence in the Southern 
Region is considerably higher, with 10.17 cases in males 
per 100 thousand inhabitants per year and 8.52 cases in 
women per each 100 thousand inhabitants per year2,4.

The 2016 WHO classification is based in phenotypes 
and molecular parameters to typify the tumors, adding 
the immunohistochemical and molecular biology to the 
classical anatomopathological exam1.

Gliomas are subdivided in diffuse astrocytic, other 
astrocytic, ependymal gliomas and other gliomas. Diffuse 
astrocytic gliomas include most of the astrocytoma 
and oligodendroglioma. The glioblastoma multiforme 
(GBM), diffuse astrocytoma, anaplastic astrocytoma, 
diffuse midline glioma and all the oligodendroglioma 
are part of this group. The isocitrate dehydrogenase gene 
(IDH) plays a key role in the diagnostic of gliomas. The 
enzyme IDH catalyzes the reaction of the isocitrate for 
alpha-ketoglutarate, the mutation of isoforms 1 and 
2 produces the oncometabolite 2-hydroxiglutarate, 
inhibiting the functions of enzyme-dependent alpha-
ketoglutarate. More than 90% of these mutations occur in 
the residue IDH-1 132, which is the alteration identified 
by immunohistochemical technique, allowing to classify 
the gene in mutant or wild5,6.

Other astrocytomas can be differentiated from 
other diffuse astrocytic tumors by the circumscribed 
growth pattern and for not presenting IDH mutation. 
The pleomorphic xanthoastrocytoma and the pilocytic 
astrocytoma belong to this group. The ependymal gliomas 
are tumors of ependymal origin, being ependymoma the 
main example. Other gliomas are rarer variants that do 
not fit in the other groups1,7.

The physiopathology of gliomas remain obscure in 
several aspects. The most studied risk factors are mobile 
phones and ionizing radiation. Allergies are considered 
protective factors. Family carcinogen syndromes as for 
instance, neurofibromatosis types I and II, Li-Fraumeni 
syndrome among others cause gliomas, however, 

correspond to less than 5% of the cases4. Pesticides, mainly 
organophosphates have also been studied as possible risk 
factors for gliomas8,9.

The objective of this article was to conduct a 
retrospective study of the prevalence of brain tumors of 
the type glioma in a laboratory of Pathological Anatomy in 
the city of Maringá-PR from January 2014 to December 
2018.

METHOD

Cross-sectional, retrospective, and descriptive study 
from anatomopathological and immunohistochemical 
reports from January 2014 to December 2018 in a 
laboratory of Pathological Anatomy in the city of Maringá-
PR. The Institutional Review Board of Universidade 
Estadual deMaringá (Report number 4.254.657) approved 
the study.

A proprietary form was elaborated to collect the data 
with general information about the patients (age; sex and 
diagnostic hypothesis) and the tumor (identification of the 
tumor type, staging and grading) in addition to molecular 
markers identified by immunohistochemistry, specially 
IDH, X-linked alpha-thalassemia mental retardation 
(ATRX) and p53. The key-words gliomas, astrocytomas 
and ependymomas were utilized to access the information 
in the system and in the reports selected, the patient 
identification was coded, the name or any identifying 
information was unable to be obtained. All the reports 
where age and sex were not informed or with incomplete 
data or that failed to present morphological findings of 
the gliomas were excluded. The anatomopathological 
and immunohistochemical results obtained from the 
data collected were tabulated and classified in different 
biological categories as recommended by The 2016 World 
Health Organization Classification of Tumors of the 
Central Nervous System1.

RESULTS

237 anatomopathological reports with diagnosis or 
suspicion of glioma (204 reports were utilized in the 
study, 33 were rejected) were selected from January 
2014 to December 2018, in addition to 106 reports of 
immunohistochemistry. 

In the present casuistic, 178 cases were encountered 
(87.2%) diagnosed as astrocytomas, of which, 139 
(78.1%) were glioblastomas (one of them was diagnosed as 
gliosarcoma and another case, as large cells glioblastoma, 
subtypes of IDH glioblastomas by WHO), 20 (11.2%), 
diffuse astrocytomas grade III, six (3.4%), anaplastic 
astrocytomas grade III, ten (5.6%), pilocytic astrocytomas 
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Table 1. Classification of gliomas and incidence related to sex and age

Origin Diagnosis Men (%) Women (%) Total Mean Age
Age-
range

Astrocyte Glioblastoma 96 (69.1%) 43 (30.9%) 139 58.7 (SD±14.2) 12-88

Astrocyte
Diffuse astrocytoma (grade 

II)
14 (70.0%) 6 (30.0%) 20 39.9 (SD±13.9) 21-80

Astrocyte
Anaplastic astrocytoma 

(grade III)
5 (83.3%) 1 (6.7%) 6 53.5 (SD±20.1) 28-70

Astrocyte Pilocytic astrocytoma 8 (80.0%) 2 (20.0%) 10 14.9 (SD±11.3) 2-30

Astrocyte Xanthoastrocytoma 2 (66.8%) 1(33.3%) 3 36 (SD±19.7) 18-57

Ependymal Ependymoma (grade II) 4 5 9 43 (SD±17.9) 23-69

Ependymal Subependymoma 2 0 2 56.5 (SD±0.7) 56-57

Ependymal
RELA-fusion positive 

ependymoma 
2 0 2 13.5 (SD±10.6) 6-21

Ependymal Anaplastic ependymoma 1 0 1 18 18

Oligodendroglial Oligodendroglioma 6 (66.7%) 3 (33.3%) 9 46.78 (SD±12.6) 34-74

Mixed Oligoastrocytoma 0 (0) 1 (100%) 1 45 45

Astrocyte Diffuse midline glioma 1 (50%) 1 (50%) 2 18 (SD±14.1) 8-28

Total 141 (69.1%) 63 (30.9%) 204 51.8 (SD±18.7) 2-88

Figure 1. Tumors per age-range

and three (1.7%), xanthoastrocytoma. Of the 14 
(6.9%) ependymal tumors found, nine (64.3%) were 
ependymomas grade II, two (14.3%) sub-ependymoma, 
with positive RELA-fusion and one (7.1%), anaplastic 
ependymoma. Among the nine oligodendroglial neoplasms 
(4.4%), two were anaplastic oligodendrogliomas (22.2%) 
and seven (77.8%), oligodendrogliomas grade II. One 
case (0.5%) of oligoastrocytoma (mixed tumor) and two 
diffuse midline gliomas (1%) were also found.

Table 1 shows great occurrence of astrocitary lineage 
tumors (178) followed by ependymal and oligodendroglial 
neoplasms. Male patients represent more than two thirds 
of the cases, with 69.1% and female patients correspond 
to 30.9% of the total analyzed in this article. The mean 
age at diagnosis was 51.8 years (SD±18.7). In average, 
gliomas in males were identified at 49.9 years while in 
females, it was around 55.2 years old. Incidence increases 
with age until reaching the peak between 50 and 59 years, 
declining later as shown in Figure 1.

The immunohistochemical analysis of the astrocytic 
tumors (Figure 2) shows mutation of IDH in 18 tumors 
(27.7%) and the wild gene in 47 (72.3%). It is observed 
an increasing presence of IDH-wildtype with age; the case 
of the oldest patient with IDH-mutant was at 56 years old. 
Among the astrocytomas grade II, 11 presented mutation 

and five were negative; of the anaplastic astrocytomas 
with immunohistochemistry, two had IDH mutated and 
two did not present mutation. For glioblastomas, six had 
IDH-mutant and 37, IDH-wildtype.

Of the 106 tumors where immunohistochemistry was 
performed, 84 (76.4%) had positive glial fibrillary acidic 
protein (GFAP). The mutation of histone H3.3K27M 
was present in the two diffuse midline gliomas and no 
negative results were found.

There was loss of ATRX in 13 (21.0%) of the 62 
tumors, where the antigen was tested, all with IDH-
mutant. For the remaining 49 (79.0%) without loss of 
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Figure 2. Distribution of IDH-wildtype and mutant per age-range in 
diffuse astrocytomas

ATRX, there was predilection for IDH-wildtype, adding 
40 of this type (83.7% of which did not have loss). 
Mutations of p53 were examined in 27 tumors, with 
positivity in 18 (66.7%); most (9; 81.8%) of the IDH-
mutant also had alteration of p53; in the IDH-wildtype, 
nine (56.3%) had the mutation and seven (43.8%) were 
normal for p53. All ependymomas, where the epithelial 
membrane antigen – EMA was tested, were positive.

DISCUSSION
 
The 2016 WHO classification changed the criteria of 

category of CNS tumors, giving to immunohistochemistry 
analysis the central role and adding molecular parameters 
for more conclusive diagnoses1. Few are the studies that 
bring new markers, it is very important to review the 
epidemiology of the gliomas under this new classification. 

It is also important to highlight that not always 
the molecular biology-based techniques are available, 
hindering the diagnosis considered ideal by WHO. 
In Brazil, it is difficult to utilize these techniques 
since in this study it was not possible to perform the 
immunohistochemistry analysis of all the patients and of 
the other molecular tests suggested in the 2016 WHO 
classification1.

For many years, the specific expressions of proteins of 
intermediate filament by tissues have been instrumental 
in the diagnosis of tumors. The GFAP is an example of 
intermediate filament, is present in astrocytes (mature 
and in development), ependymal cells and radial glia 
of the brain in development; in addition, is the most 
frequent marker utilized in diagnostic neuropathology10. 
The positive reaction to GFAP was demonstrated in 
astrocytomas, ependymomas and astrocytic cells of 
mixed gliomas, large cells astrocytoma, sub-ependymal, 
pleomorphic xanthoastrocytoma, astroblastoma and 
gliosarcoma. In the present study, of the 106 tumors where 
immunohistochemistry was performed, 84 (76.4%) were 
positive for GFAP.

DIFFUSE GLIOMAS 
The patients with glioblastomas belong to a group 

with high incidence and mortality among the gliomas 
and CNS tumors. In the study sample, there is a slightly 
higher incidence in males than described in the literature 
and at earlier age7. GBM has a 5-year 6.8% survival11; 
its erratic form which needs great margin of dissection 
and high relapse rates explains the elevated mortality. 
The glioblastomas represent more than two thirds of the 
gliomas encountered in this casuistic. Similar results were 
found in other studies, making it indispensable a better 
understanding of a tumor whose mortality is so high12-15.

It was not possible to identify the factor that led to 
a predilection of GBM for males (69.1%) in this study, 
while other national authors present this predilection 
between 55% and 66%12,14,15.

The identification of the mutation or not of the isocitrate 
dehydrogenase is fundamental for the prognosis and in 
the response to temozolomide, main chemotherapeutic 
in the treatment of these tumors16. Glioblastomas which 
have this mutation also called secondary glioblastomas, 
evolve less aggressively (astrocytomas grades II and III) 
and have better prognosis/response to the chemotherapic 
– specially temozolomide. Primary GBM, which appears 
as astrocytomas grade IV are more common and have 
worse survival3,17.

The IDH-mutant glioblastomas have prognosis of 31 
months of life and represent 10% of GBM, while IDH-
wildtype glioblastomas have prognosis of 15 months 
and represent 90% of the tumors. The IDH-mutant and 
wildtype glioblastomas occur according to the literature, 
at 44 and 62 years in average, respectively17. In the present 
study, IDH-mutant glioblastomas constitute 13.6% with 
mean age of 37.3 years against 86.4% of IDH-wildtype 
and mean age of 59.6. In Figure 2, it is seen a clear 
tendency of increase of IDH-wildtype in the astrocytomas 
as a whole according to the age.

In the astrocytomas grades II and III the percentage 
of mutation expected for IDH is from 70% to 80%, 
differing from grade IV which presents nearly a contrary 
relation17. These tumors evolve to more advanced forms 
in many cases and are called secondary glioblastomas. 
Among the 18 astrocytomas grade II and III with IDH 
investigated, two thirds present alteration. The mortality 
is variable and recent studies have related this number 
with specific mutations not yet utilized clinically. 
Excepting the pediatric age-range, said tumors are found 
in practically every age, with peak between 30 and 40 years 
old, declining progressively as age advances18. Typically, 
there is tumor progression along the years, even after the 
correct treatment7. The mutation of K27M of the histone 
H3 defines a new entity created by the classification of 
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2016, the diffuse midline glioma H3 K27M-mutant. In 
addition to the mutation, it stands out the location in 
sites close to the midline in the thalamus, brainstem, and 
bone marrow. Children and young adults are the groups 
generally affected by the midline gliomas7,19, as the results 
show – one 8-year-old and another 28-years old patient.

The gene ATRX is a transcriptional regulator, its 
inherited mutations cause the disease they were name 
after, X-linked alpha-thalassemia mental retardation. 
However, the mutations acquired participate of the 
carcinogenesis, not only of the gliomas, as of the pancreatic 
neuroendocrine and pheochromocytoma. There is a close 
correlation of inactivating alterations of ATRX with IDH 
mutations5; all the cases of inactivation of ATRX were 
concomitant with IDH mutation in the present sample, 
corroborating this fact. However, nine tumors with IDH 
mutated had not inactivation of ATRX, that is, 14.5% of 
the total neoplasms with ATRX tested.

One of the genes more involved and investigated in 
human carcinogenesis is p53. Its mutation is strongly 
related to IDH mutation and is useful in the differentiation 
between oligodendrogliomas and astrocytomas. The 
mutation of the genes was concomitant in 81.8% of 
the cases when both were analyzed, therefore, they are 
astrocytomas. In IDH-wildtype, p53 has shown to be 
altered in 56.3% of the total.

Oligodendrogliomas and oligoastrocytomas represent 
less than 10% of the diffuse gliomas encountered in 
epidemiological studies. Recent studies revealed that 
molecular and epigenetic characteristics allow the 
reclassification of oligoastrocytoma or diffuse gliomas 
morphologically ambiguous in oligodendroglioma 
or astrocytoma. Some authors suggest, based in these 
conclusions, the exclusion of oligoastrocytoma as 
entity. Actually, the diagnosis of mixed gliomas presents 
the highest levels of discrepancy even among expert 
neuropathologists. In 1997, the discovery that low grade 
oligoastrocytoma typically have 1p/19q codeletion or 
TP53 mutation made the authors skeptical about the 
existence of truly mixed gliomas20. 

The oligodendrogliomas present less infiltrative pattern 
and have better prognosis than astrocytomas21. Males are 
more predominant20, as the results show. Of the nine 
diagnoses of oligodendroglioma, only two are anaplastic. 
WHO recommends that both the IDH mutation and 
1p/19q codeletion should be confirmed for the diagnosis 
of oligodendroglioma1,21. The oligoastrocytomas are 
tumors of oligodendroglial and astrocyte mixed origin. 
Only one oligoastrocytoma was diagnosed in a 45-years 
old female patient. In the last years, the diagnosis of 
oligoastrocytoma is not recommended as most of the 
tumors, earlier classified as such, can be astrocytoma or 
oligodendroglioma, utilizing molecular patterns1,22.

EPENDYMAL TUMORS 
Ependymomas are gliomas that recapitulate normal 

ependymal cells. EMA shows “dot-like” and “ring-
like” staining patterns, highlighting “microlumens” or 
intracytoplasmic rosettes, a pathognomonic ultrastructural 
feature of this neoplasm. It is considered a marker of 
normal and neoplastic epithelium and of perineural cells. 
Is also expressed in a variety of mesenchymal neoplasms, 
mesotheliomas and even lymphomas and in CNS is 
characteristically seen in meningiomas, chordomas, 
metastatic carcinomas and ependymomas23. 

RELA-fusion is the most important molecular test 
of ependymomas recommended currently with limited 
clinical implication. L1 cell adhesion molecule (L1CAM) 
still needs more studies, its expression in supratentorial 
ependymomas is associated with RELA-fusion, which 
indicates worse prognosis1,24. Only two tumors with 
RELA-fusion were tested, both positive. For L1CAM, 
two tumors were positive and one, negative. A higher 
percentage of male patients (64.3%) was observed also 
in this study. Despite occurring in any age, most of the 
ependymomas are detected in the pediatric population24, 
which did not occur in this study, possibly because of the 
small sample of this subtype.

OTHER ASTROCYTIC TUMORS 
Pilocytic astrocytoma is a typical tumor of the young 

population, brain tumor is more common in the age 
range from 0 to 19 years, representing 5% of the gliomas 
with predominance of males. The prognosis is good after 
surgical resection. It epidemiologically differs per age and 
morphologically from other astrocytoma (circumscribed 
pattern in contrast with irregular pattern of diffuse 
astrocytoma). In addition, the pilocytic astrocytoma has 
also its own molecular alterations as the KIAA1549-BRAF 
fusion which is present in 70% of these tumors1,25. In this 
study, ten cases of pilocytic astrocytoma (4.9% of the 
sample) with diagnosis in average at 14.9 years and 80% 
male patients were found.

Pleomorphic xanthoastrocytoma is a tumor that affects 
younger populations too and has good prognosis after 
surgical resection with more than 90% of 5-years survival. 
However, is rarer than ependymomas and is described in 
less than 1% of the gliomas in epidemiological studies. 
BRAF mutation has been the most investigated for this 
tumor subtype. The mean age at diagnosis is 29 years26. 
Only three patients were diagnosed with pleomorphic 
xanthoastrocytoma with 18, 33 and 57 years.

RISK FACTORS FOR CNS TUMORS 
Some risk factors are presented in this topic but need 

better evaluation in order to establish a possible relation 
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with other causes and allow the understanding of the high 
number of cases of CNS neoplasms in the State of Paraná, 
represented, at least partially, by this casuistic.

Between 5% and 10% of the patients affected by 
gliomas have relatives with the disease, which may 
indicate a genetic heritage and/or shared environmental 
risk factors27.

The Li-Fraumeni syndrome, a mutation inherited from 
gene p53, is important for the genesis of several tumors, 
including the glial7,27,28. The South and Southeast Brazilian 
regions concentrate the cases of this syndrome, the state 
of Paraná has a prevalence of 0.3%, being more common 
in European descendants, which can be one of the causes 
for this population to develop more gliomas29.

Pesticides are considered possible risk factors for the 
development of CNS tumors and Paraná, where this study 
was elaborated, is the second greatest user of pesticides in 
the country30. Since 2009, Brazil became the major user 
of pesticides worldwide31, mainly glyphosate, representing 
45% of the total volume30. Many articles have been 
relating the agriculture and exposure to these products, 
mainly organophosphates (as glyphosate) to a major risk of 
gliomas in young adults, in addition to leukemia, prostate 
and breast cancer8,9,32. However, it must be reminded 
that thorough genetic and sociodemographic studies are 
necessary to establish these correlations.

CONCLUSION
 
Most of the data found in this study corroborates the 

literature as the higher prevalence of gliomas in males 
with advanced age. In addition, the astrocytomas and 
among them, the glioblastomas were the most incident; 
the IDH-wildtype predominates over the mutant.

It is undeniable the necessity of new epidemiological, 
because of the new classification further to clinical 
and physiopathological studies about gliomas with the 
objective of improving the understanding about the 
pathology and treatment of the patients.
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