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RESUMO

Pereira BJA. Identificacdo de marcadores tumorais implicados na recorréncia tumoral
dos meningiomas atipicos [tese]. Sdo Paulo: Faculdade de Medicina, Universidade de
Sao Paulo; 2021.

Introducio: Meningiomas sdo tumores que sao originados das células meningoteliais e
representam aproximadamente 30% de todos os diagnosticos neoplasicos do sistema
nervoso central. O estudo sobre marcadores tumorais em meningiomas, que possam
estimar progndstico, tem crescido, porém ainda precisam de validacdo cientifica. Os
meningiomas grau I sdo tumores benignos ou tipicos, representando de 88—-94% de todos
os meningiomas. Os meningiomas atipicos sao os de “grau intermedidrio” (grau II) que
representam 4,7% — 7,2% dos meningiomas e estdo associados a 29%—-52% de recidiva
apos a ressec¢do. Adicionalmente, este grupo de tumores apresentam uma tendéncia a
malignizacao, devido a maior propensdo para migragao da célula tumoral e infiltracao do
parénquima adjacente. A variante anaplasica (grau III) ¢ mais rara, respondendo por 1% —
3% de todos os meningiomas, e sdo associados a um pobre progndstico com média de
sobrevida de 1,5 anos apds o estabelecimento do diagnostico. Objetivo: Identificar
marcadores tumorais, que sejam preditores de recorréncia em meningiomas atipicos (grau
IT da Organizacao Mundial da Saude). Materiais e Métodos: Inicialmente, fizemos uma
revisdo da casuistica do Hospital das Clinicas da Faculdade de Medicina da Universidade
de Sdao Paulo (HC-FMUSP). Como segunda subsequente realizamos revisdes
bibliograficas, através da plataforma PubMed, para entender melhor a histéria natural da
doenca e suas particularidades, como: faixa etaria, localizagdes tumorais especificas, tipo
de apresentacdo clinica, resposta a radioterapia como tratamento adjuvante e
caracteristicas moleculares associadas aos meningiomas. Na ultima etapa do projeto
realizamos estudo de exoma e transcriptoma por sequenciamento em larga escala em 91
casos com caracterizagdo e seguimento clinicos de pelo menos 5 anos e em busca de
marcadores moleculares preditivos de recorréncia e progressao tumoral. Resultados: Na
populacdo jovem (abaixo de 20 anos), duas caracteristicas se destacaram: predominancia
masculina e alta incidéncia de meningiomas atipicos; meningiomas localizados na regiao
espinhal, predominaram na coluna toracica, sendo majoritariamente benignos;

meningiomas localizados nos ventriculos cerebrais, sdo prevalentemente benignos, sendo
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o subtipo fibroso o mais encontrado; meningiomas multiplos, apresentaram
predomindncia de tumores benignos, com a maioria dos tumores sendo pequenos e
assintomaticos; tratamento adjuvante com a radioterapia, mostrou um impacto positivo na
redugdo de recorréncia, bem como prolongou o tempo livre de doenga, embora resultados
controversos também tenham sido observados na revisdo da literatura. A abordagem
molecular de larga escala do presente estudo revelou uma assinatura de expressao génica
relacionada ao ciclo celular e ao remodelamento da matriz extracelular como preditores
de recorréncia e progressao tumorais com impacto no tempo de sobrevida total e tempo
de sobrevida livre de doenga.

Conclusdo: Os meningiomas atipicos apresentam uma reprograma¢do metabolica com
ativacdo do metabolismo oxidativo, do ciclo celular, concomitantemente a um
remodelamento da matriz extracelular que propicia a reducao da adesdo celular, perda do
controle da migracdo celular e a evasdo imune da célula tumoral. Foram identificados
potenciais candidatos nestas vias de sinaliza¢do para novas estratégias terapéuticas para

meningiomas atipicos.

Descritores: Genes; Biomarcadores tumorais; Meningiomas atipicos; Preditor; Recidiva;

Sobrevida.
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ABSTRACT

Pereira BJA. Identification of tumor markers implied in the tumor recurrence of atypical
meningiomas [thesis]. Sdo Paulo: “Faculdade de Medicina, Universidade de Sao Paulo”;
2021.

Introduction: Meningiomas are tumors that originate from meningothelial cells and
represent approximately 30% of all neoplastic diagnoses in the central nervous system.
The studies on tumor markers in meningiomas, which can estimate prognosis, have
grown, but still need scientific validation. Grade I meningiomas are benign or typical
tumors, accounting for 88-94% of all meningiomas. Atypical meningiomas are
“intermediate grade” (grade II) which represent 4.7% - 7.2% of meningiomas and are
associated with 29% —52% of recurrence after resection. Additionally, this group of
tumors has a tendency towards malignancy, due to a greater propensity for cell migration
and infiltration of the adjacent parenchyma. The anaplastic variant (grade III) is rare,
accounting for 1% - 3% of all meningiomas, and is associated with a poor prognosis with
a mean survival of 1.5 years after establishing the diagnosis. Objective: To identify
tumor markers that are predictive of recurrence in atypical meningiomas (WHO grade
IT). Methods: Initially, we reviewed the casuistry of the Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sao Paulo (HC-FMUSP). As subsequent
stage, we carried out bibliographic reviews, through the PubMed platform, to better
understand the natural history of the disease and its particularities, such as: age group,
specific tumor locations, type of clinical presentation, response to radiotherapy as an
adjuvant treatment and molecular characteristics associated with meningiomas. In the last
stage, we performed an exome and transcriptomic analysis of 91 selected cases with
clinical characterization and follow-up for at least 5 years to search for predictive
molecular markers of tumor recurrence and tumor progression. Results: In the young
population (under 20 years old), two characteristics stood out: male predominance and
high incidence of atypical meningiomas; meningiomas located in the spinal region
predominated in the thoracic spine, being mostly benign; meningiomas located in the
cerebral ventricles were predominantly benign, being the fibrous subtype the most found,
multiple meningiomas presented as benign tumors, being the majority of tumors small

and asymptomatic; adjuvant treatment with radiotherapy showed a positive impact in
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reducing recurrence, as well as prolonging disease-free time, although controversial
results were also observed in the literature review. The high throughput sequencing
approach of the present study revealed a gene expression profile related to cell cycle and
extracellular matrix remodeling as predictive markers of tumor recurrence and tumor
progression with impact in overall survival time and disease-free survival time.
Conclusion: The atypic meningiomas presented a metabolic reprogramming with
activation of oxidative metabolism, concomitant to an extracellular matrix remodeling,
which provided cell-adhesion decrease, loss of cell migration control and immune
evasion of the tumoral cell. Potential candidates for new therapeutic strategies for

atypical meningiomas were identified in these signaling pathways.

Descriptors: Genes; Biomarkers, tumor; Atypical meningioma; Predictor; Recurrence;

Survival.
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Introducao

Meningiomas sdo tumores que sdo originados das células meningoteliais e
representam aproximadamente 30% de todos os diagnosticos neopldsicos do sistema
nervoso central (2). De acordo com a classificagao de 2016 da Organizacao Mundial de
Satde (OMS) (3), eles sao classificados em trés graus. Os meningiomas grau I sdo
tumores benignos ou tipicos, estratificados em nove subtipos histologicos: meningotelial,
fibroso, transicional, psamomatoso, angiomatoso, microcistico, secretorio, linfo-
plasmocitico e metaplésico representando de 88—94% de todos os meningiomas (4). Os
meningiomas atipicos sdo os de “grau intermediario” (grau II) que representam 4,7% —
7,2% dos meningiomas e estdo associados com 29%—-52% de recidiva apds a ressec¢ao
(5). Adicionalmente, este grupo de tumores apresentam uma tendéncia a malignizacao,
devido a maior propensdo para migragao celular e infiltracdo do parénquima adjacente
(6). A variante anaplésica (grau III) ¢ mais rara, respondendo por 1% — 3% de todos os
meningiomas (7) e sdo associados a um pobre prognostico com média de sobrevida de 1,5
anos apods o estabelecimento do diagndstico (8).

O diagnéstico de meningioma e seu tratamento impactam importantemente nas
atividades diarias dos pacientes (9). Pacientes com meningioma podem apresentar
déficits clinicos antes da cirurgia, mas o procedimento cirurgico de ressec¢do do tumor
pode agravar os déficits ja existentes, mas podem também acrescentar outros déficits
especificos, como comprometimento da visdo em pacientes com tumor localizado
proximo ao nervo Optico ou afasia em pacientes com tumor na convexidade préximo a
area de Brocca (10). Em pacientes com meningiomas GI, a ressecg¢ao cirargica completa,
apesar de ser um objetivo a ser alcan¢ado, deve ser vista com parcimodnia, visto que o
procedimento em si pode acarretar co-morbidades e/ou complica¢des que implicardo no
desfecho da doenga (11). No entanto, em pacientes com meningiomas GII ou GIII, a
resseccao total do tumor mostrou ser a melhor chance para aumento de sobrevida e
tempo livre da doenca (12). Tratamentos adjuvantes como a radioterapia (RT),
mostraram um impacto positivo na redugdo de recorréncia, bem como no prolongamento
do tempo livre de doenga (1).

O estudo dos meningiomas, assim como de outros tumores, esta passando por
uma nova fase devido as pesquisas cada vez mais robustas nos campos de investigacao
de perfis moleculares, gendmicos e epigenéticos. Essas abordagens sistematicas, em

larga escala, tém adicionado uma taxonomia molecular, que tém estratificado o



Introducao

diagnostico segundo uma classificagdo molecular da doenga e determinado um manejo
clinico especifico com desfechos clinicos mais favoraveis. Esta andlise combinada tém
permitido uma compreensao mais abrangente dos mecanismos de progressao tumoral e,
consequentemente, uma abordagem clinica mais personalizada para os pacientes (13).
Até o momento, nenhum consenso foi estabelecido sobre biomarcadores especificos para
diagnostico precoce ou prognostico de pacientes com meningiomas, sobretudo
marcadores de recorréncia tumoral. Considerando-se que cerca de 20% dos meningiomas
ndo apresentam mutagdo somatica (14) e a evolugdo ¢ fatal nos pacientes com
meningiomas GII recorrentes, a proposta do presente estudo foi identificar marcadores
tumorais preditores de recorréncias de meningiomas atipicos passiveis de serem

aplicados para a melhora do desfecho clinico destes pacientes.
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Objetivos

Objetivo Geral

Identificar marcadores tumorais, que sejam preditores de recorréncia em

meningiomas atipicos (grau II da OMS).

Objetivos Especificos

o Sistematizar as caracteristicas da casuistica do Hospital das Clinicas da Faculdade
de Medicina da Universidade de Sao Paulo (HC-FMUSP) através de
preenchimento de protocolo clinico uniformizado e recuperacdo dos detalhes do
seguimento clinico através de chamadas telefonicas e telegramas (“recall’).
Analisar os dados clinicos organizados e tracar paralelos com os disponiveis na
literatura médica, com énfase nos impactos da cirurgia e do tratamento adjuvante
na evolucdo clinica dos pacientes. Analisar o estado clinico no momento da
recorréncia do tumor, o tratamento adjuvante aplicado, a evolug¢do clinica e

eventualmente as causas da morte;

o Analisar se os subtipos histologicos de meningioma, faixa etdria, sitios tumorais
e/ou apresentacdo clinica com multiplicidade tumoral ou sangramento apresentam

correlagdo com sobrevida e recorréncia;

o Avaliar o impacto da radioterapia, na nossa coorte ¢ em dados publicados na

literatura, na taxa de recorréncia dos meningiomas atipicos;

o Sistematizar os achados moleculares descritos previamente na literatura

relacionados aos mecanismos moleculares implicados na tumorigénese;

. Analisar o perfil exOmico e transcriptomico dos meningiomas, comparando
meningiomas grau I e grau II, a procura de alvos preditores de progressdo tumoral e
de recorréncia, com potencial para aplicabilidade no manejo clinico destes

pacientes.
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Metodologia

Amostras Tumorais

Amostras tumorais provenientes de cirurgias de ressec¢do de meningiomas foram
coletados pelo grupo de neurocirurgia do Departamento de Neurologia do HC-FMUSP.

Os tecidos foram congelados imediatamente apoOs ressec¢ao cirdrgica e mantidos
em nitrogénio liquido até andlise pela esquipe do laboratorio LIM-15 durante a execugado
do projeto Genoma Clinico e Projeto Tematico sobre Tumores do Sistema Nervoso
Central (projetos FAPESP #01/12898-4 e 04/12133-6). Todos os pacientes assinaram
consentimento informado para a doacao do material bioldgico remanescente apds a sua
utilizagdo para o estabelecimento do diagnéstico histopatoldgico para formagdo do
biorepositorio. Todas as amostras que foram utilizadas no presente estudo fazem parte do
biorepositorio construido durante o desenvolvimento dos dois projetos mencionados
acima, com a aprovagio da Comissdo de Etica para andlise de Projetos de Pesquisa da
Diretoria Clinica do HC-FMUSP (CAPPesq # 691/05) e aprovagdo da CONEP (3317,
parecer 373/2002).

Desenho do estudo

Inicialmente, fizemos uma revisdo da casuistica do Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sao Paulo (HC-FMUSP). Os pacientes com
diagnostico de meningioma submetidos a cirurgia entre 2000 e 2014 foram incluidos no
presente estudo. Pacientes menores de 18 anos, pacientes com lesdes na medula espinhal
e aqueles com menos de 12 meses de acompanhamento foram excluidos do estudo.

A segunda etapa do nosso projeto, foi realizar revisdes bibliograficas, baseados
em trabalhos publicados na literatura, com acesso através da plataforma PubMed, para
entender melhor a historia natural da doenga e suas particularidades, como: faixa etéria
(populagdes pediatrica e adulta); localizagdes tumorais especificas como ventriculares e
espinhais; tipo de apresentagdo (tumores multiplos e tumores hemorragicos); radioterapia
como tratamento adjuvante e caracteristicas moleculares associadas aos meningiomas.

Apo6s as meta-analises, um grupo de 91 pacientes com meningioma intracraniano
diagnosticados na HC-FMUSP entre junho de 2000 e novembro de 2007 foram

selecionados para o estudo de identificagdo de marcadores preditores de recorréncia de
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meningiomas atipicos, Os critérios de inclusdo foram: 1) meningioma recém-
diagnosticado apods ressec¢do primdria, confirmado por histopatologia; 2) amostra de
tumor congelada disponivel no biorepositério de tumor cerebral do LIM-15; 3) ressecc¢ao
maior que 80% do volume tumoral e 4) pelo menos 60 meses de acompanhamento. Os
critérios de exclusdo incluiram: 1) histéria prévia de tratamento, seja cirurgia ou
irradiacdo cerebral e 2) idade menor que 18 anos. Os casos foram estratificados de
acordo com a classificagdo da OMS de 2016(15), por neuropatologistas experientes em
preparagdo de parafina. Os fragmentos de tumor coletados foram macrodissecados para
excluir areas hemorragicas e foram imediatamente congelados em nitrogénio liquido. As
amostras congeladas foram criosseccionadas com espessura de 4 mm, coradas com
hematoxilina-eosina e analisadas em microscopio de luz. Necrose, restos celulares e
areas nao neoplasicas foram microdissecados antes da extracdo do RNA, conforme
relatado anteriormente (16, 17). A sobrevivéncia livre de progressao radiografica tumoral
(PFS) foi medida a partir da data da cirurgia primdria até a primeira data de recorréncia
tumoral radiografica documentada apds resseccdo macroscopica total (GTR) ou
crescimento de doenca residual apods resseccao subtotal.

O consentimento informado para o uso do tecido foi obtido de cada paciente no
momento da cirurgia, de acordo com as diretrizes éticas aprovadas pela Faculdade de
Medicina da Universidade de Sao Paulo (protocolo de pesquisa 200/05-
63079616.2.0000.0065). Os prontuarios médicos foram consultados para a obtencao das
informacdes demograficas, caracteristicas do tumor, detalhes do tratamento, progressao
do tumor e oObito, que foram registrados no protocolo de pesquisa. Os dados de
seguimento dos pacientes sem seguimento ambulatorial ativo foram completados através
das informacoes obtidas na chamada telefonica.

As metodologias utilizadas em cada um dos desenhos experimentais, assim como
as andlises estatisticas aplicadas estdo descritas detalhadamente em cada publicagdo

apresentadas a seguir.
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Resultados

Caracterizacao demografica e clinica da casuistica analisada

Um total de 629 pacientes com diagnostico de meningioma foram submetidos ao
tratamento cirirgico entre 2000 e 2014. Pacientes menores de 18 anos e pacientes com
meningioma na medula espinhal ndo foram incluidos no presente estudo. Assim como 36
casos com seguimento clinico abaixo de 12 meses foram excluidos. Dessa forma, a série
de meningiomas analisada constituiu-se de 593 pacientes (442 mulheres e 151 homens;
2,9 mulheres para cada homem), com 52,8 + 13,8 anos de idade na época da cirurgia e
com seguimento médio de 68,8 + 48,9 meses. Os dados de neuroimagem quanto as
localizagdes do tumor foram analisadas de 434 pacientes e os subtipos histopatologicos
foram revistos em 395 casos. Os dados clinicos incluindo escala de performance de
Karnofsky (KPS), estado neurologico, medicamentos em uso e informagdes sobre dbito
fora do hospital foram obtidos de 379 pacientes por meio de atendimento ou entrevistas
por telefone. Os entrevistados também foram questionados se os pacientes melhoraram,

permaneceram estaveis ou pioraram apos a cirurgia.

Mortalidade: No total, foram identificados 104 6bitos na série (86 com GI, 14 com Gl e
4 com GIII), sendo que 6 deles ocorreram com mais de dez anos de seguimento. Sessenta
e oito mortes foram relacionadas a cirurgia ou recorréncia / progressdo do tumor (morte
relacionada ao tumor) e 36 de outras causas, como eventos cerebrovasculares, outros
tumores e distirbios clinicos como insuficiéncia pulmonar ou hepatica. Algumas familias
ndo souberam informar a causa do Obito ndo relacionado ao tumor, sendo esses casos

classificados como indefinidos.

O grau histolégico foi o fator com maior impacto na sobrevivéncia. A sobrevida de dez
anos foi observada em 85% do GI, 35% do GII e 0% do GIII. Os testes log-rank
comparando as curvas de sobrevivéncia entre GI e GII (valor p <0,0001) e GII e GIII
(valor p = 0,0001) foram altamente significativos. Nenhum paciente com GIII sobreviveu

mais do que 25 meses apos o diagndstico.



Figura 1: Curvas de sobrevivéncia agrupadas por grau histologico.
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Resultados

O padrao de mortalidade ao longo do tempo mudou de acordo com a causa da morte.

Ap6s dois anos de cirurgia, as mortes ndo relacionadas ao tumor foram sete vezes mais

frequentes do que as mortes relacionadas ao tumor (odds ratio 7,1; IC 95% 2,8 a 19,5; p

<0,0001). No GI, 76,5% dos 6bitos relacionados ao tumor ocorreram até um ano apos a

cirurgia, enquanto 85,7% dos Obitos ndo relacionados ao tumor ocorreram apds esse

periodo. No GII e GIII, 47% dos 6bitos relacionados ao tumor ocorreram no primeiro ano

de poés-operatorio, e apenas um paciente faleceu por causas nao relacionadas ao tumor.

Figura 2:

# of Deaths

Tumor-Related Death

Years

Other Causes of Death

Padrao de distribuicdo dos 6bitos ao longo dos anos de acordo com a causa do

obito.

Recorréncia: Neste trabalho, o intervalo livre de recorréncia foi considerado o tempo

entre a primeira cirurgia € o primeiro tratamento subsequente (seja radioterapia ou novo
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Resultados

procedimento cirurgico). Esse conceito foi usado para evitar a diferenciacdo subjetiva de
restos de tumor de cicatrizes proximas aos locais de ressec¢do. 42 de 551 (25,8%)
pacientes com GI e 24 de 42 (57,1%) com GII / GIII foram submetidos a tratamento
complementar apos a cirurgia. Em 10 pacientes, a segunda terapia foi outra intervencao
cirurgica, em 125 pacientes foi radioterapia e em 31 cirurgia e radioterapia combinadas.
A recorréncia do tumor ndo refletiu no aumento da incidéncia de mortalidade em
pacientes com meningiomas GI. Além disso, a necessidade de tratamento adicional nao
prejudicou significativamente a capacidade de realizar atividades diarias independentes
para a maioria dos pacientes GI (odds ratio 1,7; IC 95% 0,7 a 4,2; p = 0,242). No entanto,

todos os pacientes com GII ou GIII que recidivaram morreram.

Grade | Grade Il and IlI

..
.

% of Survival

—— Death = Death
= = Recurrence/Progression = == Recurrence/Progression

00 00
0 20 0 80 100 120 0 20 'y

80 100 120

60 60
Months Months

Figura 3: Relacao entre recorréncia tumoral e 0bito em diferentes graus histologicos.

Localiza¢ao do tumor: o sitio de resseccao afetou a incidéncia de recorréncia, mas nao a
taxa de sobrevivéncia. Os tumores de convexidade tiveram cerca de metade do risco de
recorréncia em comparagdo com todas as outras localizagdes juntas (odds ratio 0,4; IC
95% 0,27 a 0,67; p = 0,0002). Pacientes com tumores na area supratentorial (odds ratio
1,7; 95% CI 1,0 a 2,7; p <0,05) e na area falcotentorial (odds ratio 2,1; IC 95% 1,3 a 3,5;
p <0,005) apresentaram cerca de duas vezes mais de chance de recorréncia em
comparacdo com pacientes com tumores na convexidade. A recorréncia na area
petroclival também foi maior do que na convexidade, mas ndo foi significativa (odds
ratio 1,5; IC 95% 0,8 a 2,9; p = 0,2859). Cada variavel foi analisada pelo método de teste
de regressdo simples que demonstrou que: 1) os tumores localizados na regido ventricular
eram de maior grau de malignidade (IC = 2,2031 a 46,8823; p = 0,003), enquanto os

tumores localizados na base o cranio eram de menor grau de malignidade (IC = 0,2008 a
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0,8212; p=0,0121); 2) o subtipo meningotelial localizou-se mais frequentemente na base
do cranio (IC = 1,1612 a 2,6364; p = 0,0075); 3) ndo houve relagdo entre o grau de
malignidade do tumor e a localizagao do tumor na convexidade (IC = 0,8795 a 3,1876; p
=0,1166) e 4) sexo masculino foi associado a maior risco de malignidade (IC = 1,0256 a
3,5745; p = 0,0414). Nenhuma associagdo com o género ¢ o local do tumor foi
encontrada (género vs. base do cranio: CI = 0,4705 a 1,1947; p = 0,2257; género vs.
convexidade: CI = 0,7467 a 1,8650; p = 0,4783; ou género vs. regido ventricular: CI =
0,8336 a 17,2204; p = 0,0846).

Tabela 1: Locais do tumor e seus subtipos histologicos.

convexidade Base de cranio ventricular total

n % N % n % n %

GRAU I 199 50.37 144 36.45 3 0.75 346 87.6
meningotelial 88 22.27 78 19.74 166 41.91
-gn transicional 77 19.49 51 12.91 1 0.25 129 32.65
% fibroso 25 6.32 13 3.29 2 0.5 40 10.12
% microcistico 5 1.26 5 1.26
-g‘ angiomatoso 3 0.75 1 0.25 4 1.01
& psamomatoso 1 0.25 1 0.25
secretor 1 0.25 1 0.25
GRAU II 28 7.08 9 2.27 3 0.75 40 10.1

.~ GRAUII 6 1.51 2 05 1 025 9 23
TOTAL 233 58.98 155 39.24 7 1.77 395 100

De 379 familias entrevistadas, 325 pacientes estavam vivos. Dos sobreviventes,
109 estavam em terapia anticonvulsivante (13 com convulsdes frequentes), 4 tinham
déficits motores, 20 tinham algum grau de perda visual (de tumores removidos proximo
ao nervo optico) e 9 desenvolveram afasia. Apesar dos déficits, quando questionados
sobre o impacto da cirurgia em suas vidas, 96,3% relataram que os pacientes melhoraram

ou mantiveram o mesmo estado neuroldgico apds o procedimento.
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Tabela 2: Relagdo entre local do tumor e sexo com malignidade

95% Intervalo de

Variavel sim nao confianca Odds Ratio p Value
VENTRICULAR
Grau 1 3 343 2,031 - 46,8823 10,163 0,003
Grau II/11I 4 45
CONVEXIDADE
Grau I 199 147 0,3137 - 1,1370 0,5972 0,1166
Grau II/TIT 34 15
BASE DE CRANIO
Grade I 144 202 1,2177 - 4,9805 24,626 0,0121
Grau IVIII 11 38
Menmgoteh.al 78 88 1,1612 - 2,6364 17,497 0,0075
Outros subtipos 77 152
GRAU I/l
Masculino 19 86 1,0256 - 3,5745 19,147 0,0414
Feminino 30 260

Analise Critica

Nossa casuistica de meningiomas (18) confirmou que pacientes com este tipo de
tumor apresentam um bom progndstico a longo prazo, com uma taxa de sobrevida global
em torno de 80% em dez anos, corroborando os dados prévios da literatura (19). Cerca de
96% dos pacientes relataram melhora ou inalteracdo do estado clinico apos o tratamento
cirargico. No entanto, a presente analise mostrou que a maioria das mortes relacionadas
ao tumor ocorreram poucos meses apos os procedimentos cirargicos, sendo que 8,8% das
mortes ocorreram no primeiro ano, estando relacionados ao mau estado clinico e
neurologico dos pacientes por ocasido da indicagao cirargica (20). Comparativamente,
Curry et al. (21) relataram 2,3% de mortalidade e 21,2% de transferéncia dos pacientes
para hospitais de retaguarda para acompanhamento clinico e reabilitagdo a longo prazo.
O risco de morte relacionada ao tumor reduziu drasticamente apos dois anos do
procedimento cirargico em pacientes com GI. Embora muitos pacientes tivessem
apresentado recorréncia e tenham sido submetidos a tratamento adicional, a maioria
destes pacientes morreram por causas nao relacionadas ao meningioma.

O beneficio de procedimento cirurgico agressivo para reduzir a recorréncia

tumoral tem sido debatido na literatura (22). Em nossa série, o intervalo livre de
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recorréncia ndo teve impacto significativo na sobrevida ou nos desfechos clinicos em
pacientes com meningiomas GI. No entanto, a recorréncia foi seguida de morte em todos
os pacientes com tumores GII ou GIII. Os meningiomas localizados na convexidade, sem
o envolvimento do seio venoso, se associaram a menor risco de recorréncia, cerca da
metade do risco em comparagdo com os tumores em outros locais. Notou-se que todos os
pacientes com GII com sobrevida maior que dez anos apresentavam tumores na
convexidade, sugerindo que uma resseccao completa pode ser mais determinante que o
grau histologico na evolucao tumoral (23).

A radiocirurgia, uma modalidade terapéutica menos invasiva que a cirurgia, foi o
tratamento primario para a recorréncia, o que provavelmente explica, em parte, 0 menor
impacto da recorréncia na incidéncia de mortalidade dos pacientes em nossa série,
corroborando os dados da literatura (24). Em contraste ao observado em pacientes com
meningiomas GI, 94,1% das mortes dos pacientes com meningiomas GII e GIII foram
relacionadas a evolu¢do tumoral ou ao tratamento, independentemente do tempo de
seguimento.

Meningiomas GI foram proporcionalmente mais frequentes que GII e GIIII na
base do cranio em comparacdo a convexidade na presente coorte, o que diferiu de
resultados publicados anteriores evidenciando predominio de meningiomas malignos na
base do cranio (25, 26). Além disso, entre os subtipos histologicos de GI, os subtipos
meningotelial e transicional foram mais frequentes na base do cranio, com frequéncia
ligeiramente maior do que o subtipo meningotelial nessa regido do que na convexidade.
Curiosamente, o subtipo meningotelial comumente apresenta a mutagdo AK71 (27), e a
localizacdo deste tipo de tumor também foi relatada recentemente como mais
predominante na base do cranio (25). A origem embrioldgica distinta das meninges que
envolvem o sistema nervoso central pode ser uma explicacdo para as diferencas nas
distribuigdes histologicas. Nos estagios iniciais da embriogénese, o mesénquima
primitivo ao redor do tubo neural se condensa para formar a membrana cerebral primaria
(28, 29). O peridsteo do osso frontal e as células do septo nasal sao derivados das células
da crista neural que contribuem para o desenvolvimento da foice do cérebro e dura-mater
adjacente (28, 29). Foi relatado que as meninges ao redor do tronco cerebral surgem do
mesoderma cefalico, enquanto as meninges telencefalicas provavelmente surgem das

células da crista neural (30-33). Consequentemente, as meninges que cobrem o tronco
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encefalico e a medula espinhal surgem de uma linhagem embrioldgica claramente
diferente das meninges da convexidade cerebral. Esta diferenca embriogénica também
pode estar implicada na predominancia observada do subtipo meningotelial no neuroeixo
central (29).

Este achado da preponderancia de meningioma GI na base do cranio tem uma
implicacdo no manejo neuro-oncoldgico porque os tumores nesta localizagdo apresentam
desafios para a ressecc¢ao. Portanto, ao invés de objetivar a resseccao completa do tumor,
uma diminuicdo do efeito de massa (12) pode ser suficiente sem qualquer impacto
adicional na mortalidade geral ou sobrevida livre de progressao.

Os meningiomas intraventriculares sdo de fato tumores extremamente raros,
representando 0,5-5% de todos os meningiomas intracranianos (34, 35), e menos de 2%
na presente coorte. Eles surgem tanto do estroma do plexo cordide ou da tela coroide e
ndo apresentam nenhuma correlagdo dural (36). Poucos dados estdo disponiveis na
literatura sobre seu subtipo histologico (34, 37-41). Embora o numero total de
meningiomas ventriculares na presente série seja pequeno (n = 7), encontramos mais
meningiomas atipicos nesta regido (n = 4), enquanto os tipos meningotelial e fibroso
foram previamente relatados como mais frequentes nesta localizacdo (34, 42). De fato,
entre os trés meningiomas intraventriculares GI da nossa coorte, 2 eram do subtipo
fibroso.

Além disso, o sexo masculino foi associado a um maior risco de malignidade
consistente com varios estudos publicados anteriormente (43-46). Esse achado reforca a
necessidade de manejo neuro-oncoldgico mais agressivo em pacientes do sexo masculino
com terapias adjuvantes ap0s a cirurgia, como radioterapia, € com acompanhamento mais

regular.
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Purpose. — To evaluate the relationship between meningioma histological subtype and tumor site in
under-20 year-olds.

Methods. — A review of the literature on meningioma during the first 2 decades of life was carried out
through a Medline search up to February 2019. To evaluate the adult population, a cross-sectional study
was conducted on patients operated on between 2000 and 2014 in a single institution. Exclusion criteria
comprised: series reports and papers that lacked detailed description of clinical findings, neuroimaging
confirmation of tumor location, and/or at least 5 years' follow-up.

Results. — One hundred and seven manuscripts were included, for 365 under-20 year-old patients: 200
male, and 164 female. Histopathology found 197 cases(53.9%) of WHO grade I meningioma, with predom-
inance of meningothelial (41.1%) and transitional (30.9%) subtypes; 123 (33.7%) grade 11, and 45 (12.3%)
grade [11. For 65 (18.25%) of the 356 cases, recurrence was documented, with only 24 deaths (6.7%).
Conclusion. — Meningioma in this population presented 2 differences compared to the adult population:
male predominance, and high incidence of atypical meningioma. Surgery was the primary treatment.
Adjuvant radiotherapy is controversial in the literature.

Keywords:

Juvenile population
Histopathology
Meningioma subtype
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1. Introduction

Meningioma is the most common benign intracranial tumor,
accounting for approximately one-third of all CNS tumors [1],
with annual incidence of approximately 6 per 100,000 [2]. Menin-
gioma is more commonly diagnosed in adults than in younger
individuals; meningioma in under-20 year-olds accounts for less
than 5% of all pediatric brain tumors and less than 2% of all
meningiomas [3,4].

Although 80% of meningiomas show benign clinical behavior
and can be cured by surgical resection alone, about 20% recur after
resection and need additional treatment such as further surgery,
radiotherapy or systemic chemotherapy [5,6]. Histopathological
assessment aims to identify patients at risk of recurrence [7].
There are fewer publications regarding under-20 year-olds, which

* Corresponding author at: Rua Martiniano de Carvalho, 669, Edificio Paulista
Paradise Life, Apto 1105, 530 Paulo, Brazil.
E-mail address: benedito_jamilson@hotmail.com (B. Jamilson Aradjo Pereira).

https:{/doi.org 10.1016/j.neuchi.2019.10.007
0028-3770/@ 2019 Elsevier Masson SAS. All rights reserved.

complicates standardization of therapeutic proposals for patients
who differ from the adult population.

According to the 2016 WHO [8] classification of meningioma,
grade 1 (Gl) is considered benign. Nine histological subtypes are
included in Gl: meningothelial, fibrous, transitional, psammoma-
tous, angiomatous, microcystic, secretory, lymphoplasmacyte-rich
and metaplastic. Grade 11 (GII) tumors, which are more aggressive
than Gl, include the clear cell, chorodoid and atypical subtypes. Pap-
illary, rhabdoid, and anaplastic meningiomas are grade [11 (GIIl), the
most malignant category [9].

Several risk factors for meningioma in the juvenile population
have been identified, such as ionizing radiation exposure, which
may cause DNA mutations either directly or indirectly via free rad-
icals, leading to tumorigenesis [10-13].

Several issues remain controversial in regard to whether any
specific histopathological subtype, age and anatomic tumor loca-
tion might be taken as markers for prognosis and determination of
therapeutic strategies. Through a broad review of all detailed cases
published on the subject, this study seeks to fill this gap. The objec-
tive is to assess the impact of histological subtype and the tumor
site in under-20 year-olds.
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2. Method

A review of the literature on under-20 year-olds was conducted
through a Medline search of articles up to February 2019. For
selection, reports of series of meningioma in under-20 year-olds
were included, and papers lacking detailed description of clini-
cal findings, neuroimaging confirmation of tumor location and/or
follow-up of at least 5 years were excluded.

The retreatment interval was defined as the time between pri-
mary surgery and the first subsequent treatment (radiotherapy or
new surgical procedure). This concept was employed to avoid sub-
jectivity in differentiating tumor remnants from scars located near
the resection site. Degree of surgical resection was defined accord-
ing to the Simpson classification [14]: gross total resection (GTR)
(grades | and 11) or subtotal resection (STR) (grades I11, IV, and V).

Meningiomas were graded on the 2007 WHO criteria [5], and
histological subtypes were determined according to WHO 2016 [8].
Tumor sites were grouped into 3 areas:

* convexity, including the skull region;
# skull base;
 intraventricular.

The convexity area was defined as the dura mater of the cal-
wvarium, and also included the falcotentorial area, comprising falx,
tentorium, and the calvarium areas containing the sagittal, trans-
verse and sigmoid sinuses. The skull base was defined as the
surroundings of the carotid artery and cranial nerves 1 to V1. The
intraventricular petroclival area was defined as the region in the
posterior fossa surrounding the petrous bone or lower segment of
the clivus, regions related to cranial nerves VIl to XIl and the verte-
bral artery and cerebellopontine angle, and the cistern was defined
as the triangular subarachnoid space between the anterior surface
of the cerebellum and the lateral surface of the pons containing cra-
nial nerves VIl and VIII and the anterior-inferior cerebellar artery
[15].

3. Results

The systematic review retrieved 371 manuscripts, of which 264
were excluded due to incomplete or inconsistent Abstract, incom-
plete description of the clinical findings, or insufficient follow-up.
The remaining 107 manuscripts were analyzed (Fig. 1), totaling data
for 365 patients under 20 years of age: 200 male, 164 female; mean
age, 11.5+ 4.9 years. Meningiomas were located in the brain con-
vexity (159; 44%), skull base (104; 29%), spinal column (60; 16%)
or ventricle (41; 11%). Histology found 197 (54%) GI, with predomi-
nance of meningothelial (41%) and transitional (31%) subtypes; 123
(34%) GII; and 45 (12%) GIII. Extent of surgical resection according
to Simpson score was available in 315 cases: GTR in 279 cases (89%),
STRin 36 (11%). Tumor recurrence occurred in 65 (18%) of the 356
cases with retrievable information about this parameter. Only 24
deaths (7%) were recorded out of the 356 cases with evaluation of
this parameter (Table 1).

3.1. Radiation-related meningioma

The 53 cases of radiation-related meningioma involved 32 males
and 21 females, with a mean age of 12.4 £ 4.7 years. Tumors were
located in the brain convexity (42; 81%), skull base (8; 15%) or
spinal column (2; 4%). Histology revealed 31 cases (58%) of GI, with
predominance of meningothelial (48%) and transitional (26%) sub-
types; 15 GIl (28%); and 7 GIII (13%). Tumor recurrence occurred in
14(30%) out of the 46 cases with information about this parameter.
There were only 4 deaths (9%).

4. Discussion

Meningiomas in young patients differ significantly from their
adult counterparts [16]. Intracranial meningiomas constitute a
strikingly low (0.4% all brain tumors in juvenil population; 4.6%
all brain meningiomas) percentage of brain tumors in juveniles,
whereas they are the most common benign brain tumor in adults
[17]. Presentation also differs from that of adults, with male pre-
dominance, cystic changes, higher frequency of neurofibromatosis
and high-grade meningioma, and lack of dural attachment [18].

Ravindranath et al. suggested that the higher rate of menin-
gioma in the first 2 decades of life in males may be due to the
absence of sex hormones [19]. In the adult population, presence
of estrogen and progesterone receptors was reported in vari-
ous grades of meningiomas [20,21] and these hormones play
an important role in stimulating meningioma cell proliferation
[22]. Interestingly, we observed peaks of meningioma incidence
in young patients and also in the sixth decade, coinciding with
respectively an increase and a decrease in sex hormone levels.
The impact of hormone fluctuation has not been fully explored,
and very few studies assessed postmenopausal status in relation
to implementation and duration of hormone replacement therapy
[23]. Hormonal influence is also interesting in the male popula-
tion, as higher average body mass index (BMI) and higher obesity
rates were reported in male meningioma patients [ 24]. As expected,
obese male meningioma patients presented higher rates of postop-
erative complications such as deep venous thrombosis, pulmonary
embolism and fever than non-obese patients.

Obesity has been shown to increase serum estradiol and
insulin-like growth factor (IGF), which in turn links obesity to
carcinogenesis [25,26]. Additionally, male gender is associated
with higher risk of malignancy [27-30]. These findings reinforce
more aggressive neuro-oncological management, with postop-
erative adjuvant therapy (e.g., radiotherapy), and more regular
follow-up for male patients.

The relatively high incidence of GII-GIII meningioma in under-
20 year-olds, at both the skull base and the convexity, contrasted
with adults, in whom malignant meningioma is predominantly
found at the skull base [7,31].

In GI, meningothelial and transitional subtypes were more fre-
quently found at the skull base, with a slightly higher frequency of
the meningothelial subtype in both younger and adult populations,
corroborating previous reports [7]. The distinct embryological ori-
gin of the meninges that involve the central nervous system might
explain the differences in histological distributions. In the early
stages of embryogenesis, the primitive mesenchyme around the
neural tube condenses to form the primary meninx [32,33]. The
frontal bone periosteum and nasal septum cells derive from neural
crest cells that contribute to the development of the falx cerebri
and adjacent dura mater [32,33]. The meninges around the brain-
stem arise from the cephalic mesoderm, whereas the telencephalic
meninges probably arise from neural crest cells [34-37]. Thus, the
meninges covering the brainstem and spinal cord arise from a
clearly different embryological lineage than the meninges of the
cerebral convexity. A preponderance of Gl meningioma in the skull
base also has implications for neuro-oncological management, as
tumors in this location present challenges for resection. Instead
of aiming for complete tumor resection, a decrease in mass effect
[38-40] may be sufficient, without impairing overall mortality or
progression-free survival.

Intraventricular meningioma is defined as meningioma origi-
nating from the choroid plexus and growing strictly within the
ventricles [41,42]. It is a rare location [43] and accounts for only
0.5-3% of all intracranial meningiomas [44]. The tendency for
meningioma to grow within the ventricles is explained by the
inclusion of arachnoid cells in the choroid plexus and velum
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study flow diagram.

Table 1
Tumor sites and histological subtype.
Convexity Skull base Ventricular Spinal Total
n k3 n k3 n k3 n k3 n ®
Grade I 74 20.27 65 17.80 27 7.39 32 B76 157 53.97
Histological subtype
Meningothelial 33 9.04 26 7.12 1.36 16 4.49 81 22.19
Transitional 22 6.02 18 493 13 3.56 9 2.45 61 16.71
Fibrous 7 632 6 1.64 9 245 1 0.27 24 6.57
Microcystic
Angiomatous 0.54
Psamomatous 10 273 6 1.64 16 438
Secretory 1 0.27 1 027
Others 12 3.28 12 3.28
Grade Il G0 7.08 32 B76 4 1.0 26 7.12 123 34.56
Grade 1 25 6.84 8 219 10 273 2 0.54 45 1264
Total 159 43.56 105 28.76 41 11.23 60 16.43 365 100

interpositum [45,46]. In under-20 year-olds, the incidence of intra-
ventricular meningiomas is 5 times that in the adult population.

Molecular alterations in meningioma in the first decades of life
notably concern AKT1E17 K and NF2. AKT1E17 K mutations occur
in specific subsets of meningioma, with highest incidence in spinal
and basal WHO grade 1 meningothelial and transitional menin-
giomas [47]. Pediatric and/or NF2-associated meningiomas are
much less common than their sporadic counterparts in adults [48].
Pediatric NF2 patients are much more likely to have meningioma
than older NF2 patients [49]. The NF2 association with pediatric
meningioma is clear in other series, with rates of 7-41% [45,50-53].

Several types of radiation-induced tumor have been reported
in pediatric patients. Meningioma is the second most common
radiation-induced tumor in children [54], and can develop even
after low-dose radiation and has distinct characteristics from those
of primary meningioma [55]. Cahan et al. [56] suggested 4 crite-
ria for defining radiation-induced tumor. Firstly, the tumor must
be located in a previously irradiated region where there was no
evidence of tumor prior to irradiation. Secondly, there must be suf-
ficient latency, generally of several years, between irradiation and
tumor onset. Thirdly, the tumor must have distinct histologic char-
acteristics from the primary tumor. And fourthly, the patient must
have no genetic predisposing factor that could contribute to tumor
onset.

Modan et al. retrospectively reviewed nearly 11,000 patients
who had undergone radiation for tinea capitis as children [13], and
found a 4-fold higher incidence of meningioma. Meningioma typi-
cally occurs beyond 10 years after treatment; a median interval of
more than 20 years from primary cancer diagnosis to meningioma
diagnosis was reported in large cohort studies of childhood can-
cer survivors [57,58]. Furthermore, the excess risk does not seem
to plateau over time [59]. Meningioma risk appears to increase
withincreasing radiation dose | 58,60], although the role of exposed

cranial volume has not been studied and should be considered in
future studies. Some studies reported that the lower the age at
childhood cancer diagnosis, the higher risk of meningioma [61-63],
which may be due to higher sensitivity to radiation, as observed
in other tissues (e.g., thyroid gland) [63]. However, studies that
directly addressed this hypothesis, evaluating meningioma risk
in childhood cancer survivors [58,60] and children treated for
tinea capitis [64], found no clear association between radiation
dose and age at exposure. Of all chemotherapy drugs evaluated
in 2 large cohorts of childhood cancer survivors, platinum agents
and intrathecal methotrexate were the only ones associated with
increased risk of meningioma [61,62]; however, these findings have
not been replicated. Radiation-induced meningioma tends to be
more aggressive, with higher incidence of recurrence, and is more
likely to be multifocal than sporadic [45]. Analyzing the data for
radiation-induced meningioma in particular, we found a higher rate
of recurrence compared to sporadic meningioma (30.4% vs. 17%),
which may also be due to a higher proportion of atypical menin-
giomas in radiation-induced meningioma. Nevertheless, mortality
was similar in both groups (8% vs. 6.5%), probably reflecting a sim-
ilar success rate of total tumor resection in both groups (94.7% vs.
88%).

Review of these cases revealed no obvious differences from his-
tologically benign cases associated with favorable clinical behavior
(datanot shown), although detailed data on extent of resection was
lacking. Other authors reported that the great majority of benign
pediatric meningiomas showing recurrence had been subtotally
resected [51,65-67]. Aggressive variant morphology was most
often encountered focally, although 4 cases involved papillary or
clear-cell primaries. This is consistent with the younger mean
age of patients with these 2 variants [68,60]. In contrast, rhab-
doid and chordoid meningioma have mean ages closer to that of
patients with typical meningioma[70,71]. Several authors advocate
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radiotherapy to prevent local recurrence after stereotactic radio-
surgery (SRS), but others consider the procedure ineffective and
liable to induce radiation-induced toxicity [72-75]. The efficacy
of radiotherapy for local control of pediatric spinal meningioma
should be further investigated; however, if the regrowth is unre-
sectable and neurological functions progressively worsen, then
radiation therapy should be attempted, and especially SRS such as
CyberKnife, which can minimize the risk of radiation-related com-
plications. Similarly, there is little evidence that chemotherapy is
effective for this type of tumor [76]. Larger and much faster growth
and malignant transformation, along with a higher relapse rate, are
blamed for the poorer overall prognosis for meningioma in children
than in adults [77].

Although this study had a large sample size, limitations should
be borne in mind. Information on the extent of tumor resection
was obtained following the descriptions in the article, as it was not
always specified how degree of resection was assessed (on imaging,
or only on surgical findings); most of the articles did not present
details of this topic.

5. Conclusions

Patients under 20 years of age presented 2 distinct character-
istics compared to the adult population: male predominance, and
a high incidence of atypical meningioma. The histological subtype
distribution was similar in both groups, with the meningothelial
subtype more prevalent in the skull base. The age peaks of menin-
gioma incidence corresponding to hormonal variation in both the
juvenile and adult groups may motivate further future studies
to address the hormonal impact in meningioma tumorigenesis.
Surgery was the primary treatment; adjuvant radiotherapy is still
controversial in the literature.

Funding

None.

Ethical approval

This study was approved by our Institutional Review Board
under registration n°CAPPESq # 200/05. All authors agreed to the
publication guidelines of Neurochirurgie.

Disclosure of interest
The authors declare that they have no competing interest.
Appendix A. Supplementary data

Supplementary data associated with this article can
be found, in the online version, at https://doi.org/10.
1016/j.neuchi.2019.10.007.

References

[1] Wiemels ], Wrensch M, Claus EB. Epidemiology and etiology of meningioma. |
Neurooncol 2010:99(3):307-14.

[2] Rooprai HE, van Meter TE, Robinson 5D, King A, Rucklidge GJ, Pilkington GJ.
Expression of MMP-2 and -9 in short-term cultures of meningioma: influence
of histological subtype. Int ] Mol Med 2003;12(6):977-81.

[3] Greene 5, Nair N, Ojemann ]G, Ellenbogen RG, Avellino AM. Meningiomas in
children. Pediatr Neurosurg 2008;44(1):9-13.

[4] Tufan K, Dogulu F, Kurt G, Emmez H, Ceviker N, Baykaner MK. Intracra-
nial meningiomas of childhood and adolescence. Pediatr Meurosurg
2005:41(1):1-7.

[5] Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A, et al. The
2007 WHO classification of tumours of the central nervous system. Acta Neu-
ropathol 2007;114(2):57-109.

[6] Goldbrunner R, Minniti G, Preusser M, Jenkinson MD, Sallabanda K, Houdart E,
et al. EANO guidelines for the diagnosis and treatment of meningiomas. Lancet
Oncol 2016;17(9):e383-91.

[7] sahm F, Schrimpf D, Stichel D, Jones DTW, Hielscher T, Schefzyk S, et al. DNA
methylation-based classification and grading systemn for meningioma: a mul-
ticentre, retrospective analysis. Lancet Oncol 2017;18(5):682-94,

[8] Louis DN, Perry A, Reifenberger G, von Deimling A, Figarella-Branger D, Cave-
nee WK, et al. The 2016 World Health Organization Classification of Tumors
of the Central Nervous System: a summary. Acta Neuropathol 2016;131(6):
803-20.

[9] Kleihues F, Louis DN, Scheithauer BW, Rorke LB, Reifenberger G, Burger PC,
et al. The WHO classification of tumors of the nervous system. | Neuropathol
Exp Neurol 2002;61(3):215-25 [discussion 26-9].

[10] Elbabaa SK, Gokden M, Crawford JR, Kesari 5, Saad AG. Radiation-associated
meningiomas in children: clinical, pathological, and cytogenetic characteris-
tics with a critical review of the literature. ] Neurosurg Pediatr 2012;10{4):
281-90.

[11] Kotecha RS, Pascoe EM, Rushing E], Rorke-Adams LB, Zwerdling T, Gao X, et al.
Meningiomas in children and adolescents: a meta-analysis of individual patient
data. Lancet Oncol 2011;12(13):1229-39.

[12] Menon G, Nair S. Sudhir J, Rao BR, Mathew A, Bahuleyan B. Childhood and
adolescent meningiomas: a report of 38 cases and review of literature. Acta
Neurochir (Wien) 2009;151(3):239-44 [discussion 44].

[13] Modan B, Baidatz D, Mart H, Steinitz R, Levin SG. Radiation-induced head and
neck tumours. Lancet 1974;1(7852):277-9.

[14] Simpson D. The recurrence of intracranial meningiomas after surgical treat-
ment. ] Neurol Neurosurg Psychiatry 1957;20(1):22-38.

[15] Rhoton Jr AL The cerebrum. Anatomy. Neurosurgery 2007:61(1 Suppl):37-118
[discussion -9].

[16] Lakhdar F, Arkha Y, El Ouahabi A, Melhaoui A, Rifi L, Derraz 5, et al. Intracra-
nial meningioma in children: different from adult forms? A series of 21 cases.
Neurochirurgie 2010;56{4):309-14.

[17] Santos MV, Furlanetti L, Valera ET, Brassesco MS, Tone LG, de Oliveira RS. Pedi-
atric meningiomas: a single-center experience with 15 consecutive cases and
review of the literature. Childs Merv Syst 2012;28(11):1887-96.

[18] Gump WC. Meningiomas of the pediatric skull base: a review. | Meurol Surg B
Skull Base 2015:76(1):66-73.

[19] Ravindranath K, Vasudevan MC, Pande A, Symss N. Management of pediatric
intracranial meningiomas: an analysis of 31 cases and review of literature.
Childs Nerv Syst 2013;29(4):573-82.

[20] Hsu DW, Efird JT, Hedley-Whyte ET. Progesterone and estrogen receptors in
meningiomas: prognostic considerations. ] Neurosurg 1997:86(1):113-20.

[21] Rubinstein AB, Loven D, Geier A, Reichenthal E, Gadoth N. Hormone recep-
tors in initially excised versus recurrent intracranial meningiomas. | Neurosurg
1994;81(2):184-7.

[22] Jay JR, MacLaughlin DT, Riley KR, Martuza RL. Modulation of meningioma cell
growth by sex steroid hormones in vitro. | Neurosurg 1985;62(5):757-62.

[23] Cowppli-Bony A, Bouvier G, Rue M, Loiseau H, Vital A, Lebailly P, et al. Brain
tumors and hormonal factors: review of the epidemiological literature. Cancer
Causes Control 2011;22(5):697-714.

[24] Aghi MK, Eskandar EN, Carter BS, Curry Jr WT, Barker 2nd FGC. Increased
prevalence of obesity and obesity-related postoperative complications in male
patients with meningiomas. Neurosurgery 2007;61(4):754-60 [discussion 60-

1].

[25] Basen-Engquist K, Chang M. Obesity and cancer risk: recent review and evi-
dence. Curr Oncol Rep 2011;13(1):71-6.

[26] Roberts DL, Dive C, Renehan AG. Biological mechanisms linking obesity and
cancer risk: new perspectives. Annu Rev Med 2010;61:301-16.

[27] Jo K, Park H], Nam DH, Lee ]I, Kong DS, Park K, et al. Treatment of atypical
meningioma. ] Clin Neurosci 2010;17(11):1362-6.

[28] Hammouche S, Clark 5, Wong AH, Eldridge P, Farah JO. Long-term survival anal-
ysis of atypical meningiomas: survival rates, prognostic factors, operative and
radiotherapy treatment. Acta Neurochir (Wien) 2014;156(8):1475-81.

[29] Jenkinson MD, Wagar M, Farah ]O, Farrell M, Barbagallo GM, McManus R, et al.
Early adjuvant radiotherapy in the treatment of atypical meningioma. ] Clin
Meurosci 2016;258:87-92.

[30] Pereira BJA, de Almeida AN, de Aguiar PHP, Paiva W5, Cabrera HN, da Silva CC,
et al. Atypical and Malignant Meningiomas: Neuro-oncological Management
in a Brazilian cohort. World Neurosurg 2018:110:e20-3.

[31] Meling TR, Da Broi M, Scheie D, Helseth E, Meningiomas:. skull base versus
non-skull base. Neurosurg Rev 2019:42(1):163-73.

[32] O'Rahilly R, Muller F. The meninges in human development. ] Neuropathol Exp
Neurol 1986;45(5):588- 608,

[33] Lee JH, Sade B, Choi E, Golubic M, Prayson R. Meningothelioma as the pre-
dominant histological subtype of midline skull base and spinal meningioma. |
Neurosurg 2006;105(1):60-4.

[34] Catala M. Embryonic and fetal development of structures associated with the
cerebro-spinal fluid in man and other species. Part I: The ventricular system,
meninges and choroid plexuses. Arch Anat Cytol Pathol 1998;46(3):153-69.

[35] Couly GF, Le Douarin NM. Mapping of the early neural primordium in
quail-chick chimeras. 1. The prosencephalic neural plate and neural folds:
implications for the genesis of cephalic human congenital abnormalities. Dev
Biol 1987;120(1):198-214.

[36] Kros ], de Greve K, van Tilborg A, Hop W, Pieterman H, Avezaat C, et al. NF2
status of meningiomas is associated with tumour localization and histology. |
Pathol 2001;194({3):367-72.

20



Resultados

40 B. Jamilson Aratijo Pereira et al. / Neurochirurgie 66 (2020) 3640

[37] Choy W, Kim W, Nagasawa D, Stramotas S, Yew A, Gopen (Q, et al. The molecular

genetlcs and tumor pathogenesis of meningiomas and the future directions of
i treatments. N g Focus 2011;30(5):E6.

[38] de Almeida AN, Pereira BJA, PJre; Aguiar PH, Paiva WS, Cabrera HN, da
Silva CC, et al. Clinical outcome, tumor recurrence, and causes of death: a
long-term follow-up of surgically treated ingi ‘World
2017;102:139-43.

[39] Lemee M, Corniola MV, Da Broi M, Joswig H, Scheie D, Schaller K, er al. Extent of
resection in meningioma: predictive factors and clinical implications. Sci Rep
2019;9(1):5044.

[40] Lemee JM, Joswig H, Da Broi M, Corniola MV, Scheie D, Schaller K, et al. WHO
grade | meningiomas: classification-tree for prognostic factors of survival. Neu-
rosurg Rev 2019.

[41] Li Z, Li H, Jiao ¥, Ma ], Wang 5, Cao Y, et al. Clinical features and long-term
outcomes of pediatric intraventricular meningiomas: data from a single neu-
rosurgical center. Neurosurg Rev 2018;41(2):525-30.

[42] Odegaard KM, Helseth E, Meling TR. Intraventricular meningiomas: a
consecutive series of 22 patients and literature review. Neurosurg Rev
2013;36(1):57-64 [discussion].

[43] Pereira BJA, de Almeida AN, Paiva WS, de Aguiar PHP, Teixeira M], Marie SKN.
Natural history of intraventricular meningiomas: systematic review. Neuro-
surg Rev 2018 [Epub ahead of print].

[44] Nakamura M, Roser F, Bundschuh O, Vorkapic P, Samii M. Intraventricular

meningiomas: a review of 16 cases with reference to the literature. Surg Neurol

2003;59(6):491-503 [discussion -4].

tner JE, Si JM. Meni
rooncol 1996:29(3):223-8.

[46] KobataH, Kondo A, Iwasaki K, Kusaka H, Ito H, Sawada 5. Chordoid meningioma
in a child. Case report. | Neurosurg 1998;88(2):319-23.

[47] Sahm F, Bissel ], Koelsche C, Schweizer L, Capper D, Reuss D, et al. AKTIE1TK
mutations cluster with meningothelial and transitional meningiomas and
can be detected by SFRP1 immunohistochemistry. Acta Neuropathol
2013;126(5):757-62.

[48] Perry A, Giannini C, Raghavan R, Scheithaver BW, Banerjee R, MargrafL, et al.
Aggressive phenotypic and genotypic features in pediatric and NF2-associated
meningiomas: a clinicopathologic study of 53 cases. ] Neuropathol Exp Neurol
2001;60(10):994-1003.

[49] Evans DG, Huson SM, Donnai D, Neary W, Blair V, Newton V, et al. A clinical
study of type 2 neurofibromatosis. Q ] Med 1992;84({304):603-18.

[50] Sano K, Wakai S, Ochiai C, Takakura K. Characteristics of intracranial menin-
giomas in childhood. Childs Brain 1981:8(2):98-106.

[51] Germano IM, Edwards MS, Davis RL, Schiffer D. Intracranial meningiomas of
the first two decades of life. ] Neurosurg 1994;80(3):447-53.

[52] Erdincler P, Lena G, Sarioglu AC, Kuday C, Choux M. Intracranial meningiomas
in children: review of 29 cases. Surg Neurol 1998;49(2):136-40 [discussion
40-1].

[53] Sandberg DI, Edgar MA, Resch L, Rutka JT, Becker LE, Souweidane MM. MIB-
1 staining index of pediatric meningiomas. Neurosurgery 2001:48(3):590-5
[discussion 5-7].

[54] Pettorini BL, Park Y5, Caldarelli M, Massimi L, Tamburrini G, Di Rocco C.
Radiation-induced brain tumours after central nervous system irradiation in
childhood: a review. Childs Nerv Syst 2008;24(7 }:793-805.

I55] Umansky F, Shoshan Y, Rosenthal G, Fraifeld 5, Spektor 5. Radiation-induced
meningioma. Neurosurg Focus 2008;24(5):E7.

[56] CahanWG, Woodard HQ, Higinbotham NL, Stewart FW, Coley BL Sarcoma aris-
ing in irradiated bone: report of eleven cases. 1948. Cancer 1998:82(1):8-34.

[45] in the pediatric population. ] Neu-

[57] Bowers DC, kowitz Cs, Chou JF, i CM, Neglia JP, Armstrong GT,
et al. Morbidity and mortality associated with meningioma after cranial radio-
therapy: a report from the childhood cancer survivor study. ] Clin Oncol
2017;35(14):1570-6.

[58] Taylor Al Little MP, Winter DL, Sugden E, Ellison DW, Stiller CA, et al.
Population-based risks of CNS tumors in survivors of childhood cancer: the
British Childhood Cancer Survivor Study. ] Clin Oncol 2010:28(36):5287-93.

[59] Patterson BC, Chen Y, Sklar CA, Neglia ], Yasui Y, Merlens A, et al. Growth hor-
mone exposure as arisk factor for the devel of I of
the central nervous system: a report from the childhood cancer survivor study.
] Clin Endocrinol Metab 2014;99(6):2030-7.

[60] Meglia JP, Robison LL, Stovall M, Liu ¥, Packer R], Hammond S, et al. New
primary neoplasms of the central nervous system in survivors of childhood
cancer: a report from the Childhood Cancer Survivor Study. ] Natl Cancer Inst
2006;98(21):1528-37.

[61] FriedmanDL, Whitton ], Leisenring W, Mertens AC, Hammond S, Stovall M, et al.
Subsequent neoplasms in 5-year survivors of childhood cancer: the Childhood
Cancer Survivor Study. | Natl Cancer Inst 2010:102(14):1083-95.

[62] Turcotte LM, Liu Q, Yasui Y, Arnold MA, Hammond 5, Howell RM, et al. Temporal
Trends in Ti and S Risk Among 5-Year Survivors
of Childhood Cancer, 1970-2015. JAMA 2017;317(8):814-24.

[63] Ronckers CM, Sigurdson AJ, Stovall M, Smith SA, Mertens AC, Liu Y, et al. Thyroid
cancer in childhood cancer survivors: a detailed evaluation of radiation dose
response and its modifiers. Radiat Res 2006;166(4):618-28.

[64] Sadetzki S, Chetrit A, Freedman L, Stovall M, Modan B. Novikov L. Long-term
follow-up for brain tumor devel d exp to ionizing
radiation for tinea capitis. Radiat Res 2005; 163[4} 424-32.

[65] Merten DF, Gooding CA, Newton TH, Mal. 1 N. of ¢
and adolescence. | Pediatr 1974;84(5):696-700.

[66] Ferrante L, Acqui M, Artico M, Mastronardi L, Rocchi G, Fortuna AL Cerebral
meningiomas in children. Childs Nerv Syst 1989;5(2):83-6.

[67] Demirtas E, Ersahin Y, Yilmaz F, Mutluer S, Veral A. Intracranial meningeal
tumours in childhood: a clinicopathologic study including MIB-1 immunchis-
tochemistry. Pathol Res Pract 2000;196{3):151-8.

[68] Ludwin 5K, Rubinstein L], Russell DS. Papillary meningioma: a malignant vari-
ant of meningioma. Cancer 1975;36(4):1363-73.

[69] Zorludemir S, Scheithauer BW, Hirose T, Van Houten C, Miller G, Meyer FB. Clear
cell meningioma. A clinicopathologic study of a potentially aggressive variant
of meningioma. Am ] Surg Pathol 1995;19(5):493-505.

[70] Perry A, Scheithauer BW, Stafford 5L Abell-Aleff PC, Meyer FB. “Rhabdoid”
meningioma: an aggressive variant. Am ] Surg Pathol 1998;22(12):1482-90.

[71] Couce ME, Aker FV, Scheithauer BW. Chordoid meningioma: a clinicopathologic
study of 42 cases. Am ] Surg Pathol 2000;24(7):899-905.

[72] Solero CL,Fornari M, Giombini §, Lasio G, Oliveri G, Cimino C, et al. Spinal menin-
giomas: review of 174 operated cases. Neurosurgery 1989:25(2):153-60.

[73] wang XQ, Zeng XW, Zhang BY, Dou YF, Wu ]S, Jiang CC, et al. Spinal
meningioma in childhood: clinical features and treatment. Childs Nerv Syst
2012;28(1):129-36.

[74] Fortuna A, Nolletti A, Nardi P, Caruso R. Spinal neurinomas and meningiomas
in children. Acta Neurochir (Wien) 1981 55{3—4) 329-41.

[75] Gao X,Zhang R, Mac Y, Wang Y. Childhood and j
Nerv Syst 2009;25(12):1571-80.

[76] Wu L, Yang C. Liu T, Fang |, Yang ], Xu Y. Clinical features and long-term out-
comes of pediatric spinal meningiomas. ] Neurooncol 2017;133(2):347-55.

[77] sheikh BY, Siqueira E, Dayel F. Meningioma in children: a report of nine cases
and a review of the literature. Surg Neurol 1996:45(4):328-35.

ildhand

Childs

21



Resultados

PUBLICACAO 2

Titulo Natural history of intraventricular meningiomas: systematic
review
Benedito Jamilson Araujo Pereira, Antonio Nogueira de

Autores Almeida, Wellingson Silva Paiva, Paulo Henrique Pires de
Aguiar, Manoel Jacobsen Teixeira, Suely Kazue Nagahashi
Marie

Revista Neurosurgical review

Submetido 30/04/2018 Aceito 02/08/2018

Citacdo completa

Pereira BJA, de Almeida AN, Paiva WS, de Aguiar PHP,
Teixeira MJ, Marie SKN. Natural history of intraventricular
meningiomas: systematic review. Neurosurg Rev.
2020;43(2):513-23. doi: 10.1007/s10143-018-1019-0.

Fator de Impacto

2.532

Citacoes

Scopus: 6; Web of Science: 5; Google scholar: 12

22



https://doi.org/10.1007/s10143-018-1019-0

Resultados

Heurcsurgical Review
hittps idolong/ 11007 /51014 301 810190

@ CrossMark

Natural history of intraventricular meningiomas: systematic review

Benedito Jamilson Aradjo Pereira’2(5 « Anténio Nogueira de Almeida® - Wellingson Silva Paiva' -
Paulo Henrigue Pires de Aguiar’ - Manoel Jacobsen Teixeira' « Suely Kazue Nagahashi Marie'

Recefead: 30 Apdl 2018 /RevEed: 23 July 20018/ Aceped 2 August 2018
i) S pringar-Varlagy GmbH Germany, part of Springsr Mature 2018

Abstract

Review the dat published on the subjed to oeate o mone comprehensive natural history of ntmventricular meningiomeas (V). A
Medling search up to March 200 8 using “intaventriculsr meningioma™ retumed 98 papers. As a finst selection step, we adopted the
following inclusion criteria: series and case reports about IV, o well as papers writen in other lmguarss, but absracts written m
English were evaluated Six hundred eighty-one tumors were evalusted fom 98 papers. The magonty of the tumors were locatad in
the kteral ventnices (60288 4%, fourth ventncle (59-8.7%), md third ventricle (20-2 9%, Thess tumors accounted for a mortality
rate of 405 (25 deaths) md a recurrence mte of 53% (26 recurrences). The magority of the tunors were grade 1 (89.8%) and
comsisted of the following subtypes: fibrous, 39.7% (n= 171} transitional, 22.08% (n=95); meningothdial, 18.6% (n=80;
angiomatosus, 3.2% (n= 14} prammomatous, 2.6% (o= 11 and others, 13.9% (n =60). Forty-five patients (7 4%) presented with
gmde I (G tunors, md 17 patients (2.8%) presented with grade T GO imoms. These tumors follow the histopathologeal
ditribution of meningiomas in geneml, with the exception of the higher prevalence of the fbows subtvpe, possibly due to its
embrvonic ongn. Recumence and mortality wens lower than in other localzations likely due to a complete surgeal resedion rate
thun m the convexity and skull hase, which suggests that GTR is the pold standard for the management of [Vids,

Keywords “entricular meningioma - Prognostic - Surgery

Introduction

Menimgiomas are usually benign, solid tumors with a chssic
appearance on CT sams and MRE that account for approx-
mately 1340 of intracanal neoplasms, making them the
second most common intracranial tumors in adults with an
incidence of 1.5-5.5 par 100,000 [1-5]. Intraventricular me-
ningiomas (I'VMs) show clinical and patholog ml features that
differentiate them from meningiomas in other locations, such
a5 low prevalence, as they account for only 0.5-3% of all
menmgiomas and 9.8 to 14% of all intraventricular tumors,
Twenty percent of IVMs were located in the lateml ventricle
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[, 7], with no dural atchment [8] hindenng neurosurgical
management due to their proximity to the visual pathways,
which may potentially cause visual field defects in the surgical
appmoach [9, 10].

Patients with a lateral ventricular tumor genemally present
with a sscondary trapped ventricle because of the mass ef-
fect, and patients with third or fourth I'Vis also present with
hvdrocephalus [11].

Considering the ranty of IVMs, we compiled all the results
of the reported senes and case reports in the literature to form a
maone comprehensive natuml history of these tumors,

Methods

A Medline search up to March 2008 wsing the key phrase
“intraventricular meningoma™ returned 98 papers: we based
our ravision on this imtal compus. As a frst selection step, we
adopted the following nclusion critena: seres and case re-
ports about IVMs, as well as papers written in other lan-
guages, but abstracts written in English were evaluated.
Winetyv-eight papers fulfilled the above criteria (two were ne-
vigws of the literature with all cases of mening omas located
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in the fourth ventrick) [see Fig. | for the PRISMA study flow
diagram]. These papers gathered data from 681 patients, on
whom the present analvsis of natural history and neum-
oncological mmagement of T'VMs was based.

In this paper, the recurrence-free interval is considered the
time between the fimt surpery and the first subsequent treat-
ment (radiothempy or a new sungical procedure). We used this
definition to avoid subjectively differentiating tumor remains
from scars near the sites of resection,

Acconling to the Word Health Onganization (WHO), the
age proups of the population ane defined as follows: young
people are under the age of 15, aduls are those aged 15-64,
and the elderly mre those over 65 yveans old [12].

Results

A total of 681 tumaors wene evaluated (361 from famale pa-
tients and 245 from male patients: 1.47 famale/10 male mtio:
75 patients reported no gender), the majorty were located in
the lateral ventricles (602-88 4%). Among the 681 tumors
evaluted, 608 (89.3%) had a histopathological description
and 546 patients (89.8%) presented with GI tumors, with pre-
domimance of the fibrous subtype (39.7%). In 45 patients
{7.4%) presented with grade Iltumnors, and 17 (2.8%) present-
ed with GIT tumaors. Throughout the review, we were able to
evaluate the degree of tumor resection in 571 patients
(B3.8%), with gross total resection (GTR) in 541 cases
(54, 7% ). These data wen the results of 98 manuscnpts from
worklwide centers up to March 2018 that wene selectad for the
present analysis, We managed to analyves studies from all con-
tinents {see Table 1).

Age The confimmed ages of the included patients at diagnosis
ranged from 1| to 81 vears (mean 42.2 282 yveurs old). The
histopathological distribution, recurrence, and morality rates
related to each age group are listed in Table 2.

Mortality Among the cases reporied in the litemture, 625 pre-
sented reponts ofa disese, and i total, we obsarved 25 deaths
(405 ). The perod of the deaths was divided into two phases,
The first peniod concentmated in the first month after nenrosur-
gical management included 11 deaths (4%, Complications
related to the procedure, such as postoperative hematoma,
were responsible for more of the half of these deaths
(54.5%). Other complications, such as pulmonary embolism
after the surmeal procedure, clinical deteriomtion, and dis-
easis such as bronchopneunonia, wemne responsible for anoth-
er five deaths in this period (45.5%). After this period, we
ohserved that innine cases (36%), the deaths followed another
patten related to other clinical problems or even the progres-
sion of the disease. Surgical site mfsction ocaurned in two
casds (22.2%); two (22%) cases presented clmical deterora-
tiom, one presented ver metastasis, and the other presentad
chinical deteriomation after mabgnaney of the primary fibrous
tunor. One case presented a sporadic episode of pulmonary
embaolism after 4 months, The causes of the other four deaths
had not been reported. In four cases, the time betwesn proce-
dure and death was not reported. One patient presented with a
bleedmng tumor and died before any trestment (see Table 3).

Recurrence Among the patients observed in this review, 494
presented information about tumor recurrence, and 26 (5.3%)
tumors recumed. The recumence pernod mnged from 3 to
£4 months between the surgcal procedurs and the recurmencs,
with an avempge of 26 months. In three cases, we obsarved
recurrence with tumor malignmey increasing from G to G
or GIIT (ses Table 4).

Discussion

Avccording to the 2006 WHO classification of centml nervous
svstem tumors [105], meningomas are classified into three
grades: L 11 and L Gmde | meningiomass are typical or be-
nign, md they represented 88945 of all meningiomass [ 106];

I Records indentified through database searching (n=305) |

!

lRemrds.after abstract screen (n=140) ] ——

!

|RE|:\:|rd5 reviewed = 98 |

|

I case reports = 66 | | Series of cases= 32

Records excluded for abstract or paper not
available (n= 32)

Fig. 1 FRISMA (Prefemed Reporting Tems for Systematic Reviews and Meta-Analyses) sudy flow dagram
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Tablde 1

Gl Subtype

Ventricle

Crender

GIT GTR 5T Rec Dheath

{Mhers  GIT

A

A M Tat 1 T 0l

Coamiry

Year

Author

444

LEA
Ity
Ity

1958

1981

1985

Tulsnawiaz, A [13]
Fomari, M [14]

Ciuideti, B[15]

14
19

13
nr

14
19

1%
19

14
12

17

0

k|

Clemmeny

UK

Jagan

1985
1986
1984
1987
1959
1989
1940
19491
1992
1952
1993
1994
1994
1995
1995
1996
1996
1997
1998

Kleinschmidt [17]

Crisaualn, CR [3]

Shirmala, A [18]

Kamyis, K [19]

Hostka, Y [16]

10

140

45.5%

a7

b

Jagun
Jagen
Australia
LIEA
Ity

Fyard, W [201]

Jelinek, 1 [21]

10

110

Comfiorti, P [22]
Caner, 1 [23]

4.6*

Turkery
Turkay
Japan
UK
UK

e

4

i

35.5%

L]

Hmng K.
Sauch A

Japan

Ity

Ceylan, §24)]
Yauma, ¥ [25]
Lang, 1[26]

S, 5 [27]
Pen, W [28]

Comillard, P [29]
Murad, ¥ [30]

Pan, A [31]

7

Tarsk, K [32]
Kloo, C[33]

13.5*

Paland

1999 Japan

1999
20
20

Terada, T [34]

5
36
43

Spain

Maiha, C[35]

BE=

BE=

BE=

nr
0

mr
q

nr
a

LA
Kimea

Curry b, W[36]

Lee, E [37]

15

15

13

47.1%

2003

Clemmeny

Makamara, M [10]

Chen, M [38]

™
55

5

2003 T wan
2004 Mew £

2005

n
51

Ciermany
At
Japan

Spain

2005 Japen

2005
2006
2006
2006
2006
2006
2006
A
A7
A
A7

Mamrda, CE 4]
Arima, T [41]
Mahl, R [42]

Darwish, 1t [39]

13

16

44

57

Rertanlalfy, A 1]

=

Tokunaga, K [43]
Li, XZ [44)
Liu, M [45]

25

35

2

64
24

Chma

&

17

s

China

12

Incha

46t

Turkey
Imichia
LEA

China

Lingdah, BT [45]

Rathos, HS [46]
Hack vemez, B [47]
Shogan, P [49]

7

a4

]

51

il

20

Wang, X [51]

nr
i
1
1

nr
L]
Li]
L]

nr
[
il
1

nr
1
1
L]

45
57
55
Ll

Clermuny
Australia
Jagan

Braceil

2007
2007
2007

Romeike, BF [52]
Mlomaster, ] [53]
Shimtska, M [54]

Coste, L[51]

&
%
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Table2 Distribution according age group, (Mot that in some sinations, the sum of tee rows o columns of this table does not represent the same sum

as in Table 1, but it must be considered that some papers lack information)

Crender Ventriclke G Subtype
Ginoup Male  Female IT m T ol F T M P A  (thes GO GIDI  Recwrence  Death
Young 30 24 49 3 3 46 21 15 8 ] o 2 5 1 3 1
Adult 195 i3 439 16 54 397 e TT &7 9 (] a9 13 23 16
EMery 4 2 6 1] 1] k] 2 1] 1 1] o o 1 2 1] 2

M, male; F, female; Lot bateral ventricles; I, T ventricle; TV TV ventricle; G meningioma grade I; G, meningioma grade 1T, GITT, meningioma grade
II; F, fibrous subtype; T, tmmsitional subtype; M, meningothelial subtype; P, peammomatous subtype; A, angomatosis subtype; Oohers, other subtypes

atypical meningomas ane “intermediate-gmde”™ malignancies
(grade IT) and accounted for 4.7-7.2% [107]. The anaplastic
variant (grade 1) is exceedingly rare, accounting for 1-3% of
all menmgiomas [ 108]. The results of this review demonstrat-
ed a similar distribution for [VMs; however, according to the
new WHO classification [105], the proportion of IVMs will
not increase much, as IVMs are not invasive,

Meningiomas are more common in women, and their nci-
dence increases with ags [2, 109, 110]. Data from the Central
Brain Tumor Regstry of the USA from 1985 through 1994

indicate that incidence rates for meningioma have remained
fairl y comstant dunng this time [111] Menmgomas generally
present a peak of incidence around the stcth decade [112] and,
as previously mentioned, tend to be more prevalent as people
et older. Acconding to Jukich [111] the majority of patents
are from the elderly population (51 4%), followed by the adult
population (47.9%), and significantly fwer young population
members (0.7%). The mesults of this revision show that the
epidamiological profike of I'VMs s different, being more com-
mon in the adult population, as [VMs are more symplomatic

Table 3 Death cases reported in this review
Awthor Year Gender Localizstion Hiswological sbtype Time after surpery  Cause
Tukanowicz [13] 1958 Mak Lateral Fibroblastic 22 months nr
Male Lateral Fibroblastic 16 months Abscess
Male Lateral Fibroblastic T months nr
Female Lateral Fibroblastic & months nr
Female Laeral Meningothel ial 5 days Respiraiory failure (pulmonary embolizm ™)
Fomari [14] 1981  nr Laiteral o O {intrz-operative)  Hemaloma in sumical site
nr Laiteral o 1 day Hematoma in sumical site
nr Laiteral o 3 days Hematoma in sumical site
nr Laiteral o 9 days Hematoma in sumical site
Eleinschimidt [17] 1985  Make Lateral Malignant 14 days B ronchopne whaonia (rec idivate)
Criscwolo [3] 1986 nr Laiteral Malignant nr Recumence
Famyia [ 19] 1989 Male Lateral Malignant nr Recumence (6 months after surgery)
Camfiorti, P [22] 1991 nr Laiteral o nr nr
Bathoe, H [46] 206 nr Laiteral o Posioperative Hemakoma in sumical site
Raomeike, BF [52] 2007 Female Lateral Fibrous Presentstion Tumor bleading
Gronzales [55] 28 Female Lateral o 3 days Hemakoma in sumical site
Eom K5 [62] 2008 Malke Lateral Malignant 1 month Recumence (clinical deterionation)
Garcig-conde [65] 2008  Male Laiteral Arypical T moniths Sevene hepatic failure due livers metastases
Tao [BT] 2013  Female Lateral Malignant 1 month Poewnonia afier lung metastasis resection
Li, P [#8] 2015 Mak Third Fibroas 3 months Swrgical site infection
Fujimali [95] 2006 Male Laiteral Fibrous 2 months Malignant ransformation/'clinical deterioration
Grrujicic [98] 2017 Mak Lateral o 25 days Pulmonary embol ism
Li [143] 21T or nr Malignant nr Recumence
Pereira, BI 2018 Make Lateral Transitional T months nr
Male Laiteral Arypical 4 months Pulmonary embol ism
r, Tl :qm'md
£ springer
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Table 4 Recurmence cases reported in this meview

Anthor ear Gender  Ventricle  Hiwlogical subtype  GTR ST RT T Time afler sumery
Eleinschimidt [1 7] 1986  Malk Lateral M lignant Yes - No Yes 3 months
Criscwolo [3] 1986  nr Lateral Maligant Yes - nr nr nr
Pen, W [2] 1995 Female  Lateral Fibmus Yes - No Nao 5 years (malignant metaplasia)
Drarwish, B [39] 1997 Femake  Lateral Anypical Yes - No No 4 months
Memasier, J [53] 207 Female — Laberal Fibmwus Yes - Nao Na 5 years
Kim, E [58] e nr Lateral Atypical Yes - Yes Mo 5 years
nr Lateral Malignant Yes - Yes Mo 2 years
Menon, G [9] 268 or Lateral Fibmus - Yes No No 2 years
nr Lateral Fibmus Yes - No No nr
Kim, T [f40] e nr Lateral nr nr nr Nao Na nr
nr Lateral nr nr nr No Nao nr
nr Lateral nr nr nr No No nr
Eom, K [63] 2% Female Lateral Atypical Yes - Nao Na 2 years
Grarcia, M [65] 2We Mak Lateral Atypical Yes - No Nao 2 months
Kim, H[T4] 2011 Male Lateral Meeningpthelial - Yes Nao Na 35 years (metaplasia atypical )
Tag, C [B7] 2014  Female  Lateral Malignant Yes - No No 1 year
Nanda, A [$0] 2006  Female  Lateral Girade T Yes - No Nao 6 mornths
Male Fourth Cirade Yes - No No & months
nr o nr nr nr nr nr nr
nr g nr nr nr nr nr nr
Crrujicie [98] 27T wr o nr - Yes No No 1 year
Singh, J [44] 2017 Male Lateral Angoamalos Yes - Nao Na & month (metaplasia malignant)
Li [10:3] 2R o o nr nr nr nr nr 1.2 year
nf i g nf it nf nf nf 1.5 ehr
nr o nr nr nr nr nr T years
Pereira, BI 2018 Mak Lateral Atypical Yes - No Nao 4 mornths

GTR, gross total resection; STR, subiotal resection; KT, radiotherapy; CT chemotherapy; nr, not reporied

than menmgmomes in other localities [46] and are thenfore
dizgmosed more precodously, OF note, female gender preva-
lenes in ventricular tumors is less evident than in menngioma
series in general [112]. In young and elderly VB patients, a
predominance of males was observed but without impact on
the outcome (higher death or recurrence mies).

Among all VMs, B0 were in the lateml ventricle, 15% in
the thind ventricks, and 5% in the fourth ventnele [4, 10, 11],
confimming the higher prevalence of I'VMs in lateml ventricles,
Conversely, I'WMs were more prevalent in the fourth ventricle
than in the third ventrcle [75]. The observed distnbution
might be proportional to the extension of the choroid plexus,
which is more present in lateral ventricles than in the fourth
ventricle and, to a much smaller extent, in the thind ventrcle
[113].

The distinet embryological ongin of the menmgss in the
central nervous system might explain the differences in the
meningioma’s histological distributions. Meninges covering
the brain stem and spinal cond anse from a clearly different
embryological Imeage than the menmmges of the cerebral

convexity. This embryogenic difference may also be implicat-
ed in the observed predominance of the meningothelial sub-
tvpe in the central neumxis, for example [114]. The embrvo-
logical origin of ventricular tumors is completely different
from those in other locations. Meningiomas anse from amch-
noid cap cells, the specialized cells in arachnoid granulations.
Similarly, I'VMs anse from arachnoid celk present in the cho-
roid plexus [46]. Thid ventricle tumors arise from the tela of
the velum nterpositum, which is the space between the two
lavers of tela in the roof of the third ventrick that contains the
posterior medil choroidal artenies and internal cershral veins,
Vs also arise from chorowds or intervor tela chomidea [78].

Because of this embryvological ongin, we observed a great-
er proportion of fibrows subtvpes (39.7% of all GI tumors) in
IVMs, as already observed in other series and confimed in
this resiew. It 15 noteworthy that fbrous tumors show mons
appressive behavior than other subtypes of Gl tumors, as sev-
eral case meports have shown, We observed more malignant
metaplasia and tumor progression in onginally Gbmous tumors
[53, 95], metastases in surgieal site [61], carcmomatosis in

) Springer
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LCR [28], and other omgans [56], associated with some pre-
sentations of intmtumoml hemorthage [16, 26, 30, 52]. which
were mone frequent in this group of tumaors, in addition to
presenting a higher rabe of mortabity and tumor recurnence than
the other tumors, as presented in Tables 2 and 3.

I'VMs may be mmagad conservatively or treated with sur-
pgery orradiosurgery [ 1] Radiosungery may be recommendad
for patients who are not candidates for peneml anesthesia or
who refuse surgical intervention although the intmventricukr
location couses distinet limitations for this technique [4].

Although the peculiar anatomy and its intimate relation to
venous sinusss and important neumonal structures, such as
visual pathways, represent a great challenge for surgsons,
neurosurgical management 15 the best therapeutic option, as
wit have ohserved in the literature [55]. Becmse of their tvp-
ically benign nature, complets microsurgical resection of
IV is curative. Significmt symptom resolution is commaon
afterremoval of the lesion [ 115]. Despite technical difficulties,
wit found a high rate of GTR (95.1%) with a low mortality mte
(405,

Tumor vascular supply vanes according to the exact loce
tion, but the main feeder vessel typically arise from choroidal
artenes [116]. Cardful preoperative planming of the optimal
approach cormdor and preservation of choroidal vessels and
deep bystander veins mmimise the chance of a major penop-
erative complication [116]. Mortality in most cases was rel -
ed to hematomas in the surgical bed, probably rd ated to a nch
tumor vascularization associated with neovascularization. The
henefit of aggressive surpenes to reduce reeumence and mor-
tality his been debated in the literature [117], but ventricular
tumors benefit more from GTR of the lesion probably more
than tumers in other locations bemuse ventmeulr lsions, in
addition to the mass effect and compression of neuml stroc-
tures, promote ohstruction of the cercbrospinal fluid circub-
tion and, thereby, increase morality and decrase the recur-
rence mte, Deaths within months after sungical procedures
must be evaluatad cautiously because many patients underpo
the procedune in poor clinial and neumologeal states [118].

The recurrence mbe (2.6% ) is also low, compared to others
[102], although most ofthe cases analveed in this review come
from case reports with a relatively short follow-up period,
sometimes urmeported [58, 60, 90, 103], associated with low
frequency of recumences.

Conclusion

These tunors follow the histopathological distribution of me-
ningiomas in general, with the exception of the higher preva-
lence of fibrous subtypes, possibly due to their embryonic
ongin. The age detnbution shows prevalence among the adult
population. Recumence and mortlity mtes ane lower than in
other localizations, most likely due to a complete surgical

&) springer

resection mte than convexity and shull base, which sugpests
that GTR is the gold standand for mamagement of Vs,

Limitations

Although this study had a large sample seee, its limitations
should be mentioned Information on the extent of tumor re-
sections were obtaned following the description of the article,
a5 each author chesified the degree of msection (if through
image examimation, or only for surngical fmdings), was not
specified in those articles. Most of the aticles do not present
detail of this topic, being a major impeding fctor in this

analysis,
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Purpose. - Review the published data on spinal meningioma (SM) to create a more comprehensive picture
of its natural history.
Methods. — A review of the published SM literature was carried out through a Medline search up to Decem-
ber 2018. The search using the keyword “spinal meningiomas” returned 248 papers and the parameters
analyzed in our present study were examined in those publications. Papers without a detailed description
of clinical findings, neuroimaging confirmation of the spinal tumor, minimum follow-up of 5 years, or a
clear description of the clinical findings were excluded.
Results. - In the 24 manuscripts reviewed, 1811 (1450 females/361 males) patients with SM were ana-
lyzed. The thoracic spine (1181-64.6%) and cervical spine (394-22.7%) were the more prevalent levels.
The psammomatous (27.8%) and meningothelial variants (25.2%) were the most prevalent histopatho-
logical subtypes. Gross total resection (Simpson I and 11) was achieved in 94.5% of cases and subtotal
resection (Simpson 11l or more) in 5.5%. The tumor recurrence rate was 4.4%, and the mortality rate
related to surgery or disease progression was 3.
Conclusion. — WHO grade | predominance was observed among spinal meningiomas, analogous to
intracranial meningiomas. SMs predominated in the thoracic spine. Surgery with gross total resection
was achieved in the vast majority of cases, resulting in low recurrence and mortality rates.

© 2019 Elsevier Masson SAS. All rights reserved.

Keywords:
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Recurrence
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1. Introduction

Spinal meningiomas (SM) are lesions with favorable prognosis
from the oncology and surgery perspective [1]. SM make up 25%
to 46% of all spine tumors [2]. Typically, they are located in the
intradural extramedullary space and grow slowly, spreading later-
ally into the subarachnoid space [3] and stretching the surrounding
arachnoid, sometimes incorporating it but rarely the pia [4]. Clinical
symptoms start when the spinal cord is compressed [3].

They are typically solitary, well-delimited and non-invasive [5]
and generally do not seed other parts of the central nervous system
(CNS) or body [6].

* Corresponding author.
E-mail address: benedito.jamilson@hotmail.com (B. Jamilson Aratjo Pereira).

https: [(doi.org/10.1016{j.neuchi.2019.09.027
0028-3770(D 2019 Elsevier Masson SAS. All rights reserved.

In general, the clinical manifestations are slowly progressive
and widely variable, involving weakness, sensory disturbance and
radicular pain [7]. In advanced stages of spinal cord compres-
sion, eccentric tumor growth leads predominantly to disassociated
long tract signs or Brown-Séquard syndrome. This heterogeneity
of symptoms and signs may lead to difficulties in making a timely
diagnosis [7].

The literature includes a few reports describing postoperative
outcomes of spinal meningiomas [7-9]. The pathogenesis, natu-
ral history, management and behavior of intracranial meningiomas
have been studied extensively; however, similar information about
SM remains limited. The aim of this study was to review the data
published on this subject in order to create a more comprehensive
natural history of SM.

35



Resultados

42 B. Jamilson Arailjo Pereira et al / Neurochirurgie 66 (2020) 41-44

n=248

PubMed search with “Spinal meningioma" keyword

|

o —

|

I

incomplete or inconsistent abstract
excluded n =50

Papers without
= detailed description of clinical findings
= follow-up of at least 5 years

excluded n =173

—_—

Records excleded for duplicated study

s R

Fig. 1. PRISMA [Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study flow diagram.

2. Method

A review of SM-related publications was conducted through a
Medline search of the literature published up to December 2018.
The following inclusion and exclusion criteria were adopted for
the selection steps: studies about SM were included, while papers
lacking detailed descriptions of clinical findings, neurcimaging con-
firmation of tumor location, minimum follow-up of 5 years, and
clear description of clinical findings were excluded [see Fig. 1 for
the PRISMA study flow diagram].

The retreatment interval was defined as the time between the
first surgery and the first subsequent treatment (either radiation
therapy or anew surgical procedure). This concept was employed to
avoid subjectively differentiating tumor remains from scars located
near the resection sites. The extent of surgical resection was defined
according to the Simpson classification [10]: gross total resection
(GTR)(grades land Il)and subtotal resection (STR) (grades III, IV and
V). The term “mortality rate” is related to perioperative mortality
(by convention 30 days), whereas overall survival rate is related to
long-term outcomes [11].

3. Results

The systematic review applying the keyword “spinal menin-
gioma” returned 248 articles, of which 223 were excluded because
of an incomplete/inconsistent abstract or an incomplete descrip-
tion of the clinical findings and insufficient follow-up time.
Additionally, one study was excluded as it was a duplicate, result-
ing in 24 manuscripts being analyzed for this review (Fig. 1). In
total, the data from 1829 SMs in 1811 patients were analyzed,
with 1450 females and 361 males having a mean age of 57.6 years.
The SMs were located in the thoracic spine (1181-64.6%) and the
cervical spine (394-22.7%). Histopathological descriptions were
available in 1415 cases (83.3%), including 1342 (94.8%) cases classi-
fied as grade |, with a predominance of the psammomatous (27.8%)
and meningothelial (25.2%) subtypes. Grade II classification was
assigned to 63 cases (4.4%) cases and grade Ill in 10 cases (0.8%).
These patients had an average of 15.3 years' follow-up, with a range
from 5 to 37 years. The extent of surgical resection according to
the Simpson score was available in 1454 cases. Among those cases,
GTR (Simpson | and II) was achieved in 1374 cases (94.5%) and
STR (Simpson 11l or more) was reported in 80 cases (5.5%). Tumor
recurrence was found in 75 out of 1722 cases (4.3%) where informa-
tion about this parameter was provided. Only 53 deaths (3%) were
recorded out of 1729 cases in which this information was provided
(Table 1).

4. Discussion

This systematic review of SMs confirms that they occur most
frequently in the thoracic region [9,12] and that the outcome
of surgical excision is excellent, even for patients with a poor
preoperative neurological status [3]. Spinal meningiomas most
commonly affect middle-aged women, with a greater disparity of
women to men than is seen with intracranial meningiomas. In one
study, the female: male ratio was as high as 4: 1 [3]). This pre-
ponderance in women is thought to arise from a tissue response
to sex hormones and subsequent growth [9]. Although the effect of
sex hormones on meningiomas is suspected, several other receptor
types may play a role in pathogenesis, including steroid recep-
tors, peptidergic receptors, growth factor receptors and aminergic
receptors [13].

The optimal surgical approach to SMs depends on the tumor's
location and extension. One- or two-level laminectomy or hemil-
aminectomy is adequate for most dorsal and dorsolateral tumors,
but more lateral exposure is required for tumors located ventrolat-
eral or ventral to the spinal cord. A costotransversectomy or partial
vertebrectomy may be required to improve exposure and allow for
safer tumor removal [14].

The gold standard for surgical treatment of SM is complete
tumor excision since it is a predictor of a good prognosis [14,15].
However, SMs in plaque [14] and recurrent meningiomas [16]
are challenging as they are difficult to excise completely due to
infiltration of the spinal cord parenchyma and arachnoidal layer.
Calcified meningiomas are also difficult to resect due to adhesions
to the spinal cord [15,17] Poor functional outcomes have been
reported after surgical excision of calcified tumors [15] and post-
operative neurological deterioration has been connected to lesions
with massive calcifications [18,19]. Tumor size is another parame-
ter that determines the neurological compromise, and even small
extramedullary lesions can substantially compress the spinal cord
and nerve roots [20,21] due to limited spinal intradural space.

The histological SM subtypes are generally similar to those
of cerebral meningiomas [22,23]. The majority of SMs fit in the
World Health Organization (WHO) grade 1 histological classifi-
cation; among them, the psammomatous subtype is the most
prevalent in SMs, followed by meningothelial and transitional
subtypes [5,12]. This predominance has been attributed to the
embryogenic lineage of the meningeal cells covering the brainstem
and spinal cord, which differs from those covering the cortical con-
vexity [24]. Less frequently, WHO grade 11 clear-cell and choroid
subtypes and WHO grade 11l anaplastic SMs have been described,
which foreshadow a significant risk of local recurrence [6].
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Table 1
Systematic review.
Author Year Co M F Age No F C T T T L C Gl Me T P 0 ClI Gl GR SR R D
Katz [1] 1981 ISR 13 31 Nr 44 12 10 0 13 o 1 10 Nr Nr Nr Nr Nr Nr Nr Nr Nr 0 0
Levy [2] 1982 UsSA 19 78 53 99 36 17 0 73 o 7 17 97 52 1 20 24 0 0 90 7 4 3
Namer [3] 1987 TUR 7 22 36 30 12 10 0 20 o o 10 29 16 0 4 9 0 0 Nr Nr 0 1
Solero [4] 1989 ITA 31 143 57 174 29 26 0O 14 0 4 26 173 52 17 99 5 o 1 168 4 9 31
King[5] 1998 UK 12 66 625 78 20 11 1] 65 o 2 11 78 18 29 22 9 0 0 77 1 1 1
Klekamp [6] 19959 GER 24 93 57 130 13 35 0 87 0O 8 35 Nr Nr Nr Nr Nr Nr Nr 115 15 18 6
Gezen [7] 2000 TUR 9 27 49 36 15 5 2 22 4 5 5 36 o 7 159 0 0 0 30 6 2 1
Gottfried [8] 2003 USA 5 20 G0 25 12 4 1] 19 o 2 4 Nr Nr Nr Nr Nr Nr Nr 25 o 1 o
Meorandi [9] 2004 FRA 5 25 77.1 30 15 2 1] 28 o o 2 27 4 7 15 1 3 0 27 3 0 6
Schaller [10] 2005 GER 3 30 63 33 15 10 0 23 o o 10 33 4 1] 22 7 0 0 28 5 0 0
Sandalcioglu [11] 2008 GER 17 114 69 131 16 21 7 a5 6 2 21 Nr Nr Nr Nr Nr Nr Nr 127 4 4 1
lacoangeli [12] 2012 ImTA 10 20 746 30 5 4 1] 26 0o 0 4 30 20 0 8 2 0 0 28 2 0 0
Qiang [13] 2012 CHN 8 2 132 10 8 5 2 3 0o 0 5 8 1 1] 3 4 2 0 8 2 7 1
Arima [14] 2014 JaP B 15 603 23 7 14 0 9 0O 0O 14 Nr Nr Nr Nr Nr Nr Nr 18 5 Nr Nr
Kim [15] 2015 SKO 5 15 59 20 14 8 1] 12 0o 0o 8 20 1 4 0 5 0 0 20 o 1 o
Sun [16] 2015 UsA 2 16 50 20 15 7 1] 11 2 0 7 1] 1] 1] 0 0 20 0 16 4 2 0
Tola [17] 2016 ITA 6 14 61 20 10 3 0 16 o 1 3 20 7 0 12 1 o o 19 1 0 0
Maiti [18] 2016 UsA 7 31 56 38 15 10 4 24 0o 0o 10 35 Nr Nr Nr Nr 3 0 37 1 4 0
Ruggeri [19] 2017 Ima 3 34 62 37 13 7 1] 31 o 2 7 40 Nr Nr 29 Nr O 0 37 3 0 0
Frati [20] 2017 ITaA 35 138 556 173 37 25 7 119 2 0 25 170 Nr Nr Nr Nr 2 1 171 2 4 0
Bayoumi [21] 2017 TUR 13 48 605 61 1 9 5 40 5 2 9 Nr Nr Nr Nr Nr MNr Nr Nr Nr Nr Nr
Neh [22] 2018 KSA 3 14 631 17 23 4 1] 12 o 1 4 1] 1] 1] 0 0 17 0 15 2 3 0
Hua [23] 2018 CHN 99 384 537 483 10 146 56 232 44 5 146 461 128 38 95 200 14 B8 187 7 5 0
Gilard [24] 2018 FRA 17 70 G646 87 7 2z 0 57 0 8 22 B85 34 B 26 17 2 0 81 6 6 2
Total 361 1450 57.6 1829 16 415 103 1181 63 50 415 1342 357 111 374 284 63 10 1324 BO 75 53

Co: country (ISR: Israel; USA: United States of America; TUR: Turkey; UK: United Kingdom; GER: Germany; FRA: France; ITA: Italy: CHM: China; JAP: Japan; SKO: South
Korea); M: male; F: female; Age: in years; No: Number of tumors; F: Follow-up (in years); C: cervical; CT: cervicothoracic; T: thoracic; TL: thoracolumbar; L: lumbar; GI:
meningioma grade I; GII: meningioma grade 1I; GIlI: meningioma grade III; P: psamomatous subtype; T: transitional subtype; Me: meningothelial subtype; O: other subtype;
GR: gross total resection; SR: subtotal resection; R: Recurrence; D: Death: Nr: no reported.

The SM recurrence rate is low (4.3%), similar to the rate for ven-
tricular meningiomas [25]. SM recurrence has been predicted to
range from 1.3% to 6.4% and to occur within 1 to 17 years [3]. Partial
resection has been implicated as a cofactor in recurrence [12], but
subtotal removal does not necessarily lead to recurrence [26]. Atyp-
ical or anaplastic SM subtypes have been associated with increased
recurrence [6,9,15]. Surgical management for recurrent SMs is more
challenging due to the presence of arachnoid scarring, which makes
radical resection difficult and increases tumor recurrence.

The mortality rate (3%) in this systematic review was
low. Postoperative morbidity and mortality have progressively
declined with the advent of sophisticated neuroimaging modali-
ties, neuroanesthetic and microsurgical techniques, intraoperative
ultrasonography, surgical microscopes, ultrasonic surgical aspi-
rators, angiography, preoperative intravascular embolization and
spinal cord monitoring [3,5,27]. The primary causes of death during
the postoperative period [14] in the reviewed studies were pul-
monary embolism, aspiration pneumonia, stroke and myocardial
infarction [26,28]. In this context, ambulation and rehabilitation
efforts should be prioritized in the early postoperative period, and
a tapering regime of corticosteroid therapy should be instituted
[20] if such therapeutic modalities are necessary.

5. Conclusions

SMs predominate in the thoracic region, mostly as histologi-
cal WHO grade | tumors. Surgery with GTR is achievable in the
vast majority of cases, with a low frequency of recurrence and low
mortality, confirming the SM's benign nature.

Limitations

Although this study had a large sample size, its limitations
should be mentioned. Information on the recurrence-free interval
was obtained based on how each author had described it in the
article (radiographically or need for retreatment); the kinetics of

the neurological condition after surgery or corticosteroid adminis-
tration were not specified in those articles. Most of the articles do
not provide details about this topic, thus contributing to bias in our
analysis.
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Benedito Jamilson Aratjo Pereira’, Anténio Nogueira de Almeida™, Paulo Henrique Pires de Aguiar’,
Wellingson Silva Paiva’, Manoel Jacobsen Teixeira’, Suely Kazue Nagahashi Marie’

OBJECTIVE: To review the published data to create a
more comprehensive natural history of multiple meningi-
omas (MM).

METHODS: A review of MM published until now was
carried out through a Medline search up to August 2018.
The use of the “multiple meningiomas” keyword returned
278 articles, and the characteristics analyzed in our pre-
sent cohort were searched on those publications. Articles
without detailed description of clinical findings, neuro-
imaging confirmation of tumor multiplicity, follow-up at
least of 5 years, and clear description of clinical findings
were excluded. We added series to this review.

RESULTS: 293 patients with MM were analyzed: 220
women and 73 men, with a total of 932 tumors (3.1 tumors
per patient). The majority of tumors were located in the
convexity (653% to 74.5%). The total number of tumors
treated was 429 (43.9%): 338 (78.8%) by surgical resection
and 91 (21.2%) by radiotherapy. Histopathologic description
was available in 303 of 429 cases, being grade | in 272
(90.3%) cases, with a predominance of the meningothelial
subtype (30.7%). Tumor recurrence was described in 32
(8.07%) among 397 and only 10 deaths (3.4%) of 281 reported
cases, where this characteristic was evaluated.

CONCLUSIONS: World Health Organization grade | pre-
dominance was observed among multiple meningiomas in
similarity to single meningiomas. Only a fraction of MM
patients (43.89%) needed treatment. A benign tumor
behavior was corroborated by the observed low frequency
of recurrence and mortality.

Key words

m Multiple meningioma
m Recurrence

m Surgery

Abbreviations and Acronyms
CS: Cowden syndrome

MM: Multiple meningioma

NF2 Neurofibromatosis type 2
WHO: World Health Organization

INTRODUCTION

eningiomas, which arise from arachnoidal cap cells of
M the leptomeninges, have an annual incidence rate of 5.5

per 100,000."" They are among the most common
intracranial primary tumors, typically presenting as slow-growing
sporadic solitary lesions.? Multiple meningiomas (MM), defined as
the presence of =2 spatially separated synchronous or
metachronous lesions, occur in <1o% of patients with
diagnoses of meningioma.** The widespread use of neuro-
imaging has led to a corresponding increase in the reported
incidence of meningiomas.® The typically slow growth rate of
rm:ningimﬂ.as”'2 and the tendency of most meningiomas to
remain asymptomatic over the life course accounts for the fact that
50% of all meningiomas are discovered at autopsy.” Consequently,
greater numbers of asymptomatic tumors are diagnosed through
neuroimaging.

MM may be associated with an NF2 alteration; in such cases, the
tumor develops as a consequence of a predisposing NF2 germline
mutation. Furthermore, the analysis of NF2 gene mutations can
potentially contribute to determining the pathogenic mecha-
nism(s) of MM. Non-NFz-associated MM may occur as sporadic or
familial cases' or as the result of the noncontiguous spread of a
single sporadic tumor.'" Although the physiopathologic
mechanism of MM is not yet well known, 2 hypotheses have
been discussed in the literature. The first suggests that these
tumors occur independently, based on the histologic and
cytogenetic  differences  observed among the  different
meningiomatous nodules in a single patient."" By contrast, the
second hypothesis proposes a single clonal transformation, with
subsequent propagation of these tumor cells through the cere-
brospinal fluid constituting multiple monoclonal meningiomas.
Molecular genetic analyses of meningiomatous nodules and the
detection of common NF2 gene mutation have provided eviden-
dary support for the monoclonal origin espoused by the second
hypothesis,’s 5%
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An increased risk of meningiomas has been associated with
tumor-susceptibility syndromes such as neurofibromatosis type
2 (NF2), Cowden syndrome (CS), and Werner syndrome, which
are caused by mutations in NFz2, PTEN and RECQL2, PTEN, SDHB,
SDHC, SDHD, and KLLN.* Also, a germline SMARCE1 mutation,
causing predisposition to schwannomatosis and rhabdoid
tumors, was recently identified in a family affected by muldple
cranial and spinal meningiomas and schwannomas.® The
pathogenesis, natural history, and management of solitary
meningiomas have been the subject of extensive study; however,
analogous knowledge about MM remains limited.* The aim of
this study was to review the published data on the subject to
create a more comprehensive natural history of MM.

METHODS

A cross-sectional study of patients with meningioma diagnoses in
our institution, between 2000 and 2014, was conducted.™ The
clinical, mneuroimaging, surgical, and  histopathologic
characteristics of padents with MM in this series were analyzed.
Specifically, the charmcteristics analyzed in those patients
included age, gender, familial history, associated malignancies,
number of meningiomas, tumor sites, number of resected
tumors, histopathologic classification (including tumor grade),
complementary therapy, follow-up interval, tumor recurrence,
and mortality. These data were retrieved from the hospital
database system, which keeps records of all padents, along with
dates related to medical appointments, surgical procedures,
radiotherapy sessions, emergency room admissions, and in-
hospital deaths. Otherwise, clinical data (Karnofsky Performance
Scale, neurologic status, and medicines in use) and information
about out-of-hospital death were obtained through attendance or
phone interviews. This study was approved by our institutional
review board under registration CAPPESq # 200/05.

For classification of tumor sites, meningiomas were grouped
into 3 areas, as follows: 1) convexity (including the falcotentorial
region), 2) skull base (cranial base, petroclival, and cer-
ebellopontine angle), and 3) intraventricular. The convexity area
was defined, for this study, as the dura mater of the calvarium,
and the falcotentoral area was defined as the region comprising
the falx, tentorium, and the calvarium areas, containing the
sagittal, transverse, or sigmoid sinus. The skull base was defined
as the surrounding area of the carotid artery and cranial nerves,
from I to V1. The petroclival area was defined as the region in the
posterior fossa surrounding the petrous bone or the lower
segment of the clivus, which are the regions related to cranial
newves, from VII to XII, and the vertebral artery, along with the
cerebellopontine angle cisternas, which consists of the triangular
subarachnoid space between the anterior surface of the cerebellum
and the lateral surface of the pons, containing cranial nerves VII
and VIII and the antedor inferior cerebellar artery,™

The retreatment interval was delineated as the time between the
first surgery and the first subsequent treatment (either radio-
therapy or a new surgical procedure). This concept was used to
avoid subjectively differentiating tumor remains from scars near
the resection sites.

Aiming to compare this dataset from the MM from our inst-
tution, we conducted a review of the MM-related material

published to date in the literature by performing a Medline search
up to August 2018. The use of the keyword “multiple meningi-
omas” returned results consisting of 278 articles; the chamcteris-
tics analyzed in our present cohort were searched within those
publications. As a first selection step, we adopted the following
inclusion and exclusion criteria: 1) series reports about MM were
included, whereas 2) articles lacking detailed descriptions of
clinical findings, neuroimaging confirmation of tumor multiplic-
ity, follow-up periods of at least 5 years, and clear descriptons of
clinical findings were excluded (Figure 1).

RESULTS

Among the 629 patents with meningiomas previously analyzed in
our cohort,™ 21 patients (3.3%) (16F:sM) presented with MM.
Thirty-nine of 58 diagnosed tumors (ranging from 2 to 7 menin-
giomas per patient) were resected, and patients’ ages ranged from
3r to 82 years (average, 55.8 =+ 11.206 years). Twenty patients
presented with grade [ meningioma and only 1 patient with a
grade II meningioma, pursuant to the 2007 World Health
Organization (WHO) meningioma-grading criteria.™ Four patients
(1g%) presented with other associated tumors, as follows: thyroid
(2 cases), breast (1 case), and gastrointestinal tract (1 case), and
they met the criteda for CS based on their medical records.

The above findings were compared with the results identified in
a literature review conducted after the selection flow presented in
Figure 1, which yielded g articles about MM, reported from
worldwide centers and satisfying the adopted criteria, up to
August 2018, We added our 21 patients presenting with MM into
this comparative analysis (Table 1). In total, the data from 293
patients with MM were analyzed. These patients included 220
women and 73 men, with a mean age of 53.7 + 8.3 years. These
patients presented with a total of ¢32 mmors (3.1 tumors per
patient) A majority of patients’ tumors were located in the
convexity (653% to 74.5%), followed by skull base (220% to
25.1%), and ventricular (45 to 0.4%). The total number of
tumors treated was 429 (43.9%): 338 (78.8%) by surgical
resecion and g1 (21.2%) by radiotherapy. Histopathologic
description was available in 303 of 429 cases, being grade I in
272 (go.3%) cases, with a predominance of the meningothelial
subtype (30.7%). Grade 1I classification was attributed to 26
(8.1%) cases and grade LI to 5 (1.6%) cases. These patients
received follow-up care for an average of 2r.4 + 8.6 years
(range, 11 to 35 years). Tumor recurrence was cited in 32 (8.07%)
of 397 cases for which the information about this characteristic
was available. Only 1o deaths (3.4%) were recorded, out of 281
reported cases, in cases that allowed evaluation of this charac-
teristic was evaluated (Table 1).

DISCUSSION

The term “multiple meningioma” (MM) was coined by Cushing
and Eisehardt’” to describe the occurrence of multiple tumors in
the absence of neurofibromatosis or acoustic neuromas. The
term is applicable when at least 2 spatially separated
meningiomas present at once or when more than 2
meningiomas manifest sequentially from 2 clearly distinct
regions.™
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PubMed search with “Multiple meningioma” keyword

|

n=278
| '
| n=123 | ———

e | reViewed articles + present series of our institution I

Figure 1. Preferned Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA] study flow diagram.

incomplete or inconsistent abstract
excluded n = 155

articles without
+ detailed description of clinical findings
= neuraimaging confirmation of tumor multiplicity
+ follow-up of at least 5 years

excluded n= 114

MMs are more common in women, and this female predilection
is significanty higher (3.5:1) than any observed for cases of single
meningiomas,***5*7 in which the gender ratio varies but is
approximately 2F:1M.*# The reason for such an unbalanced
gender distribution remains unclear; however, higher progester-
one expression identified in these MMs than in single meningi-
omas may account for the preponderance of women in MM
cases.”* These MMs are rarely found in childhood and
adolescence. ™%

No difference in the WHO grade distribution of MMs relative to
single meningiomas has been observed, and grade I tumors are
preponderant in  both,* with a predominance of the
meningothelial subtype.™ Interestingly, MMs tend to be spatially
distributed, demonstrating a predominance in convexity, which
may corroborate the hypothesis related to subarachnoid tumor
cell dissemination as the origin of MMs. Further corroborating
this hypothesis is that MMs have been identified more
frequently at 1 hemicranial space,'*" but they may be bilat-
eral."* Radiation-induced meningiomas are located exclusively
at the site of x-ray exposure, and when the irradiation is used to
treat tinea capitis, associated meningiomas present in calvaria. ¥
MMs in posterior fossa are mre.’

Larson et al."” and von Deimling et al."® have reported that MMs
might arise from a single progenitor cell and could then spread
throughout the subarachnoid space. However, others claim that
MMs originate from multiple foci and are not the result of cell
migration through the subarachnoid space.™*+39

The molecular alterations in MMs differ, depending on whether
they are sporadic, radiation-induced, or familial cases.""#*+" MMs
are associated with the presence of other types of solid tumors in
several familial syndromes, such as NFz, nevoid basal cell carci-
noma syndrome, CS, and Werner syndmme."’ In CS§, germline
mutations have been described in a subset of the established
susceptibility genes, as phosphatase and tensin homolog
(PTEN), succinate dehydrogenase B-D (SDHB, SDHC, SDHD),
and killin (KLLN),* and a 45-fold increased risk for epithelial
thyroid cancer in these patients has been reported, relative to the
risk in the general population of the United States.™* CS is
estimated to affect between 1 in 200,000 to 250,000 people®**

Although the presence of meningioma is not included in the
diagnostic criteria of this syndrome, this type of tumor is found in
approximately 8% of patients.*® The PTEN hamartoma tumor
syndrome is an autosomal dominant disorder described in CS,
and it is caused by germline mutations in PTEN.** C§ patients
harboring no germline PTEN mutations were found to have
germline mutations in SDH B/C|D or others present KLLN promoter
hypermethylation.** Succinate dehydrogenase is part of the
mitochondrial complex II that participates in both the electron
transport chain and the Krebs cycle,”” whereas killin is a
ps3-regulated DNA replication inhibitor.

CS has also been associated with heterozygous mutations in
AKT1 and PI3KCA® and with missense mutation in SEC23B,% a
component of COPII vesicles for anterograde ER-to-Golgi trans-
port.”5* SEC23B variants have been detected in sporadic breast,
thyroid, and endometrial cancers, and it has been suggested that
these variants ply functional roles in sporadic thyroid
carcinogenesis.”

The therapeutic approach to treating MMs includes surgery,
whole-brain radiaton, and stereotactc radiosurgery, despite
conflicting data in the literature.®® Owerall benefits and risks
should be considered in the selecton of treatment, as, for
example, the acute, subacute, and delayed effects of radiation
in a young and active pal:iem."ﬁ Surgery remains the treatment
of choice and should be indicated for symptomatic
meningiomas >3 cm with surgical accessibility, faster growth,
or the presence of peritumoral edema.®*+3° However, the
benefits of aggressive surgical procedures to reduce recurrence
have been subject to debate in the literature,®” inasmuch as the
majority of the analyzed tumors, including those within our
study, were small and asymptomatic. These tumors are also
slow growing, as calculated by Wong et al.,™ with an average
growth rate of 0.46 cmdyear, according tw a retrospective
analysis of g5 tumors in 12 patients. Moreover, no significant
relationship between the number of meningiomas and growth
rates has been observed.”® The prognosis for patients with
MMs is good and does not differ meaningfully from that of
solitary meningiomas, except in cases of radiaton-induced MM
and meningiomas associated with NFz2 in children.>?®
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Low rates of moridity and mortality have been reported for
MMs. The recurrence rate was estimated at 19% for intracranial
meningiomas over 20 years, with doubling times ranging from 138
to 1045 days,*® and several studies have shown any increment of
this recurrence rate for MMs. "%

Mo specific recommendation was reported for a specific method
of follow-up to MMs; however, the possibility of late-onset men-
ingiomatous nodules demands sustained long-term monitoring.
The frequency of radiologic examinations for the surveillance of
small, asymptomatic, and cerebral edema—free meningiomas will
be adapted according to the growth rate of the various tumors, as
determined by volumetric analysis.®

Limitations

Although this study had a large sample size, its limitations should
be mentioned. Information on the recurrence-free interval,
obtained after the description of the article, as defined by each
author (radiographically or need for retreatment), was not speci-
fied in those articles. Most articles did not present the details of

=
8
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ARTICLEINFO ABSTRACT

Keywords:
Bleeding meningioma
Prognostic

Objective: To review the data published on the subject to create a more comprehensive natural history of the
haemorrhagic onset of meningiomas (1WMs).

Histopathologic

Pagents and methods: A Medline scarch up to June 2020, using the search term “blecding meningioma,” returned
136 papers. Az a first selection step, we adopted the following incluzion eriteria: seriez and caze reportz about
bleeding meningioma. Papers written in other languages but with abstractz written in English were also
evaluated.

Rezules: A total of 190 tumours were evaluated, specifically 109 tumours from female patients and 81 tumours
from male patients with a ratio of 1.34 female to 1.0 male (mean age of 54.86 £ 16.1years old). The majonty
were located in the convexity (129-67.9 %). Among the 190 tumours evaluated, 171 patients (90 %) presented
with Gl tumours, with a predeminance of the meningothelial subtype (32.6 %). Nine patients (4.7 %) presented
with grade Gl tumours, and 10 (5.3 %) presented with GIIl tumours. The most prevalent type was intracerebral
haemorrhage (ICH) at 50 %, followed by subdural at 2736 %; the mortality rate was 13.1 % (25 deaths), the
diztribution of both location (prevalence of convexity: 18-72 %) and histopathology (grade 1: 22-88 %).
Conelusion: These tumours follow the hiztopatheological distribution of meningiomas, in general. The age dis-
tribution shows prevalence among the adult population but with a greater proportion in the elderly. The fact that
the overwhelming majerity of easzes invelve meningiomas with a benign histelogieal subtype iz noteworthy.
Ancther relevant factor observed is that most reports are from Asian origin.

1. Introduction

According to previously reported cases, the reported incidence of
spontanecus meningioma haemorrhage ranges from approximately
0.5%2.4%, [1,2]. Although meningiomas encompass a bread spectrum
of symptoms and signs, their acute presentation with a haemorrhagie
onset appears to be a rare event [1,5]. The rarity of this condition not
only makes determining causative factors of the haemorrhage chal-
lenging, but it also makes the mechanisms of spentaneous haemorrhage
harder to understand [1,4]. Some reports have suggested a positive
correlation between the intrarumoral vasculature and meningioma
haemorrhage [5-7], but other studies have found no significant corre-
ladon [3,2].

Spontanecus haemorrhage in meningioma is uncommon and not
related to sex. age, blood dyscrasia, hypertension, or tumour location [2,
2-12]. Hell and Conley reported a relatively high risk of bleeding in

angioblastic and malignant meningioma [13]. However, the majority of
meningiomas manifesting haemorrhage are benign variants.

Considering the rarity of meningioma bleedings, we compiled all the
results of the reported series and case reports in the literature to form a
mere comprehensive natural history of these tumours.

2. Methods

A Medline search up to June 2020 using the key phrase “meningioma
bleeding” returned 136 papers; we based our revision on this initial
corpus. As a first selection step, we adopted the following inelusion
criteria: series and case reports about the issue written in English, as well
as papers written in other languages but with abstracts written in En-
glish; we excluded papers in which the authors did not report histo-
logical subtype or demographic data. One hundred and thirty six papers
fulfilled the above criteria (see Fig. | for the PRISMA study flow
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diagram). These papers gathered data from 190 patients, on whom the
present analysis of meningioma bleeding and neurs-oncological man-
agement was based.

According to the Werld Health Organization (WHO), the age groups
of the population are defined as follows: young people are under the age
of 15, adults are those aged 15-64, and the elderly are those over the age
of 65 [14].

3. Results

A total of 190 mumours were evaluated (109 from female patients and
81 from male patients; 1.34 female/1.0 male ratio), and the majority
were located in the convexity (129-67.9 %). Among the 190 tumours
evaluated, 171 patients (90 %) presented with GI tumours, with a pre-
dominance of the meningothelial subtype (32.6 %). Nine patients (4.7
%) presented with grade GII tumours, and 10 (5.3 %) presented with GIII
umours.

These data were the result of a 136 manuseripts from worldwide
centres, up to June 2020, that were selected for the present analysis. We
analysed studies from all continents (see Table | and Fig. 2).

3.1 Age
The confirmed ages of the included patients at diagnosis ranged from
4 months to 85 years (mean age of 54.86 + 16.1 years old). The histo-
pathological distribution and mortality rates related to each age group
are listed in Table 2.

3.2. Type of bleeding

In our review, we separated the types of bleeding into 3 categories:
subaracheideal haemorrhage (SAH), subdural haematoma, intracere-
bral haematoma (ICH), and intrapulmonary haemeorrhage (IPH). The
mest prevalent type was ICH (50 %), followed by subdural (27.36 %)
and SAH (21.57 %):; IPH presentation is rare (1%). It is worth
mentioning that in 6 cases (3.15 %), haemorrhage was related to an
interventionist procedure to embolize meningioma.

3.3. Morality

Among the cases reported in the literature, 190 presented reports of a
disease, and, in total, we observed 25 deaths (13.1 %). Among the
deaths, we saw an average age of 60.12 + 16 years old; there was no
gender interference (13 female and 12 male); the distribution of both
location (prevalence of convexity: 15-72 %) and histopathology (grade
1: 22-88 %) obeyed the distribution of cases in general.

4. Discussion

Meningiomas are the most commonly encountered benign intracra-
nial lesion, accounting for roughly one quarter of all primary intracra-
nial lesions. While the incidence of haemorrhage into brain tumours is
noted to be close to 4% —mostly in gliomas and metastatic tumours—the

Resultados

Clinical Neurology and Newrozurgery 199 (20200 106175

incidence in meningiomas is much lower, roughly 1.3 % [5,15,16].
haemorrhage arizsing from a meningioma can manifest in several ways,
including subarachnoid haemerrhage (commenly seen with parasagittal
and falcine meningioma [1]), intracerebral. and, least commeonly,
inratumeral haemorrhage [6]. Rarely. subdural hematoma, (usually
associated with convexity location) may also be seen [15]. This review
demonstrates a different point, i.e., that although other previous papers
have shown that subdural hematoma is rare, they proved to be the
second most prevalent type of bleeding (27.36 %).

The mechanisms of intratumeral bleeding are still controversial and
include the ruprure of rumour blood vessels, tumour necrosis, and the
invasion of brain parenchyma. Capillary growth in brain tumours has
been classified into three groups: axial, retiform, and glomeruleid. It has
been reported that most tumours contain a combination of these capil-
lary types, but only the retiform type is associated with significant
intrarumoral haemorrhage [17]. Still, many other mechanizms have
been proposed, such as progressive vessel parietal weakening due to
wariation in rumeral stromal support, vessel disruptien/distortion by the
tumeur, venous hypertension, endothelial proliferation with secondary
wvascular occlusion, formation of abnormal blood wessel, even In not
atypical or malignant meningiomas, stretching of bridging veins by the
tumour with subsequent rupture with or without trauma, intratumeral
waso-active substance release (e.g., histamine), and direct meningioma
fragmentation with bleeding [15]. Apparent diserepancy may be
explained, in part, by the fact that the tumour vaseulature is heteroge-
neous and different studies have not applied the same vascular marker.
Varying characteristics of blood vessels have been identified in prostate
cancer, lung cancer, and renal cell carcinoma through various vascular
markers [19-21]. For example, 2 distinct types of blood vessels have
been identified in renal cell carcinoma: undifferentiated (CD31p/ CD34)
and differentiated (CD31p/CD34p) vessels. Most importantly, only the
undifferentiated vessels had a significant correlation with higher tumeour
grades [21]. The exact etiopathogenesis of bleed in our case is difficult to
explain as the lesion proved te be a Grade 1 meningothelial meningioma
on histopathology, and such presentation is very rare in the pathology
mentioned above. The most likely cause for the ITH in our case may be
attributed to the ill-formed new blood vessels which bled or the vaseular
erosion caused by the tumeor [22].

Another possibility would be that, according to the growth of the
tumour, the possibility of intratumeral infarction with subsequent hae-
morrhage changes. This might be an important event in the process of
peritumoural haemorrhage. There may also be underlying causes, such
as thrombosis, eedema, vessel erosion, and rapid rumour growth that
eventually result in infarction. Some stressful conditions, such as seizure
and a rapid change in blood pressure, may also act as contributing fac-
tors, such as thrombosis of the intrarumoural vessels, extensive tumour
infarction, and peritumoural vessel dilataton. One could insist that
intrarumeural infaretion is not the cause of haemorrhage, but the result.
However, extensive infarction of the tumour does not usually oecur in
cases of peritumoural hasmatoma, and the peritumoural dilatation of
wessels cannot be explained [6]. Wang et al. [23] explore the charac-
teristics of tumor vessels, the pericyte coverage of blood vessels was
evaluated by staining for the pericyte marker SMA. The resules

| Records indentified through database searching (n=1262) l

|

|Recards after abstract screen (n=168) ] —

Records reviwed = 136

Records excluded for abstract or paper no
dispenible (n=32)

Fig. 1. PRISMA (Preferred Reporting ltems for Systematic Reviews and Meta-Analyses) study flow diagram.
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Table 1 (continued)

3l Subtype

Location

Gender

GTR ot

G

Gl

Oth

Lu

Sp

Com

Bleeding

Age

Country

Wear

Author

76

Italy

1983
1984
1984
1985
1986

1986

Brambilla[ 32]
Kohli[33]

ICH

37

68 Subdural

65

Gresge

Baskinis[34]

Hasaka[35]

Katwiea[36]

Japan

Subdiiral

32

Paland
Japan

Shajimal 371

Subduralieb)

Japan
Italy

1986
1987

1987

Watanabe[ 38]

Scotti[39]

26

ICH (eh)

37

Japan

Suyamal 40]

SAH (eb)

73

Japan

1987
1987
1987

Hayama[41]

ah

LSA

Japan

Hloomgarden[42]
Kabuta[43]

ICH

ICH

37
59

Hawk ins[44]

Subdural
Subdiiral

ICH

al

73

1988 Japan
1989

Tokunaga[45]

Jones[46]

Agistralia

58

nr

Subdural

76

nr

Japan

1989

Furokawa[47]

ICH
ICH

58
[:%]

LK
Japan

Russel* [1]

1989
1989

1990

Niwa[48]
Sata[49]

Subdural
Subdural
Subdiral

46

Japan

India
Japan

Chang[50]

49

19490

1991

Nikawa[51]

nur

nr
nr

Spain

Martiné-lage[52]

nr

Subdural

70

Japan

1991

Nakao[53]

Subdural
Subdural
Subdural
Subdural
Subdural
Subdural

41

Renowden[54]
Chaskis[55]

Belgium 59

1992

62

LSA

Japan

1992
1993
1993

19493

Chen[56]

a7

Uenn[57]

26

Bulgaria

Koumtchev[58)]

Cervoni [59]

Tialy

Resultados

Clinical Neurelogy and Neurozurgery 199 (20200 106175

- -
soo—occccﬂoooocoD§
O M - B
N N - E-E-N-E-N-N-N-N-N-T

33 % ZEEE EEE
£ 8 SE:2
fispizsezsiisgiil
CLIERRREECERREERE
E Elzsii<EsE0iE
EEsSEEB5EREnnkis
33EEE3E59REREEE

5= @zhd EHE:_E—_.?
S B DR
Bigsfqreiciaifeg
fESERS5255858555¢8

50



Resultados

B.J.A. Pereira et al Clinical Neurology and Neurosurgery 199 (20200 106175
= b w -
a eooooooo—ccco—-oooooo—cel:osooooocecc.«oosoooccecooon—ooo%
" i
= & 5
z] ...._._._._._._._._..c.................._._...........:._._...._._................_._._._._._._..................:._...._._§
= £
| e cCooC 000000000000 ~0000000C0000000000000000000000CR000000 &
O|loecococooco-mo 00O RO0 0000000000000 00000000000R000000000RO
£
RN R L N B R L L
% | CCCCC 00000 O RO O0 000000 000000000 Ro0000000000000000RD00
e L R N Y L L L R L
E R - e L L - - - R e R R - R e L -

L~ |ooo~o M- -“00000CCC00O00NNOOOROOO0ONONOOOOO0O0000O0-OmO0OO00000

£

@

AN R L L L L L L R R R NN
R R R I I R I L e L L L R - R
| CC 00000000 Do 00000000000 00000000 OmMO000000RNOOC00O0000000O
AR L R Y
> |0 CCCC 00000 RO 00000000000 000000000000 ~00000000C0R00000000
A|lmocoooooooCo 00O C0oDOD OO OmMOCOOmMODCOMOOmMMOMOMMOOOCOOmMOODO0O

g

g

=t

E:

E L I i = R = =T R == == =R === =T =R
= D D e D DD e D D O D00 DD D D0 D 22 -0

-

I e - I - - e R R - - LT - R ==
z g SEEE E 3 I - g
T —_ R R-EE -] = = b= =} —_ b=
i . - - == = e R
& #r‘%wr‘? EEE=2€E58 :é#%rrw E %igxrawr TEEEEEEES
HEEEEEEFEERERE RS EREERE R EEERER R R REEERERE R R
Lluoocsowornnng o T TN TUNORES O OU DTN ST RO N oW
- o Rl B S S e IR =T = Ll o = T o S i = CrlR gl == BTN e i ]

. - -
7] W B w g -5 s w
EE = E‘Ew = = g sgﬁ g Ei’gsggnn—, Beeeg e o2
i & S3F :§ sz wBESE: 5 FEcREEEREEsSiEEEzRY %%
S|& © = & E= S2500w £ EBEICoESZEEsS5nE65EE5s58 54
o 2 s ok
§§ & r.n§ 22 g8 22338 8 - E-R=] EBZPSc=cc=S=S=8238 58
=2 Z 228 "8 RER ARAEAEERE R SERRAEERRRASSERERREREERR ®E8
=
: g §zF § £
= - - §55 = =
g E = = 535 g £ §_ 3 88 v BEE__32_  Zg_o Z
: = Ew === ® = S & == [] FEe=S®H - Eo =
! = B & =] = _ ¥ £ Eres HEHSDudv £S 2 -]
= 2 w =bBg i E2E ERE 8% g s ET o EIdS8 2SI S22 =B
— 857 = 28 = E = TR - 2o =fZ3ECTEC2TERS2E =
=ZEE K B =
S 2|l% & 35% = g ZEE 3§h$§§ & EEﬁxi—‘-gﬁEEEEE S§E§E~ =3
s 2 3 i =5 . E B S = EE = = = 5 = ]
=S|l8 E =B == z . 5 .E'nw é—.
a |z = moE ix L 282348 5 EERCSESESHzERIESZREF 342
a

51



Resultados

Clinical Neurology and Newrosungery 199 (20200 106175

B.J.A. Pereira et al

‘GE6T (246 1) (b8 [oanan Bmg o) suny [empans qim sworSuiean qines L, wolsuim ue usem mer Bl
F-T'62 (LL61) (PISTZ [omaN [ “ewoiduusu 38pu plousyds anewoldurdse we woy yeap usppns ‘'wemqdzeqo 'S (£1]
GERE(LL6T) (§)8 [oman Rmg ‘el ey uoursy [rigamoru] Susnes eueSupau jo sowmamoed prley s Y enesen 1 Aupng 1T [91]
‘9-£(9£6 1) ()9 [oinan Smg *adey uoway plouerkgns s Supjuassid eworduusu sfue sunuodoqagaia) ‘og 0§ THEmseX D'W [§1]
Th—LEF (9461) (PIGE SMEDma [ *S20] Uy [efUeneu snosmeiuods Buisnes semoBunLpy ‘sufjon 'H'D 120 A0 Tspop W [F1]

B ERF(9L61) (6)F BP0 PHURS ON [([5U0 5 JOUINE) PUIOMBUIRY JE[NOSEA PUE PWOPSUIUALL JNSIQ0]SUR WL 38R QLo pIowmpeIsgns Supmos sases om[] emip 1, eqey '], ‘ejoueuey, ] mnuns 4 (g1]

‘O-E'EE (SL6T) (9)€ Tomay BIng BBEILIOWS Y PIOUWETENS )M SEoiBUiUI 2480 §, [y *A[IUIS 2 ‘Spea N ‘Z8H 'v'd ‘Requssoy v [T1]
6= PIT(EL6T) (E)TL WZ BZ MH 2N 1L UBMEL ‘Wodal 5580 BUIOTEUTUA BT I30 U] JIEUMEN-1s0d ‘08g 1A “SmeyD Am Suny oD [11]
P-TEL (2£61) (9) L6 Amsoman [ ‘Hodal sse) BuoiBuusu @ pue SRILOJWIEY [FINPGNS PSLIsso Jo Uone pDossy ‘A 10 s 4T [01]
TI—L0T(696T) (E)ZT (81M5) BEMIRPAMaN ‘ewolSuusu [epoiu]erdns o] snp Sujpss|q [BI2IR0enu] 2a1sse siad 1 1320 g ‘verod & ‘Dmsrzsnig T (6]
-TaO(9061) (E1IG6 2055y Pow ueD ‘[pworBuuaw & uyafapiouny] ‘presg ¥ meapong g (8]
‘6-G07(GO6 1) £T [INBN YaIY ‘SEWOISUIBI 01} SBEYLIOWSH JSYSL "OY ‘O[IUsIID A Wion Y [£]
T-OTT (T96T) §1 SINsoaman] [ Sue Sum [em pgns Sure{nurs Weju po-[iuou-nae) & ul sweSuusw Ermsasenu] ‘sdel, N (9]
GOTAHETZI61) 0T (LRIAW) INPOINAN B2y J2500 SIN08 [ SEUorBUIE T3 M M ‘Avequed[ v [§]
'6— F8F'(0961) 0T H00man FPUIRA [BISIE] A JO SEWOISUTI U 38Ey110WR Y PIOMMPRRGNG WRIBOUN 2 ('Y ‘ASeu=ysy "W'H (]
G- LERFSHT) (1T Aojomap ‘seworfunmu [pueneiu pazndosamn e jo s sy, aoop LW 5]
‘TG LEETPSAT) (K)TT Ainsoman [ ‘sased aay Jo Podal e SPUoISUIUSW [ [FIe] Jo uoheuuyues sydudosuy Hery o ‘Sueny 54 [2]
PB4 (5002) (E)E0T AMSQMaN [ 300000 PUe s2amea) [aEo[oqedodnns (Supas)q ewoiSuau erueoenul snosueuods ey [ Hsoded W wegrsg D oeluseg o (1]
e R CEE I Bl
[plo sresd) aEE UESI | MaTART
SO0z pefusog s Aq paap Ay @, wopezioqui snowaad (qa) pasodar ou g uopaeses [E10) sl Lo saddaqns oo (o addgqns snsoqewopdue @y tad Gqgns snsoremwouesd g adlqns Eapefuppu
‘addigns [euornsuen (f adOqns snosqy 1 () sped eworfurusu o 1 aped eworBumsu 1 i aperd ewordu e w o Hun o suds dg ssprousa teseg (s g s AN@An0D o)) ey s fepew ) spuaia age,

0 1 0 0 0 0 o 1 0 0 I 0 o 0 0 1 I 0 HOL 19 uedep 6102 [9€ T1eyonsyeg
0 1 0 I 0 0 0 0 0 0 I 0 0 1 0 0 0 T HII o VS 610C [S€ TIzETps
0 1 0 0 ] 0 o 1 0 ] T 0 1 0 0 0 I ] HOL 89 WS 6108 [ 6 11wy
0 1 0 0 L 0 o 0 0 ] L 0 o 0 0 1 L ] o 6
0 1 0 0 0 L o 0 0 0 L 0 o 0 0 1 L 0 HOI 6 Vs 6102 [E€1 PR
0 1 0 0 0 0 o 1 0 0 L 0 o 1 0 0 L 0 H 1 ERIOY'S 6102 [28 1Juoop
0 L 0 0 o 0 o 1 0 o 1 o o 0 1 o L o HI ¥s #pu] GLOT Lig tladyafes
] 1 ] ] ] ] o 1 0 ] I 0 o 0 1 0 ] I HO 19 oxrarop S10C [og1lanopuny
0 I 0 0 o 0 o 0 0 I I 0 o 0 0 1 I o [enpgng 9g e q102 (62 lpnosey
0 1 0 0 (] 1 o 0 0 (] 1 0 o 0 0 1 L (] HOI 19 uedep s108 [sz1]pmams
0 1 0 0 ] 0 o 0 0 I 1 0 o 0 0 1 I ] HII G¥ WS 8102 [z T
0 1 0 0 I 0 0 0 0 0 1 0 0 0 0 1 I 0 HOL 58 zEg L10T [9z 14BN
0 1 0 0 0 0 0 0 0 I 1 0 0 0 0 1 I 0 HII 9 EEIUOpU] L1028 [sz1lenms
0 1 0 0 0 0 o 1 0 0 1 0 o 0 1 0 L 0 H 89 Kemacy a0z [¥2 12
0 1 0 0 0 0 o 0 0 L 1 0 o 0 0 1 0 L O o
0 1 L 0 ] 0 o 0 0 ] 0 0 o 0 0 1 L ] O 65
0 1 0 0 ] L o 0 0 ] 1 0 o 0 0 1 L ] o £5
0 1 0 0 0 0 o 0 1 0 1 0 o 0 0 1 L 0 O s
0 1 I 0 o 0 o 0 0 o 0 0 o 0 0 1 o 3 H 13
0 L 0 0 o 0 o o 0 L L o o 0 o 1 L o HI 6% BUT) LT L&z 1]8uem
] 1 ] ] ] ] ] 0 1 ] 1 0 ] 0 1 0 L ] HYS 65 ueder s108 [zet]awoly
0 1 I 0 0 0 o 0 0 0 0 0 o 0 0 1 0 I HOL 8L uedep ST02 [REARIEARTN
0 1 0 0 0 0 0 0 0 T 1 0 0 0 0 1 T ] [EInpqns 19 g EAI0Y STOE [og T1wmy
0 1 0 0 ] T o 0 0 ] 1 0 o 0 0 1 o I [eInpgns 65 Ay ¥108 (6T T]eaqure
0 1 0 T 0 0 0 0 0 0 0 0 0 0 0 1 0 I HOL 59 ETpU] #10Z [ST T10ysy
0 L 0 0 o 0 o L 0 o L 0 o 0 0 1 i} ! [EINpans s o4y FLOT [£1 1Imoqq#([a
0 1 0 0 0 0 o 0 1 0 1 0 o 0 1 0 L 0 HVS ¥9 uedey £z [T oueey
0 1 0 0 L 0 o 0 0 0 1 0 o 0 0 1 L 0 O TL uediy £108 [s11IEmeERs
0 1 0 0 ] 0 o 0 0 L 1 0 1 0 0 0 L ] O 85 I G £108 (P11l
0 I 0 0 o 0 o 1 0 o I 0 o 0 0 1 I o H 0g Efpu] £108 [e11jendng
wa HLD meo 5] o ¥ d W £ d 9 ny dg A as oy d W Bupasg By ALmunog TR Ty
Eﬁ.n—w 19 uopeo] JoprE £y

(pamaiuea) | SqeL

52



Resultados

Clinical Neurology and Newrosurgery 199 (2020) 106175

B.JA. Pereira et al

IE-FLET(SH6T) (9)91 [OIPRIOMSN [ WY MY ‘Bouemadde 17 ewo B s W enameaenu L peste aSeuowRy Ienamusa e Sung 'y ‘uosper v Suel | [79]

"6—9LT (P 66T) (E)

£ (0010.1,) T Pop [0 TI0dar asEo—an s e B0 R UER] S UM J15T [0 B OSUI PUE BUI0TE W [RINPONS U0 M PIIR0sSE B0 Burts i ‘oqny ‘0 9p1 W oquinp W eIousueEs W efsuel, "N [19]
ET-8'{p66 T) {TITF [0Inap] &mg ‘2miesmi 211 Jo malaas pue Bodal 55es [Rwo]ews [Rmpdns 3[wonp se Sumuesard ewnSunram Qreanos [2a0-[3 15eW YsTep WM Rneiaps jyd sued] W S uedod vE (09)]
E-OT(ERHT) (LIPS IDNDN [qemg

ST EIE Y] B0 MSTASL PUR S350 33103 0 110da1 1 28R O [z gt i A e 5 Sunussaid pworfuusiu pue el Ousdotsuemsel] e e W' PRI A I0ISLE Y HEARS W 00 W Tuoaa) T [65]
"E-T9UEGET) (b-EIGE (ATPAOI) PRI BNOA ‘SIMIEIRI] 31 U 53580 LT JO MBIASYH "Wodal a5 W B0 ewR | [RMpans & Aq paquedurodos Bwo Suisj] ‘ACUEWzon 'O ‘Ao1ad '§ "AspImney "X [§5]

606 (E6AT) (DIEE (0OPL) N PR ornan “Hodas sseo-muoiSumun poIe[onIea [iIm Polefa0ssE WO [RINPANS SINDY TEWI0Y ‘N eImye] L opi L [EN A “TEN ] 0w W (L8]

B-L9T(266T) (265 Anenpdsg Bmsoman [oma [ ewolsweey Ipqns e se Sunuesaid ewofu s prosdsnsun ‘ajein W 0 CSH WS ML [95]

LY

(266T) (£146 Smsoman [oman Ui ‘SUMerE ] Syl JO Malaal pug 5350 oM Jo Hodal BWojeweey [BINPqns [Iv peieRosss ewoiSumuap ‘Typiog [ PURIng-juseld T ‘weuason | somedoyed D 'seseyd O [55]
T—T15E(ZE6T) (SISE [OTPEY UTD "EW0E U= § JO UOTEIUSE2Id [ENSIUN -2 UIm eI ] [Empqns 31nie 110dag sse]) ‘e umnoH "W USpMmou=y V'S [$5]

TH-6HSTI66 1) (9)EF FR{us oL, on ‘[PEnpaowsy mouypemgns s Sunuwsad suo@uusw dpu possyds jo s y] “pranei H oqny o foeien N [£s]

TE-6CTTTE6T) (b—£)0TT (USIAN) TID0INSN B2y 12500 DERPIOWRY Yiv SEwoBUan ‘ejog [ Zaumiy 0w UgRIsy Y ‘2aurie W 'ezod "W sSerzauuey 4 [26]

TL—GAT(066T) (E)06 (00 L) Jnp pap jernay “podar sseo—muoieuesy Banpgns [irm pajepaosse sworSupnpy ‘eumyy) v ‘voney L ‘oowrdng g nponSemey W emein s (5]

6= LEGIOG6 L (1) bl 12814 WD) [ g RO WY [RINPGIS NUOIYD LA PIIEDOSSE PO EL LS [BILERIUL UE W sTeuowsey Saliaueg 'y Y A Buimys s'g ‘Suey) "Hm [05)

V6—LB(GB6T) (L1LT B30 BYUNS ON *[BUW0EW [EINPNS 3IN08 ITM BWorSr= [[ews o 3583 y] ‘ojoumises [, o2y "f Bming 5 ‘emmedng |1, ‘o1eg o [6F]

TE- LT (6B61) (0T)

67 (0010.L) 14D pejl jomay ‘[Hoda sery afepliousy [rourn uad yEno.ny) Sur)s) I S8 RIp SOl [EST UM 11w euiorBunsu [eifeseieg | TYseH 3 ‘Sque], *§ emumsien |, ‘oueiy v SSngsing W eI (8]
"O-£'7 L (686 T) (9) pE USSEUSOH OUSUTY ‘[EWOISIIUR ANRAUOD 0] 3np SEU0WRY EIgT308T U] a4 SSEN] BPIST A BINTIA 'S ‘OIRSTIIEY N TN T o EMENemY H [Ly]

‘8- 169(686 1) (9)€ BSOS [ 1g ‘53583 3AY JO 1Iodar B SAUOIBUIUSLL Wol) STRYIIOWSY [RuURIDRIU] STisquimig O'd ‘ssuop N (9]

"E6—6BET(8F6T) (TT19T B2 18UN[s ON ‘[ Bwordumsu £ Maauod 1M PaIElI0ssE BIIGIEWS [EMPNs 31N J0 8580 V] ‘o1owemy s ‘wowsdns "W ‘onsiep 'H ‘oloy "N ‘ewrefoqny W ‘edeuniol, 'L [sk]

G-0ET (66 1) ()78 Anenpds g Smsoanapn [amap [ ‘dn-mo oy uus) Swe] B DsnEd Waotn{um Jo sERpIous] pIouLpemng wuey oy sung ) sused aiL By

G- 16K (L861) (6142 (ofyoL) 1mD

PR [emap | s2eex 0 Jo uoday af ey LowR | | Riq arornu] aalssew s Sunuesaid sewo Bunmpy ] ‘oqny L ‘oles M ' soury 'y Tewey [, T{ESRIS N Tyse eqoy 'H ‘ouemey 'H ‘epUeH A sedep] W omnged W [gr]
G—HT (LA 61) (107 Qanseanan ‘amiesar s jo sama pue oda ases jalyuomay prowmpeegns pue wsdnam i peeesss sue Sy eugeay arw Geouds o feudg N, wepmBucog W [Ty
DOE-GRZTL861) (E)L2 (oman Smg ‘suorfuisw 3054 @ Jo uonezjoque aaneedoand 1sye sSepuowsy proupemqnsg ‘epuoy *F ‘@euop Y edwounsin H ewnfoys oy nysedey L [Tr)

b b6 (86 1)

{011z AeEmsomay Jaodar sse @woEuusm Jweuiew jo uonezjogws 3§ uwds uneRs ey aFRII0 WSy [EIGWIE D U] PUE [BICWNIUSd ‘0I0WNSIEE 'S ‘RINWTY ‘W ‘OUBWEY g ‘wrmaing ¥ ‘Dewe], ‘N eweing L (o]
'T8-644'(£86T) (5)99 8MscumaN [ ‘Wodad 35eD) PO BUIUSW [EX[AI30 B WeY SSSequowsy poupemqns pajes day ‘vesiay «d Tedue], 'q eeies o ‘ojozzld ' ‘1S D [68]

L P06 (9861) (1T)

9% (0040 L) 114D pep jomap ‘[Hodal ssen) uonE [oqu 30nademi o uohEodinod sjepatu W se 382 U0 W [RIMPARs PUE [FIOWNIEOUL v o Suusy] puey [ epnsjey W s muns ey ‘g o (58]
"PT-6T6'(9961) (L)

1RO U oN ‘[Hoda 25 B-UoNEZH OGS SUln P 2REUUIO WS PIOLLIE ] NS [FLE ORI ) Lk PR D0sse sUo @ uusw gl ‘epuoy 3 efiuoy y ‘einuounsy) ‘H ‘exeqiysed iy 4 nysedey 1, eunfoys y (L8]
‘TO-6ST'(986 T) (£) Lp INPOINEN [qEOUSE ‘SICU [BIgada0 £q PIsnEd BUIBWISY [&M pNS DISIMEZ ‘I BoMI0N 'Z [9€]

F-STUGHAT) (Z)6T (0hy0 1) 10 pop (oanap *[Lodas ase) a8 o [ asoenug [ ewopiu s mnanumwaenu ] (See], g ReqpEes L pEn A Sqy o mnundng o efoy N RN R 8 w{EseH A [SE)
“EL-LT(PRET) (1)8E 195 Bmsounap [ ‘Sanielsn] syl Jo matasl Boys pue todal sse) wwoiBuusu mnsdesenur ue [ paigosss BWoIEWSY [RINpqns 10N P H SMYUsIoIs v Supjsed "N [bE]
‘Ob—LET'(PBE 1) (Z)ST A138Ms0Inap ‘Wl [EIqa a0 U] M eWorSuuay e TH 1Yo W'D [£€]

L 0LPIERHT) (E-TI6T 1010ININ AT ‘[FucBuiou [FRUBDEIN] UE 10 UOTIES)TUEW 28 RU0WR] 3N spouSerp (s ] Jeaqwes 1 e v eeuon 1 smgusg d (2]

"ES-S (ERET) (Z-T189 (USTA) JPOIN2N B3 ‘5358 0M) J0 110day semoSuiusm pue 35 equnu=y plouesqng ‘opreiosss W TUpeT 5 ‘ouryganid 'd [1€]

- B0 (ER6 L) (T-1)09 (wap) mpomay eoy Saoda 5w v aumaqueu [Rmpqns qm eweBuprau Ereesenu ‘ed vy [08]

ET-0ET(EE6T) (L1 [omap Sme *af By Iomsny [BIUIED BN PUE BIWSUIST [R 2080 JUSISUeD ) uanmaed se Sunussaad euoriurusgy salsmeg 'y ey WA eadoyd s mey 1 [62]

"aE—-6TE (186 1)

(EILT (0AMOL) AN PO [0amap] ‘[([5uen 5 I0NE) s6e0 poodal T J0 Mot PUe 35D B J0 11001 - - BUIojRUmy [RINNS [ M PAEDOSSE BotSunm ] ‘eMeqoumns -y ‘epa] L, Rpeumy | 0puy L TeEs N [87]
0= LZU(I86 1) (E-2)Th NYpeman [qEnueg Hodar ssuo-A50[0Hs 8 UMEL M RUOIBUISH ISWap Y ‘WpIaasd *d [£2]

‘£—000° (186 1) (6)8 L1o8msomay eworduponr feuids ys Juried e ur Aderog) uemBeoonume yim preRosse oy [rmpqns uds e8ag g s W opared 1 (9z]

‘00b-G6E(1861) (£]6 WO 12{UYS o ‘[(SURD § I0[INE) FLIOINLSY [RIGRI20LIN iy BwolEuiusu we s deep jo 25e3 ] 'BRM Y "#PUoH “H ‘andpag o 'olf T ‘epipns, °J, [52]

'S—EER (861 ()6 13E1nsoman ‘BworSulU=ur [BITEDEI] U2 WoT) SEEuow=y PIOULResqns i Bp uos J WEH AT WO a'd I MeyneT d T [ve)

L0965 (186 1) (118 A9BINSOMaN ‘EwoSuiu=i [ PaIRposse aSe Lo [BIURIDEOU] Toung Y'Y ssop aH ‘oma] dy [67]

'B566'(0861) (018 BYRD 184S ON ‘[(|SURL) § J0U)NE) B0 BUsi woy sReyuowsy [#1qaisoenu)] ‘swnug L, Wsno ‘H eutiysiy W [27)

GSTL096 1) (9 6k ARnpdsd Emsoanan [eaman [ e e o sataa pue podag oseo e euo @upeu s peeesse sfepaousey SCaued qd 9 EH T L (17]

66816461 (5127 (Snms) mBrnumsoman] ewo ey Je)Eqamd pug afeguousy pouperqns s Sunussaad umude usweioy s jo swoBuney ewel T [07]

'G—EEZ(6L6T) ()T T [anaN Smg ‘EwoEupuaun paaads nsum we wos) 380 | B0 03080U] PUe sIremEeodnuny Weiqud ' W'H sy V' Naeag v'd [61]

53



Resultados

Clinical Neurology and Neuromumgery 199 (20200 106175

B.JA. Pereira et al

‘G—198(7 102) (K011 Smsomap [ ‘s8eyuowsy [eounenu Y funusssid jusned e w jweumes swo@uusw snse jdesw s e wworfumuaw proxdp | [papmod L Key L ys e [801]

b= OPZ(ZTOZ) (PIGT 1012 IO L, TR ‘1] 012] U] J0J 10210 E20] BUNENIU] 13178 BWoj8u (U PIOPGEY T JO 12510 MERIIOWRE ‘UDNo H ) e10qny 3 '0quins (‘o1 W T[N efeseR ], s ysedeqey 'H B0 H [£01]
08-S (L10T)

(D)6E B30 BUNS o ‘[wodas ssed e yderforfoe [e1qa150 12178 88 UIOWRY 01 3ND EW0E UL PIONPUT WOTIEPET J0 UOTIEQIR0ET] T{EM] 1 'opensiep 2 "eesa)) "L ‘ensep & ‘pnms (o' ‘npndewey (g (901)]
'O [LLCITOT) (8)8 126 PO [ 10 “Majaar aamemnl] pue poda ase0 e DERiuows = marnum e up yim Suguosand euwo @uum Rnauma o g T md g g iy o nd 2 [Go1)

F008 (L102) (85 od Bypomay [omay ‘Aps padojorsiyd

-oed pue Wodan 35eD - SIS [ENIdes Jolidns Ju Jo PWoBUIRW M WRNE B U] SEW0IRWREY [EMPNS JTUoIR RIFNEE ‘S{SMOURII0M-BNSMOWRIW 'V ‘MONBARL 'd "RIEZS "0 'EIMOPUNILIEL " M ‘2420 W [FOT]
E-Z6GTTT0Z) (LIS T PSOMaN Uiy [ B S UG [BURD U] e J0 588 Lo JUSLIN 9noy naquadeny] ‘N Cpuepaag H muoy o 9 pepEmg e ws o med ca el

b£-69' (010T) (9)0T 258 IS ‘21 Jo mataal pue bodad e mwoBuuaw endOe rapenad & jo afeyuowsy riowmienu sofp ‘swdg My eqnduen 23 (201)

OT—80E(6002) (VE) 29 Nembrsdoman by ‘ewomSunman s wored e g e sisey [RInpng TIsees ' B 0N RIS CdW uuo g atd [1o1)

‘- 2b9(6002) (268 Smg doy], uuy ‘uondsxs ue siddoway v Sugussad swoBuusw Aruownd Awulg ‘eayens 'S ‘epauey g e{en{ns], L, ‘oueden N ] L BwRAysiN N e N [001]

6990 (F00T) (0TS (0440 L) IND pa [omap ‘Wodar 2 53— Bwolewat [EMpqns 3INJe e Aosues [l ewsrsuusw snoewedl ‘emedn v ‘esoany v ‘nddeg 1, ‘eremesed0 o Tery ‘W ‘emuwmisey ‘H [66]
*E—STETA00E) ()L T S10 MRAOIGAITY foNS [ widse 350p-MO] JO J6TL [BLmI] 191 ewojSuraw K & wod) afeyuouny eunys - wjooder, L ‘mmmn x ememdn 1, [86]

L—E0L (800F) (8)9€ &30 wyuns oy ‘[uodar ase e reuo@uusm wnufew usuring A pesned afeyuowsy [Riowmenu]] ‘olouwnysoy A euezey N ey oy g tewy H ewngsodey o [26]

E-0T'S

(800Z) 1ddng 6 [01pel [ wEaIoy AISLIE 2143180 S[PPIU SU1 01U UDSEAU] INCUMI 1M PIIRR0ss: sy uowsy plouysereqns & se Sunsspuew sworBuyusw s8pu prousyds Wi, v Wil LS Wi §H ‘Wil TN [96]
£—p88'(£00%) (0T)60T S1nsomap jomap unD ‘sSurpuy Lsdong pue (e : S8eyUOWRY [E1E) [P EWOISITISW JE[NINUAENIU] THMEW D ‘SSUND] T YIep=ps D ‘BrEys W Ypequapor g aypwoy 4'd [56)
"G-STET(9007)

(ZD8 KT (U=1p) 1ypoInay ®oy Sfeyuowsy [mowmpad pue enup o) snp uonziouaap wppns ipm Sunuesad dn-wofjo) we BUOENUAW FUOIR ], ‘WRE20 |, ‘W00 F'0 Y0 0 PG g A W [ks]
'TE—LTE(O00T) (BIPE B¥RD) 129UTYS ON ‘[ 38 B UoWa [EINPNS 2IN2e Uk 58 pajuesand ewotdmuaw [erie usionad jo ssed ] ‘emedeu] 1, oqiqy (W epew] L TsedeqUO N eMEY] d eReynsip L [£6]
P—B061(9002) (5118 £INg JRIOY, LY ‘YEIOOWR Y SNoSUEUOAS SUISIED WIULSHPIWL 34} JO BUOLBIIUS ‘OIRYd W ‘eluswifed () [£6]

"TOTT UOISSNISIP (20T~ £60 T (9002) (0TS T (USM] ATYZ0M 3N B9V ‘BUIeIBWSY [EIMPGNS JUCIYD HIEWMET-UOU 1M PIJETI05SE SeIWoTSUau [Besen u] ‘Rondwod 'y @oumeT] 1 eang 7y ouuueyy s '0300y 1d "1 [16]
H-097(5007) (E)6T Emsoman [ g uonenuay [eiams o Swpes] eworfunou >nssiu e ojur afeuousng anoy g HH e Wy Jouuoey td Suried 1 mees Mo [06]

- 905 (LO0Z) (£)5E [CPRICIMSN [ UlY HN Y e Suus D000 pug 2518] @ o 28 yUowRy UonEZI0qWRISe ‘U00d "§'M WET MM FUop 3D 20d W L D'S [68]

"6~ 906'(FO0Z) (§1TT DSOIMAN U [ ‘UoTIEl URsadd UGUNIOOUN We [I1M NOWM] UG0S & FEWoHE U= PUe BWoIEse] [RMoum Us 4 ‘Sees 7' ‘Seuioy 's ‘SsIseiaog 1 Ay o ‘sielmens o seuinoy L'y [88]
TThL (P00T) (L0 T (wanp) mpeanapy wioy mwoifuns o Ledms ey soued oge Supeiq padepa D o o 1A e LH e 1S W oa w1 [a]

L—99°(p002) (181 Smsonan [ ig ‘ewo)sweey [npgns snoeqns e se Sunuesard ewoduusu Suw [epousyds v ‘Aemas g ans &a rad (98]

TL—LOL (E00T) (KIS (UDIM) INPOmaN #1ay “asuoe afeyuowsey s seuoBunu jo Apnis pardojoyied-oorur) “nsieny ¢ snouny g ‘ourny ‘H rueunys o ‘o W [gg]

'BTE UOISSIOSIP {9 LZE (£002) (9167 10§ jornap ‘eworfunsw fupse)q usppns v ‘nioifen 3 ‘BURWED D 1RMEISEL] 'O ‘NUod 9 ‘opaofied ‘D k8]

‘ObT (Z00T) (1)85 LH0[0map ‘ewolew=y [BIqamm0 58 pasmEsTp eworsSu U= Wegdmg |’ ‘Spipliym 41 ‘uRsuqed vy (28]

“E—TH6 U0

“SIp B8 LL6 (L00E) (OLIERT (USIM) IIDOIMBN BIDY ‘S35ED INOJ JO 531136 B ISHOIFWSEY |RINPGNS JMEUWMEN-UOU & Po[Eatal SEWOLEUIUSIL |BUBDENU] ‘I100g [ SMEHs|ed (‘N wmad 0 48en N Jue] o [£8]
'4—SOT'(100Z) (T)Z 101pey [ Weal0) ‘Uodar 358 & IEWOSUIUR RNILNURA [RISIE] 4Q PIsnED S8 UIOWRY MNOLIUSAROU] ‘33 "MT By *M'S 104D "H'Y "7 13 [18]

‘8- GOTT000E) (ZITH T (USLM) IIYPOINEN HI2Y STLOWSY JO WSUEILW 3)qss0d @ 1 afey Lows Y |Rigaisornu) Sunsajuenu suofSuus iy Suns MoH ‘004 'H MO '§TH 904D "L'D “@Rd "H'S “Hed 1D Wiy '0°d [08]
"6-E12"(6661) (SISH PSP [ 20y Woda1 3sed : SFeyrIouny powpeRqns s¢ pajuas3ad eworSuiuj ‘o 1, “Seprd ‘N 1320 'H "£os30ni H [64]

PLHOT666T) (TIST PS PO [ Sunjsyoey DFequoumy yiim ewofupuu Frenenu] SumeH 1§ maTl SV [8L]

T L0k (666T) (515 STEIMINPOINGY ‘[ MI1AT INIRI3N] PU2 523523 330y Jo Hoday sEepuonsy Lo peeasal seworSuus pueoegu)] *Ann o 1eusp g Yedey 0 Ienmoy 'y Rnaep d prepies-anoy s [L2]
8- 96k (6661) (£)16 Limsoman [ 91odas ase7) "PWOIEWRY [EMpgns e 5 Suipelanbsewr 3115 UIINP ¥ 18 S0URLMSAT BWolSUNR SR 'd BIRKeS Y ‘Qmqenieys v ‘Sjuange q apount 1 [94]

O-E b (566 1) (9191 Pl 1RIPEY “Wodan 55 a-BuoiR usn] [RINNS SN0 1w PIREHSSE s S ‘opmuee s s mEmsep A nysARqeiEn H epams 1 [52]

"~ EpL(B66T) (8197 R0 12UNS on ‘[Wodar 358D B [EW0IRWS [INPNS 2INJE 1M PIIEII0SSE BWOTEITRI] BMI0amy 1 "eqpiy ‘A ‘oueey ‘1, ‘oloumsiep-1ied O'A "BMEze], "1 MEMMS 1 kL]

TE—PT(R661) (£)97 w0 muys oy ‘[aoda s5e0 & uoneARSq0 Japun swerSunamu 2054 yiim pareaosse aSepaousy [roumienuy] eumdgs] N Seoueunys A wseAep L peredgy H eowee H (5L
-0RI(6661) (2)2 [0may Smg ‘uodar ased mucewLY [eInpqns snde st Sunuasad swoBueu ey ‘emeseie [ TYSIUYO H 'oyno ], 'H 'ounyo s [24]

"B—£IET(B66T) (ZTTIOPT (US1M) AYPOMBN B10Y ‘EW0TEWSY [BINPINS U v peIeosse ewoEunRy ‘[wlss o ‘moueas W [1£]

€= 07 (866 1) (DRE (00100) 1Y) paw [oman aodar ssea—swoBuuaur £pmauod e uoy Supeu o suesumy [Rmpgns SNEWne anay ‘ooumyo *J, ‘euedsier, 3y pod ‘H rumipow 9 [0L]

0B—LL8(L66T)

(Z1)6 £ ASo[oIpeIoaman “amiemil] o) Jo mataal puk 11odag 95e0 EworSuia e jo ueneznoqu wt suoteon duoos sifeyuouny] wog g e e yer uasuap W Csnpep e wendeyg o fsueay oy Ssauqrey a [e9)
“L-9887(9661) (LFET (UM) HRema B0y SSRYLI0 WY plou e e ns Supussaid wuoiBuLE W JIRION |, ‘HEYES "L, 'BPOUNS, "5 ‘EpIsO} L, ‘efuo], 'H ‘elowmon <], [89]

'6— 9859661 (R)9€ (0AOL) 1D PIW (oM 110020 352I-BWOTSUIUSUE RNILIUAA [21218] Aq PRSTED SFRULIOWRY TNOUIUSARIIUT SN0SWEIu0ds BInyEy] Y ‘Bunfoy ], ‘0I0URIS], "y P & 'EPIYsOX " "R A [£9]
T-0STUIO66T) (DURET (US1) pomay ey ‘ewopduusm Apoaved @ oju) sfepaoum] smesumuods sy 1 SOy ' d s 1§ [99]

EE-LTT(9661) (b-£)0F P§

Samsomap a0 e Led aoepa up o) dew ewe @ upuou add) e [RuoT) s [ENEmsoniw ul S RpUouRn Y PIOWREIBGNS [RICWNILE ‘e ' Royeiep |, "PREY O Ropew) f ‘onadies g fewnn 'y [59]
E-1§1G66 1) (E-TIPET (USIM) Typoman may “Hodat sseo v spepdydond upidse Supareoss juaned & ul BWoBUIUEI @ wosy STeUolsy [BIURDeNU] ‘[FeIs] 2 ‘feusiysy d 1oppds s ko]

PE-6L'(S66T] (TIET BP0 13UNS ON [UOTNRIOUIR P 3INIE PUE 2FLUU0WS] [EIqAR0RINT [IIM PAIROSSE BUoISUTURI [0 3580 V] "BMBNqns "W TYse equo "N 'Bprjel, A oy 4 ‘esefeu 1, ‘eonsox 'H [£9]

54



Resultados

Clinical Neurology and Newrosurgery 199 (20200 1061

EB.J A Pereira et al

(6107)

Bmsomap PHOA *Malaay] aIneisir] pue Liodsy sse)) o Suisiy] wol) sBRuois 1S Lmnaay 10) A8a16Ng JUS B [, e1euE ey [, ‘TyonSeum g o ‘e(iys] |f, efeuroy, (L ndy g npndy g eonsig o [og1)
"B (6T0T) OT W (02N SNG MW NIRIN1 pue Wodaa

ase y snpeydacoapdy aananosqo poe afeuousn] s nusae g s Sunuwsad puorfus ) spenn w0 QIESH PRO M S0 PRI STaned 400 AmH AW TapEN A Ceunsedy,q 1 Teeps a (e
(6 10g) fansoanay ppop, ‘mwoBupe gy [euids v i jusned g ugsismedered dq pavoqjo) a8equowsy snosuruods ‘Usydieg TY'S WaS D'H URULEGEIT F W AT [PET]

PSI-0ST(610Z)

ZE1 SMS0INAN PHOM MY IR PUR 53587 OMLJ0 Hoday v IWojeueY npgng snosumueds yiv Sunussald swo@uuepy ‘uissely 1Y Py 1w ARgRY Y el g seqqy W T eoly Y [EET]
"SST-TST'(6T02) ()L W], 53y J0 WM, UTENY ‘HEeUpIcuRE] JENI0USAROU] 1M SUnU=sd BwioTsul i Jematiu= g (818 ‘0D H'M 8D "H'S "'uooi ‘ST [ZET]

E96-196(610T) (£)

[ Amsomap [ sy ‘uoneardno) snosal e Aenuog e ng aiey dswsnxy uy ewo@uuap (] apen) erepodump Sump prousqds jepepy 1ues eapisuy Owdody ‘seq 3y Aepued g eson g7 ‘ednq ko g [1E1]
'SEF-FER(B8T0Z) (§)64 BMSoMap MH LD V SNg PNan [ ewotsunsy prowids 4q pesner s8equowsi B NIUIUARIU] SNosuwuads PIpreIsop 0'd ‘zezzes "W MIndeeT 1 mopuei 0 [0£T]

‘GEEFTE(6 102) (£)2 pumes], &mury [ng ‘maasy

arrgeaayr] pue Joday ase) poLiag umpedisod 2y ut ruoifunegy £1xeauc) @ jo afeyown | [RINPINS SN0y WOOUTT ) BYSEY Y TUEWR|0S N ‘PE-lusseygy Wy ‘modsumysieyey g ipnosey yiapeg W (6211
GE-IS(RIOT)

(2)6 r doy asen DWN aodey a5 v BWOIRWSY [RINPNS duBydsiumy s awsse Susne sworfuusi xed AL BENS H EN00IOW A 'IRINM H ‘RIMEsY ‘4 ‘Tneaey 4 ‘olounlng ‘W emeng A [821]
"§Ta-H T2 (810T) (1)6£ doy Bmg aanan [ *UsEInsorpey J1Ie10aa1§ pue

uopRIpEY ureg Hotp Mowsy Supmore) sfmpaowny Jematma ey g Sunussaad e Suuap rematus g eae] Supuedisg pidey uwaep v ady ge 0song v gy WD e rd wepud LT (L2
"LEF-92 (6 102) (F)EE Binsamap

[ a9 ‘aImies] S0 U 10 a5e I8I) EWo SuUSII HSA0M0MUI I[M PRIERDCSSE EWOIEW S [ENpgns snosmiueds TopeD oD ‘MEdeny, q ‘eneuese) | ‘er88end 1 eimied 1001 "Eson v Kaen g [92T]
‘6bT-LbT (L102) (Z)E1 Bmsoman [ uelsy ‘Fwolfumpw Suipas|q [Eusplau Joymuelueg AT muS M [SZ1]

F-T'(9T02) 8§10 1845 AJaN a0 [ Woday ase) v - SR uowR | [RIg2I0RNU] N0V U 1M Sunussard eworduruspy Suim plousds uduag Tuy VI PREH NT W (VET]

LEEHIET910T)

i BINS0UN3N PO 'S|3552A00IA e UALa)JIPU) S5 [UOWRH [2I0WNIRIU] Y)im seworfuisgy jo wsiegsp o joged Suldspurn oy Susgy W ny m usgD H TM'S R W Suep targ Buem D'H [£21]
"05-5b'p (ST0Z) (S)Ep BRD 1uis on ‘| sfequonsy prompereqns se pejusssad eworSumn umunSeur uswreiog] ‘enlng °L ‘PEYES 'S B0 '§ Bumdoy A (ZT1]

T-16 (STOT) (¥)

T 510 25 BACIGRIRD) PPAS [ Ad e e[ NEc0NUE JIPUM RIOTSUTUSI JUEWSTe (v W20 ed @ Ul 28 euowsy [RIOWm eI ‘opuy A ‘epB[e], Y ‘UL 'S 0I0WseH A 0lownEs L waem W e W ol A [121]
B 06 (ST0T) (D)€ 1eau), soy Jowny, uperg S8eyuoumy Empqns iy panumwsaad ewopduuau ul g Jo 9580y ‘004 "H 9 "H'S Sued MO U0l WE SEMO §H w1 [021]

‘L4 690§ (P1OT) (2 1 [ddng)g wup [eanay Smg ‘auniesaig] 31 Jo malasl y BWOIE LY [BINPns 31008 Y PR I0sse B0 EUSj Uen D BIes W OIPUESSS|Y "y ‘8P Ok “d ‘eiquiEy A'd [611]

p—E0T' (b TOZ) ()5 19RId [Ny PsoIns [ ‘S8eyuowsy Empqns amse pue sweduusu ey epmys daq sddeeusanmp 'y (911)

E-TTERT P TOE) (LS MprpraH uo@uumn Limauod Suipsa e woy Supeuiuo supepesy ainay pREpRIsea g anopup o ‘unoqdsia g Zit]

‘G-£FE (£102) (S)6S (00L)

T P [oama wslanaue paanidnium ue pue swojSuuaw e s usiied g up aSequousy plowpereqns sun{ysIN W PIEIGINY TH RIEYE § TSEYBEL N TueEmp o prEses L e, -, pouswy W (o1l
b ZEOT(E 10E) (110 Dsoman uD [ ‘sEeios | [eouwmnenul (i Supussard sworBurusw d14a00u0 ‘efner] H epl 'L ‘susqipe], 0 ‘evedeses & [S11]

'£—-SSTETOT) (K)OT suldg r ueatoy ‘suds TEQUIM-0IBION] 31 U] PO[q 1001 3ATI8 RS BUE sfmuowsy M ewoBummw [ends a8 Sped 'g's 'uos A Suex rH Bumn §'A 99T H'S B9 S'H [#1T]
VE—6ZEETOZ) (£)19 wipuy joanay *Aomudaad jo suoxno paguesun e ewopSuusu o sfeuowsg] Temppuep N eidng s tewny s (g1

B-EE(E108) £  Beunoanay vad ‘wsdmauny L0y [Rig2e0) 10 U2y (st paimidng o) Aepueseg sEeylIowEY [RINGUN)-RIU] v eworBunepy uodsy ssey depieayp g 0O ol td Tumeuy ) [Z11]

8- 26T (ET0T) (Z)EeE ASojorpedoanan ‘mipar aames ] pue podaasses (dousudard Supmp afeyuoway sappadiag dq paneogduos swo Supm propoys e ‘o o ‘orfig 1A aeppuep d e a1 [Tl
=Gk T(Z102) (1)8 J2L 5oy 20w [ 'suodal a5 oMl 925u0 B YLOWaY v BworBurliay ‘Ueyed '§ TBum] 'S [RMster My EMsEr s Ta W (o]

"£TF (€102} (9)T£ DEMDISAoININ DIV *MOWM] [BRRIDLINT UOWNUOD ST JO 30weme3dde SUTPURISING UE [BWOIEWRY [2INPGNS JNPWMEN-UON 1M PIIRTH0sse BWOBUNR ‘BAlS "2V ‘3P¥es ‘N "pod 'V [601]

55



B.JA. Pereira et al.

N=39 (20.5%)

Resultados

Clinical Neurology and Neurosurgery 199 (20200 106175

- % N=88 (46.3%)

%V

N=4 (2.1%)
Nr=7 (3.7%)
Fig. 2. Distribution of cazes based on =ach continent.
Table 2
Distribution according age group.
Gender Locaton Gl Subrype
Group Male Famale Conv SB v Sp Lu F T M r A Others Gl GIII Death
YOUNG [i] 2 2 0 ] [i] 0 1 1 0 ] 0 i} 0 [i] i}
ADULT 51 76 78 31 11 5 2 21 13 40 6 16 18 4 Q 11
ELDERLY k] 31 49 9 o 2 o 7 23 41 1 7 9 5 1 14

Table Legends: M: male; F: female; Con: convexity; SB: shull base; V:wentricles; Sp: spine; Lu: Lung; GI: meningioma grade [; GII: meningioma grade 1I; GIII: meningioma
grade I1I; F: fibrous subtype; T: transitional subtype; M: meningothelial subtype; P: psamomatosus subtype; A: angiomathesus subtype; OT: others subtypes.

demonstrated that undifferentiated vessels had few surrounding peri-
eytes and were more apt to rupture. In addition, thin-walled dilated
vessels, venous obstruction, and tumor infarction were also common in
hemorrhagic meningiomas, Based on these cbservarions, the tumer
vasculature in meningiomas is heterogeneous, and undifferentated
vessels may play a pivotal role in the spontaneous intratumoral bleeding
of meningiomas.

Haemorrhagie complications were always thought to be procedure-
related, In this review, we verified six cases related to the previous
embolization of these tumours, caused by intratumoral or peritumoral
rupture of small vessels as a result of high injection pressure. Haemor-
rhagic complications occurred despite very careful technique. There-
fore, such haemorrhage could also be due to some other unknown
mechanisms. Likely, the most reasonable mechanism is that the vessels
proximal to the site of microparticulate occlusion in these haemorrhage-
prone tumours are fragile, and embolization causes increased blood
pressure within these vessels, which subsequently ruprure [24],

Although rare, major intracranial haemorrhage of meningiomas
could have a dramatic effect on outcomes and may even be a life-
threatening event, owing to acute inereased intracranial pressure [1].
Haemorrhage associated with meningioma is associated with nearly 41
% mortality [1,25]. However, with a more comprehensive view, a lower
mortality rate (13 %) was observed. The extent of haemorrhage and the
status of consciousness before surgery are considered significant pre-
dictors of outcome. The key to success in these patients is early diagnosis
and prompt surgical exeision of the tumour and hematoma [1,4,25].

Compared to European or North American populations, meningioma
bleeding has been considered more prevalent in Asia. Asian populaticns

also appear to have a greater proportion of haemorrhagic stroke
[26-22]. This may be because of the genetic differences in blood coag-
ulation between Asians and non-Asians [29], and these genetic differ-
ences may minimally contribute to the ethnic difference in bleeding in
meningiomas. Furthermore, in a recent report of meta-analysis on the
incidence of intracerebral haemorrhage, the incidence was ~2-fold
higher in Asians compared to others ethnicities [30]. Despite these
robust data, we have to take into account the possibility of under-
reporting. Although intriguing, we must take into account the publica-
tion policy which may differ aceording to the region of the world, as well
as the impact factor of the paper.

5. Conclusion

These tumours follow the histopathological distribution of menin-
giomas in general. The age distribution shows prevalence among the
adult populadon but with a greater proportion in the elderly. The fact
that the overwhelming majority is meningiomas with benign histologi-
cal subtype is noteworthy. Another relevant factor observed is that most
reports are from patients of Asian origin, which ean be a risk factor for
tumour haemorrhage in that population.

6. Limitations

Although this study had a large sample size, its limitations should be
mentioned. Information on the extent of tumour resections, clinical
deseription (duration of symptoms) were obtained following the
description of the article, as each author classified the degree of
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resection (if through image examination, or enly for surgical findings),
was not specified in these articles. Most of the articles do not present
detail of this topic, being a major impeding factor in this analysis
Disclosure

The authors have no personal financial or institutional interest in any
of the drugs, materials, or devices described in this article.
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Analise critica

Caracteristicas dos meningiomas segundo a faixa etaria

Considera-se que o0s meningiomas em pacientes jovens diferem
significativamente de suas contrapartes adultas (47). Os meningiomas intracranianos
constituem uma porcentagem surpreendentemente baixa (0,4 - 4,6%) de tumores
cerebrais entre jovens, enquanto sao o tumor cerebral benigno mais comum entre adultos
(48). Os meningiomas pediatricos também diferem da apresentagdo em adultos, com
predilecdo no sexo masculino, com presenca de alteracdes cisticas, associados com maior
frequéncia a neurofibromatose, sendo de alto grau de malignidade e com auséncia de
fixacdo dural (49).

Modan et al. revisaram retrospectivamente cerca de 11.000 pacientes submetidos
a radiacdo para tinea capitis quando criangas (50), e observaram um aumento de 4 vezes
na incidéncia de meningioma nestes pacientes. Os meningiomas ocorreram tipicamente
acima de 10 anos apds o tratamento. Similarmente, um intervalo médio acima de 20 anos
entre o diagndstico primario de cancer e o diagndstico de meningioma foi relatado em
grandes estudos de coorte de sobreviventes de cancer infantil (51, 52). Além disso, este
risco ndo se estabilizou ao longo do tempo (53), mas houve aumento do risco com o
aumento das doses de radiagdo (52, 54), embora o impacto do volume craniano irradiado
exposto nao tenha sido estudado e possa ser considerado em estudos futuros. Alguns
estudos relataram que quanto menor a idade do diagnostico de cancer na infincia, maior
o risco de meningioma (55-57), o que pode ser devido a uma maior sensibilidade a
radiacdo, como observado em outros tecidos (por exemplo, na glandula tireoide) (57).
Curiosamente, observamos dois picos de incidéncia de meningioma entre pacientes
jovens e na sexta década entre adultos que sdo coincidentes com o aumento e a
diminuic¢do respectivamente dos hormodnios sexuais. O impacto da flutuagdo hormonal
nao foi totalmente explorado nos pacientes com meningiomas e poucos estudos fornecem
detalhes sobre o estado pos-menopausa em relagdo a presenca e duracao da terapia de
reposi¢do hormonal (58). A influéncia hormonal também foi interessante na populacao
masculina, nos quais se observou um indice médio de massa corporal mais alto e taxas
mais altas de obesidade em pacientes do sexo masculino com meningiomas (59).

A incidéncia proporcionalmente alta de meningiomas GII-GIII em pacientes com

menos de 20 anos, tanto na base do cranio quanto na convexidade, foi observada em
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comparagdo aos adultos. Os meningiomas malignos foram predominantemente descritos
na base do cranio nos adultos (25, 26).

Os meningiomas pediatricos e / ou associados a mutagdo no gene neurofibromina
2 (NF2) sao nitidamente incomuns em adultos com tumores esporadicos (60). Os
pacientes com mutacdo de NF2 que apresentam inicio dos sintomas da doen¢a durante a
infancia tém muito mais probabilidade de apresentar meningiomas do que os pacientes
mais velhos com mutagdo NF2 (61). A associacdo de mutacao de NF2 com meningiomas
pediatricos também foi evidenciado em outras séries, sendo observado em 7 a 41% dos

pacientes (62-66).

Meningiomas intraventriculares

A origem embriologica distinta das meninges no sistema nervoso central pode
explicar as diferencas nas distribuicdes histoldégicas do meningioma. As meninges que
cobrem o tronco cerebral e a medula espinhal surgem de uma linhagem embrioldgica
claramente diferente das meninges da convexidade cerebral. Essa diferenca embriogénica
também pode estar implicada na predominancia observada do subtipo meningotelial no
neuroeixo central, por exemplo (29).

A origem embrioldgica dos tumores ventriculares ¢ completamente diferente
daquela em outros locais. Os meningiomas surgem das células das aracnoides, as células
especializadas nas granulagdes aracndides. Da mesma forma, meningiomas
intraventriculares (MIVs) surgem de células aracnodides presentes no plexo cordide (67).
Interessantemente, observamos uma propor¢do maior de subtipos fibrosos nos MIVs,
onde a sua frequéncia foi de 39,7%. Vale ressaltar que os tumores fibrosos, de acordo
com nossa revisao, mostraram comportamento mais agressivo do que outros subtipos de
meningiomas grau I. Observou-se mais metaplasia maligna e progressao tumoral em
tumores originalmente fibrosos (68, 69); recorréncia tumoral no local cirtrgico (70);
carcinomatose no LCR (71) e outros 6rgdos (72) e associacdo a presenca de hemorragia
intratumoral (73-76). Adicionalmente, os tumores fibrosos apresentaram maior taxa de
mortalidade e recorréncia tumoral que os demais subtipos de meningiomas.

Embora os MIVs apresentem uma localizagdo anatomica peculiar, com intima
relacdo com 0s seios venosos e importantes estruturas neuronais, como as vias visuais,

que representam um grande desafio para os cirurgides, 0 manejo neurocirurgico tem sido
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a melhor opg¢do terapéutica para este tipo de tumor (77). A ressec¢do microcirurgica
completa dos MIVs tem proporcionado resolu¢do significativa dos sintomas apos a
remogao da lesdo (78) e apesar das dificuldades técnicas, tem-se observado alta taxa de
ressec¢do total da lesdo (95,1%) com baixa taxa de mortalidade (4%). A alta taxa de
ressecabilidade total do tumor decorre da presenca de um plano de clivagem cirargica
nos MIVs em comparagdo aos tumores em outras localizagdes, € garante uma menor taxa

de recorréncia tumoral.

Meningiomas espinais

A revisdo sistematica dos meningiomas espinais (ME) mostrou que estes ocorrem
com mais frequéncia na regido toracica em mulheres de meia idade (79, 80), e o
resultado cirargico do tumor foi excelente, mesmo em pacientes que apresentavam um
estado neuroldgico pré-operatério ruim (81). A abordagem cirurgica ideal para ME
variou de acordo com a localizagdo e extensdao do tumor. A laminectomia ou a
hemilaminectomia em um ou dois niveis foi adequada para a maioria dos tumores dorsal
e dorsolateral, mas foi necessaria uma exposi¢cao mais lateral para os tumores com
localizacdo ventro-lateral ou ventral & medula espinhal. Uma costo-transversectomia ou
vertebrectomia parcial mostrou-se necessaria para melhorar a exposi¢do do tumor e
permitir uma remog¢ao mais segura (82).

A taxa de recorréncia do ME foi baixa (4,35%), semelhante a taxa observada em
meningioma ventricular (41). A incidéncia da recorréncia de ME variou de 1,3% a 6,4%
e abrangeu um periodo de 1 a 17 anos (81). A ressec¢do parcial foi indicada como co-
fator determinante na recorréncia tumoral (79), mas a remog¢ao subtotal do tumor ndo
levou necessariamente a recorréncia (83). Os subtipos de ME atipico ou anaplésico
associaram-se ao aumento da recorréncia (80, 84, 85). O tratamento cirurgico dos MEs
recorrentes impds desafios devido a presenca de cicatrizes aracndides, que dificultaram
as resseccoes radicais € aumentaram a recorréncia do tumor.

A taxa de mortalidade em ME na presente revisdo foi baixa (3%). De fato, a
morbimortalidade pds-operatéria diminuiu progressivamente com o advento de
modalidades sofisticadas de neuroimagem, técnicas neuroanestésicas, microcirirgicas,
uso de ultrassonografia intraoperatoria, microscopios operatdrios, aspiradores cirirgicos

ultrassonicos, angiografia, embolizacdo intravascular pré-operatdria e monitoramento
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funcional da medula espinhal (81, 86, 87). As principais causas de morte no periodo pos-
operatorio (82) na série revisada incluiram embolia pulmonar, pneumonia aspirativa,
acidente vascular cerebral e infarto do miocardio (83, 88). Nesse contexto, os esforcos de
deambulacdo e reabilitagdo devem ser priorizados no pos-operatorio inicial, € um regime
de reducdo da terapia com esteroides deve ser instituido (89) precocemente, sempre que

possivel.

Meningiomas multiplos

Os meningiomas multiplos (MMs) sdo mais comuns em mulheres, e essa
predilecao de género ¢ significativamente maior (3,5F: 1M) do que a observada nos casos
de meningiomas unicos (90-92), nos quais a propor¢ao de género varia, mas ¢ de
aproximadamente 2F: 1M (93-95). A razao dessa distribuicao desequilibrada de género
permanece incerta; no entanto, maior expressao de progesterona identificada nesses MMs
do que nos meningiomas unicos pode ser responsavel pela preponderancia feminina nos
casos de MMs (91, 96). Os MMs sdao raramente encontrados na infiancia e na
adolescéncia (92, 97).

Larson et al. (98) e von Deimling et al. (99) relataram que os MMs podem ter
surgido a partir de uma tUnica célula progenitora, que se disseminou pelo espago
subaracnoideo. No entanto, outros afirmam que os MMs se originam de multiplos focos e
nao sao o resultado da migragdo celular através do espaco subaracnodideo (100-102). As
alteragdes moleculares nos MMs diferem, dependendo de serem esporadicos, induzidos
por radiacdo ou casos familiares (98, 103, 104). Os MMs estdo associados a presenca de
outros tipos de tumores solidos em varias sindromes familiares, como neurofibromatose
tipo 2, sindrome do carcinoma basocelular nevoide, sindrome de Cowden e sindrome de
Werner (105).

A abordagem terapéutica para o tratamento de MMs inclui cirurgia, radiacdo
cerebral total e radiocirurgia estereotaxica, apesar de dados conflitantes na literatura
(106). Beneficios e riscos gerais devem ser considerados na sele¢do do tratamento, como,
por exemplo, os efeitos de radiagdo agudos, subagudos e retardados em um paciente
jovem e ativo (107). A cirurgia continua sendo o tratamento de escolha e deve ser
indicada para meningiomas sintomaticos maiores que 3cm, com acessibilidade cirargica,

crescimento acelerado ou presenca de edema peritumoral (92, 108, 109). No entanto, os
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beneficios de procedimentos ciriirgicos agressivos, para reduzir a recorréncia, tém sido
objeto de debate na literatura (110), uma vez que a maioria dos tumores analisados,
incluindo os de nosso estudo, eram pequenos e assintomaticos. O prognostico para
pacientes com MMs foi bom e ndo diferiu significativamente do meningioma solitario,
exceto nos casos de MMs induzido por radiagdo e meningiomas associados a
neurofibromatose com mutagdo no gene da neurofibromina 2 (NF2) em criangas (90,

108).

Meningiomas hemorragicos

Embora os meningiomas sejam as lesdes intracranianas benignas mais
comumente encontradas, sendo responsaveis por cerca de um quarto de todas as lesdes
tumorais intracranianas primarias, a incidéncia de hemorragia nestes tumores ¢ muito
baixa, aproximadamente 1.3% (111-113). A hemorragia em um meningioma pode se
manifestar de varias maneiras, incluindo hemorragia subaracndide (comumente
observada em meningioma parassagital e falcino) (114), hemorragia intracerebral e,
menos comumente, hemorragia intratumoral (111). Descri¢des prévias relatam que o
hematoma subdural, associado a meningioma de localizacdo na convexidade, ¢
observado raramente (112). No entanto, esta revisdo sistematica demonstrou que o
hematoma subdural foi o segundo tipo de sangramento mais prevalente associado ao
meningioma (27,36%).

Os mecanismos de sangramento intratumoral ainda sdo controversos e incluem
ruptura de vasos sanguineos tumorais, necrose tumoral e invasao do parénquima cerebral.
O crescimento capilar em tumores cerebrais foi classificado em trés grupos: axial,
retiforme e glomeruldide. Foi relatado que a maioria dos tumores continha uma
combinagdo desses tipos capilares, mas apenas o tipo retiforme foi associado de modo
significativo a hemorragia intratumoral (115). Entretanto, muitos outros mecanismos
foram também propostos como enfraquecimento progressivo dos vasos parietais devido a
variacdo no suporte do estroma tumoral, ruptura / distor¢do dos vasos pelo tumor,
hipertensao venosa, proliferagao endotelial com oclusdo vascular secundaria, formagao
de vasos sanguineos anormais, mesmo em meningiomas benignos, estiramento de veias
em ponte do tumor com ruptura subsequente com ou sem trauma, liberacdo de substancia

vasoativa intratumoral (por exemplo, histamina) e fragmentacdo direta de meningioma
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com sangramento (19). A aparente discrepancia nos mecanismos propostos para explicar
a hemorragia poderia ser decorrente, em parte, pelo fato de a vasculatura tumoral ser
heterogénea e a utilizagdo de marcadores vasculares distintos em cada estudo. A
heterogeneidade vascular foi identificada previamente no cancer de préstata, cancer de
pulmao e carcinoma de células renais por meio de varios marcadores vasculares (116-
118). Por exemplo, 2 tipos distintos de vasos sanguineos foram identificados no
carcinoma de células renais: vasos indiferenciados (CD317/CD34") e vasos diferenciados
(CD317/CD34). Mais importante ainda, apenas os vasos indiferenciados tiveram uma
correlacdo significativa com tumores mais malignos (118). Outra explicacdo seria o
aumento da possibilidade de infarto intratumoral com subsequente hemorragia
intratumoral em decorréncia do crescimento tumoral. Este também poderia ser um evento
importante no processo de hemorragia peritumoral. Outras causas subjacentes, como
trombose, edema da parede vascular e erosdo dos vasos poderiam eventualmente causar o
infarto. Algumas condigdes estressantes, como convulsdo e rapida mudanga na pressao
sanguinea poderiam atuar como fatores contribuintes para o estabelecimento da trombose
dos vasos intratumorais, do infarto tumoral ou da dilatacdo dos vasos peritumorais.
Haveria o argumento de que o infarto intratumoral ndo seja a causa da hemorragia, mas a
consequéncia. No entanto, o infarto intratumoral geralmente ndo ocorreu em casos de
hematoma peritumoral, e a dilatagdo peritumoral dos vasos ndo poderia causar o infarto
(111).

Hé uma tendéncia de se associar as ocorréncias hemorragicas ao procedimento
terapéutico de meningiomas. No entanto, verificamos nesta revisdo que as complicagdes
hemorréagicas ocorreram apesar da técnica muito cuidadosa, no entanto a incidéncia de
complicagdes foi baixa sendo relatado em apenas seis casos de hemorragias relacionadas
a embolizagdo prévia do tumor, causada por ruptura intratumoral ou peritumoral de
pequenos vasos em decorréncia de alta pressdo de inje¢do. Portanto, outros mecanismos
ainda desconhecidos levariam a hemorragia em meningiomas. Hipotetiza-se que haja
uma condi¢do prévia de fragilidade propensa a hemorragia nos vasos proximais ao local
da oclusao microparticulada nesses tumores, ¢ a embolizagdo causaria aumento da
pressdo arterial dentro desses vasos, que subsequentemente se romperiam (119).

Embora rara, a hemorragia intracraniana em meningiomas pode causar um efeito

dramaético nos resultados, sendo um evento com risco de vida devido ao aumento agudo
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da pressdo intracraniana (114). De fato, tais eventos hemorragicos estiveram associados a
cerca de 41% de mortalidade (114, 120). A extensdo da hemorragia e o estado de
consciéncia antes da cirurgia foram considerados preditores significativos do resultado.
A chave para o sucesso do desfecho nesses pacientes foi o diagndstico precoce e a
excisdo cirargica imediata do tumor e do hematoma (114, 120, 121).

Em comparagdo com as populagdes europeias ou norte-americanas, o
sangramento de meningioma foi considerado mais prevalente em asiaticos. Esta
populagdo apresenta também uma propor¢do maior de acidente vascular cerebral
hemorragico (122-124). Isso poderia ser devido as diferencas genéticas na coagulagdo do
sangue entre asiaticos e ndo asiaticos (125), o que poderia justificar parcialmente a
diferenca étnica na prevaléncia de sangramento nos meningiomas. A meta-analise recente
sobre hemorragia intracerebral relatando uma incidéncia cerca de 2 vezes maior em
asiaticos em comparagcdo com outras etnias (126) corrobora os achados desta nossa
revisdo quanto a distribui¢do étnica de hemorragia em meningiomas. Apesar deste dado
corroborativo, devemos, ainda, levar em consideracdo a possibilidade de subnotificacao

que pode diferir conforme a regiao do mundo.
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Suely Kazue Nagahashi Marie’

OBJECTIVE: To analyze the surgical and oncologic
treatment of a Brazilian cohort of patients with grade Il and
Il meningioma at a follow-up time of 15 years to get an
overview of these patients’ outcomes.

METHODS: Cross-sectional study of 43 patients
(26 women, 17 men; age range 20 to 83 years; average 57.72
+ 14.54) operated on from 2000 to 2014 at a single institu-
tion, with the neuropathologic diagnosis of meningioma
grade Il (39 patients) and grade Il (4 patients).

RESULTS: Radiotherapy: 24 patients (55.81%) underwent
radiotherapy; the time between the surgical procedure and
the beginning of radiotherapy was 5 months; 7 patients
with a diagnosis of AM underwent a new surgical pro-
cedure, albeit of adjuvant therapy, because of tumor
recurrence, and only 3 of them underwent radiotherapy
after the first resection. Mortality: in total, 19 deaths
(44.18%) were identified in this sample: 15 (38.46%) with Gl
and 4 (100%) with Glll. The 10-year survival was expected
in 35% of Gl patients and 0% of Glll patients.

CONCLUSION: Surgery is still the main form of treat-
ment and the mainstay for prolonging survival. Radio-
therapy is still controversial; however, we observed its
positive impact on recurrence and progression-free
survival.

INTRODUCTION

eningioma is the most common nonglial primary
M intracranial brain tumor, with an incidence rate of 13%

to 1¢% in large series of primary intracranial umors. '
Although meningiomas are handled as benign lesions, a
substantial proportion of them display more aggressive
behavior,” with quoted incidences varying widely from 1.5% to
35% of all meningiomas.**

Clinical criteria to guide the aggressiveness of a complementary
therapy after subtotal resection (STR) or gross total resection
(GTR) in patients with atypical meningioma(AM) grade II and
malignant meningioma (MM) grade III are not well established.
Therefore, it will be helpful to identify the clinical, radiographic,
or surgical factors that are associated with disease progression
after STR. or GTR” to assist in choosing between aggressive and
more  conservative complementary treatments with the
preservation of neurologic function, especially for tumeors in
critical locations.

The objective of this study was to analyze the outcome in pa-
tents with histopathologic diagnoses of World Health Organiza-
tion grade II and III meningiomas, focusing on their surgical and
oncologic management in a 15-year follow-up of a single-
institutdon cohort, and to determine potential factors that are
predictive of outcome.

METHODS

At the University of Sio Paulo, 629 patients underwent surgical
treatment for brain tumors in a 15-year period (2000—2014) and
received a neuropathologic diagnosis of meningioma. A
detailed, retrospective analysis was performed on 43 patients

Key words

m Atypical meningioma

® Malignant meningioma
m Progression-free survival
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AM: Atypical meningioma

Gl: Grade | meningioma

GlI: Grade 1| meningioma
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GTR: Gross total resection
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{26 women, 17 men) whose ages ranged from 20 to 83 years
(average, §7.72 + 14.54 years), who were classified as having
grade 11 meningioma (GII, 39 padents) or grade III (GIII, 4
patients), based on the 2016 World Health Organizaton me-
ningioma grading criteria.® These patients were treated by
the Neurosurgery Group of the Department of Neurology at
the Hospital das Clinicas of the School of Medicine at the
University of Sdo Paulo.” Patients with less than 12 months of
follow-up time were excluded.

The hospital database system keeps records of all padents and
dates related to medical appointments, surgical procedures,
radiotherapy sessions, emergency room admissions, and
in-hospital deaths. Clinical data (Karnofski Performance Scale,
neurologic status, and medicines in use) and information about
out-of-hospital death were obtained through attendance or phone
interviews. Interviewees were also asked whether the patients had
improved, remained stable, or worsened after surgery. As surgical
factors, the extent of tumor resection (STR or GTR) and the site of
the tumor were considered. Radiotherapy and mortality were
analyzed as complementary treatment and final outcome,
respectively.” This study was approved by our Institutional R eview
Board under registration CAPPESq # 200/05.

RESULTS

Atypical Meningiomas (Recumrence and Radiotherapy)
Among the 39 grade I AM patients (25 women, 14 men), the ages
ranged from 20 to 82 years (57 + 14.4 years).

In this sample, 22 patients (56.41%) were to receive comple-
mentary radiotherapy beginning 1 to 24 months (mean, 4 months)
after the surgery. Six of those 22 patients (27%) experienced
recurrence within a time interval ranging from 4 to 104 months
(3.6 £+ 3.0 years), in spite of the complementary therapy. Three of
these 6 padents with recurrence died after 5 to g years of follow-up
(7.0 £ 2.0 years), and the other 3 are stll alive after a follow-up
time of 2 to 10 years (5.2 + 4.3 years). Among the remaining
16 patients who received radiotherapy and did not experience tu-
mor recurrence, 14 patients are still alive, with a mean follow-up
time of 4.4 + 2.1 years.

Seventeen of the 39 patients did not receive radiotherapy, and
among them, § patients (mean age, 57.82 £ 12.48 year) died
within the first year after the surgery. Except for 2 patients, 1 of
whom experienced recurrence and died 2 years after surgery and
another 2 who died 3 years after surgery, the remaining 7 patients
are still alive, with a follow-up time of 5.4 + 3.4 years (Table 1).

Malignant Meningiomas

Four patients with grade III MM (1 woman, 3 men) presented an
overall survival ime of 0.8 year, and only 1 patient had time to
undergo radiotherapy.

Mortality

The overall mortality, including both AM and MM, was 19 deaths
of 43 patients (44%): 15 (38%) in AM patients and 4 (roo%) in MM
patients. In both grades Il and 11, 1o of 43 tumor-related deaths
[23%) occurred within the first year after surgery (7 in AM patients
and 3 in MM padents), and only 1 padent died of causes not
related to the tumor.

Resection Sites

Meningiomas in the brain convexity were more frequent among
grade 11 patients (17/39, 43.58%), followed by meningiomas at the
base of the skull (sphenoid wings, petroclival region, middle
fossa, and anterior fossa) (ro/39, 25.50%), whereas no predilecton
of localization was observed in the 4 MM patients.

The localization of the meningioma did not appear to impact
patient outcome.

Inasmuch as the study was retrospective, the present analysis
presents some weakness regarding the degree of surgical resection
of these tumors. The extent of tumor surgical removal was eval-
uated through the Simpson grade in only 30% of the patients.
However, the available data allow us to conclude that this variable
did not present a statstical difference in the present cohort.

DISCUSSION

Surgery is the treatment of choice for meningioma. The refine-
ment of neurosurgical approaches and better understanding of the
anatomy allow for a more radical tumor resection. Furthermore,
more detailed neurcimaging techniques have also allowed for
improvement in preoperative planning. Surgical excision of the
tumor and its implanted dural base is the most common type of
management. However, many tumors cannot be totally resected
because they envelope vital neural or vascular structures or present
as excessive plague.”

Although meningiomas were historically considered radio-
resistant,” radiotherapy has been shown to improve the local
control of AM and MM." Nevertheless, controversial issues
remain, particularly about AM management in terms of the
optimal dose and timing of this complementary therapy when
GTR is achieved. By contrast, radiotherapy after STR of AM is
included as a standard of care in many treatment protocols,
although there is no such consensus.'** Debates still persist on
whether all AM should be treated by radiotherapy and on whether
radiotherapy should be limited to subtotally resected mumors or
applied only after revision surgery."®*

As a result, clinical outcome predictive factors are needed to
guide therapeutic protocols.

In the present cohort of 39 patients with grade IT AM, 22 pa-
tients were treated with complementary radiation therapy; at the
endpoint of around 4.8 years of follow-up, 77% (17/22) of those
patients are still alive, in contrast to the 41% (7/17) of patients who
did not receive radiotherapy in a follow-up time of 5.4 years. In a
first analysis, independent of the recumence rate, it seems
worthwhile to have patients with diagnoses of AM undergo
complementary radiation therapy. However, if we exclude the
7 patients who died within the first year after surgery from the
17 patients who did not undergo mdiotherapy, 7 of 10 patients
[70%) are still alive in a follow-up time of 5.4 years, even without
receiving complementary therapy. Therefore, it seems crucial to
search for predictive markers to recognize those critical AM pa-
tents who are likely to die within the first year of disease evolution
and then provide them with a more aggressive complementary
therapy to improve their clinical outcome.

Factors such as age, gender, and tumor site were not shown to
have any impact on the outcome. Thus, other biologic markers,
such as molecular signature, should be searched to this end. Such
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Table 1. Results in 39 Patients with Grade Il Atypical Meningioma

Radiotherapy
Yes (n = 22) No (n =17)

Recurrence
Variable Yes (n = 6) No (n = 16) Yesn = 2) No (n = 15)
At recurrence lyears) 36 +£30 22414 - -
Moartality 3 2 b7 7 1
At overall survival (years) 70 +20 23+ 11 25+ 07 05+ 05 a0
In follow-up 3 14 0 y
At follow-up fyears) 52 £ 43 4421 0 54 +134

exploration is more urgent for MM, wherein a fatal outcome was
observed in 100Y% of the cases.

In contrast to benign meningiomas, grade IIJIII tumors
demonstrate more complex cytogenetic and molecular profiles
with the activation of oncogenes, inactivation of tumor suppressor
genes, and alterations in other genes that are involved in several
molecular pathways,” such as expression of matrix
metalloproteinase, which has been studied in meningioma with
respect to tumor invasiveness, malignancy, and recurrence.
A further understanding of the genes and signalling pathways
associated with meningioma formation, growth, and
transformation is likely to provide a foundation for the future
assessment of histologic and clinical behaviors and responses to
potential gene therapies and individualized treatment r.‘:girr].‘:ns.”s

CONCLUSIONS

Surgery is stll the primary form of treatment for meningiomas,
given that it is the mainstay for prelonging survival. However,
although radiotherapy is still a controversial issue, it was

shown to have a positive impact when tumor recurrence and
progression-free survival were analyzed.

Limitations

Although this study had a relatively large sample size, its limita-
tions should be mentioned. Information on the extent of tumor
resections is a limitation of our study because some surgical re-
ports are not congruent with the postoperative images, and in
other situations, a postoperative image examination was not
requested or was not found owing to a change in the institution’s
image visualization system during this period; therefore, the in-
formation about the degree of surgical resection in some cases is
not available.
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Abstract

Evaluate whether radiotherapy (RT) after the neurosurgical treatment of atypical meningiomas (AM) has an impact on the
reduction rate of recurrence. A Medline search through October 2017 using “atypical meningioma” returned 1277 papers
for initial review. Inclusion criteria were as follows. We analvzed the database and included articles in which the
anatomic pathological classification of atypical meningiomas was in accordance with WHO 2007 or WHO 2016 criteria,
patients > 18 vears of age, and there was postoperative external beam radiation to the tumor bed. Exclusion criteria were
WHO grade 1 or 11l meningioma, patients who underwent whole-brain radiation, RT used as salvage therapy for recur-
rence, palliative dose of RT (<45 Gy), recurrent AMs, and multiple AMs. Papers reporting outcomes in which atypical
and anaplastic meningiomas were analyzed together were rejected, as were papers with small samples that may compro-
mise evaluation. After filtering our initial selection, only 17 papers were selected. After reviewing the seventeen articles
including a total of 1761 patients (972 female and 799 male; 1.21 female/1.0 male), the difference in proportion of tumor
recurrence between patients with and without radiotherapy after neurosurgical procedure was 1.0448, 95% CI [0.8318 to
1.3125], p value=0.7062. On the basis of this review, there is no evidence to suggest that RT decreases the rate of
recurrence in patients with atypical meningiomas.

Keywords Atypical meningioma - Radiotherapy - Recurrence

Introduction

Atypical meningiomas (AM) represent up to 8% of all menin-
giomas [1], and their incidence is increasing (> 5-10% among
all types of meningiomas); however, this number should in-
crease given the new World Health Organization (WHQ) 2016
criteria for the classification of this subtype of meningioma
[2]. In fact, AM account for 20-25% of recurrent meningio-
mas [3, 4].

The rationale for advocating gross total resection (GTR) as
the primary treatment for meningiomas is attributed to

[<] Benedito Jamilson Aratjo Pereira
benedito jamilson@ hommail.com
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effective local control post-GTR and avoiding the toxicity
associated with postoperative radiation therapy, including the
increased risk of radiation-induced malignancies [5]. In neuro-
oncological management, complete resection must be pursued
in this subtype of tumor [6], and a definitive cure after surgical
resection is achieved in 16-18% of patients. Nevertheless, the
disease will recur within a few months in up to 62-69% of
cases [7, B].

Adjuvant radiotherapy after the surgical resection of AM
continues to be controversial. Compared to surgery alone,
surgery followed by postoperative radiation lowers the inci-
dence of local recurrence of AM, as reported in previous re-
views [9]. However, opposite results have also been reported
[10, 11]. In a recent retrospective case study of 45 patients
with atypical meningioma, Endo et al. [11] showed no addi-
tional benefit of adjuvant radiotherapy concerning the long-
term tumor control; results similar to those of Champeaux
et al. [10], who showed that patients who received radiother-
apy did not have a different overall survival nor difference in
recumrence rate.

@ Springer
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Among the forms of radiotherapy treatment, we also did
not observe consensus on the techniques. During the last two
decades, stereotactic radiosurgery (SRS) has proved to be an
effective treatment for WHO grade [ benign meningioma [12,
13]. However, the efficacy of SRS in the treatment of grade 11
atypical meningiomas is still unclear [14]. Gamma knife ra-
diosurgery (GKRS) for higher-grade meningiomas has been
less well studied [15]. In the setting of recurrent atypical or
malignant meningiomas, GKRS may provide durable pallia-
tion and local control for some but with poor long-term con-
trol overall [16].

Given the conflicting reports in the literature, we performed
a systematic review to assess the impact of radiotherapy (RT)
combined with surgical resection on the recurrence rate in
patients with AM.

Methods

A Medline search from 2010 to October 2017 using
“atypical meningioma” returned 1277 papers; we based
our revision on this initial corpus. As a first selection step,
we adopted the following inclusion criteria: (1) reports in
which the anatomic pathological classification of AM was
in accordance with WHO 2007 [17] or 2016 [2] criteria, (2)
patients older than 18 years of age, and (3) postoperative
external beam radiation to the tumor bed. Exclusion
criteria were WHO grade I or III meningioma, patients
who underwent whole-brain RT, RT used as salvage thera-
py for recurrence, definitive RT, palliative dose of RT (<
45 Gy), recurrent AMs, and multiple AMs.

All papers reporting outcomes in which atypical and
anaplastic meningiomas were analyzed together were ex-
cluded. as were reports in the format of case reports with
small series. Seventeen papers fulfilled the above criteria,

| Records indentified through database searching (n=1277) ]

l

| Records after abstract screen (n=52) I

}

| Records after anaplastic meningioma removed({n=38) |

)

| Recards after little samples removed [n=23) |

|

| Full-text articles assessed for eligibility (n=22) |

l

| Articles included in quantitative synthesis of focused|n=17) |

e

and these papers gathered data from 1761 patients, on
whom the present analysis of the neuro-oncological man-
agement of AM was based.

Data evaluation

The patients” clinical data and tumor-evolution (recurrence or
not) data were tabulated, mainly, the data concerning tumor
recurrence after neurosurgical procedure and the impact of RT
in terms of preventing tumor recumrence in AM [see Fig. 1 for
the PRISMA study flow diagram].

We calculated the weighted mean differences and the
95% confidence interval (CI). Dichotomous variables were
presented as odds ratios (ORs) with a 95% CI. Matched
analysis was performed as appropriate. Significance was
set at p<0.03.

Results

A total of 1761 patients (972 female and 899 male; 1.21 fe-
male/1.0 male ratio) reported in 17 manuscripts from world-
wide centers during the period from 2010 to October 2017
were selected for the present analysis. Although the majority
of the selected studies were from centers in the USA, we
managed to analyze studies from each continent (see
Table 1). Among them are 573 patients who underwent RT
(32.5%) with a recurrence rate of 26% (149 patients).
Comparatively, of the 1188 patients who were initially treated
only with surgery, 299 patients presented tumor recurrence
(25.16%). Thus, the difference in tumor recurrence between
the two groups treated and not treated with RT after neurosur-
gical procedure was not significant (1.0448, 95% CI [0.8318
to 1.3125], p value = 0.7062) (see Table 1 and Fig. 2).

Records excluded for analyse anaplastic
meningioma together(n=14)
Records excluded for sample no enough for
—_—
analyses [n=15)
L Records excluded for duplicated study{n=1) I

| Records excluded for failling in distinguish outcomes(n=5) I

Fig. 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) study flow diagram
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Fig.2 Odds ratios of local control and recurrence in atypical meningiomas comparing surgery alone and surgery + RT among the stdies

Discussion

Regarding the issue of the recurrence of meningiomas, some
factors are already well established, such as the degree of
surgical resection [32]. Since the initial work of Simpson
[33] has proved that greater tumor resections lead to lower
rates of tumor recurrence, other factors are still controversial,
such as location. In our review, four of the articles selected
[19-22] have an analysis of the subject, such as greater recur-
rence in tumors of convexity, but this result should reflect only
the fact that this location is the most frequent. Despite techni-
cal and technological advances, the perioperative morbidity
and mortality are high, because of their intimate anatomical
relationship to the brain, cranial nerves, and essential blood
vessels [34]. Another factor influencing the evolution of me-
ningiomas is genetic alterations. Past studies have shown that
the risk of meningioma recurrence is strongly correlated with
the molecular profile of the tumor [35]. Genomic instability is
one of the key differentiators between grade [ and grade 1111
meningiomas [36].

ﬁ Springer

The clinical impact of AM recumrence is high, and the man-
agement of these patients poses specific challenges [37]. A
robust analysis of large series of AM providing definitive
guidelines for the neuro-oncological management of this type
of meningioma is still missing; proof of this is that the man-
agement of these patients is still controversial and varies ac-
cording to the group or center evaluated. In Germany, 74.1%
of centers offer some form of RT following incomplete resec-
tion of AM, with 17.9% of centers offering postoperative RT
even when tumor removal is complete [37]. In the UK,
59% of neurosurgeons would advise adjuvant radiotherapy
in subtotal resection (STR), with only 20% doing so after
gross total resection (GTR) [38]. Multicentricity varies
from 19% at the first recurrence to 89% at the last fol-
low-up, and marginal recurrence is progressively higher
than the local type at the second and third recurrence, ren-
dering management increasingly difficult [39, 40]. As the
disease may be local, marginal, or distant with respect to
the previous localization, a preferable indicator of treat-
ment efficacy is disease-free interval [41, 42].
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Radiotherapy was applied initially in the management
of residual tumors after microsurgery. Its appropriate ap-
plication proved to be successful when using all the avail-
able techniques, including linear accelerator (LINAC)
[43-45], gamma knife [46, 47], proton beam [48], and
conventional fractionated external beam radiation therapy
(EBRT) [49]. As demonstrated in the literature, success
rates of greater than 90% and with few associated com-
plications can be achieved when stereotactic irradiation is
performed in the management of intracranial meningio-
mas [16, 47, 50, 51]. The use of SRS alone has limitations
that preclude its application in every case. These limita-
tions are related to tumor size and proximity to eloquent
structures especially the optic apparatus. Single-dose SRS
15 indicated for meningiomas smaller than 3 cm or 20 ml
in volume and with a minimal distance from the optic
apparatus of between 2 and 4 cm [52]. Although there
are no long-term follow-up data for patients who
underwent SRT for intracranial meningiomas, the expect-
ed success rate should be similar to that achieved using
conventional EBRT, with fewer complications. A 5- and
10-year PFS rates of 92 and 83%, respectively, have been
reported after EBRT [53]. The selection of the best treat-
ment option for these lesions, however, should include
consideration of tumor location, severity of presenting
symptoms, and the long-term follow-up data of the avail-
able modalities.

There are several studies with conflicting results [9, 18, 19,
54, 55, and there are no randomized controlled trials, leading
to a lack of class I evidence [56]. Our present systematic
review failed to demonstrate a significant overall difference
with respect to postoperative RT reducing tumor recurrence.
However, there should be bias in the choice of patients who
underwent radiotherapy, perhaps a point to be debated for
future strategies to identify subgroups within the AM that
present molecular characteristics at the level of biomarkers,
so the patient is optimized and presents better results.

Conclusions

On the basis of this review, there is no evidence to suggest that
RT decreases the rate of recurrence in patients with AM.
Prospective studies on the effect of adjuvant RT for avoiding
recurrence of AMs should be conducted to better address this
question.

Limitations

Although this study had a large sample size, its limitations
should be mentioned. Information on the extent of tumor re-
sections, type of radiotherapy, and meningioma location is a
limitation of our study: most of the articles do not present
detail of these.
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Analise critica

Na andlise de nossa coorte de 39 pacientes com meningiomas de grau II
(atipicos), 22 pacientes foram tratados com radioterapia (RT) complementar; no desfecho
de seguimento médio de 68,8 + 48,9 meses de acompanhamento, 77% (17/22) desses
pacientes ainda estavam vivos, em contraste com 41% (7/17) dos pacientes que nao
receberam radioterapia neste mesmo periodo.

Relata-se que ao contrario dos meningiomas benignos, os tumores de grau I1 / III
demonstram perfis citogenéticos e moleculares mais complexos com a ativacdo de
oncogenes, inativacao de genes supressores de tumores e alteragdes em genes envolvidos
em varias vias moleculares (127), como a expressao da matriz metaloproteinase (MMP),
que foi estudada no meningioma com relagdo a invasividade, malignidade e recorréncia
de tumores (128). Uma compreensdo mais aprofundada dos genes e das vias de
sinalizacdo associadas a formagdo, crescimento e progressdo maligna do meningioma
provavelmente fornecerd uma base para a avaliagdo futura de comportamentos
histolégicos e clinicos e respostas a potenciais terapias genéticas e regimes de
tratamentos individualizados (129).

A analise da nossa casuistica, ndo nos permitiu concluir a efetividade da RT,
corroborando com resultados prévios da nossa revisao literaria sobre o assunto (130). Em
uma primeira analise, parece interessante recomendar RT aos pacientes com diagndstico
de meningioma atipico (MA). Porém, se excluirmos os sete pacientes que morreram no
primeiro ano apo6s a cirurgia dos 17 pacientes que ndo foram submetidos a radioterapia,
sete em cada 10 pacientes (70%) ainda estavam vivos em um periodo de
acompanhamento de 5,4 anos, mesmo sem receber terapia complementar. Portanto,
parece crucial procurar marcadores preditivos para identificar os pacientes criticos com
MA que apresentem maior probabilidade de desfecho fatal no primeiro ano de evolucdo
da doenca para a indicagdao de uma terapia complementar mais agressiva para melhorar o
resultado clinico final.

Parametros como idade, sexo ¢ local do tumor ndo demonstraram ter nenhum
impacto na evolugdo clinica tumoral. Assim, outros marcadores bioldgicos, como uma
assinatura molecular, deverao ser pesquisados para esse fim. Essa exploragdao ¢ mais
urgente para meningiomas anaplésicos (grau III), onde um resultado fatal foi observado

em 100% dos casos.
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O impacto clinico da recorréncia de MA ¢ alto e o manejo desses pacientes
apresenta desafios especificos (118). Ainda est4 faltando uma andlise robusta de grandes
séries de MA que fornegam diretrizes definitivas para o manejo neuro-oncologico desse
tipo de meningioma. Prova disso ¢ a variabilidade na descricdo das estratégias
terapéuticas de acordo com o grupo ou centro avaliado. Na Alemanha, 74,1% dos centros
complementam o tratamento com alguma modalidade de RT, apos ressec¢ao incompleta
da MA, e 17,9% dos centros aplicam RT no pds-operatério, mesmo quando a remogado do
tumor ¢ completa (131). No Reino Unido, 59% dos neurocirurgides aconselham a RT
adjuvante na resseccao subtotal, sendo que apenas 20% o fazem apds a resseccdo total
(132). Estudos multicéntricos apresentam variacdo da indicagdo da RT de 19% na
primeira recorréncia a 89% no ultimo acompanhamento, € o volume tumoral ¢
progressivamente maior na segunda e terceira recorréncias do que o do sitio original,
tornando a conduta cada vez mais dificil (133, 134).

Existem varios estudos com resultados conflitantes (estudos mostrando resultados
favoraveis ao uso da RT, bem como estudos sem resultados) (43, 135-138), e nao
existem ensaios clinicos randomizados, levando a falta de evidéncias de classe 1 (140).
Nossa revisdo sistematica atual ndo demonstrou uma diferenca global significativa em
relagdo a RT pos-operatéria, reduzindo a recorréncia do tumor. No entanto, deve haver
viés na escolha dos pacientes submetidos a RT, o que pode justificar a falha terapéutica
evidenciada nestes trabalhos. Eventualmente, um ponto a ser debatido para futuras
estratégias para selegdo dos pacientes com MA, seria a estratificacdo dos mesmos de
acordo com caracteristicas moleculares ao nivel de biomarcadores de susceptibilidade a

modalidades terapéuticas especificas, otimizando assim os desfechos clinicos.

78



Resultados

Estudo das vias moleculares descritas em meningiomas

PUBLICACAO 8

Titulo Molecular alterations in meningiomas: Literature review

Autores Benedito Jamilson Araujo Pereira, Sueli Mieko Oba-Shinjo,
Antonio Nogueira de Almeida, Suely Kazue Nagahashi Marie

Revista Clinical Neurology and Neurosurgery

Submetido 29/09/2018 Aceito 06/12/2018

Citacdo completa

Pereira BJA, Oba-Shinjo SM, de Almeida AN, Marie SKN.
Molecular alterations in meningiomas: Literature review.
Clinical neurology and neurosurgery. 2019;176:89-96. doi:

10.1016/j.clineuro.2018.12.004

Fator de Impacto

1.672

Citacoes

Scopus: 9; Web of Science: 6; Google scholar: 11

79



Resultados

Clinical Neurology and Neurosurgery 176 (2019) 89-96

Contents lists available at ScienceDirect

CLINICAL
NEUBRSIE

Clinical Neurology and Neurosurgery

journal homepage: www.elsevier.com/locate/clineuro

Molecular alterations in meningiomas: Literature review
Sax

Benedito Jamilson Aratdjo Pereira™", Sueli Mieko Oba-Shinjo”, Anténio Nogueira de Almeida®,
Suely Kazue Nagahashi Marie®

& Dep af I v lor and Cellulor Biobygy, LIM15, Faculdade de Medicing, Universidade de Sdo Paulo, SP, Brazil
" Divisdo de Neurodinurgia Funcional IPQ), Hospital dos (linicas da Universidade de Sdo Paulo, SP, Brozil

I.ab

ARTICLE INFO ABSTRACT

Keywonds: Meningiomas, tumors that originate from meningothelial cells, account for approximately 30% of all new di-

Meningioma agnoses of central nervous system neoplasms. According to the 2016 WHO classification of central nervous

Malecular system tumors meningiomas are classified into three grades: I, IL and IIL

z‘:;:‘ﬁ“‘“ Past studies have shown that the risk of meningiomas recurrence is strongly correlated with the molecular
{e1

profile of the tumor. Extensive whole-exome or whole-genome sequencing has provided a large body of in-
formation about the mutational landscape of meningiomas. However, such astratification of meningiomas based
on mutational analysis alone has been proven not to satisfy the clinical need for distinction between patients
who need (or do not need) an adjuvant treatment.

Combined analysis of exome, transcriptome, methylome and future approaches for epigenetic aspects in
meningiomas may allow researchers to unveil a more comprehensive understanding of tumor progression me-
chanisms and, ¢ Iy, a more per lized clinical approach for patients with meningioma.

A better understanding of the genetics and clinical behavior of high-grade meningiomas is mandatory in order
to better design future clinical trials. By studying the mechanisms underlying these new tumorigenesis pathways,
we should be able to offer personalized chemotherapy to patients with surgery and radiation-refractory me-
ningiomas in the near future. The purpose of this article is to accurately bring the compilation of this in-
formation, for a greater understanding of the subject.

1. Introduction prognosis with median overall survival of 1.5 years [7], with 5-year
survival ranging from 47% to 61% [8-11].

Meningiomas, tumors that originate from meningothelial cells, ac- Past studies have shown that the risk of meningiomas recurrence is

count for approximately 30% of all new diagnoses of central nervous
system neoplasms [1]. According to the 2016 WHO classification of
central nervous system tumors [2], meningiomas are classified into
three grades: I, II, and IIL. The grade I meningiomas are typical or be-
nign, stratified into nine histological subtypes including meningothe-
lial, fibrous, transitional, psammomatous, angiomatous, microcystic,
secretory, lympho-plasmacyte-rich, and metaplastic, and represent
88-94%, of all meningiomas [3]; atypical meningiomas are “inter-
mediate grade” malignancies (grade IT) that account for 4.7%-7.2% of
meningiomas and that are associated with a 29%-52% post-resection
recurrence rate [4]. Moreover, they exhibit a tendency for malignant
progression with a significant increase in tumor cell migration and in-
filtration of surrounding tissues [5]. The anaplastic variant (grade IIT) is
exceedingly rare, accounting for 1%-3% of all meningiomas [6]. The
anaplastic histology observed in these tumors associates to poor

strongly correlated with the molecular profile of the tumor [12].
Genomic instability is one of the key differentiators between grade I
and grade II-1Il meningiomas [13].

The bi-allelic mutation or loss of the tumor suppressor gene neu-
rofibromatosis 2 (NF2) on chromosome 22, is found in approximately
50% of sporadic meningiomas [14-17]. Recent studies employing next
generation sequencing methodology have detected new driver muta-
tons in meningiomas, including TRAF7, KLF4, AKT1, SMO, PIK3CA,
NOTCHZ2, SMARCBI1, CHER2, SMARCE1 and POLR2 A, particularly in
the remaining half of meningiomas with wild-type NF2 [17-19].

Extensive whole-exome or whole-genome sequencing has provided
a large body of information about the mutational landscape of me-
ningiomas [16,17,19-21]. Four distinct meningioma mutational sub-
groups have been proposed, defined by mutations in NF2, TRAF7, the
hedgehog pathway or POLR2A. However, such a stratification of
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Fig. 1. Frequency of the most common genetic alterations found
in meningiomas according to independent studies (17, 18, 20, 39,
41, 51,58, 60, 64, 67). Meningiomas are divided into NF2-mutated
meningiomas (NF2 alterations which include NF2 loss and /or NF2
mutations) and non-NF2-mutated meningiomas. The latter group
present TRAF7 mutations alone or in combination with KLF4 ar
AKTI mutations, SMO, PI3KCA and POLRZA (17). Additionally,
the occurrence of TERT promoter mutations (*) are independent to
*  other mutations, and they are more prevalent in more malignant
meningiomas, being, therefore, a prognostic predictor (68, 69).

meningiomas based on mutational analysis alone has been proven not
to satisfy the clinical need for distinction between patients who need (or
do not need) an adjuvant treatment [17].

2. NF2-mutated meningiomas

Abnormalities in the 22q locus have been identified as the most
frequent finding in meningiomas, and mutation, allelic inactivation or
loss of the tumor suppressor NF2 [15-17] have been described in ap-
proximately half of sporadic meningiomas [22-25] (Fig. 1). Based on
this observation, it has been suggested that NF2 might play a central
role in 1 1 cell proliferation [26]. Bi-allelic in-
activation of the NF2 gene leads to the loss of its product, merlin, also
known as schwannomin [15]. And, NF2 inactivation is thought to bean
early event in sporadic meningiomas pathogenesis, frequently observed
in grade I tumors, but also in high-grade tumors [7].

Alterations in the merlin protein have been associated with cell
shape, particularly with mesenchymal-like cell phenotypes rather than
epithelioid-like ones. Decreased NF2 expression was observed in up to
80% of transitional or fibroblastic subtypes [27,28], while it was ob-
served in only 28.5% of meningothelial n giomas, which typically
occur at the anterior skull base [29]. Kros et al. [30] analyzed 42 cases
of sporadic meningiomas for LOH, karyotyping and fluorescence in situ
hybridization, and they have demonstrated a significant correlation
between tumor localization at the anterior skull base and an intact
chromosome 22q, corroborating the paucity of NF2 alteration in me-
ningiomas on this site and in megingothelial subtype, the prevalent
histological subtype in this site [31].

Although familial meningiomas are uncommon, they are usually
associated with NF2 alteration [32,33].

ing lepton

3. Non-NF2 mutated meningiomas

Recent genomic analyses have shown that KLF4, TRAF7, SMARCEI,

POILR2 A, telomerase reverse transcriptase (TERT), and AKTI, SMO are
commonly mutated in non-NF2 mutant meningiomas [16,17,20,34].

3.1. KLF4 mutations

The KLF4 gene, located on chromosome 9931, belongs to a family of
17 members, all containing three C2H2 zinc finger motifs in the C-
terminal region [35]. KLF4 is linked to transeriptional activation and
repression, including oncogenic activation and tumor suppression in a
context-dependent manner [35,36]. KLF4, together with OCT3/4, SOX2
and ¢-MYC, is one of the key genes necessary for the reprogramming of
mouse fibroblasts into induced pluripotent stem cells (iPS) [37]. in-
dicating its role in stem-cell maintenance (57). KLF4 mutations in me-
ningiomas are all the same: the missense mutation ¢.1225A = ¢,
p.K409D located in the lysine residue at the first of three amino acids of
the zinc finger, which makes physical contact with DNA, and is there-
fore central to DNA binding and highly conserved in evolution [38].
Approximately 9% of meningiomas present with this KIF4“**? muta-
tion, although it is more prevalent in grade I meningiomas [39]. This
mutation was also identified in secretory meningiomas. In contrast,
KLF4 was downregulated in anaplastic meningiomas compared to be-
nign secretory meningiomas, which lead to a decrease of its tumor
pE or role with dysregulation of cell cycle, apoptosis and invasion
[40]. Cytokeratins 4 and 19 are clinical hallmarks of secretory me-
ningiomas, and they are regulatory targets of KLF4 [41]. This interac-
ton may be linked to the presence of cytokeratin-positive globules
unique to meningiomas of the secretory variant. In particular, the KLF4
mutation has also been observed in secretory meningiomas associated
with glial tumors, in two different patients with a glioblastoma and an
anaplastic astrocytoma [42].
The KLF4 mutation has also been described in an intraductal pa-
pillary mucinous neoplasm of the pancreas [43]. Additionally, in
kidney cells, KLF4 co-regulates the bradykinin B2 receptor [44].
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3.2, TRAF7 mutations

Tumor necrosis factor receptor associated factors (TRAFs) transduce
the cellular effects mediated by TNF family ligands by their ability to
couple TNF receptor family proteins to signaling pathways.
Functionally, TRAF proteins are involved in innate and adaptive hu-
moral immune responses acting both as eytoplasmic regulatory mole-
cules and as signal transducers for receptors [45]. The RING finger
domains of TRAF-2, -6 and -7 activate their downstream pathways by
promoting ubiquitination events [46,47]. The function of TRAF7 is still
not completely elucidated. However, interaction between TRAF7 and
MEKE3 has been described, with enhancement of MEKK3-mediated
signaling [46,48]. It was also deseribed that TRAF7 binds to e-Myb and
inhibits its transactivation by sumoylation [49]. Finally, it has been
shown that TRAF7 is linked Toll-like receptor 2 stimulation which leads
to NFkB transcription factor activation [50].

Mutations in TRAF7, located on chromosome 16p13.3, are observed
in 14.5-20% of meningiomas [39,51]. Serpin2 A [52], matrix metallo-
peptidase 2 [53], IGFBP4 and IGFBP7 [54,55], which are direct targets
of NFkB, are up-regulated in TRAF7-deficient cells. TRAF7 influences
signal transduction in several ways. TRAF7 interacts with MEKK3/
MAP3K3 through its WD40 domains [56], and NF-«B via its coiled-coil
domain, modulating its ubiquitination. The RelA/p65 member of the
NF-kB family is also ubiquitinated by TRAF7, and in both cases, TRAF7
promotes Lys-29-linked polyubiquitination [45]. Moreover, down-

gulation of st lated genes ceramide synthase 2, the ubiquitin-
binding protein p62 (SQSMTI1) and the apoptosis-related gene serglycin
(SRGN), were observed in TRAF7-deficient cells [57].

TRAF7 mutations are highly specific for meningiomas, and they are
confined to exons 13-20 coding for the seven WD40 domains in the C-
terminal portion (17,51).

Nearly all cases of secretory meningioma (97%) harbor mutations in
both TRAF7 and KLF4 K*®2 but lack mutations in NF2 [20]. The TRAF7
mutation is also found in other meningioma subtypes [17]. Interest-
ingly, cumulative observation proved that these KLF4 and TRAF7 mu-
tations were both mutually exclusive with the NF2 alteration [51]

3.3. AKTI mutntions

AKTI, located on chromosome 14932, is mutated recurrently in
meningioma, producing a known oncogenic alteration of glutamic acid
to lysine at codon 17 (c49G > A, p.E17K), and has been reported
exclusively as not overlapping the NF2, KLF4 and SMO mutations [17].
This mutation is commonly observed in meningothelial meningiomas
but is rarely reported in meningiomas of higher grades [58]. A majority
of meningiomas with TRAF7 mutations also harbor mutations in KLF4,
as described above, or in AKTI (6.8-9% of meningiomas), but not in
both genes [17,20,51]. The AKT1"""F mutation activates constitutively
PI3K/AKT/mTOR oncogenic signaling pathway [59]. Moreover, the
presence of the AKTI™™ mutation in skull-base meningiomas have
been associated with reduced time of recurrence [60].

3.4. POLR2A mutations

RNA polymerase II subunit A gene (POLR2 A), located on chromo-
some 17p13.1, encodes the largest subunit of RNA polymerase II, the
polymerase responsible for synthesizing messenger RNA. The product
of this gene contains a carboxy terminal domain composed of hepta-
peptide repeats that are essential for polymerase activity. Mutations in
POLR2 A were discovered by searching for somatic mutation in me-
ningiomas that lacked known mutation in classical driver genes de-
scribed previously (18). Two different mutations at exon 7
(.1207C = A, p.G403 K or .1310_1315delACCTTC, p.L438_H439del)
were present in 6% of benign meningiomas. POLR2 A exon 7encodes
the highly conserved catalytic subunit of RNA polymerase II, re-
sponsible for interaction with TFIIB during the formation of the pre-
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initiation complex [61]. These alterations were confirmed as being
somatic, exclusive to grade I meningiomas and mutually exclusive with
previously established driver genes [17].

3.5. TERT mutations

Telomerase reverse transcriptase gene (TERT), located on chromo-
some 5pl5.33, presents reverse transcriptase activity, that maintains
telomere ends by adding the TTAGGG telomere repeat. TERT activation
has been demonstrated in 10% of grade I, 50% of grade II and 95% of
grade INl meningiomas. Interestingly, TERT promoter mutations
(2.228C = T and g.250C = T) are associated with recurrent me-
ningiomas, and the highest frequency of such mutations (28%) are
present in recurrent meningiomas with histologic progression [62].
Therefore, TERT promoter mutation is predictive of progression [63]
and a shorter recurrence-free survival, especially in recurrent higher
grade meningiomas [64,65].

4. Epigenetic alterations
4.1. DNA methylation

Patients with WHO grade I meningiomas who were molecularly
assigned to an intermediate methylation class (WHO grade I MC int)
had a less favorable clinical course than did patients with WHO grade 1
meningiomas diagnosed solely based on histology. In fact, the outcome
of these patients (WHO grade I MC int) was indistinguishable from that
of patients with WHO grade II meningiomas. Similarly, patients with
WHO grade II meningiomas that were molecularly assigned to a benign
methylation class (WHO grade II MC ben) had a better outcome than
the average outcome of patients with histologically defined WHO grade
11 meningiomas. Consequently, the stratification for the methylation
class has been demonstrated to be of higher value for the prediction of
progression-free survival than WHO grading. The deseribed combina-
torial methylation classes have delineated subgroups with distinet
prognoses within all WHO grades, showing the benefit of methylation
class-based grading and, therefore, potentially reduce under or over-
treatment in meningioma patients [51]. In addition, it has been de-
monstrated that the hypermethylation of the SFRPI promoter could be
a mechanism of gene inactivation in meningiomas [66]. Moreover hy-
permethylation of p73, TIMP3, GSTP1, MEG3, HOXA6, HOXA9, PENEK,
WNK2 and UPK3A have been recently described associated either to
tumor progression/malignant transformation or tumor recurrence [67].

4.2. SWI/SNF complex mutations

The switch/sucrose non-fermentable (SWI/SNF) family is an ATP-
dependent chromatin-remodeling complex involved in epigenetic reg-
ulation in human [68,69]. The catalytic activity of this complex dis-
rupts DNA-nucleosome contacts, moves nucleosomes along DNA and
ejects or exchanges nucleosomes, enabling DNA accessibility by
opening the chromatin and consequently allowing an active transcrip-
ton. This complex, also called the Brg-/Brama-associated factor, is a
large multimeric assembly of 10-15 subunits. Each SWI/SNF complex
contains one of two mutually exclusive catalytic ATPase subunits (ei-
ther SMARCA2 or SMARCA4), a set of highly conserved core subunits
(SMARCBI1, SMARCC] and SMARCC2) and variant subunits, including
SMARCEL. Interestingly, heterozygous germline mutations in the
SMARCE] gene, located on chromosome 17g21.2, were reported in 16
patients from 11 unrelated families with spinal and intracranial clear-
cell meningiomas. These mutations were characterized as loss-of-func-
ton mutations, including frameshift and nonsense mutations, as well as
an inversion and two large deletions. All symptomatic males with a
SMARCE] mutation developed meningiomas in childhood (age range
2-10 years), while the symptomatic carrier females developed tumors
somewhat later in adolescence or early adulthood (age range 14-305)
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[18,34,70,71]. SMARCEI mutations is frequent in spinal cord me-
ningiomas with clear cell histology [18,34,72].Germline mutations in
SMARCBI have also been reported in three families with both multiple
sct omas and m giomas [73-77]. Additionally, SMARCBI
mutations have been reported to cause malignant rhabdoid tumors and
schwannomatosis. However, screening for the SMARCBI germline
mutation on individuals and families with multiple and isolated me-
ningiomas suggested that such mmaticms are not prevalent in multiple
meningiomas [78,79]. T 1gly, SMARCEI is located on chromo-
some 22 in close proximity to NE2, and co-occurrence of recurrent
SMARCBI mutations in NF2-mutated meningiomas has also been de-
seribed [19].

The importance of the SWI/SNF complex in tumorigenesis has been
further reinforced by the detection of somatic mutations in the ARIDIA
and PBRM1 subunits of SWI/SNF complex, and as major cancer-driving
gene mutations in ovarian and renal clear-cell tumor subtypes, re-
spectively [80,81].

4.3. Histone modifications

Another major epigenetic determinant for gene expression and
cellular differentiation is the histone modification through methylation
and acetylation [82]. Particularly modifications of lysine 27 (K27) of
histone H3 play a crucial role in tumorigenesis [83]. Methylation of
H3K27 is regulated by the EZH2 subunit of the PRC2 complex [84-86]
and trimethylated H3K27 (H3K27me3) is associated to gene silencing
[87]. Dysregulation of H3K27 methylation has been identified in sev-
eral different cancers, including breast, prostate, colon, ovarian can-
cers, and malignant peripheral nerve sheath tumors [83,88-92]. In
meningiomas, H3K27 d ion has been described in AKT1 and
NE2 mutated meningiomas, where complete loss of its trimethylation
has been associated to worse outcome, but not an obligatory finding
among high-grade meningiomas (17). Inmunohistochemical evaluation
of H3K27me3 was reported as an useful adjunct tool for determining
meningioma grade, particularly for WHO grade 1I and meningiomas
with histological borderline diagnosis of WHO grade I and IL

4.4. Chromosomal copy number variations

Small recurrent regional amplifications on chromosome 6p21-p22,
16p13, 13933, 17 and 19 have been described (94).

4.5. Micro-RNA

Cumulative evidences suggest miRNAs, a member of the non-coding
endogenous RNA region of approximately 22 nucleotides [93] play an
important role in a number of biological processes including metastasis,
proliferation, apoptosis, stress resistance, tumorigenesis, and cellular
differentiation [94-96].miRNA-224 was associated to malignant pro-
gression of meningioma (100).

Despite the previously demonstrated association between miRNA
expression and a variety of other cancers, Katar, et al [94], examined
the association between meningioma and miRNA-21, miRNA-107,
miRNA-137 and miRNA-29b expression. Of the four different miRNA
types, only miRNA-21 expression showed a significant increase in grade
2 and 3 lesions as compared to grade 1 lesions, and miRNA-107 ex-
pression was significantly lower in grade 2 and 3 lesions vs. Grade 1
lesions, while miRNA-137 and miRNA-29 b expression exhibited a
statistically nonsignificant decrease in grade 2 and 3 lesions as com-
pared to grade 1 tumors. In this study, despite a decrease in miRNA-137
with increasing disease grade, this difference was not significant,
probably due to low sample size.

Saydam et al [97], examining the association between different
types of miRNA and meningioma. They found an increase in miR-335,
miR-98, and miR-181a, while miRNA-200a, miRNA-373, and miRNA-
575 decreased. Also, in their laboratory study, miRNA-200a inhibited
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the growth of meningioma in the culture medium. In another study,
Wang, [98], et al, identified that, miR-224 expression could predict the
overall survival and recurrence free survival of patients with me-
ningioma and it might be a promising therapeutic target for treating
malignant meningiomas.

5. Molecular signaling pathways
5.1. WNT

The Wnt pathway is one of the important signaling pathways re-
ported as being dysregulated in meningiomas [99-102]. The activation
of Wnt signaling pathway leads to the increase of [-catenin cytosolic
levels. This occurs through the binding of Dishevelled (DVL) proteins to
AXIN, and translocation to the cell membrane, forming a large mole-
cular complex consisting of Wnt-Fz-LRP5/6-DVL-AXIN. This complex is
destroyed when AXIN is pulled out, and then B-catenin can no longer be
degraded [103]. The gene that codes for one of the Wnt receptors,
Frizzled class receptor 2 (FZD2), was reported as djffermnally ex-
pressed in meningiomas compared to non-malig
cells, being 3.7 fold higher in the tumor [104]. Moreover, genes mdmg
for key molecules of this pathway, namely APC and E-cadherin (CDHI),
and AXIN, have been reported as having loss of heterozigozity (LOH)
and their products as downregulated in m giomas [105-107], re-
inforcing the importance of this molecular signaling pathway in these
mors.

t u-mun

5.2 Sonic hedgehog

The smoothened, frizzled class receptor gene (SMO) encodes for the
smoothened homologue, a member of the Sonic Hedgehog signaling
(SHH) pathway, involved in both embryogenesis and several key cel-
lular processes, including proliferation and angiogenesis. SMO, located
at7q32.1, interacts with suppressor of fused homologue (SUFU), which
translocates the zine-finger protein GLI1 to the nucleus, subsequently
activating target genes [108]. The SMO-mutant is described with a
frequency between 3% and 5% of all meningiomas showed 2 recurrent
variants, ¢.1234C = T, p.L412F (70%) and ¢.1604G > T, p.W535L
(15%), and a highly recurrent phenotype of grade I meningothelial le-
sions arising from the anterior medial skull base [19,39]. The strong
association of the SMO mutation with meningiomas of the anterior skull
base location might be related to the central role of the SHH pathway in
the development of the ventral forebrain and median craniofacial ske-
leton [109,110]. The SMO mutations rarely co-occur with mutations of
NF2 or TRAF7 mutations or with chromosome 22 loss [12]. Germline
mutations in SUFU, a negative regulator of the SHH signaling pathway,
have also been reported in meningiomas (9,10).

5.3. PI3K/AKT/mTOR

The PI3K-AKT-mTOR signaling pathway is another important
growth-favoring pathway, particularly associated in a subset of me-
ningiomas harboring PI3K mutations [111]. Phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit alpha gene (PIK3CA) is located
at 3g26.32 and encodes the phosphoinositide-3-kinase (PI3K) catalytic
subunit pl10aFive different well-established oncogenic mutations
(E110del, N345 K, E453 K, E5S45K and H1047R) in PIK3CA have been
described (111).

This subset of meningiomas lacked mutations in NF2, AKTI and
SMO, but they tended to present TRAF7 mutations, being me-
ningothelial or transitional subtypes, preferentially localized at the
skull-base (64). Another gene in this signaling pathway, AKTI is located
on chromosome 14932, and is mutated recurrently in meningioma,
producing a known oncogenic alteration of glutamic acid to lysine at
codon 17 (¢.49G = A, p.E17K). And, this mutation has been reported
exclusively as not overlapping the NF2, KLF4 and SMO mutations [17].
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This mutation is commonly observed in meningothelial meningiomas
but is rarely reported in meningiomas of higher grades [58]. A majority
of meningiomas with TRAF7 mutations also harbor mutations in KLF4,
as described above, or in AKTI (6.8-9% of meningiomas), but not in
both genes [17,20,51]. The AKT1™"" mutation activates constitutively
PI3K/AKT/mTOR oncogenic signaling pathway [59]. Moreover, the
presence of the AKTI®™”™ mutation in skull-base meningiomas have
been associated with reduced time of recurrence [60]

6. Angiogenesis and anothers ways

Meningiomas are highly vascular tumors, and therefore signaling
pathways related to angiogenesis have been studied in these tumors.
The cytokine vascular endothelial growth factor (VEGF) was originally
described as a vascular permeability factor and as a positive regulator
of angiogenesis by promoting the migration, proliferation and tube
formation of endothelial cells [112]. VEGF up-regulation was demon-
strated in meningiomas, suggesting its role as a pro-angiogenic factor
[113-116]. Nonetheless, despite the higher vascularity in higher-grade
meningiomas, any parallel increase of VEGF expression was found in
atypical or anaplastic meningiomas [117,118]. Additionally, the pre-
dictive power of tumor recurrence of the ratio between the pro-angio-
genic factor as VEGF and the anti-angiogenic factor as SEMASA, asso-
ciated with low microvessel density, has been controversial [119].
Remodeling the extracellular matrix (ECM) is relevant for angiogenesis,
and metalloproteinases (MMPs) have been widely implicated as med-
iators of angiogenesis, and also as playing a role in the degradation of
the ECM facilitating tumor invasion. Additionally, MMPs regulate cell
adhesion, control apoptosis through the release of death or survival
factors and regulate the bioavailability and /or activity of growth factors
by mediating receptor turnover or by cleaving matrix proteins asso-
ciated with growth factors [120]. In this scenario, the ability of MMP9
to trigger the release of VEGF, which regulates angiogenesis and vas-
cular permeability, as mentioned [121] is well documented. Upregu-
lation of MMP9 has been related to an increase in intratumoral vascular
density, tumor invasion and recurrence and peritumoral edema [122],
being pointed out as a predictive factor for tumor recurrences, espe-
cially for benign meningiomas [123]. Indeed, for these reasons, asso-
ciated with controversial results in the literature, we chose to study
these markers more thoroughly, in order to find a relationship between
these markers and the malignization of these tumors. In our cohort
[124,125] we found differential expression of MMP9 among me-
ningiomas; however its expression was higher among the atypical me-
ningiomas presenting recurrence (Fig. 2B); and no differential expres-
sion was observed among distinct grades of meningiomas (Fig. 2A).

Hyaluronic acid is an important component of the brain ECM,
known to be a permissive substrate for cell migration in tumor pro-
gression [126]. The expression level of CD44, a hyaluronic acid re-
ceptor, was found in 71% of benign, 83% of atypical and 100% of
anaplastic meningiomas. However, similarly to the MMP9 expression
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profile, no correlation of its expression level and tumor grade was ob-
served [127]. The loss of the TGF inhibitory effect has also been de-
scribed in higher-grade meningiomas and in combined alterations of
WNT and pS53-signaling pathways [128].

The next-generation sequencing approaches have established a so-
matic mutational profile of meningiomas. However, the mutational
status alone or combined to histological subtype and tumor localization
have not provided prognostic or therapeutic guidance [129], and ad-
ditional molecular predictive markers are needed.

7. Discussion

The study of meningioma is undergoing a renaissance due to the
application of multiplatform molecular, genomic, and epigenetic pro-
filing. These large-scale, systematic approaches inform a molecular
taxonomy that promises to influence diagnosis, disease classification,
and, ultimately, clinical management.

Actually, the current WHO classification of the central nervous
system (2016), combined histological-molecular classification termed
integrated diagnosis is applied for the diagnosis of gliomas [2] because
genotype is more significantly associated with prognosis than histology
[130]. However, as described above, more detailed investigations about
the correlation between genotype and prognosis are required to es-
tablish integrated diagnosis for meningioma. In meningioma, few sur-
rogate markers for mutations were reported. Sahm et al. [58] deseribed
the strong up-regulation of SFRP1 expression in all meningiomas with
AKT1 E17K. Brastianos et al [16] demonstrated the strong im-
munoreactivity for GAB] in meningiomas harboring SMO mutations,
and STMN1 expression was observed in AKT1-mutated and SMO-mu-
tated meningiomas [16]. However, the sensitivity, specificity, and ac-
curacy of the immunohistochemistry for genotyping of meningiomas
remain unclear.

As described by Linda, et al, [131] further understanding of the
factors that drive meningioma development and progression will lead
to the classification of every patient’s tumor according to its signature
alterations, ushering in an era in which meningiomas will be considered
in the same light as other tumors whose molecular underpinnings have
fueled the nascent precision medicine age.

8. Conclusion

Combined analysis of exome, transcriptome, methylome and future
approaches for epigenetic aspects in meningiomas may allow re-
searchers to unveil a more comprehensive understanding of tumor
progression mechanisms and, consequently, a more personalized clin-
ical approach for patients with meningioma.
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A Fig. 2. MMP9 expression profiles in meningiomas according to
1.5+ - 0.84 p=0.0101 WHO grade classification. (A) MMP9 transcript levels were de-
5 termined by quantitative real-time PCR in 57 grade I meningiomas
— [ 064 L] (GI), 18 grade 11 meningiomas (GID) and 3 grade Il meningiomas
_% = (GII) according to previous work (105, 106). The relative ex-
5 el 'E pression values were calculated according to 27%%, where
i @ 0.4 - ACt = Cr specific gene- geometric mean Ct of housekeeping genes
; = 2 the HPRT and GUSB expression levels for each sample of me-
0.5 = ningioma. The horizontal bars show the mean MMP? expression of
i ®s - g 0.2 each group: GI=0.050; GII =0.075; AGH = 0.010. (A) The
. = Y a MMP9 expressions among the groups was not statistically sig-
ca® ] nificant (p = 0.05, Kruskal Wallis test). However, MMP9 expres-
0.0 = =ss E —gt— 0.0- OO ugnt sion levels according to recurrence (+) or no recurrence (-) in
o pom pm T ; grade II meningiomas were significantly different (p = 0.0101,

recurrence Kruskal Wallis test), as in (B).
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Analise critica

O estudo do meningioma esta passando por um renascimento devido a aplicagao
multiplataforma de sequenciamento em larga escala para a determinacao de perfis
moleculares, gendmicos e epigenéticos. Essas abordagens sistematicas em larga escala
tém permitido uma taxonomia molecular que promete influenciar o diagndstico, a
classificacdo da doenca e, finalmente, o manejo clinico.

Na verdade, a atual classificacio da OMS do sistema nervoso central (2016),
aplica uma classificacdo histologico-molecular combinada, denominado diagndstico
integrado, atualmente aplicado para o diagnostico de gliomas (3). Esta pratica tem
demonstrado que o genotipo estd mais associado ao prognodstico do que a histologia
(139). No entanto, os esforcos para estabelecer a correlagcdo entre genotipo € prognostico
para os meningiomas estdo apenas se iniciando e sd3o necessarias investigacdes mais
detalhadas para a determinagdo de um diagnostico integrado para este tipo de tumor. No
meningioma, observa-se uma paucidade de mutagdes somaticas associadas ao fenotipo
tumoral. Entre estas, Sahm et al. (27) descreveram a forte regulacdo positiva da
expressdo de secreted frizzled related protein 1 (SFRPI) em todos os meningiomas com
mutagio no gene AKT serine/threonine kinase 1 (AKTI)®'7%. Brastianos et al. (140)
demonstraram imunorreatividade para a proteina GRB2 associated binding protein 1
(GAB1) em meningiomas com mutagdo no gene small ubiquitin-related modifier
(SUMO) e para a proteina stathminl (STMN1) em meningiomas com mutacdes em AKT/
e SUMO. No entanto, apesar dos achados nestes estudos, a sensibilidade e especificidade
da imuno-histoquimica para correlagio com a genotipagem em meningiomas
permanecem incertas.

Conforme descrito por Linda et al. (141), uma maior compreensdo dos fatores que
impulsionam o desenvolvimento e a progressdo do meningioma permitira a classifica¢ao
do tumor de acordo com suas alteracoes de assinatura molecular, iniciando uma era em
que os pacientes com meningiomas também receberdo tratamentos personalizados dentro

da concep¢ao da medicina de precisao.
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Identificacdo dos marcadores implicados na recorréncia dos meningiomas
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Abstract

Purpose: In this study. we searched for genetic signatures associated to tumor
progression and recurrence in owr cohort of meningiomas combining the analysis of
targeted exome. transcriptome and protein expressionn.

Methods: We enrolled 91 patients submitted to surgical of intracranial meningioma in
our institution between June 2000 to November 2007. The search of somatic mutations
was performed by NGS through a customized panel. and MLPA for NF2-LOH. The
transcriptomic profile was analyzed by QuantSeq 3 'mRNA-Seq. The differentially
expressed genes of interest were validated at the protein level by immunohistochemistry.
The molecular results were correlated to the clinical parameters. particular to tumor
recurrence and a gene set predictive of clinical outcome was identitied by Samr analysis.
Results: In this meningioma cohort of 67 grade I. 18 grade IT and 6 grade III and follow
up time of 101 = 47 months. tumor recurrence was observed in 26% and death in 22% of
cases. The transcriptomic analysis identified upregulated set of genes related to
metabolism and cell cycle. and downregulated genes related to immune response and
extracellular matrix remodeling in grade II (atypic) meningiomas, with significant
difference in recurrent compared to non-recurrent cases. EZH2 nuclear positivity

associated to grade IL particularly to recurrent tumors.

Conclusion: the transcriptomic analysis of our meningioma cohort identified set of
differentially expressed genes in grade II related to activation of oxidative metabolism.
cell division, cell motility due to extracellular remodeling and to immune evasion. Among
them. the genes related to cell cycle and extracellular remodeling were predictive of

clinical outcome, and may be targets for adjuvant therapeutic strategies.
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CONTEXT

Key Objective This study sought to provide contemporary data from a institutional of
comprehensive cancer centers with respect to genetic signatures associated to tumor
progression and recurence in our cohort of meningiomas combining the analysis of
targeted exome. transcriptome and protein expression.

Knowledge Generated: personal management is necessary to the best neuro-oncological

management of meningiomas.

Relevance Current data support that combined analysis of exome. transcriptome.
methylome and future approaches for epigenetic aspects in meningiomas may allow
researchers to unveil a more comprehensive understanding of tumor progression
mechanisms and, consequently, a more personalized clinical approach for patients with

meningioma.

INTRODUCTION

Meningiomas. tumors that originate from meningothelial cells. account for

approximately 30% of all new diagnoses for central nervous system neoplasms’. and in the

2016 WHO classification?. they are divided into three grades: I (GI). II (GII). and IIT (GIII)

Grade I meningiomas are typical or benign tumors. stratified into nine histological subtypes

meningothelial, fibrous, transitional, psammomatous, angiomatous, microcystic, secretory.

3

lympho-plasmacyte-rich. and metaplastic. They represent 88—94%. of all meningiomas

Atypical meningiomas are “intermediate grade” malignancies (GII) that account for 4.7%—

7.2% of meningiomas and are associated with a 29%—52% post-resection recurrence rate *

Moreover, they exhibit a tendency for malignant progression with a significant increase in

tumor cell migration and infiltration of surrounding tissues . The anaplastic variant (GIII)

1s exceedingly rare, accounting for 1%—3% of all meningiomas, associated with poor

prognosis and a median overall survival of 1.5 years S, and 5-year survival ranging from

47% to 61%’.

Total tumor resection provides the best chance for long-term survival of patients
with GII and GIII meningiomas. but such a procedure should be carefully weighed to
ensuwre that it does not increase morbidities or complications due to therapeutic

procedures®. Radiotherapy is still a controversial issue. Although positive impact has been
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shown when fumor recurrence and progression-free survival were analyzed’.
controversial results were reported concerning tumor recuirence among GII

meningiomas'?.

The application of multiplatform molecular. genomic, and epigenetic profiling has
mtroduced molecular stratification with a correlation to clinical outcome. This application
has guided therapeutic strategies. In this study. we searched for genetic signatures
associated with tumor progression and recurrence in our cohort of meningiomas,

combining the analysis of targeted exome. franscriptome and protein expression.

METHODS

Tumor samples and clinical data

We enrolled 91 patients submitted for surgery of intracranial meningioma in our
institution between June 2000 and November 2007. The inclusion criteria were as
follows: 1) newly diagnosed meningioma: 2) frozen tumor sample available: and 3)
surgical resection of > 80% of the tumor bulk. Exclusion criteria included: 1) prior history
of treatment, either surgery or brain irradiation. and 2) age < 18 years. The study was
conducted in accordance with institutional ethical guidelines (research protocol 200/03).

Histopathological stratification was performed according to the WHO grading system?.

Sample Preparation

Tumor fragments were immediately snap-frozen in liquid nitrogen upon surgical removal.
They were cryosectioned. stained for hematoxylin-eosin. and hemorrhagic areas were
microdissected prior to DNA and RNA extraction using an AllPrep DNA/RNA Mini Kit
(Qiagen. Hilden. Germany)''*. Blood DNA was extracted using Qiagen Blood DNA
Mini Kit. RNA integrity was determined by the TapeStation 2200 system (Agilent
Technologies, Carlsbad, CA).

Mutational profile
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The mutational profile was determined through a customized panel targeting NF2. KLF4,
TRFA7. AKTI. SMO. PIK3CA, POLR24. SUFU, SMARCBI, SMARCE], and TERT.
Variants were called using fieebaves with the —pooled-continuous and —pooled-discrete
flags activated. Only variants with a minor allele fraction >10% were considered for
downstream analysis. Annotation of the variants was performed with annovar, as
described previoush'?. We selected candidate somatic variants according to the following
criteria; 1. Known somatic hotspot or 2. Absent in publicly available population
databases. including 1000 Genomes. gnomAD. and the local database SELAdb'*. We
used CONTRA?® to perform a copy-number variation (CNV) analysis. Reference samples

derived from normal blood DNA were used to generate the baseline copy-number profile.

Multiplex ligation-dependent probe amplification (MLPA)

NF2 loss of heterozygosity was determined through MLPA screening using the
commercial kit SALSA MLPA probemix P044-NF2 (RC-Holland. Amsterdam. the
Netherlands). with 200ng of tumor DNA and blood controls. PCR products were analyzed

on an ABI 3130XL sequencer (Applied Biosystems. Foster City. CA).

Transcriptome analysis

The transcriptomic profile was analyzed using RNASeq. Libraries were prepared using a
QuantSeq 3’'mRNA-Seq Library Prep Kit-FWD (Lexogen. Vienna, Austria) with 1 ug of
tumor RNA. The library concentration was measured by Qubit Fluorometer and Qubit
dsDNA HS Assay Kit (Applied Biosystems). and the size distribution was determined
using an Agilent D1000 ScreenTape System (Agilent Technologies). Unsupervised
clustering (consensus cluster analysis) was performed with ConsensusClusterPlus'®. To
identify clusters of genes that defined the four groups of tumors identified by consensus
cluster. we first used the fopTableF function from /imma to filter out genes that were not
differentially expressed. We then used pheatinap to perform hierarchical clustering
analysis with complete clustering and Pearson’s correlation as the distance metrics.
Pathway analysis and gene set enrichment analysis were performed using online tools
such as GSEA  (http://software.broadinstitute.org/gsea) and  WebGestalt
(http://www.webgestalt.org/). To identify genes whose expression levels were predictive

of overall survival (OS) and disease-free survival (DFS), we used the S4M function from

5
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the R/CRAN samr!” package. The counts per million reads mapped (CPM) were log

transformed and normalized to z-score for visualization in heatmaps.

Tissue Microarray (TMA)

TMA was built by spotting three regions of interest containing tumor tissue of 1.0mm. In

total, 55 meningioma cases were represented.

Immunohistochemistry

The protein expression level for EZH2. PCGlo. CD11B. HLA-E. COX5A and H6PD
were analyzed by immunohistochemistry using a Novolink Polymer Detection Systems
kit (Leica Biosystems, Wetzlar, Germany). The reaction was developed using a DAB
solution, and nuclei were counterstained with Harris hematoxylin. The percentage of
positive nuclei for EZH2 was quantified in five random fields at 400x magnification, and

cytoplasmic positivity was analyzed by color deconvolution in Image J/Fiji'®.

Statistical analysis

Data distribution was tested using the Kolmogorov-Smirnov test. Expression levels in
different grades and in different subtypes of grade I meningiomas were investigated using
non-parametric Kruskal-Wallis” and post-hoc Dunn'’s tests. Correlation between relative
gene expression values was assessed using the non-parametric Spearman-rho correlation
test. and the results were plotted using the corrplot package in R. Discrimination of
variables was calculated by the receiver operator characteristic (ROC) curve utilizing area
under curve and asymptotic significance. Differences were considered statistically
significant when p<<0.05. The analyses were performed in the SPSS for Windows. version

21.0 (IBM Corporation. Armonk).

RESULTS
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Demographic and Clinical characteristics

We analyzed 91 meningioma patients (62 females/29 males; 2.13:1.0 ratio) with ages
ranging from 27 to 80 years old (54.8 = 13.7yo), followed for 101 = 47 months. Of these,
67 cases were GI. being 21 meningothelial-M. 36 transitional-T. 10 fibrous-F). 18 GII
and 6 GIII. Tumor recurrence was observed i 24 cases (13 GI. 11 GII) within a time
mterval ranging from 24 to 104 months (63 £ 41 months). In total. 20 deaths were
observed (7 GI. 7 GII and 6 GIII). and among these, 4 deaths were related to surgical

complications (STablel).

Somatic mutations

NF?2 deletions were determined by NGS analysis and confirmed by MLPA analysis. NF2
alterations were detected in 49 cases. Of these. 3 were homozigous deletions: 8 were
heterozigous deletions combined with nonsense mutations: 4 were missense mutations:
15 showed small rearrangements. while in 18 cases no mutation was detected in the
second allele. They were distributed in 29 GI (3M. 18T. 8F). 18 GII, and 2 GIIL
Additionally. 18 mutations were detected in 5 TRAF7. 4 SUMO. 3 AKT, 3 KFL4.2 TERT.
and 1 SUFU, distributed in 9T, 4M, 2F. 2GII e 1GIII. No mutations were found in
PISKCA. POLR?2 and SMARCBI (STable 2).

Transcriptomic analysis

The RNASeq vielded a mean of 4.1 million filtered reads. detected 14.437+1.350
genes, and among these 13,085 presented ensemble gene ID. An unsupervised
clusterization identified four clusters with 175, 196, 137, and 489 genes. (Fig.1A). In
order to predict possible functions of the swrogate genes in each cluster. we performed
enrichment analysis of the Biological Processes of the Gene Ontology (GOBP) (Fig.1B.
STable3).

Cluster 1 comprised 175 genes significantly enriched for the ATP metabolic process and
oxidative phosphorylation (OXPHOS). Twenty genes related to OXPHOS. 8 to
glycolysis. 5 to TCA cycle and 3 to glutaminolysis were upregulated in GII compared to

GL In contrast, H6PD and PGD of the pentose phosphate pathway were downregulated.,
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and negatively correlated with OXOPHOS gene expressions (Fig.2A. SFig.3).
Interestingly., GII meningiomas presented upregulation of the ESRRA and PPARGCIA
(Fig.2B). whose expressions were significantly correlated to metabolic gene expressions.
In particular, ESRRA connectivity was reinforced in GII (Fig.2C, STable5). Of note, the
majority of these metabolic genes (36 out of 44) were significantly higher in recurrent
meningiomas compared to non-recurrent ones. Convergent to this energetic support, 24
genes related to cell cycle were upregulated in GII, and importantly. the expression of 21
of them was significantly higher in recurrent tumors (SFig. 4. STable4). All these genes
discriminated GII from GI meningiomas when upregulated with significant ROC-AUC
(STable4). Interestingly. 8 genes related to mitochondrial processes were also

significantly upregulated in GII. especially in recuurent meningiomas (SFig.4, STable4).

Cluster 2 with 196 genes showed enrichment in actin filament-based organization and
regulation of cell morphogenesis. Twenty-two genes presented significant differential
expression levels, and among these. 12 genes presented higher expression. and

discriminated M from T and F subtypes (Fig.3A. STable4).

Cluster 3 with 137 genes presented enrichment of biological processes related to
leukoeyte migration, involved in immmune response, and 38 genes presented lower
expression in GII compared to GI. with high discriminative power for GII. Interestingly.,
the expression levels of genes coding for the immunoproteasome were higher in GII
compared to GI cases (Fig.4A, B and C), and presented a negative correlation with EZH?2
expression, particularly HLA-E and HLA-F (Fig.4D). Particularly. HLA-E and WIPFI
expression levels were significantly lower in recurrent compared to non-recurrent
meningiomas. In addition. another 12 genes showed significant connectivity to HLA-E.
HIA-F. and WIPFI and were negatively correlated to EZH2 expression (SFig.5.
STabled).

Cluster 4 with 472 genes presented enrichment of biological processes related to cell-
substrate adhesion with an extracellular matrix (ECM) structural constituent and to
negative regulation of cell migration. Among these, 63 genes presented differential
expression levels for GI compared to GII, and 44 genes discriminated the F type (Fig.3B.
STable4). We identified genes coding for ECM components as collagens (COLIAZ,
COLS8A1/2). fibulin (FBLNI). elastin (ELN). matrilin (MATN2). a secreted protein similar
to fibrinogen (FGL2). and netrin (NTN1/4). Moreover. we found genes related to TGFf

that stimulate the synthesis of ECM components (IGFB3: GDFI10). and related to the
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regulation of TGFP bicavailability (LTBPI1/2). These genes were differentially
upregulated in F-GI and downregulated in GII. Interestingly. EGFL6. a regulator of
epithelial-mesenchymal interaction. presented the highest score to discriminate F
meningioma. corroborating a previous report of its involvement in F meningioma
pathogenesis through the PI3K/Akt cell cycle and TGFB pathways!®. Notably. AR
expression levels also discriminated F meningioma. and it correlated negatively with
EZH?2 expression among GI meningiomas. A reciprocal regulation between AR and ZEBI
was previously described in breast cancer. ZEB1 is a transcription factor that plays a
major role in regulating the epithelial to mesenchimal transition (EMT). and it may be
activated by cytokines as TGFB* (Fig. 3B. 5A). Additionally, genes involved in the
negative regulation of cell migration (CYPIBI, EMILINI, ENG, IGFBP5, MMP2S§,
PODN. PTPRU) were downregulated in GI in contrast particularly to fibrous-GI. which
presented upregulation. (Fig.3B. STabled). Of note. the CYPIBI expression level
impacted the clinical outcome. being among the top 5 genes presenting the highest score
to predicted OS and DFS (Fig 5B).

The differentially expressed genes of the four clusters presented high connectivity
(Fig.5), and a set of genes related to cell division and negative regulation of cell migration
were predictive of overall survival and disease-free survival. Interestingly. MNI.
meningioma 1, previously described as related to meningioma pathogenesis was one of

them (Fig.5).
Immunohistochemistry
A significant difference in EZH2 protein distribution was observed. being cytoplasmic in

GI, particularly in M type, and predominantly nuclear in GII with the highest scores in

the recurrent meningiomas (Fig.6).
DISCUSSION
Atypical and recurrent meningiomas presented enhancement of oxidative

metabolism and cell division

Tumor cells require high energy and substrates to grow and divide, and they need to

control the redox potential and reactive oxygen species (ROS) to survive. The levels of
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all these metabolites establish the biosignature of what is called metabolic
aggressiveness®l. In fact, the transcriptomic analysis of our meningioma cohort revealed
a metabolic reprogramming with upregulation particularly of OXPHOS in GII compared
to GI. with a significantly higher expression in recuurent meningiomas. Additionally, an
upregulation of genes related to mitochondrial processes was detected in GII. Moreover.
the OXOPHOS gene expressions strongly correlated to PPARGCIA (also known as
PGCla), and ESRRA expression levels. ESRRA is an orphan nuclear receptor. which
mnteracts physically with PCGla at the promoters of OXPHOS-related genes. increasing
their expression consistent with our finding of tight co-expression of OXPHOS genes.
The higher PGCla expression in GIT compared to GL and particularly in recurrent
meningiomas corroborates previous reports of its upregulation in proliferative tumor cells
increasing their mitochondrial respiration capacity?>. The significant upregulation of the
major regulator of mitochondrial DNA replication/transcription, TFAM. observed in GII
is also convergent with the role of PGCle¢ in mitochondrial biogenesis™. However, the
co-expressions among OXOPHOS genes coded by mitochondrial and nuclear genomes
detected in GI were lost in GII, suggesting a decoupling of the electron transport chain
that may lead to the production of reactive oxygen species (ROS). ROS mediates the
interplay between the regulatory genes and metabolites and modulates several oncogenic
signaling pathways*, which culminates in tumor cell proliferation. In fact. the expression
of several genes related to cell division. particularly related to regulation of G2/M
transition of mitosis was upregulated in GII, and mostly in recurrent meningiomas.
Moreover, a significant upregulation of EZH2 was observed in recurrent meningiomas,
suggesting activation of the E2F[-EZH2 axis, previously associated with tumor
aggressiveness”. In fact, EZH2. a cardinal catalytic subunit of polycomb repressive
complex 2 (PRC2) has been shown to be downstream in the cell cycle-retinoblastoma-
E2F pathway. and is required for the expression of proliferative genes and for E2F-driven

. . 2
proliferation’®

. Interestingly. a recent study pointed out that concomitant overexpression
of EZH2 and TOP2A4 have provided a novel direction for the risk stratification of
aggressiveness and a new combinatory therapeutic approach for the clinical management
of prostate cancer’’. Our results also suggest that such a combinatory therapy targeting
EZH2 and genes related to cell division may offer an alternative therapeutic strategy for

aggressive meningiomas.

10
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Atypical and recurrent meningiomas presented immune evasion associated to EZH2

upregulation and its nuclear localization

Cancer cells proliferate by evading innate and adaptive systems. Tumor foreign antigens
should be presented to the surface of tumor cells bound to major histocompatibility class
I (MHC-I) molecules to be recognized by CD8+ cytotoxic T cells for their elimination.
Any suppression of the MHC-I system may provide advantages to cancer cells. A very
recent study identified an essential role for PCR2 in maintaining ftranscriptional
repression of MHC-I catalyzed by EZH2%. We also found that GII meningiomas.
particularly the recurrent tumors, presented low expression of MHC-I related genes.
which correlated inversely to overexpressed EZH2. and its nuclear distribution.
particularly HLA-E and HLA-F. Additionally, we found downregulation of several
components of immune processes also negatively comrelated to EZH2: a) the
immunological synapse formation corresponding to molecular movements through
remodeling of the actin cytoskeleton (NCKAPIL. DOCK?): b) cytosolic adaptor proteins
involved in immune cell activation (HCST. PSTPIPI, AIF1, P2RX4). c¢) inside-out
signaling for T-cell activation through integrin stimulation (V.4¥V1): d) a regulator of the
type I interferon response (ARRBZ). and e) modulator of leukocyte adhesion and
migration (/7GAM). Moreover. the downregulation of WIPF1 has been linked to immune
deficiency. Thus. the identified expression profile was consistent with the presence of

immune evasion in GII meningiomas.

Genes related to actin cytoskeleton organization and extracellular matrix

remodeling were downregulated in atvpical and recurrent meningiomas

Several genes related to the reorganization of the actin cytoskeleton. cell adhesion and
negative regulation of migration were downregulated in GII. which were convergent with
the invasive characteristics presented by the atypical meningiomas. Among them.
CYPIBI. identified as a gene involved in cell motility, presented negative and significant
scores in determining clinical outcomes. indicating that the downregulation of their
expression impacted shorter overall survival and disease-free survival time. Interestingly.
the meningioma 1 (MN1) gene was also identified as one of the top 5 genes predicting a
clinical outcome. It is located in Chr 22q12.1 close to the NF2 gene (Chr 22q12.2), and

11
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it functions as a transcriptional coactivator. It has been suggested that the inactivation of

this gene contributes to meningioma pathogenesis®.

In summary. the transcriptomic analysis of our meningioma cohort identified a set of
differentially expressed genes in grade II related to the activation of oxidative
metabolism. cell division. cell motility due to extracellular remodeling. and immune
evasion. Aimong them. the genes related to cell cycle and ECM remodeling were
predictive of clinical outcomes. and may be potential candidates to monitor meningioma

evolution. They may also be targets for adjuvant therapeutic strategies.
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Figure 1. Transcriptomic analysis of 91 meningiomas. A. Unsupervised clusterization identified 4

cluster showing in red the upregulated genes and in blue the downregulated. B. Dot plots illustrating the

top 10 most enriched Gene Ontology terms of Biological Process for the gene set of each cluster
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Figure 2. Cluster 1: genes enriched for metabolic process, particularly the oxidative phosphorylation.
A. The upregulated genes in meningiomas grade II (GII) compared to grade I (GI) in glycolysis, TCA
cycle, oxidative phosphorylation (OXPHOS) and glutaminolysis are plotted in red. The pentose phosphate
pathway related genes H6DP and PGD were downregulated and they are shown in blue. * p<0.05, **
p<0.005 and *** p<0.0005 by Kruskal-Wallis test. B. PPARGCIA and ESRRA expressions were
upregulated in GII compared to GI (p=0.002 and p=0.008, respectively, Kruskal-Wallis test). In red are
demonstrated the recurrent meningiomas, and PPARGC1A expression was significantly higher in recurrent
compared to non-recurrent cases (p=0.032, Mann-Whitney test). C. Correlation matrix showing the gene
expression correlations with each other in GI and GII. Positive correlations are shown in blue and negative
correlations in orange. The color intensiveness and the size of the circle are proportional to the value of r
by Spearman test (scale presented at right side). Only the correlations with p < 0.05 were plotted. The
correlations among the OXPHOS related genes and ESRRA were reinforced in GII. TFAM, a transcription
regulator of mitochondrial-OXPHOS genes, correlated negatively to genes coded by nuclear genome
(ATP5MC1, r=-0.88, p=0.000; NDUFBI10, 1r=-0.72, p=0.001; NDUFAI3, r=-0.67, p=0.002). The

correlations with mitochondrial genome coded OXPHOS genes (mtDNA) observed in GI was partially lost
in GIL
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Figure 3. A. Cluster 2: genes enriched for actin cytoskeleton. Heatmap of expression levels of 12 genes
highly connected with actin filament organization with differential expression levels among GI histological
subtypes, presenting higher expression in meningothelial (M) compared to transitional (T) and fibrous (F)
meningiomas ( *p<0.05, **p<0.005, ***p<0.0005, Kruskal-Wallis test; all genes presenting p<0.05, Dunn
test; ROC-AUC>0.665 with p<0.032). LIMK2, BAIAP2, ARGHGEP5/15, ARAP3, and RHOJ are
associated to downstream effector of Rho small G proteins, coding for proteins involved with lamellipodia,
filipodia, stress fibers, focal adhesion formation and cell shape regulation. ISLR2 expression level was
significantly lower among recurrent meningiomas (Y: p=0.018, Mann-Whitney test). B. Cluster 4: genes
enriched for extracellular matrix. Heatmap of 23 genes presenting higher expression in F compared to M
and T, and also discriminated F type (*p<0.05, **p<0.005, ***p<0.0005, Kruskal-Wallis test; all genes
presenting p<0.05, Dunn test; ROC-AUC>0.694, p<0.046). EGFL6 presented high score to discriminate F
meningioma (ROC-AUC 0.843, p=0.0001). AR expression level showed significant power to discriminate
F type (ROC-AUC=0.759, p=0.008), with higher expression than M and GII meningiomas (p=0.004, and
p<0.0001 respectively, Dunn test). Significant lower expression levels of these genes were observed in
recurrent meningiomas (fp<0.05, Yp<0.005, [Yp<0.0005, Mann-Whitney test). Each line represents the z-
score of logCPM values. CPM: counts per million. Female: pink, male in light-green. Recurrent
meningioma: black, non-recurrent: grey, lost follow-up: white. M: meningothelial, T: transitional, F:
fibrous, GII: grade II atypical meningioma, OS: overall survival, DFS: disease free survival. Score: T-
statistic value comparing the gene expression level among the alive and dead patients for OS, and non-
reccurent and reccurent cases for DFS. #: g-value as the lowest False Discovery Rate at which each gene
was called significant based on the work of John Storey(142). (#<20%, ##<10%, ###<5%, ####<1%).

107



Resultados

A B

Cytotoxic T cell
EZH2 HLA-F HLA-E

Antigen 15 15+ 15-

Proteasome ok

\\" .1
(42 ., :

L / X" Golgi ]
“TIHLA 5 5
PCR2 * evo
EZH2 o%e
ER
&m,@ MHC class | - ™

Nucleus Meningioma cell .

T T T T T
Gl Gl Gl Gl Gl Gl

[5]

e :050% °

C D

Gl
no recurrence

EZH2
HLA-F
HLA-E
HLA-C
HLA-B
HLA-A

B2M
TAP1
TAP2 | "

PSMB9

m
|
[
PSMB8 I 54 <. femes’
L

15+ ®  HLA-E

® HLAF
i =
-

HLA-E/H
| ]
!
I
I

PSMBY
PSMB6
PSMB5
PSMB4
PSMB3
PSMB2
PSMB1

-
--
-
-
-

Figure 4. Cluster 3: genes enriched for immune response. A. The MHC-I antigen processing involves
multiple steps including immuno proteasome components (PSMBs), peptide transporters associated with
antigen processing (TAP1, TAP2), scaffold stabilizer (B2M), and MHC-I-heavy chain (HLAs) molecules,
which display intracellular peptides on the cell surface for CD8" T cell recognition. EZH2 represses the
transcription of MHC-class I related genes(143). B. EZH2 expression was higher in GII meningiomas
compared to GI (p=0.001, Mann-Whitney test), particularly recurrent (in red) compared to non-recurrent
cases (p=0.003, Mann-Whitney test). In contrast HLA-F and HLA-E expressions were downregulated in
GII (p=0.031 and 0.001, respectively, Mann-Whitney test). HLA-E expression was significantly lower in
recurrent meningiomas (in red) (p=0.014, Mann-Whitney test). C. Heatmap representing RNASeq
expression of the genes coding for proteins involved in the MHC-class I pathway in GII recurrent and non-
recurrent meningiomas. A negative correlation of these genes with EZH2 expression was observed among
recurrent GII meningiomas. Each line represents the z-score of logCPM values. CPM: counts per million.
D. Negative correlation among the expressions of EZH2/HLA-E (p=0.0006, r=-0.3475) and EZH2/HLA-F
(p=0.0337, r=-0.1993). The EZH2/HLA-E negative correlation was more significant among recurrent
meningiomas (p=0.0004, r=-0.6589, Spearman rho test).
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Figure 5. Connectivity and clinical impact of the identified genes in the analyzed clusters. A. The
network of proteins related to pathways identified in WebGestalt analysis performed by String app in
Cytoscape software. The proteins are represented by nodes and the interactions are represented by edges
(score value>0.5). Cluster 1: metabolism reprogramming, cell cycle, and mitochondria (nuances of pink);
Cluster 2: actin cytoskeleton (blue); Cluster 3: immune response (green); and Cluster 4: extracellular
matrix (ECM) remodeling (lilac). Significant differential gene expressions between recurrent and non-
recurrent meningiomas are represented: 9 p<0.05; 99 p<0.005; 499 p<0.0005 (Mann-Whitney test). B.
Kaplan-Meier curves for overall survival (OS) and disease free survival (DFS) of the top 5 genes
presenting significant score and g-value calculated by Samr. Meningioma patients presenting
hyperexpression of CENPF, HMMR and TOP2A, genes related to cell cycle identified in cluster 1,
presented shorter OS and DFS compared to those presenting hypoexpression. In contrast to the expression
level CYPIBI, related to extracelular matrix remodeling of cluster 4, which hiperexpression correlated to
better outcome. Similarly, MNI hyperexpression confered better clinical outcome. High (red) or low (blue)
expression was determined relative to the median expression value for each gene in 70 cases. Meningioma
patients who died in the immediate post-surgical period, due to causes not-related to the tumor progression
and with discontinued follow-up were excluded for this analysis.
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Figure 6. Cytosolic and nuclear EZH2 protein expression in GI meningothelial-M (A), transitional-T
(B), fibrous-F (C) and GII (D) meningiomas. E. Intensity of EZH2 immunoreactivity in the cytoplasm
measured by Image J color deconvolution, and the percentage of positive nuclei for EZH?2 relative to total
number of nuclei. EZH2 cytoplasmic immunoreactivity was significantly different among the analyzed
groups (p=0.001, Kruskal-Wallis test), and it was higher in M compared to T (p=0.0009) and F (p=0.002),
as it was higher in GII compared to T (p=0.005) and F (p=0.008). EZH2 nuclear positivity was
significantly higher in GII, particularly among the recurrent meningiomas (red) (GII x T p=0.0365, GII x F
p=0.0109). The recombinant Anti-KMT6 / EZH2 antibody (ab191080) was used in 1:2000, pH=9.3.
Representative microscopical images are presented in 400x magnification.
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Supplemental Figure 1. Immunohistochemistry for PGC1A, COXSA, and H6PD for GI
meningothelial (M), transitional (T) and fibrous (F) histological types, and GII atypic meningioma. Higher
PGCI1A and COXS5A protein expressions were observed in GII compared to GI (p=0.0084 and p=0.0015,
respectively, Mann-Whitney test). In contrast, low H6PD protein expressions were observed in GI and GII
(p=0.6944, Mann-Whitney test). Anti-PGCI1A rabbit polyclonal, ab54481, 1:400, pH=6.3); anti-COX5A
rabbit monoclonal ab110262, 1:1600, pH=6.3 and anti-H6PD rabbit monoclonal, ab170895, 1:50, pH=9.3
were used for immunohistochemistry. Representaive images were presented in 400x magnification. The
values of immunopositive intensity obtained by Image J color deconvolution were used for statistical
analysis.
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Supplemental Figure 2. Immunohistochemistry for CD11B (ITGAM), and HLA-E for GI
meningothelial (M), transitional (T) and fibrous (F) histological types, and GII atypic meningioma. Lower
CD11B and HLA-E protein expressions were observed in GII compared to GI (p<0.0001 Kruskal-Wallis
test and M x T p<0.001, M x F p<0.0001, M x GII p=0.015, T x GII p=0.023, F X GII p=0.008 Dunn test
for CD11B; p=0.020 Kruskal-Wallis test and M x GII p=0.008, T x GII p=0.038, F x GII p=0.004, GI x
GII p=0.038 Dunn test for HLA-E). Anti-CD11B rabbit monoclonal, ab52478, 1:2000, pH=6.3); anti-
HLA-E mouse monoclonal ab2216, 1:1600, pH=6.3 were used for immunohistochemistry. Representaive
images were presented in 400x magnification. The values of immunopositive intensity obtained by Image J
color deconvolution were used for statistical analysis.
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Supplemental Figure 3. A. Cluster 1: genes enriched for metabolic reprogramming. Heatmap of
expression levels of 34 genes highly connected being 4 genes related to glycolysis, 5 to TCA cycle, 19 to
oxidative phosphorylation (OXPHOS), 3 to glutaminolysis, 1 to pentose phosphate pathway (PPP), and
PPARGCI1A and ESRRA. Upregulated gene expression was observed in GII, except for H6PD (*p<0.05,
**p<0.005, ***p<0.0005, Kruskal-Wallis test; p<0.05, Dunn test; ROC-AUC>0.60, p<0.032). Their
expression levels were also higher in recurrent compared to non-recurrent meningiomas, except for ESRRA
((p=<0.05, p=<0.005, 99p<0.0005, Mann-Whitney test). OS: overall survival, DFS: disease free survival.
Score: T-statistic value comparing the gene expression level among the alive and dead patients for OS, and
non-reccurent and reccurent cases for DFS. #: q-value as the lowest False Discovery Rate at which each
gene was called significant based on the work of John Storey(142). (#<20%, ##<10%, ###<5%,
HHIH<1%).
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Cluster 1 — cell cycle & mitochondria
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Supplemental Figure 4. A. Cluster 1 genes enriched for cell cycle and mitochondrial function.
Heatmap of expression levels of 19 genes highly connected and related to regulation of mitotic cell cycle
(AURKA, CENPF, CEP152, CDKI, E2F1, RECQL4, TOP2A, HMMR, PTTG1, NUSAPI, TPX2, UBEC2C,
HMGA2, CHMPAC), to cell division (4SPM, CABLES2, SPC24), to genomic stability (NMME!) and to
cellular response to hypoxia (EGLN3). The expression of these genes was correlated to EZH2 expression
particularly in GII. Ten genes were also highly connected and related to mitochondrial processes as to
protein import into mitochondria (HSPDI); to protein targeting to mitochondria (TIMM17A4, TOMM?20,
CHCHDI10), to transmembrane transport (NNT); to protein synthesis within the mitochondria (MRPLI5);
to chaperone-mediated protein complex assembly (HOPX); to protein folding and mitochondrial
permeability transition pore in the inner mitochondrial membrane (PPIF); and to mitochondrial genome
transcriptional machinery (TFAM, PPARGCI1A). The expressions of these genes were higher in GII
compared to GI (*p<0.05, **p<0.005, ***p<0.0005, Kruskal-Wallis test; p<0.05, Dunn test; ROC-
AUC>0.060, p<0.032). Their expression levels were also higher in recurrent compared to non-recurrent
meningiomas, except for HSPEI and TFAM. (Yp<0.05, §9p<0.005, Yp<0.0005, Mann-Whitney test). OS:
overall survival, DFS: disease free survival. Score: T-statistic value comparing the gene expression level
among the alive and dead patients for OS, and non-reccurent and reccurent cases for DFS. #: g-value as the
lowest False Discovery Rate at which each gene was called significant based on the work of John
Storey(142). (#<20%, ##<10%, #H#<5%, ####<1%).
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Supplemental Figure 5. A. Cluster 3 genes enriched for immune response. Heatmap of expression
levels of additional 14 genes highly connected and related to immune response, which presented significant
lower expression in GII compared to GI. (*p<0.05, **p<0.005, ***p<0.0005, Kruskal-Wallis test; p<0.05,
Dunn test; ROC-AUC>0.6440 with p<0.036). A significant negative correlation of EZH2 expression was
observed in GII meningiomas with VAV (r=-0.717, p=0.001), ARRB2 (1=-0.651, p=0.003), NCKAPIL (r=-
0.649, p=0.004), ITGAM (r=-0.585, p=0.011), HCST (r=-0.571, p=0.013), AIF1 (r=-0.501, p=0.034),
PSTPIP] (r=-0.492, p=0.038), P2RX4 (r=-0.486, p=0.041) and DOCK2 (r=-0.478, p=0.045). WIPF1
expression was significantly lower (] p=0.019), in contrast to higher expression of EZH2 (f p=0.003) in
recurrent compared to non-recurrent meningiomas. OS: overall survival, DFS: disease free survival. Score:
T-statistic value comparing the gene expression level among the alive and dead patients for OS, and non-
reccurent and reccurent cases for DFS. #: g-value as the lowest False Discovery Rate at which each gene
was called significant based on the work of John Storey(142). (#<20%, ##<10%, ###<5%, ####<1%).
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Table 1: clinical data

Resultados

Clinical data
Gender Female 62
Male 29
54.87 +
Mean age (years old) 13.85
Follw-up 90.81 +
Follow-up (months) 51.32
Gl - Transitional 36
Gl - Meningothelial 21
Hitological subtype | GI - Fibrous 10
Gll - Atypical 18
GlII -Malignant 6
Convextity 63
Lozalization Skull Base 26
Ventricle 2
Death Death Post-op 4
Death after PO 16
yes 24
Recurrence no 67
mean time (months) 41.62
RT after 1st surgery 8
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Resultados
Table 2: Demografic data, tumor localization, clinical follow-up, clinical outcome and somatic
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Table 3: Dotplot analysis

ID

GO0:0046034
GO0:0006119
G0:0015980
GO0:0045333
G0:0022900
G0:0042775
GO0:0042773
G0:0022904
G0:1902600
G0:0009060

ID

G0:0007015
G0:0032970
G0:0022604
G0:0032956
GO0:0032535
G0:0110053
G0:1902903
G0:0008154
GO0:0008064
G0:0030832

ID

G0:0050900
G0:0002283
G0:0042119
GO0:0050867
G0:0070661
GO0:0060326
GO0:0007159
G0:0032943
G0:1903039
G0:0030595

ID

G0:0007409
G0:0031589
G0:0030198
G0:0043062
GO0:0050673
G0:0040013
G0:0051271
G0:0010810
G0:0007411
G0:0097485

Description

ATP metabolic process

oxidative phosphorylation

energy derivation by oxidation of organic compounds
cellular respiration

electron transport chain

mitochondrial ATP synthesis coupled electron transport
ATP synthesis coupled electron transport

respiratory electron transport chain

proton transmembrane transport

aerobic respiration

Description

actin filament organization

regulation of actin filament-based process
regulation of cell morphogenesis

regulation of actin cytoskeleton organization
regulation of cellular component size
regulation of actin filament organization
regulation of supramolecular fiber organization
actin polymerization or depolymerization
regulation of actin polymerization or depolymerization
regulation of actin filament length

Description

leukocyte migration

neutrophil activation involved in immune response
neutrophil activation

positive regulation of cell activation

leukocyte proliferation

cell chemotaxis

leukocyte cell-cell adhesion

mononuclear cell proliferation

positive regulation of leukocyte cell-cell adhesion
leukocyte chemotaxis

Description

axonogenesis

cell-substrate adhesion

extracellular matrix organization
extracellular structure organization
epithelial cell proliferation

negative regulation of locomotion
negative regulation of cellular component movement
regulation of cell-substrate adhesion
axon guidance

neuron projection guidance

Cluster 1
GeneRatio
32/70
30/70
22/70
22/70
21/70
20/70
20/70
20/70
20/70
11/70

Cluster 2
GeneRatio
15/46
14/46
14/46
12/46
12/46
10/46
10/46
9/46
8/46
8/46

Cluster3
GeneRatio
24/126
22/126
22/126
20/126
19/126
19/126
19/126
18/126
16/126
16/126

Cluster4
GeneRatio
35/184
29/184
27/184
27/184
25/184
24/184
24/184
21/184
21/184
21/184

BgRatio
304/18670
145/18670
286/18670
194/18670
186/18670
97/18670
98/18670
117/18670
163/18670
88/18670

BgRatio

400/18670
388/18670
484/18670
343/18670
370/18670
261/18670
353/18670
209/18670
179/18670
180/18670

BgRatio

499/18670
488/18670
498/18670
394/18670
298/18670
304/18670
337/18670
274/18670
218/18670
224/18670

BgRatio

468/18670
354/18670
368/18670
369/18670
434/18670
381/18670
384/18670
215/18670
276/18670
277/18670

pvalue

5,71211E-39
9,00153E-46
2,34254E-23
3,83113E-27
7,35432E-26

3,3599E-30
4,21059E-30
1,98814E-28

2,2258E-25
2,30743E-14

pvalue

1,98106E-14
2,91292E-13
5,76941E-12
2,71199E-11
6,52232E-11
6,28497E-10
1,14482E-08
1,78846E-09
1,16713E-08

1,2192E-08

pvalue

3,24737E-14
1,56874E-12

2,3439E-12

2,0908E-12
1,39191E-13
1,98995E-13
1,24427E-12
3,86411E-13
1,58022E-12
2,39613E-12

pvalue
4,86248E-21
1,34753E-18
3,68456E-16
3,94271E-16
1,18459E-12
5,13638E-13
6,08206E-13
3,04244E-15
4,33464E-13
4,65076E-13

p.adjust

5,71211E-39
9,00153E-46
2,34254E-23
3,83113E-27
7,35432E-26

3,3599E-30
4,21059E-30
1,98814E-28

2,2258E-25
2,30743E-14

p.adjust

1,98106E-14
2,91292E-13
5,76941E-12
2,71199E-11
6,52232E-11
6,28497E-10
1,14482E-08
1,78846E-09
1,16713E-08

1,2192E-08

p.adjust

3,24737E-14
1,56874E-12

2,3439E-12

2,0908E-12
1,39191E-13
1,98995E-13
1,24427E-12
3,86411E-13
1,58022E-12
2,39613E-12

p.adjust
4,86248E-21
1,34753E-18
3,68456E-16
3,94271E-16
1,18459E-12
5,13638E-13
6,08206E-13
3,04244E-15
4,33464E-13
4,65076E-13

Resultados

qvalue
3,94436E-36
1,24316E-42
3,59463E-21
8,81831E-25
1,45096E-23
1,45376E-27
1,45376E-27
5,49145E-26
3,84243E-23
2,65557E-12

qvalue
2,17291E-11
1,59751E-10
2,10938E-09
7,43657E-09
1,43079E-08
1,14894E-07
1,32556E-06
2,80237E-07
1,32556E-06
1,32556E-06

qvalue
4,96335E-11
3,45035E-10
3,6623E-10
3,6623E-10
1,01383E-10
1,01383E-10
3,45035E-10
1,4765E-10
3,45035E-10
3,6623E-10

qvalue
1,16034E-17
1,60782E-15
2,35214E-13
2,35214E-13
2,82681E-10
1,53213E-10
1,61264E-10
1,45205E-12
1,53213E-10
1,53213E-10

Count
32
30
22
22
21
20
20
20
20
11

Count
15
14
14
12
12
10
10

Count
24
22
22
20
19
19
19
18
16
16

Count
35
29
27
27
25
24
24
21
21
21
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Table 4: Statistical analysis

Resultados

cluster 1 cluster3
Kruskal- Dunn’s test no-recx Kruskal- Dunn’s test no-recx
genes 3 genes .
Wallis’s GI-GlI GI-Glll_| GII-GIlI area [ rec Wallis’s test| GI-GlI GI-Glll_| GII-GllI area P rec
GPI 0.002 0.003 0.004 0.745 0.001 EZH2 0.001 0.001 0.036 0.732 0.002 0.003
PFKM 0.015 0.004 0.720 0.004 HLAE 0.002 0.001 0.746 0.000 0.014
PGK1 0.018 0.005 0.712 0.005 0.034 HLAF 0.047 0.031 0.670 0.014
PGAMS 0.004 0.001 0.751 0.001 0.038 WIPF1 0.004 0.004 0.713 0.002 0.019
PDHA1 0.000 0.000 0.799 0.000 0.000 VAV1 0.001 0.000 0.747 0.000
PDHB 0.023 0.009 0.706 0.007 HCST 0.001 0.001 0.028 0.803 0.000
PDHX 0.000 0.000 0.795 0.000 0.008 AIF1 0.002 0.002 0.737 0.001
LDHA 0.043 0.017 0.652 0.046 TLRS 0.006 0.002 0.713 0.002
LDHB 0.003 0.001 0.759 0.001 PSTPIP1 0.007 0.003 0.715 0.002
IDH3A 0.000 0.000 0.799 0.000 0.001 P2RX4 0.002 0.003 0.022 0.684 0.008
OGDHL 0.011 0.005 0.031 0.723 0.003 0.008 TLN1 0.004 0.004 0.766 0.000
SDHC 0.001 0.000 0.018 0.782 0.000 0.003 [ARRB2 0.013 0.004 0.695 0.005
FH 0.001 0.000 0.772 0.000 0.009 NCKAPIL 0.014 0.004 0.695 0.005
MDH1 0.003 0.001 0.041 0.759 0.001 0.015 STK10 0.011 0.004 0.040 0.651 0.028
MTND1 0.000 0.000 0.042 0.814 0.000 0.007 ITGAM 0.008 0.005 0.713 0.002
MTND2 0.003 0.002 0.009 0.748 0.001 DOCK2 0.004 0.005 0.701 0.004
MTND3 0.047 0.028 0.048 0.678 0.020 0.020 EVL 0.000 0.000 0.021 0.778 0.004
MTND4 0.005 0.006 0.005 0.725 0.003 VSIR 0.002 0.002 0.781 0.000
MTNDAL 0.002 0.001 0.761 0.001 JAML 0.003 0.003 0.757 0.000
MTND5 0.019 0.008 0.049 0.710 0.006 L6 0.005 0.005 0.760 0.000
NDUFS1 0.000 0.000 0.002 0.796 0.000 CSFIR 0.004 0.006 0.710 0.002
NDUFS2 0.024 0.011 0.043 0.703 0.008 0.004 [ARHGAP45 0.011 0.003 0.686 0.007
NDUFV3 0.036 0.018 0.048 0.689 0.013 0.003 GAPT 0.015 0.004 0.674 0.013
NDUFA1 0.031 0.012 0.697 0.010 HCLS1 0.017 0.008 0.697 0.004
NDUFA2 0.004 0.001 0.753 0.001 0.036 SPN 0.018 0.006 0.689 0.006
NDUFA10 0.010 0.006 0.694 0.011 MPEG1 0.021 0.007 0.687 0.007
NDUFA13 0.019 0.024 0.052 0.654 0.043 BIN2 0.025 0.007 0.644 0.036
NDUFB3 0.002 0.002 0.005 TRPM2 0.026 0.009 0.638 0.045
NDUFB4 0.006 0.001 0.744 0.001 PTPRC 0.027 0.008 0.677 0.010
NDUFB5 0.000 0.000 0.011 0.827 0.000 WAS 0.028 0.011 0.682 0.008
NDUFB6 0.029 0.01 0.700 0.009 GPSM3 0.028 0.009 0.680 0.009
g NDUFB10 0.016 0.000 0.011 0.694 0.011 CD74 0.029 0.010 0.680 0.009
E NDUFB11 0.020 0.005 0.711 0.006 0.010 PTAFR 0.030 0.030 0.680 0.009
g NDUFC2 0.023 0.001 0.692 0.012 0.033 RNASE6 0.030 0.008 0.670 0.014
€ |uQcrc2 0.005 0.001 0.750 0.001 0.012 P2RY12 0.032 0.015 0.680 0.009
MTCO1 0.014 0.006 0.036 0.718 0.004 IKZF1 0.039 0.011 0.650 0.029
COoX411 0.042 0.012 0.691 0.012 0.010 LAIR1 0.041 0.013 0.666 0.016
COX5A 0.002 0.000 0.766 0.000 0.001 LILRA2 0.045 0.013 0.654 0.026
COX5B 0.001 0.000 0.785 0.000 0.014 PLCG2 0.047 0.014 0.644 0.036
COX6A1 0.003 0.001 0.728 0.003 HLAA 0.143
COX6B1 0.001 0.000 0.026 0.797 0.000 HLAB 0.39%
COX6C 0.000 0.000 0.005 0.826 0.000 0.011 HLAC 0.714
COX7A2L 0.046 0.014 0.689 0.013 PSMB1 0.913
COX7B 0.006 0.001 0.742 0.001 0.033 PSMB2 0.657
COX7C 0.005 0.001 0.745 0.001 0.039 PSMB3 0.197
COX8A 0.008 0.002 0.731 0.002 PSMB4 0.179 0.065 0.025
COX10 0.048 0.03 0.675 0.021 0.032 PSMB5 0.115 0.048
COX11 0.036 0.01 0.694 0.011 PSMB6 0.451 0.039
COX17 0.004 0.002 0.727 0.003 PSMB7 0.910
ATP5MC3 0.005 0.001 0.749 0.001 0.037 PSMBS 0.104
[ATPSMG 0.032 0.014 0.695 0.010 0.005 PSMB9 0.462
ATP5F1B 0.002 0.000 0.764 0.001 0.018 B2M 0.741 0.019
ATP5MPL 0.004 0.002 0.018 0.251 0.001 TAP1 0.457
[ATPSMC1 0.005 0.001 0.748 0.001 0.047 TAP2 0.609
ATP5PD 0.009 0.002 0.735 0.002 0.010 LYz 0.166 0.065 0.031
[ATPSPF 0.044 0.021 0.665 0.030
ATP5PO 0.015 0.004 0.722 0.004 0.010
[ATPAF2 0.023 0.012 0.701 0.008 0.032
GOT1 0.002 0.001 0.772 0.000 0.003
GOT2 0.003 0.002 0.727 0.003 0.020
GPT2 0.009 0.002 0.735 0.002 0.013
H6PD 0.000 0.000 0.036 0.728 0.001 0.013
PGD 0.009 0.002 0.698 0.004
TFAM 0.040 0.012 0.687 0.014
PPARGCIA 0.002 0.002 0.004 0.751 0.001 0.032
ESRRA 0.008 0.004 0.703 0.008
AURKA 0.003 0.001 0.744 0.001 0.000
CENPF 0.000 0.000 0.042 0.814 0.000 0.000
CEP152 0.008 0.004 0.705 0.007 0.000
CDK1 0.004 0.003 0.735 0.002 0.000
E2F1 0.045 0.040 0.001
RECQL4 0.011 0.005 0.713 0.005 0.001
TOP2A 0.003 0.001 0.735 0.002 0.001
ASPM 0.000 0.000 0.013 0.807 0.000 0.001
CABLES2 0.044 0.013 0.685 0.015 0.000
SPC24 0.003 0.001 0.739 0.002 0.001
% AR 0.014 0.004 0.674 0.004 0.005
E HMGA2 0.032 0.013 0.680 0.019 0.003
E NUSAP1 0.001 0.000 0.758 0.001 0.003
PTTG1 0.000 0.000 0.826 0.000 0.004
HMMR 0.000 0.001 0.010 0.728 0.003 0.004
NME1 0.002 0.000 0.772 0.000 0.005
CHMPA4C 0.006 0.009 0.005 0.716 0.005 0.007
EGLN3 0.005 0.001 0.747 0.001 0.007
UBE2C 0.013 0.006 0.715 0.005 0.007
TPX2 0.004 0.002 0.733 0.002 0.008
CHMP2A 0.047 0.014 0.685 0.015
SLC25A3 0.005 0.001 0.746 0.001
CRTAP 0.015 0.007 0.034 0.715 0.005
HSPD1 0.000 0.000 0.039 0.795 0.000 0.001
o MRPL15 0.000 0.001 0.798 0.000 0.001
5 |PPIF 0.002 0.003 0.026 0.772 0.000 0.001
_§ HOPX 0.015 0.020 0.044 0.658 0.038 0.002
§ NNT 0.002 0.004 0.763 0.001 0.002
‘E |CHCHD10 0.009 0.004 0.706 0.007 0.005
2 [tommzo 0.020 0.007 0.699 0.009 0.007
g TIMM17A 0.001 0.002 0.763 0.001 0.008
%ﬂ HSPE1 0.006 0.002 0.731 0.003
PDE4D 0.012 0.010 0.012 0.709 0.006
UBL5 0.048 0.027 0.049 0.678 0.020
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cluster2
genes Kruskal- Dunn’s test ROC no-recx
Wallis’s M-T M-F M-GII M-GllIl T-F T-Gll T-GllI F-Gll F-Glll GlI-Glll area [ rec

TNNT1 0.001 0.001 0.000 0.020 0.755 0.000
LIMK2 0.004 0.020 0.019 0.000 0.732 0.001
BAIAP2 0.003 0.003 0.002 0.012 0.039 0.013 0.729 0.002
ARHGEF15 0.032 0.030 0.011 0.012 0.693 0.008
ARHGEF5 0.046 0.010 0.011 0.680 0.013
PLPPR4 0.029 0.007 0.049 0.036 0.677 0.014
ARAP3 0.009 0.015 0.016 0.044 0.013 0.009 0.023 0.676 0.015
ISLR2 0.000 0.002 0.004 0.001 0.002 0.667 0.021 0.018
RHOJ 0.035 0.029 0.006 0.031 0.667 0.021
HIPIR 0.001 0.002 0.044 0.044 0.001 0.008 0.661 0.026
TNNI3 0.019 0.001 0.000 0.020 0.686 0.010
SEMA3D 0.006 0.049 0.000 0.022 0.003 0.024 0.665 0.032
SPTBN2 0.001 0.009 0.036 0.000 0.003 0.000
PICK1 0.002 0.050 0.000 0.011 0.021 0.009
SPIRE2 0.003 0.020 0.000 0.007 0.007
PARDEB 0.004 0.001 0.024 0.002 0.003
COBL 0.011 0.007 0.002 0.028
PPL 0.013 0.003 0.012
MARK1 0.014 0.050 0.026 0.008 0.005 0.032
TRIOBP 0.026 0.001 0.030 0.029
FSTL4 0.030 0.049 0.016 0.048 0.015
GAS2 0.030 0.012 0.005 0.020

cluster4

genes Kruskal- Dunn’s test ROC no-recx
Wallis’s M-T M-F M-GII M-GllIl T-F T-Gll T-Glll F-Gll F-Glll GlI-Glll area ] rec

AR 0.001 0.037 0.004 0.003 0.000 0.759 0.008 0.004
MN1 0.000 0.014 0.034 0.002 0.002 0.000 0.000 0.784 0.000 0.000
CYP1B1 0.000 0.001 0.03 0.01 0.000 0.000 0.004 0.783 0.000 0.000
IGFBP5 0.000 0.012 0.003 0.000 0.000 0.016 0.810 0.000 0.000
ENG 0.018 0.002 0.008 0.711 0.002 0.000
SFRP1 0.000 0.007 0.042 0.004 0.020 0.000 0.001 0.811 0.001 0.000
PODN 0.008 0.015 0.029 0.001 0.008 0.773 0.005 0.002
EMILINT 0.009 0.004 0.000 0.687 0.007 0.000
PTPRU 0.000 0.028 0.045 0.005 0.049 0.006 0.001 0.000 0.000 0.791 0.000 0.003
MMP28 0.013 0.018 0.018 0.001 0.757 0.008 0.000
GDF10 0.001 0.001 0.003 0.000 0.001 0.865 0.000 0.001
TGFB3 0.011 0.007 0.033 0.044 0.001 0.027 0.788 0.003 0.001
LTBP1 0.004 0.001 0.045 0.002 0.011 0.796 0.002 0.001
FGL2 0.000 0.015 0.000 0.049 0.002 0.002 0.000 0.817 0.001 0.005
ZEB1 0.009 0.033 0.004 0.002 0.712 0.029 0.020
AEBP1 0.000 0.002 0.033 0.001 0.000 0.016 0.827 0.001 0.001
COL8A2 0.000 0.002 0.006 0.005 0.000 0.000 0.802 0.002 0.004
NTN1 0.000 0.043 0.003 0.037 0.048 0.006 0.001 0.000 0.000 0.831 0.000 0.009
MATN2 0.001 0.000 0.010 0.044 0.000 0.005 0.849 0.000 0.030
NTN4 0.001 0.004 0.019 0.023 0.000 0.000 0.828 0.001 0.031
EGFL6 0.000 0.008 0.000 0.033 0.009 0.043 0.000 0.001 0.843 0.000 0.032
LTBP2 0.003 0.001 0.050 0.022 0.001 0.025 0.796 0.002 0.007
COL8A1 0.005 0.000 0.008 0.001 0.009 0.838 0.001 0.014
CDH23 0.000 0.002 0.041 0.000 0.000 0.008 0.825 0.001 0.000
SMOC2 0.000 0.002 0.000 0.023 0.000 0.003 0.789 0.003 0.001
ROM1 0.002 0.008 0.030 0.019 0.000 0.007 0.775 0.005 0.002
SSPN 0.000 0.040 0.003 0.000 0.000 0.008 0.759 0.008 0.000
SULF2 0.001 0.024 0.067 0.001 0.013 0.001 0.007 0.000
ATXN3 0.001 0.002 0.000 0.002 0.000
ARID5B 0.002 0.020 0.001 0.000 0.004 0.701 0.039 0.000
HEXIM1 0.018 0.005 0.002 0.694 0.046 0.000
ZRANB1 0.018 0.005 0.004 0.000
TCF7L2 0.019 0.006 0.024 0.003 0.000
PLCE1 0.003 0.017 0.005 0.001 0.013 0.743 0.012 0.001
CDC42BPB 0.006 0.002 0.002 0.021 0.001
TRIP11 0.013 0.011 0.002 0.020 0.001
ANK3 0.040 0.016 0.007 0.001
CDH5 0.006 0.003 0.001 0.721 0.023 0.002
DAAM1 0.002 0.000 0.001 0.023 0.010 0.002
BMPRIA 0.001 0.034 0.003 0.004 0.011 0.006 0.003
ARHGAP21 0.006 0.007 0.008 0.016 0.009 0.003
FXYD5 0.001 0.007 0.002 0.006 0.000 0.760 0.007 0.004
NUMB 0.012 0.011 0.001 0.012 0.004
PLCB1 0.002 0.021 0.002 0.012 0.007 0.001 0.762 0.007 0.005
DOCK1 0.013 0.004 0.002 0.702 0.037 0.005
PSEN1 0.000 0.000 0.000 0.045 0.005
JCAD 0.002 0.002 0.012 0.011 0.038 0.003 0.009 0.006
MFAP4 0.012 0.008 0.005 0.004 0.760 0.007 0.008
VAT1 0.004 0.038 0.043 0.042 0.008 0.004 0.001 0.744 0.012 0.011
PBLD 0.046 0.003 0.033 0.024
TRIM8 0.000 0.013 0.000 0.028 0.001 0.028
SFRP2 0.002 0.001 0.004 0.003 0.790 0.003 0.041
MBP 0.006 0.019 0.017 0.004 0,021 0.042
ROCK1 0.013 0.040 0.028 0.001 0.033 0.742 0.013 0.043
THSD4 0.000 0.001 0.011 0.002 0.002 0.000 0.778 0.004 0.045
SERPINF1 0.009 0.003 0.014 0.000 0.027 0.812 0.001
FBLN1 0.002 0.000 0.010 0.001 0.006 0.843 0.000
NKD1 0.001 0.032 0.001 0.036 0.015 0.003 0.000 0.811 0.001
ELN 0.000 0.000 0.020 0.009 0.001 0.001 0.795 0.002
MFGE8 0.021 0.007 0.046 0.002 0.021 0.773 0.005
COL1A2 0.009 0.001 0.006 0.767 0.006
PODNL1 0.014 0.003 0.016 0.005 0.764 0.007
SORBS3 0.000 0.033 0.048 0.004 0.008 0.000 0.001 0.764 0.007
EXT1 0.000 0.003 0.002 0.000 0.040 0.000 0.011 0.753 0.009
COL26A1 0.021 0.006 0.040 0.008 0.732 0.017
TPM1 0.012 0.012 0.003 0.015 0.715 0.027
MYH10 0.004 0.015 0.029 0.009 0.015 0.019 0.016
FZD4 0.006 0.012 0.007 0.018 0.044 0,040
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Analise critica

Meningiomas atipicos e recorrentes apresentaram aumento do metabolismo oxidativo

e divisao celular

As células tumorais requerem alta energia e substratos para crescer e se dividir,
além de precisarem controlar o potencial redox e as espécies reativas de oxigénio (ROS)
para sobreviver. Os niveis de todos esses metabolitos estabelecem a bioassinatura do que
se denomina agressividade metabdlica (144). De fato, a nossa andlise transcriptomica dos
meningiomas de diferentes graus revelou uma reprogramacao metabdlica com aumento
da expressdo génica particularmente dos genes relacionados a fosforilacdo oxidativa
(OXPHOS), incluindo a hiperexpressao de genes mitocondriais e nucleares que
codificam proteinas do complexo I a V da cadeia respiratoria nos meningiomas atipicos
(MA-GII) em comparacdo com os benignos (GI). Consistente com este aumento do
metabolismo oxidativo mitocondrial, uma regulacao positiva de um conjunto de genes
relacionados ao trafego de proteinas para as mitocOndrias e sintese de proteinas
mitocondriais foi detectada em MA-GII, com expressdo significativamente mais elevada
em meningiomas recorrentes. Além disso, a regulacdo positiva de genes relacionados a
OXPHOS demonstrou-se estar fortemente correlacionada com a regulagdo positiva do
coativador 1 alfa do receptor gama ativado de proliferacao peroxissomal (PPARGCIA,
também conhecido como PGCla) e do receptor alfa relacionado ao estrogénio (ESRRA).
ESRRA ¢ um receptor nuclear tnico e efetor do PCGla, que regula a expressao de genes
envolvidos em OXPHOS e biogénese mitocondrial. A expressio de PGCla foi
significativamente maior em MA-GII em comparagao com GI e particularmente maior
em meningiomas recorrentes em comparagdo com nao recorrentes, corroborando relatos
anteriores de sua regulacdo positiva em células tumorais proliferativas aumentando a
capacidade respiratoria mitocondrial (144, 145). Curiosamente, uma co-expressao
significativa das subunidades dos complexos OXPHOS foi observada em paralelo a
hiperexpressdao de ESRRA em MA-GII em relacdo ao GI. A significativa hiperexpressao
do principal regulador da replicagdo/transcricdo do DNA mitocondrial, o fator de
transcricdo mitocondrial A (TFAM), observada em MA-GII também foi convergente para
o papel do PGCla na biogénese mitocondrial (146). No entanto, as correlagdes de

expressdo entre os genes OXPHOS codificados pelos genomas mitocondrial e nuclear
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detectados no GI foram perdidos no MA-GII, sugerindo um desacoplamento da cadeia de
transporte de elétrons com a producdo de espécies reativas de oxigénio (ROS). ROS
medeiam a interagdo entre os genes reguladores e metabdlitos, € modulam varias vias de
sinaliza¢do oncogénica (147), que culmina na proliferacao de células tumorais. De fato,
as expressdes de varios genes relacionados a divisdo celular, particularmente
relacionados a regulacdo da transicdo G2/M da mitose, sob a modulacao do fator de
transcricdo E2F1, mostraram-se reguladas positivamente em MA-GII e principalmente
em meningiomas recorrentes. Além disso, uma ativacdo do eixo E2F1-EZH2 foi
detectada em meningiomas recorrentes, convergente a relatos anteriores relacionando a
ativacao deste eixo a agressividade do tumor (148, 149). De fato, EZH2, uma subunidade
catalitica cardinal do complexo repressivo polycomb 2 (PRC2), um complexo que
promove o silenciamento da transcricdo por metilagcdo da lisina 27 da histona 3 (H3K27),
demonstrou modular a via de sinaliza¢do do ciclo celular pelo E2F, sendo este necessario
para a expressdo dos genes relacionados a proliferacdo induzidas por E2F (150). Digno
de nota, a hiperexpressao de EZH2 discriminou fortemente MA-GII de GI e sua
expressao foi significativamente maior em meningiomas recorrentes. Um estudo recente
de interesse apontou que a hiperexpressdo concomitante de EZH2 e TOP2A permitiu
uma estratificacdo de risco de agressividade em cancer de prdstata e abriu uma
oportunidade para abordagem terapéutica combinada contra estes dois alvos (151).
Considerando-se a presenca da hiperexpressdo significativa desses genes também em
meningiomas GII e particularmente em tumores recorrentes, uma terapia combinatoria
direcionada a EZH2 (152) e a genes relacionados a divisdo celular como TOP2A seria

uma terapéutica alternativa para os meningiomas agressivos.

Meningiomas atipicos e recorrentes apresentaram evasdo imunologica desencadeada

pelo aumento da expressio de EZH?2

As células cancerosas proliferam evitando os sistemas imunes inato e adaptativo.
Antigenos tumorais estranhos devem ser apresentados a superficie das células tumorais
ligadas as moléculas principais de histocompatibilidade classe I (MHC-I) para serem
reconhecidas por células T citotoxicas CD8" para sua eliminag¢do. Qualquer supressdo do

sistema MHC-I pode fornecer vantagem as células cancerosas. O processo da
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apresentacdo do antigeno pela via do MHC-I envolve varias etapas, incluindo
componentes de imunoproteassoma (PSMBs), transportadores de peptideos associados
ao processamento de antigenos (TAP1, TAP2), estabilizador de estrutura (B2M) e
moléculas de cadeia pesada MHC-I (HLAs), que afloram peptideos intracelulares a
superficie celular para o reconhecimento de células T CD8'. Um estudo muito recente
identificou um papel essencial para PCR2 na repressao transcricional dos genes da via do
MHC-I modulada por EZH2. Convergente a este dado publicado, n6és também
identificamos um baixo nivel de expressao dos genes relacionados ao MHC-I,
especialmente a HLA-E e HLA-F, que se correlacionaram inversamente ao nivel de
expressdo do EZH2 nos meningiomas GII e tumores recorrentes. Este achado sugeriu a
presenca de diminuicao da vigilancia imunoldgica em tumores recorrentes. Além disso,
encontramos hipoexpressao concomitante de varios outros componentes de processos
imunologicos, que também se correlacionaram negativamente com EZH2 como genes
relacionados a: a) formacdo de sinapses imunoldgicas correspondendo a movimentos
moleculares por meio da remodelagdo do citoesqueleto de actina (NCKAPIL (153),
DOCK?2 (154)); b) proteinas adaptadoras citosolicas envolvidas na ativagdo de células
imunes (HCST (155), PSTPIPI1 (156), AIF1 (157), P2RX4 (158)); ¢) sinalizagdo de
dentro para fora para ativacdo de células T através da estimulagdo de integrinas (VAVI
(159)); d) regulador de resposta do interferon tipo I (ARRB2 (160)) modulador de adesdo
e migragao de leucocitos (ITGAM (161)).

Adicionalmente, observamos a diminuicao da expressao do gene WIPFI que
codifica a proteina WIP associada a imunodeficiéncia(162) em GII, principalmente em

meningiomas recorrentes.

Meningiomas meningoteliais apresentaram regulacdo positiva de genes relacionados a

reorganizacdo do citoesqueleto de actina e expressdo da proteina EZH? citosdlica.

Estudos anteriores em células T e fibroblastos descreveram a existéncia de uma
atividade metiltransferase do complexo EZH2 cataliticamente ativa no citosol
relacionada a polimerizacdo da actina, que ¢ dependente da atividade de pequenas
GTPases (163). Curiosamente, a hiperexpressao significativa de varios genes associados
a reorganizacdo do citoesqueleto de actina foi observada em meningiomas

meningoteliais, incluindo LIMK?2, BAIAP2, ARGHGEPS, ARGHGEP15, ARAP3, RHOJ,
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que estdo associados a pequenas proteinas GRho. Esses genes codificam proteinas
envolvidas com lamelipddios, filipddios, fibras de estresse, formacdo de adesdo focal e
regulagao da forma celular. EZH2 foi descrito como operando a montante das GTPases e
controlando o sinal gerados entre os receptores da membrana plasmatica e GTPases
(164). Notavelmente, encontramos distribuicdo citosolica de EZH2 principalmente em

meningiomas meningoteliais.

Meningiomas fibrosos apresentaram regulacdo positiva de genes relacionados a

remodelacdo da matriz extracelular

Observamos a regulacdo positiva significativa de varios genes que codificam
proteinas que remodelam a matriz extracelular (MEC) para uma rede proteica mais densa
em meningiomas fibrosos. Identificamos genes que codificam para coldgeno fibrilar
(COLIA2), componente macromolecular do subendotélio (COL8A1/2); fibulina
associada @ membrana basal e fibras elasticas (FBLNI); elastina (ELN); matrilina
envolvida na formacdo da rede filamentosa (MATNZ2); proteina secretada semelhante ao
fibrinogénio (FGL?2) e netrina da familia de proteinas secretadas relacionadas a laminina
(NTN1/4). Além disso, encontramos a regulacdo positiva de genes relacionados ao fator-
beta de crescimento transformador (7GFf) que estimulam a sintese de componentes da
MEC. Entre eles, observamos a regulagdo positiva da codificacdo de 7TGFB3, um ligante
que se liga aos receptores TGFf para recrutar e ativar fatores de transcricdo da familia
SMAD; GDFI10 (fator de diferenciagdo de crescimento 10) que codifica um ligante
secretado de TGFP; e LTBP1/2 (proteina de ligacdo ao fator de transformacgdo de
crescimento latente 1 e 2) envolvidas na estrutura da MEC e regulam a
biodisponibilidade de membros da familia TGFP e sua ativacdo mediada por integrina.
Também observamos a regulagdo positiva de genes que modulam a angiogénese, como
SERPINFI (membro 1 da familia F de serpinas) que codifica para uma proteina secretada
que inibe fortemente a angiogénese. O NTN4 também esta envolvido na angiogénese e na
adesdo de células murais as células endoteliais; ¢ EGFL6 (dominio semelhante ao EGF
multiplo 6) regula a angiogénese e a interacdo epitélio-mesénquima. Curiosamente, a
hiperexpressdo de EGFL6 foi relatada anteriormente em meningioma benigno, como
candidato envolvido na patogénese do meningioma fibroso através da modula¢do do

ciclo celular via PI3K/Akt e das vias de TGFp (165). A expressdao de EGFL6 apresentou
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0 maior escore para discriminar meningioma fibroso (AUC = 0,843, p = 0,001) entre os
demais tipos histologicos de meningiomas em nossa coorte, corroborando o relato
anterior.

Notavelmente, o nivel de expressdo de AR (receptor de androgeno) também
discriminou meningioma fibroso (AUC = 0,759, p = 0,008) e se correlacionou
negativamente com a expressao de EZH?2 entre meningiomas GI (r = -0,312, p = 0,005).
O nivel de expressao mais alto de AR no meningioma fibroso em nossa coorte pode nao
ser devido a ocupagdo direta de seu promotor por EZH2, como descrito anteriormente no
cancer de prostata (166), mas pode ser o resultado da regulagdo reciproca com ZEBI
(zinc-finger E-box binding homeobox 1) como previamente descrito em cancer de mama
(167). ZEBI ¢ um fator de transcri¢ao que desempenha um papel importante na regulagao
da transicdo epitélio-mesénquima (EMT), e sua ativagdo estd correlacionada com
desdiferenciacdo epitelial (168). Por outro lado, ZEBI pode ser ativada por citocinas

como TGFp, estreitamente correlacionado a expressao de genes de colageno (169).

Genes relacionados a organizacdo do citoesqueleto de actina e remodelamento da
matri; extracelular apresentam-se hipoexpressos em meningiomas atipicos e

recorrentes

A andlise do transcriptoma de 91 meningiomas aliados aos dados de segmento
clinico de pelo menos 5 anos destes pacientes quanto a sobrevida livre de doenca (DFS),
i.e, recorréncia do tumor e ao tempo de sobrevida total (OS) revelou um grupo de genes
com escores significativos na predicao destes parametros clinicos. Entre eles destacaram-
se os genes relacionados a reorganizacao do citoesqueleto de actina, da adesao celular e
da regulacdao negativa da migragdo que se apresentaram hipoexpressos em MA-GII,
consistentes com a caracteristica invasiva destes meningiomas. Dentre eles, a
hipoexpressdao de CYPIB1, identificado como um gene envolvido na motilidade celular,
atribuiu menor sobrevida global (OS) e tempo livre de doenga (DFS) mais curto aos MA-
GII. Curiosamente, o gene meningioma 1 (MN1) também foi identificado como um dos 5
principais genes preditores da evolugdo clinica. MNI esta localizado no cromossomo
22ql12.1 préoximo ao gene NF2 (Chr 22ql2.2) e funciona como um coativador da

transcricdo. Sugere-se que a inativacdo desse gene contribui para a patogenia do
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meningioma(170). A hiperexpressdo de MNI conferiu melhor evolucdo clinica aos
pacientes com meningiomas.

Em contraste, a hiperexpressdo dos genes CENPF, HMMR e TOP2A,
relacionados ao ciclo celular identificados no cluster 1, apresentaram escores
significativos na predicdo de OS e DFS mais curtos em comparacdo aos que
apresentaram hipoexpressao destes genes.

CENPF, centromere protein F, codifica uma proteina associada com o complexo
centrémero-cinetocore, sendo um componente da matriz nuclear durante a interfase G2, e
desempenha a fungdo de segregagdo do cromossomo durante a mitose. CENPF foi
identificado como um marcador de proliferagdo celular em varios céanceres, incluindo
cancer de mama (171), carcinoma hepatocelular (CHC) (172) e outros tumores (173). Foi
mostrado recentemente que CENPF e FOXM|1 sao reguladores sinérgicos de malignidade
do cancer de prostata e sdo indicadores prognodsticos de baixa sobrevida e metéastase
(174).

HMMR, hyaluronan mediated motility receptor, codifica uma proteina
intracelular associada a microtubulos, sendo um fator agregador de fusos, que localiza
complexos proteicos para aumentar a atividade de kinases mitoticas, como polo-like
kinasele aurora kinase A e controla as atividades de dineinas e kinesinas (175). A
expressao de HMMR ¢ regulada pelo ciclo celular com pico de expressao entre a fase G2
tardia e mitose precoce (176). De forma consistente, a expressao de HMMR ¢ baixa na
maioria dos tecidos saudaveis, mas ¢ elevada em tecidos proliferativos, como testiculos,
baco, placenta e timo (177, 178). Além disso, a expressdo elevada de HMMR esta
associada a um mau prognostico em uma variedade de canceres, como: colo-retal (179),
mama (180), estobmago (181), endometrial (182), prostata (183) e mieloma multiplo
(184).

TOP24, DNA topoisomerase Il alpha, codifica uma enzima nuclear que controla
os estados topoldgicos do DNA durante a transcrigdo, estando envolvida na condensagao
de cromossoma, separagdo de cromatide e no alivio do estresse de torsdao durante a
transcricdo e replicagdo do DNA (185). TOP2A tem sido descrito em varios tipos de
cancer como de mama, ovario e prostata estando associado a proliferacdo tumoral e

invasividade no cancer mamario (186) e a regulagcdo epigenética através do EZH2 no
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cancer de prostata (187). Adicionalmente, TOP2A foi associado a resisténcia aos

medicamentos no cancer de célon (188).
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Conclusoes

Grau histoldégico foi o fator mais importante na determinagdo do tempo de sobrevida
a longo prazo em pacientes com meningioma. A recorréncia nao apresentou impacto
substancial na mortalidade ou no estado neuroldgico em pacientes com meningioma
GI, mas todos os pacientes com GII ou GIII que apresentaram recorréncia tumoral,
morreram devido ao tumor. Assim, a resseccdo completa do meningioma ¢
desejavel, mas deve ser cuidadosamente ponderada contra novas morbidades nos
pacientes com meningioma GI. Para pacientes com meningiomas GII e GIIL, a
resseccdo total do tumor foi o fator que determinou a melhor chance de sobrevida a

longo prazo.

Apods andlises de revisdes da literatura sobre o impacto da faixa etdria, da
localizagdo, bem como da apresentacdo clinica chegamos as seguintes conclusdes: (i)
a faixa etdria juvenil (abaixo de 20 anos) ndo impactou na taxa de recorréncia
tumoral, diferindo da apresentagdo clinica das outras faixas etdrias, pelo maior
numero de pacientes do sexo masculino e de uma prevaléncia maior de meningiomas
atipicos; (ii) as localizagdes ventriculares bem como tumores espinhais nao
impactaram na recorréncia nem na taxa de sobrevida dos doentes, diferindo apenas
no subtipo mais prevalente, sendo os fibrosos mais frequentes nos ventriculos e os
psamomatosos mais frequentes na coluna vertebral; (ii1) a apresentagdo clinica com
multiplicidade tumoral bem como hemorragia tumoral ndo impactaram a taxa de

recorréncia ou sobrevida total.

A cirurgia ainda € a principal forma de tratamento para meningiomas GII, com maior
impacto para prolongar o tempo de sobrevida. Embora a indicagdo da RT ainda seja
uma questao controversa em meningiomas, a analise da nossa casuistica demonstrou
ser esta uma terapia adjuvante com impacto positivo quanto ao tempo de sobrevida
livre de progressdao tumoral. A revisdo sistematica sobre radioterapia (RT) e seu
impacto na recorréncia dos meningiomas atipicos ndo evidenciou que a RT tenha
diminuido a taxa de recorréncia naqueles pacientes. No entanto, observou-se
critérios nao uniformes na indicagdo da RT. Estudos prospectivos com uniformidade
de protocolos serdo necessarios para avaliar o impacto da RT na recorréncia dos

meningiomas atipicos.
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A revisdo dos aspectos moleculares em meningiomas mostrou uma baixa frequéncia
de mutagdes somaticas, diferindo de outros tumores sélidos com alta incidéncia de
mutagdes em genes “drivers” de oncogénese. Meningiomas sdo, portanto, tumores
considerados com “quiet genome”, onde outros mecanismos moleculares deverdo ser

preponderantes na tumorigénese, como modificagdes epigenéticas.

A andlise transcriptomica da nossa coorte de meningiomas identificou um conjunto
de genes diferencialmente expressos em GII relacionado a ativacdo do metabolismo
oxidativo associado ao aumento da divisdo celular, a evasdo imune e a regulagdo da
motilidade levando ao aumento da migragdo. Os niveis de expressdo de varios genes
foram preditivos de progressdo tumoral, em particular os genes relacionados ao ciclo
celular e a remodelamento da matriz extracelular, sendo potenciais candidatos para
monitorar a evolu¢do destes tumores e alvos terapéuticos para futuras terapias

adjuvantes.
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PARECER CONSUBSTANCIADO DO CEP
DADOS DA EMENDA

Titulo da Pesquisa: IDENTIFICAGAO DE MARCADORES TUMORAIS IMPLICADOS NA RECORRENCIA
TUMORAL DOS MENINGIOMAS ATIPICOS

Pesquisador: Suely Kazue Nagahashi Marie

Area Tematica: Genética Humana:
(Trata-se de pesquisa envolvendo Genética Humana que ndo necessita de analise
etica por parte da CONEP;);

Versdo: 3

CAAE: 63079616.2.0000.0085

Instituigdo Proponente: Hospital das Clinicas da Faculdade de Medicina da USP
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Numero do Parecer: 3135672

Apresentagao do Projeto:
IDENTIFICACAO DE MARCADORES TUMORAIS IMPLICADOS NA RECORRENCIA TUMORAL DOS
MENINGIOMAS ATIPICOS

Objetivo da Pesquisa:

identificacao de marcadores tumorais especificos em meningiomas atipicos que evoluem mal
Avaliagao dos Riscos e Beneficios:

néo ha risco - estudo histoquimico e anatomopatologico

beneficio - previsdo de evolugdo mais desfavoravel em alguns tipos tumorais

Comentarios e Consideragdes sobre a Pesquisa:

o n da amostra é pequeno, dada a especificidade do estudo em questo

estudo com finalidade de conclusdo de doutoramento

Consideragoes sobre os Termos de apresentagao obrigatoria:

adequados

Recomendagdes:
nao ha

Enderego: DOUTOR ARNALDO 251 21° andar sala 36

Bairro: PACAEMEU CEP: 01.246-903
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Continuagdo do Parscer: 3.135.672

Conclusoes ou Pendéncias e Lista de Inadequagoes:

ndn

Consideragdes Finais a critério do CEP:

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Decumento Arguivo Postagem Autor Situacdo
Informagdes Basicas|PB_INFORMACOES _BASICAS 127268 06/12/2018 Aceito
do Projeto 0 E1.pdf 22:22:45
Qutros CRONOGRAMA_2018.docx 06/12/2018 |Suely Kazue Aceito
22:20:28 | Nagahashi Marie

TCLE/Termos de |JUSTIFICATIVADADISPENSADOTCLE.] 02/02/2017 |Suely Kazue Aceito

Assentimento / docx 22:49:23 | Nagahashi Marie

Justificativa de

Auséncia

Qutros USP_pdf 15/12/2016 | Suely Kazue Aceito
19:46:12 | Nagahashi Marie

Folha de Rosto FOLHADEROSTO pdf 15/12/2016 |Suely Kazue Aceito
19:43:12 | Nagahashi Marie

Projeto Detalhado / | TESEDR.doc 24/10/2016 |Suely Kazue Aceito

Brochura 14:06:22 | Nagahashi Marie

Investigador

Cronograma CRONOGRAMA docx 24/10/2016 |Suely Kazue Aceito
14:00:54 | Nagahashi Marie

Situagdo do Parecer:

Aprovado
Necessita Apreciagao da CONEP:
Nao
SAO PAULO, 07 de Fevereiro de 2019
Assinado por:
Maria Aparecida Azevedo Koike Folgueira
(Coordenador(a))

Endere¢o: DOUTOR ARMNALDO 251 21° andar sala 36
Bairro: PACAEMBU CEP: 01.246-903
UF: 5P Municipio: SAQ PAULO
Telefone:  (11)3893-4401 E-mail: cep.fm@usp.br
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