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RESUMO

O glioblastoma é o tumor priméario maligno mais frequente, correspondendo
a aproximadamente 15% dos tumores intracranianos e a 40-50% dos tumores
malignos primarios do cérebro. Macroscopicamente € um tumor mal delineado
e infiltrativo. A histopatologia é muito variavel, sendo tipicamente uma lesao
altamente celular. As alteragcoes genéticas tipicas do glioblastoma IDH wildtype
(aproximadamente 90% dos casos de GBM) sao as mutacoes do promotor do gene
TERT, as dele¢coes homozigoticas do CDKN2A/CDKNZ2B, a perda dos cromossomas
10p e 10q, as alteragcoes do EGFR, mutacoes /delecoes do PTEN e mutagoes do TP53
e PI3K. A metilacao do promotor do gene MGMT ocorre em 30 a 50% dos GBM
IDH-wildtype, conferindo um progndstico mais favoravel e uma melhor resposta
ao tratamento com agentes alquilantes. Os factores mais importantes para o
desenvolvimento dos gliomas sao a proliferacao vascular e a desregulacao do ciclo
celular. Fatores adicionais como a inflamacao e a resposta imunoldgica sao também
primordiais no desenvolvimento e progressao do glioblastoma. Existem evidéncias
do papel fulcral dos polimorfismos de genes reguladores destes mecanismos
na tumorigenese e resposta clinica. Varios fatores com importancia prognostica
foram descritos para o glioblastoma, entre eles a idade, a extensao da remocao
cirurgica, o estado funcional pré-operatorio, a localizacao, a forma de apresentacao
e a realizacao de radioterapia associada a temozolamida concomitante e adjuvante.
Fatores moleculares como a metilacao do gene promotor do MGMT e as mutacoes
dos genes IDH conferem prognodsticos distintos, o mesmo acontecendo com outros
fatores como racio neutroéfilo-linfocito, o indice RDW dos eritrécitos, os lactatos
séricos e o indice de massa corporal, como acabamos por encontrar.

O nosso objetivo foi tentar correlacionar os achados genéticos determinados em
sangue periférico com o diagndstico e evolucao clinica dos doentes e identificar
biomarcadores de susceptibilidade aumentada para o desenvolvimento de
glioblastomas, assim como indicadores de progndstico e resposta terapéutica.

Comegamos por avaliar a pseudoprogressao em ressonancia magnética usando
dois métodos distintos de avaliacdao. Obtivemos resultados dispares que
foram dependentes do método de avaliacao utilizado. Assim concluimos que a
pseudoprogressao nao representava um fator de progndstico nos doentes com
glioblastoma.



Usando colheitas de sangue periférico dos doentes com glioblastoma fomos
estudar a existéncia de polimorfismos de genes associados a proliferagao vascular
e ao ciclo celular, avaliando o seu efeito no risco e progndstico dos doentes com
glioblastoma.

O estudodos polimorfismos do gene VEGF, apoiado porestudos adicionais dos genes
EGF/EGFR, CDKN2A/B, RTEL, PHLDB1, TERT, CCDC26e TGF-f1, veio demonstrar um
risco aumentado de desenvolvimento de gliomas e de pior prognostico associado
a SNPs especificos.

Tendo em conta que os estudos moleculares de base individual sao de dificil
aplicabilidade clinica, tentdmos encontrar associagoes entre os achados laboratoriais
mais comuns, como o racio neutrofilo-linfécito (RNL), o indice de anisocitose
eritrocitario (RDW) e o valor dos lactatos séricos, e o prognéstico dos doentes com
glioblastoma. Os nossos resultados mostraram que valores aumentados destes
marcadores estavam implicados na diminui¢ao da sobrevivéncia global, podendo
ser usados como biomarcadores de prognostico.



ABSTRACT

Glioblastoma is the most frequent primary malignant tumor, accounting for
approximately 15% of intracranial tumors and 40-50% of primary malignant
brain tumors. Macroscopically, it is a poorly delineated and infiltrative tumor.
Histopathology is highly variable, typically being a highly cellular lesion. Typical
genetic alterations of glioblastoma IDH wild-type (approximately 90% of GBM cases)
are TERT gene promoter mutations, CDKN2A/CDKNZ2B homozygous deletions, loss
of chromosomes 10p and 10q, EGFR alterations, mutations/deletions of PTEN and
mutations of TP53 and PI3K. Methylation of the MGMT gene promoter occurs in 30
to 50% of glioblastoma IDH-wildtype, providing a more favorable prognosis and a
better response to treatment with alkylating agents. The most important factors for
the development of gliomas are vascular proliferation and cell cycle dysregulation.
Additional factors such as inflammation and the immune response are also key in
the development and progression of glioblastoma. There is evidence of the pivotal
role of gene polymorphisms that regulate these mechanisms in tumorigenesis and
clinical response. Several factors with prognostic importance have been described
for glioblastoma, including age, extent of surgical removal, preoperative functional
status, location, presentation form, and radiotherapy associated with concomitant
and adjuvant temozolomide. Molecular factors such as methylation of the MGMT
gene promoter and /DH gene mutations provide different prognoses, as do other
factors such as neutrophil-lymphocyte ratio, erythrocyte RDW index, serum lactates
and body mass index, as we ended up for finding.

Our objective was to try to correlate the genetic findings determined in peripheral
blood with the diagnosis and clinical evolution of the patients and to identify
biomarkers of increased susceptibility for the development of glioblastomas, as
well as indicators of prognosis and therapeutic response.

We begin by evaluating pseudoprogression on magnetic resonance imaging using
two distinct evaluation methods. We obtained disparate results that were dependent
on the evaluation method used. Thus, we concluded that pseudoprogression was
not a prognostic factor in patients with glioblastoma.

Using peripheral blood samples from patients with glioblastoma, we studied the
existence of gene polymorphisms associated with vascular proliferation and the cell
cycle, evaluating their effect on the risk and prognosis of patients with glioblastoma.



The study of VEGF gene polymorphisms, supported by additional studies of the
EGF/EGFR, CDKN2A/B, RTEL, PHLDB1, TERT, CCDC26 and TGF-1genes, has shown
an increased risk of developing gliomas and worse prognosis associated with SNPs
specific.

Considering that individual-based molecular studies are of difficult clinical
applicability, we tried to find associations between the most common laboratory
findings, such as the neutrophil-lymphocyte ratio (RNL), the erythrocyte anisocytosis
index (RDW) and the serum lactate value, and the prognosis of patients with
glioblastoma. Our results showed that increased values of these markers were
implicated in decreased overall survival and could be used as prognostic biomarkers.
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PREFACIO

O glioblastoma é o tumor cerebral primario maligno mais frequente. Atendendo a
algumas das suas caracteristicas, nomeadamente a agressividade e imprevisibilidade,
nao foi possivel, até ao momento, determinar um método de rastreio ou de diagndstico
precoce. Pelo mesmo motivo se torna dificil prever atempadamente a sua recorréncia,
situacao que, inexoravelmente, ird ocorrer num curto periodo de tempo.

A pesquisa aturada de alteracoes que possam indiciar uma fase precoce da
gliomagénese ou da progressao da doenca tem recaido em analises complexas e
demoradas, mais adequadas ao grupo que ao individuo. Embora de importancia
fulcral no entendimento da doenca, esta investigacao dilui-se na pratica clinica.

Os muitos anos a lidar com esta patologia, com os incessantes fracassos e derrotas,
levantaram a questao da necessidade de se procurar contribuir para encontrar
algum marcador de facil acesso e processamento que pudesse duma forma rotineira
informar sobre o risco de desenvolvimento, o diagnéstico precoce e o aparecimento
da recidiva.

A concretizagao dum projeto com estas caracteristicas apenas € plausivel num
contexto multidisciplinar e pluri-institucional abarcando os diferentes dominios
da investigacao com recursos a uma investigacao basica forte e diferenciada que
pudesse beneficiar da experiéncia acumulada no diagndstico e tratamento dos
doentes e com acesso a um numero de casos que permitisse, pelo seu volume,
chegar a algumas conclusoes.

A oportunidade chegou com o estabelecimento de uma parceria com a Escola de
Medicina da Universidade do Minho através do Prof. Doutor Rui Manuel Reis e da
sua dedicacao aos gliomas cerebrais, em particular ao glioblastoma. O volume de
doentes com glioblastoma tratados no Servigo de Neurocirurgia do Centro Hospitalar
Sao Joao permitia, duma forma multicéntrica que englobava o Centro Hospitalar
do Porto, o Hospital de Braga e em menor escala o IPO do Porto, contribuir para a
obtencao de um numero de doentes que cumpria os designios estabelecidos. Assim,
passei a integrar uma equipa de investigacao pluridisciplinar, que se dividia pelas
vertentes bésica e clinica, com todos a contribuirem para um maior bem comum,
elucidar os diferentes aspetos relacionados com os glioblastomas. A obten¢ao dos
dados clinicos e do material de estudo e a respetiva conservacao estava a cargo do



grupo de investigacao clinica e o processamento das amostras caberia ao grupo
de investigacao basica. A preparagao dos artigos foi feita de modo conjunto dada
a especificidade das partes envolvidas. Desta parceria resultou a elaboracao de
12 artigos que, distribuidos pelos diferentes investigadores, culminaram com a
realizacao de varias teses de doutoramento. O Professor Doutor Bruno Costa deu
seguimento a este projeto, passando a encabecar a investigagao em gliomas, tendo
sido, na segunda fase deste percurso, uma pedra fundamental que levou a sua
conclusao.

Numa segunda fase estendeu-se esta parceria ao IPATIMUP, onde a colaboracao
com o Professor Doutor Jorge Lima e, mais recentemente, com a Professora
Doutora Raquel Lima tem permitido a manutencao duma investigacao de translagao
da ciéncia basica para a ciéncia clinica, com a participacao nalguns projetos
desenvolvidos e a desenvolver.

A nossa procura englobou uma avaliacao genética, uma avaliacao celular e uma
avaliacao metabodlica. Esteve sempre presente a ideia do desenvolvimento de um
painel exequivel de marcadores, que na sua conjugacao ajudassem a responder a
um dos maiores desafios relacionados com o glioblastoma: prevé-lo e prever o seu
comportamento. A ciéncia basica tem, a meu ver, um caracter mais populacional,
com resultados a médio e longo prazo, que se pretendem generalizar ao grupo. O
principal objetivo deste projeto era a pesquisa dum biomarcador de cariz individual,
ajustado ao doente em si e nao ao grupo em geral.

Este percurso de colaboracdao com a investigacao basica foi acompanhado pelo
meu desenvolvimento enquanto médico e neurocirurgiao com particular enfase na
neuro-oncologia, onde adquiri competéncias e desenvolvi areas como a cirurgia de
tumores cerebrais com o doente acordado e a cirurgia de gliomas com fluorescéncia
intra-operatéria. Também enquanto clinico fui responsavel pelo Grupo Oncoldgico
de Patologia do Sistema Nervoso Central, com reunides de discussao semanal de
todos os doentes orientados nos servicos de Neurocirurgia, Oncologia Médica e
Radio-oncologia, além do apoio a outros servi¢os. Da experiéncia clinica acumulada
resultou a escrita de dois capitulos de livros, um sobre tumores cerebrais em geral e
outro sobre glioblastomas. A integracao da ciéncia basica na clinica e a integracao
dos clinicos na ciéncia basica é, na minha opiniao, fundamental e uma mais valia
importante para o desenvolvimento de ambas as areas.

Este projeto foi a ambicao desejada e utopica. Desejada pelo contributo que traria
no diagndstico precoce e na pertinéncia do tratamento atempado, pré-clinico, que
ousasse apanhar o tumor na sua fase inicial e confinada, sensivel aos tratamentos

permitindo sobrevivéncias alargadas. Utopica na sua dimensao, na vasta procura



e nas constantes respostas negativas. Nao perdendo a esperanga procuramos
respostas nas areas genética e metabolica. Revimos a literatura. Continuamos com
a forte conviccao que este é o caminho a percorrer, conjugando cada vez mais a

ciéncia basica com a investigacao clinica.
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A CLASSIFICACAO DOS TUMORES DO SISTEMA NERVOSO CENTRAL
DA ORGANIZAGAO MUNDIAL DE SAUDE

Em 1979 a Organizacao Mundial da Saude (OMS) publicou a primeira classificacao
dos tumores do sistema nervoso central (SNC) (Zulch KJ, 1979). Desde essa altura
tem vindo a ser incorporado um sistema de graduacao que tem como objetivo
predizer o comportamento bioldgico do tumor. Durante muito tempo a classificacao
dos tumores do SNC baseou-se no conceito de que os tumores podiam ser
classificados de acordo com as semelhangas microscopicas das suas putativas
células de origem e dos seus estados de diferenciacao (Louis DN, 2016), baseado
no aspeto dos cortes corados com hematoxilina e eosina e na sua expressao
imunohistoquimica. Apesar do conhecimento de algumas alteragdes genéticas, elas
nao foram incorporadas na classificagao da OMS publicada em 2007, tendo apenas
sido consideradas na atualizagcao da classificacdao em 2016, onde os parametros
moleculares estao ja estabelecidos. Nao obstante os aspetos histolégicos terem
alguma acuidade diagndstica, apresentam uma grande variabilidade inter
observador, nao explicam a variabilidade clinica entre entidades morfologicas
idénticas e nao incorporam aspetos progndsticos, o que criou a necessidade de
se identificarem marcadores de diagndstico mais robustos como os marcadores
moleculares. A atualizacao de 2016 da classificacao dos tumores cerebrais da OMS
acrescentou parametros moleculares definidos, que se adicionaram aos aspetos
histologicos ja estabelecidos na classificagao de 2007, dando um caracter dinamico,
baseado tanto no fendtipo como no gendtipo, a classificacao, incorporando toda a
informacao obtida no tecido tumoral, combinando o diagndstico histoldgico, o grau
histoldgico e ainformagao molecular e incluindo também uma gradacao traduzindo
uma escala de malignidade, com a divisao em 4 graus. Em 2021 foi publicada a
quinta edicao da classificacao dos tumores do SNC da OMS (OMS CNS5), sendo
a sexta versao. Foi construida tendo por base a atualizacao de 2016 da 4.% edicao
e o trabalho do Consortium to Inform Molecular and Practical Approaches to SNC
Tumor Taxonomy (cIMPACT-NOW) (Louis DN, 2021). Introduz essencialmente
alteracoes no diagnostico molecular, ao mesmo tempo que permanece ligada as
outras abordagens estabelecidas para o diagnostico dos tumores, como a histologia
e a imunohistoquimica, enfatizando a importancia de um diagnodstico integrado.
Mantém, contudo, uma taxonomia hibrida que, segundo os autores, podera ser uma
fase de transicao para uma classificagao futura mais precisa e, eventualmente, mais
homogénea. Na OMS CNS5 algumas familias tumorais encontram-se agrupadas de
acordo com as alteragoes genéticas que permitem um completo diagndstico (por
exemplo o estado dos genes do grupo isocitrato desidrogenase (IDH) e do grupo
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da histona H3); por associacoes oncogénicas menos fortes como as alteracoes da
via MAPK; por semelhancgas histoldgicas e citogenéticas mesmo com assinaturas
moleculares diferentes (por exemplo dentro do grupo de Outros gliomas, Tumores
glioneurais e Tumores neuronais); ou usando caracteristicas moleculares para
definir novos tipos e subtipos (como no caso do meduloblastoma) (Louis DN, 2021).

Em termos de graduacao dos tumores houve também uma mudanca para uma

graduacao dentro do tipo do tumor e nao transversal a todos os tipos de tumor,

mantendo contudo os 4 graus, tendo esta mudanca sido efetuada por 3 motivos:

1. Fornecer maior flexibilidade no uso do grau relativo ao tipo do tumor;

2. Para enfatizar semelhancas bioldgicas dentro dos tipos de tumor em vez de
aproximar o comportamento clinico;

3. Para estar mais em conformidade com as classificagoes da OMS de tumores
nao do SNC (Louis DN, 2021).
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O GLIOBLASTOMA

O glioblastoma é o tumor cerebral primario maligno mais frequente, correspondendo
a aproximadamente 15% dos tumores intracranianos e a 40-50% dos tumores
malignos primarios do cérebro (Louis DN, 2016). Na maioria dos paises europeus e
na América do Norte tem uma incidéncia na ordem dos 3-4 novos casos por 100 000
habitantes por ano (Louis DN, 2016). Apresenta um pico de incidéncia entre os 55 e os
85 anos de idade, um predominio no sexo masculino (Louis DN, 2016; Kaye A, 2001;
Bernstein M, 2000) e uma idade média ao diagndéstico de 65 anos (Tan AC, 2020).
A incidéncia no género masculino é de 1,6 vezes maior que no género feminino, e
2,0 vezes maior nos caucasianos em comparagao com africanos e afro-americanos,
tendo menor incidéncia em asiaticos e indios americanos (Juweid M et al, 2017).

Kang H e colaboradores (col.) determinaram as caracteristicas epidemiologicas e
a sobrevivéncia de doentes com tumores cerebrais primarios e outros tumores do
SNC na Coreia e compararam os resultados com os dos Estados Unidos. Verificaram
que a taxa de incidéncia padronizada para a idade dos tumores malignos foi
significativamente menor (4,27/100 000) do que nos Estados Unidos (7,08/100 000)
(Kang H et al, 2020). Globalmente, a incidéncia do glioblastoma é mais alta na
América do Norte, Australia e Europa do Norte e Ocidental (Tan AC, 2020). A taxa
de incidéncia relativamente mais baixa de tumores primarios malignos do SNC
foi observada nao apenas nos paises do leste asiatico, mas também em paises da
Asia Ocidental. Embora a causa aparente nao seja clara, varios relatos sugerem que
disparidades na etnia, estilo de vida, ambiente, fatores hereditarios e composicao
da populagao possam ser responsaveis por estas variacoes (Kang H et al, 2020), nao
se devendo, por consequéncia, a uma menor taxa de diagnosticos efetuados.

Como outras doencas complexas, acredita-se que o glioma resulte da combinacao
de fatores genéticos e ambientais (Pandey JF, 2014).

Historicamente, a origem glial dos glioblastomas foi reconhecida pela primeira vez
porVirchow em 1863 e o termo “glioblastoma multiforme” foi atribuido por Mallory
em 1914. O seu desenvolvimento surge a partir de células progenitoras neurogliais
(Tan AC, 2020).

Macroscopicamente o glioblastoma é mal delineado sendo a superficie de corte

variavel na cor, muitas vezes com a massa tumoral periférica acinzentada e com

areas centrais de necrose amarelada. A zona hipercelular periférica surge como uma
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borda suave cinzenta a rosa ou uma faixa cinzenta de tecido tumoral. Normalmente
ha um pontuado avermelhado e acastanhado traduzindo focos de hemorragia
recente e antiga (Louis DN, 2016).

A histopatologia é muito variavel, o que levou a denominacao de glioblastoma
multiforme. Tipicamente é uma lesao altamente celular, geralmente composta por
células tumorais pouco diferenciadas, pleomoérficas, com atipia nuclear e atividade
mitdtica ativa, sendo a proliferacao microvascular proeminente e a necrose
elementos essenciais para o diagnodstico, que é frequentemente baseado na
identificacao de um padrao tecidular e nao apenas pela existéncia de tipos celulares
especificos (Louis DN, 2016).

Também importante para a caraterizacdao diagnostica do glioblastoma é a
determinacao do estado da mutacao do gene /DH, resultando em dois subgrupos
distintos, a saber, glioblastoma IDH-wildtype e glioblastoma IDH-mutante (Tan AC,
2020). Apesar da OMS CNS5 ter abolido a entidade glioblastoma IDH-mutante,
passando estes tumores a serem classificados como astrocitomas IDH-mutante
grau 4 (Louis DN, 2021), consideramos nesta dissertacao a atualizagao de 2016 da
classificacao dos tumores do SNC para fins de descricao e discussao. As alteragoes
genéticas tipicas do glioblastoma IDH-wildtype sao as mutagoes do promotor do
gene da transcriptase reversa da telomerase (TERT), as delegbes homozigéticas do
gene inibidor da cinase dependente da ciclina (CDKN) CDKN2A/CDKNZ2B, a perda
dos cromossomas 10p e 10q, as alteracoes do recetor do fator de crescimento
epidérmico (EGFR) (mutacgoes, rearranjos e /ou amplificagcoes), mutacoes/delecoes
do gene da fosfatase homoéloga a tensina (PTEN) e mutacoes do gene TP53e do gene
fosfatidilinositol 3-cinase (PI3K) (Louis DN, 2016). Com base na mutacao do /DH, o
wildtype corresponde ao glioblastoma primario, sem tumor precursor identificavel,
compreendendo 90% dos glioblastomas (Louis DN, 2016). A forma mutante que
corresponde aos restantes 10% classifica o glioblastoma em secundario, tendo
origem num astrocitoma difuso ou anaplasico precursor (Tan AC, 2020). A metilacao
do gene promotor do O6-metilguanina-DNA metiltransferase (MGMT) ocorre em
30 a 50% dos glioblastomas IDH-wildtype, conferindo uma melhor resposta ao
tratamento com agentes alquilantes e um prognostico mais favoravel. Recentemente,
a classificagdo da OMS CNS5 acabou por retirar da classificacao o glioblastoma
IDH-mutante, optando por engloba-lo no tipo astrocitoma IDH-mutante. Considerou
que o glioblastoma IDH wildtype deve ser diagnosticado no contexto de um glioma
astrocitario, difuso, IDH wildtype se houver microproliferacao vascular ou necrose
ou mutac¢ao do promotor do gene TERT ou amplificagao do gene EGFR ou alteracao
do nimero de copias do cromossoma +7/-10 (Louis DN, 2021).
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Clinicamente o glioblastoma manifesta-se essencialmente por quatro quadros
distintos: hipertensaointracraniana, défices neurolégicosfocais, epilepsia e sintomas
pouco especificos como fadiga ou alteracdes cognitivas e comportamentais. Muitos
doentes tém mais que um sintoma simultaneamente e normalmente apresentam
mais sintomas do que os que relatam ou sao detetados pelo médico. Dois ou mais
sintomas relacionados entre si e que ocorrem juntos podem ser referidos como
um agrupamento de sintomas, sendo que as associagoes entre os sintomas dentro
de um grupo de sintomas sao mais fortes do que as associacoes entre diferentes
grupos de sintomas e/ou sintomas separados (Coomans MB, 2019). Estes grupos
de sintomas tém uma relacao direta com a qualidade de vida. Coomans e col.
identificaram quatro grupos de sintomas, um grupo de dor, um grupo motor, um
grupo de fadiga e um grupo gastrointestinal/convulsivo/bexiga. O grupo de fadiga,
que engloba o cansaco e a sonoléncia foi o mais prevalente, seguido do grupo
motor (Coomans MB, 2019).

Estao descritos alguns fatores de risco e de prognostico no glioblastoma, sendo,

no momento, os mais relevantes a metilacao do gene promotor do MGMT e as
mutacoes do gene IDH no prognéstico.
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OS FATORES DE RISCO
PARA O DESENVOLVIMENTO DO GLIOBLASTOMA

A etiologia do glioblastoma é desconhecida (Nelson JS, 2012) e ha poucos fatores
de risco conhecidos para o seu desenvolvimento. Exclui-se aqui uma pequena
quantidade associada a sindromes genéticos hereditarios como a sindrome de
Turcot, a sindrome de Li-Fraumeni, a neurofibromatose e a sindrome de Lynch que
representam apenas cerca de 1% dos casos.

Dos fatores de risco reportados salientam-se a radiacao ionizante, a diminuicao
da susceptibilidade as alergias, fatores e genes imunoldgicos e polimorfismos
de nucleotideo unico detetados por estudos de associacao gendmica alargada
(GWAS) (Thakkar JP, 2014). Rogers LR e col. encontraram a sindrome metabolica
numa frequéncia ligeiramente maior em doentes com diagndstico de glioblastoma
gquando comparado com a populacao em geral (Rogers LR, 2020).

Nelson JS num estudo epidemiolégico prospetivo de longo prazo em homens
nipo-americanos, embora com um numero reduzido de doentes, encontrou
o consumo alimentar de aglcar e o trabalho habitual com exposicao média
ou alta ao tetracloreto de carbono como fatores independentes associados ao
desenvolvimento de glioblastomas (Nelson JS, 2012).

Utilizando uma randomizacao Mendeliana, Howell AE e col. avaliaram se as
associacoes de 36 fatores de risco de glioma mostravam evidéncias de uma relacao
causal (Howell AE, 2020). Obtiveram um resultado positivo entre o comprimento dos
telomeros de leucécitos, doenca alérgica, consumo de alcool, obesidade extrema na
infancia, niveis de lipoproteina de baixa densidade (LDL) e triglicerideos e gliomas.

Cote e col analisaram a relacao de ingestao de cha e café com risco de glioma em
trés grandes estudos de coorte prospetivos, o Nurses’ Health Study (NHS), Nurses’
Health Study Il (NHSII) e Health Professionals Follow-Up Study (HPFS) e concluiram
gue a ingestao de cha tem uma associagao inversa marginal com o risco de glioma
e a ingestao de café com cafeina ou descafeinado e o consumo total de café nao
tiveram impacto no risco (Cote DJ 2, 2019).

A exposicao a radiacao ionizante é o fator de risco mais fortemente associado ao

glioblastomae é o Unico fator derisco potencialmente modificavel conhecido (Tan AC,
2020). A radiagao ionizante induz varios tipos de danos no acido desoxirribonucleico
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(ADN), particularmente quebras da cadeia dupla, que sao as principais ameacas a
integridade gendmica das células. Uma associacao entre a radiagao ionizante de
alta dose e o desenvolvimento de tumores cerebrais foi observada em estudos de
sobreviventes de bomba atomica, dados de testes nucleares radioativos, radiacao
terapéutica para situacoes malignas e benignas e estudos ocupacionais e ambientais
(Prabhakaran N, 2019). Foi demonstrado que a radiacao ionizante promove a
migracao e invasao de linhas celulares de glioblastoma humano in vitro, sugerindo
que este efeito pode permitir que algumas células cancerosas se afastem da area
irradiada, reduzindo assim sua exposicao a radiacao nas subsequentes sessoes de
irradiacao e, em geral, a eficacia do tratamento (Gauthier LR, 2020).

A suscetibilidade genética de glioblastomas vem de sindromes genéticos raros,
historia familiar de multiplos cancros e alteracoes cromossdmicas. Os varios genes
associados ao ciclo celular, a reparacao celular e ao metabolismo apresentam
resultados muitas vezes discrepantes quanto ao risco de gliomagénese.

Os polimorfismos de genes sao um factor que pode aumentar a susceptibilidade
ao desenvolvimento do glioblastoma. Os polimorfismos de nucleotideo Unico
(SNPs) nao é comum mudarem durante o processo de carcinogénese (Gu J, 2009) e
apresentam uma baixa taxa de mutacao, o que os torna biomarcadores adequados
na avaliacao de risco, sendo importante perceber o seu papel em vias especificas
como por exemplo da reparagao do ADN, ciclo celular, inflamacgao, angiogénese e
metabolismo.

Os genes associados ao ciclo celular tém mostrado respostas variaveis no risco do
desenvolvimento de glioblastomas. A viado EGFRdesempenha funcdesimportantes
na regulacao do crescimento celular, apoptose e diferenciacao, um processo que
é rigidamente regulado em células epiteliais normais. A sinalizagao aberrante
do EGFR pode, em ultima analise, afetar as principais caracteristicas do cancro,
incluindo o crescimento tumoral, a invasao, a malignidade e o progndstico. Além
dessas alteracoes moleculares somaticas, variantes polimérficas germinativas na
via EGF/EGFR também foram implicadas no risco de tumor, resposta ao tratamento
e resultado do doente. O polimorfismo EGF (EGF p61) esta associado com risco de
glioma, o que aumenta a hipotese crescente que polimorfismos na via do EGFR
podem ser relevantes no contexto dos gliomas (Costa BV, 2011). Foi observada uma
associacao positiva com o EGF/EGFR em muitos dos estudos publicados, como é o
caso do EGF+61A/G em que a variante G se associa a aumento do risco de glioma,
0 mesmo nao acontecendo com os genes PTEN e TP53 que mostraram resultados
contraditérios (Gu J, 2009). Costa e col. em 2007 num estudo que envolveu 190
doentes com glioma e 570 controlos mostraram o papel do polimorfismo EGF + 61
como um fator de suscetibilidade para o desenvolvimento de glioblastomas (Costa

40



B, 2007). Ja em 2010, Bao e col. tinham mostrado uma associacao entre o genotipo
EGF +61 AA e o risco aumentado de glioblastoma na populagao asiatica, uma vez
que encontraram este genétipo numa frequéncia significativamente superior nos
doentes com este tipo de tumor do que na populacao geral e do que na populacao
com outro tipo de tumores gliais (Bao G, 2010). Subsequentemente, 0 mesmo
grupo estudou o polimorfismo do gene VEGF +936 tendo verificado que os doentes
com glioblastoma tiveram uma frequéncia significativamente maior do genétipo
TT do que os controlos e do que os doentes com outros gliomas (Bao G, 2011). Os
polimorfismos do EGFR foram também associados ao risco de desenvolvimento
de glioblastoma. Trabalhos do nosso grupo implicaram o EGFR -191C/A e os
polimorfismos de repeticao (CA) do intrao 1 do EGFR como fatores de risco para
gliomas (Costa B, 2011). Uma meta-analise efetuada por Chen e col. em 2014 mostrou
que o polimorfismo EGF + 61G/A esta associado ao risco de desenvolvimento de
glioblastoma (Chen X, 2014).

O fator de crescimento endotelial vascular (VEGF) é o principal fator angiogénico
tanto no desenvolvimento embrionario como no crescimento tumoral. Esta sobre
regulado no glioblastoma e seus recetores estao sobrexpressos nos vasos tumorais
(Linhares P, 2018). Estudos recentes tém mostrado que alguns polimorfismos de
nucleotideo unico (SNPs) de genes relacionados com o VEGF/VEGFR podem
contribuir paraa modulacao dos niveis séricos de VEGF, possivelmente influenciando
o risco e o progndstico de tumores solidos, incluindo glioma (Linhares B, 2018).
Num estudo desenvolvido em 2018 apontamos que diferentes SNPs do VEGF
aumentam muito o risco de desenvolver gliomas, e especificamente glioblastoma,
particularmente a presenca da variante rs833061 (Linhares F, 2018) sendo um dos
estudos desenvolvidos no &mbito desta dissertacao.

Dos genes associados a reparagao de danos no DNA, o ERCC1, ERCC2 e MGMT,
foram consistentemente associados com risco de glioma (Gu J, 2009). O gene
ERCC1 codifica uma proteina que atua na via de reparacao do ADN por excisao de
nucleotideos em lesdes como as induzidas por luz ultravioleta ou por agentes como
a cisplatina. O gene ERCC2 codifica a proteina XPD que faz parte do complexo geral
do factor de transcricao (TFIIH) que esta envolvido na transcricao de genes e na
reparacao do ADN danificado. O gene MGMT localiza-se no cromossoma 10g26 e
codifica uma proteina reparadora do ADN que remove grupos alquil da posicao 06
da guanina, um importante local de alquilagao do ADN (Hegi ME, 2005). Rodriguez-
Hernandez e col. mostraram que os polimorfismos MLH1 rs1800734 e ERCC2
rs13181podem constituir fatores de susceptibilidade ao glioblastoma. Os portadores
do genétipo ERCC2 GIn/GIn foram associados a um risco inferior, enquanto os
portadores do gendtipo MLH1 AA foram associados com um risco aumentado de
glioblastoma. Aléem disso, o haplétipo contendo o alelo C do polimorfismo ERCC2

47



rs13181e o aleloT do polimorfismo ERCC1 rs11615 foi significativamente associado
a um efeito protetor de desenvolver glioblastoma (Rodriguez-Hernandez, 2013).

A associacao dos genes associados ao metabolismo com o risco de glioma ¢é ainda
mais inconsistente, havendo apenas alguma evidéncia duma associacao positiva
com os genes SOD2, SOD3 e CAT (Gu J, 2009).

Em 2019, dando continuidade ao trabalho desenvolvido com os polimorfismos
especificos de nucleotideo unico, Viana-Pereira e col. mostraram que os SNPs
rs4977756 (CDKN2A/B), rs6010620 (RTEL1), rs498872 (PHLDB1), rs2736100 (TERT) e
rs4295627 (CCDC26) estavam associados a suscetibilidade ao glioma sendo potenciais
biomarcadores de risco. O gendtipo GA do rs6010620 (RTEL1) foi associado a uma
diminuicao do risco de glioblastoma e o gendtipo GA do rs498872 (PHLDB1) foi
associado a um risco aumentado de glioblastoma (Viana-Pereira M, 2019).

Jaem 2016 Ghasimi e col. tinham mostrado que os polimorfismos rs17172430 (EGFR)
e rs1412829 (CDKN2B) mostraram uma tendéncia de associacao com o aumento
do numero de cépias do EGFR, e que os polimorfismos rs4977756 (CDKN2A/B) e
rs1412829 (CDKN2A/B) apresentavam uma associagao inversa com a expressao da
forma mutada do IDH1 (Ghasimi S, 2016).

Os resultados dum estudo caso-controlo na populacao chinesa por Han e col.
mostraram que os gendtipos CC do polimorfismo rs2297440 (RTEL1) e GG do
polimorfismo rs6010620 (RTEL7) aumentavam significativamente o risco de
glioblastoma (Yang B, 2015). J& o gendtipo TT do rs17748 (TREH) e o gendtipo TT
do rs498872 (PHLDB1) associavam-se com um risco diminuido de GBM no modelo
recessivo. Também verificaram que o alelo C variante TREH rs17748 apresentou
um risco aumentado em homens no modelo dominante (Yang B, 2015). Na mesma
populacao, Zhang e col avaliaram se os polimorfismos de nucleotideo Unico
(SNPs) do gene EFEMP1, que tem acao anti-angiogénica, estavam associados a
suscetibilidade ao glioma (Zhang S, 2015). Encontraram quatro SNPs associados
ao risco de desenvolvimento de glioblastomas, rs1346787, rs3791679, rs1346786 e
rs3791675. Na analise de hapldétipos, o haplétipo AA e o haplétipo GG mostraram
uma associagao significativa com o glioma havendo um aumento de 44% e 65% do
risco de glioma em comparagao com os nao portadores.

Também os polimorfismos do gene TERT, particularmente o rs2736100, foram

associados a susceptibilidade aumentada de desenvolvimento de glioblastoma
(Zhou P, 2014).
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Outro grupo de genes que tem sido associado ao risco de desenvolvimento de
glioblastoma sao os relacionados com o sistema imune. Num estudo publicado em
2014 com a participagao do nosso grupo, Pandey e col. mostraram que os doentes
portadores do alelo GM 3 da IgG1 tém risco 3 vezes maior de glioma de alto grau do
que os nao portadores (Pandey JP, 2014). Os alelos GM interagem epistaticamente
com alelos FcyRllla expressos em células natural killer e medeiam a citotoxicidade
celular dependente de anticorpos de células cancerosas com sobrexpressao de
EGFR e HER2 (Namboodiri AM, 2011).

Saunders e col usaram um estudo de associacao do fendmeno (PheWAS) de
randomizacao mendeliana (MR) e analisaram 316 fen6tipos, representados por 8387
variantes genéticas e dados genéticos resumidos de um GWAS de 12.488 casos
de glioma e 18.169 controlos. Associacoes sugestivas foram observadas entre o
comprimento dos telomeros de leucdcitos com os glioblastomas, mas a associacao
foi impulsionada principalmente pela variante TERT rs2736100. O colesterol sérico
LDL e a HbA1C plasmatica mostraram associagdes sugestivas com glioma, ambas as
associacoes sendo dependentes de variantes genéticas Unicas (Saunders CN, 2020).
Nao encontraram outros fatores de risco para o desenvolvimento de glioblastomas.

Estudos de GWAS mostraram que variantes herdadas em algumas regides
cromossomicas, como 20q13.3, 5p15.3 e 11923.3, tém uma associacao significativa
com o risco de glioma (Yang B, 2015).

Thakkar e col nao encontraram evidéncias substanciais de associagao de
glioblastoma com caracteristicas do estilo de vida, como o tabagismo, o consumo
de alcool, o uso de drogas de qualquer tipo ou a exposicao alimentar a compostos
N-nitroso (Thakkar JP, 2014). Cote DJ e col. encontraram uma relagao inversa entre a
hiperlipidemia e o risco de glioma (Cote DJ 1, 2019). Montemurro N e col. efetuaram
uma revisao sistematica tendo encontrado 3 artigos que forneciam evidéncia
sobre a diabetes mellitus tipo 2 e a hiperglicemia e o risco de desenvolvimento de
glioblastomas. Dois dos artigos nao encontraram qualquer relacao (Barami K, 2017;
Disney-Hogg L, 2018) enquanto o terceiro (Seliger C, 2016) mostrou uma diminuigao
do risco de desenvolvimento de glioblastoma (Montemuro N, 2020). Schwartzbaum
e col. usando os dados das coortes Apolipoprotein MOrtality RISk (AMORIS) e do
Metabolic syndrome and Cancer project (Me-Can) concluiram que os niveis de
glicose no sangue pré-diagndstico foram inversamente relacionados com o risco
de glioma (Schwartzbaum J, 2017).

O sistema imunolégico desempenha um papel vital na formacao e estabelecimento

de tumores, tendo fungdes de protecao do hospedeiro e de iniciacao tumoral (Tivnan
A, 2017). O sistema nervoso central esta sujeito a uma imunovigilancia ativa e auma
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vigorosa resposta imunoldgica (Lim M, 2018). H4 uma primeira fase de eliminacao
em que o sistema imune elimina as células que se transformam, uma segunda fase
de equilibrio em que aimunomodulagao ocorre por meio da mutagao de antigénios
associados as células, regulagcao negativa, delecao e/ou sobrevivéncia seletiva de
determinadas subpopulacoes de antigénios negativas ou positivas, envolvendo
regulacao negativa do complexo principal de histocompatibilidade (MHC) - classe I,
expressao aumentada da proteina 4 associada a linfocitosT citotéxicos (CTLA-4), da
proteina de morte celular programada (PD-1), IL-10 e TGF-B, além do recrutamento
de células T reguladores para amortecer a resposta imunologica e uma terceira
fase de escape quando os tumores editados imunologicamente crescem e se
apresentam num ambiente clinico, estabelecendo um microambiente tumoral
imunossupressor onde a actividade tumor infiltrante dos linfocitos é suprimida
(Tivhan A, 2017). Bloch e col. mostraram que macrofagos isolados do sangue
periférico de doentes com glioblastoma expressavam niveis aumentados de PD-
L1, um ligando que ativa o receptor ponto de verificacao imunolégica da proteina
de morte celular programada 1 (PD-1) que restringe a atividade das células T
citotoxicas (Bloch O, 2013). Também o STAT3 parece ter um papel de sinalizacao na
supressao da actividade das células imunoldgicas nos doentes com glioblastoma.
A expressao STAT3 dos espécimes de glioblastoma humano parece ser provocada
pela IL-10 nas células tumorais e nas células imunoldgicas. De facto, fatores soluveis,
nomeadamente o fator de transformacao de crescimento B (TGFp), a IL-10 e as
prostaglandinas, foram os primeiros mediadores imunossupressores identificados
em doentes com glioblastoma, embora estudos subsequentes também tenham
indicado que as interagoes diretas entre as células de glioblastoma e as células do
sistema imunoldgico estao envolvidas nos mecanismos de escape imunoldgico,
com supressao das células NK (natural killer). Estas interagcbes resultam na
supressao da atividade das células natural killer (NK), mediada por moléculas HLA
atipicas (incluindo HLA- E51 e HLA- G52), inducao direta de apoptose das células
do sistema imunoldgico via interacoes da superfamilia de recetores do fator de
necrose tumoral membro 6 (TNFRSF6, comumente conhecido como FAS) — FAS
ligando (FASL) ou atingimento dos pontos de verificagao de célulasT pelos ligandos
PD-1 (Lim M, 2018).

A susceptibilidade as alergias e a associacao inversa com o glioblastoma também
tem sido documentado, embora nao sejam cabalmente conhecidos os motivos
biologicos subjacentes (Tan AC, 2020). Alguns estudos epidemiolégicos mostraram
que adultos com glioma tém 1,5 a 4 vezes menos probabilidade do que os controlos
de relatar uma variedade de alergias, o que transforma a falta de alergias num dos
fatores de risco mais consistentes reportado para o desenvolvimento de gliomas
(Wiemels JL, 2009).
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Mantém-se inconsistente a relagcao do uso de telemoveis com o desenvolvimento
do glioblastoma (Thakkar JF, 2014). O maior estudo multicéntrico de caso-controlo
de base populacional, o estudo Interphone, realizado em 13 paises, apoiou a ideia
de que o uso de telefones moveis nao tem risco aumentado de glioma, contudo
conclui que é necessaria mais investigacao sobre os possiveis efeitos do uso macico
prolongado dos telemodveis no desenvolvimento dos tumores cerebrais (Kalakoti P,
2016). Num estudo de base populacional australiano, Karipidis K e col examinaram
as tendéncias dos tumores cerebrais nos periodos 1982-1992, 1993-2002 e 2003-
2013 e compararam a incidéncia observada durante o periodo de uso substancial
do telefone mével (2003-2013) com a incidéncia prevista para o mesmo periodo,
aplicando varios riscos relativos, periodos de laténcia e cenérios de uso do telefone
movel. Nao encontraram aumento em nenhum tipo histolégico de tumor cerebral
ou localizacao de glioma que pudesse ser atribuido a utilizacao dos telemoveis
(Karipidis K, 2018).

O nivel socioecondmico tem sido associado a varios tipos de cancro. Porter e col
numa analise dos dados do Programa SEER (Surveillance, Epidemiology and End
Results) verificaram que o género masculino, a idade avancada, a raga branca e um
maior nivel socioecondmico foram positivamente correlacionados com o risco de
glioblastoma (Porter AB, 2015).

As Unicas associacoes de fatores de risco validadas foram o aumento do risco
apos a radiagao ionizante para a cabeca e pescoco e uma diminuicao do risco entre
individuos com histérico de alergias e/ou doenga atopica (Louis DN, 2016). Todas
as outras investigacoes efetuadas, incluindo a influéncia potencial da radiacao
nao ionizante (por exemplo, o uso de telemoveis) e as exposicoes laborais, foram

inconclusivas ou com resultados negativos.
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OS FATORES DE PROGNOSTICO NO GLIOBLASTOMA

Vérios fatores com importancia prognodstica foram descritos para o glioblastoma,
entre eles aidade, a extensao da remocao cirurgica, o estado funcional pré-operatorio,
a localizagcao, a forma de apresentacao e a realizacao de radioterapia associada a
temozolamida concomitante e adjuvante (Dobran IV, 2018). Fatores moleculares como
a metilagdo do gene promotor do MGMT e as mutagdes dos genes IDH conferem
prognosticos distintos. Outros fatores, com diferentes graus de evidéncia, também
tém sido descritos, como por exemplo, o racio neutréfilo-linfocito (Bambury RM,
2013; Han S, 2015; Weng W, 2018), os lactatos séricos (Shih CC, 2017; loannoni E, 2020)
e o indice de massa corporal (Cote DJ, 2018; Potharaju M, 2018; Jones LW, 2010).
Recentemente, Schuss e col adicionaram a ventilacdo mecanica prolongada pos-
operatoria (>24 horas) como fator de risco independente de pior sobrevivéncia global
(Schuss P, 2020). Conjugando alguns valores hematologicos, Xie e col. estabeleceram
um score inflamatério sistémico com importancia progndstica na sobrevivéncia dos
doentes com glioblastoma (XieT, 2020).

O silenciamento epigenético do gene MGMT pela metilacao do promotor esta
associado a perda de expressao do MGMT e diminuicao da atividade de reparacao
do ADN (Hegi ME, 2005). A proteina MGMT reverte rapidamente a alquilacao na
posicao O6 da guanina, evitando assim a formacao de ligagdes cruzadas letais
(Esteller M, 2000).

Este silenciamento tem sido reconhecido como um factor importante preditor da
resposta terapéutica em doentes com glioblastoma tratados com agentes alquilantes
(Hau P, 2007) além da radioterapia, conferindo um aumento da sobrevivéncia global
(Hegi ME, 2005).

As mutacoes nos genes [IDH1T ou IDH2 tém sido frequentemente identificadas em
gliomas. As mutagdes do IDH1 e do IDHZ sao restritas ao exao 4, no codao 132
para IDH1 e codao 172 para IDH2. A enzima mutante resultante ganha uma nova
capacidade catalitica para produzir 2-hidroxiglutarato. Foi demonstrado que estas
mutagoes se correlacionam com um resultado de sobrevivéncia mais favoravel
(Amelot A, 2015). Parsons e col. relataram que a mutacao /IDH1 foi associada com
uma sobrevivéncia global significativamente mais longa em doentes com GBM
recém-diagnosticado (Parsons DW, 2008). No estudo fase Il BELOB a analise
univariada mostrou que o estado de mutacao /IDH1 foi um fator que se correlacionou
significativamente com a sobrevivéncia global, contudo a analise multivariada nao
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revelou impacto estatisticamente significativo da mutacao IDH1 na sobrevivéncia
global (Estudo BELOB fase II).

Varios SNPs do VEGF parecem ser marcadores de prognéstico e de sobrevivéncia
em doentes com glioblastoma, tendo Djan e col. mostrado que o polimorfismo do
gene + 405C> G VEGF pode ser usado como marcador genético de prognostico
de sobrevivéncia global em doentes com glioblastoma (Djan I, 2019). Resultando
de uma das nossas linhas de investigacao, parece que, em particular, os SNPs
rs3024994 heterozigotos e 0s rs1005230 homozigotos conferem um pior prognostico
para estes doentes (Linhares F, 2018).

O microambiente imunoldgico é composto por células imunolégicas associadas ao
glioma como a microglia, os macrofagos e as células B e fatores imunorreguladores
como a I-6, a I.-10 e o TGF B, que regulam a progressao do glioma (Wang J-J,
2021). Wang e col. desenvolveram um modelo de prognostico baseado nos genes
relacionados com o sistema imunoldgico. Definiram um conjunto de 5 genes (CDK4,
IL24, NOX4, BMP2 e BIRC5) que apresentavam niveis mais elevados no tecido
tumoral que no tecido normal.

O TGF-B, uma citoquina multifuncional, esta envolvida na regulacao de varios
processos imunomoduladores que desempenham uma fung¢ao fundamental em
variosprocessoscelulares,como proliferacao, diferenciacao, apoptose, angiogenese,
progressao tumoral e producao de matriz extracelular (Massague J, 2008; Birch JL,
2020; Burghardt I, 2021). A desregulagao da sinalizagao de TGF-f foi implicada no
cancro, onde foi demonstrado que o TGF-ff tem uma dupla funcao. Pode atuar como
um forte inibidor da proliferacao de astrocitos e células epiteliais, sendo considerado
um fator supressor tumoral, mas em alguns tipos de tumor, como no glioma de
alto grau, o TGF-p atua como um fator oncogénico contribuindo para o crescimento
celular e invasao e diminuindo as respostas imunes do hospedeiro contra o tumor
(Kaminska B, 2013). Varios estudos identificaram o TGF-f1 como um biomarcador
preditivo de cancro, com particular foco nos seus polimorfismos genéticos como os
polimorfismos TGF-1-509C/ T e 869T/C que, nao conferindo suscetibilidade para
o desenvolvimento de gliomas, podem ter impacto na sobrevivéncia dos doentes
com GBM, especificamente, os gendtipos TGF-1-509TT e 869CC (Blobe GC, 2000;
Elliott RL, 2005; Watanabe', 2002).

Além dos biomarcadores genéticos, o valor de varios metabolitos como
biomarcadores de cancro foi amplamente investigado. Sdo exemplo os lactatos e
o racio neutrofilo-linfécito. O lactato € um produto metabdlico final de tumores
altamente proliferativos, como GBM e resulta de um mecanismo de sobrevivéncia

do tumor, que eflui acido lactico para seu microambiente através de transportadores
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transmembrana de monocarboxilato (Colen CB, 2011). Valores elevados dos lactatos
séricos antes ou no inicio da cirurgia foram encontrados em doentes com gliomas
de alto grau (Mariappan R, 2015; Shih CC, 2017). O racio neutrofilo-linfécito (RNL)
€ um marcador hematolégico de inflamacgao sistémica, havendo varios estudos
a demonstrarem uma associagao entre um RNL mais alto e um pior progndstico
em varios cancros. A inflamacao associada ao cancro promove a angiogenese e a
proliferacao de células malignas, favorecendo a progressao da doenca.Tem havido
uma evidéncia crescente do RNL como factor independente de progndstico nos
doentes com glioblastoma (Mariappan R, 2015; Shih CC, 2017).

Montemurro N e col na revisao sistematica que efetuaram mostraram que ha
um conjunto de evidéncias de que a hiperglicemia e o indice de massa corporal
(IMC) elevado sao fatores de risco independentes para pior prognostico e menor
sobrevivéncia global nos doentes com GBM. Doentes com peso normal em
comparacao com obesos e doentes diabéticos medicados com metformina em
comparagao com outras terapias parecem ter uma sobrevivéncia global mais longa
(Montemuro N, 2020). Também na investigacao do nosso grupo, os doentes com
glioblastoma e com excesso de peso e obesidade tiveram uma sobrevivéncia global
mediana superior quando comparados com os doentes com peso normal (Aguiar
PV, 2021).
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0OS FATORES IMAGIOLOGICOS COM IMPORTANCIA PROGNOSTICA

As caracteristicas imagioldgicas dos glioblastomas sao outro aspecto atrativo para
a determinacao do progndstico, uma vez que nao carecem de pesquisa invasiva
ou demorada podendo ser avaliadas de forma longitudinal no percurso da doenga.

A presenca, por exemplo, de componentes quisticos e de componentes necroticos
no glioblastoma. Curtin L e col. mostraram, numa coorte de doentes com GBM
que os que tinham lesdes quisticas apresentavam uma sobrevivéncia global
significativamente mais longa do que os com lesdes nao quisticas (Curtin L,
2020), o contrario acontecendo com os doentes que apresentavam uma elevada
percentagem de componentes necréticos.

A pseudoprogressao € um fenomeno de alteragcdo subaguda na imagem de
ressonancia magnética no glioma subsequente ao tratamento de radioquimioterapia
sugestivo de progressao, com ou sem alteracgoes clinicas associadas e que se resolve
espontaneamente sem tratamentos adicionais. Os mecanismos patofisioldgicos nao
estao completamente descritos, sendo sugerido que reflitam uma reacao inflamatoria
do tecido apds um tratamento local secundario a lesao vascular e oligodendroglial, ou
uma resposta exagerada a um tratamento eficaz (Linhares F, 2013). Algumas alteragoes
genéticas e moleculares foram associadas a pseudoprogressao. Especificamente a
sobrexpressao do p53, o estado de metilacao do gene promotor do MGMT, o indice
Ki67 e a mutacao do IDH1 foram relatados como biomarcadores potenciais para a
detecao da pseudoprogressao (Linhares P, 2013).
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OTRATAMENTO

O tratamento do glioblastoma é multimodal e engloba a cirurgia, a radioterapia (RT)
nas suas diferentes vertentes e a terapia sistémica como a quimioterapia (QT), as
terapias dirigidas e imunoterapia. Algumas destas modalidades estao ainda em fase
experimental e reservar-lhe-emos o beneficio da eficacia. O primeiro tratamento e
sempre que possivel deve ser a cirurgia de ressecgcdo maxima segura, um conceito
que alia o beneficio oncolégico com o beneficio funcional, seguida de RT (60 Gray
[Gy] durante 6 semanas) com temozolamida (TMZ) diaria concomitante seguida de
6 ciclos de manutencao com TMZ (Stupp R, 2005; Tan AC, 2020).

Na recidiva as opcoes terapéuticas nao sao tao consensuais e incluem a resseccao
cirurgica adicional, a re-irradiacao, as terapias sistémicas como lomustina ou
bevacizumab, abordagens combinadas ou apenas cuidados de suporte (Tan AC,
2020). A imunoterapia pode ser ativa ou passiva (Tivhan A, 2017). A imunoterapia
ativa tem como objectivo promover a resposta imunoldgicaTh1 através de vacinas
tumorais, vacinas celulares ou estimulantes imunoldgicos nao-especificos. A
imunoterapia passiva tem como objectivo induzir um efeito anti tumoral pela
transferéncia de células imunes efectoras (Houang B, 2017). Incluiu os inibidores dos
pontos de verificagcdo imunoldgicos, a terapia de transferéncia adotiva de células,
as vacinas terapéuticas e as terapias de virus oncoliticos e a terapia direcionada que
incluiu os inibidores da tirosina cinase e outros inibidores especificos de receptor,
podendo ser poténcias tratamentos a explorar no glioblastoma (Khaddour K, 2020).

Trés abordagens com vacinas chegaram aos ensaios de fase Il e fase lll. Uma vacina
peptidica, Rindopepimut (ou CDX-110 ou PEPVIII), que mimetiza e consequentemente
tem como alvo o EGFR vlll, que estd expresso exclusivamente em células de
glioblastoma em 25-30% dos doentes. A vacina multipeptidica ICT-107 que consiste
em derivado de células dendriticas do doente incubadas ex-vivo com seis peptideos
de proteinas selecionados com base em sua sobre-representacao no perfil de
expressao genético das células de glioblastoma em comparacao com tecidos
nao malignos. Por ultimo, a DCVax-L em que um lisado tumoral do glioblastoma
ressecado do doente é usado para pulsar células dendriticas analogas e serve como
uma fonte para todo o espectro de antigenos tumorais (Lim M, 2018).

Mais recentemente foi agregada a imunoterapia o tratamento com virus oncoliticos,

uma vez que atuam pela indugao de uma resposta imunoldgica. Em maio de 2016,
o poliovirus oncolitico recombinante PVSRIPO recebeu a designacao de terapia
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inovadora da FDA com base nas conclusoes de um estudo de fase | em doentes
com glioblastoma recorrente (Lim M, 2018).

A terapia celular adoptiva com chimeric antigen receptor (CAR) T cells baseia-
se na potencializagcao dos linfocitos extraido do tumor, expandidos in vitro e
reintroduzidos no doente. Na presenca de IL-2 os linfécitos T sdo estimulados a
destruir as células tumorais. CAR sao recetores recombinantes que reconhecem
antigenos de superficie celular, independentemente da expressao do HLA ou do
processamento do antigeno. Assim, as células T geneticamente modificadas para
expressar CARs apresentam especificidade de anticorpo para antigenos de superficie
celular, permitindo que as células CART se fixem e destruam células tumorais que
expressam as proteinas especificas (Shen SH, 2020). Ensaios clinicos recentes em
doentes com glioblastoma avaliaram quatro alvos antigénicos: receptor a2 de IL-13
(IL-13Ra.2), receptor 2 do fator de crescimento epidérmico humano (HER2), receptor
de carcinoma hepatocelular A2 (EphA2) produtor de eritropoietina e receptor do
fator de crescimento epidérmico variante Ill (EGFRvIII) (Shen SH, 2020).

Por ultimo surgiram como possibilidade terapéutica os inibidores dos pontos de
verificacao imunoloégicos (immune-checkpoints). Os recetores co-inibidores das
células T desempenham um papel essencial na atenuagcao da forca e da duracao
das respostas imunologicas mediadas pelas células T. Estes recetores inibitorios
€ que sao referidos como moléculas de ponto de verificagao imunoldgico e sao
responsaveis por manter a autotolerancia e prevenir as reagoes autoimunes (Huang
B, 2017). As duas moléculas co-inibidoras mais estudadas sao o CTLA-4 (ou CD152)
que atua no inicio da ativagcao das célulasT e o PD-1 que bloqueia as célulasT em
fases posteriores da resposta imunoldgica. Os estudos focados na inibicao da via
PD-1/PDL1 mostraram resultados promissores.

O tratamento com campos elétricos alternados (Tumor-treating fields - TTF) é
uma nova abordagem no glioblastoma. A adicao desta modalidade ao regime
TMZ/RT — TMZ (durante o periodo de manutencao TMZ) resulta numa melhoria
da sobrevivéncia livre de progressao e da sobrevivéncia global nos doentes com
glioblastoma recém-diagnosticado num estudo aberto de fase Il (Lim M, 2018;
Stupp R, 2017). O seu efeito na recidiva ainda esta por demonstrar.

Mesmo com todos os avancos descritos, exceto osTTFE nenhuma outra intervencgao

terapéutica mostrou, de uma forma geral, prolongar a sobrevivéncia global no
glioblastoma (Le Rhun E, 2019).
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OS BIOMARCADORES

A identificacdo de biomarcadores que permitam aferir a existéncia de doenca e
monitorizar a evolucao é crucial para a detecao precoce e pronto tratamento. O
biomarcador ideal serda uma molécula que possa ser detetada/quantificada por
meio de métodos simples nao invasivos ou minimamente invasivos com potencial
para avaliar o risco de cancro, conseguir um diagnostico precoce, aumentar
a precisao da classificacao, e monitorizar a evolugao da doenca e a resposta ao
tratamento, além de estar fundamentalmente restrita apenas a um aspecto. Os
biomarcadores do sangue periférico sao particularmente atrativos pelo seu facil
acesso e tém sido amplamente utilizados para varios tipos de cancros. Um conjunto
de biomarcadores séricos com multiplas funcdées nos gliomas foram relatados
como podendo classificar o grau do glioma com maior precisao e fornecer um
valor progndstico nesses doentes. No momento atual, o rastreio de gliomas nao
tem relevancia clinica atendendo a baixa incidéncia, a falta de biomarcadores
sensiveis no plasma e a observacao de que os gliomas podem desenvolver-se de
novo em algumas semanas ou meses. Até onde sabemos, nao ha uso rotineiro de
um biomarcador sérico que ajude no diagndstico ou no acompanhamento clinico.
Marcadores baseados numa molécula Unica tém sido claramente insuficientes para
acompanhar adequadamente a dinamica de doencas como o cancro e devem ser
substituidos por perfis de multiplos marcadores.
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Com o conjunto de trabalhos presentes nesta dissertacao e sabendo que:

1. Os factores mais importantes para o desenvolvimento dos gliomas sao a
proliferacao neoplasica e neovascularizagao e que fatores adicionais como a
inflamacao, a respostaimunoldgica e estado nutricional sao também primordiais
no desenvolvimento e progressao do glioblastoma;

2. Existem evidéncias do papel fulcral dos polimorfismos de genes reguladores
destes dois mecanismos, na tumorigenese e resposta clinica;

3. A presenca de células progenitores endoteliais (CPE) circulantes, assim como
niveis séricos de outros factores de neovascularizagao, tem um papel importante
no desenvolvimento dos tumores cerebrais.

Teve-se como objectivo:

1. Relacionar o fendmeno da pseudoprogressao com o progndstico dos doentes
com glioblastoma;

2. Correlacionar os achados genéticos determinados em sangue periférico com o
diagnéstico e evolucao clinica dos doentes;

3. lIdentificar biomarcadores em sangue periférico de susceptibilidade aumentada
para o desenvolvimento de glioblastomas, assim como indicadores de
progndstico e resposta terapéutica nestes doentes.

4. Poder,eventualmente, servirde base paranovasinvestigagbesem biomarcadores
periféricos.

Para alcancar este objetivo foi de crucial importancia o trabalho multidisciplinar amplo
distribuido pelasdiferentesinstituicoes envolvidas e que culminouno desenvolvimento
e publicacao de 14 artigos pela equipa envolvida. Por uma questao de sistematizacao
e fio condutor, fago nesta secgao uma pequena descricao dos trabalhos, colocando
neste manuscrito apenas os que sou primeiro autor. Os restantes artigos seguirao no
Anexo 1, sendo, contudo, alvo de discussao no respetivo capitulo.

1. Relacionar o fendmeno da pseudoprogressao com o progndstico dos doentes
com glioblastoma

a. Dados imagiologicos como biomarcador de prognostico

A abundancia de biomarcadores de sangue periférico descritos na literatura, com
resultados pouco conclusivos e, muitas vezes, contraditérios levou-nos a procurar
dados em areas paralelas. A realizagao sistematica e universal de ressonancia
magnética para seguimento dos doentes com glioblastoma tornava-a num objeto
de estudo facilmente acessivel. Comecgava a falar-se na pseudoprogressao como
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resposta cerebral a agressao terapéutica levantando-se a hipétese que uma maior
reacao se traduzia numa melhor resposta. Nesse sentido fomos avaliar de que
forma a resposta inflamatoria traduzida em imagem de ressonancia magnética
poderia servir de marcador de progndstico. Para isso fomos ver se os critérios
usados para avaliacao imagioldgica dos doentes submetidos a tratamento de
radioterapia e quimioterapia eram adequados para avaliacao e se a presenca duma
resposta inflamatoria mais marcada na ressonancia seria um factor de prognostico
nestes doentes. Assim, comparamos os critérios de MacDonald com os critérios de
Response Assessment in Neurooncology (RANQ) para avaliar a sua concordancia
e tentar perceber se seriam necesséarios novos parametros de avaliagao (Artigo 1).

2. Correlacionar os achados genéticos determinados em sangue periférico com o
diagndstico e evolucgao clinica dos doentes.

a. Estudo dos polimorfismos do VEGF

Para a correlacao dos achados genéticos determinados em sangue periférico com o
diagnosticoe aevolucao clinicados doentes, comecamos porestudaros polimorfismos
do gene VEGF na determinagao do risco de desenvolvimento e prognostico nos
doentes com glioblastoma. Fizemos um estudo caso-controlo com 126 doentes com
glioma e 180 controlos saudaveis. Foram estudados 11 polimorfismos do gene VEGF.
Para isto foi extraido o ADN dos leucocitos do sangue periférico e procedeu-se a
genotipagem dos produtos de extensao de primer especificos de alelo, que foram
gerados a partir das sequéncias de ADN amplificadas (Artigo 2).

b. Estudo dos polimorfismos rs4977756 (CDKNZ2A/B), rs6010620 (RTEL), rs498872
(PHLDB1), rs2736100 (TERT) e rs4295627 (CCDC26)

Com o avanco dos estudos de polimorfismos de nucleotideo Unico e a constatagao
que estes SNPs sao um dos os tipos mais comuns de variacado genética no
genoma humano e estao envolvidos na etiologia e suscetibilidade do cancro
e pela identificacao em estudos de associacao gendmica alargada (GWAS) de 5
polimorfismos associados com o risco de desenvolvimento de glioblastoma, o
nosso grupo tentou validar estes achados na nossa populacao, tendo realizado um
estudo caso-controlo dos SNPs srd977756 (CDKN2A/B), rs6010620 (RTEL), rs498872
(PHLDBT1), rs2736100 (TERT) e rs4295627 (CCDC26) (Artigo 1 — Anexo 1).

c. Estudo dos polimorfismos do EGFR

Para a determinacao do progndstico dos glioblastomas o nosso grupo tinha
inicialmente procurado o impacto dos polimorfismos do EGFR, tendo realizado
um estudo caso-controlo com 196 doentes com glioma e 168 controlos saudaveis,
tendo sido feita a genotipagem EGFR 216G/T e 191C/A por amplificacao PCR da
regiao promotora dos nucleotideos 352 a 155 seguida por RFLP (Artigo 2 - Anexo 1).
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d. Estudo dos polimorfismos do TGF-3

Sabendo que a carcinogénese envolve multiplos mecanismos e diferentes genes,
sendo o factor de crescimento tumoral beta um dos agentes envolvidos em muitos
cancros, fomos avaliar a relevancia dos polimorfismos -509C/T e 869T/C do TGF-f31
no risco de glioma e no seu progndstico. Para isso, o nosso grupo efetuou um
estudo caso-controlo com 114 doentes com glioma e 138 controlos saudaveis.
O ADN genodmico dos casos de glioma e controlos foi extraido de leucécitos de
sangue periférico por tratamento proteinase K/cloroférmio/isopropanol. O DNA
purificado foi usado para determinar os gendtipos de ambos os polimorfismos,
usando o método da reacao em cadeia da polimerase seguida por do polimorfismo
de restricao de comprimento de fragmento (PCR-RFLP) (Artigo 3 — Anexo 1).

e. Estudo dos polimorfismos do HOTAIR

Os polimorfismos de nucleotideo Unico do gene HOX Transcript Antisense RNA
(HOTAIR) rs920778 (C>T) e rs12826786 (C>T) presentes no intensificador intronico
e regides promotoras do HOTAIR, respetivamente, estdao associados com a
suscetibilidade ao cancro e com o progndstico de doentes com alguns tipos de
tumor. Nesse sentido, o nosso grupo foi avaliar a relevancia deste achado nos
doentes com glioblastoma. Para isso realizou um estudo de caso-controlo com
177 doentes com glioma e 199 controlos saudaveis. Todos os individuos foram
genotipados por PCR e polimorfismo de comprimento de fragmento de restricao
(RFLP) (Artigo 4 — Anexo 1).

f. Estudo de genes de imunoglobulina implicados no risco de glioma

Os fatores genéticos e ambientais sao considerados causais na gliomagenesis.
Vérios genes foram implicados no desenvolvimento de glioma, mas o papel putativo
de um importante membro do complexo genético relacionado com a imunidade, a
imunoglobulina de cadeia pesada y (IGHG) nao tinha sido avaliada. O nosso grupo
para testar essa hipotese, genotipou o locus IGHG que compreende os alelos GM,
especificamente os alelos GM 3 e 17, de 120 doentes com glioma e 133 controlos
saudaveis (Artigo 5 — Anexo 1).

3. Identificar biomarcadores em sangue periférico de susceptibilidade aumentada
para o desenvolvimento de glioblastomas, assim como indicadores de
prognostico e resposta terapéutica nestes doentes.

a. Influéncia do racio neutrofilo-linfocito no progndstico dos doentes com glioblastoma
O réacio neutrofilos-linfocitos (NLR) é um marcador hematolégico de inflamacao
sistémica e varios estudos demonstraram uma associacao entre um NLR mais
alto e um pior prognéstico em varias doengas malignas. Esta relacao nao estava
cabalmente demonstrada nos doentes com glioblastoma. Assim, fomos avaliar

61



retrospetivamente uma base de dados prospetiva de doentes com glioblastoma
submetidos a remocéao cirurgica, tendo incluido 140 doentes. Fomos estudar os
valores de neutrofilos, de linfécitos e de plaquetas de colheitas de sangue periférico
realizadas antes da cirurgia, nas 24 horas pds-operatorias e na primeira consulta
antes do inicio do tratamento adjuvante de radio e quimioterapia (Artigo 12 -
Anexo 1). H4 medida que foram saindo resultados a corroborar os nossos achados,
reforcamos a importancia deste indice numa letter ao editor, como comentéario,
realcando a ideia de que estes resultados nao sao absolutos e que podem apenas
ser representativos de um subgrupo especifico de doentes. (Artigo 3).

b. Relacao do valor dos lactatos séricos com o grau de malignidade dos gliomas

A crescente necessidade da identificacao de biomarcadores de facil acesso
e monitorizagcao levou-nos a procurar metabolitos que traduzissem o estado
proliferativo dos gliomas. Os lactatos sao um produto metabdlico final de tumores
altamente proliferativos e resultam de um mecanismo de sobrevivéncia do tumor,
que eflui o acido lactico para o seu microambiente através de transportadores
transmembrana de monocarboxilato. A inibicao da funcao destes transportadores
compromete a invasao dos gliomas. Reparamos que um numero significativo de
doentes com glioblastoma apresentava niveis séricos de lactatos aumentados antes
da cirurgia. Assim, fomos rever os dados de 152 doentes submetidos a remocao
cirargica ou biopsia de gliomas e avaliamos a relacao entre o valor dos lactatos
séricos com o grau histoldgico do glioma (Artigo 4).

c. Associacao entre o RDW e a sobrevivéncia nos doentes com glioblastoma

O indice de anisocitose eritrocitario (Red cell distribution width - RDW) é um
marcador celular sistémico de inflamacao e foi descrito como um possivel indicador
de prognostico nalguns tipos tumorais, sendo que no glioblastoma estava pouco
estudado. Considerando que a sua avaliacao faz parte do estudo sanguineo pré-
operatorio basico, torna-se uma variavel de facil acesso e universal. Estudos prévios
apresentam resultados dispares em relacao ao papel potencial do RDW como um
fator de risco independente para a sobrevivéncia nos doentes com glioblastoma.
Por esse motivo fomos avaliar o RDW como um fator progndstico de progressao
da doenca e sobrevivéncia global numa coorte de doentes com glioblastoma
submetidos a resseccao cirurgica. Avaliamos 140 doentes, 98 homens e 42 mulheres,
com média de idade de 62,9 + 10,00 anos tentando determinar o papel do RDW no
prognostico e sobrevivéncia global destes doentes (Artigo 5).

d. Existira algum biomarcador de sangue periférico com verdadeira relevancia clinica?

Com a faléncia de resultados francamente conclusivos que mostrassem que um
biomarcadorisolado permitisse fazer o diagnostico e o seguimento dos doentes com
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glioblastoma, fomos procurar na literatura se a orientacao que estavamos a dar aos
trabalhos seria a mais adequada ou se teriamos que redirecionar a orientacao da
investigacao. Nesse sentido fizemos uma busca exaustiva da literatura foi realizada
usando os bancos de dados MEDLINE e Cochrane desde janeiro de 2005 a dezembro
de 2018 usando os termos “glioma, biomarcadores séricos” Consideramos apenas
os artigos em inglés e os estudos sobre dados coletados em humanos. Dividimos
os biomarcadores em categorias especificas, embora varios deles tenham varias
funcbes e essas categorias sejam altamente inter-relacionadas: (a) crescimento
celular e proliferagao vascular; (b) imune sistema; (c) inflamacao; (d) estado
nutricional; e (e) marcadores de coagulacao (Artigo 6).

4. Eventualmente servir de base para novas investigacoes em biomarcadores
periféricos.

Iniciamos um estudo piloto para pesquisa de alteracoes do DNA circulante dos
doentes com glioblastoma. Este projeto esta na fase de inicio tendo sido obtido
colheitas de sangue periférico em 13 doentes e colheita de tecido tumoral em 7
doentes.

Iniciamos um projeto de investigacao clinica que consiste num estudo prospetivo
da avaliacao sequencial dos valores hematologicos como fator de progndstico nos
doentes com glioblastoma.

Iniciamos um projeto de investigacao clinica que consiste num estudo prospetivo
da pseudoprogressao como fator de progndéstico nos doentes com glioblastoma.

E pretendemos fazer uma mudanca de paradigma em termos de investigacao
de translacao — em vez de estudar o que corre bem, estudar o que corre mal, ou
seja, avaliar as caracteristicas genéticas, moleculares e clinicas dos doentes com
glioblastoma “short survivors” e compara-las com os “normal” e os “long survivors"
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Introduction. The aim of this study was to determine the frequency of pseudoprogression in a cohort of glioblastoma (GBM)
patients following radiotherapy/temozolomide (RT/TMZ) by comparing Macdonald criterial to Response Assessment in Neuro-
Oncology (RANO) criteria. The impact on prognosis and survival analysis was also studied. Materials and Methods. All
patients receiving RT/TMZ for newly diagnosed GBM from January 2005 to December 2009 were retrospectively evaluated,
and demographic, clinical, radiographic, treatment, and survival data were reviewed. Updated RANO criteria were used for the
evaluation of the pre-RT and post-RT MRI and compared to classic Macdonald criteria. Survival data was evaluated using the
Kaplan-Meier and log-rank analysis. Results and Discussion. 70 patients were available for full radiological response assessment.
Early progression was confirmed in 42 patients (60%) according to Macdonald criteria and 15 patients (21%) according to RANO
criteria. Pseudoprogression was identified in 10 (23.8%) or 2 (13.3%) patients in Macdonald and RANO groups, respectively.
Cumulative survival of pseudoprogression group was higher than that of true progression group and not statistically different
from the non-progressive disease group. Conclusion. In this cohort, the frequency of pseudoprogression varied between 13% and
24%, being overdiagnosed by older Macdonald criteria, which emphasizes the importance of RANO criteria and new radiological

biomarkers for correct response evaluation.

1. Introduction

The current standard of care for newly diagnosed glioblas-
toma (GBM) remains surgical resection followed by radio-
therapy with concurrent temozolomide (RT/TMZ) and then
maintenance temozolomide for at least six months [1]. The
addition of chemotherapy introduced new questions regard-
ing biological response of the tumor and the surrounding
brain. Pseudoprogression is a phenomenon of subacute imag-
ing changes in human glioma subsequent to radiochemo-
therapy suggestive of progression, with or without associated
clinical sequelae, which resolve spontaneously without fur-
ther therapy [2]. It was first reported by Hoffman et al. [3]

in 1979 and fully described by de Wit et al. [4] in 2004.
The underlying pathophysiological mechanisms are not fully
understood [5]. Some authors suggest that it likely reflects
an inflammatory tissue reaction after a local treatment sec-
ondary to vascular and oligodendroglial injury, whereas
others associate it with an exaggerated response to effective
therapy [2, 6, 7].

The incidence of pseudoprogression, time of occurrence,
and its impact on prognosis remain poorly defined. Incidence
has been reported to vary between 12% and 64% in different
series, and this phenomenon commonly occurs in the first
3 months after radiochemotherapy, occasionally persisting
for up to six months after treatment [2, 5] Imaging changes
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suggestive of pseudoprogression consist of an increase in
gadolinium enhancement on Tl-weighted images and peritu-
moral edema [5, 8]. Despite technical advances in perfusion
magnetic resonance imaging (MRI) and positron emission
tomography (PET), no imaging technique is yet validated for
detection of pseudoprogression and has not been incorpo-
rated into the latest response assessment criteria [9-11].

Genetic and molecular changes have also been associated
with pseudoprogression. Specifically p53 overexpression [12],
O(6)-methylguanine-DNA methyltransferase (MGMT) pro-
moter methylation status [13], Ki67 indices [14], and isocitrate
dehydrogenase 1 (IDHI) mutation have been reported as
potential biomarkers for detecting pseudoprogression [15].

The response of brain tumors is classically reported using
Macdonald criteria based on the two-dimensional measure-
ment of the enhancing area on CT or MRI, in conjunction
with clinical assessment and corticosteroid dose [6]. How-
ever, this response evaluation has important limitations since
posttreatment contrast enhancement in brain tumors is non-
specific and may not always be considered as a true surrogate
of tumor response [16]. Differentiation between pseudopro-
gression and real progression is critical for making decisions
on future therapy and for predicting the prognosis in clinical
practice [17].

The purpose of this study was to clarify the frequency of
pseudoprogression after radiochemotherapy in a cohort of
Portuguese patients with glioblastoma, by comparing RANO
with the classical Macdonald evaluation.

2. Materials and Methods

One hundred seventeen adult patients with newly diag-
nosed glioblastoma were treated between January 2005 and
December 2009 with radiochemotherapy according to the
Stupp protocol. Seventy patients were available for complete
radiological response assessment.

All patients were retrospectively evaluated, and demo-
graphic, clinical, radiographic, treatment, and survival data
were reviewed. The inclusion criteria were age >18 years with
histologically proved glioblastoma and the availability of MRI
imaging less than 72 hours postoperatively and at each 3
months to define response. Response assessment was inde-
pendently performed by a neuroradiologist (RF), accord-
ing to RANO criteria [11]. These data were subsequently
compared to Macdonald criteria evaluation [18]. Table 1
summarizes the response assessment criteria as adapted from
Wen et al. [11].

Pseudoprogression was defined as a 25% increase in
tumor size or any new lesion followed by stabilization (stable
disease) or response (partial or complete), with no therapy
modification, for at least 6 months after completing the
concomitant phase of the RT/TMZ [19]. According to RANO
criteria, progression within <12 weeks after completion
of chemoradiotherapy was only defined if there was new
enhancement outside of the radiation field (beyond the high-
dose region or 80% isodose line) or if there was unequiv-
ocal evidence of viable tumor on histopathologic sampling.
So, given the difficulty of differentiating true progression
from pseudoprogression, clinical decline alone as well as an
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increase of contrast enhancement within the radiotherapy
field was not considered sufficient for definition of progres-
sive disease within the first 12 weeks after completion of
concurrent chemoradiotherapy [11].

Demographic data are collected and summarized in
Table 2.

Temozolomide was administered at a dose of 75mg
per m” concurrent with daily radiotherapy and followed by
150-200 mg per m” for 5 days every 28 days. Radiation was
delivered in 2 Gy/fr, for a total of 60 Gy in 30 fractions.
Patients were first categorized as having early progression if
there was progression at the first follow-up scan 1to 3 months
after chemoradiotherapy and no early progression if there was
stable or responsive disease. Patients with early progression
were further subdivided in pseudoprogression and true
progression according to further radiological progression.

2.1. Statistics. The primary endpoint was the frequency of
pseudoprogression and its effect on prognosis. The secondary
endpoints were overall survival and progression-free survival
calculated from the date of surgery. Kaplan-Meier product-
limit analysis was conducted and 95% confidence intervals
were calculated. Log-rank test was used to detect statisti-
cally significant differences in survival distributions. Data of
patients who have not progressed or died were right censored
in our analysis. Multivariate survival analysis using a for-
ward stepwise Cox regression model was used to determine
independent predictors of survival. Borderline significant
variables (P < 0.1) were included in the final model. SPSS
software version 19.0 was used for the statistical analysis.

3. Results

At the first MRI scan performed 1 month after concurrent
RT/TMZ, early progression was recorded in 42 patients
(60%), while 28 patients were considered to have nonpro-
gressive disease (nPD), according to Macdonald criteria.
Thirty-four patients (81%) met the Macdonald criteria for
progression due to a 25% increase in tumor size, 4 patients
(9.5%) due to new lesions and 4 patients (9.5%) due to clinical
deterioration. Out of the 42 patients with early progres-
sion there were 32 patients (76%) with further progression
(tPD) and 10 (24%) patients with stable or reduced le-
sion—pseudoprogression (psPD) (Figure 1). Regarding nPD
patients, 26 patients (93%) had stable disease and 2 patients
(7%) showed partial response during subsequent follow-up.
When considering RANO criteria for progression within
the first 12 weeks after completion of concurrent chemora-
diotherapy, there were only 15 patients (21%) who met the
criteria for progressive disease, while 55 patients (79%) were
considered to have nonprogressive disease, either stable dis-
ease (27 patients), partial response (1 patient) or an increase
of contrast enhancement within the radiotherapy field (27
patients), also considered stable disease. Out of the 15
early progressive patients, there were 14 patients with new
enhancement areas outside of the radiation field and 1 patient
with evidence of viable tumor on histopathologic sampling.
Subsequently, 13 patients (87%) showed further progression
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TaBLE I: Criteria for response assessment in high-grade gliomas.

Criteria

Response
Macdonald criteria

RANO criteria

All: complete disappearance of all enhancing measurable
and nonmeasurable diseases sustained for at least 4 weeks,
no new lesions, no corticosteroids, and being stable or

Complete response

improved clinically.

All: >50% decrease in sum of products of perpendicular
diameters of all measurable enhancing lesions sustained
for at least 4 weeks, no new lesions, stable or reduced
corticosteroid dose, and being stable or improved

Partial response

clinically.

Stable disease response, or progression; being stable clinically.

Any: >25% increase in sum of the products of
Progression
lesion, or clinical deterioration.

All: being not qualified for complete response, partial

perpendicular diameters of enhancing lesions, any new

All: T1 gadolinium enhancing disease, none; T2/FLAIR,
stable or decreasing; new lesion, none; corticosteroids,
none; clinical status: stable or improving.

All: T1 gadolinium enhancing disease, >50% decrease;
T2/FLAIR, stable or decreasing; new lesion, none;
corticosteroids, stable or decreasing; clinical status: stable
or improving.

All: T1 gadolinium enhancing disease: <50% decrease but
<25% increase; T2/FLAIR: stable or decreasing; new
lesion: none; corticosteroids: stable or decreasing; clinical
status: stable or improving.

Any: T1 gadolinium enhancing disease: >25% increase;
T2/FLAIR: increasing; new lesion: none; corticosteroids:
not applicable; clinical status: deteriorating.

RANO: Response Assessment in Neuro-Oncology; FLAIR: fluid-attenuated inversion recovery.

TaBLE 2: Demographic data of population.

c Patients
Characteristics
Number %

Age, years

Median 62

Range 34-78
Gender

Male 46 66

Female 24 34
ECOG

0 18 25.7

1-2 43 61.4

3 9 12.9
Surgery

Biopsy 14 20

Partial resection 32 46

Total resection 24 34
Adjuvant TMZ cycles

Mean 5

Range 0-20
Corticotherapy

Stable 43 61

Increased 11 16

Reduced 16 23

(tPD) and 2 patients (13%) showed stable disease representing
pseudoprogression (psPD).

In fact, RANO criteria were specifically structured to
make overcalling of early progression in the first 3 months dif-
ficult, so, as expected, progressive disease <12 weeks as
assessed by RANO criteria revealed a lower value.

After progressive disease in the first MRI 1 month after
concurrent RT/TMZ, we observed dissociated responses

between T2/FLAIR and Tl-contrast-enhanced imaging in 3
patients in whom stabilization or decreasing enhancement
was accompanied by an increase in T2/FLAIR signal without
any modification in therapy (Figure 2). Subsequent imaging
confirmed progression.

Regarding corticosteroid therapy in psPD group, 5 pa-
tients showed stable dose, 4 had decreasing doses, and only
1 had transient dose increment.

Functional status remained stable in patients with pseu-
doprogression according to the ECOG performance status.

3.1 Survival Analysis. The whole cohort median survival and
median progression-free survival were 15 months [95% CI
(13.64, 16.36)] and 10 months [95% CI (8.02, 11.98)], respec-
tively. The only independent predictors of survival were the
number of TMZ cycles and the type of surgery (Table 3).
Interestingly, multivariate analysis showed that the number
of TMZ cycles was a strong predictor for survival regardless
of the ECOG status.

Survival analysis for subgroups of progression according
to Macdonald criteria revealed a median overall survival of 12
months [95% CI (8.7, 15.3)] for the group of true progressive
disease and 21 months [CI 95% (14.5, 27.5)] for the group
of nonprogressive disease. Pseudoprogression group had a
median overall survival of 24 months [CI 95% (11.6, 36.4)],
not statistically different from the nonprogressive group (P =
0.456). According to RANO criteria, true progressive disease
group had a median overall survival of 9 months [95% CI (3.7,
14.3)] and nonprogressive disease group had a median overall
survival of 16 months [95% CI (13.8, 18.2)]. Pseudoprogres-
sion group was limited to 2 patients with an estimate median
overall survival of 13 months, not statistically different from
the nonprogressive group (P = 0.639) (Figure 3). Median
progression-free survival for true progressive disease, pseu-
doprogression, and nonprogressive disease was 6 months,
16 months, and 12 months, respectively (Macdonald criteria
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FIGURE 1: Tl-contrast-enhanced and FLAIR magnetic resonance imaging (MRI) documenting pseudoprogression. Compared with pre-
RT/TMZ MR, the I-month post-RT/TMZ showed increasing areas of contrast enhancement suggestive of tumoral progression. The patient
remained clinically stable with stable dose of corticotherapy. Adjuvant TMZ treatment cycles were maintained and serial MRI at 4, 7, 10, and
15 months showed a consistent reduction in the size and the contrast of the lesion as well as in FLAIR signal.
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FIGURE 2: T1-contrast-enhanced magnetic resonance imaging (MRI) documenting pseudoprogression according to Macdonald criteria show-
ing a significant increase in cingulate gyrus enhancing lesion at 1 month after RT/TMZ with subsequent stabilization (stable corticosteroid
dose and functional status). FLAIR sequence shows increased signal extending to contralateral hemisphere anticipating true progressive
disease.

applied) and 6 months, 7 months, and 11 months, respectively (P = 0.01) and an increased time to progression (P <
(RANO criteria applied) (Figure 4). 0.001), according to Macdonald response assessment. Sur-

Comparing the survival distributions, patients with pseu-  vival curves of psPD and nPD closely overlap showing no sta-
doprogression showed a statistically significant improved tistical difference (P = 0.456). Regarding RANO assessment
overall survival over patients with true progressive disease  group, the low rate of pseudoprogression (2/15 patients, 13%)
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TABLE 3: Analysis of independent predictors of survival in the cohort of glioblastoma patients submitted to chemoradiotherapy.
Vari Univariate analysis Multivariate analysis
ariable
HR 95% CI P value HR 95% CI P value
Age
>60 versus <60 years 1.26 0.75-2.10 0.389 — —
Gender
M versus F 0.98 0.57-1.69 0.943 — —
Type of surgery
Biopsy versus total or subtotal resection 3.47 1.83-6.58 <0.001 2.60 1.35-4.99 0.004
Number of surgeries
1 versus >1 0.97 0.54-1.75 0.921 — —
Corticosteroids
Increasing versus stable or decreasing 1.04 0.54-2.02 0.903 — — —
ECOG
0-2 versus >2 0.34 0.17-0.72 0.005 ns
Number of TMZ cycles
>6 versus <6 0.16 0.09-0.29 <0.001 0.18 0.10-0.32 <0.001

CL: confidence interval; HR: hazard ratio; M: male; F: female; TMZ: temozolomide; ECOG: Eastern Cooperative Oncology Group; ns: nonsignificant. Results
indicated in bold are significant. Multivariate analysis used Cox proportional hazards model with a forward stepwise regression procedure.
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FIGURE 3: Kaplan-Meier analysis of overall survival curves according to different progression groups: true-progressive disease (tPD), blue;
Pseudoprogression (psPD), green; Nonprogressive disease (nPD), yellow; and different response assessment criteria: (a), Macdonald; (b),

RANO.

did not provide enough statistical power to allow significant
statistical conclusions in this particular group.

4. Discussion

Pseudoprogression is characteristically found within 2 to 3
months after treatment but can occur at 6 months and may

progress over time into treatment-related necrosis [17, 31].
The issue of contrast enhancement areas starts even before
adjuvant therapy administration. Farace et al. studied early
MRI changes in the period between surgery and adjuvant
therapy by diffusion-weighted imaging and MR perfusion,
concluding that areas of new contrast enhancement of
resected GBM are frequently observed in this period (17/37,

73




6
Macdonald
100 LT
80
=
2
Z
2 60
8
&
o
)
Z
2 40
5o
g
A
20 4 S
0 -
T T T T T
0 10 20 30 40
Time (months)
Group
—1 tPD —— tPD-censored
_r1 psPD —f— psPD-censored

nPD nPD-censored

(a)

Journal of Oncology

RANO
100 T
80 4
s
Z
4
2 60
3
&
c
2
240
L
5
9
(=%
20 1
0 -
T T T ; ;
0 10 20 30 40
Time (months)
Group
_m tPD —— tPD-censored
—1 psPD — psPD-censored

nPD nPD-censored

(b)

FIGURE 4: Kaplan-Meier analysis of progression-free survival curves according to different progression groups: true-progressive disease (tPD),
blue; pseudoprogression (psPD), green; nonprogressive disease (nPD), yellow; and different response assessment criteria: (a) Macdonald and

(b) RANO.

46%) and that most of them are suggestive of tumor pro-
gression (14/17; 82%) [32]. Distinguishing treatment induced
imaging changes from true progressive disease can be espe-
cially difficult in the period immediately following comple-
tion of radiotherapy [8]. Standard MR imaging techniques
do not allow a clear distinction between recurrent tumour
and radiation-induced lesion [33]. The MRI characteristics of
pseudoprogression have been described as an asymptomatic
increase in contrast enhancement [34]. Enhancement of brain
tumors primarily reflects a disturbed blood-brain barrier,
and all the processes that decrease or increase this abnormal
permeability will affect the area of enhancement, regardless
of the size and activity of the tumor [31]. According to the
literature, pseudoprogression occurs in 12 to 64% of patients.
Table 4, as adapted from Kruser et al., summarizes the data
[5, 8,10,12-14,17,19-29].

Topkan et al. evaluated pathological confirmed incidence
of pseudoprogression in a cohort of 63 patients. Pseudopro-
gression was identified in 12 out of 28 patients with early
progressive disease (42.8%), representing an overall pseudo-
progression rate of 19% [30]. The wide range of variation in
retrospective cohorts might be explained by different criteria
used to establish the response and, also, by considering
different time periods. We only considered early progression
in the first 3 months, and by this we could have lost some pro-
gressive patients. Our rates of 13 to 24% of pseudoprogression
are in line with the literature. We retrospectively reviewed

RANO criteria and compared them to Macdonald criteria
since the latter do not take into account progressive nonen-
hancing disease, disregarding enlarging areas of nonenhanc-
ing tumor as evidence of tumor progression. Recently, a
study comparing several response assessment criteria in
recurrent GBM concluded a strong concordance between
methods but noticed that criteria integrating FLAIR hyper-
intensity tended to reduce response rates and progression-
free survival compared with criteria considering only contrast
enhancement [35]. The decreased rate of pseudoprogression
in our data after RANO evaluation reflects the improvement
in response assessment. In fact, as discussed elsewhere,
tumor progression as determined by both contrast-enhanced
T1 and T2 sequences is more frequently diagnosed than
when considering only contrast-enhanced T1 sequences [36].
Currently, changes in T2/FLAIR are not based on objective
or volumetric measures due to technical limitations and
insufficient standardization but should include mass effect
and infiltration of the cortical ribbon or location outside of
the radiation field [11].

The abnormal enhancement seen in pseudoprogression
may be the result of treatment-related cellular hypoxia, which
results in expression of hypoxia-regulated molecules from
tumor and surrounding cells with the subsequent increased
vascular permeability/increased tumor enhancement [7].
Pseudoprogression likely involves early changes to the vas-
cular endothelium and the blood-brain-barrier [5]. It may be
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TABLE 4: Rates of pseudoprogression reported in the literature in patients treated with radiotherapy and temozolomide.

Author Year Number of Response criteria Period of early-response  Number psPD Overall rate of
patients P assessment (months) ~ withePD (% of ePD) psPD
Chamberlain . N 0
etal. [20] 2007 51 Not specified 6 26 7115 (47%) 7140 (18%)
Brandes et al. [13] 2008 103 Macdonald 1 50 32/50 (64%)  32/103 (31%)
Taal et al. [19] 2008 68 Macdonald 1 3l 15/31 (48%)  15/68 (22%)
Chaskis et al. [21] 2009 54 Gd-MRI + clinical 6 25 3/12 (12%) 3/54 (6%)
[Czl;]rke and Chang 9 85 Macdonald 0.5-1 35 1027 (37%)  10/77 (13%)
Fabi et al. [23] 2009 12 Macdonald 2 4 2/4 (50%) 212 (17%)
Peca et al. [24] 2009 50 Gd-MRI + MR 6 15 41527%) 4150 (8%)
Spectroscopy
Roldan et al. [8] 2009 43 Macdonald 1-15 25 10/20 (50%) 10/38 (26%)
Gerstner et al. [25] 2009 45 Macdonald 0.5-1 24 13/24 (54%) 13/45 (29%)
Sanghera et al. [5] 2010 104 RECIST 2 27 7122 (32%) 7199 (7%)
Tsien et al. [10] 2010 27 Macdonald 3 14 6/14 (43%) 6/27 (22%)
Yaman et al. [26] 2010 67  Gd-MRI + T2/FLAIR 6 17 417 (24%) 4167 (6%)
Gunjur et al. [27] 2011 68 Macdonald 1 41 14/41 (34%) 14/68 (21%)
Kang et al. [12] 2011 35 Macdonald 1 18 8/18 (44%) 8/35 (23%)
Kong et al. [17] 2011 90 Macdonald + rCBV 2 59 26/59 (44%)  26/90 (29%)
Young et al. [28] 2011 321 Macdonald 0.5-1 205 30/93 (32%)  Not specified
Park et al. [29] 2011 48 Macdonald 1 25 11/25 (44%) 11/48 (23%)
Topkan et al. [30] 2012 63 Macdonald 6 28 12/28 (43%) 12/63 (19%)
Pouleau et al. [14] 2012 63 Gd-MRI + edema 2 33 7133 (21%) 7163 (11%)
RANO 15 2/15 (13%) 2/70 (3%)
Present study 2013 70 Macdonald 3 4 10/42(24%)  10/70 (14%)

ePD: early progressive disease; tPD: true progressive disease; psPD: pseudoprogression; Gd-MRI: gadolinium enhanced-MRIL.

considered as a pathological continuum between acute post-
RT reaction and treatment-related necrosis. More recently,
Kruser et al. in their comprehensive review highlight the
dichotomy between pseudoprogression—as a clinical diagno-
sis in the absence of intervention, and RT necrosis which can
only be defined upon reoperation or biopsy [37]. Mechanisms
behind these events are not fully understood but are probably
related to microvessels changes. Post-RT brain injury induces
a focal tissue reaction with inflammatory component and
increased capillary permeability, causing fluid transudation
into the interstitial space and brain oedema. Transient alter-
ations in the blood-brain barrier may be responsible for
new or increased contrast enhancement, falsely suggesting
tumour progression, with low perfusion values [33].

There is also evidence that treatment-related necrosis
occurs more frequently and earlier after temozolomide
chemotherapy than after radiotherapy alone [31]. The MRI
characteristics of pseudoprogression are similar to those of
radiation necrosis, and conventional sequences are unable to
distinguish between the two [28]. Corpus callosum involve-
ment, subependymal spread, or multiple enhancing lesions
are more consistent with progressive disease than pseudo-
progression but are not able to reliably discriminate between
both responses [28, 38]. Additionally, nonenhanced tumor is

usually not considered in response evaluation as shown in the
several retrospective studies. This represents a strong limita-
tion in response assessment. Some advanced MRI techniques
have shown promising results of distinguishing posttreat-
ment necrosis from tumor progression and pseudoprogres-
sion, including MR spectroscopy (higher Cho/Cr and Cho/
NAA ratios), MR perfusion imaging, and diffusion-weighted
MRI, namely, relative cerebral blood volume (rCBV) as
an imaging biomarker for increased neoangiogenesis and
apparent diffusion coefficient (ADC) value as an imaging bio-
marker of increased cellular density [10, 17, 38-41].

Our data are in agreement with the literature as we
have noticed an increase in overall survival and in time to
progression in patients with pseudoprogression compared to
patients with true progression as assessed by classical cri-
teria. On the other hand, our results show no differences
between the pseudoprogression patients and the patients
with nonprogressive disease in contrast to some authors
who report survival benefit in pseudoprogression patients
(13] although the small number of patients enrolled in our
study may preclude conclusions on the significance of this
finding. RANO criteria assessment provided a very low rate
of pseudoprogression patients due to the stringent nature
of these criteria, especially within the first 12 weeks after
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chemoradiotherapy, as shown by the low rate of progressive
disease during this period. This prevented definitive conclu-
sions regarding the prognostic value of RANO criteria. Some
authors reported that while incidence of pseudoprogression
strongly depends on the applied criteria, the impact on
survival remains the same, regardless of the stringency of the
criteria [42]. The prognostic accuracy of different response
assessment criteria is, however, yet to be proven in stud-
ies of greater magnitude. Nonetheless, the importance of
making overcall of early progression difficult with RANO
criteria cannot be overemphasized. Failure to exclude patients
with pseudoprogression from recurrent gliomas trials with
resulting falsely high responses rates and PFS demands the
implementation of these strict criteria [11].

The data presented address the issue of the variability
of pseudoprogression phenomenon when evaluated with
conventional MRI. Novel reliable biochemical and imaging
biomarkers are emerging and prospectively designed, and
validated investigation is needed to conclude their clinical
impact.

5. Conclusions

Pseudoprogression is a phenomenon that appears after
chemoradiation therapy for high-grade gliomas, and its
pathophysiology is not fully understood. Rates vary widely
and are dependent on the method of evaluation. The Macdon-
ald criteria do not take into account all variables implicated
in pseudoprogression and are being replaced. In this cohort
of GBM patients, the frequency of pseudoprogression varied
between 13% and 24%, being over-diagnosed by the older
Macdonald criteria, which emphasizes the importance of
RANO criteria and new radiological biomarkers for correct
response evaluation. The accurate diagnosis of pseudopro-
gression is essential to avoid modifications of effective ther-
apies or unnecessary treatments for GBM patients. More
studies are needed to conclude the prognostic relevance of the
different response assessment criteria.
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Abstract

The vascular endothelial growth factor regulates angiogenesis that is increased in glioma. VEGF polymorphisms are
thought to modulate vascular endothelial growth factor plasma levels and therefore may be implicated in glioma risk. We
aimed to clarify the role of VEGF and von Willebrand factor polymorphisms in glioma susceptibility and prognosis. A
case—control study of 126 glioma patients and 180 cancer-free controls was performed. Using Sequenom MassARRAY
platform, 11 VEGF and | VWF polymorphisms were genotyped. Unconditional multivariate logistic regression models
were used to calculate odds ratios and 95% confidence intervals. The associations between polymorphisms and survival
were evaluated using a Cox regression model. Bonferroni’s adjustment was used to correct for multiple testing. The
VEGF polymorphism rs833061 was strongly associated with increased risk for glioma (odds ratio = 164.85) and glioblas-
toma (odds ratio=155.66), confirmed after Bonferroni correction. Also, the VEGF polymorphisms rs3024994,
rs2010963, and particularly the homozygous carriers of rs|005230 were associated with a worse prognosis for glioma
and glioblastoma. Our data support a role of VEGF and VWF polymorphisms as glioma biomarkers, with additional poten-
tial relevance for molecular stratification of patients for anti-angiogenic therapies.
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Introduction

Gliomas are the most frequent primary malignant cen-
tral nervous system tumors.' These tumors present a
multifactorial etiology, being the result of interactions
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between environmental exposure and genetic suscept-
ibility.* The only proven exogenous environmental
cause of glioma is ionizing radiation.>® Perhaps other
environmental causes are involved but remain to be
proven. Accordingly, the genetic polymorphisms most
frequently studied in the context of brain tumors are
located in genes that might influence susceptibility to
these tumors in concert with environmental exposures,
such as those involved in DNA repair, cell cycle regula-
tion, or immune response.” % In addition, few genome-
wide association studies have focused on gliomas
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identifying five risk loci for glioma mostly related to
telomerase.'> !’

Common pathways in glioma biology include
growth factor receptor tyrosine kinases and their sig-
naling pathways. Polymorphisms on the epidermal
growth factor (EGF) and its receptor, EGFR, have
been identified as risk factors for glioma.'”" In addi-
tion, vascular endothelial growth factor (VEGF) is the
principal angiogenic factor in both embryonic develop-
ment and tumor growth and is highly up-regulated in
glioblastoma, and its receptors are over-expressed in
tumor vessels.”’ Importantly, the anti-angiogenic drug
bevacizumab, a humanized monoclonal immunoglobu-
lin (Ig) G1 antibody that binds to and inhibits the bio-
logical activity of human VEGFA, is currently being
explored in different clinical trials involving glioma and
has been used in combination with chemotherapy for
the treatment of recurrent glioblastoma,”®* which
resulted in improved response rates and extended
progression-free survival (PFS). Recent studies have
shown that some single nucleotide polymorphisms
(SNPs) of VEGF/VEGF-related genes could contribute
to the modulation of serum VEGF levels, possibly
influencing risk and prognosis of solid tumors, includ-
ing glioma.”>*” Moreover, VEGF and VEGFR? genetic
polymorphisms could predict not only patient out-
come, as shown by Sjostrom et al.”® but also the
response to bevacizumab in glioblastoma patients.?

The von Willebrand factor (VWF) is an essential
component of hemostasis at sites of vascular injury.*
The VWF gene is highly polymorphic, and SNPs have
been found to influence the levels of VWF in the circu-
lation.*"*? Moreover, VWF SNPs were also associated
with lung cancer risk; however, susceptibility was
related with patients’ origin.***

Given the important role of VEGF signaling in glio-
mas and the influence tumor risk and prognosis of

Table I. Clinico-pathological features of gliomas and controls.

particular VEGF/VEGFR polymorphisms in different
tumor types, we investigated the relevance of 11 genetic
polymorphisms in the 6p12 (VEGFA) and 6p21 (VWF)
loci on glioma risk and patient survival.

Materials and methods
Study population

In this case—control study, we enrolled 126 glioma sam-
ples from Hospital S. Jodo, Porto, and Hospital de
Braga, Braga, Portugal. Tumors were classified accord-
ing to the World Health Organization (WHO) criteria
(Table 1)." All patients above 18 years of age, with diag-
nosis of glioma, treated between 2009 and 2010, and
that by informed consent accepted to participate in the
study, were included. The patients with different diag-
nosis or that refused to sign the informed consent were
excluded. Complete treatment data were retrieved for
90 patients. Of those, 80 patients underwent surgery, 9
stereotactic biopsy, 77 radiotherapy, 71 chemotherapy
(65 underwent Stupp protocol,™® 7 surgery only,
8 surgery + radiotherapy, 5 surgery + radiotherapy +
chemotherapy (other than temozolomide), 2 surgery
+ chemotherapy, and 2 biopsy only), and one addi-
tional patient refused treatment. The 180 control sam-
ples were selected from cancer-free blood donors at
Hospital de Braga, to match for gender and adjust for
age in the statistical analysis (Table 1). All patients and
controls had a Caucasian background and come from
the same region in the north of Portugal. The follow-up
information was obtained by consulting clinical records.
The control group had no follow-up information.
Signed informed consent was obtained from each parti-
cipant. Local institutional ethics committees of Hospital
S. Jodo and Hospital de Braga approved the procedures
followed in this study.

Groups (WHO grade) N Age, years p value® M/F pvalue®  PFS, months  OS, months
(median + SD) ratio (median) (median)

Controls 180 35-85(53.0 + 10.8) p=0.003 169 p=0768 na. na.
Gliomas (2-4) 126  20-83 (58.0 = 12.7) 1.63 9 (148 165 (1-52)
Astrocytic tumors (2—4) 101 22-83(59.0 = 11.9) 1.97 9 (1-40) 16 (1-52)
Diffuse astrocytoma (2) 5 35-67(41.0 = 13.5) 0.67 155(9-22) 155(9-22)
Anaplastic astrocytoma (3) 6 32-62(47.0 = 122) 1.0 36 48
Glioblastoma (4) 86  22-83(59.5 = 11.6) 2.07 9 (140) 155 (1-52)
Gliosarcoma (4) 4 50-72(61.5 = 9.1) AllM 55(3-10)  22.5(7-31)
Oligodendroglioma (2-3) 25 20-78 (50.0 = 14.1) 0.78 9 (3-48) 23 (6-48)
Oligodendroglioma (2) 7 20-58 (45 = 134) 0.4 48 40.5 (3348)
Anaplastic oligodendroglioma (3) 18 23-78 (53 = 14.0) 1.0 8.5 (3-48) 22 (6-48)

WHO: World Health Organization; n.a.: not applicable; SD: standard deviation; M: male; F: female; OS: overall survival; PFS: progression-free

survival.

?p value for independent samples t-test, for testing differences in age and M/F ratio between controls and glioma.
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Genotyping

DNA was extracted from the leukocytes of blood sam-
ples using the commercially available Citogene® Blood
Kit according to the manufacturer’s recommendations.
Genotyping of the allele-specific primer extension prod-
ucts, which were generated from amplified DNA
sequences, was performed using the Sequenom
MassARRAY iPLEX Gold platform (Sequenom, San
Diego, CA) at the Instituto Gulbenkian de Ciéncia
(IGC), Lisbon, Portugal. Primers were designed using
MassARRAY Assay Design 3.1 software (Sequenom),
and genotyping was performed in a blinded manner
regarding sample status (i.e. case or control subjects).
The genotyping quality was assessed by duplicate anal-
ysis of 10% of the samples, which demonstrated a
100% agreement rate.

Statistical analysis

Independent samples ¢-test, x> test, and nonparametric
Wilcoxon-Mann-Whitney test were used to compare
the frequency distribution of age, sex, and genotypes of
VEGF and VWF and the allele distribution among the
cases and controls. Moreover, the * test was used to
verify whether the observed allele distribution in the
control group was in Hardy-Weinberg equilibrium
(HWE). The odds ratio (OR) and 95% confidence
intervals (95% Cls) for the effect of the polymorphic
variants on the risk for glioma were estimated by multi-
variate logistic regression analysis, adjusted for gender
and age as a continuous variable. Bonferroni’s adjust-
ment was used to correct for multiple testing.
Associations between polymorphic variants and patient
survival were assessed using a multivariate Cox regres-
sion model adjusted for patient gender and age. All sta-
tistical tests were two-sided, and significance was
considered for p < 0.05. Data analysis was performed
using IBM® SPSS Statistics, version 20.0.

Results

Our cohort of samples included 126 glioma samples
(WHO grade II-1V) and 180 cancer-free controls
(Table 1). All studied variants were in HWE, apart
from the polymorphism rs3025035, for which it was
not possible to calculate due to the absence of the
homozygous recessive genotype.

Glioma risk assessment

In order to explore the associations between VEGF and
VWF variants and risk for glioma, we used an uncondi-
tional multivariate logistic regression analysis adjusted
for potential confounding variables (SNP genotypes,
patient age, and sex).

We could successfully include on the multivariate
logistic analysis 107 cases and 143 controls. The fre-
quencies of each genotype in controls and cases are pre-
sented in Table 2 for VEGF and VWF. The most
frequent allele was used to establish the reference geno-
type. The control group was compared with all glioma
cases (WHO grades 2-4), and also with glioblastoma
(WHO grade 4), and oligodendroglioma (WHO grades
2-3; Table 2), since these were the most frequent sub-
types in our series (Table 1).

We found a significant association between the
VEGF SNPs heterozygous 1rs833061 and risk for
glioma and glioblastoma (OR = 164.85, 95% CI =
24.72-1099.54 and OR = 155.66, 95% CI =17.29-
1401.69, respectively, p < 0.001 and p < 0.012 after
Bonferroni correction, Table 2), as well as the variant
carriers of this SNP had an increased glioma and glio-
blastoma risk (OR = 116.54, 95% CI = 20.59-659.69
and OR = 87.73, 95% CI = 12.96-593.67, respectively,
p <0.001 and p <0.012 after Bonferroni correction,
TT vs TC + CC). Also, the heterozygous rs3024994
was associated with increased risk for glioma
(OR = 4.86, 95% CI = 1.29-18.35, p = 0.020, Table 2)
and glioblastoma (OR = 6.36, 95% CI = 1.31-30.83,
p =0.022, Table 2), and the rs25648 variant carriers
demonstrated an increased risk for oligodendroglioma
(OR =3.69, 95% CI=1.11-12.26, p = 0.033, Table
2); however, the significance of these results was not
confirmed after Bonferroni correction (p > 0.05).

Regarding the VIWF 1s9295740 SNP, we observed a
significant association between the heterozygous geno-
type and risk for glioblastoma (OR =2.24, 95%
CI = 1.00-4.98, p = 0.049, Table 2); however, the sig-
nificance of this result was not confirmed after
Bonferroni correction (p > 0.05).

No statistically significant associations were found
between the VEGF SNPs rs3025035, rs3025039,
1rs3025040, rs1005230, rs699947, rs833070, rs3025010,
and rs2010963 variants and risk for glioma, glioblas-
toma, or oligodendroglioma (Table 2; all p values
>0.05).

Glioma prognostic assessment

In a subset of glioma patients, follow-up data were also
available (n=57). The PFS of the samples was
9months (1-48 months), and the overall survival (OS)
was 16.5months (1-52months; Table 1). We interro-
gate the associations between each VEGF variant,
VWEF, and PFS or OS by a multivariate Cox propor-
tional hazard model, adjusted for patient age and sex
(Table 3). The heterozygous rs3025035 was significantly
associated with improved PFS of glioma and glioblas-
toma (hazard ratio (HR) = 0.15, 95% CI = 0.03-0.73,
p=0019 and HR=0.11, 95% CI=10.02-0.72,
p = 0.021, respectively, Table 3). Improved PFS for
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Figure I. Survival graphs of significant associations between overall survival of glioblastoma patients and VEGF SNPs. Multivariate
Cox proportional hazard model regression with respect to glioblastoma patient survival of (a) rs1005230, hazard ratio
(HR) =249.48; 95% confidence interval (Cl) =8.84-7040.50, p < 0.001, for TT genotype and (b) rs2010963, HR=11.16, 95%

Cl=2.12-58.79, p=0.004.

glioma was also seen for the heterozygous rs3025010
and for the variant carriers of this SNP (HR = 0.23,
95% CI = 0.08-0.70, p = 0.009 and HR = 0.29, 95%
CI =0.11-0.78, p = 0.015, respectively, Table 3). On
the other hand, glioma patients’ carriers of rs833061
variant (HR = 12.59, 95% CI = 1.19-38.55, p = 0.035,
Table 3) and heterozygous or variant carriers of
13024994  (HR =6.52, 95%  CI = 1.38-30.82,
p=0018 and HR =5.08, 95% CI=1230-19.81,
p = 0.019, respectively, for OS and HR = 16.33, 95%
CI =2.79-9543, p=0.002 and HR=16.17, 95%
CI = 1.51-25.15, p=10.011, respectively, for PFS,
Table 3) had a decreased survival. However, after
Bonferroni correction, only the heterozygosity of
1$3024994 was found to be significantly associated with
decreased survival (p = 0.024, after correction).

The rs1005230 homozygous carriers presented a
decreased OS and PFS both for glioma (OS:
HR =85.07, 95% CI = 4.38-1654.35, p =0.003 and
p=10.036 after Bonferroni correction and PFS:
HR = 65.72, 95% CI = 3.00-1439.81, p = 0.008 and
p =0.096 after Bonferroni correction, Table 3) and
glioblastoma patients (OS: HR =249.48, 95%
CI = 8.84-7040.50, Figure 1(a) and PFS: HR = 672.46,
95% CI =12.37-36,562.04, p < 0.001 and p < 0.012
after Bonferroni correction, Table 3). The heterozygous
genotype, has shown to confer an increased OS for glio-
blastoma patients (HR = 0.02, 95% CI = 0.00-0.75,

p=0.035, Table 3); however, not confirmed after
Bonferroni correction.

In addition, when only glioblastoma patients were
analyzed, we further observed a decreased survival for
rs699947  heterozygous (OS: HR =40.31, 95%
CI = 1.07-1515.77, p = 0.046 and PFS: HR = 74.74,
95% CI = 1.55-3594.07, p = 0.029, Table 3), rs833061
heterozygous or variant carriers (OS: HR = 11.94,
95% CI=1.04-137.51, p=10.047 and HR = 16.08,
95% CI = 1.35-191.51, p=0.028, respectively, and
PFS: HR = 16.83, 95% CI = 1.13-250.61, p = 0.040,
Table 3); however, the significance of these results was
not confirmed after Bonferroni correction (p>0.05).
The 133024994 heterozygous or variant carriers (OS:
HR =789, 95% CI=122-51.19, p=0.03 and
HR =6.05, 95% CI = 1.08-33.94, p = 0.041, respec-
tively, and PFS: HR =176.32, 95% CI=8.58-
3622.74, p < 0.001 and p < 0.012 after Bonferroni cor-
rection, and HR =16.84, 95% CI = 2.60-109.26,
p=0.003 and p = 0.036 after Bonferroni correction,
Table 3) and rs2010963 heterozygous and variant
homozygous (OS: HR = 11.16, 95% CI = 2.12-58.79,
p=0.004 and p = 0.048 after Bonferroni correction,
Figure 1(b) and PFS: HR = 20.10, 95% CI = 1.45-
279.11, p = 0.025 and p = 0.300 after Bonferroni cor-
rection, respectively, Table 3). Finally, rs3025010 var-
iant homozygous carriers had an improved OS for
glioblastoma (HR =0.04, 95% CI = 0.002-0.63,
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p=0.022 and p =0.264 after Bonferroni correction,
Table 3).

Discussion

VEGF is the major proangiogenic factor involved in
tumor growth and progression, including glioblastoma,
being over-expressed in tumor vessels.?’ VEGF-
VEGFR signaling pathway stimulates not only angio-
genic signals but also the secretion of the VWF from
endothelial cells, and VWF was described as having a
potential role on angiogenesis.*® > We have studied the
contribution of 11 VEGF and 1 VWF polymorphisms
to the risk and outcome of glioma and glioblastoma in
the Portuguese population. These polymorphisms were
selected based on some of the several studies that
reported that some SNPs in the VEGF and VWF loci
may conditionate serum VEGF expression modulation
and therefore confer tumor risk.>>2"*** These poly-
morphisms were reported to modify VEGFA serum
levels, in particular rs3025039 and rs2010963, and to
modulate risk, aggressiveness prognosis of different
solid tumors, specifically rs3025035, rs3025040,
rs699947,  rs833061, 1rs833070, rs3025010, and
153024994.344%4 Moreover, anti-angiogenic therapies
are currently in clinical use for glioma patients, and
allelic variations of VEGF and VEGFR genes have
being associated with glioma patient responses to those
therapies.?

We found that, in our population, the VEGF
1s833061 SNP conferred an increased risk for glioma
and glioblastoma. Strikingly, rs833061 T/C heterozy-
gotes were over 150 times as likely to develop glioblas-
toma (OR = 155.66, 95% CI=17.29-1401.69) or
glioma (WHO grade 2-4; OR =164.85 95%
CI = 24.72-1099.54). Although the physiological or
pathological function of the SNP rs833061 in glioblas-
toma is still unknown, this SNP has already shown to
be related to increased PFS in response to bevacizumab
in combination with sorafenib in recurrent glioblas-
toma patients.?’

The 153024994 C/T genotype presented an
OR =4.86 (95%CI =1.29-18.35) for glioma and
OR =6.36 (95% CI =1.31-30.83) for glioblastoma
and also the VWF rs9295749 SNP was associated with
an increased risk for glioblastoma; however, the signifi-
cance of this result was not confirmed after Bonferroni
correction (p>0.05). Li et al.’’ have reported that
13024994 variant was associated with a decreased risk,
whereas rs2010963 variant carriers and rs3025039 var-
iant homozygous had an increased risk for glioma.
Also Jiang et al.** described rs3025039 and rs2010963
variant homozygosity to be associated with an
increased risk for glioma. These discrepancies could be
related to different background of the populations

studied. While the previous works have studied
Chinese patients, our samples are from Caucasian ori-
gin. Although no significant differences in genotype or
allele frequencies are observed between different popu-
lation origins,* it was already reported for other dis-
eases that these polymorphisms differentially related to
risk in distinctive populations.*®4’

Importantly, VEGF polymorphisms have been
related with patients’ response to anti-angiogenic drugs,
particularly bevacizumab.”®* Few studies have
described an association between VEGF SNPs, specifi-
cally rs2010963, 1699947, 1s833061, and rs1005230 and
response to bevacizumab in glioblastoma patients. In
particular, the rs2010963, rs699947, and rs833061 var-
iant homozygous genotypes were associated with an
increase in PFS, whereas the rs1005230 variant homozy-
gous genotype was associated with a decrease in PFS of
glioblastoma patients following bevacizumab treatment.
A major limitation of our study is the small number of
patients treated with bevacizumab (n = 8), which did
not allow any statistical analysis to access the value of
the studied polymorphisms in the context of the bevaci-
zumab treatment. Therefore, we have also analyzed the
effect of these polymorphisms on patients’ survival,
independently of the treatment regimen applied.

The rs1005230 variant homozygous consistently pre-
sented a decreased OS and PFS both for glioma and
glioblastoma patients. Similarly, the rs3024994 variant
heterozygous consistently presented a decreased PFS
both for glioma and glioblastoma patients. Also the
12010963 heterozygous glioblastoma patients had a
reduced OS.

In conclusion, our data strongly suggest that differ-
ent VEGF SNPs highly increase the risk to develop
gliomas, and specifically glioblastoma, particularly the
presence of the rs833061 variant. Moreover, several
VEGF SNPs seem to be prognostic markers of glioma
and glioblastoma patients’ survival. In particular,
153024994 heterozygous and the homozygous carriers
of rs1005230 confer a worse prognosis for these
patients. Although these data need confirmation by
independent studies, they demonstrate that VEGF
SNPs are potential glioblastoma biomarkers.
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The importance of the neutrophil-to-lymphocyte ratio in the
prognosis of glioma and its subtypes

Dear editor

We read with great interest the original article by Wang Z. et al that
found a correlation between neutrophil-to-lymphocyte ratio (NLR)
and glioma prognosis. His group detected, in their patient cohort,
a correlation between NLR <3.2 and better prognosis and also
between NLR >3.2 and poor prognosis.! The subdivision of these
tumors between neutrophil type and lymphocyte type could con-
tribute to a better stratification of patient prognosis with a simple
and relatively innocuous blood test.

In fact, it is known for many years that inflammation promotes
angiogenesis and proliferation of malignant cells.? In that matter,
knowing that NLR is a marker of inflammation, it is logical that NLR
can be an independent risk factor for worse prognosis in several
malignancies.3'4 And, as it is acknowledged by the mentioned paper,
similar findings have been made before in gliomas.>® Nonetheless,
relating NLR values with WHO grades of malignancy can be a limita-
tive way of using this potential new tool. It is already established that
different types of glioma have different prognosis, and the endeavor
of the WHO classification, especially the 2016 update, is exactly
that, trying to classify tumors in subtypes and grade them according
to prognosis.7 In that respect, we think that the use of NLR should
not be restrained to predict the grade of a glial tumor.

Following this train of thought, we feel that the discussion should
be centered in the effect of NLR values in the prognosis of the dif-
ferent glioma subtypes, specifically the ones that are more common
and aggressive. Much like the discovery of the relation between
IDH1 mutations and better prognosis in glioblastoma (GBM),® we
think that the NLR can have an analogous role in certain glioma sub-
types. Interestingly, recent research by Auezova et al have shown
that IDH1 mutations in glioma are correlated to lower NLR values.
As NLR is a marker for chronic inflammation, they infer that IDH1
mutations are related to lower levels of chronic inflammation, and
therefor to a better prognosis.” In retrospective, we think that the
main constraint of the Wang Z. et al paper is the fact that all grades
of glioma were considered and, for us, the question is not what is the
behavior of NLR among the grades, but what we can achieve among
the same grade.

In previous work made by our group and published in the Journal
of Neuro-oncology, we analyzed a cohort of 140 patients with GBM
submitted to resection surgery between January 2005 and January

2013 in a tertiary care hospital. As adjunctive treatment, 117 pa-
tients completed the Stupp protocol. As for the remaining patients,
14 patients did no adjunctive therapy and 9 underwent only stan-
dard or hypofractionated radiotherapy, or only chemotherapy with
Temozolomide or Carmustine due to poor functional status. Mean
age at surgery was 62.9 + 10.0 years, and mean age at death was
64.4 + 9.8 years. Mean overall survival was 19.4 + 14.3 months,
and mean progression-free survival was 9.4 + 8.7 months. In the
complete cohort, we did not find a correlation between NLR and
overall survival; however, in the subgroup of 117 patients that
completed Stupp protocol (radiotherapy and chemotherapy with
Temozolomide), we found that a preoperative NLR >7 correlated
with a shorter overall survival (Figure 1).1° Other groups have found
similar results.'** Most significantly Bambury et al found, in a co-
hort of 84 GBM patients, that preoperative NLR >4 was associated
with worse median overall survival.'* And McNamara et al published
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FIGURE 1 Kaplan-Meier plot of overall survival stratified by
neutrophil-lymphocyte ratio value (cut-off =7.0)—Stupp protocol
treated patients
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identical conclusions in a cohort of 107 GBM patients undergoing
second swrgelry.12 All the prementioned studies had their limitations,
in the sense that they were all retrospective and therefore prone to
bias. In that matter, we feel that prospective studies should be done
to confirm this finding. However, we feel that the main goal should
be guided toward studying specific subtypes, one because differ-
ent types of glioma have different known prognosis, which renders
an holistic sample of little utility, and two because many of the ob-
served cases will be of GBM, which has an already known relation
between NLR and prognosis, and can contaminate the sample.

Interestingly, our research also found that the relation with prog-
nosis was only significant in the patients that followed optimal ther-
apy. This can suggest that parameters like NLR may, in the future,
modulate therapy options, because it implies that a more aggressive
approach can be futile in more aggressive types of GBM.

As it has been said, we think that the use of NLR shouldn’t be
limited to predicting the grade of malignancy in glial tumors. In the
greater picture, it can be considered as a simple easy access tool to
better establish prognosis in certain glioma subtypes, as it appears
to be the case in GBM, and really change, in a daily basis, our thera-
peutic approach.
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ARTICLEINFO ABSTRACT

Keywords: Objective: Recent studies have suggested that high grade gliomas are associated with elevated serum lactate
Glioma concentrations. The aim of the present study is to assess these findings in a sample of patients.

Lactate Patients and methods: We reviewed the anesthetic charts of patients with low-grade and high-grade glioma who
Bi_omar]fer underwent resection surgery and collected serum lactate concentration before tumor resection, as well as other
zl;g::_);i ology demographic and tumor-related data (age, gender, WHO grade, and size of the tumor). A statistical comparison
Neurosurgery between patients with normal (< 2 mmol/L) and elevated (= 2 mmol/L) serum lactate was performed.

Results: We included a total of 152 patients (mean age 49.07 years). 62.5% of patients (n = 95) had a high-grade
glioma and 37.5% (n = 67) a low-grade glioma. The multivariate regression showed that high grade gliomas had
significantly higher lactate concentration (p < 0.01). The OR for elevated pre-resection serum lactate increased
from 4.94 to 14.33 after adjusting for age and pre-surgical corticosteroid use, and the AUC for the final re-
gression model was 0.98.

Conclusion: This study reinforces the role of serum lactate as a potential biomarker of brain tumors malignancy,
and its results encourage further research on this subject, in order to improve the understanding of this phe-

nomenon and to assess its potential as prognostic and therapeutic monitoring tool.

1. Introduction

Malignant gliomas are the most common type of primary malignant
brain tumors [1]. Glioblastoma(GBM) is a high grade glioma (WHO
grade IV) and the most common primary central nervous system(CNS)
tumor in European countries and USA [2]. The etiology of GBM is still
under debate, but both genetic and epigenetic factors are involved, and
glioma stem cells have a major role. The 2016 edition of the World
Health Organization (WHO) classification of tumors of the CNS [3] was
the first to include guidelines for the use of molecular markers of
glioma, indicating that genetic molecular diagnosis and gene analysis of
the disease play an increasingly important role [4].

Molecular biomarkers could be an important tool in distinguishing
different subtypes of tumors. Therefore, there is a growing need to
identify biomarkers of GBM that may have clinical value [5]. The
emergence of molecular biomarkers had a significant impact on histo-
logical typing and diagnosis, as well as predicting patient survival and

response to treatment [6]. However, those biomarkers typically require
complex laboratory analyses and are not suitable for pre-operative di-
agnosis.

Despite the significant progress made in the understanding of on-
cogenetics and molecular biology of the tumor in recent years, the
discovery of therapeutic approaches with significant clinical benefit for
GBM patients remains a challenge [4]. In addition to genetic bio-
markers, the value of various metabolites as cancer biomarkers have
been widely investigated.

Lactate is a final metabolic product of highly proliferative tumors,
like GBM, and results from a mechanism of survival of the tumor, which
effluxes lactic acid to its microenvironment through transmembrane
monocarboxylate transporters (MCTs). According to the conclusions of
an in vivo study, inhibition of MCTs function markedly impaired glioma
invasion [7]. It is known that hyperlactacidemia may occur in cases of
malignancy, specially hematological cancers with liver involvement
[8]. We have noticed that a significant number of patients with brain
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tumors undergoing surgical gross resection or biopsy presented high
serum lactate levels (=2mmol/L) before or at the beginning of the
surgery, without an evident explaining factor. In the majority of cases,
the histopathological examination revealed high grade glioma. There is
some data supporting a correlation between tumor grade and high pre-
surgical serum lactate level [9,10], therefore we aimed to validate this
association in our cohort of patients.

2. Materials and methods
2.1. Study population

We reviewed the clinical files and anesthetic charts of 152 patients
who underwent brain tumor surgery at Hospital Sdo Joao, a European
Union tertiary hospital, from January 2006 to April 2016. We included
patients with low-grade and high-grade glioma, who had records of
serum lactate concentration obtained by arterial blood gases performed
in the operating room after induction of general anesthesia and before
skin incision. Additional blood gases were collected during tumor re-
section but were used only for patient monitoring and were not used for
statistical analysis. Patients with known liver or renal dysfunction and
with congestive heart failure were excluded, as well as patients who
had hemodynamically unstable periods previously to blood gases col-
lection, with necessity of inotropic drugs or blood transfusion (n = 4).
In addition to serum lactate concentration, we collected demographic,
tumor-related data (age, gender, WHO grade, and size of the tumor)
and reviewed the clinical files to assess pre-surgery corticosteroid use
(in the previous 72 h). A pre-resection lactate concentration =2 mmol/
L was considered as “elevated”, according to several studies in litera-
ture [11-13]. For tumor volume we performed a diameter-based mea-
surement using MRI imaging and divided them into larger or smaller
than 50 mm.

2.2. Statistical analysis

Comparisons between patients with normal (< 2 mmol/L) and ele-
vated (=2 mmol/L) lactate were performed using the Student’s t-test
for independent samples or 2 test, where appropriate. The tests were
two-sided, with a significance level of 0.05. To measure associations
between tumor grade (high and low grade), serum lactate concentra-
tion, and the different clinical and demographic variables we calculated
crude and adjusted odds ratio (OR), using univariable and multivariable
logistic regression. We fitted all the variables that were significant
predictors of tumor grade in a logistic regression model. We assessed
the predictive value of an elevated serum concentration to determine
tumor grade by estimating the area under the curve of the final model.
Statistical analysis was performed using Statistical Package for Social
Sciences (SPSS) version 23.

3. Results

We included a total of 152 patients, 88 males and 64 females. The
mean age was 49.07 (standard deviation(SD) = 19.72 years), 62.5% of
patients (n = 95) had a high-grade glioma and 37.5% (n = 67) a low-
grade (Table 1). Patients with high-grade glioma were on average older
than patients with low-grade glioma (58.6 vs. 33.12 years old;
p < 0.01). In low-grade gliomas, the mean lactate concentration was
1.38 mmol/L (SD = 0.61), and in high-grade gliomas it was 2.03
(SD = 0.81).

There were 42.1% patients with elevated pre-resection serum lac-
tate (n = 64), and the mean lactate level was 1.79 mmol/L. When
comparing patients divided according to their serum lactate (normal
(< 2mmol/L) versus elevated (=2 mmol/L)) we found significant as-
sociations between higher serum lactate and higher tumor grade and
female gender (p < 0.01), and no significant associations with age or
tumor size (Table 2). There was a significant association between pre-
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Table 1
Demographics and clinical characteristics of the study patients.
Gender, %
Male 57.9%
Female 42.1%

Age, years (mean, SD)
Tumor grade, %

49.07 (19.72)

High 62.5%

Low 37.5%
Tumor size

=50 mm 34.9%

< 50mm 48.0%
Serum lactate, %

Elevated 42.1%

Normal 57.9%

Serum lactate concentration, mmol/L (mean, SD) 1.79 (0.81)

Table 2
Comparison of patients with high and low pre-resection serum lactate con-
centrations.

Variable High lactate Normal lactate p-value
(=2mmol/L) (< 2mmol/L)
Tumor grade, %

High 56.8% 43.2%

Low 21.1% 78.9% <0.01
Gender, %

Male 33.0% 67.0%

Female 57.8% 42.2% <0.01
Age (mean, SD) 50.8 (18.7) 47.7 (20.5) 0.34
‘Tumor size, %

= 50 mm 47.4% 37.7%

< 50mm 52.6% 62.3% 0.27

SD - standard deviation.

surgery corticosteroid use and lactate levels, with a mean lactate level
of 1.61 mmol/L in patients with corticosteroid use vs. 1.89 mmol/L in
patients with no registered use of these drugs (p = 0.04)

In the univariate logistic regression, there was a significant asso-
ciation between elevated pre-resection serum lactate and high tumor
grade (OR = 4.94; p < 0.01; AUC 0.70). A high tumor grade was also
associated with older age (OR = 1.10; p < 0.01) and increased pre-
surgery corticosteroid use (OR = 2.61; p = 0.02). There was no asso-
ciation between tumor size and sex with tumor grade (Table 3).

In the multivariate regression model, both older age, corticosteroid
use, and elevated lactate retained their association with high tumor
grade (Table 3), implying that, after adjusting for all other factors, in-
creased lactate concentration are a predictor of high-grade gliomas. The
OR for elevated pre-resection serum lactate increased from 4.94 to
14.33 after adjusting for age and corticosteroid, and the AUC for the
final regression model was 0.98.

Table 3
Logistic regression analysis of the association between tumor grade and pre-
resection serum lactate concentrations.

Univariate logistic regression Logistic regression model

0dds Ratio (95% p-value  Odds Ratio p-value
[@))] (95% CI)
Lactacte level 4.94 <001 1433 <0.01
(=2mmol/L)  (2.32-10.51) (4.01-56.07)
Age, years 1.10 <0.01 113 <0.01
(1.06-1.13) (1.08-1.17)
Corticosteroid use ~ 2.61 0.02 9.49 <0.01
(1.31-5.17) (2.86-31.45)
Sex, male 1.59 0.16
(0.83-3.07)
Tumor size 119 0.63
>50mm (0.58-2.44)

100




M. Branco, et al.

4. Discussion

Increased glucose uptake is a common feature of malignant tumor
cells, with consequent production of lactic acid, even in aerobic con-
ditions, and it is known that a lactate accumulation occurs in the GBM
microenvironment [7,14]. Kohli-Seth et al provided the first evidence of
the systemic repercussion of this phenomenon in a retrospective study
reporting hyperlactacidemia in a large number of patients from an in-
tensive care unit (ICU) submitted to brain tumor resection surgery, but
they did not correlate these findings with tumor pathology [15]. In
2016, Kahlon et al. published a case of chronically elevated lactate
levels in a patient with GBM as a circumstance not previously reported,
revealing an unawareness of the scientific community to the serum
lactate behavior in this type of cancer [16].

Two previous studies have aimed to find an association between
serum lactate and gliomas malignancy [9,10]. Mariappan et al observed
the pre-surgical lactate levels of 50 patients undergoing brain surgery
for glioma resection and found an association between high lactate
levels and high-grade tumors [9]. Shih C. et al, aimed to identify po-
tential pretreatment serum biomarkers that might influence oncological
outcomes in patients with primary brain tumor and found the same
association [10].

In the present study, we found a significant association between
high grade glioma and high levels of pre-surgical serum lactate. There is
not a clear definition of the values from which serum lactate con-
centration is considered to be elevated, but most studies use cut-offs
between 2.0 and 2.5 mmol/L [8]. Therefore, we defined values equal or
above 2.0mmol/L as “elevated”. Our findings confirmed the results
described in previous studies, but in a larger sample and assessing the
effect of potential confounding factors not previously evaluated, which
reinforces the strength of this hypothesis. However, we did not evaluate
serum lactate levels at other phases or after surgery. Furthermore, we
did not assess the role of serum lactate levels as a predictor of survival.
A previous study by Cata et al. found no association between lactate
levels and survival in gliomas, suggesting that serum lactate has prob-
ably more potential as a biomarker for diagnostic and staging than
prognostic [17].

We excluded patients with known liver or renal dysfunction and
with congestive heart failure, because these conditions are known to
cause a rise in serum lactate. High-dose corticosteroid therapy could
also potentially rise lactate levels [18] and a large number of patients
with high grade glioma are under this type of therapy. Previous studies
did not assess this factor. We reviewed the clinical files of our patients
in order to determine if they underwent corticosteroid therapy before
surgery and found that the effect of high lactate concentration in pre-
dicting high-grade gliomas is not changed after adjusting for the use of
corticosteroid in the multivariable model. This finding suggests that the
observed increase in mean lactate levels in patients with high grade
gliomas is related to the tumor biology, and not to the use of corti-
costeroids. Nevertheless, we have to be careful in establishing a defi-
nitive conclusion. Given the retrospective nature of this review, we
cannot exclude that information on corticosteroid therapy could be
absent in some of the clinical files, particularly pre-admission use. Fu-
ture prospective studies are warranted to indisputably resolve this
issue, namely by systematically and per study protocol measuring lac-
tate levels before any corticosteroid use in a consecutive group of pa-
tients.

These results are encouraging in what concerns to the usefulness of
serum lactate determination in the diagnosis of gliomas, and they raise
some additional questions and hypothesis that should be addressed in
future studies. It would be interesting to compare serum lactate levels
with MRI spectroscopy results, since it has been showed that malignant
transformation of the glial tumors is accompanied by the presence of
elevated lactate peaks in MR spectroscopy of high grad gliomas [19].
Indeed, an association between elevated lactate peak in MR spectro-
scopy and hyperlactacidemia in high-grade gliomas would support the
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role of the tumor as the cause of the metabolic phenomenon leading to
hyperlactatemia and, consequently, the potential of serum lactate as a
biomarker of glioma malignancy. A panel of biomarkers for tumor
malignancy, including lactate, could be probably more helpful than any
single isolated measurement. Lactate-related enzymes, such as lactate
dehydrogenase (LDH) are particularly promising. It is known that LDH-
A, which catalyses the interconversion of pyruvate and lactate, is up-
regulated in human cancers, including GBM [20]. Lutterbach et al.
showed that raised serum LDH levels may negatively influence outcome
in glioblastoma patients [21]. This findings suggest that LDH could be
an interesting biomarker of glioma grade, Although LDH may be ele-
vated in several situations, like hemolysis, thromboembolism, systemic
infection and inflammation and muscle injury [22], it could potentially
represent an additional and perhaps more sensitive tool than serum
lactate in the diagnosis of high grade glioma. Additional studies are also
warranted to determine if this method could also be suitable for the
differential diagnosis between gliomas and other brain tumors, like
metastasis and lymphomas

5. Conclusion

In all, this study reinforces the role of serum lactate as a potential
biomarker of brain tumors malignancy, and its results encourage fur-
ther research on this subject.
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ABSTRACT

Purpose: Several authors studied hematological markers as prognostic determinants
in patients with neoplasia. The red blood cell distribution width (RDW) has been
recently described as a possible indicator, although its study is still scarce in
glioblastoma patients. Our purpose was to assess RDW as a prognostic factor of
disease progression and overall survival in glioblastoma patients.

Methods: We analyzed a cohort of glioblastoma patients submitted to surgical
resection for eight years. Data records regarding pre and post-surgery RDW were
collected. Association with Progression-Free Survival (PFS) and Overall Survival
(OS) was determined using Kaplan Meyer curves and Cox regression.

Results: Were assessed 140 patients, 98 men and 42 women, with an average age
of 62.9+10.00 years old, PFS median (IQR) of 7 (10), and OS of 16 (14) months.
The average presurgery RDW was 13.0£0.72%, lower than post-surgery RDW,
14.1£1.33%, p=0.021. The exploratory analysis determined a presurgery cutoff
of RDW>14.5% with a more inferior PFS (7, 95%CI 5.26-8.73) vs. RDW>14.5% (2,
95%Cl 0.00-5.27), as well as OS - 7 (95%CI 0.0-15.8) vs. 16 (95%CI 14.8-17.2) months,
respectively. Regarding univariate analysis, presurgery RDW>14.5% showed an
association with OS [HR 6.070 (95%Cl 2.122-17.361), p=0.001] and a PFS [HR 3.242
(95%CI 1.165-9.026), p=0.024). This association remained for OS when adjusted
to related variables [HR 5.679 (95%CI 1.910-16.886), p=0.002). Authors found no
clinically relevant associations for post-surgical RDW regarding PFS nor OS.

Conclusion: Results support presurgery RDW as an independent prognostic factor
for PFS and OS in glioblastoma patients.

Keywords: RDW, Glioblastoma, Progression-Free Survival, Overall Survival.
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1. INTRODUCTION

Despite aggressive surgery and radiochemotherapy, prognosis in patients with
glioblastoma (GBM) remains poor, with median overall survival estimated at 15
months. Among the different factors that can contribute to this result are, on the
one hand, the diversity of processes involved in gliomagenesis and, on the other
hand, the fact the disease is already in an advanced stage when symptoms appear.
Several attempts have been made to find a blood marker or a set of markers
that can be used in these patients’ diagnosis and follow-up. So far, the potential
biomarkers studied require complex determination processes and have little
specificity. They translate processes associated with inflammatory, immunological,
coagulation, vasculogenesis, or tumor growth changes. Prognostic factors may be
of fundamental importance in determining the best therapeutic option, particularly
in some subgroups of patients, such as the elderly and patients with multiple
comorbidities. Red blood cell distribution width (RDW) estimates erythrocyte
size variation calculated as the coefficient of variation. A higher RDW represents
a broader red blood cells (RBC) size range, while a smaller value indicates size
homogeneity!". RDW is a systemic cellular inflammatory marker. Considering
that the RDW analysis is part of the basic preoperative blood study, it becomes an
easily accessible and universal variable. There is growing evidence that RDW can
be a predictor of adverse events regardless of diagnosis. Thus, RDW is a promising
prognostic inflammation marker for the clinical decision process, focusing on
cancer outcomes!?. Former studies have conflicting results regarding the potential
role of RDW as an independent risk factor for survival in GBM®4, This study aimed
to assess RDW has a prognostic factor of survival in GBM patients.
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2. METHODS

2.1. Study design and setting

Single-center, retrospective observational study for the analysis of RDW as a
prognostic factor in patients with a histologically confirmed diagnosis of GBM
submitted to surgery. The identified patients were part of a prospectively collected
cohort database of patients diagnosed between 2005 to 2013 with a six-year follow-
up throw the year 2019. In our center, after surgery, patients are treated with standard
chemoradiation therapy protocol.The work described has been carried out following
the Declaration of Helsinki.The local ethics committee approved data collection and
analysis. STOBE statement guidelines were used for the structure.

2.2. Clinical data collection

We retrospectively reviewed a prospectively maintained database of patients with
cerebral tumors. We selected the patients with GBM submitted to resection surgery
between January 2005 and January 2013 and reviewed all patients’ clinical registries
with a minimum of six-years follow-up. All demographic and clinical data from
the database and clinical registries were collected. All patients met the following
eligibility criteria: age >18 years; GBM diagnosed by histopathology; no previous
chemotherapy or radiotherapy before surgery; no history of any other malignant
disease. Patients who underwent tumor biopsy or had regrowth tumors as an initial
diagnosis in this period were excluded.

2.3.Variables

RDW coefficient of variation, also known as RDW-CV, will be referred to as RDW.
We registered RDW in two moments: immediately before surgery and in the first
appointment before the beginning of adjuvant chemoradiotherapy or radiotherapy,
representing 4 to 6 weeks after surgery.

Overall survival (OS), defined as the time from surgery to the time of death, was
measured in months such as progression-free survival (PFS), defined as the time
from surgery to tumor progression registered by magnetic resonance imaging.
The diagnosis of GBM was defined by the histologic result from surgical resection
according to the WHO Classification of SNC tumors.

Were considered as other variables for analysis: gender, age at diagnosis, tumor

central location (frontal, temporal, parietal, occipital), tumor extension (one lobe, two
lobes, more than two), tumor focality, eloquent areas involvement, comorbidities
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able to influence RDW (hypertension, diabetes mellitus, metabolic syndrome,
cardiac, renal or hepatic disease, inflammatory or auto-immune diseases), type of
first-line adjuvant systemic therapy (STUPP or other), second-line adjuvant systemic
therapy and surgery extent of resection.

2.4. Statistical Methods

Continuous variables are described as mean + standard deviation or median and
interquartile range (IQR) considering variable distribution. Periods for PFS and
OS are represented as median and interquartile range or 95% confidence interval.
T-student test for related samples was used for continuous intra-patients variable
comparison.

Association analysis between RDW and survival, OS and PFS, were established by
Kaplan-Meier Curves and Cox Regression for univariate and multivariate analysis.
RDW cutoff was explored as the lowest level with a significant difference value in
the Kaplan Meier curves for PFS and OS. All statistic tests were reported considering
as statistically significant a p-value of 0.05. Statistical analysis was performed with
IBM SPSS Statistics 25.0.
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3. RESULTS

3.1. Patients

Were included 140 GBM submitted to resection surgery. All patients included had
over 80% of the tumor volume removed. Demographic and clinical characteristics
of the analyzed cohort are detailed inTable 1. The male-to-female ratio was 2.3:1.The
mean age at surgery was 62.9 + 10.0 years, and the mean age at death was 64.4 +
9.8 years. The median overall survival rate was 19.4 + 14.34 months, and the mean
progression-free survival was 9.4 + 8.73 months.

3.2. Main Results

The average presurgery RDW was 13.0+0.72%, with values ranging from 11.5-15.4%.
Post-surgery RDW mean value was 14.1+1.33% varying between 12.3 to 20.1%.
When compared both values, there was a statistically significant difference with a
p-value of 0.021.

Using a sequential analysis of RDW cutoffs by Kaplan-Meier curves, it was possible
to identify that a presurgery RDW>14.5% had lower OS (7, 95%CI 0.0-15.8 months)
when compared to those with RDW<14.5% (16, 95%CI 14.8-17.2 months), p<0.005, as
may be seen in Figure 1 and Figure 2.

As for post-surgery RDW, patients with cutoff>15% had lower PFS (5, 95%CI 3.62-
6.37) when compared to RDW<15% (8, 95%CI 5.89-10.11), p=0.035. However, there
was no relation between post-surgery RDW and OS.

Based on previous findings, patients were divided into two groups, according to
presurgery RDW cutoff of 14.5%. This cutoff was considered for Cox Regression uni
and multivariable models when analyzing the association between RDW, PFS (Table
2), and OS (Table 3).

The univariate analysis showed an association between presurgery RDW to OS
[HR=6.126 (95%CI 2.142-17.521), p=0.001] and PFS [HR=3.178 (95%CI 1.143-8.839),
p=0.024]. The relation to OS remained in the multivariate analysis when adjusted
to statically significant related variables [HR=7.859 (95%CI 2.540-24.317), p<0.001].
Although age did not have an established association, it was included in the model
since it is referred in the literature as a factor that may influence RDW.
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4. DISCUSSION

Inflammation is a hallmark of cancer®. Inflammatory conditions promote cancer
initiation and progression in various tissues being a critical process in gliomagenesis.
RDW evolved as a prognostic marker of different medical conditions such as sepsis,
acute myocardial infarction, heart failure, auto-immune, and liver diseases. Previous
studies also indicated that increased RDW is associated with enhanced all-cause
mortality in the general population'®,

It is established that a strong relation between RDW and subclinical inflammatory
states may relate to the tumor microenvironment!.

A meta-analysis of esophageal cancer, lung cancer, hepatocellular carcinoma,
breast cancer, urothelial carcinoma, and specific types of hematologic cancer such
as chronic lymphocytic leukemia indicates that elevated RDW significantly predicts
poor survival outcomes for these patients!?.

The role of peripheral blood inflammatory indicators in gliomas remains to be
established®. RDW elevation is correlated with an increase in inflammatory markers,
such as soluble tumor necrosis factor receptors, interleukin-6, and C-reactive

proteinf®.

A 2017 systematic review and meta-analysis by Hu et al. covered 16 articles and
4267 cancer patients?. None of these articles referred to patients with glioblastoma.
The combined results of this meta-analysis showed elevated RDW was associated
with poor OS [HR=1.47, (95% CI: 1.29-1.66)] and PFS [HR=3.21, (95% Cl: -0.33- 6.75)].

In the study of Liang R et al., RDW levels lower than 14.10% were associated with
favorable OS, and Kaplan-Meier survival curves showed that patients belonging to
the high-RDW group had a worse median OS (293 days versus 375 days, p=0.023)
than those belonging to the low-RDW group'.

Wang DP et al. meta-analyses showed that patients with a higher RDW had lower
OS rates [HR=1.40 (95% CI 1.13-1.74), p=0.002] and that increased RDW was found
to be an independent predictor of worse survival in patients with gliomas. These
results were in concordance with our study that showed that presurgery RDW is
associated with OS [HR=6.070 (95%Cl 2.122-17.361), p=0.001].
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However, in a retrospective study of 219 glioma patients, BaoY et al. reported no
significant difference in the median OS between the high and low RDW groups for
a cutoff of 12.5.The median survival in the high RDW group was 15 months (95% Cl,
11.590 - 18.410) and was 23 months in the low RDW group (95% Cl, 1.125 - 44.875;
P = 0.184) [10]. This study’s cutoff was inferior to most of the studies, which shows
a cutoff over 14%, which could probably explain the lack of statistical significance.
Our study showed that a 14.5% cutoff of preoperative RDW was associated with a
worse prognosis. If we consider the postoperative values, we find a lower PFS with
RDW levels over 15%.

One possible explanation for elevated RDW in cancer patients is the hypoxia state
that stimulates erythropoietin. This is involved in expediting RBC production and
stimulating reticulocytes’ early release, leading to increased RDW!,

Another explanation is the associated inflammation impairment in erythrocyte
maturation, oxidative stress, and cancer-driven cytokine release, leading to an
increased anisocytosis!®.

Also, high levels of RDW mirror underlying inflammatory and malnutrition
conditions that weaken erythrocyte maturation and causes inadequate production
of the hormone erythropoietin, malnutrition, or oxidative damage!".

Several prognostic factors have been identified, including methylation of the O6-
methylguanine-DNA-methyltransferase gene (MGMT) promoter, mutation of
isocitrate-dehydrogenase gene 1 (IDH1), younger age, and good clinical performance
status!'?,

A gradual increase of RDW with age has been documented, and RDW tends to
increase in parallel with age [13]. Since age is also an important prognostic factor in
glioblastoma patients, it was considered for RDW analysis. Our study showed that
the increase in RDW was related to lower overall survival regardless of age. In the
Malmo Diet and Cancer Study with 26820 participants, in patients aged 45 years and
older, Borne et al. show that the subjects with higher RDW were significantly older
than those with the lowest values!.

The preoperative inflammatory response is correlated with glioma grading®®. Although
pretreatment RDW level can reflect both inflammatory and nutritional status, it would
be more convincible if combined with other potential predictors, such as neutrophil to
lymphocyte ratio (NLR) and prognostic nutritional index (PNI)"!. Since glioblastoma
is an injury confined to the central nervous system with little systemic repercussion,
malnutrition is not a problem in these patients at the time of diagnosis.
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One of the things that remain to be explained is the relationship between the
preoperative inflammatory state and overall survival, with no sequential assessment
during the disease and the little interference that treatments have on overall survival.
Another aspect that should be considered is the relationship between inflammatory
markers and imaging findings, namely the extension of peritumoral edema. If the
RDW was only related to a tumor’s presence, the values one month after surgery
in complete removal cases should be lower than the preoperative values. However,
our study shows higher values, which might be explained by the inflammatory
process induced by surgery, but the relationship between high levels and worse PFS
remains unclear. Its serial study as a hematologic indicator of disease progression
should be pursued.

Another important aspect is that these markers are nonspecific, appearing in
various pathologies as oncological, inflammatory, infectious, thrombosis, diabetes,
and cardiovascular diseases.

Regarding the extent of resection, it was considered a complete removal in the
absence of contrast enhancement in the early postoperative magnetic resonance
imaging (before 72 hours postoperative) and the remaining subtotal removals,
taking into account that all patients had tumor resection greater than 85% of the
tumor volume. Therefore, the extent of removal was not a factor associated with
overall survival and disease progression.

The relationship between corticotherapy and the RDW value has not been studied. It
is expected that patients who need a higher dose of corticosteroids would be those
who had more edema, therefore a more significant preoperative inflammatory
response.The use of corticosteroids preoperatively, by decreasing the inflammatory
response, should consequently reduce the value of RDW, but this was not verified.
On the other hand, greater preoperative edema was not related to progression-free

survival in several studies.

It has not been established whether an increased value of RDW is a risk factor, a
consequence of the inflammation underlying the tumor, or only an epiphenomenon
of an underlying biological and metabolic imbalance.

Limitations

One limitation is the retrospective design of the analysis, but this is partially
overcome by the accuracy of the assessed itemsin the database, givenits prospective
collection characteristics.

Another significant limitation is the lack of research on the MGMT promoter gene’s
methylation, which is an important prognostic factor. However, we are not aware
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of any relationship between the methylation of the MGMT promoter gene and the
value of RDW. Preoperative and early postoperative corticosteroid therapy was also
not quantified.

Conclusions

The results support the presurgery RDW over 14.5% as possible independent
prognostic factor for OS in patients with glioblastoma. Despite the results obtained,
the RDW results’ interpretation must be made carefully because of the many clinical
applications. Its conjunction with other hematological and imaging parameters
may point out the prognosis of the disease in a more consistent way. The serial
evaluation of a panel of biomarkers, including RDW throughout the disease, which
are easy to access and interpret, may help in the earlier diagnosis of recurrence in a
still pre-clinical and pre-imaging stage.

114



REFERENCES

.Horne BD, Muhlestein JB, Bennett ST,
Muhlestein JB, Ronnow BS, May HT, Bair
TL, Anderson JL (2015) Association of the
dispersion in red blood cell volume with
mortality. Eur J Clin Invest 45 (6):541-549.
doi:10.1111/eci. 12432

. HulL, Li M, DingY, Pu L, Liu J, Xie J, Cabanero
M, Li J, Xiang R, Xiong S (2017) Prognostic
value of RDW in cancers: a systematic review
and meta-analysis. Oncotarget 8 (9):16027-
16035. doi:10.18632/oncotarget. 13784

. Auezova R, Ryskeldiev N, Doskaliyev A,
Kuanyshev Y, Zhetpisbaev B, Aldiyarova N,
Ivanova N, Akshulakov S, Auezova L (2016)
Association of preoperative levels of selected
blood inflammatory markers with prognosis
in gliomas. Onco Targets Ther 9:6111-6117.
doi:10.2147/0TT.S113606

.Liang R, Li M, Yang Y, Mao Q, LiuY (2017)

Significance of Pretreatment Red Blood Cell
Distribution Width in Patients with Newly
Diagnosed Glioblastoma. Med Sci Monit
23:3217-3223

. Hanahan D, Weinberg RA (2011) Hallmarks of
cancer: the next generation. Cell 144 (5):646-
674. doi:10.1016/j.cell.2011.02.013

.Goyal H, Hu ZD (2017) Prognostic value
of red blood cell distribution width in
hepatocellular carcinoma. Ann Transl Med 5
(13):271. doi:10.21037/atm.2017.06.30

. Salvagno GL, Sanchis-Gomar F, Picanza A,
Lippi G (2015) Red blood cell distribution
width: A simple parameter with multiple
clinical applications. Crit Rev Clin Lab Sci 52
(2):86-105. doi:10.3109/10408363.2014.992064

. Wang DP,KangK, Lin Q, Hai J (2020) Prognostic
Significance Preoperative  Systemic
Cellular Inflammatory Markers in Gliomas: A
Systematic Review and Meta-Analysis. Clin
Transl Sci 13 (1):179-188. doi:10.1111/cts.12700

of

9.

10

1.

12.

13.

14.

Forhecz Z, Gombos T, Borgulya G, Pozsonyi
Z, Prohaszka Z, Janoskuti L (2009) Red cell
distribution width in heartfailure: prediction of
clinical events and relationship with markers
of ineffective erythropoiesis, inflammation,
renal function, and nutritional state. Am Heart
J 158 (4):659-666. doi:10.1016/j.ahj.2009.07.024

.Bao Y, Yang M, Jin C, Hou S, Shi B, Shi J,
Lin N (2018) Preoperative Hematologic
Inflammatory Markers as Prognostic Factors
in Patients with Glioma. World Neurosurg
119:e710-e716. doi:10.1016/j.wneu.2018.07.252

Luo L, Quan X, Song X, Zhang L, YinY,
He Q, Cai S, Zeng J, Zhang Q, GaoY,Yu S
(2017) Red blood cell distribution width
as a predictor of survival in nasal-type,
extranodal natural killer:T-cell lymphoma.
Oncotarget 8 (54):92522-92535

Pierscianek D, AhmadipourY, Michel A, Chihi
M, Oppong MD, Kebir S, Glas M, Stuschke
M, Sure U, Jabbarli R (2020) Preoperative
Survival Prediction in Patients With
Glioblastoma by Routine Inflammatory
Laboratory Parameters. Anticancer Res 40
(2):1161-1166.d0i:10.21873/anticanres.14058

Patel KV, Ferrucci L, Ershler WB, Longo
DL, Guralnik JM (2009) Red blood cell
distribution width and the risk of death
in middle-aged and older adults. Arch
Intern Med 169 (5):515-523. doi:10.1001/
archinternmed.2009.11

BorneY, Smith JG, Melander O, Engstrom G
(2014) Red cell distribution width in relation
to incidence of coronary events and case
fatality rates: a population-based cohort
study. Heart 100 (14):1119-1124. doi:10.1136/
heartjnl-2013-305028

. Wang PF, Song SY, Guo H,WangTJ, Liu N,Yan
CX (2019) Prognostic role of pretreatment
red blood cell distribution width in patients
with cancer: A meta-analysis of 49 studies.
J Cancer 10 (18):4305-4317. doi:10.7150/
jca.31598

115



TABLES AND FIGURES

Table 1. Demographic and clinical data.

Parameters
n 140
Age (years) 65 (15)
Men 98 (79%)
Gender
Women 42 (30%)
KPS 82 (10)
OS (months) 16 (14)
PFS (months) 7 (10)
Temporal 41 (29.3%)
Tumor Location Frontal 34 (24.3%)
Other 65 (46,4%)
1 Lobe 88 (62.9%)
Tumor Extension 2 Lobes 46 (32.9%)
>2 lobes 6 (4.3%)
Unifocal 121 (86.4%)
Focality
Multifocal 29 (13.6%)
Yes 63 (45%)
Involvement of Eloquent Areas
No 76 (54.3%)
Subtotal 82 (58.6%)
Tumor Resection
Total 58 (41.4%)
STUPP 117 (83.6%)
First-line Systemic Treatment Other 9 (6.4%)
None 14 (10%)
Second-line Systemic Treatment Yes 64 (45.7%)
No 76 (54.3%)
RDW presurgery (%) 13.0+£0.72 (11.5-15.4)
RDW post-surgery (%) 14.1+1.33 (12.3-20.1)

Continuous variables are presented as mean + standard deviation (min-max) or mean (IQR) and
categorical variables as absolute (relative) frequencies.
OS overall survival; PFS progression-free survival; KPS Karnofsky Performance Status.
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Table 2. Cox Regression for Progression Free Survival.

Progression-free Survival Univariate P Multivariate o)
Sex 0,952 (0,632-1,355) | 0,690 | 1,007 (0,986-1,028) | 0,530
Age 1,023 (1,006-1,041) | 0,009*

KPS 0,172 (0,023-1,270) | 0,084

Uni or Multifocal 2,093 (1,253-3,495) | 0,005* | 2,112 (1,203-3,708) | 0,009*
Eloquent Areas Involvement 1,155 (0,815-1,636) 0,417

Tumor Extension 2,898 (1,164-7,210) | 0,022* |4,026 (1,584-10,235) | 0,003*
Comorbidities 1,608 (1,119-2,311) | 0,010* | 1,575 (1,069-2,319) | 0,022*
First Line treatment (STUPP) 2,823 (1,657-4,808) | <0,001* | 2,890 (1,624-5,145) | <0,001*
Second Line treatment 0,696 (0,493-0,983) | 0,040* | 0,989 (0,633-1,546) | 0,962
Surgery resection extent 0,849 (0,594-1,196) 0,339

RDW Before Surgery (14.5%) 3,178 (1,143-8,839) | 0,027* 2,581 (0,871-7,650) 0,087
Leukocytes 0,987 (0,934-1,043) 0,633
*Significance value p<0.05
Table 2. Cox Regression for Overall Survival.

Overall Survival Univariate P Multivariate p
Sex 1,001(0,691-1,449) 0,997

Age 1,024 (1,006-1,041) | 0,007* 1,011 (0,990-1,032) 0,304
KPS 0,43 (0,02-0,951) 0.046* | 239202(0,0-1.0,70e183) | 0,953
Uni or Multifocal 1,973 (1,199-3,247) | 0,007* 1,626 (0,861-1,955) 0,086
Eloquent Areas Involvement | 1,603 (1,131-2,271) | 0,008* 1,283 (0,850-1,939) 0,236
Tumor Extension 1,415 (0,577-3,471) 0,449

Comorbidities 1,53 (1,078 -2,176) | 0,017*

First Line treatment (STUPP) | 2,618 (1,629-4,207) | <0,001* | 3,626 (1,990-6,606) | <0,001*
Second Line treatment 0,710 (0,504-1,001) | 0,050*% 0,934 (0,594-1,468) 0,766
Surgery resection extent 0,766 (0,541-1,085)) | 0,134

RDW Before Surgery (14.5%) | 6,126 (2,142-17521) | 0,001* 7,859 (2,540-24,317) | <0,001*
Leukocytes 1,025 (0,975-1,078) 0,336

*Significance value p<0.05
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Figure 1. Kaplan Meier Overall Survival Curve for RDW 14.5% before surgery.
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Figure 2. Kaplan Meier Progression-Free Survival Curve for RDW 14.5% before surgery.
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Abstract: Glioblastoma (GBM) is the most frequent malignant primary brain tumor in adults,
characterized by a highly aggressive, inflammatory and angiogenic phenotype. It is a remarkably
heterogeneous tumor at several levels, including histopathologically, radiographically and genetically.
The 2016 update of the WHO Classification of Tumours of the Central Nervous System highlighted
molecular parameters as paramount features for the diagnosis, namely IDH1/2 mutations that
distinguish primary and secondary GBM. An ideal biomarker is a molecule that can be
detected/quantified through simple non- or minimally invasive methods with the potential to
assess cancer risk; promote early diagnosis; increase grading accuracy; and monitor disease evolution
and treatment response, as well as fundamentally being restricted to one aspect. Blood-based
biomarkers are particularly attractive due to their easy access and have been widely used for various
cancer types. A number of serum biomarkers with multiple utilities for glioma have been reported
that could classify glioma grades more precisely and provide prognostic value among these patients.
At present, screening for gliomas has no clinical relevance. This is because of the low incidence,
the lack of sensitive biomarkers in plasma, and the observation that gliomas may develop apparently
de novo within few weeks or months. To the best of our knowledge, there is no routine use of a
serum biomarker for clinical follow-up. The purpose of this paper is to review the serum biomarkers
described in the literature related to glioblastoma and their possible relationship with clinical features.

Keywords: glioblastoma; biomarkers; prognosis; diagnosis

1. Introduction

Glioblastomas (GBMs) are the most frequent primary malignant brain tumor, accounting for
approximately 15% of all intracranial neoplasms and 45-50% of all primary malignant brain tumors [1].
The clinical behavior of individual tumors of a specific histopathological entity may differ substantially.
Thus, additional markers are needed for a more refined and objective glioma classification, a better
prediction of prognosis, and tailored therapeutic decision-making [2]. The revised 2016 World Health
Organization (WHO) classification of tumors of the central nervous system recognizes the molecular
evaluation as critical for the classification, since the mutation status of the IDH1 and IDH?2 and the
codeletion of 1p/19q are crucial for diagnosis, and the TERT promoter gene mutations and ATRX
alterations are associated with prognosis. However, other molecular alterations may be associated
with diagnosis, prognosis, and glioma risk.

Int. J. Mol. Sci. 2020, 21, 5809; doi:10.3390/ijms21165809 www.mdpi.com/journal/ijms
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A “biomarker” (biological marker) can be defined as “a characteristic that is objectively measured
and evaluated as an indicator of normal biological processes, pathogenic processes, or pharmacological
responses to a therapeutic intervention” [3]. The critical hallmark of a biomarker is to be highly sensitive
and specific in providing information relevant for diagnosis, prognosis, or therapy [4]. Biomarkers
should have the potential to identify cancer patients at an early stage, select patients who are most likely
to benefit from therapy, and to guide the development of more effective agents [5]. The most useful
tumor marker should possess high specificity and sensitivity to the tumor, and it should be unique.

GBMs show complex chromosomal and genetic alterations thatlead to inactivation of various tumor
suppressor genes, as well as aberrant activation of proto-oncogenes [2]. Glioblastoma IDH-wildtype
lacks IDH1/2 mutations and is considered primary glioblastoma. The typical genetic alterations of
these tumors include TERT promoter mutations, homozygous deletion of CDKN2A/CDKN2B, loss of
chromosomes 10p and 10q, EGFR alterations, PTEN, TP53 and PI3K mutations [1]. Glioblastomas
IDH-mutant show mutations in either the IDH1 or IDH2 gene and are characterized by frequent
mutations in the TP53 and ATRX genes, loss of 10q [1], and lack EGFR amplification [2]. They are
mostly secondary, derived from lower-grade lesions. Often extensive tumor progression occurs in the
interval between different imaging studies and/or goes undetected from lack of contrast enhancement.
An alternative measure or marker of tumor burden may potentially permit earlier detection of treatment
failure and allow for more timely therapeutic changes [6]. Single-molecule markers have been mostly
insufficient to properly follow the dynamics of diseases like cancer and should be replaced by multiple
marker profiles. The first study that systematically reviewed the diagnostic serum profile in GBM
patients was published by Elstner et al. in 2011 and analyzed the serum concentrations of 14 proteins [7].
Nevertheless, no reliable marker has yet been identified for use in the diagnosis and surveillance of
patients with malignant gliomas [8].

This review aims to summarize the potential of peripheral blood markers described in the literature
and to critically evaluate its applicability to clinical practice.

2. Materials and Methods

A thorough search of the literature was performed using the MEDLINE database and Cochrane
Reviews (January 2005 through December 2018) using the terms “glioma, serum biomarkers”. Articlesin
languages other than English were excluded. Only studies on data collected in humans were considered.

We divided the biomarkers into particular categories, although several of them have multiple roles
and these categories are highly interrelated: (a) cell growth and vascular proliferation; (b) immune
system; (c) inflammation; (d) nutritional status; and (e) coagulation markers.

3. Results and Discussion

The MEDLINE search identified 208 articles from January 2005 through December 2018, using the
terms “glioma, serum biomarkers”. Articles in languages other than English were excluded, remaining
200 articles. Only studies on data collected in humans were considered. That gives a total 174 articles.
Of these, only 39 articles specifically adressed potential serum biomarkers, 30 prospective studies,
5 retrospective studies and 4 revision studies, corresponding to 52 different molecules and 30 of them
are referred only once and were included for final evaluation. Cochrane Reviews did not identify
any title.

The most relevant potential serum biomarkers found in literature are summarized in Table 1.
Many of these biomarkers belong to more than one category confirming the interaction between
different hallmarks and cancer pathways. Although these biomarkers were closely related to each
other, for a better text organization we describe the biomarkers by groups and discuss their potential
roles in predicting the presence or the progression of glioblastoma.
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Table 1. Serum biomarkers reported in the literature with potential application in glioblastoma.

Pr?)/laiiz:::iron Cell Growth Inflammatory I;x; r;:;e Coagulation Nutritional
BMP-2 «2-HS glycoprotein CD23 CD14 Fibrinogen IGFBP-2
CXCL 10 BMP-2 Albumin CD23 ETG Albumin
. . . Prothrombin
Haptoglobin «2 Cathepsin D Ratio N-L IgE factors
Metalloproteinase 9 CXCL10 Ratio P-L Osteopontin TF (Tissue factor)
Osteopontin EGFR Amyloid A1 Recoverin
YKL-40 GFAP TGE-B
VEGF Metalloproteinase 9 TNF-oc
PDGF-b Osteopontin 1L-6
TGF-p Recoverin
TNF-o PDGF-b
TSP1 IGF-1
TGF-B
TNF-oc
IL-8

3.1. Biomarkers Related to Vascular Proliferation and Cell Growth

Microvascular proliferation is a hallmark feature in glioblastoma. Being a complex process,
multiple mechanisms are involved. Several biomarkers were studied in this context.

VEGF is the most important mediator of neovascularization in gliomas [9]. Studies measuring
VEGEF concentration in the serum of patients with glioblastoma have obtained conflicting results [10].

Salven et al. found serum levels of VEGF to be elevated in high-grade brain tumors [11]. In Reynés
et al. work, in a series of 40 glioblastoma patients, serum levels of VEGF were twofold higher in
patients compared with healthy controls [10]. Only pre-operative samples were collected, so VEGF
could not be used as a follow-up biomarker. Stockhammer et al. found no differences between serum
VEGF concentration in 6 patients with glioblastoma and in healthy controls [12]. Fine et al. did not
find any correlation between serum VEGF levels and tumor response progression, time to progression,
or overall survival [13]. Rafat et al. showed that levels of serum VEGF and granulocyte-macrophage
colony stimulating factor (GM-CSF) are raised in patients with glioblastoma when compared with
healthy controls [14]. Due to the lack of consistency in the different studies, some with very few cases,
VEGEF has not been shown to be a diagnostic or survival marker.

YKL-40 is a 40kDa glycoprotein produced by cancer, inflammatory and stem cells. It probably
has a role in cell proliferation and differentiation, inflammation, protection against apoptosis,
stimulation of angiogenesis, and regulation of extracellular tissue remodeling [5], and stimulates
fibroblasts surrounding the tumor, although in vivo proof of these hypotheses is yet to be obtained [3].
Elevated serum YKL-40 is found in a subgroup of patients with different types of solid tumors [3].
Plasma levels of YKL-40 are highly correlated with age [5], and as plasma YKL-40 increases with age,
levels in patients before or during treatment should be evaluated in comparison with age-stratified or
age-adjusted reference levels [15]. YKL-40 is over-expressed in glioma tissues but is not expressed
in normal brain or normal human astrocytes, suggesting that it is related to glioma initiation
and progression [16] and may promote radiation and apoptosis resistance, increased invasiveness,
and increased 72 KDa metalloproteinase activity [17]. It was first described as a potential serum
biomarker in glioblastoma in 2002 by Tanwar [6], who found that the YKL-40 protein was dramatically
elevated in a subset of the GBMs, and essentially below the detection limit for Western blot analysis, in
both lower-grade tumors and normal brain extract. Statistically significant differences were detected
between YKL-40 serum levels in patients with glioblastoma compared with controls and compared with
patients with lower-grade gliomas, as well as between lower-grade tumors compared with controls
but no significant differences were detected between high versus low tumor burden in GBM patients.
In the series of Hormigo et al., tumor resection resulted in transiently increased serum levels of YKL-40
and reached a peak 24 h after resection [18]. These authors also found a significant difference in YKL-40
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values for GBM patients with a complete resection compared with patients with evidence of disease.
There was a significant association between the actual value of serum YKL-40 and survival. A low
absolute YKL-40 value identified a subset of patients that is more likely to do well. Those patients
with persistently normal values had a longer survival and disease-free interval [18]. In the same
line of evidence, Bernardi et al. showed that YKL-40 serum levels determined at the 1st week after
surgery may be a biomarker of outcome for high-grade gliomas. Despite a wide range of variability in
YKL-40 levels, serum levels are higher in GBM patients than in healthy subjects, and surgery has a
paramount influence on postoperative YKL-40 serum levels, raising the hypothesis that it may be a
putative biochemical marker of extent of tumor resection [19]. Different data was showed by Linde et al.
who found very little variation in YKL-40 protein concentrations in serum of patients throughout the
disease course [20], and did not observe any correlation between serum YKL-40 and extent of resection
or tumor volume. A possible explanation is the short follow-up and the time points of the serum
collection. Besides that, no pre-operative values were collected and there were no correlations between
these two data. There was no age adjustment nor correlation with tumor tissue expression. In spite
of this data, Johansen conclude that there is still insufficient evidence to support its value outside of
clinical trials as a screening tool, prognosticator of survival, predictor of treatment response and as a
monitoring tool in the routine management of individual patients with cancer [21]. However, YKL-40 is
one of the serum biomarkers with more evidence from different groups in GBM, and more robust
further studies, with a larger number of patients with better characterization and new quantification
techniques will be able to clarify and establish YKL-40 as a true clinically relevant GBM biomarker.

Epidermal growth factor receptor (EGFR) is a transmembrane cell surface receptor and a
member of the c-erb-B family of tyrosine kinases, known to be overexpressed in a variety of human
malignant tumors [22]. EGFR pathway plays prominent roles in regulating cell growth, apoptosis,
and differentiation. Aberrant EGFR signaling may ultimately affect major hallmarks of cancer, including
tumor growth, invasion, malignancy, and prognosis [23]. Induction of EGFR expression might be
involved in the malignant transformation of human brain cells [24].

Choi et al. found that an overexpression of EGFR appears to correlate with glioma grade, which is
observed in about 40-50% of GBMs compared to 10-26% of anaplastic astrocytomas [25]. EGFR gene
is amplified in approximately 30-50% of malignant gliomas [26,27]. In the literature, results for
the influence of EGFR expression on survival according to tissue immunohistochemical staining
differ among researchers [25], despite the majority of papers showing a worse prognostic in patients
with overexpression of EGFR. EGFR expression is also correlated with a poor response to radiation
therapy [28]. While these results are related to tumor tissue expression, the associations between
EGFR expression in tissue samples and in blood samples are yet to be demonstrated. Quaranta et al.
showed the mean serum EGFR level in brain cancer patients is significantly elevated compared with
that of healthy controls, with 73.8% of the patients demonstrating an elevated serum level of EGFR [26].
They concluded that serum EGER extracellular domain may be potentially useful as a biological marker
of gliomas for prediction of prognosis and follow-up after treatment.

GFAP is a 55kDa intermediate filament protein that is highly expressed in astrocytes as part of
cytoskeleton [29] and may serve as an organ-specific marker [30]. The first description of serum GFAP
in primary brain tumors patients was made by Brommeland et al. in 2007, including 27 GBM and
four anaplastic astrocytoma patients. In a multivariate linear regression analysis, the only significant
association was between pre-operative GFAP levels and tumor size. No difference was found between
glioblastomas and astrocytomas [30], but the sample size was very small to allow a definitive conclusion.
Although putting the possibility that GFAP values may reflect the evolution of the disease or the
response to treatments, this extrapolation cannot be done because only the preoperative values were
evaluated. Jung et al. studied a group of 50 patients with glioblastoma and found higher levels of
serum GFAP compared to non-GBM tumor patients and healthy controls. In addition, serum GFAP
concentration was closely linked with GBM tumor volume and tumor necrosis volume. As no follow-up
assessment of serum GFAP was done, the only conclusion was that serum GFAP could be a diagnostic
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biomarker of glioblastoma [31]. Still, the number of patients was too small (n = 50), and in 25% of
GBM patients, no detectable levels of serum GFAP were found. Ilhan-Mutlu et al. found that GFAP
plasma detectability was strongly associated with diagnosis of GBM in a series of 105 brain tumor
patients, but it was only present in 38% of GBM patients (13/34). In these patients, no correlations
were found between serum GFAP and tumor volume or survival [32]. It is another small series to
allow reliable results. Husain H et al. evaluated the plasma GFAP levels before and after tumor
debulking in a series of 33 gliomas. Detectable levels were found in 52% of patients pre-operatively
and in 96% of patients post-operatively. In the GBM sub-group (nine patients), three having lower
levels and two having higher levels was the main difference to the non-GBM group. Although they
found a correlation with tumor grade and serum GFAP levels, the few number of patients enrolled
again prevents reliable conclusions [29]. In a more recent prospective study of 33 GBM cases, 14 had
elevated GFAP serum concentrations prior to any intervention [33]. Following surgery, all positive
patients showed decreasing serum concentrations. An interesting factor was that 16 patients (48%)
only did a stereotactic biopsy without reducing the tumor burden. There was no plausible explanation
for this. Vietheer et al. concluded that serum GFAP at diagnosis are not predictive for survival or
tumor recurrence.

An important bias is the small number of patients in each study and in the set of studies, precluding
solid conclusions about the diagnostic, prognostic and follow-up relevance of GFAP in GBM.

Thrombospondin-1 (TSP-1) has tumor-inhibitory properties and inhibits tumor angiogenesis,
however, no difference was found in serum samples between glioma patients and healthy controls [10].
Elstner et al. found a significant difference in serum protein concentration of TSP-1 between patients
who survived more or less than 15 months [7]. Analysis of TSP1 alone predicts the survival chance for
80% of the GBM patients, but in conjunction with HSP70 and IGFBP3 the predictability increased to
100% [7]. Reynés et al. did not find any correlation with prognosis and survival. No further studies
have been conducted with serum TSP-1 in the glioma context. Few studies and controversial results
make it difficult to conclude the relevance of this putative biomarker.

Osteopontin (OPN) is a multifunctional arginine-glycineaspartate (RGD)-containing glycophosphoprotein
with cytokine and chemokine properties [34] and has been implicated in tumor progression of a variety of
systemic cancers [35]. Expression levels of osteopontin have been correlated with malignancy in human
glioma cells and are associated with astrocytoma progression [36]. High cytoplasmic OPN expression
in glioblastomas was associated with poor patients’ survival [37]. Sreekanthreddy et al. carried out a
detailed analysis of OPN at RNA and protein levels in tumor tissue and serum in different grades of
astrocytoma as well as its effect on patient survival [38]. Comparisons of serum osteopontin levels
were significant between GBM and normal controls, GBM and anaplastic astrocitomas, and GBM
and diffuse astrocytomas. In a set of 30 newly diagnosed GBM patients they found that serum OPN
levels > 20 ng/mL significantly correlate with the survival.

Recoverin (calcium-binding protein p26) is a cytoplasmic calcium-binding protein. The highest
levels of expression are seen in the vitreous humor of the eye, but it can also be detected at low
levels in the serum of normal adults [8]. Thirkill et al. first identified recoverin as a protein that
binds antibodies expressed in patients with cancer-associated retinopathy (CAR), a paraneoplastic
syndrome [39]. Sampath et al. found that serum recoverin levels were increased 10-fold in patients
with active recurrent GBM compared with normal controls, and patients with quiescent GBM have
only a slight increase [8]. The authors concluded that recoverin may be a useful glioma tumor marker,
especially for recurrent active disease [8]. The sample only includes 5 patients with active recurrent
disease and 2 with no signs of residual or recurrent disease so these conclusions are no more than
extemporaneous, and no further studies could definitively confirm these findings. Manley et al.
also investigated pediatric patients with glial tumors, and even though there was a correlation with
progressive disease and elevated recoverin (A-PROTEIN) levels, the sensitivity and specificity of
recoverin as a predictor of disease progression was insufficient to warrant its clinical use [40].
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Cathepsin D may be involved in several actions that facilitate tumor progression [41]. Cathepsin D
is expressed widely in the brain [42] and was confirmed to be upregulated in high-grade glioma [43].
The high expression of cathepsin D is one of the common features in the tissue samples of the high-grade
astrocytomas [41]. Fukuda et al. analyzed the correlation between the molecular information and
the clinical data of 78 glioma patients, including tumor grade, invasive nature and survival time.
The serum levels of cathepsin D protein were compared between nine patients with low-grade gliomas
and 11 patients with high-grade gliomas. The values were significantly higher in high-grade gliomas
than in the low-grade tumors [41]. These data suggested that serum cathepsin D may be a potential
indicator of the biological aggressiveness of intracerebral gliomas [41], but again, the very small number
of patients is not reliable for definitive conclusions.

Cytokines are a group of multi-functional signaling proteins linked to angiogenesis, cell-growth,
stem cell differentiation and regulation of immune responses, including tumor immune surveillance and
tumor-induced immunosuppression [44]. In a group of 55 brain tumor patients, including 14 malignant,
17 benign and 24 metastatic Loh ]J-K show that pre-operative TGF-31 plasma levels were higher than
in the control group. They also found significant decreases in TGF- 31 level in benign and malignant
tumors after removal. A slight but significant increase was seen in the metastatic group after surgery.
These data allow the distinction between primary and metastatic tumors, but revealed no differences
between the different primary tumors, in addition to only 6 being glioblastomas [45].

Bone morphogenetic proteins (BMPs) are members of the transforming growth factor- (TGF-§3)
superfamily. The role of BMP2 in glioblastoma has not yet been elucidated [7], but appears to inhibit
growth in gliomas [46], and is linked to angiogenesis and stem cell differentiation. BMP-2 expression
in tumor tissue was significantly associated with prognosis [47]. Elstner studied the potential role of
14 serum secreted proteins, including BMP2 in a series of 23 GBM patients and 12 control subjects and
concluded that the presence of a glioblastoma was only distinguished by serum concentrations of BMP2,
CXCL10 and HSP70 in conjunction [7]. Nijaguna M, in a series of 148 GBM patients and 26 healthy
controls, found a set of 18 cytokines to be different between the two groups [48]. Only pre-operative
samples were collected, which prevents its use as a prognostic or follow-up marker. Schwartzbaum
et al. analyzed serum samples from 487 subjects who were subsequently diagnosed with glioma [44].
This was the first study trying to find prediagnostic markers related to glioma risk or to the presence
of a preclinical tumor. They have identified five serum cytokines and a cytokine-soluble receptor
interaction, each associated with changes in the preclinical risk of glioma, but the authors themselves
described some important bias and the results should be evaluated very carefully. These biases are
transversal to this type of studies and are related to short follow-up times and small series of patients,
with the inherent statistical limitations and implications in the results.

Peripheral IL-8 secretion correlates with its levels in astrocytic tumor tissues [49]. Ilhan-Mutlu
et al. found an inverse association of IL-8 plasma concentration with tumor grade in glioma [32].
Elstner et al. show a reduced serum concentration for CXCL10 in glioblastoma patients but they did
not find any correlation with the prognosis, tumor size or survival [7]. In a proteomic study with
35 GBM patients and 30 healthy controls, Popescu et al. found three candidate biomarkers for GBM
diagnosis, CXCL4, S100A8 and S100A9 [50], but altered levels of these markers were also found in a set
of different pathologies and were not specific to GBM.

MMP-9 is the most common metalloproteinase associated with neovascularization of tumors [51].
Expression of MMP-9 has been detected both in tumor and endothelial cells and is overexpressed in
glioma. It could play an important role in promoting cell invasion into the surrounding brain and
in glioblastoma resistance to antiangiogenic treatment [52]. Raithatha found that increasing levels
of MMP-9 in glioma specimens correlates with higher tumor grade [53]. This correlation was also
investigated in peripheral blood [18,54]. Hormigo et al. found a significant difference in MMP-9 values
for GBM patients with a complete response compared with GBM patients with radiographic evidence
of tumor in a series of 30 patients. However, the authors did not find correlations with tumor grade
or overall survival [18]. Iwamoto el al. from the same group, and some years later, did not find any
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correlation with serum MMP-9 levels and tumor size, survival or chemotherapy response, concluding
that serum MMP-9 showed no utility in determining glioma disease status in a cohort of 111 GBM
patients, and was not a clinically relevant prognostic marker of survival [54]. Ricci S et al. tested a
series of 60 brain tumors (20 gliomas, 20 meningiomas and 20 metastases) and 25 controls and showed
that MMP-9 is significantly increased in the sera from patients with CNS tumors compared to healthy
controls [55]. Again, this study had a very small number of patients of each tumor type to allow
solid conclusions.

Tissue Inhibitor of Metalloproteinase-1 (TIMP-1) is a glycoprotein that is ubiquitously expressed in
numerous human cells and tissues [56], with a wide spectrum of functions. Crocker data from 36 newly
diagnosed GBM patients and five healthy controls showed that, in glioblastoma patients, a higher
serum TIMP-1 level at presentation predicts shorter survival, and that TIMP-1 levels in the glioblastoma
patients are significantly higher than in normal controls [57], suggesting that serum TIMP-1 levels are
an independent predictor of survival. Aaberg-Jessen et al. in a cohort of 20 GBM patients did not
find significant differences between plasma TIMP-1 levels and heathy control subjects [58]. They did
not find any correlation between tissue levels and plasma levels, concluding that scoring TIMP-1
immunoreactivity is a better choice than measuring the plasma levels.

3.2. Biomarkers Related to Immune System

Immunologic factors have long been hypothesized to play a role in glioma risk, and secretion of
immunosuppressant molecules by high-grade gliomas is well documented [59]. Some epidemiological
studies have reported that adults with glioma are 1.5 to 4-fold less likely than controls to report a
variety of allergies [60], supporting an inverse association between self-reported history of allergies
and the risk of glioma. Indeed, a meta-analysis showed that glioma risk was reduced by 39% in people
with a history of allergies compared with people with no history of allergies [61].

IgE is the class of antibody most responsible for atopic allergic diseases [62] and is a CD23
ligand [63]. An antitumor role for IgE has been proposed for solid tumors [64,65]. Wrensch et al.
studied the serum IgE levels in a series of 115 GBM patients, showing that those with elevated levels had
nine months longer survival than those with normal or borderline IgE levels [66]. Lin Yi et al. compared
plasma IgE levels between different grades of gliomas in a series of 252 patients and 25 healthy controls
and found that plasma IgE levels in low-grade glioma patients were lower than in high-grade glioma
patients. No significant differences were found between grade III astrocytomas and GBM. For patients
whose IgE increased significantly (increase > 100 ng/mL), the survival time was significantly longer than
those patients whose IgE level did not increase significantly (127.5 + 13.4 weeks vs. 62.3 + 12.4 weeks).
They found an increase of IgE levels in 24 patients after tumor treatment [65]. Calboli et al. analyzed
data collected from four independent cohorts comprising 169 glioma cases and 520 controls and did
not observe a statistically significant association between total IgE level and risk of glioma. A more
careful examination revealed a lower risk for “borderline elevated” total IgE levels (25-100 kU/L)
than with “elevated” total IgE levels (>100 kU/L), compared with clinically normal total IgE levels
(<25 kU/L) [67]. Schlehofer B et al. in a case-control study found that the risk of glioma was inversely
related to allergic sensitization and concluded that individuals with allergic sensitization are at reduced
risk of developing glioma [68]. Schwartzbaum et al. conducted the largest study concerning the
levels of IgE and the glioma risk and found that elevated levels of prediagnostic allergen-specific IgE
and total IgE are associated with reduced risk of both glioblastoma and glioma, but the association
between testing positive for allergen-specific IgE and decreased tumor risk was restricted to the female
gender [44].

Despite some findings from most studies are conflicting, and more data should be obtained,
it seems that there is an important correlation between IgE and GBM.

CD14 is an important component of the innate immune Toll-like receptor system [59] and CD23 is
a mediator of the allergic response, exhibits proinflammatory properties and can function to enhance
antigen presentation of IgE antigen complexes [59] and regulate IgE production [69]. In a case-control
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study of 1078 cases for CD14, 1064 cases for CD23 and 736 controls, comprised 57 GBM patients
among other malignant brain tumors, CD14 accumulated in GBM but not among the low-grade
astrocytomas, in contrast to sCD23, which means serum levels was lower for glioma cases than
controls [59]. Some reports suggest that elevated CD23, either on neoplastic cell surfaces or as a soluble
form, is a useful marker in either diagnosis or prognosis of disease [63] and sCD23 levels could be
used as a marker of glioma risk.

3.3. Biomarkers Related to Inflammation

Chronic inflammation increases the risk of developing some types of cancer and the inflammatory
cell-driven microenvironment might lead to tumor initiation and promotion [10]. Several inflammatory
markers were associated with the presence or progression of glioblastoma, and lymphocytic infiltration
is a common finding.

Lopes M et al. studied the influence of neutrophil-lymphocyte ratio (NLR) in prognosis in a series
of 140 GBM patients. They did not find NLR to be an independent poor prognostic factor in the total
cohort, but in the subgroup of patients who completed the Stupp protocol, a preoperative NLR > 7
correlated with shorter overall survival [70]. These results do not corroborate the previous findings of
Bambury et al. and of Han et al. showing a significant correlation between NLR > 4 and a shorter
overall survival [71,72].

IL-6 amplification is also involved in angiogenesis and tumor progression, and although it
was associated with shorter survival in glioblastoma patients [73], Reynés et al., in a series of 40
GBM patients and 60 healthy controls, found that all inflammation markers studied, including IL-6,
were significantly elevated in glioblastoma patients compared with controls [10]. Shan Y et al. studied
a series of 16 healthy controls and 86 glioma patients, 43 of which were GBM [74], and found IL-6 in
the serum of glioma patients increased as compared to the control group, and this increase was related
to the grade of glioma and reduced markedly after surgery. These decreases were closely related to the
prognosis of glioma patients and could be used for prediction of clinical prognosis [74].

Amyloid Al (SAA1) is a sensitive acute phase reactant primarily produced by the liver in response
to acute inflammation and affects proliferation, migration and invasion of glioblastoma cell lines [75].
There is evidence that elevated serum levels of SAA correlate directly with poor prognosis in various
systemic cancers such as lung, breast, melanoma, gastric, prostate, esophageal, endometrial and
renal [75].

Knebel etal. in a series of 148 astrocytoma and 10 non-neoplastic patients showed that patients with
astrocytic tumors have higher SAA serum concentrations than the non-neoplastic controls. However,
they did not find statistically significant differences among the different astrocytoma grades [75].
The SAA produced by glioblastoma did not contribute to the increase in serum SAA, rather this high
serum concentration is due to liver production as part as an inflammatory response to the tumor.
They found no association between SAA serum levels and patient survival.

Alpha 2-Heremans-Schmid glycoprotein (AHSG) is a 64-kDa serum protein, a liver-derived
circulating protein and is a ligand for tyrosine kinase receptors [76]. AHSG is a negative acute-phase
protein. The serum AHSG concentration is decreased in individuals with infection, malignancies,
liver diseases, malnutrition and end-stage renal disease [77]. It also has a link between obesity,
fatty liver, insulin resistance, and metabolic syndromes [78].

There are two studies concerning AHSG and brain tumors. Ribom et al., in a 2003, paper showed
an increase in CSF levels in patients with low-grade gliomas [79]. Petrik et al. first determined AHSG
as a survival predictor in GBM and then, in an additional series of 72 GBM patients, validated its
prognostic value. They demonstrated that low serum alpha 2-HS glycoprotein concentration correlates
with increased tumor proliferation. However, reduced serum AHSG is not a specific biomarker of GBM.
It is also low in patients with non-glioma brain pathologies and in patients with non-CNS tumors [80].

Heat shock 70-kDa protein is a heat shock protein (HSP), which is a group of phylogenetically
conserved proteins found in all prokaryotic and eukaryotic cells [81]. Increased HSP70 antibody levels
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have been found in the serum of lung cancer patients, indicating that it may be a biomarker for several
tumor types [7]. Different patterns of HSP expression seem not to account for the differential response
of these tumors to adjuvant cytotoxic therapy [82].

Glioblastoma patients have an increase serum concentration of HSP70 compared with normal
controls but in the Elstner study, HSP70 was only reliable when associated with BMP2 and CXCL10 [7].
No additional evidence has been reported to support the association between HSP70 and glioma,
making this protein a weak biomarker for prognosis and survival.

3.4. Biomarkers Related to Nutritional Status

The nutritional status has been studied in many cancers, being a prognostic factor. The association
between nutritional status and inflammatory status may play a role in the development of glioblastoma
and seems to be an important prognostic factor. The biomarkers described to be related to glioblastoma
are albumin and IGFBP-2.

Serum albumin measures long-standing malnutrition and is also associated with
systemic inflammation.

Borgetal. analyzed a series of 549 GBM patients with pre-operative albumin assayed. They showed
significantly higher perioperative mortality (<30 days post-operatively) in the hypoalbuminemia
group, which also showed significantly lower conditional survival after 30 days. They could not find a
definite reason but correlated indirectly to an inflammatory status mediated by cytokines TNFx and
IL-6 [83].

Han et al. showed that patients with low serum albumin levels (<30 g/L) had a significantly
shorter overall survival than those with levels in the normal range (median 6.0 vs. 15.0 months) and
this is partial due to the nutritional status of patients but mostly to the inflammatory response and
higher IGFBP-2 levels [72].

The prognostic nutritional index (PNI), which was calculated from the following formula:
10 x serum albumin (g/dL) + 0.005 X total lymphocyte count (per-mm?3), reflected the nutritional and
immune status of patients with cancer [84].

The preoperative albumin-to-globulin ratio (AGR) could reflect both malnutrition and systemic
inflammation in cancer patients. In Liu study, patients with low preoperative albumin-to-globulin
ratio have a better prognosis and conclude that preoperative AGR was significantly associated with OS
in GBM patients [85].

The possible mechanism by which PNI is involved with tumor prognosis may be that a low serum
albumin level deteriorates the general nutritional status of the patients [84].

He et al. created a cumulative score using serum albumin plus plasma fibrinogen. Fibrinogen
was shown to play important roles both in tumor cell proliferation, migration and angiogenesis and as
regulator of inflammation in solid tumors. They conclude that higher pretreatment FA score was an
independent prognostic factor of PFS and OS of patients with high-grade gliomas and was significantly
associated with advanced age and higher tumor grade [86].

3.5. Biomarkers Related to Coagulation

Thrombin expression is involved in brain development, protection and regeneration. Besides its
role in hemostasis, thrombin facilitates receptor-mediated inflammatory responses, apoptosis,
cell proliferation-/modulation and angiogenesis, and is involved in complex signaling pathways
in glioblastoma [87].

Reynés G et al. found that prothrombin fragments 1 + 2 and endogen thrombin generation
levels were significantly higher in glioblastoma patients than in controls [10]. No further studies
associated serum expression of coagulation markers and glioblastoma, even though these factors have
a preponderant role in inflammation and gliomagenesis.
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3.6. Circulating Tumor DNA

Circulating tumor DNA (ctDNA) has been the subject of investigations in the last few years.
Despite the technical challenges and the very low concentrations of nucleic acid in biofluids,
the information obtained is of paramount importance [88]. In normal individual and in early-stage
cancers the ctDNA concentrations are very low, but these levels significantly increase with tumor
progression and there is growing evidence that ctDNA concentrations are related to tumor burden,
cellular turnover, cancer stage, and therapy response [89]. ctDNA could be obtained regularly over time,
reflecting the real composition, the tumoral heterogeneity and the evolution of the tumor throughout
time [90]. ctDNA allows us to overcome some difficulties of the magnetic resonance imaging (MRI) in
the follow-up of the patients. Treatment effects (pseudoprogression), progressive disease and radiation
necrosis are not always easy to distinguish in advanced brain imaging modalities or metabolic imaging
such as PET scan [89].

Piccioni et al. studied 665 blood samples from 419 consecutive patients with primary brain tumors.
Somatic alterations were detected in 302 samples and in 55% of GBM patients. One-quarter of samples
had a ctDNA alteration detected that suggested eligibility for an off-label targeted therapy regimen
and almost half of patients had a ctDNA alteration detected that suggested eligibility for a targeted
therapy clinical trial [91]. Saenz-Antonanzas et al. concluded that ctDNA has great potential to identify
biomarkers for diagnosis, prognosis, and therapeutic response and allow genotype-directed therapies
and personalized clinical management of glioblastoma patients [90].

4. Conclusions

The pivotal criterion with regard to the potential clinical value of a candidate cancer biomarker is
the consistency and strength of the association between the biomarker and the outcome or disease of
interest, and the extent to which it is an improvement on either adding to or replacing established
tools [5]. Of the various putative GBM biomarkers, YKL-40 emerges as particularly promising in
various studies, suggesting it may be useful as a prognostic predictor and may have a role in screening
and monitoring of GBM patients.

Although a significant activation of inflammation, angiogenesis and coagulation processes have
been demonstrated in patients with glioblastoma, none of the reported circulating markers could be
associated with clinical outcome.

Single molecular markers are mostly insufficient to follow the dynamics of diseases such as cancer
and will be replaced by multiple marker profiless When in conjunction, the serum concentrations of
certain proteins may indicate the presence of a glioblastoma with high sensitivity and specificity.

Despite these findings, none of these proteins alone was sulfficiently specific and sensitive to serve
as a diagnostic marker. It is important to note that none of these markers have been implemented in
the clinical routine and so do not have clinical value. We can speculate that this lack of consistent
results is due to the disease and patient heterogeneity. Another explanation is the fact that some
studies have a reduced number of patients, lack of standardization in the sample collection, different
quantification methods and lack of results validation. Most studies are small retrospective series
that do not allow robust statistical conclusions. The methodology used varies depending on the
biomarker studied, with no uniform criteria allowing homogenization of the results. The cut-offs used
are different in various studies. The follow-up period is short. Many of the biomarkers were only
collected preoperatively, with no longitudinal assessment over the course of the disease. Most markers
are involved in various physiological and pathological processes and are not specific to glioblastomas,
contradicting the definition of biomarker. The concomitance of other pathologies with increased
expression of the same biomarkers was not excluded in most studies. Another important limitation is
that a subset of patients with GBM have normal serum levels of these markers.

In the complex context of gliomagenesis, progression, and regrowth, with a multifactorial network
involving vascular proliferation, cell growth, inflammatory, immunological, coagulation and nutritional
factors, trying to address only one factor that could function as a biomarker of diagnosis, prognosis or

130




Int. J. Mol. Sci. 2020, 21, 5809 11 of 16

disease status could be impossible and only a set of biomarkers can actually give appropriate and more
accurate information. However, at the moment, this is not possible given the length of the process and
the costs involved, which makes it inappropriate for each patient per se.

We conclude that although these markers may be useful in identifying gliomas, they lack enough
acuity to avoid biopsy and tissue analysis. This is the reason why there is currently no true blood
biomarker specific to glioblastomas. In the future, a multi-biomarker panel signature may prove to
be a very useful tool in glioma subtypes diagnosis, improving prognosis information and treatment
response prediction. Single-cell analyses, ctDNA or circulating tumor cells analyses are promising
technologies that may improve diagnostic accuracy and quality of follow-up in GBM patients. In this
perspective, it is our conviction that research must be consolidated by prospective studies targeting
routine, low-cost, disease-specific biomarkers allowing early diagnosis, better prognosis stratification
and response prediction. Additionally, the characterization of a panel of genetic alterations in
glioblastoma specimens that match peripheral blood markers, may increase the sensitivity of the
screening biomarkers. Our main effort at this point is focused on ctDNA, namely in identifying genomic
alterations that may allow a more efficient follow-up and possible targeted therapies, matching off-label
and clinical trials agents.
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A NEUROIMAGEM COMO BIOMARCADOR

O aparecimento do conceito de pseudoprogressao, inicialmente por Hoffman e col.
em 1997 (Hoffman WEF, 1997) e mais extensamente descrito em 2004 por Wit e col. (Wit
MCY, 2004), definido como um fendmeno de alteragdes subagudas de imagem nos
doentes com gliomas subsequentes ao tratamento de radioterapia e quimioterapia
sugestivas de progressao, com ou sem sinais clinicos associados, que resolvem
espontaneamente sem tratamento, levantou-nos a questao de quais os critérios
mais adequados para a sua detecao e se a sua presenca poderia ser um indicador
de prognostico nos doentes com glioblastoma. Caracteristicamente surge em 2 a 3
meses apos o tratamento, podendo, contudo, ocorrer até aos seis meses ou progredir
para necrose relacionada com o tratamento. Contudo, a sua incidéncia, o tempo de
ocorréncia e o seu impacto no progndéstico mantém-se mal definidos.

De acordo com o primeiro objetivo fomos tentar esclarecer a frequéncia de
pseudoprogressao apos os tratamentos de quimiorradioterapia e avaliar a acuidade
dos critérios imagioldgicos de resposta. Avaliamos uma coorte de 117 doentes com
glioblastoma tratados entre Janeiro de 2005 e Dezembro de 2009 de acordo com
o Protocolo Stupp, dos quais 70 doentes estavam disponiveis para avaliacao da
resposta radioldgica.

A avaliacao do estado da doenca era feita utilizando os critérios de MacDonald havendo,
contudo, a sensibilidade que nao responderiam cabalmente aos desafios que os novos
tratamentos impunham. A introdugao dos critérios de RANO (Tabela 1) veio tentar
otimizar esta avaliacao tirando alguma ambiguidade aos achados de imagem.

A avaliacao da primeira ressonancia magnética de controlo pos tratamento realizada
ap6sum més daconclusao dafase concomitante do protocolo de Stupp mostrou que,
guando eram usados os critérios de MacDonald, 42 doentes (60%) apresentavam
uma progressao inicial e no seguimento subsequente, 32 doentes (76%) tiveram
uma verdadeira progressao, enquanto 10 doentes (24%) foram considerados como
tendo pseudoprogressao. Dos 28 doentes com doenca nao progressiva, 26 (93%)
tiveram doenca estavel e 2 doentes (7%) resposta parcial.
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Tabela 1. Criteria for response assessment in high-grade gliomas.

Response

Criteria

MacDonald criteria

RANO criteria

Complete
response

All: complete disappearance of all
enhancing measurable and nonmea-
surable diseases sustained for at least
4 weeks, no new lessons, no corticos-
teroids, and being stable or improved
clinically.

All: T1 gadolinium enhacing disease,
none; T2/FLAIR, stable or decreasing; new
lesion, none; corticosteroids, none; clinical
status: stable or improving.

Partial
response

All: >560% decrease in sum of pro-
ducts of perpendicular diameters of all
measurable enhancing lesions sustained
for at last 4 weeks, no new lessions,
stable or reduced corticosteroid dose,
and being stable or improved clinically.

All: T1 gadolinium enhancing disease,
>50% decrease; T2/FLAIR, stable or
decreasing; new lesion, none; corticos-
teroids, none; clinical status: stable or
improving.

Stable
disease

All: being not qualified for complete
response, or progression; being stable
clinically.

All: T1 gadolinium enhanciong disease
<60% decrease but <25% increase; T2/
FLAIR: stable or decreasing new lesion:
none; costicosteroids: stable or decreasing;
clinical status: stable or improving.

Progression

Any: >25% increase in sum of the
products of perpendicular diameters of
enhancing lesions, any new lesion, or
clinical deterioration.

Any: T1 gadolinium enhancing disease:
>25% increase; T2/FLAIR: increasing
new lesion: none; corticosteroids: not
applicable; clinical status: deteriorating.

RANO Response Assessment in Neuro-Oncology; FLAIR Fluid-attenuated inversion recovery.

A mesma avaliacao, mas utilizando os critérios de RANO, mostrou progressao inicial
em 15 doentes (21%), dos quais 13 doentes (87%) correspondeu a uma verdadeira
progressao e apenas 2 doentes (13%) tiveram pseudoprogressao. Dos 55 doentes
(79%) com doenca nao progressiva inicial, 27 doentes mantiveram doenca estavel, 1
doente (1,8%) resposta parcial e 27 doentes (49%) apresentaram aumento da captacao
de contraste na area de irradiacao, tendo sido considerada doenca estavel (Figura 1).

Critérios de MacDonald

RM 1 més apos RT/TMZ 42 doentes (60%) progressao inicial: 32 doentes (76%) - Progressao

. 34 (81%) aumento 25% 10doentes (24%) - Pseudoprogressao

e 4(9,5%) novas lesoes

o 4(9,5%) agravamento clinico
28 doentes doencga ndo progressiva 26 doentes (93%) - Doenca estavel
2 doentes (7%) - Resposta parcial
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Critérios de RANO

15 doentes (21%) —» 14 doentes - nova capt fora da area RT —» 13 doentes (87%) - Progressao
Progressao 1 doente - tumor na histologia 2 doentes (13%) - Pseudoprogressao

55 doentes (79%) —» 27 doentes - doenca estavel
Nao progressiva 1 doente - resposta parcial
27 doentes - | captagao no campo da RT (doenca estavel)

Figura 1. Resposta imagiolégica de acordo com os critérios de MacDonald e os critérios de RANO.

Uma das conclusdes deste estudo é que a incidéncia de pseudoprogressao depende
do critério pelo qual é avaliada. Mostramos que a utilizacao de critérios melhor
definidos para o fendmeno da pseudoprogressao diminuia o numero de falsos
positivos, ou seja, tiravam do grupo da pseudoprogressao doentes com progressao
real, mas, mesmo assim, existia muita indefinicao nalguns casos. Kucharczyk e col
num estudo publicado em 2017, fizeram uma analise similar comparando a incidéncia
de pseudoprogressao utilizando os trés critérios de avaliagcao (MacDonald, RANO e
RECIST). Encontraram uma incidéncia menor quando usados os critérios de RANO
(15% dos doentes vs 19% com os critérios de MacDonald e RECIST) (Kucharczyk
MJ, 2017). Aliado ao facto de na literatura estarem reportadas incidéncias de
pseudoprogressao entre 6 e 65% dos doentes (Kucharczyk MJ, 2017; Park HH, 2015),
percebemos que nao ha consenso sobre varios aspetos, desde o que representa até ao
seu diagndstico. E importante salientar que um diagnéstico incorreto de progressao
tumoral pode levar pode levar a cessacao precoce de um tratamento efetivo com
repercussao negativa na sobrevivéncia. A confirmagao patoldgica é pouco viavel
e a distincao clinica e imagioldgica pode demorar bastantes semanas. Como o
maior volume tumoral no glioblastoma pode ser prognodstico de pior sobrevivéncia
global, iniciar o tratamento da recidiva numa fase precoce é essencial, pelo que a
correta distingao entre pseudoprogressao e progressao € da maior importancia.
A introducao dos critérios de RANO em substituicdo dos de MacDonald foi um
avanco, contudo, na minha opiniao, nao sao suficientes para uma resposta cabal
num numero nao desprezivel de situacoes. Os critérios de resposta dos tumores
solidos (RECIST) nao se adequam ao glioblastoma desde logo por nao considerarem
a RM T2/FLAIR, a semelhanca dos critérios de MacDonald, mas nao considerarem
também o uso de corticosteroides, a evolucao clinica e, principalmente, por nao
terem considerado o conceito de pseudoprogressao.

Ha varias teorias que tentam explicar o fenédmeno da pseudoprogressao. Os
mecanismos propostos para a neurotoxicidade associada a radiacao sao a lesao
vascular, a lesao glial e da substancia branca e o impacto no sistema enzimatico
fibrinolitico (Zikou A, 2018). A irradiagao do tecido cerebral e do tumor promove
a facilitacao da passagem de contraste através da barreira hematoencefélica, a
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resposta inflamatdéria antitumoral, a producao de edema, a necrose de radiacao ou a
captacao induzida pelairradiacao (Kucharczyk MJ, 2017). Outra possivel explicacao é
que a lesao induzida pela radiagao no sistema nervoso central depende do aumento
da permeabilidade capilar induzida pela radioterapia levando a transudagao de
fluido para o espaco intersticial e 0 consequente edema cerebral. Além disto, se
a permeabilidade capilar for alterada, a lesao originada pela quimioterapia pode
ocorrer mais cedo e ser mais grave, ou seja, a radioterapia pode aumentar a eficacia
da quimioterapia maximizando a absorcao do farmaco seja na membrana celular
pela rotura da barreira hematoencefalica como através da alteracao do metabolismo
celular (Brandes A, 2008). Combinacoes de fatores como a apoptose das células
endoteliais,aroturadabarreirahematoencefalicaealesaoradicadascélulastumorais
residuais, também tém sido descritos como fatores causais (Park HH, 2015). Foram
também descritas uma pausa temporaria na biossintese de mielina devido a lesao
de oligodendrocitos e reacoes inflamatorias locais como resultado do tratamento
como fatores causais da pseudoprogressao (Xi J, 2021). Um outro conceito é o da
libertacao de citoquinas que levam a angiogénese. A principal citoquina secretada
apos a irradiacao é o fator de necrose tumoral alfa (TNF-a) que regula positivamente
outras citoquinas que induzem a apoptose das células endoteliais, a ativacao de
astrocitos e o aumento da permeabilidade da barreira hematoencefalica. Também foi
descrito o aumento da expressao do VEGF na substancia branca apdés o tratamento
de radioterapia, levando ao aumento da permeabilidade dos pequenos vasos € a
formacao de edema cerebral havendo uma relagao entre a expressao do VEGF e a
magnitude doedema (Zikou A, 2018). O facto de os anticorpos monoclonais anti-VEGF
como o bevacizumab que levam a uma normalizagao da barreira hematoencefalica
por diminuigao da permeabilidade vascular com a consequente reducao no grau de
captacao de contraste na ressonancia magnética pelo tumor e uma diminuigcao no
edema circundante suportam a intervencao do VEGF nos mecanismos de resposta
a agressao terapéutica.

Alguns estudos consideraram que a pseudoprogressao era um critério de
prognéstico, com os doentes com pseudoprogressao a apresentarem uma
sobrevivéncia global aumentada. O nosso estudo nao mostrou este beneficio de
sobrevivéncia entre os grupos de pseudoprogressao e doenca nao progressiva,
apenas uma diminuicao da sobrevivéncia global no grupo da progressao
verdadeira. Estes resultados foram posteriormente corroborados por Kucharczyk
e col. (Kucharczyk MJ, 2017) que demonstraram que a pseudoprogressao definida
pelos critérios de MacDonald ou de RANO nao trouxe uma melhoria prognéstica
comparado com os doentes com doenca estavel. Com os resultados que obtivemos
nao podemos considerar a pseudoprogressao como um marcador de prognostico
nos doentes com glioblastoma.
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Abre-se um desafiante caminho para a neuroimagem na procura de marcadores
com importancia prognodstica, nomeadamente em termos de estudos metabdlicos
quer por imagem de ressonancia magnética quer por imagem de PET.

Outra questao que se levanta e que ¢ aliciante do ponto de vista de investigacao
de translacao é a relacao do estado da metilacao do gene promotor do MGMT
com a incidéncia de pseudoprogressao. Brandes e col. encontraram na primeira
RM efetuada 1 més apds o tratamento de RT + TMZ concomitante aumento da
lesao em 50 doentes (48,5%) enquanto 53 doentes (51,5%) apresentaram doenca
nao progressiva. Dos 50 doentes com aumento da lesao, 32 (64%) apesentaram
pseudoprogressao e 18 (36%) progressao precoce. A metilagao do gene promotor
do MGMT foi encontrada em 21 (66%) dos doentes com pseudoprogressao e
em 2 (11%) dos doentes com progressao precoce. Dos doentes com doenca nao
progressiva, 13 (25%) apresentavam a metilagao e 40 (75%) eram nao metilados.
Encontraram uma diferenca significativa entre o grupo de doenca nao progressiva
e o grupo de pseudoprogressao (p=0.0002), mas nao entre o grupo de doenca nao
progressiva e o grupo de progressao precoce (p=0.23) para o estado do promotor
do gene MGMT. Assim, o estado do promotor do MGMT previu pseudoprogressao
em 91,3% dos casos metilados (95% CI, 72% a 99%), mas previu progressao precoce
em apenas 59% dos caos nao metilados (95% Cl, 38% to 76%). Em termos de
sobrevivéncia livre de progressao, os doentes com pseudoprogressao tiveram uma
SLP mais longa quando comparados com os doentes com doencga nao progressiva
(20.7 vs 11.4 meses; P=0.001). Curiosamente, a extensao da remocao (p=0,4), a idade
(p=0.69) e o estado funcional (p=0.86) ndo se correlacionaram significativamente
com a sobrevivéncia livre de progressao nem foram fatores de progndstico para a
sobrevivéncia global. Encontraram uma sobrevivéncia mediana significativamente
influenciada pela pseudoprogressao (38 meses vs 10,2 meses no grupo de doenca
progressiva vs 20,2 meses no grupo com doencga nao progressiva; p<0.0001) e pelo
numero de ciclos administrados de temozolamida (<6 ciclos vs >=6 ciclos; 13.7 e
34.8 meses; P<.0001). Na andlise multivariada, a sobrevivéncia foi significativamente
influenciada pelo estado de metilacdo do gene promotor do MGMT (p<0.001) e pela
detecao de pseudoprogressao (p=0.045) (Brandes A, 2008). Park e col. num total de
101 doentes com glioblastoma com aumento da captacao de contraste na ressonancia
magnética realizada apdés 4 semanas do final da fase concomitante do protocolo
de Stupp encontraram pseudoprogressao em 45 doentes (44,6%) e doenca nao
progressiva em 56 doentes (55,4%). A pseudoprogressao foi observada em 24 (61,5%)
dos 39 doentes com a metilacao do promotor do gene MGMT e em 21 (33,9%) dos
doentes nao metilados (p<0.001), corroborando os achados anteriores (Park HH, 2015).

Se a metilacao do gene promotor do MGMT se mostrou um importante fator de
prognostico de pseudoprogressao, a extensao da remocao como influenciador da
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pseudoprogressao mantém-se por esclarecer. E neste aspecto, o estudo anterior
de Park e col. veio trazer alguma informacgao. Encontraram pseudoprogressao
em 17 doentes (29,8%) com remogao completa, 19 doentes (55,9%) com remocéao
subtotal, 8 doentes (88,9%) com remocao parcial e em 1 doente (100%) com bidpsia,
tendo concluido que a extensao da remoc¢ao era um preditor independente de
pseudoprogressao (Park HH, 2015). O modelo de risco proporcional de Cox mostrou
que o estado da metilagcao do gene promotor do MGMT (HR 2.51, p<0.01) e o grau de
remocao tumoral (HR 2.99, p<0.01) influenciaram significativamente a sobrevivéncia.
Este resultado contrariou ou achados de Brandes e col. que nao encontraram a
relacao entre a extensao da remocao e a sobrevivéncia. Li e col, numa série de 234
doentes com glioblastoma, obtiveram uma incidéncia de pseudoprogressao de 26%
(61 doentes) e, na analise multivariada, encontraram com fatores relacionados com
a pseudoprogressao a remocao completa do tumor, metilagao do gene promotor
do MGMT e a localizacao nao atingindo a zona subventricular. Encontraram
adicionalmente um aumento da sobrevivéncialivre de progressao e da sobrevivéncia
global nos doentes com pseudoprogressao relativamente aos doentes com doenca
nao progressiva ou com verdadeira progressao (Li M, 2021). Uma explicacao
podera relacionar-se com o fato de apresentarem um elevado numero de doentes
com a metilacao do promotor do MGMT e o aumento da sobrevivéncia se dever a
esta circunstancia e nao a pseudoprogressao. Na realidade acabaram por concluir
que os doentes com progressao precoce associada a fatores conhecidos de melhor
progndstico, corresponderiam mais a pseudoprogressao, os que estavam associados
a fatores de agravamento do progndéstico as alteracdes de imagem corroboravam a
verdadeira progressao. Penso que devera ser sempre dentro desta visao integrativa
dos diferentes fatores que as conclusdes devem ser tiradas e nao apenas por um
ou outro fator em particular. Li e col. atribuiram maior importancia prognéstica a
metilacao do gene promotor do MGMT do que a localizacao frontal, mas acabaram
por concluir que os tumores com localizagao frontal estavam mais associados a
presenca da metilacado que ostumores noutras localizagoes. Se considerarmos, como
demonstrado por Hegi, que os doentes com glioblastoma com a metilacao do gene
promotor do MGMT tém melhor sobrevivéncia global e associarmos aos achados
de Brandes que os doentes com a metilacao do promotor do gene MGMT apresentam
uma maior taxa de pseudoprogressao, poderiamos especular que os doentes que
apresentassem pseudoprogressao entao teriam maior sobrevivéncia global, sendo
a pseudoprogressao um marcador de progndstico no glioblastoma. Na realidade
ha um conjunto de interligagdes que devem ser consideradas e que transformam o
glioblastoma numa entidade Unica daquele doente, mais do que uma entidade geral
dum grupo de doentes. A justificacao que pequenos residuos na parede da loca sao
os causadores da progressao mais precoce € muito redutora e nao explica o papel
fundamental da radioterapia pds-operatéria, por exemplo, no tratamento destas
lesoes residuais, que foi o primeiro grande avancgo de sobrevivéncia no tratamento
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dos doentes com glioblastoma quando associada a remocao cirurgica, além de
nao haver até ao momento, nenhum limite minimo de tamanho de tumor residual
abaixo do qual a presenca de doenca possa ser considerada sem importancia.

Considerando-se que a reacao das células tumorais a radiagao seja um fator
importante na génese da pseudoprogressao e sendo o principal fator pelo qual o grau
de remocao é um fator preditor da pseudoprogressao, entao estariamos a considerar
gue para além da zona de captacao de contraste existiria uma queda abrupta do
volume de células tumorais, o que nao foi comprovado em estudos de bidpsia das
margens que mostram uma decaida progressiva deste volume, o que poderé estar
na génese de 80% das recidivas dos glioblastomas se darem na margem da loca
cirurgica e, por outro lado, o planeamento do tratamento de radioterapia ir para
além das margens do tumor captante em ressonancia. Mas mantem-se claro que a
definicao de pseudoprogressao e os critérios de diagndstico para pseudoprogressao
e progressao precisam de ser mais rigorosos e melhor estabelecidos, com recurso
a uma conjugacao de aspetos, deixando de ser apenas a alteracao radioldgica
subsequente ao tratamento de quimiorradioterapia. Park e col. consideraram
doenca progressiva quando surgiam lesoes fora ou dentro do campo de radiacao
que nao desapareciam ou continuavam a aumentar e pseudoprogressao as lesoes
captantes de contraste que regrediam espontaneamente ou apds um curso curto
de corticosteroides. Consideraram apenas a utilizacao de sequéncias avancadas de
ressonancia magnética como a perfusao e a espetroscopia ou a realizacao de PET -
FDG nas situagoes de diagndstico equivoco entre progressao e pseudoprogressao. A
guestao é que, tirando as situagoes verdadeiramente inequivocas de aparecimento
de novas lesoes fora da area de irradiacao da radioterapia, todas as outras situagcoes
de captacao de contraste ou aumento da area de captacao que ocorram entre 1
a 3 meses apos o término da fase concomitante do protocolo de Stupp poderao
corresponder a situacoes de pseudoprogressao independentemente dos critérios
usados para definir o estado de doenca — progressao ou doenca nao progressiva.
E nossa convicgdo que varios parametros devem ser considerados na definicdo de
pseudoprogressao e na escolha dos exames adequados a sua detecao. Em termos
de imagem de ressonancia magnética, em todos os momentos de avaliacao, e de
acordo com o estado da arte, o protocolo minimo de avaliacao devera incluir as
sequéncias ponderadas emT1 eT1 Gad, as sequencias ponderadas emT2 eT2FLAIR,
as sequéncias de difusao (DWI e mapa ADC) e perfusao (DCS-rCBV e rCBF) e a
espetroscopia que devera considerar a area captante e a drea nao captante mas
com alteracao de sinal em FLAIR. As recorréncias tumorais parece apresentarem
coeficientes de difusao aparente (ADC) significativamente menores que a
radionecrose. O rCBV tem uma sensibilidade e especificidade de, respetivamente,
81,5% e 77,8% no diagnostico de pseudoprogressao (Kong Ds, 2011). A avaliacao
sequencial deverd compreender o mesmo protocolo de imagem. Permanecendo
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duvidas a imagem de PET podera ajudar, devendo ser ponderado o radiofarmaco
de acordo com a o grau de remocao determinado na RM precoce po6s-operatéria,
sendo que nas remocoes completas podera ser considerado o PET com 18F-FDG
e nas remocgoes subtotais a utilizacao de aminoacidos (18-FDOPA ou metionina).
Mesmo a conjugacao destas duas técnicas de imagem nao resolve a totalidade dos
casos, sendo necessario o recurso a outros aspetos como a clinica e alguns exames
laboratoriais que possam acrescentar informacgao util. Como anteriormente dito, a
incidéncia de pseudoprogressao é muito variavel conforme os estudos, que se deve
numa grande parte a variabilidade dos critérios de diagndstico. A recomendagao
de muitos neuro-oncologistas e, inclusive, dos critérios de RANO é precaucao
na interpretacao das imagens de ressonancia magnética até ao 3.° ciclo de
temozolamida adjuvante o que corresponde aos 3 meses apos o fim da radioterapia.
Esta situacao veio complicar-se com a introducao da imunoterapia no tratamento
dos tumores cerebrais, o que levou a introducao de novas linhas de orientacao
para avaliacao imagioldgica destes doentes, designadamente os critérios iRANO
(immunotheraphy response assessment for neurooncology). Com a aplicacao
de estudos radiomicos, King JY e col. colocaram a hipétese de que um vetor de
recursos de alto rendimento obtido a partir de mapas ADC e CBV poderia melhorar
o diagnostico de pseudoprogressao relativamente aos dados convencionais de
ressonancia magnética, ao fornecer informacoes bioldgicas de agressividade e
vascularizagao do tumor num periodo inicial precoce pos-tratamento e tentaram
desenvolver e validar um modelo radiolégico usando RM multiparamétrica para
facilitar a diferenciacao entre pseudoprogressao e progressao precoce em doentes
com glioblastoma. Um total de 6472 caracteristicas foram extraidas dos dados
da ressonancia magnética (1618 caracteristicas de cada T1Gad, FLAIR, ADC e
CBV) e identificaram 12 caracteristicas randdmicas significativas para diferenciar
entre pseudoprogressao e progressao precoce. O modelo de randémico de RM
multiparamétrica mostrou um aumento significativo no desempenho em relagao aos
modelos radidmicos simples baseados nas imagens convencionais ou de difusao.
Este modelo radiémico de ressonancia multiparamétrica também mostrou melhor
desempenho do que o modelo baseado apenas na perfusao, mas a diferenca nao foi
estatisticamente significativa. Com este estudo mostraram que o modelo radiémico
de ressonancia multiparamétrica apresentava um desempenho superior a qualquer
modelo radiémico de imagem uUnica ou qualquer parametro unico de ADC ou CBV
(King JY, 2019). Ao conseguirmos distinguir corretamente a pseudoprogressao de
progressao precoce, poderemos passar a utilizar a resposta radioldgica objetiva
ou a sobrevivéncia livre de progressao como critério para avaliacao da eficacia
de um tratamento especifico em vez de se continuar a considerar a sobrevivéncia
global como o marco para esta avaliagcao. Na verdade, a sobrevivéncia global pode
nao medir diretamente o impacto de um tratamento pelos efeitos confundidores
associados as multiplas variaveis que atingem estes doentes.
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OS MODELOS MOLECULARES COMO BIOMARCADORES

Os glioblastomas apresentam uma etiologia multifatorial sendo o resultado de
interacoes entre a exposicao ambiental e a suscetibilidade genética. O uUnico fator
ambiental comprovado como causa € a radiacao ionizante. A susceptibilidade
genética a estes tumores pode ter uma relacdo com alguns polimorfismos
de genes envolvidos na reparagcao do DNA, na regulacao do ciclo celular ou na
resposta imunoldgica. Um fator importante na formacado e desenvolvimento
dos glioblastomas é a angiogénese. O VEGF é o principal fator angiogénico no
desenvolvimento embrionario e no crescimento tumoral e é altamente regulado no
glioblastoma, estando os seus recetores sobrexpressos nos vasos tumorais, além
de estarem altamente expressos nas células tumorais em palicada perinecréticas,
mas com regulacao negativa nas células tumorais adjacente aos vasos, sugerindo
uma expressao dependente do oxigénio (Taslimi S, 2018). O VEGF é produzido
por muitos tipos de células, incluindo células tumorais, macréfagos e plaquetas.
As atividades do VEGF nao se limitam ao sistema vascular e entram em funcoes
fisiolégicas normais, como formacao O6ssea, a hematopoiese e a cicatrizagao de
feridas. E um mitogénio especifico das células endoteliais com capacidade de
aumentar a permeabilidade vascular. O VEGF secretado pelas células tumorais
hipoxicas é distribuido por todo o tumor por difusao e vai-se ligando aos recetores
das células endoteliais da membrana plasmatica, aumentando a sua expressao e
levando a uma cascata de eventos que incluem a proliferacao e migracao de células
endoteliais e o aumento da permeabilidade e fenestracdo dos vasos tumorais
(Taslimi S, 2018). Surgiram alguns estudos que mostraram que os polimorfismos
de nucleotideo uUnico (SNPs) do gene VEGF podiam contribuir para a modulagao
dos niveis séricos de VEGF, possivelmente influenciando o risco e o progndstico
de tumores sodlidos, incluindo gliomas. Assim, foi nosso propdsito estudar o papel
dos polimorfismos do gene VEGF no risco e na sobrevivéncia de doentes com
glioblastoma.

Estudos das variantes genéticas do fator de crescimento endotelial vascular

Para tentar dar resposta ao segundo objetivo, propusemo-nos clarificar o papel dos
polimorfismos do VEGF na susceptibilidade e prognéstico do glioma.

A angiogenese é reconhecida como um evento chave na progressao natural dos
gliomas. A neovascularizagao nos tumores cerebrais correlaciona-se diretamente
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com a sua agressividade bioldgica, o grau de malignidade e recorréncia clinica e
inversamente com a sobrevivéncia pés-operatéria (Fischer |, 2005). O VEGF e seus
recetores (VEGFR) sdo componentes centrais no desenvolvimento e progressao
do glioblastoma. O VEGF é o principal fator angiogénico no crescimento do
tumor e esta altamente sobre ativado no glioblastoma, estando os seus recetores
sobrexpressos nos vasos tumorais (Plate KH, 2012), quando comparado com
o cérebro normal (Samoto K, 1995). A expressdao do gene VEGF parece estar
intimamente correlacionada com a vascularizagao nos gliomas humanos levando a
uma densidade vascular aumentada, bem como a um mau resultado clinico (Samoto
K, 1995). Além da funcao angiogénica, aumenta a permeabilidade vascular (Sjostrom
S, 2011). Localiza-se no citoplasma tumoral nas células em pseudopalissada e no
endotélio, predominantemente na area perinecroética (Takano S, 2010). Além do efeito
paracrino nas células endoteliais, o VEGF secretado pelas células dos astrocitomas
tem um efeito autdécrino no crescimento e viabilidade celular, situagcao mediada pelo
VEGFR?2, envolvendo a co-activagao das vias do c-Raf / MAPK, P13 K/ Akt e PLC/PKC
(Sjostrom S, 2011; Knizetova F, 2008). De notar que o VEGFé um dos genes conhecidos
para cuja perda de um Unico alelo resulta em letalidade embrionaria devido a falha
em formar uma vasculatura funcional (Takano S, 2010). A ativacao transcripcional de
VEGF é aumentada principalmente por meio da transcricao do fator HIF-1. Alteragcoes
genéticas como a ativagao do EGFR e a mutagao do PTEN levam a um aumento da
expressao do VEGF promovendo a atividade angiogénica (Fischer |, 2005).

Os genes sao constituidos por DNA que é composto por sequéncias complexas
de nucleotideos. As variagdoes nessas sequéncias que ocorrem de forma estavel
na populacao, sendo encontradas com frequéncia igual ou superior a 1%, sao
denominadas polimorfismos genéticos. O polimorfismo de nucleotideo unico (SNP)
€ uma variacao na sequéncia do DNA que afeta somente uma base (adenina, timina,
guanina ou citosina) na sequéncia do genoma. O gene VEGF esta localizado no
cromossoma 6p21.3 e é constituido por oito exdes. As regidoes 5’ e 3’ nao traduzidas
(UTR) contém elementos regulatorios importantes responsivos a hipdéxia contribuem
para uma elevada variabilidade na producao de VEGF nos tecidos (Di Stefano AL,
2014). Pelo menos 44 SNPs com relevancia clinica ja foram determinados (Djan
I, 2019). Os polimorfismos deste gene foram associados a tumores do pulmao,
colo-retais, mama, oral, ovario, géstrico e bexiga. Estudos de associagao gendmica
(GWAS) mostraram que polimorfismos de nucleotideo uUnico (SNPs) estavam
associados a suscetibilidade de desenvolvimento de gliomas. Varios SNPs do VEGF
gene demonstraram afetar a expressao do gene (Jiang H, 2013).

Os estudos que mediram a concentragcao de VEGF no soro dos doentes com

glioblastoma tiveram resultados divergentes. Salven e col. encontraram niveis
séricos de VEGF elevados em doentes com tumores cerebrais de alto grau (Salven
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P, 1997). Reynés e col. encontraram niveis séricos de VEGF duas vezes maiores em
doentes com glioblastoma quando comparados com os controlos saudaveis (Reynés
G, 2011). Stockhammer e col. nao encontraram diferencas nas concentragoes séricas
entre os doentes e os controlos saudaveis (Stockhammer G, 2000). Salven e Reynés
apenas avaliaram valores pré-operatérios, Stockhammer apresentou resultados
apenas de 6 doentes. Sjostrom e col. avaliaram o impacto das variagdoes gendmicas
dos genes VEGF e VEGFR no prognodstico dos glioblastomas. No gene VEGF nao
encontraram SNPs associados a sobrevivéncia e no gene VEGFR2, encontraram 2
SNPs, um na regiao promotora (rs2071559) e um no intrao 1 (rs12502008), associado
ao prognoéstico do glioblastoma num total de 44 SNPs estudados (Sjostrom S, 2011).
Consideraram poder tratar-se de falsos positivos tendo em conta o niumero de falsos
positivos espectados considerando que os testes foram realizados com um nivel de
confianca de 95%. Takano e col demonstraram um aumento da expressao do VEGF
no tecido tumoral e no liquido quistico dos glioblastomas, mas nao detetaram este
aumento da expressao no soro dos doentes (Takano S, 2010). Jiang e col. numa
série de 880 doentes com glioblastoma e 880 controlos mostraram que os doentes
com glioblastoma tiveram uma significativa maior frequéncia dos genétipos -634CC
e +936TT do que a populacao de controlo (Jiang H, 2013).

Para concretizar este estudo foi feita a colheita de sangue periférico e o DNA foi
extraido dos leucocitos.

Em relacao ao risco de desenvolvimento de glioma e glioblastoma, encontramos
uma associagao significativa entre o SNPs VEGF heterozigoto rs833061 e risco para
glioma e glioblastoma, bem como os portadores da variante deste SNP tinham um
aumento do risco de glioma e glioblastoma. Além disso, o heterozigoto rs3024994
foi associado ao aumento do risco de glioma e os portadores da variante rs25648
demonstram um risco aumentado para oligodendroglioma. Nenhuma associacao
estatisticamente significativa foi encontrada entre os SNPs do VEGF rs3025035,
rs3025039, rs3025040, rs1005230, rs699947, rs833070, rs3025010, e variantes
rs2010963 e risco de glioma, glioblastoma ou oligodendroglioma.

O SNP rs833061 esta também associado ao risco de desenvolvimento de outros
tumores. Wu e col. (Wu X,2013) encontraram uma associacao deste polimorfismo
com o risco de desenvolvimento de carcinoma hepatocelular, mas nao encontraram
associacao com o risco de desenvolvimento de hepatite B créonica. Da mesma
forma que no glioblastoma, o VEGF desempenha um papel importante na fase
inicial da carcinogénese hepatica e a sua expressao aumenta gradualmente desde
os nodulos displasicos de baixo grau para nodulos displasicos de alto grau para
carcinoma hepatocelular (Wu X,2013). A sobrexpressao do VEGF, comum em varios
tipos de cancro, pode traduzir uma influéncia genética no seu desenvolvimento e
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nao apenas o resultado da sua producao pelas células neoplasicas em resposta ao
ambiente hipoxico gerado, num contexto de sobre regulagao.

O facto de nao termos encontrado relacao entre os SNPs rs699947 e o rs2010963
e o risco de glioma, como foi encontrado por Vasconcelos e col. (Vasconcelos
VCA, 2019) pode dever-se ao numero reduzido de casos da nossa amostra. Nao
podemos excluir o facto de podermos estar a falar de populacoes distintas e,
por esse motivo, os resultados nao serem concordantes. Por outro lado, tivemos
resultados concordantes com o SNP rs833061 que mostrou um risco aumentado do
desenvolvimento de desenvolvimento de glioma. Relativamente ao SNP rs1005230
em que nao encontramos relagao com o risco, o grupo deVasconcelos encontrou um
efeito protetor do risco de glioma. Este efeito protetor no nosso estudo foi conferido
pelo heterozigoto rs3024994, a semelhanca dos resultados de Li e col., sendo que
este SNP também mostrou uma diminui¢ao do risco de desenvolvimento de cancro
da bexiga (Li R, 2011). O SNP rs2010963 tem mostrado resultados contraditorios,
tendo sido associado a uma protecao no risco de crescimento de melanoma e de
carcinoma hepatocelular, mas também a um risco aumentado de desenvolvimento
de cancro do pulmao e da proéstata (Li R, 2011). A associacao do SNP rs3025039 com
a diminuicao dos niveis plasmaticos de VEGF com possivel diminuicao da formacgao
de vasos sanguineos encontrada por Li e col. nao foi corroborada no nosso estudo.

A maioria dos estudos tem sido conduzida na populagao chinesa o que pode
acarretar um viés populacional importante atendendo a variabilidade de frequéncia
destes SNPs. A variabilidade dos alelos em cada SNP pode determinar maior ou
menor producao de VEGF, com maior formacao de vasos sanguineos e aumento
da susceptibilidade de desenvolvimento de glioblastomas. Também diferentes
associacoes de polimorfismos poderao condicionar suscetibilidades diferentes pelo
que deverao ser feitas analises combinadas para avaliacao de efeitos sinergisticos.

O VEGF é um gene altamente polimorfico com mais de 20 SNPs potencialmente
funcionais relatados em estudos de associacao de risco de desenvolvimento de
cancro. Poderemos pensar que genétipos dos varios SNPs em conjunto, podem
ser mais informativos do que apenas um deles a prever a sua importancia para o
desenvolvimento de cancro.

Apesar dos estudos dos SNPs do VEGF em diferentes tipos de cancro, o seu papel
fundamental no risco de glioblastoma ainda estd por documentar, ficando como
conclusao que as anomalias na formacao dos vasos sanguineos induzidas pelos
diferentes polimorfismos do gene VEGF podem influenciar o risco e a agressividade
dos glioblastomas. Doentes com niveis aumentados de VEGF no sangue foram
associados a metastizacao a distancia e a pior progndstico (Djan |, 2019).
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Quando usados os SNPs do VEGF para determinacao do progndstico dos
doentes com glioblastoma encontramos que os SNPs rs3024994, rs2010963, e
particularmente os portadores homozigotos de rs1005230 foram associados a
um pior prognostico para glioma e glioblastoma. Di Stefano e col. investigaram a
associacao do SNP rs2010963, localizado na regiao terminal nao translacional do
gene VEGFA, com a sobrevivéncia, a resposta ao bevacizumab (BVZ) e a toxicidade
vascular. O SNP rs2010963 (G + 405C, G-634C) no 5-UTR aumenta a expressao de
VEGFA em ambos os niveis transcripcional e translacional e pode hipoteticamente
influenciar a agressividade do tumor ou a resposta a terapias anti-angiogénicas
(Di Stefano AL, 2014). Estes resultados surgiram no nosso estudo, mostrando uma
associacao entre este SNP e uma diminuicao da sobrevivéncia livre de progressao
e da sobrevivéncia global. No entanto Djan e col. ndo obtiveram os mesmos
resultados, nao encontrando qualquer relagao com a sobrevivéncia global numa
fase inicial do seu estudo mas, numa fase subsequente, os resultados sugeriram
que o polimorfismo + 405C> G VEGF (rs2010963) podia ser usado como marcador
genético de progndstico de sobrevivéncia global nos doentes com glioblastoma e
ser um alvo potencial para terapia anti-VEGF (Djan |, 2019). O SNP rs2010963 que no
nosso estudo se associou a uma diminuicao da sobrevivéncia livre de progressao
e sobrevivéncia global, foi associado a um atraso na progressao de melanoma e
carcinoma hepatocelular, tumores também associados a sobrexpressao do VEGF. Os
genotipos homozigotos rs699947, rs833061 e variante rs2010963 foram associados
a um aumento na sobrevivéncia livre de progressao em doentes submetidos a
tratamentos com bevacizumab, um anticorpo monoclonal que bloqueia a agao do
VEGEF Curiosamente, estes genotipos conferiram, no nosso estudo, uma diminuigao
da sobrevivéncia livre de progressao e da sobrevivéncia global. No nosso
estudo houve um numero muito pequeno de doentes submetido a tratamento
anti-angiogénico e dai os resultados, mas o que deve ser notado é a mudanca
prognéstica trazida com este tratamento. Os SNPs que conferem diminuicao da
sobrevivéncia poderao ter maior sensibilidade ao bloqueio farmacoldégico sendo
alvos de eleigcao para tratamentos dirigidos, a semelhanga com o que acontece nos
tumores da mama com recetores HER2 positivos que respondem de forma muito
marcada a farmacos como o transtuzumab, um anticorpo monoclonal humanizado,
derivado do ADN recombinante que se liga com elevada afinidade ao recetor do
fator de crescimento epidérmico humano tipo 2. Os SNPs rs3024994, rs1005230 e
rs2010963 associaram-se de forma consistente a uma diminuicao da sobrevivéncia
livre de progressao e da sobrevivéncia global conferindo um pior prognéstico a
estes doentes.

Neste sentido, alguns SNPs do VEGF poderiam ser considerados biomarcadores

de risco e progndstico no glioblastoma. Contudo, o VEGF tem um papel primordial
noutras condi¢coes nao neoplasicas que muitas vezes acompanham os doentes com
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cancro como é o caso da diabetes. Devido a falta de consisténcia nos diferentes
estudos, alguns com muito poucos casos, o VEGFnao demonstrou ser um marcador
de diagnodstico ou de sobrevivéncia. Talvez mais importante que um marcador
de progndstico, a sobrexpressao do VEGF e a determinagao de alguns dos seus
polimorfismos podem ser biomarcadores relevantes na decisao quanto a terapia
anti-angiogénica.

Estudos das variantes de outros genes associados a proliferacao vascular e ao
crescimento tumoral

O gene MGMT (O6-metilguanina DNA metiltransferase) é um gene que codifica uma
enzima reparadora do DNA conferindo resisténcia a quimioterapia com agentes
alquilantes, como é o caso da temozolamida. A restauracao deste DNA consome a
proteina MGMT que a célula devera repor. Niveis elevados da atividade do MGMT
nas células tumorais criam um fenodtipo resistente travando o efeito terapéutico
dos agentes alquilantes sendo um determinante importante da falha do tratamento.
O silenciamento epigenético do gene MGMT por metilagao do promotor esta
associado a perda da expressao do MGMT e a consequente diminuicao da atividade
de reparacao do DNA. Este silenciamento foi associado a maior sobrevivéncia global
em doentes com glioblastoma que, além da radioterapia, receberam quimioterapia
com agentes alquilantes como a temozolamida ou a carmustina (Hegi M, 2005).
Um ensaio de fase lll realizado por Stupp e col. mostrou que os doentes com GBM
tratados com radioterapia combinada com temozolamida concomitante e adjuvante
tinham um aumento da sobrevivéncia global quando comparados com os doentes
tratados apenas com a radioterapia, estabelecendo um novo padrao no manejo
dessestumores (Stupp R, 2005). Apesar de conhecidos alguns fatores de progndstico
como a idade, o estado funcional do doente e o grau de remocgao tumoral, estes
fatores nao conseguem predizer o prognostico numa base individual. Hegi e col.
mostraram que os doentes com glioblastoma que tinham o promotor do gene
MGMT metilado apresentavam uma sobrevivéncia global mediana francamente
aumentada quando comparados com os doentes sem a metilacdo, sendo esta
metilacao um fator independente de prognostico favoravel independentemente
do tipo de tratamento (Hegi M, 2005). Havendo na literatura alguma controvérsia,
questionamos a verdadeira implicacao do MGMT como um marcador progndstico
de GBM e preditor especifico de resposta aos esquemas de quimioterapia baseados
na temozolamida. Neste contexto tentamos avaliar a frequéncia da metilacao do
gene promotor do MGMT numa coorte de doentes tratados uniformemente com
temozolamida. O estado da metilagao do promotor do MGMT foi determinado em
80 amostras tumorais, das quais 38 (47,5%) apresentavam a metilagao, o que esta
de acordo com a literatura, que mostra presenca de metilacao em 40-50% dos casos
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(Louis D, 2016). Uma frequéncia maior ocorre em glioblastomas com a mutacao
do gene IDH1, uma outra caracteristica que confere melhor prognéstico. Contudo,
esta mutacao /DH esta presente em apenas 20% dos glioblastomas. H4 uma relacao
entre as mutacgoes do IDH e a metilagao do promotor do MGMT em que quase todos
os doentes com mutacao /IDH apresentam metilacao do MGMT, facto que parece
dever-se a inibicao competitiva do alfa-cetoglutarato dependente desoxigenase
TET2 pelo oncometabolito-2’-hidroxiglutarato. Como resultado, ocorre uma
hipermetilagao global do genoma das células tumorais com uma mutagcao /DH,
sendo que o promotor do gene MGMT esta também sujeito a esta hipermetilacao
global (Christians A, 2019).

Usando o teste de log-rank, nao foram detetadas associacOes estatisticamente
significativas entre cada variavel individual e a SLP ou SG dos doentes com
glioblastoma (P>0,05). Da mesmaforma, o modelo proporcional multivariado de Cox
nao mostrou qualquer correlacao estatisticamente significativa entre as variaveis
estudadas e o progndstico dos doentes (P> 0,05). No entanto, os doentes em que
havia metilacao do promotor do MGMT apresentaram um SG ligeiramente melhor
(16 meses) em comparacao com os doentes nao metilados (13 meses) mas estas
diferencas nao mostraram significancia estatistica (p = 0,583 na analise univariada;
p = 0,617 no modelo multivariado). O mesmo aconteceu para a sobrevivéncia livre
de progressao e para a taxa de sobrevivéncia aos 2 anos.

Uma questao que podera ser relevante é que, no nosso estudo, todos os doentes
foram tratados de forma uniforme, independentemente das caracteristicas genéticas
e moleculares do tumor. Mas, a ter em conta a metilacao do gene promotor do
MGMT e condicionar a utilizacao de quimioterapia com agentes alquilantes aos
doentes metilados, do ponto de vista clinico e ético nao seria, na minha opiniao,
aceitavel, uma vez que nao estd demonstrado que s6 estes doentes beneficiam
com o tratamento. A utilizagao da temozolamida em doentes sem a metilacao
tem trazido algum beneficio em termos de SLP e SG. O uUnico grupo em que hé
evidéncia que devera ser feito o ajuste terapéutico baseado na metilacao é o dos
doentes acima de 70 anos e que resulta mais da protegao contra os efeitos nocivos
do tratamento do que do efeito mais benéfico dos tratamentos, uma vez que a
sobrevivéncia é significativamente pior do que a observada em doentes mais jovens
e o tratamento ideal em termos de eficacia e seguranca permanece uma questao
de debate. A EANO preconiza que neste grupo etario seja utilizada monoterapia em
que os doentes com metilacdo do gene promotor do MGMT fagcam quimioterapia
com temozolamida nao devendo ser sujeitos a tratamento de radioterapia, ficando
esta reservada para os doentes sem a metilacao. Os subgrupos dos doentes sem
metilagao nao mostraram beneficio de sobrevivéncia com a adicao da temozolamida
a radioterapia, mas apresentavam toxicidade hematoldgica acrescida. No estudo
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original de Hegi e col. embora a diferenca na sobrevivéncia com base no estado
de metilacao do MGMT tivesse sido altamente significativa, mais da metade dos
doentes MGMT metilados (com um resultado previsivelmente favoravel) nao
sobreviveu por 2 anos, enquanto ~ 15% dos doentes com MGMT nao metilado (com
um resultado previsivelmente desfavoravel) sobreviveram mais de 2 anos (Hegi
M, 2005). Este ponto coloca uma ténica importante noutros fatores que devem
ser tidos em conta, e que, hierarquicamente deverao ser estudados e relevados
relativamente ao estado de metilacao do gene promotor do MGMT. Tendo em
linha de conta que varios polimorfismos de fatores de crescimento angiogénico
como, os ja atras falados, polimorfismos do gene VEGF e polimorfismos de genes
relacionados com o ciclo celular ou com fatores de supressao tumoral, que falaremos
mais adiante, varias possibilidades se levantam relativamente ao progndstico dos
glioblastomas. Um outro aspecto é o facto de a metilacao do gene promotor do
MGMT ter sido associada com resultados melhores tanto nos doentes submetidos
a quimiorradioterapia com base na temozolamida como nos doentes submetidos
apenas a tratamento de radioterapia, sugerindo que o estado da metilacao possa
ser um marcador de progndstico associado a natureza do tumor e nao um preditor
de resposta aos tratamentos. No nosso estudo, tentamos esclarecer se a metilacao
do gene promotor do MGMT era um biomarcador de resultado clinico nos doentes
com glioblastoma tratados com o protocolo de Stupp e como ela se comparava com
o valor prognostico dos fatores clinico-patolégicos classicos. Nao conseguimos
detetar quaisquer correlagdes significativas entre as caracteristicas clinicas
dos doentes, o estado de metilagao do MGMT e o progndstico. Apesar doutros
estudos terem resultados semelhantes ao nosso, estudos posteriores contrariaram
estas conclusdes. O reduzido numero da amostra pode ser uma das razoes dos
resultados nao terem atingido significancia estatistica. Poder-se-a dizer que o facto
de ser multicéntrico tenha tornado a amostra menos homogénea, mas estamos
a falar duma area demografica pequena em que estas variacoes nao poderao ser
consideradas significativas. Contudo, num artigo de revisao, Rao e col. tentaram
perceber o real significado progndstico da metilacao do gene promotor do MGMT e
concluiram que, como biomarcador preditor, o estado da metilacao pode ser afetado
pela idade, género e raca. Na idade pediatrica (onde a metilagao é mais rara) e
nos idosos € um importante preditor da sobrevivéncia global. Relativamente a area
geografica, a metilacado MGMT permaneceu um marcador significativo de SLP nas
diferentes partes do mundo, mas nao teve o mesmo significado relativamente a
SG nos doentes asiaticos com a presenca da metilagao em comparacao com os
doentes nos EUA e na Europa. Da mesma forma, outra revisao sistematica mostrou
que a metilagcao teve efeito significativo na SG na populacao asiatica, mas nao na
SLP, enquanto teve um efeito significativo na SG e na SLP na populacao caucasiana
(Rao AM, 2018). A biologia do glioblastoma é complexa e a metilagao do MGMT
nao é o unico biomarcador progndéstico A conjugacao de um conjunto de fatores
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de prognostico, nomeadamente fatores epidemioldgicos como a idade, o género
e a raca e fatores genéticos e moleculares como os diferentes polimorfismos e
mutacoes de genes relacionados com a proliferacao vascular, a replicagao celular
ou o sistema imunoldégico e a procura de novos marcadores de resposta terapéutica
trarao respostas mais conclusivas.

A via do receptor do fator de crescimento epidérmico (EGFR) desempenha funcoes
importantes na regulacao do crescimento celular, apoptose e diferenciagao, um
processo que é rigidamente regulado em células epiteliais normais. A desregulacao
desta via, que pode ocorrer por mutagcoes somaticas do EGFR (EGFRvIIl) ou
amplificagcoes genéticas, por exemplo, foi implicada na génese de alguns tumores,
entre os quais o glioblastoma. Além das alteracoes somaticas, também variantes
polimérficas germinativas da via EGF/EGFR foram implicadas no risco do
desenvolvimentotumoral, narespostaaostratamentoseno prognéstico dosdoentes.
Aproximadamente 50% dos glioblastomas tém amplificacdo e sobrexpressao de
EGFR, 40% dos quais expressam a forma mutante EGFRVIII, resultando na ativagao
constitutiva da via EGFR.

Estudos de associagcdo gendmica alargada identificaram cinco polimorfismos
de genes associados a regulacao do ciclo celular que se relacionaram com a
susceptibilidade do desenvolvimento de gliomas.

Mantendo sempre a perspectiva de que os genes envolvidos na angiogenese e
na replicagcao celular podiam ter um papel fundamental na susceptibilidade, risco
e prognodstico de doentes com glioblastoma, o nosso grupo estudou diferentes
polimorfismos dos genes envolvidos nestes mecanismos, EGFR (-216G/T, -191C/A,
e (CA)n), RTEL1 (rs6010620), CDKNZ2A/B (rs4977756), PHLDB1 (rs498872), TERT
(rs2736100) e CCDC26 (rs4295627).

Carpentier e col. (22) mostraram uma associacao entre o alelo -216T do EGFR e o
aumento do risco de glioblastoma. Da mesma forma, foram identificadas repeticoes
polimérficas de sequéncias de microssatélites (CA)n no primeiro intrdo do EGFR
e a actividade transcripcional do EGFR diminuia com o aumento do numero de
repeticoes sugerindo que este polimorfismo desempenhava também um papel na
susceptibilidade ao glioblastoma. Tendo em conta o conhecimento generalizado
da importancia da via de sinalizagcao do EGFR no glioblastoma, o nosso grupo
avaliou a relevancia dos polimorfismos EGFR -216G/T, -191C/A e repeti¢coes (CA)n
na susceptibilidade e progndstico no glioblastoma. Nao encontramos associacao
estatisticamente significativa entre as variantes do genétipo EGFR -216G/T e o
risco de glioma. Em contraste, quando comparado com o genodtipo de referéncia
-191C/C, o gendtipo heterozigoto -191C/A foi significativamente associado com o
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aumento do risco de glioma. Mas ja encontramos associacoes significativas entre o
gendtipo -191A/A e o risco de glioblastoma.Também o gendtipo de repeticao (CA)n
SS foi significativamente associado ao risco de glioblastoma. Como esperado e, a
semelhanca de outros estudos, os genétipos EGF +61A/G e G/G foram associados
ao risco de glioma, mas em particular de oligodendroglioma, atingindo quase valor
estatistico para glioblastoma. Analisando a relagao destes polimorfismos com o
progndstico no subgrupo de doentes com glioblastoma, nao foram encontradas
associacoes entre as variantes do EGFR -216G/T e a sobrevivéncia dos doentes. Ja o
genotipo -191C/A foi significativamente associado a um aumento da sobrevivéncia
global quando comparado com o homozigoto -191C/C. O conjunto dos resultados
sugerem fortemente que os polimorfismos EGFR -191C/A e as repeticoes (CA)n do
intrdo 1 corresponderiam a marcadores de progndstico no glioblastoma enquanto
as variantes -216G/T nao se relacionavam com o prognostico. As diferencas
metodolégicas entre os diversos estudos podem estar relacionadas com as
discrepancias nos resultados, mas o nosso estudo demonstrou que os genotipos
de repeticao homozigotos do intrao 1 (CA)n conferiam maior susceptibilidade
para o desenvolvimento de gliomas e o genotipo heterozigoto -191C/A era um
marcador preditivo de pior sobrevivéncia nos doentes com glioblastoma. Choi e col.
concluiram que a sobrexpressao de EGFR parecia correlacionar-se com o grau de
glioma, sendo observada em cerca de 40-50% dos glioblastomas em comparacgao
com 10-26% dos astrocitomas anaplasicos (Choi Y, 2013). A expressao do EGFR
também se correlacionou com uma pior resposta a radioterapia (Barker FG, 2001).
Estes estudos fizeram uma avaliacao global do EGFR, ndo mostrando resultados
de acordo com variantes polimodrficas. Podemos concluir que um elevado nivel
sérico de EGFR, quando presente, podera ser usado como preditor de progndstico
e resposta terapéutica nos doentes com glioblastoma.

Um outro importante fator na carcinogénese é o fator transformador de crescimento
B (TGF-B). Esta citoquina multifuncional estd envolvida em varios processos
imunomoduladores que desempenham fungdes fundamentais na proliferacao,
diferenciacao e apoptose celulares, naangiogénese, na producao de matrizextracelular
e na progressao tumoral. OTGF-f apresenta duas fungdes antagdnicas, como mostrou
Kaminska e col. (Kaminska B, 2013). Atua como um forte inibidor da proliferacao de
células epiteliais e astrocitos normais, mesmo em estadios pré-malignos do cancro,
sendo um fator supressor tumoral, mas, nalguns tipos tumorais como nos gliomas
de alto grau, na fase de transformagao maligna, as células epiteliais tornam-se
resistentes a sua acao, e passa a comporta-se como fator oncogénico contribuindo
para o crescimento e invasao celular diminuindo a resposta imunologica contra o
tumor. Transpondo os resultados obtidos da fung¢ao dos polimorfismos conhecidos
deste gene no cancro géastrico e da mama, o nosso grupo avaliou a sua relevancia no

risco de glioma e prognostico dos doentes. Demonstrou-se que os polimorfismos do
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gene TGF-B-509C/T (rs1800469) e 869T/C (rs1800470) nao se associaram ao risco de
desenvolvimento de gliomas. Ja a analise de sobrevivéncia mostrou que o genétipo
homozigdtico -509TT se associou a sobrevivéncias globais mais elevadas quando
comparado com os doentes portadores dos genétipos CC+CT. Também o gendtipo
homozigotico 869CC foi associado com aumento da sobrevivéncia global dos doentes
com glioblastoma quando comparado com os genoétipos 869TT+TC. Os resultados
estao de acordo com o previamente descrito que o alelo -509T estad associado a um
aumento da atividade transcripcional quando comparado com o alelo -509C, levando
a um maior aumento das concentracoes séricas de TGF-b entre os homozigoticos
TT do que nos heterozigdticos CT e, da mesma forma, o alelo 869C foi associado
a concentracoes séricas mais elevadas de TGF-, com impacto na expressao da
proteinaTGF-p (Grainger D, 1999; Kallamani VG, 2005; Watanabe, 2002). Estes dados
permitiram concluir que os polimorfismos do gene TGF-f podem ser marcadores de
progndstico relevantes, especificamente oTGF-p-509TT e 869CC, que estao associados
a um aumento da sobrevivéncia. Uma questao curiosa é que foi mostrado por
Canazza e col. que, in vitro, apds irradiacao, tanto o TGF-p quanto p1-integrina estao
aumentados e a capacidade de invasao das células U87 é aumentada em ensaios
de invasao de matrigel, sugerindo que o aumento do TGF-f} pode estar associado
a uma maior capacidade de invasao de células de glioblastoma apods a irradiacao
(Canazza A, 2011), talvez por ativacao do MMP-2 (Desmarais G, 2012) associado ao
facto de poder exercer um efeito protetor contra a lesao induzida pela radioterapia
(Birch JL, 2020). Outro ponto importante é que o TGF-f2 regula negativamente a
expressao do antigeno HLA-DR em células de glioblastoma humano, facilitando seu
escape imunoldgico aos linfécitos T. Esta atuagao do TGF-ff no sistema imune pode
levar a adocao de estratégias imunoterapéuticas para suprimir a sinalizacao de
TGF-B que poderao ser promissoras para melhorar o prognostico dos doentes com
glioblastoma. Embora varios estudos tenham demonstrado os potenciais beneficios
em direcionar o tratamento para a via de sinalizagcao do TGF-f no glioblastoma,
os dados nao foram consistentemente encorajadores. Podemos considerar um
papel dual do TGF-f no progndstico do glioblastoma, com a presenca de alguns
polimorfismos a conferir uma melhoria progndstica, mas na maior parte das vezes
o fator procarcinogénico sobrepoe-se nos diferentes dominios.

A funcao desempenhada por fatores imunossupressores e a secrecao de moléculas
imunossupressoras por gliomas de alto grau estd bem documentada e ha muito
se supoe que estes fatores imunoldogicos desempenham um papel no risco de
glioma (Zhou M, 2010). Os doentes com histdria conhecida de alergia apresentam
um risco 1,5 a 4 vezes menor de desenvolverem gliomas (Wiemels JL, 2009; Linos
E, 2007). Uma meta-anélise realizada em 2007 mostrou uma reducgao acentuada no
risco de glioma em pessoas que sofrem de atopia e doencas infeciosas, sugerindo
que o aumento da vigilancia imunologica podera ser um fator protetor contra o
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glioblastoma (Linos E, 2007). A IgE é a classe de anticorpos mais responsavel pelo
aparecimento de doencas alérgicas atdpicas, tendo sido proposto um papel anti
tumoral para IgE nos tumores sélidos (Fu SL, 2008; LinY, 2011). Os doentes com
niveis séricos elevados de IgE apresentaram sobrevivéncias globais mais elevados
do que os com niveis normais (\Wrensch M, 2006).

Em termos de risco de desenvolvimento de glioma, os resultados foram mais
discrepantes, com estudos a mostrarem um risco maior nos doentes com valores
séricos normais de IgE quando comparados com individuos com valores elevados,
havendo outros estudos a mostrarem um beneficio de risco apenas quando o
aumento é ligeiro ou borderline (25-100 kU/L), nao se verificando nem com valores
normais (<25 kU/L) nem com valores elevados (>100 kU/L) (Calboli FC, 2011). Apesar
de alguma discrepancia de resultados, a maior evidéncia € no sentido do fator
protetor duma resposta imune mais efetiva ou previamente ja ativada, como ocorre
nas doencas atopicas e alérgicas.

O citomegalovirus humano (HCMV) nao é considerado um virus oncogénico, mas
os produtos dos genes HCMV podem ser oncomoduladores e a sua expressao
nas células tumorais pode acelerar a progressao influenciando a angiogenese, a
replicacao e a invasao celular e interferir com a imunomodulagao. O nosso grupo
considerou investigar o papel de al6tipos GM da IGHG na etiopatogénese do glioma,
considerando que esses alétipos modulam uma estratégia de imunoevasao do
citomegalovirus humano. O receptor Fcy codificado pelo HCMV (FcyR), usado pelo
virus para escapar das consequéncias efectoras da ligacao do anticorpo anti-HCMV,
tem afinidade diferencial para proteinas as IgG1 expressando alelos GM distintos,
nomeadamente uma afinidade maior para as proteinas IgG1 que expressam os
alotipos GM 3 +, 1-, 2- do que para aqueles que expressam os alotipos GM 17 +, 1 +,
2 +. O nosso grupo levantou a hipétese de que estes alelos GM podem representar
fatores de risco ou protecao, respetivamente, para o desenvolvimento de glioma
induzido pelo HCMV (Pandey JP, 2014). Os resultados mostraram que comparando
os individuos que eram homozigotos para o alelo GM 17, os homozigotos GM 3
tinham duas vezes mais probabilidade e os heterozigotos GM 3/17 tinham trés vezes
mais probabilidade de desenvolverem gliomas. Resultados semelhantes foram
alcancados quando combinados os dados correspondentes aos alelos GM 3 e GM
3/17 num modelo dominante. O genétipo GM 3/17 e a combinacao de GM 3 e GM
3/17 foram associadas a um aumento de mais de 3 vezes o risco para glioma de alto
grau. As analises de frequéncia de alelo também mostraram um risco aumentado
para gliomas associado ao GM 3, o que levou a concluir que que o alelo GM 3 pode
apresentar risco para o desenvolvimento de glioma.
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Uma das linhas de investigacao em tumores cerebrais assenta na relevancia dos
polimorfismos genéticos no risco, progndstico e resposta a terapéutica. Mesmo
com resultados nem sempre consensuais ou conclusivos, tem-se conseguido
associar um numero crescente de polimorfismos. A maioria tem em comum
associarem-se a trés aspetos relevantes da gliomagénese: a proliferacao vascular, a
regulacao do ciclo celular e a atividade imunoldgica/inflamatoria. A tradugao clinica
destes achados tem sido parca e nao se consegue, em termos individuais, prever
0 risco e o progndstico para dado individuo, sendo fundamental procurar a outros
niveis fatores acessiveis que funcionem como biomarcadores. Atendendo a pouca
praticabilidade clinica, pese embora a determinacao de alguns polimorfismos poder
ser util, a inconsisténcia dos resultados e a multiplicidade dos polimorfismos com
potencial informativo torna esta linha de investigagao pouco funcional do ponto de
vista pratico, nao trazendo beneficio real quer do ponto de vista clinico individual,
qgquer mesmo do ponto de vista de grupo, nao sendo exequivel a sua determinacao
de per si para todos os doentes.Talvez a opcao mais corial passe pela determinacao
de um grupo limitado de marcadores que em conjunto cumpram os requisitos para
marcadores de prognostico e possam servir de orientacao terapéutica.

Han e col. sugeriram que, dado o mau prognéstico do glioblastoma, é essencial
compreender os caminhos moleculares fundamentais que conduzem a formacao
do glioma, a fim de desenvolver novas estratégias terapéuticas para esta doenca
(Han J, 2020). Esta € uma discussao de longa data e, a medida que mais caminhos
moleculares se vao descobrindo e mais estratégias terapéuticas se vao perfilando,
como por exemplo, os estudos recentes com os inibidores do PD1/PD-L1, mais
temos percebido que falta entender a ligagcao entre os mecanismos deste cancro
em particular, a resposta terapéutica e a persisténcia das reduzidas taxas de
sobrevivéncia. Os inibidores do PD-1 mostraram eficacia nalguns tipos de cancro. A
avaliacao da expressao do PD-L1 pode ser util na previsao da resposta aos inibidores
dos pontos de verificagao imunoldgicos. O nivolumab e o pembrolizumab, dois
inibidores do PD-1, mostraram eficacia terapéutica nalguns tumores sélidos, o que
levou a sua aprovacao nos Estados Unidos pela Food and Drug Administration (FDA).
No entanto, nos estudos randomizados fase 3 Checkmate 498 e Checkmate 143,
o nivolumab nao mostrou beneficio na SG quando comparado com o tratamento
padrao em doentes com glioblastoma inicial ou recorrente. Também o estudo fase
1b KEYNOTE-028 com o pembrolizumab mostrou resultados insatisfatorios nos
doentes com glioblastoma recorrente com expressao do PD-L1 (Lombardi G, 2020).

Uma éarea que tem vindo a ser desenvolvida e com resultados noutros cancros é
a das bidpsias liquidas. E um método minimamente invasivo que podera permitir
identificar a recorréncia precoce e ao avaliar a biologia molecular do tumor de forma

longitudinal, predizer o prognostico e a resposta aos tratamentos. A bidpsia liquida

159



passou a ser considerada um novo padrao de cuidados em doentes oncologicos,
principalmente apds a aprovacao pela FDA em 2016 do primeiro teste sanguineo
para o estado da mutagcao do EGFR no cancro do pulmao de nao pequenas
células (Gatto L, 2021). Poder-se-a levantar a questao quanto a colheita de liquido
cefalorraquidiano em vez de sangue periférico para a pesquisa de biomarcadores,
uma vez que a sua circulacao continua pode entrar em contacto com o tecido tumoral
e transportar células e metabolitos tumorais. Na pratica clinica tem-se observado
que, mesmo em glioblastomas disseminados, a pesquisa de células malignas no
liquor tem sido negativa na maior parte dos casos. A bidpsia liquida € uma forma
alternativa de examinar perfis moleculares de tumor podendo utilizar sangue, liquido
cefalorraquidiano ou outros fluidos corporais para detecao e isolamento de células
tumorais circulantes ou ADN tumoral circulante, que no caso do glioblastoma podera
ser uma opcao de futuro. Contudo continuamos no ambito do seguimento, nao
havendo a possibilidade de ser usado para diagndstico numa fase precoce, uma vez
que ha a necessidade da determinacao prévia do perfil molecular do tumor para ser
possivel encontrar células circulantes com o mesmo perfil.

Apesar de termos encontrado correlagoes de alguns polimorfismos com o prognéstico
dos doentes com glioblastoma, pareceu-nos que o caminho de investigacao futuro
possa nao ser este, essencialmente se tivermos em conta a praticabilidade clinica que

€ 0 nosso motivo primordial.

Em simultdneo com os estudos genéticos e moleculares, e trazendo uma tonica
mais clinica, avangamos com estudos no @mbito do metabolismo e inflamacao.
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MODELOS METABOLICOS E INFLAMATORIOS COMO BIOMARCADORES

Tendo por base o objetivo trés, tentamos encontrar no sangue periférico alguns
marcadores que pudessem ser associados ao prognéstico dos doentes com
glioblastoma.

A literatura prévia demonstrou que o sistema imune tem um papel fundamental
na supressao do desenvolvimento e crescimento dos tumores cerebrais primarios.
A inflamacgao cronica aumenta o risco de desenvolver alguns tipos de cancro e o
microambiente impulsionado pelas células inflamatodrias pode levar a iniciacao e
promocao do tumor (Reynés G, 2011). As células necrdticas libertam sinais pro-
inflamatdrios para o microambiente tumoral que ativam as células imunoldgicas
gue acabam por levar a promocao tumoral promovendo angiogénese, proliferacao
celular e invasividade. A resposta inflamatoria associada ao tumor tem o efeito
paradoxal de aumentar a tumorigenese e a progressao, fornecendo moléculas
bioativas a este microambiente tumoral, que incluem fatores de crescimento que
sustentam a sinalizagao proliferativa, fatores de sobrevivéncia que limitam a morte
celular tumoral e fatores pro-angiogénicos e enzimas modificadoras da matriz
extracelular que facilitam ainda mais a angiogénese e a invasao. Perceber em que
medida os biomarcadores hematoldgicos pré-operatorios refletem o microambiente
tumoral podendo servir como marcadores de diagndstico e progndstico é
extremamente dificil uma vez que os aspectos inflamatorios e imunologicos da
biologia do glioblastoma e a resposta aos tratamentos sao bastante complexos.
No entanto ha evidéncia de que um maior estado de inflamagao se correlaciona
com um pior prognostico em muitas doengas neoplasicas. O recrutamento de
leucocitos como parte de uma resposta inflamatoria requer a passagem através das
vénulas pods-capilares para os espacos de Virchow-Robin, seguida pela passagem
através da glia para o neurépilo. Uma vez que a inflamacao tenha sido estabelecida
por meio do recrutamento e ativacao de leucécitos, o privilégio imunoldgico
do SNC é prejudicado por varios mecanismos, incluindo a quebra da barreira
hematoencefalica e a estimulacdao imunoldgica mediada por citoquinas locais
(Ellingson BM, 2017). Os neutréfilos e linfécitos associados a inflamacao participam
na comunicacao entre as células tumorais e o microambiente perilesional. Foi
estabelecida uma correlagao entre o grau do tumor e a infiltragcao de neutréfilos no
tecido tumoral, bem como uma correlagao entre a infiltracao tumoral e a contagem
de neutrofilos circulantes (Fossati G, 1999) e, embora o mecanismo nao esteja ainda
completamente percebido, parece estar estabelecido que os neutréfilos inibem o
sistema imunoldgico e promovem o crescimento do tumor suprimindo a atividade
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dos linfécitos e aresposta das células T, tendo sido levantada também a possibilidade
de as células tumorais libertarem fatores quimiotaticos levando ao aumento da
producao de neutréfilos no microambiente tumoral e no sangue periférico e, por
sua vez, os neutrofilos circulantes contém e produzem VEGF, TNF e outras citoquinas
que contribuem para a progressao tumoral. Por outro lado, os niveis aumentados
de neutrofilos suprimem a atividade citolitica dos linfécitos levando a linfopenia
ou a diminuicao da funcao linfocitica (Weng W, 2018). Esta situacao podera
explicar o facto de os doentes com linfopenia pré-tratamento apresentam um pior
prognéstico relativamente aos doentes com valores normais (Xi J, 2021). Ao serem
relacionados os valores absolutos de linfécitos com os achados de ressonancia
magnética, foi verificado valores consistentemente mais baixos nos doentes com
verdadeira progressao quando comparados com doentes com pseudoprogressao,
contudo a anadlise de sobrevivéncia global revelou que para aqueles que tinham
pseudoprogressao, a sobrevivéncia global nao foi significativamente melhor
do que para aqueles que tiveram verdadeira progressao. Este estudo acabou
por mostrar que o niumero absoluto de linfécitos caiu significativamente apds o
tratamento do glioblastoma tanto no grupo da pseudoprogressao como no grupo
dos doentes com verdadeira progressao do tumor e este efeito imunossupressor
persistiu até a progressao documentada por ressonancia magnética. Contudo, a
contagem absoluta de linfécitos e as alteragdes desta contagem desde a linha de
base até o pds-tratamento ou progressao documentada por ressonancia magnética
nao demonstraram ter valor preditivo na diferenciacao entre pseudoprogressao e
verdadeira progressao do tumor. Além disso, os doentes que tiveram progressao
tumoral verdadeira tiveram uma sobrevivéncia global nao significativamente pior
do que aqueles que tiveram pseudoprogressao. Dai que a contagem absoluta de
linfécitos nao pode ser considerada um biomarcador de progressao ou sobrevivéncia
nos doentes com glioblastoma (Xi J, 2021). Também a linfopenia resultante do
tratamento de quimiorradioterapia nos doentes com glioblastoma foi associadaauma
diminuicao da sobrevivéncia global (Yovino S, 2012). A inflamacgao sistémica cronica e
subsequente mielopoiese manifestando-se como neutrofilia € uma marca do cancro.
A neutrofilia suprime a resposta imune antitumoral pela marginalizacao e apoptose
dos linfocitos envolvidos na resposta imune adaptativa. A neutrofilia perpetua a
tumorigenese, promovendo a metastizagao, a angiogénese e o extravasamento de
células tumorais e endoteliais para a circulagao (Garrett C, 2021).

O racio neutréfilo-linfécito (RNL) é um fator hematologico marcador de inflamacao
sistémica e varios estudos demonstraram uma associagcao entre um RNL mais alto
e um pior prognodstico em muitas doengas malignas (Templeton AJ, 2014; Guthrie
GJ, 2013), nomeadamente influenciando o progndstico em doentes com cancro do
ovario, colorretal, mama, pancreatico, urotelial, de células renais e mieloma, embora

0 mecanismo subjacente a esta associagcao ainda nao esteja bem esclarecido.
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Weng mostrou que o RNL pré-operatorio se correlacionava com o grau histologico
dos gliomas, com o nivel mais alto de neutréfilos e mais baixo de linfocitos a ser
observado nos doentes com glioblastoma (Weng W, 2018). Esta correlagcao também
foi encontrada no glioblastoma, sendo que na maioria dos estudos valores do
RNL < 4 tém sido associados a melhor progndéstico, com aumento do tempo de
sobrevivéncia global relativamente aos doentes com RNL >4 que tem um pior
prognéstico. No nosso estudo nao encontramos o RNL como um fator independente
de mau prognostico quando avaliado todo a coorte, mas no subgrupo de doentes
que completaram o protocolo Stupp, um RNL pré-operatorio> 7 correlacionou-se
com uma sobrevivéncia global menor. O valor do RNL pré-operatorio também nao
mostrou influéncia na sobrevivéncia global no estudo de Garrett, o mesmo nao
acontecendo com o valor pos-operatorio em que valores > 5,07 se associaram a
diminuicao da sobrevivéncia global (Garrett C, 2021). Yersal mostrou que os doentes
com NLR <4 tiveram uma sobrevivéncia global mediana melhor (10,7 vs. 7,8 meses)
gue os doentes com NLR> 4, mas esta diferenca nao foi estatisticamente significativa
(Yersal O, 2018). Esses resultados nao corroboraram os achados anteriores de
Bambury e col. e de Han e col. que mostraram uma correlagao significativa entre
NLR> 4 e uma menor sobrevivéncia global (Han S, 2014; Bambury RV, 2013). Se nos
reportarmos ao estudo de Zhao e col. verificamos que os doentes com GBM com
RNL> 1,706 mostraram uma sobrevivéncia global significativamente mais baixa do
gue os doentes com um RNL < 1,706 (Zhao C, 2021). Isto levanta-nos outra questao
que é a diferenca de pontos de corte entre os varios estudos o que claramente se ira
refletir na apreciacao final dos resultados. Além do RNL avaliamos o racio plaqueta-
linfécito (RPL) e o niumero absoluto de neutréfilos, linfocitos e plaquetas antes da
cirurgia, 24 horas ap0s a cirurgia e imediatamente antes do inicio de tratamento de
guimiorradioterapia. Medido como variaveis continuas, nao encontramos correlacao
entre o RNL, o RPL, o niumero absoluto de neutréfilos, linfocitos e plaquetas nos
trés tempos e a sobrevivéncia livre de progressao ou a sobrevivéncia global. Medido
como variavel categorica, também nao encontramos uma correlagcao entre o RNL
pré-operatdrio e a sobrevivéncia global, mas um RNL < 5 correlacionou-se com
uma sobrevivéncia livre de progressao mais curta. Weng e col. encontraram com o
aumento do grau do glioma uma contagem maior de neutréfilos e uma diminuicao da
contagem de linfocitos, bem como um aumento significativo do RNL. Numa analise
multivariada a idade e o RNL mostraram uma associacao independente com o grau
do glioma. Verificaram também que o RNL podia ser um parametro discriminativo
de glioblastoma, mas nao de glioma de outro grau, sendo que um valor do RNL de
2,36 foi o ponto de corte para a previsao de glioblastoma, com uma sensibilidade de
70,5% e uma especificidade de 70,1% (Weng W, 2018).

A avaliacao da diferenca entre as contagens pos-operatério e contagens pré-operatorias
dos RNL, RPL, neutréfilos, linfocitos e plaquetas, também nao se correlacionou com
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a sobrevivéncia livre de progressao ou a sobrevivéncia global. Uma situacao
inesperada que encontramos foi que o grupo de doentes submetidos a tratamento
de quimiorradioterapia de acordo com o protocolo de Stupp tendeu a ter um RNL
>5 enquanto que os doentes submetidos a outros regimes terapéuticos tenderam
a apresentar um RNL < 5. No grupo de doentes que completou o protocolo
de Stupp, a analise de regressao linear multivariada mostrou que a idade mais
avancada ao diagnostico, a multifocalidade do tumor e o envolvimento de areas
eloquentes se correlacionaram com uma sobrevivéncia global mais curta, enquanto
que a multifocalidade do tumor se correlacionou também com uma diminuicao
da sobrevivéncia livre de progressao. Neste estudo nao encontramos uma relacao
do RNL com a sobrevivéncia livre de progressao, mas um RNL>7 teve relacao
significativa com uma sobrevivéncia global mais curta. Varios fatores podem estar
na origem dos resultados discrepantes encontrados. Nao é facil explicar o facto dos
doentes com RNL < 5 terem um menor tempo de sobrevivéncia livre de progressao,
exceto por um viés estatistico devido ao reduzido nimero de doentes ou ao facto
de as escolhas terapéuticas estarem condicionadas por fatores como a idade e o
estado funcional, que acabam por estar, por sua vez, condicionadas a agressividade
tumoral. Esta agressividade tumoral tem que ser interpretada em todas as suas
vertentes. Ter em conta a associacdo com os aspetos imunoldgicos, como por
exemplo o papel da I8 na gliomagénese e da sua relacao positiva com o grau
tumoral ou a supressao da resposta imunologica pelas células T reguladoras no
microambiente tumoral. Também a IL-6 estd implicada na gliomagénese, podendo
ser um fator regulador do crescimento tumoral. E uma citoquina importante na
ativacao de varias vias de sinalizacao pro-oncogénicas no glioblastoma e a sua
amplificacao associa-se a uma menor sobrevivéncia destes doentes quando
comparados com doentes com glioblastoma sem esta amplificacado.Também parece
ser produzida pelas células do glioblastoma promovendo o crescimento autdcrino.
A sua expressao estd associada a uma diminuicao da sobrevivéncia global e a
um aumento da neovascularizacao, infiltragao inflamatoria e edema peritumoral,
havendo um processo dinamico de conjugacao destes fatores, angiogénese,
aumento da permeabilidade vascular induzida por fatores tumorais, reacao
imunologica e processo inflamatoério (Chang C-Y, 2005). A IL-6 induz a expressao
de VEGF, a producao de imunoglobulinas, a ativacao, crescimento e diferenciacao
das células T promovendo a inflamacao tecidular. Estd bem estabelecido que a
via de sinalizacao da IL-6-STAT3, juntamente com outras citoquinas inflamatorias,
como IL1B, IL-23 e TNFa, foi implicada na progressao do glioblastoma, contribuindo
para a resisténcia do tumor e recorréncia. O STAT3 faz a sobre regulacao de genes
que podem facilitar a sobrevivéncia do tumor, a angiogénese e a resisténcia a
morte celular como o VEGF e o TERT. Esta ativado numa elevada percentagem
de glioblastomas e contribui para a tumorigenese ao inibir a apoptose (West AJ,
2028). Kohsaka mostrou que a inibicao do STAT3 reduz os niveis de MGMT levando
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a ressensibilizacao ao tratamento com a temozolamida (Kohsaka S, 2012). Shan
encontrou um aumento da IL-6 no soro dos doentes com glioma quando comparado
com os controlos saudaveis e os valores tinham uma relagao direta com o grau do
glioma. Viram também que os valores diminuiam com a remoc¢ao cirurgica, o que
faz pensar numa resposta imunoldgica antitumoral (Shan', 2015). Ter em conta os
aspetos genéticos e moleculares, como o estado da metilacao do gene promotor
do MGMT, o estado da mutacao do gene IDH e aqui seria também importante
fazer-se uma correlacao com os diferentes polimorfismos que conferem melhor
ou pior prognostico. Ter em conta as caracteristicas imagioldgicas que poderao
ser fatores de progndstico, como por exemplo o volume tumoral, a percentagem
de tumor necrotico e a percentagem de tumor nao captante, a presenca de picos
muito aumentados de lactatos na espetroscopia e o mismatch T2-FLAIR (que
traduz de forma indireta o estado da mutagao /IDH). Além disso, temos um numero
muito pequeno de doentes que nao foram submetidos ao tratamento segundo
o protocolo de Stupp. Fica a questao sobre o papel do tratamento concomitante
de radioterapia com a temozolamida no processo inflamatério. Sabendo que o
objetivo da temozolamida na fase concomitante é ser radiossensibilizante, ou seja,
tornar o tecido tumoral e o leito cirurgico mais respondedores a radioterapia, pode
significar que retira parte da resposta protetora a agressao (neste caso terapéutica).
Se associarmos a este raciocinio o facto dos doentes melhor respondedores terem
uma taxa significativamente maior de pseudoprogressao e que este fendmeno
representa uma resposta inflamatéria reacional exacerbada que vai ajudar na
resposta antitumoral, entdo ainda mais confuso se torna perceber o mecanismo
de tumorigenese e de resposta terapéutica. Por um lado, o desenvolvimento de um
estado inflamatério exacerbado contribuiria para a neovascularizacao e progressao
tumoral, mas por outro ajudaria na resposta terapéutica. Wang e col. encontraram
na sua coorte de doentes uma correlacao entre um RNL <3,2 e melhor progndstico
e NLR > 3,2 e mau prognostico (Wang Z, 2019). Auezova e col. mostraram que os
gliomas IDH1 mutantes estavam associados a valores inferiores do RNL (Auezova
R, 2019) inferindo que esta mutacao se associava a um nivel mais baixo de
inflamacao crénica e, portanto, a um melhor prognoéstico. Zadora e col. chegaram
a resultados semelhantes, corroborando um maior RNL de acordo com o maior
grau tumoral (Zadora P, 2015). No entanto e apesar destes resultados, numa letter
ao editor alertamos para o facto de que relacionar os valores de RNL com os graus
de malignidade da OMS pode ser uma limitacao na maneira de usar este marcador.
Esta estabelecido que diferentes tipos de glioma tém diferentes progndsticos
e o esforco da atualizacao de 2016 da classificacao da OMS é exatamente tentar
classificar os tumores em subtipos e gradud-los de acordo com o progndstico.
Seguindo esta linha de pensamento, achamos que a discussao deve ser centrada
no efeito dos valores do RNL no prognéstico dos diferentes subtipos de glioma,
especificamente naqueles que sdao mais comuns e agressivos como é o caso do
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glioblastoma. O que pensamos é que se conseguirmos definir um subtipo concreto
de glioblastoma, o RNL podera funcionar como factor de progndstico nesse
subtipo particular e ndo duma forma transversal em todo o tipo de glioblastomas.
A maioria dos glioblastomas /IDH mutantes sao secundarios, surgindo dum glioma
de menor grau prévio com caracteristicas genéticas, moleculares, de imagem e
clinicas favoraveis, tudo preditores duma resposta inflamatéria reduzida. Curioso
também no nosso estudo é o facto de que a relagcao do RNL com o progndstico sé
foi significativa nos doentes que seguiram a terapia standard. Isso pode sugerir
que parametros como RNL podem, no futuro, monitorizar as opgoes terapéuticas
apontando para a necessidade de mudanca de tratamento caso se mantenham
parametros inflamatorios elevados.

Voltamos ao ponto da dualidade inflamatoria perante o processo de tumorigenese.
Usando o RPL como marcador inflamatério, ndo encontramos qualquer correlacao
com a sobrevivéncia livre de progressao ou com a sobrevivéncia global. Os nossos
resultados foram concordantes com os de Yersal que também nao mostraram
diferenca estatisticamente significativa na sobrevivéncia global entre os doentes
com valores elevados e baixos do racio plaqueta-linfécito (Yersal O, 2018). J& os
resultados de Wang mostraram que o RPL tinha um valor progndstico independente
nos doentes com glioblastoma e que um valor elevado do RPL se associava a um
pior progndstico.

Continuando a procura de um biomarcador fomos olhar para outros marcadores
inflamatdrios no sangue periférico. Alargura de distribuicao dos glébulos vermelhos
(RDW) estima a variacao do tamanho dos eritrécitos calculada como o coeficiente
de variagao, ou seja, reflete o grau de variacao (anisocitose) do tamanho dos
eritrocitos circulantes. Um RDW mais alto representa uma faixa de tamanho de
glébulos vermelhos (RBC) mais ampla, enquanto um valor menor indica
homogeneidade de tamanho, sendo um indicador da homeostasia eritrocitaria. A
anisocitose estd envolvida numa variedade de doengas como as doencas
cardiovasculares, trombose, diabetes e cancro. Um elevado nivel de RDW
(anisocitose) € um marcador prognostico negativo para estas doencas, sendo a
inflamagao o mecanismo principal. Um conjunto crescente de evidéncias sugere
que um nivel elevado de RDW também se correlacionou com o progndstico para
variostiposdecancro,queincluiamostumoresdoesdfago,tumores gastrointestinais,
tumores hepaticos, tumores pulmonares e tumores hematoldgicos. Este valor
prognoéstico do RDW parece ser independente da idade e do género do doente.
Considerando que a analise RDW faz parte do estudo de sangue pré-operatério
basico, torna-se uma variavel de facil acesso e universal e que o RDW pode ser um
preditor de eventos adversos, independentemente do diagnostico, fomos avaliar se
poderia ser um fator progndstico de sobrevivéncia nos doentes com glioblastoma.
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Registamos o valor do RDW em dois momentos: imediatamente antes da cirurgia e
na primeira consulta antes do inicio da quimiorradioterapia adjuvante ou
radioterapia, 4 a 6 semanas apos a cirurgia. O RDW pré-operatorio médio foi de 13,0
+0,72%, com valores variando de 11,5-15,4%. O valor médio do RDW pds-operatério
foi de 14,1 £ 1,33%, variando entre 12,3 a 20,1%. Quando comparados os dois
valores, houve uma diferenca estatisticamente significativa com um valor de p de
0,021. Usando uma analise sequencial dos pontos de corte de RDW pelas curvas de
Kaplan-Meier, foi possivel identificar que um RDW pré-operatorio > 14,5% apresentou
uma sobrevivéncia global menor (7, IC 95% 0,0-15,8 meses) quando comparado
aqueles com RDW <14,5% (16, IC 95% 14,8-17,2 meses, p <0,005). Quanto ao RDW
pos-cirurgia, os doentes com ponto de corte > 15% tiveram uma sobrevivéncia livre
de progressao inferior (5, IC 95% 3,62-6,37) quando comparados com RDW <15% (8,
IC 95% 5,89-10,11, p = 0,035), nao tendo havido qualquer relacao do RDW pos-
operatdrio com a sobrevivéncia global. A andlise univariada mostrou uma associacao
entre RDW pré-cirurgia e a sobrevivéncia global. Esta relacdo com a sobrevivéncia
global permaneceu na anéalise multivariada quando ajustada para as outras variaveis
relacionadas. Kaisman-Elbaz e col. apresentaram, resultados semelhantes, em que
os doentes com RDW <14% apresentavam uma maior sobrevivéncia global mediana,
em particular quando associado a valores normais de hemoglobina. O RDW pode
também traduzir um marcador de anemia. Nao ha uma explicagao cabal para a
associacao entre o RDW aumentado e um pior prognéstico, exceto pela associacao
do RDW com um estado pro-inflamatério. Uma revisao sistematica e meta-analise
de 2017 que englobou 16 artigos e 4.267 doentes com cancro, embora nenhum
destes artigos se referisse a doentes com glioblastoma, mostrou que o RDW elevado
estava associado a uma baixa sobrevivéncia global (Hu L, 2017). Por outro lado,
uma meta-andlise realizada por Wang e col. em doentes com gliomas mostrou que
os doentes com um RDW mais alto tinham taxas de sobrevivéncia global menores
e que o RDW aumentado era um preditor independente de pior sobrevivéncia
(Wang DP, 2020). O estudo de Bao e col. nao mostrou esta associacao, mas utilizou
um ponto de corte de 12,5%, podendo esta diferenca ser o responsavel pela auséncia
de resultados, apesar de a diferenca de sobrevivéncia global tivesse sido de 8
meses, 0 que acaba por representar um acréscimo de 1/3 ao tempo de sobrevivéncia
global. Compreendemos que do ponto de vista estatistico esta diferenga nao seja
significativa, mas do ponto de vista clinico individual é claramente vantajosa. Seria
interessante avaliar estes resultados, usando o ponto de corte mais frequente nos
estudos de 14%, até porque seria importante otimizar o valor de corte para ser
usado como referéncia efetiva e nao dependente do estudo em questao. Liang e col.
encontraram na andlise multivariada uma associacao entre o RDW <14,10% e uma
melhor sobrevivéncia global quando comparados com os doentes com o RDW
>14,10% (Liang R, 2017), sendo os valores de 375 dias vs 293 dias, ou seja, estamos
a falar duma sobrevivéncia global média de 12,5 meses para o melhor grupo. Este
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resultado traduz um pior prognostico em termos de sobrevivéncia global nos
doentes com valores elevados e nao um beneficio prognéstico nos doentes com
valores baixos. Quando comparados estes resultados com os do nosso estudo
verificamos que a sobrevivéncia global no grupo do RDW >14,10% foi similar (9,7
meses vs 7 meses no nosso estudo) enquanto que no grupo do RDW < 14,10% a
sobrevivéncia global dos nossos doentes foi significativamente maior (12,5 meses
vs 16 meses no nosso estudo). Uma diferenca que podera ter relevancia é que
apenas 10% dos nossos doentes nao fizeram tratamento adjuvante de radioterapia
e/ou quimioterapia enquanto que no grupo de doentes de Liang 30% dos doentes
nao foram submetidos a tratamentos complementares. Outra questao relevante é
que a maioria dos estudos avalia os valores pré-cirurgia do RDW e, no caso do
nosso estudo, também cerca de 1 més apds a cirurgia, mas antes do inicio dos
tratamentos de quimiorradioterapia. Estes estudos acabam por deixar de lado tudo
0 que se passa ao longo do percurso terapéutico, ndo havendo uma avaliacao
longitudinal nem comparagao com outros potenciais marcadores inflamatorios e
com os achados de ressonancia magnética. Inferir que um valor basal pré-tratamento
tem uma importancia progndstica per si nao se entrando em linha de conta com o
seguimento evolutivo, nomeadamente o tipo de tratamento adjuvante, parece ser
demasiado redutor. Na realidade, ndo tem havido grande apeténcia no estudo de
parametros eritrocitarios no contexto do glioblastoma, sem que haja alguma
explicacao em particular,uma vez que ha também uma correlacao entre os eritrécitos
e alguns parametros inflamatérios, bem como uma relagao entre os valores da
hemoglobina e o cancro. Tem sido levantada a hipdtese que a diminuicao da
hemoglobina decorra da agressividade do tumor, mas continua por se demonstrar
qual o real mecanismo, o que leva a questao se sera causa ou consequéncia. Uma
explicacao poderia ser o facto de a anemia potenciar o ambiente hipdxico tumoral
e peritumoral, promovendo a angiogenese via producao de HIF-1 e VEGF e o
aumento da actividade das metaloproteinases da matrix extracelular promovendo
o crescimento e invasao tumoral. O aumento do RDW deve-se também ao ambiente
de hipdxia induzido pelas células tumorais que leva a um aumento da eritropoietina
e a aceleracao da producao de eritrécitos com libertacao precoce de reticulécitos.
Este ambiente de hipdxia contribui também para a manutencao dum estado
inflamatorio, com libertacao de citoquinas pelas células tumorais que levam a um
stress oxidativo que contribui paraumaumento daanisocitose porcomprometimento
da maturagcao dos eritrocitos. Este seria um processo similar ao que ocorre em
outros cancros como por exemplo no hepatocarcinoma (Goyal H, 2017). Uma outra
condicao, para além dos estados inflamatoérios, que cursa com valores aumentados
do RDW é o estado de desnutricao, que acaba por levar a uma diminuicao da
producao de eritropoietina com prejuizo na maturacao dos eritrocitos. Apesar do
glioblastoma ser uma lesao confinada ao SNC poder-se-ia assumir que tivesse
pouca repercussao sistémica, quer do ponto de vista inflamatorio quer do ponto de
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vista nutricional. Ja vimos que ha uma evidente traducao sistémica inflamatoria
pelas alteracoes traduzidas a nivel do sangue periférico, podendo traduzir o efeito
do glioblastoma a nivel sistémico ou, pelo contrario, traduzir a resposta sistémica a
presenca do tumor cerebral. Esta é ainda uma questao que estd em aberto.

Os lactatos sao um produto metabdlico final de tumores altamente proliferativos,
como o glioblastoma, e resultam de um mecanismo de sobrevivéncia do tumor
que, devido a uma elevada taxa de glicolise aerdbica, eflui o acido lactico para o seu
microambiente através de transportadores transmembrana de monocarboxilato,
resultando na acidificacao do meio com criagao de areas necroticas e facilitadoras
da disseminacgao tumoral. A inibicao desta funcao dificulta a invasao dos gliomas.
A maior concentracao de lactato encontra-se no centro das partes vitais do tumor.
Ao contrario das células normais que sofrem glicolise ou fermentacao quando
o oxigénio é limitado, muitas células cancerosas utilizam niveis elevados de
glicose a uma taxa rapida com producao concomitante de acido lactico, mesmo
na presenca de oxigénio, um fendmeno conhecido como glicélise aerdbica ou
efeito Warburg. Reparamos que um numero significativo de doentes com tumores
cerebrais submetidos a resseccao macroscoépica cirirgica ou biépsia apresentavam
niveis altos de lactatos séricos (=2 mmol / L) antes ou no inicio da cirurgia. Uma
apreciacao mais atenta levou a concluir que estes niveis elevados ocorriam com
maior frequéncia nos glioblastomas do que nos gliomas de baixo grau ou nas
metastases. Para avaliar a possibilidade de os lactatos séricos poderem ser um
marcador de diagndstico ou progndstico dos doentes com tumores cerebrais,
avaliamos 152 doentes submetidos a cirurgia de tumor cerebral num periodo de 10
anos, onde incluimos gliomas de baixo grau e gliomas de alto grau. A determinacao
dos lactatos séricos foi feita apds colheita de sangue periférico apds a inducao
anestésica e antes da incisao cirurgica. Foram excluidos os doentes com disfuncao
renal ou hepatica conhecida e com insuficiéncia cardiaca congestiva, bem como
os doentes que tiveram periodos de instabilidade hemodinamica com necessidade
de medicacao inotropicas ou transfusao de sangue antes da colheita de sangue.
Nos doentes com gliomas de baixo grau a concentragcao média de lactatos foi de
1,38 mmol/L (SD = 0,61) e em gliomas de alto grau de 2,03 (SD = 0,81). O nivel
médio de lactatos séricos pré-cirurgia foi de 1,79 mmol/L e 42,1% dos doentes
tinham niveis elevados (>2 mmol/L). Quando comparamos os doentes divididos
de acordo com os valores séricos normais (<2 mmol/L) e elevados (>2 mmol/L)
encontramos associagdes significativas entre o nivel elevado e o maior grau
tumoral e o género feminino. Encontramos também uma associagcao entre o uso
de corticoides pré-operatérios e um menor valor de lactatos séricos. Quando fomos
analisar a associacao entre o grau do tumor e as concentracoes séricas de lactatos
pré-operatorios encontramos, numa analise de regressao logistica univariada uma
associacao significativa entre o valor dos lactatos séricos pré-resseccao elevado
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e um grau tumoral elevado, nao tendo sido encontrada relacao entre o grau do
tumor e o volume ou o género do doente. Um maior grau tumoral foi associado
a uma idade mais avancada. No modelo de regressao multivariada, tanto a idade
avancada, o uso de corticosteroides e 0s niveis elevados de lactatos mantiveram
a associacao com o grau elevado do tumor, o que implica que, apos o ajuste para
todos os outros fatores, o aumento da concentracao pré-operatodria de lactatos € um
preditor de gliomas de alto grau. Resultados idénticos foram reportados por loannoni
e col. em que a hiperlacticidémia pré-operatoéria (> 2 mmol/l) foi mais frequente
nos doentes com glioblastoma do que nos doentes com meningioma (65,34% vs
40,00%) (loannoni E, 2020). Adicionalmente, avaliaram também os valores séricos
pos-operatorios, tendo encontrado também valores mais elevados nos doentes
com glioblastoma quando comparados com os doentes com meningioma, além de
terem encontrado uma relacao estreita entre a lacticidémia pré-operatoria e pos-
operatéria. Da mesma forma que no nosso estudo, nao encontraram relagao entre
os valores dos lactatos com a idade do doente. Enquanto o nosso estudo mostrou
que niveis aumentados estavam mais associados ao género feminino, este grupo
nao encontrou essa relacao. Concordante com o nosso estudo foi a conclusao
que o principal fator envolvido na hiperlacticidémia nos doentes submetidos a
craniotomia é o fenotipo maligno do tumor. Mariappan e col. também encontraram
uma correlacgao significativa entre o valor dos lactatos séricos basais e os tumores
de alto grau, nao tendo encontrado correlacoes entre os lactatos séricos basais e a
idade, o género, o tamanho ou a localizagao do tumor. Estes resultados estao em
linha com os nossos.

Ao se aprofundar a fungao dos lactatos, Thakur e col. mostraram que os lactatos
produzidos pelas células do glioblastoma aumentavam a expressao do cluster
de diferenciacao 44 (células CD44) e a libertacao de exossomas promovendo a
progressao maligna do tumor (Thakur A, 2021). Uma hipdtese é que o excesso
de lactato intracelular deva ser secretado pela célula para manter a alcalinizacao
intracelular e o ambiente extracelular acido criado pelos lactatos serve para
promover a invasao de células tumorais e a metastizacao e suprimir a vigilancia
imunologica, aumentando a sobrevivéncia das células tumorais e a resisténcia a

apoptose.

Além dos valores aumentados de lactato que podem ser encontrados no sangue
periférico, podemos também detetar na RM espetroscopica os niveis elevados
encontrados no glioblastoma, podendo este método funcionar também como
marcador diagnostico de progressao tumoral.

Perceber a cascata metabdlica que contribui para a génese tumoral permite, ndo sé
trava-la como criar mecanismos ativos de correcao. Por outro lado, aproveitar os
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produtos resultantes destes processos metabolicos, identifica-los e quantifica-los,
pode ser uma forma de diagndstico, seguimento e avaliacao de prognostico.

A inflamacgao cronica, como processo associado a diversas condigboes, pode
acompanhar-se por desequilibrio hormonal, aumento da resisténcia a insulina e
excesso de peso (Kolb R, 2016). Apesar de alguns estudos associarem o excesso de
peso a um pior prognostico nos doentes com cancro (Demark-Wahnefried W, 2012;
Parekh N, 2012), esta associacao no glioblastoma nao esta ainda bem definida,
havendo evidéncia contraditéria da relagao do indice de massa corporal (IMC) com
a sobrevivéncia dos doentes com glioblastoma. Num estudo prospetivo publicado
em 2010, Jones e col. nao encontraram associacao entre o peso corporal e as taxas
de sobrevivéncia em 1.259 doentes com glioblastoma (Jones LH, 2010). Siegel e
col. reportaram uma diminui¢ao da sobrevivéncia nos doentes com baixo peso e
com obesidade na altura do diagnéstico de glioma de alto grau (Siegel EM, 2013).
Potharaju e col. relataram aumento da sobrevivéncia nos doentes com glioblastoma
e com aumento de peso e obesidade (Potharaju M, 2018). Assim, foi nossa intencao
avaliar o impacto do IMC na sobrevivéncia livre de progressao e na sobrevivéncia
global dos doentes com glioblastoma primario submetidos a tratamento cirurgico
para determinar se o IMC poderia constituir um fator de progndstico independente.
Foram avaliados 193 doentes, 116 homens (60,1%) e 77 mulheres (39,9%), com
mediana de idade de 60 anos. 32 doentes eram obesos, 102 tinham excesso de peso
e os restantes 59 doentes tinham peso normal. A sobrevivéncia global mediana para
todos os doentes foi de 17,3 meses, enquanto a sobrevivéncia livre de progressao
mediana foi de 75 meses. A data da Ultima avaliacao 25% dos doentes obesos, 12,7%
dos doentes com excesso de peso e 3,4% dos doentes com peso normal estavam
vivos, sendo que 6,3% dos doentes obesos e 59% dos doentes com excesso de
peso nao tinham evidéncia de doenca da ressonancia cerebral de controlo enquanto
todos os doentes com peso normal tinham tido progressao da doenga. Os nossos
resultados vao de encontro aos de Potharaju e col. e o impacto prognostico positivo
do IMC > 30 kg/m2 teve uma significancia estatistica similar a idade jovem e a
remocao completa do glioblastoma. O que parece suceder é que os doentes com
IMC elevado tém maior probabilidade de desenvolverem cancro, mas apdés o seu
desenvolvimento passa a ser um fator de melhor prognoéstico. E o chamado paradoxo
da obesidade. Numa tentativa de tentar perceber este paradoxo, Sanchez e col. num
estudo de coorte de 5 estudos clinicos diferentes, tentaram objetivar as diferencas
no transcriptoma entre o tecido tumoral e peritumoral nos doentes com carcinomas
de células renais tanto no local primario como nas zonas de metastizacao em doentes
com peso normal e obesos. As diferencas que encontraram forma no sentido do
aumento da atividade angiogénica tumoral e da inflamacao peritumoral nos doentes
obesos (Sanchez A, 2019). Estes resultados surgem muito a contracorrente uma vez que
que estes achados pro-inflamatorios deveriam contribuir para uma diminuigcao da
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sobrevivéncia e nao o seu contrario. Por outro lado, poderemos argumentar que o
doente com maiores reservas de gordura tera uma capacidade maior de resisténcia
a agressividade dos tratamentos de quimioterapia, sendo que o desgaste se inicia
por ai e nao pela estrutura proteica.Também parece existir uma relagao inversa entre
a expressao da sintetase de acidos gordos (FAS) e o aumento da sobrevivéncia em
doentes com cancro, sendo que este gene estd sobexpresso nos doentes obesos.
Pelo contréario, a sua sobrexpressao associa-se a uma maior agressividade tumoral
e a um pior progndstico uma vez que parece promover a proliferagao celular e
inibir a apoptose (Horiguchi A, 2008). A expressao da FAS é estimulada pelas vias
de sinalizacdo EGF/EGFR, que estao também bastante ativas no glioblastoma. O
estado nutricional parece ter uma relacao direta com o estado inflamatorio. A
inflamacao leva a hipoalbuminémia pela diminuicao da sua producao e aumenta
a permeabilidade capilar com maior extravasamento da albumina para o espaco
extracelular e consequente diminuicao do efeito antioxidante contra antigénios
tumorais e criacao de condicoes para a proliferacao celular aberrante. A inflamacao
causa também imunossupressao pela inibicao dos linfécitos que sao células efectoras
essenciais na imunidade antitumoral, inibindo a proliferagao, a invasao e a migragao
das células cancerigenas. O indice progndstico nutricional (PNI), que conjuga o valor da
albumina com o valor dos linfocitos, é outro marcador que pode ser usado para mostrar
esta intrincada ligacao entre o microambiente tumoral e a resposta imune sistémica, e foi
comparado com o RNL enquanto biomarcador de progndstico, tendo mostrado nalguns
estudos, uma associacao mais fiavel com a sobrevivéncia global e com a sobrevivéncia
livre de progressao, além de ser um valor preditivo positivo da eficacia do tratamento
adjuvante, sendo que houve correlagao significativa entre uma menor sobrevivéncia
livre de progressao e um baixo PNI pds-operatorio e entre uma pior sobrevivéncia
global e um baixo PNI pré-operatdrio, mas estes resultados nao se confirmaram na
andlise multivariada. Este trabalho esteve em consonancia com outros resultados atuais
que mostram que o PNI pré-operatério nao é um preditor independente significativo de
sobrevivéncia global nos doentes com GBM (Garrett C, 2021).

Apesar dos estudos exaustivos genéticos, moleculares e metabdlicos, o seguimento
dos doentes com glioblastoma continua a ser predominantemente clinico e
imagioldgico, baseado em imagens de ressonancia magnética e PET, nao havendo
forma de diagnéstico precoce de evolucao tumoral. Fazendo uma pesquisa exaustiva
da literatura usando as bases de dados MEDLINE e Cochrane, entre janeiro de 2005
e dezembro de 2018, usando os termos “glioma, serum biomarkers”, considerando
apenas artigos em lingua inglesa e dados coletados em glioblastomas humanos,
identificamos 174 artigos. Destes, apenas 39 artigos abordavam especificamente
potenciais biomarcadores séricos, 30 estudos eram prospetivos, 5 estudos retros-
petivos e 4 estudos de revisao, correspondendo a 52 moléculas diferentes e 30
delas apenas eram referidas uma vez. Dividimos os biomarcadores em categorias
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especificas, embora varios deles tenham varias funcoes e sendo estas categorias

altamente inter-relacionadas:

(b) sistema imune;
(c) inflamacao;
(d) estado nutricional;

(e) marcadores de coagulacao.

(a) proliferacao vascular e crescimento celular;

Tabela 2. Serum biomarkers reported in the literature with potential application in glioblastoma.

Vascular Immune . .
) X Cell growth Inflammatory Coagulation Nutritional
proliferation System
BMP-2 a2HS glycoprotein CD23 CD14 Fibrinogen IGFBP-2
CXCL 10 BMVIP2 Albumin CD23 ETC Albumin
. . . Prothrombin
Haptoglobin o2 Cathepsin D Ratio N-L IgE
factors
Metallo- . . .
. CXCL10 Ratio P-L Osteopontin TF (tissue factor)
proteinase 9
Osteopontin EGFR Amyloid A1 Recoverin
YKL-40 GFAP TGF-B
Metallo-
VEGF . TNF-a
proteinase 9
PDGF-b Osteopontin IL-6
TGF-B Recoverin
TNF-a PDGF-b
IGF-1
TGF-p
TSPI
TNF-a
IL-8

Dos varios potenciais biomarcadores de glioblastoma, o YKL-40 emergiu como
particularmente promissor em varios estudos, sugerindo que pode ser util como um
preditor de prognostico podendo vir a ter um papel no diagnéstico e monitorizacao
de doentes com glioblastoma. Embora uma ativacao significativa dos processos
inflamatoérios, de angiogénese, de proliferacao celular e de coagulacao tivessem sido
demonstrados em doentes com glioblastoma, nenhum dos marcadores circulantes
relatados pode ser associado a um resultado clinico especifico.Talvez por este motivo
€ que nenhum destes marcadores foi implementado na rotina clinica e, portanto, nao
tem valor clinico. A heterogeneidade da doenca e do doente podem contribuir para
a falta de consisténcia dos resultados, associado ao facto de muitos estudos terem
um numero reduzido de doentes e a falta de padronizacao na colheita de amostras,
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diferentes métodos de quantificacao e falta de validagao de resultados. Também o
facto de muitos dos biomarcadores terem sido colhidos apenas no pré-operatorio,
sem avaliacao longitudinal ao longo do curso da doenga, leva a que nao possam ser
considerados no seguimento evolutivo, nao podendo ter valor de diagndstico ou
progndstico. Por ultimo, convém referir que um subconjunto importante de doentes
com GBM tem niveis séricos normais destes marcadores. No contexto complexo de
gliomagénese, progressao e recrescimento, com uma rede multifatorial envolvendo
proliferacao vascular, crescimento celular, fatores inflamatorios, imunolégicos, de
coagulagao e nutricionais, tentar abordar apenas um fator que poderia funcionar
como um biomarcador de diagndstico, prognostico ou estado da doenga poderd
ser impossivel e apenas um conjunto de biomarcadores pode realmente fornecer
dados adequados e informacao mais precisa. No entanto, no momento, isto nao é
facilmente executavel dada a duracao do processo e os custos envolvidos, o que o
torna inadequado para cada doente em particular.

No cumprimento do objetivo 4, servindo de base para novas investigagdes iniciamos:

e Um projeto de ciéncia basica com o objetivo de pesquisar no sangue periférico
do DNA tumoral circulante. Este projeto esta na fase de inicio tendo sido obtido
colheitas de sangue periférico em 13 doentes e colheita de tecido tumoral em 7
doentes;

e Um projeto de investigacao clinica que consiste num estudo prospetivo da
avaliacao sequencial dos valores hematoldgicos como fator de progndstico nos
doentes com glioblastoma;

e Um projeto de investigacao clinica que consiste num estudo prospetivo da
pseudoprogressao como fator de progndstico nos doentes com glioblastoma.

E pretendemos fazer uma mudanca de paradigma em termos de investigagao de
translacao — em vez de estudar o que corre bem, estudar o que corre mal:

e Avaliar das caracteristicas genéticas, moleculares e clinicas dos doentes com
glioblastoma “short survivors” e compara-lascom os “normal” e os “long survivors”
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O glioblastoma é um tumor complexo. E o tumor cerebral primario maligno mais
frequente, mas apesar disso € um tumor raro na populacao. O seu comportamento
bioldégico agressivo cria dificuldades na investigacao clinica pelo seu rapido
desenvolvimento com um periodo sintomatologico pré-tratamento muito curto,
pela deterioracao clinica e neuroldgica rapida, pelos periodos de seguimento curtos,
pela auséncia de marcadores especificos de evolucao, pela fraca resposta aos
tratamentos existentes e pela diferenca de resultados entre os estudos laboratoriais
e 0s ensaios clinicos.

A investigacao bésica tende a ter uma maior preponderancia na procura de um
diagndstico mais especifico, na melhor caracterizacao genética e molecular e na
caracterizagao dos fatores de risco e de prognostico. A investigacao clinica tem-se
dedicado mais a monitorizagao da evolucao e a orientacao terapéutica.

Torna-se imperioso aintegracao da investigacao basica nos aspetos clinicos da mesma
forma que a investigagao clinica tem que passar a dar resposta aos aspetos basicos.
So6 assim poderemos ousar dar uma resposta mais eficaz a esta patologia. Apesar
de todos os esforcos desenvolvidos e dos 46340 resultados na Pubmed com o termo
“glioblastoma’, a sobrevivéncia global destes doentes pouco melhorou nos ultimos
anos, o que tem mantido aberto o debate sobre sacrificar a maior sobrevivéncia em
troca duma melhor qualidade de vida, uma vez que os tratamentos de segunda linha
tém pouco a acrescentar em termos de sobrevivéncia global.

Muitos avancos foram dados ao nivel genético e molecular, tendo sido determinados
multiplos fatores de risco de desenvolvimento e de progndstico do glioblastoma,
mas a sua aplicabilidade clinica tem sido muito baixa. Uma questao que permanece
em aberto, mas que parece nao merecer a atencao dos investigadores é o facto
de os estudos efetuados com o bevacizumab terem mostrado um aumento da
sobrevivéncia livre de progressao sem aumento da sobrevivéncia global. Isto
levou a que a Agéncia Europeia do Medicamento nao tivesse aprovado o uso do
bevacizumab na recidiva, mas fica por explicar o motivo pelo qual estes doentes
apods a recidiva vivem menos que os doentes a quem nao tinha sido administrado
bevacizumab. O que explica que os doentes que tém uma primeira sobrevivéncia
livre de progressao maior, apresentam uma segunda sobrevivéncia livre de
progressao menor e vice-versa?

A necessidade de se encontrar um biomarcador de progndstico e seguimento dos

doentes com glioblastoma esteve na base do desenvolvimento desta dissertacao.
Testamos modelos imagioldgicos, genéticos e metabdlicos.
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O critério fundamental no que diz respeito ao potencial valor clinico de um candidato
a biomarcador de cancro é a consisténcia e forca da associagao entre o biomarcador
e o resultado da doenca de interesse, sendo necesséario trazer uma informacao

adicional ou uma melhoria as ferramentas existentes.

Apesar de todos os esforcos, até a data, nao ha biomarcadores no sangue ou no
liquor para a detecao, acompanhamento ou progndstico dos glioblastomas.

Mesmo marcadores com importancia prognostica, como a mutacao do gene IDH ou
a metilacao do gene promotor do MGMT, nao sao capazes de prever a resposta a
um tipo particular de tratamento.

Marcadores moleculares Unicos sao, na sua maioria, insuficientes para acompanhar a
dinamicade doencas como o cancro e deverao ser substituidos por perfis de marcadores.
Quando em conjunto, as concentracoes séricas de certas proteinas poderao indicar a
presenca de um glioblastoma com alta sensibilidade e especificidade.

A maioria dos marcadores estdo envolvidos em varios processos fisiologicos e
patoldgicos e nao sao especificos dos glioblastomas, acabando por contrariar o
conceito de biomarcador.

O facto de a extensao da remocao permanecer um dos fatores de progndstico mais
importantes poe a ténica num aspecto puramente mecanico e independente das
alteragoes genéticas e moleculares, bem como das caracteristicas demograficas
dos doentes como a idade, o género ou a raca. Mais importante é que o grau de
remocao cirurgico se mantém como fator de prondstico importante na recidiva. Faz-
nos levantar a questao se o parco acréscimo da sobrevivéncia global nao podera
ter apenas relagao com a melhoria da técnica cirdrgica e com a introducao de
adjuvantes cirdrgicos como o microscoépio cirdrgico, a neuronavegacao, a ecografia
intra-operatoria ou a fluorescéncia com acido 5-aminolevulinico. Na realidade
o tratamento médico continua a levantar muitas duvidas quanto a sua eficacia e
poucas certezas quanto as melhores opg¢oes a utilizar. Questoes como a duragao
do tratamento adjuvante com temozolamida, 6 ciclos ou 12 ciclos, a eficacia de
farmacos anti-angiogénicos como o bevacizumab ou a utilizacao de imunoterapia
estao ainda longe de serem resolvidas. Nao falando da introducao dos tumor
treating fields que trouxeram uma ligeira melhoria na sobrevivéncia global e que
atuam, mais uma vez, duma forma fisica.

A persisténcia das incertezas é, mais que tudo, um fator motivador para a
continuacgao da procura de respostas a cada vez mais duvidas que se levantam e dai
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ser absolutamente essencial a manutencao da investigacao basica que pretendemos
desenvolver a nivel do ADN tumoral circulante, a mudanga de paradigma na
investigacao de translacao comecgando por perceber o que distingue os extremos
avaliando as caracteristicas genéticas, moleculares e clinicas dos “short survivors”
e compara-las com os “normal” e os “long survivors” e a continuacao da procura
de biomarcadores clinicos em sangue periférico que permitam a monitorizacao da
evolucao da doenca.
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Abstract. Glioblastoma (GBM) is the most common and
aggressive primary brain tumor. The identification of novel
molecular prognostic markers of GBM has recently been an
area of great interest in neuro-oncology. The methylation
status of the MGMT gene promoter is currently a promising
molecular prognostic marker, but some controversial data have
precluded its clinical use. We analyzed MGMT methylation
by methylation-specific PCR in 90 GBM patients from four
Portuguese hospitals, uniformly treated with radiotherapy
combined with concomitant and adjuvant temozolomide
(Stupp protocol). The Kaplan-Meier method was used to
construct survival curves, and the log-rank test and a Cox-
regression model were used to analyze patient survival. The
methylation status of MGMT was successfully determined in
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89% (80/90) of the tumors. The frequency of tumoral MGMT
promoter methylation was 47.5%. The median overall
survivals (OSs) were 16 months (95% CI 12.2-19.8) and 13
months (95% CI 13.3-18.7) for patients whose tumors had a
methylated or unmethylated MGMT, respectively. Univariate
and multivariate analyses did not show any statistically
significant association between MGMT methylation status
and patient OS (P=0.583 by the log-rank test; P=0.617 by the
Cox-regression test) or progression-free survival (P=0.775 by
the log-rank test; P=0.691 by the Cox-regression test). None
of the patient clinical features were significantly correlated
with survival. This is the first study to report the frequency of
MGMT methylation among Portuguese GBM patients. Our
data did not show statistically significant associations between
MGMT promoter methylation and the outcome of GBM
patients treated with temozolomide. Additional robust
prospective studies are warranted to clarify whether the
MGMT status should be used in clinical decisions.

Introduction

Tumors of the central nervous system account for a small
percentage of all types of human tumors (1), but encompass a
wide variety of distinct disease entities (2). Data from the
GLOBOCAN 2002 database report an incidence of brain and
central nervous system tumors in Portugal of ~422 cases per
year in males and ~362 cases per year in females (3). Gliomas
are the most common primary brain tumors (2,4) and
encompass a wide variety of tumors thought to originate either
from stem cells, glial precursor cells or glial differentiated
cells. Astrocytomas are the major histological subtype,
accounting for ~75% of all gliomas (4), of which GBM
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(WHO grade IV) is by far the most common and malignant.
The highly infiltrative nature coupled with the high prolifer-
ative potential causes this tumor to be particularly devastating,
for which no curative therapies are currently available (5,6).
Two main subtypes of GBM can be distinguished based on
their clinical presentation: the most common subtype, primary
(or de novo) GBM, develops without the presence of any
precursor neoplastic lesion and manifests after a short clinical
history (usually less than 3 months); secondary GBMs are
much rarer and develop from lower grade tumors (2,7).

Despite recent improvements in therapeutic approaches,
treatment still remains mostly palliative, and GBM patients
usually present an extremely poor prognosis. The median
survival is typically reported to be ~12 months in clinical
trials (2), but a large population-based study in 2004 reported
a median survival for these patients of ~5 months, with only
~18% and ~3% of the patients surviving over 1 and 2 years,
respectively (8). The current paradigm of therapy for patients
with newly diagnosed GBM includes surgical resection
(when feasible), radiotherapy and chemotherapy. A phase III
trial by Stupp et al clearly showed that GBM patients treated
with radiotherapy combined with concomitant and adjuvant
temozolomide (TMZ, an orally administered alkylating
agent), also known as TMZ-based chemoradiation, had an
increased overall survival (OS) compared with patients treated
with radiotherapy alone (9), establishing a new standard in the
management of these tumors. Despite a significant improve-
ment, it is important to note that this treatment resulted in a
small difference in overall survival. In order to improve the
clinical outcome of these patients, it is widely acknowledged
that the ideal treatment of GBMs must be individualized, based
on the particular features of the tumor. Indeed, the prognosis of
these patients is quite variable and unpredictable. Some of
the most well-established prognostic markers in GBM
include patient clinical features, such as age, Karnofsky
performance status (KPS) (10) and extent of tumor resection;
however, these markers do not satisfactorily predict patient
outcome (11). One of the major goals of current neuro-
oncology research is to identify robust and clinically relevant
molecular markers that can add value to those more classic
clinical prognostic factors.

MGMT (O-6-methylguanine-DNA methyltransferase), a
gene located on chromosome 10q26, encodes a DNA-repair
enzyme that has been shown to contribute to the chemo-
resistance of GBM cells to alkylating agents (12). Specifically,
a landmark study by Hegi et al showed that GBM patients
whose tumors had a methylated MGMT promoter presented a
significantly longer median OS (21.7 months) and 2-year
survival rate (46%) when treated with TMZ-based chemo-
radiation compared with patients without MGMT promoter
methylation who were treated similarly (median survival of
12.7 months and 2-year survival rate of 13.8%) (13).
Additionally, in the data set of Hegi et al, MGMT promoter
methylation was an independent favorable prognostic factor,
irrespective of treatment. Due to its potential prognostic value,
the assessment of MGMT methylation status is currently a
common practice in clinical trials involving GBM patients
(14). Despite these striking findings, there is a significant
body of controversial data surrounding the reproducibility of
these results, questioning the true implication of MGMT as a

COSTA et al: MGMT PROMOTER METHYLATION AND OUTCOME OF GLIOBLASTOMA PATIENTS

Table 1. Clinicopathological features of glioblastoma patients
treated with temozolomide-based chemoradiation (n=90).

Male/female ratio 1.9
Age, years (median + SD) 5611
Karnofsky performance score
>80 (n) 48
<80 (n) 42
Extent of resection
Total or subtotal (n) 81
Biopsy (n) 9

n, number of patients.

GBM prognostic marker and/or a specific predictor of TMZ-
based chemotherapy (15-17). In this context, we aimed to
assess the frequency and clarify the prognostic capacity of
MGMT promoter methylation in a set of Portuguese GBM
patients uniformly treated with TMZ-based chemoradiation.

Materials and methods

Human tumor samples. Human tumor samples were obtained
from primary GBM patients newly diagnosed according to
the WHO criteria (2) and surgically resected between 2004
and 2007 at 4 hospitals in northern Portugal: Hospital Sao
Jodo (n=36), Hospital Pedro Hispano (n=33), Hospital Santo
Anténio (n=11) and Hospital Sdo Marcos (n=10). All patients
underwent radiotherapy plus continuous concomitant TMZ
after surgery, followed by maintenance cycles of TMZ,
according to the Stupp protocol (9). Extension of tumor
resection was assessed by the neurosurgeon and by post-
operative magnetic resonance imaging (MRI) and were
classified as gross resection (total or subtotal) or biopsy. The
clinicopathological features are summarized in Table 1. All
procedures followed in this study were in accordance with
institutional ethical standards, and the biological samples
were unlinked and unidentified from their donors. Follow-up
data were available for all patients as of July 2008, and were
collected through direct interview with patients or their
relatives and by review of in-hospital patient files.

DNA isolation. DNA was isolated by macrodissection from
10-um sections of formalin-fixed paraffin-embedded tumor
tissue samples, avoiding the harvesting of surrounding normal
brain tissue by comparing each slide with the corresponding
hematoxylin and eosin (H&E)-stained slide (marked for the
area of tumoral tissue) (18). The recovered tissues were
processed with the QIAamp® DNA Micro Kit (Qiagen)
following the manufacturer's instructions. DNA quality control
and yield were assessed by spectrophotometry using
Nanodrop™ .

DNA bisulfite treatment and MGMT methylation-specific
PCR analysis. Genomic DNA was subjected to bisulfite
treatment using the EZ DNA Methylation-Gold™ Kit (Zymo
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Table II. Associations between clinical features or status of tumoral MGMT promoter methylation and prognosis of GBM
patients, assessed by univariate (log-rank test) and multivariate (Cox-regression) analyses.

Overall survival

Progression-free survival

Median (95% CI)* P-value P-value Median (95% CI)* P-value P-value
(Log-rank) (Cox) (Log-rank) (Cox)

Gender

Males 14 (10.6-17.4) 9(6.9-11.1)

Females 14 (11.6-16.4) 0.436 0.807 9(59-12.1) 0.864 0.990
Age®

>56 13 (9.5-16.5) 9(69-11.1)

<56 14 (11.0-17.0) 0978 0.951 10 (8.0-12.0) 0.754 0431
KPS

>80 16 (14.2-17.8) 10 (7.2-12.8)

<80 12 (9.8-14.2) 0.165 0311 8(5.7-10.3) 0.096 0.125
Extent of resection

Total or subtotal 13 (10.4-15.6) 9(7.5-10.5)

Biopsy 16 (13.3-18.7) 0.458 0.481 6(1.1-10.9) 0.942 0.930
MGMT status

Methylated 16 (12.2-19.8) 9(5.0-13.0)

Unmethylated 13 (11.1-14.9) 0.583 0.617 10 (8.1-12.0) 0.775 0.691

“Median survival and 95% confidence intervals, in months. "Patient age was used as a continuous variable for the Cox-regression model.

KPS, Karnofsky performance status.

Research) following the manufacturer's instructions. The
promoter MGMT methylation-specific polymerase chain
reactions (MSP) were performed using a two-step nested
approach, and the results were confirmed by one-step MSP in
a subset of tumors as previously described (13,19). Peripheral
blood DNA from tumor-free controls and CpGenome™
Universal Methylated DNA (Chemicon International) were
used as MGMT unmethylated and methylated controls,
respectively. The PCR products were resolved on 4% low-
melting point agarose gels. Analysis of MSP data was
performed by investigators who were blind to the clinical
data.

Statistical analyses. The Kaplan-Meier method was used to
estimate OS and progression-free survival (PFS), and the log-
rank test was used to assess the differences. OS was measured
from the time of surgical resection to patient death, or the last
date when the patient was known to be alive. PFS time was
defined as the time from surgical resection to the time of
demonstrated tumor growth on follow-up imaging, or evidence
of neurological decline. Multivariate survival analyses by use
of Cox proportional hazards models (backward selection)
were performed to adjust for the effects of potential
confounding factors, including patient age (used as a
continuous variable), gender, KPS and extent of tumor
resection. All statistical tests were two-sided, and
significance was considered at values of P<0.05. Data
analysis was performed using SPSS 16.0 software (SPSS,
Inc.).

Results

Patient clinical features which may have an effect on
prognosis, such as gender, age at diagnosis, KPS and extent
of tumor resection, are summarized in Table 1. The tumoral
MGMT methylation status was successfully determined by
MSP in 80 tumor samples (89%), of which 38 GBMs (47.5%)
had a methylated MGMT promoter. Fig. 1 presents a typical
MSP analysis of the methylation status of the MGMT
promoter.

Considering the whole tumor set, independently of
clinical features or MGMT methylation status, the median OS
and PFS were 14 months (95% CI 11.5-16.5) and 9 months
(95% CI 7.5-10.5), respectively. The overall 2-year survival
rate was 16.7%. Table II summarizes the median OS and
median PFS of patients based on clinicopathological features
(gender, age, KPS and extent of tumor resection) and MGMT
methylation status. By using the log-rank test, no statistically
significant associations were detected between each individual
variable and GBM patient OS or PFS (P>0.05) (Table II).
Similarly, a multivariate Cox proportional model did not
show any statistically significant correlation between the
studied variables and GBM patient outcome (P>0.05) (Table II).
Nevertheless, patients whose tumors had a methylated MGMT
promoter showed a slightly improved median OS of 16 months
(95% CI 12.2-19.8) as compared to patients with an unmeth-
ylated MGMT promoter (13 months, 95% CI 11.1-14.9;
Fig. 2), but the differences were not statistically significant
(P=0.583 by the univariate test; P=0.617 by the multivariate
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Figure 1. Methylation-specific PCR (MSP) analyses of the MGMT promoter
in glioblastoma tumor tissue from three patients (GBM 1, GBM 2 and GBM 3).
MSP control reactions consisted of blood-extracted DNA from a cancer-free
individual for use as the umethylated DNA control (Unm.), and a CpGenome
Universal Methylated DNA as the methylated DNA control (Met.). Note the
presence of bands in both the unmethylated (U, 93 bp) and methylated (M,
81 bp) lanes for glioblastoma samples 1 and 3, reflecting a methylated
MGMT promoter. The lack of a band in the lane corresponding to methyl-
ation-specific primers for glioblastoma sample 2 reflects the absence of
MGMT promoter methylation. PCR reactions in the absence of DNA (H,0)
were performed as negative controls for both the unmethylated and
methylated reactions.

model; Table II). The median PFS was closely similar
between patients whose tumors had methylated (9 months,
95% CI 5.0-13.0) and unmethylated (10 months, 95% CI
8.1-12.0) MGMT promoter (P=0.775 by the log-rank test;
P=0.691 by the Cox model; Table II). The 2-year survival
rate was 15.8% and 16.7% in patients with methylated and
unmethylated MGMT, respectively (P=0.915).

Discussion

GBM is a particularly devastating disease as no curative
therapies are available, and very few well-established
prognostic factors have been identified. Many recent efforts
in the field of neuro-oncology are directed to developing
more efficient therapies, but only a small fraction of patients
experience significant clinical benefit and prolonged survival.
Despite the variability of the clinical responses, the majority of
patients with GBM are presently treated in a uniform
standardized way, following a ‘one fits all’ therapeutic
approach, regardless of the individual molecular characteristics
of each tumor that most likely affect patient prognosis.
Consequently, many patients display minor responses and
major therapy-related toxicities.

The recent introduction of radiotherapy plus concomitant
and adjuvant TMZ treatment for GBM has led to a small but
significant improvement in patient outcome (9); however, the
responses are still very poor and unpredictable. While the
EORTC-NCIC trial by Hegi er al (13) implicated the status
of MGMT promoter methylation as a biomarker of GBM
patient response to TMZ, all GBM patients continue to be
treated with TMZ, regardless of their MGMT status (13). To
note, the conclusions of Hegi et al were somewhat confounded
and questioned due to several limitations of the study. First,
the studies were performed retrospectively on a subset of
patients from whom adequate tumor tissue was available.
Second, although the difference in survival based on MGMT
methylation status was highly significant, more than half of

COSTA et al: MGMT PROMOTER METHYLATION AND OUTCOME OF GLIOBLASTOMA PATIENTS

1.0
MGMT status
—Methylated

= 068 Unmethylated
= —+ Methylated-censored
9 = Unmethylated-censored
z
= 067
£
o
>
°
o
& 047
=
=
]
E
]
oz

0.0

T T T T
0 10 20 30 40 50
Time (months)

Figure 2. Kaplan-Meier analyses of the influence of MGMT promoter
methylation on overall survival of glioblastoma patients treated with
temozolomide-based chemoradiation. Patients whose tumors present a
methylated MGMT promoter (black curve) show a trend of improved overall
survival than patients whose tumors have an unmethylated MGMT promoter
(grey curve), but the differences did not reach statistical significance
(P=0.583 by the log-rank test; see text for details).

the methylated MGMT patients (with a predictably favorable
outcome) did not survive for 2 years, while ~15% of the
patients with unfavorable unmethylated MGMT did survive
over 2 years. Third, M\GMT methylation was associated with
improved outcomes both in the temozolomide-based chemo-
radiation and radiation-only arms, suggesting that it may
partly be a prognostic marker associated with the nature of
the tumor, rather than a truly therapy-specific predictive
marker. Lastly, many of the patients in the radiation-only arm
also received TMZ at recurrence. Regardless, this was a
landmark study suggesting that methylation of MGMT is
both a prognostic marker and a specific marker of response to
TMZ in GBM patients. Indeed, the conclusions of Hegi et al
were recently corroborated by a 5-year analysis of the
EORTC-NCIC trial, where Stupp et al (20) confirmed that
the methylation of the MGMT promoter is associated with
better outcome and benefit from TMZ chemotherapy. The
first study implicating a correlation between MGMT levels
and survival of malignant glioma patients dates back to 1998,
when Jaeckle et al showed that patients treated with BCNU
(a nitrosourea used as a chemotherapeutic agent) whose
tumors had low or undetectable levels of MGMT had an
improved survival as compared to those whose tumors had
detectable MGMT activity (21). Soon after, Esteller et al
reported for the first time that methylation of the MGMT
gene promoter led to loss of MGMT expression in human
tumors in vivo (22). In 2000, Esteller et al found that a
methylated MGMT promoter in malignant glioma was
associated with improved overall and PFS, independently of
patient age and KPS (12). Mechanistically, the ability of
functional MGMT protein to remove the cytotoxic chemo-
therapy-induced alkyl groups from the O°-guanine of DNA,
and thus prevent killing of tumor cells, supported the clinical
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Table III. Prognostic significance of MGMT methylation in glioblastoma reported in the literature.
Author (Reference)  Year n Treatment Effect of MGMT
methylation on survival®
PFS [ON)
Esteller, e al (12) 2000 29 BCNU Yes Yes
Balana, et al (16) 2003 21 TMZ + cisplatin (n=7) NS ND
BCNU (n=7) Yes ND
No treatment (n=3) ND ND
Paz, et al (26) 2004 51 BCNU or CCNU or TMZ NS NS
Hegi, et al (27) 2004 38 Concomitant + adjuvant TMZ ND Yes
Blanc, et al (28) 2004 44 BCNU or fotemustine (n=2); radiation-only (n=14);
Radiation + chemotherapy (BCNU or fomustine) (n=22);
No treatment (n=6) NS NS
Kamiryo,etal (17) 2004 74 ACNU NS NS
Watanabe, et al (29) 2004 29 TAR regimen Yes Yes
Hegi, et al’ (13) 2005 100 Radiotherapy only ND Yes
106 Concomitant + adjuvant TMZ Yes Yes
Brandes, ef al (42) 2006 22 (recurrent GBMs) TMZ after recurrence NS NS
Herrlinger, et al (31) 2006 19 CCNU + TMZ Yes Yes
Piccirilli, er al (41) 2006 22 (=80 years) Chemotherapy not specified ND Yes
Wick, et al (30) 2007 36 Alternating weekly TMZ NS NS
Eoli, et al (33) 2007 86 1st line cisplatin + BCNU;
PCV or TMZ after recurrence Yes Yes
Criniere, et al (32) 2007 39 Concomitant + adjuvant nitrosureas ND Yes
38 Adjuvant nitrosureas ND NS
85 Radiotherapy only ND NS
Donson, et al (40) 2007 10 (pediatric GBM) TMZ (n=7) or etoposide (n=3) Yes Yes
Brandes, et al (45) 2008 103 Concomitant + adjuvant TMZ Yes Yes
Smith, et al (48) 2008 27 Gliadel wafers ND Yes
Murat, et al (39) 2008 42 Concomitant + adjuvant TMZ Yes Yes
Sijben, et al (50) 2008 29 (=65 years) Concomitant + adjuvant TMZ NS NS
Gorlia, et al® (35) 2008 106 Concomitant + adjuvant TMZ ND Yes
Dunn, et al (44) 2009 109¢ Concomitant + adjuvant TMZ Yes Yes
Brandes, et al (23) 2009 37 (=65 years) Concomitant + adjuvant TMZ Yes Yes
Clarke, et al (46) 2009 48 TMZ (metronomic versus dose-dense) NS NS
Wemmert, et al (36) 2009 27 TMZ after recurrence ND NS
Stupp, et al’ (20) 2009 100 Radiotherapy only ND Yes
106 Concomitant + adjuvant TMZ Yes Yes
Glas, et al (38) 2009 23 CCNU + TMZ Yes Yes
Park, et al (47) 2009 48 ACNU + cisplatin ND NS
Prados, et al (37) 2009 44 Erlotinib + TMZ ND Yes
Sadones, et al (49) 2009 22 TMZ after recurrence NS NS
Schaich, et al (43) 2009 61 Concomitant + adjuvant TMZ NS NS
Sonoda, et al (25) 2009 304 ACNU Yes Yes
Mellai, et al (24) 2009 101 Not specified ND Yes/No®
Metellus, et al (51) 2009 19 (recurrent GBMs) Carmustine wafers Yes Yes
Grossman, et al (52) 2009 29 Concomitant + adjuvant TMZ and talampanel Yes Yes
Martinez, et al (53) 2009 46 T™Z ND NS
Piperi, et al (54) 2009 17 Not specified ND Yes®
Weller, et al (55) 2009 63 Radiotherapy-only NS NS
183 Concomitant + adjuvant TMZ Yes Yes

n, number of patients; PES, progression-free survival; OS, overall survival; NS, not significant; ND, not determined; ACNU, 3-[(4-amino-2-methyl-
S-pyrimidinyl)methyl]-1-(2-chloroethyl)- I-nitrosourea hydrochloride (nimustine); BCNU, 1,3-bis-(chloro-ethyl)- 1-nitrosourea (carmustine, Gliadel);
CCNU, 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea (lomustine); IAR, IFN-B, ACNU and radiotherapy; PCV, procarbazine, lomustine and
vincristine; TMZ, temozolomide. *Only statistically significant results (P<0.05) are considered. *These studies analyzed the same tumor set from the
EORTC-NCIC trial. ‘MGMT promoter was considered methylated by pyrosequencing when 9% of CpG dinucleotides were methylated. “The set of
30 GBM patients in this study compared long-term and short-term survivors only. “Statistically significant by univariate analysis, but not significant
by multivariate analysis. ‘MGMT methylation status was determined by a microarray-based DNA methylation analysis. tPatients with a methylated
MGMT promoter had a significantly worse prognosis than unmethylated cases.
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finding that lack of MGMT expression was associated with
improved outcomes. Whether this molecular marker should
ultimately direct the treatment of newly diagnosed patients is
still a fundamental and controversial question. Much of the
controversy surrounding the prognostic value of MGMT is
partly due to studies including very heterogeneous groups of
patients with different glioma subtypes and who underwent
different treatment regimens. In addition, not all studies
analyzed the MGMT status at the level of DNA methylation in
the promoter region by methylation-specific polymerase
chain reaction (MSP); some studies focused on mRNA
expression by RT-PCR and protein levels by immuno-
histochemistry and quantitative immunofluorescence (15).
Nevertheless, contradictory results are also reported even in
studies that evaluated the influence of MGMT promoter
methylation on the prognosis of patients with GBM (Table III)
(12,13,16,17,20,23-55).

In our study, we attempted to clarify whether MGMT
methylation is a biomarker of clinical outcome in GBM
patients treated with the recently introduced TMZ-based
chemoradiation protocol and how it compares to the
prognostic value of classic clinicopathological factors. By
studying a set of 90 GBM patients from northern Portugal,
we were unable to detect any significant correlations between
patient clinical features, MGMT methylation status and
prognosis. Other studies have also failed to show such
correlations (Table IIT). To note, the frequency of MGMT
promoter methylation in our data set is similar to the
previously reported frequencies (13,23,30,33,35.,55).
Additionally, the median OS and median PFS in our set of
GBM patients are in line with other recently published
studies (20,23,55). Some possible limitations of our study
include the relatively small sample size, which may be a
limiting factor in achieving statistical significance, and the
fact that we analyzed a multicenter tumor set collected from
4 independent institutions. Nevertheless, our sample size
compares favorably with other similar studies published in
the literature (Table III); additionally, our population-based
study is likely to closely illustrate the difficulties in identifying
significant determinants of patient survival, as this type of
study is typically less controlled and more heterogeneous
than well-designed prospective clinical trials. Obviously, the
argument that MGMT methylation does not predict GBM
patient response to this therapeutic regimen is still equally
valid. It is also relevant to stress that the most appropriate
method to assess MGMT status in gliomas is quite contro-
versial. Validated and commercially available MGMT
methylation assays have not yet been approved for clinical use
and may indeed be technically challenging. In spite of a recent
report arguing in favor of the feasibility and reliability of
nested, gel-based methylation-specific PCR (MSP) analysis,
suggesting it could be routinely implemented in the clinical
setting (56), the use of MSP is often considered not to be so
straightforward (57-60). Its use has raised some concerns due
to inter- and intra-test variability and sensitivity and specificity
issues (57,59). One recent report argues that a quantitative
MSP test for MGMT methylation is more specific than
conventional gel-based MSP (61). Furthermore, MGMT
silencing can occur through methylation of specific cytosines
within the CpG island (62); thus, it is important to determine
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which CpG dinucleotides are the most predictive of potential
MGMT silencing. A recent study using pyrosequencing
methylation analysis argues that a new set of CpG dinucleo-
tides in the MGMT promoter CpG island is more robust in
predicting gene silencing than those classically tested by the
MSP assay (63). Conceptually, while a methylated MGMT
promoter precludes gene expression, the absence of such
methylation does not necessarily translate into activation of
gene expression, as specific transcription factors [e.g., Spl
(64) and TP53 (65)], permissive chromatin states (64,66-69),
and absence of negative transcriptional regulators (e.g., IFN-B)
are also required. Additionally, it is reasonable to assume
that, given the heterogeneity of MGMT expression within
individual tumors, a fraction of the cells within the entire
tumor load may lack MGMT expression, despite an
unmethylated MGMT status, and may therefore be sensitive
to temozolomide. A recent study also suggests that variation
in MGMT promoter methylation can occur within the same
tumor after treatment (70), stressing that clinical decisions
based on MGMT require caution. Despite these consider-
ations as well as the consensual belief that additional
molecular markers of GBM patient outcome are important in
determining the tumor response to therapy, if the relevance of
MGMT promoter methylation status in GBM is corroborated
by an ongoing phase III large study by the Radiation Therapy
Oncology Group (RTOG 0525), patients with unmethylated
MGMT promoter may be selected for alternative treatment
options in the future. Potential alternative strategies to
overcome MGMT-mediated chemoresistance include: (i) use
of temozolomide together with MGMT-inactivating drugs
(71,72) such as O%-benzylguanine (73,74) or inhibitors of
other DNA repair enzymes; and (ii) use of dose-intensive
temozolomide regimens (71) which deplete MGMT levels
more rapidly than lower doses (75).

In conclusion, our study is the first to report the frequency
of tumoral MGMT promoter methylation among Portuguese
GBM patients and to analyze the correlations between clinical
features, MGMT status and outcome in a set of patients
uniformly treated with concomitant and adjuvant TMZ
chemoradiation. In light of our data, together with the
controversies reported in the literature, further studies are
warranted to clarify the clinical prognostic relevance of
MGMT methylation in GBM.
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Abstract

Background: The epidermal growth factor receptor (EGFR) regulates important cellular processes and is
frequently implicated in human tumors. Three EGFR polymorphisms have been described as having a
transcriptional regulatory function: two single-nucleotide polymorphisms in the essential promoter region,
—216G/T and —191C/A, and a polymorphic (CA),, microsatellite sequence in intron 1. We aimed to elucidate
the roles of these EGFR polymorphisms in glioma susceptibility and prognosis.

Methods: We conducted a case-control study with 196 patients with glioma and 168 cancer-free controls.
Unconditional multivariate logistic regression models were used to calculate ORs and 95% confidence
intervals. A Cox regression model was used to evaluate associations with patient survival. False-positive
report probabilities were also assessed.

Results: None of the EGFR —216G/T variants was significantly associated with glioma risk. The —191C/A
genotype was associated with higher risk for glioma when the (CA),, alleles were classified as short for <16 or
<17 repeats. Independently of the (CA), repeat cutoff point used, shorter (CA), repeat variants were
significantly associated with increased risk for glioma, particularly glioblastoma and oligodendroglioma. In
all tested models with different (CA), cutoff points, only —191C/A genotype was consistently associated with
improved survival of patients with glioblastoma.

Conclusions: Our findings implicate EGFR —191C/ A and the (CA),, repeat polymorphisms as risk factors for
gliomas, and suggest —191C/A as a prognostic marker in glioblastoma.

Impact: Our data support a role of these EGFR polymorphisms in determining glioma susceptibility, with
potential relevance for molecularly based stratification of patients with glioblastoma for individualized

therapies. Cancer Epidemiol Biomarkers Prev; 20(12); 2610-7. ©2011 AACR.
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Introduction

Glioma is a broad category of tumors divided into
histologic subgroups based on the type of glial cell of
origin or morphologic similarities between tumor and
normal glial cells: astrocytomas (astrocytic lineage), oli-
godendrogliomas (oligodendroglial lineage), and oligoas-
trocytomas (mixed lineage) are the major subtypes,
whereas ependymomas (ependymal lineage) are less
common (1,2). They are the most common primary central
nervous system tumors and account for approximately
80% of those that are malignant (2), for which efficient
therapies are not available (3-5). Despite recent advances
in the field of neuro-oncology, the prognosis of patients
with glioma remains very poor (6); in particular, patients
with glioblastoma, the most common and aggressive
(WHO grade IV) form of glioma, present median survival
time ranging from 12 to 15 months and the majority die
within 2 years (5). Their etiology remains largely
unknown: so far, only exposure to high-dose therapeutic
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radiation has been firmly established as a risk factor, but
other plausible causes include genetic syndromes, familial
aggregation, and genetic polymorphisms (7, 8). Equally
mysterious are truly clinically relevant prognostic fac-
tors for patients with glioma; patient age and clinical
performance status are clearly associated with patient
outcome, but recent evidences suggest that molecular
traits of tumor may also be important determinants of
prognosis (9-11).

The epidermal growth factor receptor (EGFR) pathway
plays prominent roles in regulating cell growth, apopto-
sis, and differentiation, a process that is tightly regulated
in normal epithelial cells (12). Deregulation of this path-
way can occur, for example, via somatic EGFR mutations
(e.g., EGFRuIII), gene amplifications, and ligand-indepen-
dent constitutive stimulation signaling loops, and has
been implicated in several human tumors, including gli-
omas (13). Aberrant EGFR signaling may ultimately affect
major hallmarks of cancer including tumor growth, inva-
sion, malignancy, and prognosis (13-16). In addition to
these somatic molecular alterations, germ line polymor-
phic variants in the EGF/EGFR pathway have also been
implicated in tumor risk, therapy response, and patient
outcome (17-20). We have previously shown that a func-
tional EGF polymorphism (EGF +61) is associated with
glioma risk (19), which adds to the growing hypothesis
that polymorphisms in the EGFR pathway may be rele-
vant in the context of glioma.

Two single-nucleotide polymorphisms (SNP) were
recently found in the essential promoter region of the EGFR
gene (—216G/T and —191C/A), and the T variant in the
—216 SNP was shown to increase the promoter activity in
an Spl-dependent manner, resulting in higher gene expres-
sion both in vitro and in vivo (21). A study by Carpentier and
colleagues (22) implicated the —216T variant as a risk factor
for glioblastoma. Likewise, a highly polymorphic micro-
satellite sequence (CA), repeat was identified in the first
intron of EGFR (23). It has been proposed that transcrip-
tional activity of EGFR declines with increasing number of

(CA), repeats, suggesting that this polymorphism may
play a role in cancer susceptibility (24).

In the context of the widely acknowledged role of EGFR
signaling in gliomas and the functional relevance of par-
ticular EGFR polymorphisms, we investigated the rele-
vance of EGFR —216G/T, —191C/A, and (CA), repeat
polymorphisms in glioma susceptibility and patient prog-
nosis. To do so, we conducted a population-based case—
control study of 196 patients with glioma and 168 cancer-
free controls from Portugal.

Materials and Methods

Study population

We studied a total of 196 patients with glioma
recruited from Hospital S. Marcos, Braga, Hospital
S.Joao, and Hospital S. Anténio. Tumors were classified
by experienced neuropathologists according to WHO
standards (1). The control group is composed of 168
cancer-free individuals randomly selected from blood
donors’” bank. All patients and controls were from
Northwest Portugal and of Caucasian ethnicity. Table
1 summarizes the clinicopathologic features of patients
and controls. This study was conducted in accordance
with institutional ethical committees. Blood samples
were obtained following informed signed consent. All
the samples enrolled were unlinked and unidentified
from their donors.

Genotyping

Genomic DNA from patients with glioma was obtained
from blood (1 = 70) or formalin-fixed, paraffin-embedded
tumor samples (1 = 126) as previously reported (19).
EGFR —216G/T and —191C/A genotyping was carried
out by PCR amplification of the promoter region from
nucleotides —352 to —155 (Fw primer: 5-CTCCTCC-
TCCTCTGCTCCTC-3; Rv primer: 5-GGGGCTAGC-
TCGGGACTC-3'), followed by RFLP with BseRI and SacIl
respectively, as previously described (21). To evaluate

Table 1. Clinicopathologic features of gliomas and controls
Groups (WHO grade) Number of cases Age, y (mean + SD) Male/female ratio
Controls 168 442 + 15.6 1.43
Gliomas (II-1V) 196 52.0 + 141 1.28
Astrocytoma (II-1V) 136 54.3 +13.5 1.19
Diffuse astrocytoma (ll) 15 40.1 + 13.5 0.36
Anaplastic astrocytoma (Ill) 5 374+ 11.6 All males
Glioblastoma (IV) 113 56.8 + 12.1 1.31
Gliosarcoma (IV) 3 59.7 + 5.69 0.50
Oligodendroglioma (II-1l) 58 47.0 + 14.3 1.32
Oligodendroglioma (1) 30 42.2 + 16.1 1.31
Anaplastic oligodendroglioma (Ill) 28 52.0 £ 10.0 1.33
Oligoastrocytoma 2 42.0 + 8.49 1.00
Anaplastic oligoastrocytoma (1ll) 2 42.0 + 8.49 1.00
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EGFR (CA), repeats in intron 1, a 5-carboxyfluorescein (5-
FAM)-labeled PCR reaction was carried out (Fw primer: 5-
FAM-labeled 5-GGCTCACAGCAAACTTCTCC-3’; Rv
primer: 5-AAGCCAGACTCGCTCATGTT-3') and the
products subsequently analyzed by single capillary genet-
ic analysis, as previously described (25). Briefly, PCR
cycles were 95°C for 7 minutes; followed by 35 cycles of
95°C for 45 seconds, 60°C for 30 seconds, and 72°C for 30
seconds; and a final step at 72°C for 7 minutes. PCR
fragments ranging from 194 to 212 bp containing the
polymorphic region were obtained. One microliter of
PCR product and 0.6 uL of GeneScan 500 TAMRA size
standard (Applied Biosystems) were mixed with 14.4 pL
of formamide. PCR products were then separated using
an ABI Prism 310 (Applied Biosystems), and the frag-
ment lengths were determined with GeneScan Analysis
software version 3.7 (Applied Biosystems).

Data analyses and statistical methods

EGFR —216G/T and —191C/A groups were catego-
rized as previously described (21). Because EGFR
(CA), repeats vary between n = 14 and n = 23 and
considering different approaches used in other studies
(26-30), we evaluated EGFR (CA), repeat length on the
basis of 2 different methods. First, by the genotype-
based method (26, 30), the genotypes of EGFR (CA),
repeat were categorized into 3 groups considering a
cutoff point of 17 (CA) repeats: homozygous short (SS)
contained 2 short alleles (both alleles <17 CA repeats),
homozygous long (LL) contained 2 long alleles (both
alleles >17 CA repeats), and heterozygous short/long
(SL) contained one short (<17) and one long (>17)
allele. Because the cutoff value to consider short and
long alleles has been somewhat controversial in the
literature (30-33), we also tested 2 additional cutoff
values to define short alleles with <16 and <18 CA
repeats, and long alleles with >16 and >18 CA repeats,
respectively (33). Second, we investigated the EGFR
(CA), repeat polymorphism by the summed allele
lengths method (28), where individuals were catego-
rized into short (sum of alleles length <36) or long (sum
of alleles length > 36).

The x? test was used to assess whether the observed
allele distributions of all polymorphisms were in Hardy-
Weinberg equilibrium in the control group. ORs and 95%
confidence intervals (95% CI) for the effect of EGFR
variants on the risk for each glioma type were estimated
by multivariate logistic regression analyses, adjusted for
EGF +61A/G genotype, which was previously reported
to affect glioma susceptibility (19), and patient age (as a
continuous variable) and sex. The false-positive report
probability (FPRP) was calculated for significant associa-
tions observed in multivariate tests according to the study
of Wacholder and colleagues (34). Associations between
EGFR variants [-216G/T, —191C/A, and (CA), repeat]
and patient survival were assessed using a multivariate
Cox regression model adjusted for EGF +61A/G, patient
age, and sex (35).

Results

EGFR -216G/T, —191C/A, and (CA),, repeat
polymorphisms and risk of glioma

We studied a total of 196 patients with glioma and 168
cancer-free control individuals. Successful determination
of EGFR genotypes was achieved for all samples. The
distributions of EGF +61A /G, EGFR —216G/T, and (CA),,
allele frequencies in the control group were in Hardy-
Weinberg equilibrium (P =0.121, P = 0.899, and P = 0.150,
respectively); however, EGFR —191C/ A alleles in controls
were not in equilibrium (P = 0.034). A summary of
clinicopathologic features of the controls and cases is
presented in Table 1.

The frequencies of each EGFR genotype in controls and
cases are presented in Table 2. The EGFR allele frequencies
in our cancer-free control population are similar to those
found in other control populations (21, 31, 33). The most
frequent genotypes for each polymorphism in the control
group (homozygous —216G/G, homozygous —191C/C,
and heterozygous (CA), repeat SL) were considered as
references. To assess associations between each variant of
the studied EGFR polymorphisms and risk for glioma, we
used an unconditional multivariate logistic regression
analysis adjusted for potential confounding variables
(EGF +61A/G genotype, patientage, and sex). The control
group was compared with all glioma cases (WHO grades
[I-1V) and also with glioblastoma (WHO grade IV) and
oligodendroglioma (WHO grades II and III; Table 2), as
these were the most frequent subtypes in our series (Table
D.

No statistically significant associations were found
between EGFR —216G/T genotype variants and risk for
glioma, glioblastoma, or oligodendroglioma (Table 2; all
values of P > 0.05). In contrast, when compared with the
—191C/C reference genotype, the heterozygous —191C/
A genotype was significantly associated with increased
risk for glioma (OR = 1.81; 95% CI, 1.01-3.24; Table 2). No
significant associations between the —191A/A genotype
and risk for glioma, glioblastoma, or oligodendroglioma
were found (Table 2; all values of P >0.05). In addition, the
SS genotype of (CA),, repeat (considering short alleles <17
CA repeats) was significantly associated with increased
risk for glioma (OR = 2.38; 95% ClI, 1.42-3.98), glioblas-
toma (OR = 2.25; 95% CI, 1.20-4.25), and oligodendro-
glioma (OR = 2.45; 95% ClI, 1.17-5.12), as well as the LL
genotype was significantly associated with increased risk
for glioma (OR = 1.95; 95% CI, 1.02-3.73). As expected
(19), EGF +61A/G and G/G genotypes were significantly
associated with increased risk for glioma (OR = 1.75; 95%
CI, 1.03-2.96 and OR = 190; 95% CI, 1.03-3.52,
respectively; Table 2), particularly oligodendroglioma
(OR = 2.80; 95% CI, 1.18-6.67 and OR = 2.75; 95% CI
1.06-7.09, respectively; Table 2) and nearly statistically
significant for glioblastoma (OR = 1.72; 95% CI, 0.91-3.26
and OR = 1.92; 95% CI, 0.91-4.03, respectively; Table 2).

When other cutoff values were used to classify short
and long alleles for the (CA), repeat polymorphism,
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Table 2. Multivariate logistic regression analysis of associations between EGFR/EGF polymorphisms and
risk for glioma groups
Polymorphism Control Glioma OR (95% ClI) Glioblastoma OR (95% CI) Oligodendroglioma OR (95% CI)
(grades (grade IV) (grades lI-lll)
1-1V)

EGFR —216G/T

G/G 77 91 - 55 - 28 —

G/T 74 85 1.12 (0.68-1.84) 45 1.09 (0.58-2.03) 25 1.01 (0.49-2.07)

T 17 20 1.15 (0.52-2.59) 13 1.30 (0.50-3.40) 5 1.02 (0.31-3.40)
EGFR —191C/A

C/C 130 140 - 7 - 41 -

C/A 32 49 1.81 (1.01-3.24) 30 1.97 (0.96-4.03) 16 2.08 (0.93-4.63)

AA 6 7 0.68 (0.19-2.45) 6 0.88 (0.21-3.70) 1 0.47 (0.05-4.84)
EGFR (CA), repeat®

SL 92 75 - 42 - 23 —

LL 28 40 1.95 (1.02-3.73) 25 2.14 (0.96-4.76) 10 1.83 (0.68-4.94)

SS 48 81 2.38 (1.42-3.98) 46 2.25 (1.20-4.25) 25 2.45 (1.17-5.12)
EGF +61A/G

A/A 57 47 — 30 - 9 -

AG 73 96 1.75 (1.03-2.96) 54 1.72 (0.91-3.26) 32 2.80 (1.18-6.67)

G/G 38 53 1.90 (1.03-3.51) 29 1.92 (0.91-4.03) 17 2.75 (1.06-7.09)
Age 1.04 (1.02-1.06) 1.07 (1.04-1.09) 1.02 (1.00-1.04)
Sex

Female 69 88 - 49 - 25 -

Male 99 108 0.95 (0.60-1.49) 64 1.02 (0.59-1.78) 33 0.98 (0.51-1.88)
NOTE: Bold-faced values indicate significant difference at 5% level.
#(CA), repeat considered short < 17 and long > 17.

specificallyn =16 orn =18 (i.e., S<16and L>16,0rS <18
and L > 18, respectively), similar results were obtained;
particularly, the (CA) repeat homozygous SS genotype
was again significantly associated with increased risks for
glioma, glioblastoma, and oligodendroglioma both for a
cutoff value of S < 16 repeats (Supplementary Table S1)
and S < 18 repeats (Supplementary Table S2). The LL
genotype was also associated with increased risk for
glioma and glioblastoma for the cutoff value of S < 16
(Supplementary Table S1) and for glioblastoma only for
the cutoff value of S < 18 (Supplementary Table S2). Of
note, the heterozygous —191C/A genotype was also
associated with increased risk for glioma when the
cutoff value for (CA), short and long repeats was 16
(Supplementary Table S1) but not in the case of a cutoff
value of 18 repeats (Supplementary Table S2). We also
analyzed the associations between EGFR variants and
risk considering the sum of alleles for the (CA),, repeat
polymorphism (28), which in our series varied from 29
to 41 repeats. Because the median value for the sum of
alleles in the control group was 36, we categorized the
sum of alleles as short <36 and long > 36 but none of the
EGFR variants were significantly associated with risk in
this analysis (Supplementary Table S3).

The calculation of FPRP showed that all of the above-
mentioned EGFR associations with risk remained note-
worthy (FPRP < 0.5) when a prior probability of associ-

ation of 10% or greater was considered (Table 3). This was
also the case for EGF +61A/G associations, except in the
case of the G/G genotype in oligodendroglioma risk
(FPRP = 0.562; Table 3). For a prior probability of 5% or
more, only the associations between (CA),, SS genotype
and risk for glioma and glioblastoma remained notewor-
thy, which remained significant even for a prior proba-
bility of 1% in the case of glioma risk (Table 3).

Taken together, these data strongly suggest that shorter
variants of the EGFR intron 1 (CA), repeat polymorphism
increase the risk for gliomas, particularly glioblastoma
and oligodendroglioma.

EGFR —-216G/T, —-191C/A, and (CA),, repeat
polymorphisms and survival of patients with
glioblastoma

In a subset of patients with glioblastoma, we also had
available follow-up data (17 = 63). Thus, we investigated
the associations between each EGFR variant (—216G/T,
—191C/A, and (CA), repeat) and overall survival by a
multivariate Cox proportional hazard model, adjusted for
EGF +61A/G, patient age, and sex.

None of the EGFR —216G/T variants was associated
with survival of patients with glioblastoma (Table 4;
Supplementary Tables S4-S6 when the (CA), repeat var-
iants were classified considering a cutoff value of S <17,
S <16,S < 18, or sum of alleles < 36, respectively).
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Table 3. FPRP for significant associations with risk
Polymorphism OR (95% CI) Power® Reported P Prior probability
0.1 0.05 0.01 0.001
Glioma risk
EGFR —191C/A (C/C ref.) 1.81 (1.01-3.24) 0.632 0.046 0.395 0.579 0.878 0.980
EGFR (CA), LL (SL ref.) 1.95 (1.02-3.73) 0.530 0.044 0.425 0.609 0.890 0.988
EGFR (CA), SS (SL ref.) 2.38 (1.42-3.98) 0.254 0.001 0.033 0.066 0.270 0.789
EGF +61A/G (A/A ref) 1.75 (1.03-2.96) 0.691 0.037 0.325 0.504 0.841 0.982
EGF +61G/G (A/A ref.) 1.90 (1.03-3.51) 0.565 0.040 0.391 0.576 0.876 0.986
Glioblastoma risk
EGFR (CA), SS (SL ref.) 2.25 (1.20-4.25) 0.358 0.012 0.238 0.398 0.775 0.972
Oligodendroglioma risk
EGFR (CA), SS (SL ref) 2.45 (1.17-5.12) 0.295 0.017 0.344 0.525 0.852 0.998
EGF +61A/G (A/A ref.) 2.80 (1.18-6.67) 0.224 0.020 0.447 0.630 0.899 0.989
EGF +61G/G (A/A ref.) 2.75 (1.06-7.09) 0.255 0.036 0.562 0.730 0.934 0.993
NOTE: Bold-faced values indicate the FPRP < 0.5 for the most likely prior probability.
2Estimation of statistical power to detect an OR of 2.0 with an o level equal to the observed P value.

In contrast, the heterozygous —191C/A genotype was
significantly associated with improved overall survival of
patients with glioblastoma, as compared with homozy-
gous —191C/C, which was consistent across all analyses,
that is, when (CA),, alleles were classified asS <17 (OR =
0.37;95% CI,0.16-0.88; Table 4),S < 16 (OR = 0.35;95% ClI,
0.15-0.82; Supplementary Table S4), S < 18 (OR = 0.37;
95% CI, 0.16-0.82; Supplementary Table S5), or sum of
alleles < 36 (OR = 0.39; 95% CI, 0.17-0.86; Supplementary
Table S6).

The homozygous SS and LL (CA), repeat genotypes
were also significantly associated with a longer survival of
patients with glioblastoma when the (CA),, repeat variants
were classified as S < 17 (OR = 0.33; 95% CI, 0.11-0.95 for
LL genotype and OR = 0.41; 95% ClI, 0.18-0.93 for SS
genotype; Table 4). In the case of the SS genotype, this
association with longer survival was maintained when a
cutoff value of S < 16 was considered (OR = 0.42;95% CI,
0.18-0.95; Supplementary Table S4).

FPRP calculations showed that the association between
—191C/A and (CA), repeat SS genotypes and longer
survival of patients with glioblastoma remained notewor-
thy for a prior probability of association of 10% or more
(FPRP < 0.5 for all associations), which was not the case for
LL genotypes (FPRP > 0.5, data not shown).

Taken together, these data strongly suggest that EGFR
—191C/A and intron 1 (CA), repeat polymorphisms are
prognostic markers in patients with glioblastoma, where-
as —216G/T variants do not seem to predict the outcome
of patients with glioblastoma.

Discussion

Gliomas are the most frequent and malignant primary
central nervous system tumors. These result in more years

of life lost than do any other tumors (36) and are a
significant source of cancer-related death (37). It is gen-
erally assumed that genetic and environmental factors
contribute to gliomagenesis, but the etiology of gliomas
remains very poorly understood. Presently, one of the
several lines of brain tumor research focuses on the rel-
evance of germ line genetic polymorphisms in glioma risk,
grade, prognosis, and response to specific therapies. We
have recently shown that an SNP in the EGF gene (which
encodes one of the main EGFR ligands), EGF +61A /G, has
functional consequences and associated the G allele with
increased risk for glioma, particularly glioblastoma and
oligodendroglioma (19).

The EGFR pathway is commonly altered in gliomas.
Approximately 50% of glioblastomas show EGFR ampli-
fication and overexpression, 40% of which express the
mutant form EGFRvIII, resulting in constitutive activation
of the EGFR pathway (13, 38—40). Previously, Carpentier
and colleagues (22) showed an association between the
—216T allele and increased risk for glioblastoma. We
attempted to replicate these findings, and examined, for
the first time, the implication of —216G/T and —191C/A
SNPs in other types of glioma. In opposition to the results
of the study of Carpentier and colleagues, we have not seen
association between EGFR —216T allele and increased risk
for glioblastomas or any other glioma subtype. This dis-
crepancy may be partially explained by distinct popula-
tion sampling and the fact that we conducted a logistic
regression adjusted for 2 other EGFR polymorphisms,
together with EGF +61A/G, patient age, and sex. Impor-
tantly, the allele distribution of the —216G/T polymor-
phism in the control cancer-free population, we report
here (67.9% G, 32.1% T, n = 168) is very similar to that
reported by other studies[68.3% G,31.7% T, n = 60 (ref. 21);
68.2% G, 31.8% T, n = 22 (ref. 41)]. Inversely, the study of
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Table 4. Multivariate Cox proportional hazard

model analysis of associations between EGFR/

EGF polymorphisms and survival of patients

with glioblastoma (adjusted for patient age and

sex)

Polymorphism Glioblastoma OR (95% CI)
(grade IV)

EGFR —216G/T

G/G 33 —

G/T 23 0.49 (0.23-1.01)

T 7 0.61 (0.21-1.73)
EGFR —191C/A

C/C 41 -

C/A 18 0.37 (0.16-0.88)

A/A 4 0.56 (0.12-2.69)
EGFR (CA), repeat®

SL 17 —

LL 17 0.33 (0.11-0.95)

SS 29 0.41 (0.18-0.93)
EGF +61A/G

A/A 16 -

AG 28 1.06 (0.47-2.38)

G/G 19 2.10 (0.89-4.99)
Age 1.00 (0.97-1.03)
Sex

Female 25 -

Male 38 1.02 (0.54-1.92)
NOTE: Bold-faced values indicate significant difference at
5% level.

#(CA), repeat considered short < 17 and long > 17.

Carpentier and colleagues shows a significantly different
distribution of —216G/ T alleles in the control group (563.2%
G, 46.8% T, n = 176) when compared with our and others
data [)(2 (3)=19.4,P<0.001] (21,41). Even though the allele
frequencies of this SNP vary greatly based on the ethnic
background (21), this feature cannot explain the observed
differences because all patients in our and others studies
(21, 22, 41) were Caucasians. Concerning the —191C/A
SNP, we observed that the heterozygous —191C/A
genotype was associated with increased risk for glioma.
A recent study by Schwartzbaum and colleagues (42)
identified 3 EGFR SNPs consistently associated with glio-
blastoma risk across 4 independent data sets. In
addition, these SNPs were highly correlated with 4 other
EGFRSNPs previously found to be significantly associated
with risk for glioma (43). Collectively, these and our data
seem to support EGFR SNPs as potential risk factors for
glioma.

Several studies suggest that EGFR expression is depen-
dent on the number of the intron 1 (CA), repeats
(28, 30, 44, 45). In addition, this polymorphism has been
associated with risk of breast, lung, and colorectal cancers

(31-33) but was never studied in gliomas. In this study, we
provide the first evidence on the relevance of the EGFR
(CA), repeat length polymorphism in glioma risk and
patient survival. Because different criteria have been
published for the analysis of this polymorphism and no
consensual cutoff point exists to distinguish short and
long EGFR (CA), repeat alleles (30-33), we used 3 differ-
ent cutoff points to cover most of the previously published
analysis (considering short alleles <16, <17, or <18 CA
repeats) and evaluated the (CA), repeat by the genotype,
and the sum of the alleles length (considering the cutoff
point for the sum of alleles as the median value in our
control group). Our data show that the homozygous SS
genotype of the (CA), repeat polymorphism was asso-
ciated with increased risk for glioma, glioblastoma, or
oligodendroglioma, regardless of the selected cutoff
point. The homozygous LL genotype was also found
to be associated with increased risk for glioma and
glioblastoma but only in some of the tested cutoff
values. Thus, caution must be taken in the interpretation
of the results and validation in an independent series is
required.

Investigating the prognostic value of these 3 EGFR
polymorphisms, we found a significant association
between the heterozygous —191C/A genotype and
improved survival of patients with glioblastoma, regard-
less of the criteria used for the cutoff value of the (CA),
repeat genotypes in the multivariate Cox model (Table 4,
Supplementary Tables 54-56). The SS and LL genotypes
for the (CA), repeat polymorphism were also associated
with a better survival of patients with glioblastoma but
only for specific cutoff values (SSwhenS <17 orS < 16; LL
when S < 17); thus, the clinical relevance of this polymor-
phism warrants further confirmation.

In our study, the genotype assays of most patients
with glioma were carried out in tumor tissue, raising the
possibility that somatic alterations in the EGFR locus
(7p12) could lead to misgenotyping. However, we
believe that this is not the case because of the following
reasons: (i) the overall distribution of EGFR —216 and
—191 and (CA), repeat genotypes and alleles was not
statistically different for the group of patients whose
genotyping was done in DNA from blood or tumor
tissue (P = 0.241 for EGFR —216; P = 0.176 for EGFR
—191; P = 0.155 for (CA), repeats; data not shown);
(ii) genotyping of all 3 polymorphisms was done with
100% concordance in 20 glioma cases from whom DNA
was available from both peripheral blood and tumor
tissue; (iii) we found no statistically significant associa-
tions between EGFR polymorphic variants and partic-
ular EGFR molecular alterations (EGFR amplification
and EGFRulll mutation; Supplementary Table S7)
we had previously analyzed in a subset of tumors
(13). Accordingly, in lung cancer, it was previously
shown for the (CA), repeats polymorphism that regard-
less the amplification status there was 100% concor-
dance in the genotyping of tumor and nontumor tissues
of 450 cases (15).
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In summary, our data consistently indicate that EGFR
intron 1 homozygous (CA), repeat short genotypes confer
higher susceptibility to develop different histologic enti-
ties of glioma, and implicate the heterozygous —191C/A
genotype as a predictive marker of worse survival in
patients with glioblastoma. Because EGFR is one of the
most frequently altered molecules in high-grade glioma, it
is natural to think of it as an attractive therapeutic target.
Therefore, further studies are warranted to investigate
how these EGFR polymorphisms may affect response of
patients with glioma to EGFR-targeting therapies.
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Both geneticand environmental factors are thought to be causal in gliomagenesis. Several genes have been implicated
in glioma development, but the putative role of a major immunity-related gene complex member, immunoglobulin
heavy chain vy (IGHG) has not been evaluated. Prior observations that /IGHG-encoded y marker (GM) allotypes exhibit
differential sensitivity to an immunoevasion strategy of cytomegalovirus, a pathogen implicated as a promoter of
gliomagenesis, has lead us to hypothesize that these determinants are risk factors for glioma. To test this hypothesis,
we genotyped the IGHG locus comprising the GM alleles, specifically GM alleles 3 and 17, of 120 glioma patients and
133 controls via TagMan® genotyping assay. To assess the associations between GM genotypes and the risk of glioma,
we applied an unconditional multivariate logistic regression analysis adjusted for potential confounding variables. In
comparison to subjects who were homozygous for the GM 17 allele, the GM 3 homozygotes were over twice as likely,
and the GM 3/17 heterozygotes were over three times as likely, to develop glioma. Similar results were achieved when
analyzed by combining the data corresponding to alleles GM 3 and GM 3/17 in a dominant model. The GM 3/17 genotype
and the combination of GM 3 and GM 3/17 were found to be further associated with over 3 times increased risk for high-
grade astrocytoma (grades llI-IV). Allele frequency analyses also showed an increased risk for gliomas and high-grade
astrocytoma in association with GM 3. Our findings support the premise that the GM 3 allele may present risk for the
development of glioma, possibly by modulating immunity to cytomegalovirus.

Introduction

Malignant glioma, the most common primary brain cancer,
is divisible into histologic subgroups based on the specific types
of glial cells involved. Despite recent advances in therapy, the
prognosis for the majority of glioma patients remains grim.
The most aggressive form of the disease glioblastoma multiforme
is commonly lethal, with afflicted patients typically dying
approximately 2 y, or less, following diagnosis. Therefore, there
is an urgent need of novel routes of investigation in glioma
research that might lead to more efficacious therapies to treat
this malignancy.

Like other complex diseases, glioma is thought to result
from both genetic and environmental factors. Several genes,
including some belonging to the immune system, have been
implicated in glioma pathogenesis."* But the putative role of
v marker (GM) allotypes, encoded by three highly polymorphic

*Correspondence to: Janardan P Pandey; Email: pandeyj@musc.edu

IGHG loci" on chromosome 14, has not been evaluated. There
is a strong immunogenetic rationale for investigating the role
of GM allotypes in the etiopathogenesis of glioma considering
that these determinants modulate an immunoevasion strategy
of human cytomegalovirus (HCMV), a common herpes
virus that is thought to be an active promoter or oncological
modulator of gliomagenesis.'*'®
that an HCMV-encoded Fcy receptor (FcyR), employed by
the virus to evade the effector consequences of anti-HCMV
antibody binding, has differential affinity for IgGl proteins
expressing distinct GM alleles. Specifically, the HCMV FcyR
encoded by the viral TRLII/IRLII gene has significantly higher
affinity for IgG1 proteins expressing the GM 3+,1-,2- allotypes
than for those expressing the allelic GM 17+,1+,2+ allotypes.”
These observations led us to hypothesize that these GM alleles
might represent risk or protective factors, respectively, for the
development of HCM V-induced glioma." In the present work,

In a previous study, we showed
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we applied a case-control design to test the hypothesis that
subjects expressing the GM 3 allele would be at higher risk of

developing glioma.

Results

The demographics of our study population, including patient
clinicopathologic features, are described in Table 1. Results of
multivariate regression analysis to assess associations between
GM genotypes or allele frequencies and glioma risk among
the various histologic subgroups are presented in Table 2.
In comparison to subjects who were homozygous for the GM
17 allele, the GM 3 homozygotes were over twice as likely
(OR =2.82, CI 1.05-7.59), and the GM 3/17 heterozygotes were
over three times as likely (OR = 3.13, CI 1.15-8.52), to develop
glioma, irrespective of disease subtype (all grades). Similarly, in
comparison to GM 17/17 homozygotes, GM 3/17 heterozygotes
were over three times as likely to develop high-grade astrocytoma
(OR = 3.37, CI 1.05-10.87). Likewise, when comparing the
combined GM 3/3+3/17 (i.e. GM 3-carriers) genotypes to the

Table 1. Clinicopathologic features of gliomas and controls

GM 17/17 genotypes, the presence of the GM 3 allele conferred a
significantly increased risk for glioma (OR = 2.95, CI 1.13-7.73)
and high-grade astrocytoma (OR = 3.11, CI 1.01-9.62). Similar
results were obtained when assessing the allele frequencies.
It was shown that the GM 3 allele was a risk factor for glioma
(OR = 152, CI 1.10-2.11) and high-grade astrocytoma
(OR = 1.49, CI 1.03-2.15), when compared with the reference
GM 17 variant. No significant associations were found between
GM genotypes or GM alleles and the risk of oligodendroglioma.

We also applied a multivariate Cox proportional hazard model
(adjusted for patient age and sex) to investigate the association
between GM polymorphism and overall survival. Glioblastoma
patients for which follow up information was available who
carried the GM 17/17 genotype (n = 4, 2 deaths) had a longer
median overall survival than patents carrying the GM 3/17
(n =18, 14 deaths) or GM 3/3 (n = 23, 17 deaths) genotypes with
a median survival of 35 mo (range, 2-38) versus 16 mo (range,
3-52), respectively. However, the difference was not statistically
significant (HR = 2.78; 95% CI, 0.61-12.65, P = 0.19), probably
due to limited sample size in analysis (Fig. 1). (The survival curves
for the three genotypes separately are presented in Figure S1.)

Groups (WHO grade) N Age years (mean + SD) Male/female ratio
Controls 133 36-85 (54.80+ 9.39) 1.6
Glioma (all grades) 120 20-83 (56.38 + 12.55) 1.6
Astrocytoma (all grades) 97 22-83(57.55+12.21) 19
Oligodendroglioma (all grades) 23 20-78 (51.48 +13.08) 0.8
Astrocytoma (grades II-IV) 95 22-83(57.67 £12.04) 19
Astrocytoma (grades IlI-1V) 90 22-83(58.21 +11.80) 2.0
Table 2. Multivariate logistic regression analysis of associations between GM variants and risk of glioma
Glioma OR Astrocytoma 4 | Oligodendroglioma OR
Control (All Grades) ©5%C)! | (Gradesiiy) | OR(95%Ch (All Grades) (95% Cly!
Genotypes*
GM17/17 18 6 4 2
282 291
GM3/3 64 61 (105-7.59) 46 (0.91-9.28) 10 1'67;(1'3025'?'5 3
P=0.041 P=0.071 o
313 337 2.09
GM 3/17 51 53 (1.15-8.52) 40 (1.05-10.87) mn (0.41-10.61)
P=0.026 P=0.042 P=037
295 an 1.86
GM 3/3+3/17 115 114 (1.13-7.73) 86 (1.01-9.62) 21 (0.39-8.88)
P=0.027 P=0.049 P=043
133 120 90 23
Alleles**
17 0.327 0.271 0.267 0.326
152 149 1.15
3 0.673 0.729 (1.10-2.11) 0.733 (1.03-2.15) 0.674 (0.65-2.05)
P=0.012 P=0.033 P=0.637

Significance of associations between GM genotypes or alleles and risk of glioma in various histologic subgroups. *Reference genotype GM 17/17;
**Reference allele 17; regression models included age and sex as covariates.10R (95% Cl)—Odds ratio with 95% confidence intervals.
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Discussion

Results presented here show that carriers of the GM 3 allele
of IgG1 have 3-fold higher risk of high-grade glioma than non-
carriers. Potential underlying mechanisms could involve a direct
contribution of GM alleles to immunity to self and non-self
antigens relevant to gliomagenesis. Alternatively, it is possible
that there may be another locus affecting glioma susceptibility
that is distinct from GM on chromosome 14 and whose alleles
are in significant linkage disequilibrium with those of the GM
loci. This putative linkage disequilibrium could give rise to
the associations observed. The most relevant among the self-
antigens, immunity to which is influenced by GM alleles, are
human epidermal growth factor receptor 1 (HER1/EGFR) and
HER?2. These tumor-associated antigens are aberrantly expressed
in gliomas™? and we have previously shown that GM alleles
epistatically interact with FcyRIIla alleles expressed on natural
killer cells and mediate antibody-dependent cellular cytotoxicity
of EGFR- and HER2-overexpressing cancer cells.” Though
not yet investigated in glioma, antibody responses to HER2 are
significantly associated with GM alleles in patients with breast
cancer.”»* This may hold for patients with glioma as well.

The most relevant among the non-self factors, immunity to
which is influenced by GM alleles, is HCMV. As mentioned
before, the current consensus in the glioma field is that HCMV is
an active promoter or oncogenic modulator of gliomagenesis, not
merely a bystander.'® GM alleles could influence HCMV-glioma
association by influencing antibody responsiveness to viral
epitopes and further by modulating the viral immunoevasion
strategies. In the inflammatory autoimmune disease scleroderma
(systemic sclerosis), HCMV appears to accelerate the development
of disparate disease pathologies**2°
we have found a highly significant association between anti-
HCMV IgG antibody responses and the GM 3 and GM 17
alleles expressed on IgGl in these patients.”” Similar studies
evaluating correlations between the presence of particular GM
allelic variants and HCMV antibodies should be conducted for
glioma patients.

GM allotypes are expressed in the constant region of 'y chains.
How could these constant-region determinants influence
immune responsiveness thought to be exclusively associated with
the variable-region genes? Recent investigations have challenged
this central tenet of immunology. Several studies have shown that
structural variation in the constant region affects the expression

and, of particular importance,

of certain idiotypes and causes variation in the specificity of
variable-region-identical immunoglobulin molecules.?*
especially noteworthy that amino acid sequence polymorphism
in the CH1 domain of the yl chain—where the allelic
determinants GM 3 and GM 17 are located—has been shown
to modulate the kinetic competence of antigen binding sites.”

It is

Thus, amino acid substitutions associated with GM allotypes
cause structural changes in the constant region, which could
translate to structural constraints (conformation) imposed on
the variable region, resulting in variation in antibody specificity
and affinity.

www.landesbioscience.com
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Figure 1. Correlation analysis of overall survival of glioblastoma patients
with GM allotypes. Multivariate Cox proportional hazard model regres-
sion with respect to y marker (GM) genotypes in the sub-groups of GM
17/17 (n = 4) and GM 3/3 + GM 3/17 (n = 38) and glioblastoma patient
survival. Hazard ratio (HR) = 2.78; 95% confidence interval (Cl) 0.61-12.65,
P=0.19.

As mentioned above, GM alleles modulate one of HCMV’s
strategies. The HCMV  TRLII/IRLII-
encoded FcyR—which enables the virus to evade the effector
consequences of antibody binding, such as antibody-dependent
cellular cytotoxicity, complement-dependent neutralization, and
phagocytosis—discriminates between IgGl1 proteins expressing
GM 3 and GM 17 alleles. The HCMV-encoded FcyR has
significantly higher affinity for IgGl proteins expressing the
GM 34+,1-,2- allotypes than for those expressing the allelic
GM 17+,1+,2+ allotypes.”” It naturally follows that individuals
expressing the relatively higher affinity GM 3+,1-,2- alleles
would be more likely to have their Fc domains scavenged, thereby
reducing their immunological competence to eliminate the virus
through Fe-mediated effector mechanisms. Therefore, one would
anticipate that decreased immunity against HCMV would be
conducive to glioma development, such that the frequency of
GM 3+,1-,2- alleles would be expected to be higher in glioma
patients than in healthy controls. In fact, our findings are fully

immunoevasion

consistent with this prediction.

If GM genes are risk factors for glioma, as shown here, why have
they not been detected by the genome-wide association studies
(GWAS) of this malignancy?”® A likely reason underlying this
deficiency may be the absence of these genes in many commonly
used genotyping platforms. The /GHG gene segments harboring
GM alleles are highly homologous (> 95%) and apparently not
amenable to the high throughput genotyping technology used
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in GWAS. Furthermore, because these genes were not typed in
either the HapMap or 1000 Genomes projects, they cannot be
imputed or tagged via linkage disequilibrium by single nucleotide
polymorphisms (SNPs) included in the genotyping platforms.
This underscores the necessity for the candidate gene approach
to prospectively investigate the causal role for the JGHG gene
complex, particularly the GM alleles, in the immunopathology
of glioma.

Future studies involving GM allotypes and disease risk may
also shed light on the reasons behind the racial differences in the
prevalence of glioma. Age-adjusted glioma rates are considerably
higher in Caucasians than in people of African descent.” In these
regards, it is potentially highly relevant that the GM 3 allele,
implicated in the risk of glioma in our study here, is either absent,
or extremely rare, in people with unmixed African ancestry."

Future studies should also consider examining the interactive
effects of particular candidate genes in gliomagenesis. Genes
do not act in isolation and there is preponderant evidence that
epistasis—modification of the action of one gene by the action
of one, or more, other genes—plays a significant role in human
disease processes.” With this in mind, /GHG (GM allotypes)
and HLA are excellent candidate genes for epistatic investigations
in glioma, as both are targets of HCMV immunoevasion
strategies”** and have been shown to contribute to glioma risk,
GM alleles in the present investigation and HLA alleles in
previous studies."”

To our knowledge, this is the first report implicating GM
genes in susceptibility to glioma, a devastating and often lethal
malignancy. Replication, using a larger, independent cohort, is
needed to validate the results presented here.

Material and Methods

Glioma patients and controls

The study population has been described in detail elsewhere.®
All samples with available DNA isolated from peripheral blood
lymphocytes were included in this work. Briefly, 120 glioma
patients were recruited at Hospital de Braga, Braga and Hospital
S. Jodo, Porto, Portugal. Controls consisted of 133 cancer-
free random blood donors. Both patients and controls were
Caucasians. The study protocol was approved by the Institutional
Ethical Committees. Peripheral blood samples from patients and
normal controls were collected after informed consent, according
to the Helsinki Declaration.

Quantitative PCR-based GM genotyping

At position 214 of the yl chain, an arginine residue
characterizes the GM 3 allele and a lysine characterizes the GM
17 allele. This corresponds to a G to A nucleotide substitution
in the y1 gene. We used a pre-designed TagMan® genotyping
assay targeting these variants from Applied Biosystems Inc.,

€28609-4
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according to manufacturer’s instructions and employing
the following primers and probes: forward primer (5°
CCCAGACCTA CATCTGCAAC GTGA-3'); reverse primer
(5° CTGCCCTGGA CTGGGACTGC AT-3); reporter 1
(GM  17-specific) (VIC-CTCTCACCAA CTTTCTTGT-
NEQ); reporter 2 (GM 3-specific) (FAM-CTCTCACCAA
CTCTCTTGT-NFQ)

Statistical analyses to evaluate associations between glioma
and GM genotype

Genotype frequencies were in Hardy—Weinberg equilibrium
in both groups. To evaluate the effect of an IgGl GM variant
on the risk of glioma, odds ratios (OR) and 95% confidence
intervals (95% CI) were estimated by unconditional multivariate
logistic regression analysis adjusted for potential confounding
variables (i.e., patient age and sex). We estimated ORs of
glioma risk associated with the GM 3/3 or GM 3/17 genotype
relative to that of GM 17/17 used as reference. We also analyzed
a model in which the combined GM 3/3+3/17 was compared
with the genotype GM 17/17 (reference). Additionally, the
allelic frequency of 3 and 17 alleles was estimated, as well as the
ORs associated with risk of glioma. Associations between GM
variants and patient survival were assessed using a multivariate
Cox regression model adjusted for patient age, and sex. In this
analysis, the genotypes and patient survival for GM 3/17+GM
3/3 were compared with those of GM 17/17 patients, again
used as a reference standard. Our rationale for choosing the less
frequent (GM 17) allele as reference is that our hypothesis is
based on the fact that people expressing the GM 3 variant have
a reduced immunological competence to eliminate HCMV and,
as such, have an increased risk to develop glioma. Patients were
followed until death or loss to follow-up. Statistical significance
was defined as P < 0.05. All reported P values are 2-sided. Data
analysis was performed using SPSS 20.0 software (SPSS, Inc.).
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Abstract Transforming growth factor beta (TGF-(3) plays an
important role in carcinogenesis. Two polymorphisms in the
TGF-SI gene (-509C/T and 869T/C) were described to influ-
ence susceptibility to gastric and breast cancers. The 869T/C
polymorphism was also associated with overall survival in
breast cancer patients. In the present study, we investigated
the relevance of these 7GF-(31 polymorphism in glioma risk
and prognosis. A case-control study that included 114 glioma
patients and 138 cancer-free controls was performed. Single
nucleotide polymorphisms (SNPs) were evaluated by poly-
merase chain reaction followed by restriction fragment length
polymorphism (PCR-RFLP). Univariate and multivariate lo-
gistic regression analyses were used to calculate odds ratio
(OR) and 95 % confidence intervals (95 % CI). The influence
of TGF-f1-509C/T and 869T/C polymorphisms on glioma
patient survival was evaluated by a Cox regression model
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adjusted for patients’ age and sex and represented in Kaplan-
Meier curves. Our results demonstrated that 7GF-(1 gene
polymorphisms -509C/T and 869T/C are not significantly as-
sociated with glioma risk. Survival analyses showed that the
homozygous -509TT genotype associates with longer overall
survival of glioblastoma (GBM) patients when compared with
patients carrying CC+CT genotypes (OR, 2.41; 95 % CI,
1.06-5.50; p=0.036). In addition, the homozygous 869CC
genotype is associated with increased overall survival of
GBM patients when compared with 869TT+TC genotypes
(OR, 2.62; 95 % CI, 1.11-6.17; p=0.027). In conclusion, this
study suggests that TGF-51-509C/T and 869T/C polymor-
phisms are not significantly associated with risk for develop-
ing gliomas but may be relevant prognostic biomarkers in
GBM patients.

Keywords Glioma - Glioblastoma - Transforming growth
factor beta 1 - Single nucleotide polymorphisms - Risk -
Prognosis

Introduction

During the last decades, the incidence and mortality of brain
tumors have increased in most developed countries, mainly in
the older age groups, with a slightly higher incidence in men
than in women [1]. Gliomas, the most common primary tu-
mors of the central nervous system (CNS), account for almost
80 % of brain malignancies [2]. According to their histological
characteristics, these tumors can be divided into four main
subgroups: astrocytomas, oligodendrogliomas,
oligoastrocytomas, and ependymomas (the less common).
Glioma tumors can also be divided into four grades of
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malignancy according to the World Health Organization
(WHO) classification, being glioblastoma (GBM) the most
common and biologically aggressive glioma type (grade 4)
[3, 4]. Despite the advances in the field of neuro-oncology,
the prognosis of glioma patients remains very poor [5], partic-
ularly for patients with GBM [6]. Few factors have been as-
sociated with increased glioma risk, including hereditary syn-
dromes, such as Li-Fraumeni and Turcot syndromes, neurofi-
bromatosis (type 1 and type 2) and tuberous sclerosis complex
[7, 8], familial aggregation [7, 9], and exposure to high doses
of ionizing radiation [7, 10, 11]. Some genome-wide associa-
tion studies have showed that single nucleotide polymor-
phisms (SNPs) are associated with glioma susceptibility [12,
13]. However, other factors that may contribute to glioma
susceptibility require additional investigation.

The transforming growth factor beta (TGF-[3), a multifunc-
tional cytokine, is involved in the regulation of several immu-
nomodulatory processes that play a key role in numerous cel-
lular processes, such as proliferation, differentiation, apopto-
sis, angiogenesis, tumor progression, and extracellular matrix
production [14]. TGF-B has three isoforms, TGF-f31,
TGF-32, and TGF-{33. These three isoforms bind and activate
a membrane receptor serine/threonine complex (type I
TGF-BRI and type II TGF-RII). The intracellular signaling
is initiated when TGF-RII phosphorylates TGF-3RI, which
in turn phosphorylates the transcription factors Smad2 or
Smad3 that consequently bind Smad4. This complex is
translocated from the cytoplasm to the nucleus, resulting in
the transcriptional activation of TGF-f3 responsive genes that
ultimately mediate the effects of TGF-{3 at the cellular level
[15]. Deregulation of TGF-f3 signaling has been implicated in
cancer, where TGF-3 has been demonstrated to have a dual
role. It may act as a strong inhibitor of proliferation of normal
astrocytes and epithelial cells, being considered a tumor sup-
pressor factor, but in some tumor types, including high-grade
glioma, TGF-3 acts as an oncogenic factor contributing to cell
growth and invasion and decreases host immune responses
against tumor [16]. It was also demonstrated that TGF-3 ac-
tivity confers poor prognosis in glioma patients [17, 18].
Several studies have identified TGF-{1 as a predictive cancer
biomarker, particularly focusing on TGF-3! genetic polymor-
phisms [19-22]. In fact, it was demonstrated that polymor-
phisms in this gene contribute to breast and gastric cancers
susceptibility [19, 23]. Additionally, studies demonstrated an
association of TGF-/31 869T/C polymorphism with overall
survival of breast cancer patients [24, 25]. The TGF-/31 gene
is located on chromosome 19q13, and two common polymor-
phisms of the TGF-/31 gene have been extensively studied, the
-509C/T (rs1800469) and the 869T/C (rs1800470, previously
known as rs1982073; T29C and Leul0Pro) [22, 26, 27]. The -
509C/T polymorphism is located in the promoter region of
TGF-f1 gene, which may potentially regulate TGF-(31
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transcription. The 869T/C polymorphism is located in exon
1 and could lead to a leucine-to-proline substitution at codon
10[21, 26]. Some studies demonstrated that the -509T allele is
associated with an increased transcriptional activity as com-
pared to -509C allele [28], which leads to a higher serum
concentration of TGF-1 among TT homozygotes than in
the CT heterozygotes [29]. Similarly, the 869C allele was
associated with high serum concentrations of TGF-31 [19,
30]. Moreover, some studies showed that -509C/T and
869T/C TGF-1 polymorphisms were able to affect TGF-1
protein expression [31, 32]. Importantly, the circulating levels
of this cytokine have been associated with cancer [33-35].
The relevance of TGF-/31 polymorphisms has not been report-
ed in gliomas. Thus, the aim of this case-control study was to
investigate the relevance of 7GF-/31-509C/T and 869T/C
polymorphisms in glioma susceptibility and how specific
polymorphic variants may influence the prognosis of patients.

Methods
Study population

In this case-control study, we enrolled 114 glioma patients
from Portugal (Hospital of Braga, Braga, and Hospital Sao
Jodo, Porto) diagnosed between 2004 and 2013. The periph-
eral blood from these subjects was collected. Tumors were
classified according to WHO [3], and clinico-pathological fea-
tures are summarized in Table 1. The control group was ran-
domly selected from blood donors at Hospital of Braga, and it
included 138 cancer-free individuals. All subjects were of
Caucasian ethnic background. The procedures followed in
the present study were in accordance with institutional ethical
standards.

Genotyping

Genomic DNA from glioma cases and controls was extracted
from peripheral blood leukocytes by proteinase K/chloroform/
isopropanol treatment [36]. The purified DNA was used to
determine the genotypes of both polymorphisms, using poly-
merase chain reaction followed by restriction fragment length
polymorphism (PCR-RFLP) methods. The PCR primers for -
509C/T polymorphism were 5'-CCCGGCTCCATTTCCA
GGTG-3' (forward) and 5-GGTCACCAGAGAAAGAGG
AC-3' (reverse), and for the 869T/C polymorphism were 5'-
CCTCCCCACCACACCAG-3' (forward) and 5'-CCGCAG
CTTGGACAGG-3' (reverse). The PCR was performed in a
total volume of 25 pl containing 50 ng of DNA, 0.5 U of
KAPA Taq DNA polymerase (GRiSP), 1x KAPA Taq Buffer
A containing MgCly, 0.2 mM dNTP mix, and 0.8 uM of each
primer. For the -509C/T polymorphism, the DNA was initially
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Table 1 Clinico-pathological

features of gliomas and controls Groups (WHO grade)

Number of cases ~ Age, year (mean+SD)  Male/female ratio

Controls
Gliomas (2-4)
Astrocytomas (2-4)
Astrocytomas (2-3)
Diffuse astrocytomas (2)
Anaplastic astrocytomas (3)
Gliosarcomas (4)
Glioblastomas (4)
Oligodendrogliomas (2-3)
Oligodendrogliomas (2)

Anaplastic Oligodendrogliomas (3) 10

138 40.9+12.1 1.2

114 583£12.9 1.7

97 58.9+12.7 22

8 523+133 1

5 54.8+13.8 0.67

2 55.0+£9.9 1

4 61.3+9.1 All males

85 59.5£12.7 2.1

16 53.1£12.3 0.45

4 46.3+9.7 All females
54.7£12.9 0.67

denatured at 95 °C for 7 min, followed by 11 cycles of 95 °C
for 30's, 66-61 °C for 30 s, and 72 °C for 1 min, followed by
30 cycles of 95 °C for 30 s, 61 °C for 30 s, and 72 °C for
1 min. The PCR was finished by a final extension cycle at
72 °C for 8 min. Regarding 869T/C polymorphism, the PCR
cycle conditions consisted of an initial denaturation step at
95 °C for 5 min, followed by 9 cycles of 95 °C for 30 s, 68—
64 °C for 30 s, and 72 °C for 30 s, followed by 30 cycles of
95 °C for 30 s, 64 °C for 30 s, and 72 °C for 30 s. Finally, the
PCR was completed by a final extension cycle at 72 °C for
8 min. After confirmation of an amplified fragment of the
expected size (808 bp for -509C/T and 235 bp for 869T/C)

on 2 % agarose gel, 8—12 pL of PCR products were digested
overnight at 37 °C with the appropriate restriction enzymes.
For the -509C/T polymorphism, 10 U of restriction enzyme
Bsu36I (New England Biolabs) was used, and for the 869T/C,
5 U of the restriction enzyme MspA1l (Fermentas) was ap-
plied. The DNA fragments were resolved on 2 % agarose gel
for -509C/T polymorphism and 4 % agarose gel for 869T/C
polymorphism and were detected by Greensafe Premium
staining (Nzytech). For -509C/T polymorphism, the PCR
product (808 bp) with C allele was digested into two frag-
ments (617 and 191 bp), whereas the PCR product with T
allele was not digested by Bsu361. For 869T/C polymorphism,

Table 2 Univariate analysis of

the association between -509C/T Polymorphism  Control ~ Glioma (WHO ~ OR (95 % CI)* Glioblastoma OR (95 % CI)*
and 869T/C polymorphisms and grades 2-4) (WHO grade 4)
risk for each glioma group
TGF-/31-509C/T
Genotypes
TT 22 18 - 16 -
CcC 54 42 0.95 (0.45-1.98) 28 0.71 (0.32-1.57)
CT 62 54 1.07 (0.52-2.19) 41 0.91 (0.43-1.94)
CC+CT 116 96 1.01(0.51-2.00) 69 0.82 (0.40-1.66)
Alleles
T 0.384 0.395 - 0.429 -
C 0.616 0.605 0.97 (0.68-1.39) 0.571 0.85 (0.57-1.25)
TGF-/31 869T/C
Genotypes
CcC 26 19 - 17 -
TT 48 42 1.20 (0.58-2.47) 30 0.96 (0.45-2.05)
TC 64 53 1.13 (0.57-2.27) 38 0.91 (0.44-1.89)
TT+TC 112 95 1.16 (0.61-2.23) 68 0.93 (0.47-1.84)
Alleles
C 0.420 0.399 - 0.424 -
T 0.580 0.601 1.09 (0.76-1.56) 0.576 1.10 (0.75-1.64)

#Odds ratio (OR) with 95 % confidence intervals (CI)
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the PCR product (235 bp) with T allele was digested into four
fragments (103, 67, 40, and 25 bp), and the PCR product with
C allele was digested into five fragments (91, 67, 40, 25, and
12 bp).

Statistical analysis

Data analysis was performed using SPSS 22.0 software
(SPSS, Inc.). Differences in allele and genotype frequencies
were compared between glioma patients and cancer-free con-
trols by the chi-square test, and the frequency distribution of
age and sex was compared between glioma patients and
cancer-free controls by the nonparametric Wilcoxon-Mann
Whitney test. Additionally, the chi-square test was used to
verify that the observed allele distribution, in the control
group, was in Hardy-Weinberg equilibrium. Odds ratio (OR)
and 95 % confidence intervals (95 % CI) were estimated by
univariate and multivariate logistic regression analyses, ad-
justed for patients’ age (as a continuous variable) and sex, to
assess the risk for each glioma type conferred by a particular

allele and genotype of each polymorphism. Patient survival
curves were assessed by the Kaplan-Meier method for GBM.
A Cox regression model adjusted for patients’ age (as a con-
tinuous variable) and sex was applied to evaluate the effect of
the TGF-[31 genotypes on overall survival. Statistical signifi-
cance was considered for p values <0.05.

Results

The clinico-pathological features of the controls and cases are
summarized in Table 1. For both TGF-31-509C/T and 869T/
C polymorphisms, 114 glioma patients and 138 cancer-free
control individuals were analyzed. The statistical analysis of
age distribution between control and glioma cases showed
significant differences (p<0.001). Regarding sex distribution,
no significant differences were found between controls and
cases (p=0.195). The genotype and allele frequencies of the
TGF-[31-509C/T and 869T/C polymorphisms in controls and
glioma cases are shown in Table 2. The frequencies of the CC,

Table 3 Multivariate logistic

regression analysis of the Polymorphism  Control ~ Glioma OR (95 % CI)* Glioblastoma OR (95 % CI)*
association between -509C/T and (WHO grade 2-4) (WHO grade 4)
869T/C polymorphisms and risk
for each glioma group TGF-p1-509C/T
Genotypes
TT 22 17 - 15 -
CC 54 40 1.14 (0.45-2.98) 27 0.76 (0.27-2.13)
CT 62 52 111 (045-275) 39 0.82 (0.30-2.21)
CC+CT 116 92 1.13(0.48-2.63) 66 0.79 (0.31-2.01)
Alleles
T 0.384 0.394 - 0.426 -
C 0.616 0.606 1.08 (0.68-1.70)  0.574 0.89 (0.53-1.48)
Age 1.12 (1.09-1.15) 1.14 (1.10-1.18)
Sex
Male 76 69 - 58 -
Female 62 40 0.40 (0.20-0.77) 27 0.24 (0.11-0.52)
TGF-[31 869T/C
Genotypes
CC 26 17 - 15 -
TT 48 40 1.36 (0.55-3.34) 29 0.89 (0.33-2.41)
TC 64 52 1.12 (0.47-2.66) 37 0.80 (0.31-2.07)
TT+TC 112 92 1.22(0.55-2.73) 66 0.84 (0.35-2.02)
Alleles
C 0.420 0.394 - 0414 -
T 0.580 0.606 1.19 (0.75-1.87)  0.586 1.09 (0.64-1.84)
Age 1.12 (1.09-1.15) 1.14 (1.10-1.18)
Sex
Male 76 69 - 58 -
Female 62 40 0.39 (0.20-0.76) 27 0.24 (0.11-0.52)

#0dds ratio (OR) with 95 % confidence intervals (CI), adjusted for age (as a continuous variable) and sex. Bold-
faced values indicate significant differences at 5 % level

@ Springer

226




Tumor Biol.

CT, and TT genotypes of -509C/T were 39.1, 44.9, and 16.0 %
in cancer-free controls, and 36.8, 47.4, and 15.8 % in glioma
patients, respectively. Regarding the 869T/C polymorphism,
the frequencies of the TT, TC, and CC genotypes were
348, 46.4, and 18.8 % in controls, and 36.8, 46.5, and
16.7 % in glioma cases, respectively. The distribution of -
509C/T and 869T/C allele frequencies in the control group
were in Hardy-Weinberg equilibrium (p=0.891 and p=
0.685, respectively).

When assessing the allele frequencies of the TGF-(1 -
509C/T polymorphism by univariate analysis, we found that
the C allele was not significantly associated with a higher risk
for glioma (OR, 0.97; 95 % CI, 0.68-1.39; Table 2).
Additionally, using TT genotype as reference, the OR analysis
showed that the CC, CT, and combined CC+CT genotypes
were not significantly associated with increased risk for glio-
ma (OR, 0.95; 95 % CI, 0.45-1.98 for CC; OR, 1.07; 95 % CI,
0.52-2.19 for CT; OR, 1.01; 95 % CI, 0.51-2.00 for CC+CT;
Table 2). Evaluating the TGF-(1 869T/C polymorphism by
univariate analysis, the T allele was not significantly associat-
ed with a higher risk for glioma (OR, 1.09; 95 % CI, 0.76—
1.56; Table 2). Using CC genotype as reference, the OR anal-
ysis showed that the TT, TC, and combined TT+TC geno-
types were not significantly associated with increased risk for
glioma (OR, 1.20; 95 % CI, 0.58-2.47 for TT; OR, 1.13; 95 %
CI, 0.57-2.27 for TC; OR, 1.16; 95 % CI, 0.61-2.23 for TT+
TC; Table 2). Taking into account that GBM were the most
frequent subtype in our series (#=85), we also compared the
control group with GBM cases. Using similar analysis, a lack
of association between both TGF-(31-509C/T and 869T/C al-
lele or genotype variants and risk for developing GBM was
observed (Table 2). Moreover, for both polymorphisms, a
multivariate logistic regression model adjusted for sex and
age as a continuous variable (Table 3) was applied. As expect-
ed, increased age was associated with increased risks for de-
veloping glioma and GBM. Similarly, female gender was as-
sociated with decreased risks (Table 3). Consistent with the
results observed by the univariate analysis, no associations
between each polymorphic variant and risk for developing
gliomas or GBMs were found (Table 3).

We then evaluated whether these TGF-/31 polymorphisms
may have an impact in patients’ survival. To do so, we focused
exclusively in GBM patients with available survival data (n=
44), as glioma grade is a strong influencer of survival, pre-
cluding an analysis in the whole glioma dataset. Regarding -
509C/T polymorphism, the Cox model showed that GBM
patients carrying the TT genotype had significantly increased
overall survival compared to those with the CC+CT geno-
types (OR, 2.41; 95 % CI, 1.06-5.50; Table 4; p=0.036,
Fig. 1a). Moreover, patients with CT genotype alone present-
ed a shorter overall survival when compared to those carrying
TT genotype (OR, 2.72; 95 % CI, 1.12-6.65; Table 4; p=
0.028, Fig. 1b). No significant differences in overall survival

were found in GBM patients with 7TGF-31-509CC versus TT
genotypes (Table 4). Concerning the survival analysis for the
TGF-p1 869T/C polymorphism, the Cox regression model
demonstrated that TT+TC genotypes were significantly asso-
ciated with shorter survival in GBM patients, as compared to
the CC genotype (OR, 2.62; 95 % CI, 1.11-6.17; Table 4; p=
0.027, Fig. 1c). These results were further supported when we
compared patients with TC genotype with patients carrying
the CC genotype (OR, 2.71; 95 % CI, 1.12-6.54; Table 4; p=
0.027, Fig. 1d). No significant differences in overall survival
were found in GBM patients with TGF-31 869CC versus TT
genotypes (Table 4).

Discussion

Gliomagenesis is a complex and poorly understood process in
which genetic and environmental factors play critical roles.
Several studies have suggested that SNPs are the most com-
mon sources of human genetic variation, and they may con-
tribute to individual’s susceptibility to cancer, including glio-
ma [37]. So far, SNPs of several genes have been studied and
identified as putative biomarkers for glioma susceptibility.
Some examples include genes encoding proteins involved in

Table 4 Multivariate COX regression analysis of the association
between -509C/T and 869T/C polymorphisms and survival in grade 4
gliomas

Polymorphism Number of cases OR (95 % CI)*

TGF-£1-509C/T

Genotypes
TT 12 -
CcC 16 2.09 (0.83-5.31)
CT 16 2.72 (1.12-6.65)
CC+CT 32 2.41 (1.06-5.50)
Age 1.02 (0.99-1.05)
Sex
Male 31 -
Female 13 1.13 (0.52-2.45)
TGF-$31 869T/C
Genotypes
CcC 12 -
T 14 243 (0.88-6.70)
TC 18 2.71 (1.12-6.54)
TT+TC 32 2.62 (1.11-6.17)
Age 1.01 (0.99-1.04)
Sex
Male 31 -
Female 13 1.28 (0.57-2.89)

#0dds ratio (OR) with 95 % confidence intervals (CI), adjusted for age
(as a continuous variable) and sex. Bold-faced values indicate significant
differences at 5 % level
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DNA repair pathways (MGMT, PRKDC, ERCCI, XRCCI,
APEXI, TP53, PARPI, and LIGI) [38-41], cancer metabo-
lism (GST, CYP2D6, SOD2, SOD3, GPX1, and NOSI) [42,
43], growth pathways [44, 45], among others [46, 47]. Many
association studies on the TGF-{31 polymorphisms have been
conducted in several types of cancer, including lung [27],
prostate [20, 26], gastric [21], hepatocellular [22], and breast
cancers [19, 24, 30, 48]. To the best of our knowledge, this is
the first study to evaluate the TGF-(1-509C/T and 869T/C
polymorphisms in glioma patients. This is particularly rele-
vant as these two polymorphisms have been reported to affect
TGF-31 protein expression and influence the structure and
function of TGF-31 peptide which may contribute to cancer
[31,32].

Using both univariate and multivariate statistical analyses,
our results showed that none of the TGF-/31-509C/T and
869T/C polymorphisms are significantly associated with gli-
oma susceptibility. These data fit well with previous studies in
other tumor types in which 869T/C was not associated with
breast cancer risk [48], and -509C/T polymorphism was not
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associated with an increased risk of colorectal cancer [49].
While in our dataset, we included solely patients of
Caucasian background, future studies should evaluate how
these TGF-/31 polymorphisms may have relevance in other
ethnic backgrounds, as previously suggested for many other
polymorphisms [50-53].

It has been described that TGF-31 contributes to cell
growth, angiogenesis, and invasion, is highly active, and con-
fers poor prognosis in high-grade glioma patients [16-18].
Therefore, it is conceivable that patients carrying the T allele
ofthe -509C/T polymorphism and patients with the C allele of
the 869T/C polymorphism may have reduced cancer survival,
since both these alleles are associated with an elevated
TGF-31 levels. Contrarily, in our study, GBM patients carry-
ing TT genotype of the -509C/T polymorphism and patients
with CC genotype of 869T/C polymorphism presented longer
overall survival. This is in agreement with a previous work
where it has been shown that breast cancer patients carrying
the CC genotype of the 869T/C polymorphism presented a
longer overall survival [24]. Therefore, the TT genotype of
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the -509C/T polymorphism and the CC genotype of the 869T/
C polymorphism have the potential to be used as predictive
marker of better survival in patients with GBM. Additionally,
taking into account that -509T allele has been suspected to
increase the transcription of TGF-{31, patients that present this
variant may be more suited for an anti-TGF-31 monoclonal
antibody therapy (Metelimumab) [54]. It remains, however, to
be seen if -509C/T and 869T/C polymorphisms are in a link-
age disequilibrium and if it is functionally relevant. For in-
stance, it has been shown that these two 7GF-(3I polymor-
phisms (-509C/T and 869T/C) are in strong linkage disequi-
librium in breast cancer patients, although it remains to be
determined which of the two polymorphisms is functionally
significant and affect survival [25].

In conclusion, this study shows that TGF-/31-509C/T and
869T/C polymorphisms do not confer susceptibility to devel-
op glioma but may have an impact in the survival of GBM
patients. Specifically, the TGF-31-509TT and 869CC geno-
types can be used as predictive markers of improved survival.
In the future, additional studies with larger datasets will be
needed to extend and validate these novel findings.
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Abstract Neutrophil-lymphocyte ratio (NLR) is a hemato-
logical marker of systemic inflammation and several studies
demonstrate an association between a higher NLR and a
worse prognosis in many malignancies. However, literature
analyzing its prognostic value in glioblastoma multiforme
(GBM) is still scarce. We intended to analyze the correlation
of NLR with overall survival and progression-free survival
in patients with GBM performing a retrospective review of
the patients with diagnosis of GBM submitted to a resec-
tion surgery in the department of neurosurgery of a tertiary
care hospital, between January/2005 and January/2013.
140 patients were included. Mean age at surgery was
62.9+10.0 years and mean age at death was 64.4 +9.8 years.
Mean overall survival was 19.4 +14.3 months and mean
progression-free survival was 9.4 +8.7 months. There was
no correlation of NLR, platelets-lymphocyte ratio (PLR) or
absolute counts of neutrophils, lymphocytes and platelets
with overall survival in multivariate analysis. However, a
preoperative NLR <5 correlated with a shorter progression-
free survival [HR 1.56 (SD 95% 1.04-2.34); p=0.032]. We
performed a subgroup analysis of patients who completed
Stupp protocol. In this subgroup of 117 patients, a preopera-
tive NLR >7 correlated with a shorter overall survival [HR
1.65 (SD 95% 1.07-2.53); p=0.023]. The results from our
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total cohort didn’t confirm the correlation between a higher
NRL and worse survival in GBM. However, in the subgroup
analysis of patients who completed Stupp protocol, a higher
NLR was an independent prognostic factor to a shorter over-
all survival, similar to existent literature data about GBM.

Keywords Glioblastoma multiforme - Neutrophil—
lymphocyte ratio - Epidemiology - Overall survival -
Progression-free survival

Introduction

Cancer-associated inflammation promotes angiogenesis and
proliferation of malignant cells, thereby favoring disease
progression [1]. NLR is a hematological marker of systemic
inflammation and has been pointed as an independent risk
factor for worse prognosis in several malignancies [2—4].

GBM remains a poor prognosis malignancy and in the
temozolomide era survival rate 2 years after diagnosis
remains about 26.5% [5].

There are several well studied prognostic factors in GBM,
such as age at diagnosis, preoperative KPS and MMSE,
tumour location and volume, extent of tumour resection,
type of systemic therapy, histologic findings and molecular
genetic factors [6-8]. A deeper knowledge about prognostic
factors in GBM allows guiding the most appropriate adju-
vant treatment in a case-by-case basis.

A few studies analyzed the prognostic value of NLR in
GBM patients and higher values were found to be an inde-
pendent poor prognostic factor. However, literature under
this subject is still scarce. There are only 4 completed retro-
spective studies with total populations of 84 [9], 107 [10],
152 [11] and 166 [12] patients, and preliminary results from
one prospective study [13].
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Platelets-lymphocyte ratio (PLR) is another marker of
host inflammation but its prognostic role in GBM is less
studied than NLR. Only 2 studies analyzed this marker in
GBM. One found PLR to be an independent prognostic fac-
tor, with low PLR being associated with better prognosis
[12]. In the other study despite significant in univariate
analysis, PLR was not an independent prognostic factor in
multivariate analysis [11].

At the present study, we intended to analyze the influence
of NLR in overall survival and progression-free survival in
patients with GBM. We also evaluated the prognostic value
of PLR and absolute counts of neutrophils, lymphocytes and
platelets. We hypothesized that higher pretreatment NLR
and PLR are independent poor prognostic factors in GBM
patients submitted to tumour resection surgery.

Methods
Study design and setting

This is a retrospective patient cohort study of patients with
GBM who were submitted to a resection surgery in the neu-
rosurgery unit of a tertiary care hospital.

Clinical data collection

We retrospectively reviewed a prospectively maintained
database of patients with cerebral tumours and selected
the patients with GBM who were submitted to a resection
surgery between January 2005 and January 2013. We also
reviewed the clinical registries of all patients. We collected
all demographic and clinical data of the included patients
from the database and clinical registries. We excluded
patients with no clinical information in these sources.
Regrowth tumours were also excluded. We collected neu-
trophil, lymphocyte and platelet values from the full blood
counts performed before surgery, in the 24 h post-surgery
and in the first appointment before the beginning of adjuvant
chemoradiotherapy.

Diagnostic criteria

We considered overall survival as the time frame between the
first resection surgery and death. In patients with unknown
date of death we considered the date of the last follow-up
appointment. We considered progression-free survival as the
time frame between surgery and the date of tumour progres-
sion documentation in brain magnetic resonance imaging.
NRL was calculated as absolute neutrophil count divided by
absolute lymphocyte count. PLR was calculated as absolute
platelet count divided by absolute lymphocyte count.

@ Springer

Data analysis

We performed univariate and multivariate analysis using
the Cox proportional hazard method to ascertain the influ-
ence of variables on overall survival and progression-free
survival. We built a multivariate linear regression model
using the stepwise backward likelihood ratio method. We
tested as potential confounders: sex, age at surgery, tumour
location (predominantly frontal, temporal, parietal, occipital
or other locations), extent (1 lobe, 2 lobes or more than 2
lobes) and focality (uni or multifocal), involvement of elo-
quent areas, comorbidities with potential impact in NLR
(hypertension, diabetes mellitus, metabolic syndrome, car-
diac, hepatic or renal disease and inflammatory disorders),
first-line adjuvant systemic therapy, second-line adjuvant
systemic therapy, surgery resection extent and preoperative
KPS. NLR was analysed as a continuous and dichotomous
variable. Based on previous studies, in order to find which
NLR cut-off had the most significant associated p-value,
we tested 7 successive cut-off values between 2.0 and 8.0
using the multivariate model. To analyse the differences
between groups we used Person Qui-square, Mann—Whitney
U test or Kruskal-Wallis test as appropriate. We also per-
formed a subgroup survival analysis using the same methods
described above in the subgroup of patients who completed
Stupp protocol. We considered as statistically significant a
p value <0.05. The software used for statistical analysis was
IBM SPSS Statistics 22.

Results

We included 140 patients. Demographic and clinical charac-
teristics of our cohort are detailed in Table 1. Male-to-female
ratio was 2.3:1. Mean age at surgery was 62.9 +10.0 years
and mean age at death was 64.4 +9.8 years. Mean overall
survival was 19.4 + 14.3 months and mean progression-free
survival was 9.4 +8.7 months.

In multivariate linear regression analysis, we found that
occipital tumour location, absence of first-line systemic
therapy, absence of second-line systemic therapy, presence
of comorbidities and a lower preoperative KPS were cor-
related with a shorter overall survival (Table 2). Absence of
first-line systemic therapy, absence of second-line systemic
therapy and tumour multifocality were correlated with a
shorter progression-free survival (Table 3).

Measured as continuous variables, there was no correla-
tion of NLR, PLR and absolute number of neutrophils, lym-
phocytes and platelets, from full blood counts preoperative,
in the 24-h post-surgery and in the first appointment before
chemoradiotherapy, with overall survival or progression-free
survival. There was also no correlation of preoperative NLR,
measured as a categorical variable, with overall survival, but
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Table 1 Demographic and

- F Characteristics N Mean + SD or percentage
clinical characteristics of the
included patients Gender

Female 42 30.0%

Male 98 70.0%
Age at surgery (years) 140 62.9+10.0
Age at death (years) 140 64.5+9.7
Opverall survival (months) 140 194+143
Progression-free time (months) 132 9.4+8.7
Tumor location

Temporal 41 29.3%

Frontal 34 24.3%

Other 65 46.4%
Tumor extension

1 lobe 88 62.9%

2 lobes 46 32.9%

>2 lobes 6 4.3%
Tumor focality

Unifocal 121 86.4%

Multifocal 19 13.6%
Eloquent area involvement

Yes 63 45.3%

No 76 54.7%
Comorbidities with potential impact in NLR

Yes 74 55.2%

No 60 44.8%
First-line adjuvant systemic therapy

STUPP 117 83.6%

Other 9 6.4%

None 14 10.0%
Second-line adjuvant systemic therapy

Yes 64 45.7%

No 76 54.3%
Surgery resection extent

Partial 38 27.1%

Subtotal 44 31.4%

Total 58 41.4%
Preoperative KPS 129 82.6+14.2
Preoperative NLR 126 9.0+6.5
Preoperative PLR 126 218.8+122.1

a preoperative NLR <5 correlated with a shorter progres-
sion-free survival [p=0.032; HR 1.56 (1.04-2.34)] (Fig. 1).

We also evaluated the difference between postoperative
and preoperative counts of NLR, PLR, neutrophil, lympho-
cyte and platelet, but none of these variables correlated with
overall survival or progression-free survival.

The groups of patients with NLR <5 and > 5 are sta-
tistically comparable, except in the type of first-line sys-
temic therapy (p=0.001). The patients submitted to Stupp
protocol tend to have NLR > 5 while patients submitted to
other therapeutic schemas tend to have NLR <5. All other

demographic and clinical characteristics are similar between
groups namely gender (p=0.206), age at surgery (p=0.609),
tumour extension (p=0.789), location (p=0.739) and focal-
ity (p=0.360), involvement of eloquent areas (p=0.981),
comorbidities (p=0.324), second-line systemic therapy
(p=0.431), surgery resection extent (p=0.838) and preop-
erative KPS (p=0.464).

Stupp protocol was completed in 117 patients. In 14
patients, any adjuvant treatment was made and 9 patients
received other treatment modalities (only standard or
hypofractionated radiotherapy, only chemotherapy with
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Tablg 2 vUni\./ariale and i Variable Univariate analysis Multivariate analysis"

multivariate linear regression

analysis of variables influence P value HR [95% CI] P value HR [95% CI]

on overall survival
Sex 0.919 1.02 [0.71-1.47] - -
Age at surgery 0.005* 1.02 [1.01-1.04] - -
Tumor location 0.143 1.05[0.99-1.11] 0.014* 1.08 [1.02-1.16]
Tumor extent 0.294 1.17 [0.87-1.59] - -
Tumor focality 0.007* 1.97 [1.20-3.25] - -
Involvement of eloquent areas 0.014* 1.54 [1.09-2.17) - -
Comorbidities 0.022* 1.50 [1.06-2.11] 0.044* 1.47[1.01-2.13]
First-line systemic therapy 0.486 0.80 [0.44-1.49] 0.020* 0.38 [0.17-0.86]
Second-line systemic therapy 0.040* 0.70 [0.50-0.98] 0.034* 0.67 [0.47-0.97]
Surgery resection extent 0.468 0.93[0.76-1.14] - -
Preoperative KPS 0.001* 0.98 [0.97-0.99] 0.000%* 0.98 [0.96-0.99]
Preoperative NLR 0.395 1.01 [0.99-1.04] 0.868 1.00 [0.97-1.03]
24 h post-surgery NLR 0.976 1.00 [0.98-1.02] 0.820 1.00 [0.98-1.02]
First appointment post-surgery NLR 0.297 1.03 [0.98-1.07] 0.520 1.02 [0.97-1.07]
Preoperative PLR 0.878 1.00 [1.00-1.00] 0.951 1.00 [1.00-1.00]
Preoperative neutrophils 0.340 1.03 [0.98-1.08] 0.728 1.01 [0.96-1.07]
Preoperative lymphocytes 0.960 0.99 [0.790-1.25] 0.668 0.95[0.74-1.21]
Preoperative platelets 0.233 1.00 [1.00-1.00] 0.585 1.00 [1.00-1.00]

KPS Karnofsky performance score, NLR neutrophil-lymphocyte ratio, PLR platelet-lymphocyte ratio
Using the stepwise backward likelihood ratio method
*Statistically significant (p <0.05)

Table 3 Univariate and

multivariate linear regression
analysis of variables influence P value HR [95% CI] P value HR [95% CI]
on progression-free survival

Variable Univariate analysis Multivariate analysis®

Sex 0.690 0.93 [0.63-1.36] - -
Age at surgery 0.009* 1.02 [1.01-1.04] - -
Tumor location 0.531 1.02 [0.96-1.08] - -
Tumor extent 0.964 0.99[0.71-1.39] - -
Tumor focality 0.005* 2.09 [1.25-3.50] 0.004* 2.11[1.27-3.53]
Involvement of eloquent areas 0.417 1.16 [0.82-1.64] - -
Comorbidities 0.010* 1.61[1.12-2.31] - -
First-line systemic therapy 0.003* 0.28 [0.12-0.64] 0.002* 0.30 [0.14-0.65]
Second-line systemic therapy 0.040* 0.70 [0.49-0.98] 0.027* 0.68 [0.48-0.96]
Surgery resection extent 0.621 0.95[0.77-1.17] - -
Preoperative KPS 0.050 0.99 [0.97-1.00] - -
Preoperative NLR (continuous) 0.662 1.01 [0.98-1.04] 0.653 0.99 [0.93-1.05]
Preoperative NLR (<5.0 Vs>5.0) 0.165 1.31[0.89-1.93] 0.032* 1.56 [1.04-2.34]
24 h post-surgery NLR 0.184 1.01 [1.00-1.03] 0.320 1.01 [0.99-1.03]
First appointment post-surgery NLR 0.221 1.03 [0.99-1.07] 0.328 1.02 [0.98-1.07]
Preoperative PLR 0.908 1.00 [1.00-1.00] 0.700 1.00 [1.00-1.00]
Preoperative neutrophils 0.603 0.99 [0.93-1.04] 0.653 0.99 [0.93-1.05]
Preoperative lymphocytes 0.694 0.95[0.75-1.21] 0.961 1.01 [0.79-1.28]
Preoperative platelets 0.239 1.00 [1.00-1.00] 0.309 1.00 [1.00-1.00]

KPS Karnofsky performance score, NLR neutrophil-lymphocyte ratio, PLR platelet-lymphocyte ratio
Using the stepwise backward likelihood ratio method
*Statistically significant (p <0.05)
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Fig. 1 Kaplan-Meier plot of progression-free survival stratified by
neutrophil-lymphocyte ratio value (cut-off =5.0)—whole study pop-
ulation

temozolomide or carmustine), due to poor functional
status. We compared the 3 treatment groups and found a
statistically significant difference in NLR, with none and
other treatments groups having lower NRL values than
Stupp protocol group (Stupp 9.48 +6.37; Other treatments:
3.16+1.49; None: 9.04 +7.54; p=0.003). Stupp patients
are significantly younger than patients in other treatment
groups (Stupp: 61.4+10.0; Other treatments: 71.7 +4.2;
None: 69.7 +6.1; p=0.000) and had significantly more total
surgical tumour resections (p=0.001). In survival analysis,
we found Stupp patients to have significantly longer overall
survival (Stupp: 21.3+12.7; other treatments: 11.2+11.4;
None: 9.4+22.2) and progression-free survival (Stupp:
10.2 +8.4; Other treatments: 8.0+ 14.3; None: 1.0+ 1.3)
than the remaining patients.

We performed a subgroup analysis of patients who
completed Stupp protocol (n=117). In multivariate linear
regression analysis, higher age at diagnosis [p=0.005; HR
1.03 (1.01-1.05)], tumour multifocality [p=0.003; HR 2.34
(1.35-4.06)] and involvement of eloquent areas [p=0.008;
HR 1.68 (1.14-2.47)] correlated with a shorter overall
survival, while tumour multifocality [p=0.001; HR 2.42
(1.40-4.17)] predicted shorter progression-free survival.

A preoperative NLR > 7 correlated with a shorter overall
survival [p=0.023; HR 1.65 (1.07-2.53)] (Fig. 2). There
was no correlation of preoperative NLR with progression-
free survival.

Discussion

Estimating the pre-treatment prognosis is crucial to provide
the most appropriate individual treatment [14]. Therefore,

Preoperative
neutrophillymphocyte
ratio

et
T

Cumulative survival

0 20 4 60
Overall survival (months)

Fig. 2 Kaplan-Meier plot of overall survival stratified by neutro-
phil-lymphocyte ratio value (cut-off =7.0)—Stupp-protocol treated
patients

the design of increasingly accurate prognostic scales is
required [6, 15]. The molecular biomarkers are beginning
to play an important role in determining the prognosis of
brain tumours [16].

Mutations of IDHI1 has been identified as prognostic
markers for GBM [17]. Patients with IDH1 mutations had
a significantly improved prognosis, with a median overall
survival of 3.8 years as compared to 1.1 years for patients
with wild-type IDH1 [18]. Also, Sanson et al. demonstrate
improved progression free survival in their set of patients
with GBM with 55 months PFS in patients with IDH1 muta-
tion versus 8.8 months PFS in those without it [19]. IDH1
mutations are more frequently found in secondary glioblas-
tomas, with reported frequencies ranging from 50 to 86%
compared with primary glioblastomas, which contain the
mutation only 4-21% of the time [20]. These secondary
glioblastomas have itself a better prognosis than the pri-
mary ones. The meta-analysis published by Chen et al. [21]
after reviewing a pool of 24 out 165 studies, concluded that
IDH1/2 mutations are associated with improved survival in
patients with glioblastomas. Several studies have found an
association between TP53 and IDH1 mutations in astrocytic
tumours [22, 23].

The 2016 update of the WHO classification of CNS
tumours incorporates the molecular parameters, as a marker
of prognosis and treatment of these entities [24]. Unfortu-
nately, in our service only in 2016 it was possible to begin
to search the mutations of IDH and MGMT. The absence of
these data did not allow us to correlate them with the NLR.

The tumorigenesis process involves a complex interac-
tion of cells in a particular microenvironment. Among these,
inflammation seems to play an important role. Necrotic cell
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death releases pro-inflammatory signs to this microenviron-
ment and that immune inflammatory cells can be actively
tumor promoting, providing angiogenesis, cell proliferation,
and invasiveness. Tumor-associated inflammatory response
has the paradoxical effect of enhancing tumorigenesis and
progression, by supplying bioactive molecules to the tumor
microenvironment, including growth factors that sustain
proliferative signaling, survival factors that limit cell death,
proangiogenic factors, extracellular matrix-modifying
enzymes that facilitate angiogenesis, invasion, and metas-
tasis [1]. The role of neutrophils in blood and tumor tis-
sues was addressed in a review paper by Donskov [2]. A
higher inflammation state correlates with worse prognosis
in many neoplastic diseases [1, 2, 4, 25]. There is a correla-
tion between glial tumour grade and the extension of neu-
trophils infiltration, with 85% of glioblastomas presenting a
high infiltration compared to only 45-50% of the low-grade
gliomas. They also find a significant positive correlation
between circulating neutrophil count and extent of neutro-
phil infiltration into the tumor [26].

The prognostic value of NLR in peripheral blood, a
marker of systemic inflammatory responses, was identified
in glioblastoma and is a marker of higher neutrophil and
lower T-cell infiltration in GBM [11, 27]. NLR is an easy
obtainable value, from full blood count. However, it can be
influenced by several factors, such as cardiovascular dis-
ease [28], hypertension [29], insulin resistance [30], urae-
mia [31], autoimmune disorders [32, 33] and glucocorticoid
therapy [34]. In the present work, we adjusted the results
to patient comorbidities that could potentially influence the
inflammatory cell counts.

Several studies analysed the influence of preoperative
NLR in prognosis of GBM. Bambury et al. [9] showed a sig-
nificant correlation in univariate analysis between NLR >4
and a worse median overall survival and in multivariate
analysis NLR >4 remained an independent prognostic indi-
cator for poor outcome. Han et al. [11] showed NLR >4
to be an independent predictor of worse overall survival.
They also studied histological specimens for neutrophil and
CD3+ infiltration and found that high pre-treatment NLR
was significantly associated with high neutrophil infiltration
and low CD3+ T-cell infiltration into tumours. Wang et al.
[12], in a more recently published work studied the prog-
nostic value of NLR considering the IDH mutation status. A
NLR <4 was found to be associated with better overall sur-
vival only in the group of GBM carrying IDH-1 wild-type,
but not in GBM or primary GBM groups. Alexiou et al. [13]
published preliminary results of the only prospective study
and achieved a cut-off NLR value of 4.73 as best predicting
survival. McNamara et al. [10], differently from the previous
studies, included only recurrent GBM and found a median
overall survival in patients with NLR <4 versus NLR >4 of
9.7 and 5.9 months, respectively.
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In our work, contrasting with the previous studies, a
higher NLR didn’t correlate with a shorter overall survival
and progression-free survival. In fact, as opposed to current
literature, we found a NLR <5 to be a predictor of shorter
progression-free survival. This result is difficult to explain
in light of the current knowledge, and it can be due to statis-
tic bias, because the number of patients in other treatment
groups is low. When we analysed the differences between
treatment groups we found that patients submitted to Stupp
protocol are younger, had more total tumour resections and
longer overall survival and progression free survival. This
are expected results because patients who are not selected
for Stupp protocol have poorer functional status. However,
interestingly, NLR is significantly higher in patients in Stupp
protocol group. The difference is particularly striking when
comparing with the group of patients submitted to other
adjuvant protocols. This can be due solely to statistical bias
because the number of patients is low in non-Stupp groups.
Other hypothesis is that patients with very low survival cat-
egories have lower NLR, but larger and controlled studies
are needed.

Because of the potential statistical bias derived from
including patients submitted to other therapeutic schemes,
we performed a subgroup analysis of the patients who com-
pleted the Stupp protocol treatment, the gold-standard adju-
vant treatment in GBM. These patients have better perfor-
mance scores (mean KPS =83.9 vs. 75.3) and are submitted
to the treatment with best prognosis, thus are the patients
who benefit most of a detailed prognostic analysis. In this
subgroup of patients, a NLR > 7 correlated with a shorter
overall survival, and this result is more congruent with lit-
erature data.

We did not make any correlation with the MGMT sta-
tus due to the technical incapacity to obtain this marker,
but reviewing the literature seems there are no correlations
establish between NLR and MGMT promoter methylation
status, and the prognostic role of NLR was not significantly
modified by the MGMT promoter methylation status [11].
We recognize, however, the high prognostic value of molec-
ular markers tests and we consider that in future research its
inclusion should be mandatory.

Another inflammatory marker, the PLR, was also inves-
tigated as a possible prognostic marker in glioblastomas.
Han et al. demonstrates a significant correlation between
PLR and patient survival in univariate analysis, but in mul-
tivariate analysis, the prognostic significance of PLR was
markedly diminished [11]. In our study, there was no corre-
lation between PLR and progression-free survival or overall
survival. This is in accordance with the results of Han et
al. that find a NLR superior to PLR as a prognostic factor
in glioblastoma. However, in a more recent study of Wang
et al. [12] PLR was found to be an independent prognostic
factor, with low PLR being associated with better prognosis.
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Our study has several limitations. Being a retrospective
cohort study, it is subject to bias. The neurooncology inpa-
tients protocol for newly admitted patients with cerebral
tumours is fully implemented for several years. As part of
the service protocol, blood samples shall be collected at
patients’ admission, before the administration of any treat-
ment. Being so, despite we cannot confirm the timing of the
first CCT dose given the retrospective and not controlled
nature of the present study, we believe the protocol was
accomplished. The prognostic value of other inflammatory
markers, such as C-reactive protein and albumin, nor the
value of a combined inflammation-based score, were not
analysed as has been suggested [35-37]. Still, we gathered
arelatively large cohort of patients.

Therapies are under investigation in order to reduce neu-
trophils and possibly improve prognosis [38]. However, a
high baseline neutrophil count in either tumour or blood, or
both, was identified as a strong, independent risk factor for
poor outcome and the negative prognostic impact of neutro-
phils was not eliminated by increasing the dose of cytokines,
chemotherapy, or targeted therapy [26].

In conclusion, in contrast with the results of previous
published studies, we haven’t found NLR to be an inde-
pendent poor prognostic factor in GBM in our total cohort.
However, in the subgroup of patients who completed Stupp
protocol, a preoperative NLR > 7 correlated with a shorter
overall survival. We haven’t found any correlation of PLR
with overall survival and progression-free survival. Robust
studies on this subject are still scarce. Prospective and larger
trials are needed to confirm or exclude NLR as a prognostic
factor in GBM, but this could be a promising marker.
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Abstract Abnormal expression of the long non-coding
RNA HOX transcript antisense intergenic RNA (HOTAIR)
is oncogenic in several human cancers, including glio-
mas. The HOTAIR single nucleotide polymorphisms
(SNPs) 1s920778 (C>T) and rs12826786 (C>T) present
in the intronic enhancer and promoter regions of HOTAIR,
respectively, are associated with expression, cancer suscep-
tibility, and patient prognosis in some tumor types. How-
ever, the relevance of these HOTAIR SNPs has not been
studied in glioma. Here, we report a case-control study
comprising 177 Portuguese glioma patients and 199 can-
cer-free controls. All subjects were genotyped by PCR and
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restriction fragment length polymorphism (RFLP). No sta-
tistically significant differences were found in the genotype
or allele distributions of either rs920778 or rs12826786
between glioma patients and controls, suggesting these
SNPs are not associated with glioma risk. No significant
associations were found between rs920778 variants and
HOTAIR expression levels, while rs12826786 CT genotype
was associated with increased intratumoral HOTAIR RNA
levels when compared to TT genotype (p-value=0.04).
Univariate (Log-rank) and multivariate (Cox proportional)
analyses showed both rs920778 CT and rs12826786 CT
genotypes were significantly associated with longer overall
survival of WHO grade III anaplastic oligodendroglioma
patients. Our results suggest that HOTAIR SNPs 15920778
and rs12826786 do not play a significant role in glioma
susceptibility, but may be important prognostic factors in
anaplastic oligodendroglioma patients. Future studies are
warranted to validate and expand these findings, and to fur-
ther dissect the importance of these SNPs in glioma.

Keywords Glioma - HOTAIR - SNP - Prognosis -
Rs920778 - Rs12826786

Introduction

The recent advent of new sequencing technologies and
genome-wide analysis has indicated that the vast majority
of the genome is transcribed into non-coding transcripts,
and that only 2% of the genome accounts for protein-cod-
ing transcripts, highlighting the importance of better under-
standing the functions of non-protein coding genes [1, 2].
Among non-coding RNAs, those longer than 200 nucleo-
tides—termed long non-coding RNAs (IncRNAs)—have
emerged as highly attractive to cancer research due to their
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ability to local or global regulation of gene expression via
epigenetic, transcriptional or post-transcriptional mecha-
nisms [3]. Indeed, several IncRNAs were found to have cru-
cial roles in controlling cellular pathways and gene expres-
sion programs, thus impacting the oncogenic processes by
presenting either oncogenic or tumor suppressive func-
tions [4]. The HOX Transcript Antisense Intergenic RNA
(HOTAIR) is a trans-acting IncRNA able to reprogram
chromatin organization throughout the genome, as it is
scaffold for the binding of Polycomb Repressive Complex
(PRC2) in its 5’ domain, while interacting on the 3’ domain
with LSD1/REST/CoREST complex [5, 6]. The oncogenic
roles of HOTAIR have been extensively described in several
tumor types, and its abnormal expression was associated
with patient poor prognosis, tumor growth, aggressiveness,
progression, recurrence, metastatic dissemination, invasion,
and chemoresistance (reviewed in [7, 8]).

Gliomas are the most frequent primary malignant
tumors of the central nervous system in adults, and are
divided in 2 main histological subtypes, including astro-
cytomas and oligodendrogliomas [9]. Astrocytomas rep-
resent the vast majority of all diagnosed gliomas (about
70%), and are graded from I to IV according to the World
Health Organization (WHO) [10]. Glioblastoma (GBM;
astrocytoma WHO grade 1V) is the most frequent and
lethal, accounting for more than 50% of all glial tumor
types [11], and is characterized by rapid growth and dif-
fuse invasiveness of the adjacent brain parenchyma [10].
While presenting different molecular profiles resulting
from distinct etiological mechanisms, no environmental
factors have been firmly associated with the develop-
ment of glioma, with exception of exposure to high-dose
therapeutic radiation. Other putative causes may include
familial aggregation, genetic syndromes, telomere main-
tenance and genetic polymorphisms [12-14]. The impor-
tance of inherited genetic variants in glioma risk has been

highly addressed in both candidate-gene and genome-
wide association studies (GWAS) approaches, which
revealed single nucleotide polymorphisms (SNPs) in can-
cer-related genes associated with glioma risk (e.g., TERT,
EGF, EGFR, TGF-p1, CCDC26, CDKN2A/CDKN2B,
PHLDBI and RTELI [15-18]).

Although HOTAIR expression has been reported as
crucial in the carcinogenic process of many cancer types,
and its abnormal expression was associated with patient
poor prognosis, tumor grade, growth and invasion, and as
a putative therapeutic target in glioma [19-21], few stud-
ies have focused on the significance of SNPs in HOTAIR
affecting cancer risk [22-28]. Critically, no studies have
evaluated the impact of HOTAIR SNPs in glioma risk
and patient prognosis. In this context, we evaluated
how previously described HOTAIR SNPs rs920778 and
rs12826786 may associate with glioma susceptibility and
patient prognosis.

Materials and methods
Study population

This case-control study comprised 177 Portuguese gli-
oma patients from Hospital de Braga, Hospital de Sdo
Jodo, and Hospital de Santo Antdnio, diagnosed between
2004 and 2015, and 199 cancer-free individuals randomly
selected from blood donors as controls. All participants
were of Caucasian ethnic background. Tumors were clas-
sified according to WHO grading system [29], and clinico-
pathological data is summarized in Table 1. The study was
conducted according to institutional and European Union
ethical standards, and all subjects ensured written informed
consent to participate in research studies.

Table 1 Clinicopathologic

. . Groups (WHO grade) Number Age,y Gender
features of glioma patients and of cases
cancer-free controls mean+SD  p-value M/Fratio  p-value
Controls 199 46.4+140 N/A 1.88 N/A
Gliomas (II-IV) 177 57.7+124  p<0.001 1.68 p=0.598
Astrocytoma (II-IV) 137 58.3+12.1  p<0.001 185 p=0.945
Diffuse astrocytoma (II) 7 53.1x£133  p=0.153 133 p=0.656
Anaplastic astrocytoma (I1I) 5 56.0+9.9 p=0.080 0.25 p=0.037
Glioblastoma (IV) 118 59.0+12.1 p<0.001 2.11 p=0.654
Gliosarcoma (IV) 7 537+125 p=0.131 133 p=0.656
Oligodendroglioma (II-IIT) 38 559+135 p<0.001 124 p=0.238
Oligodendroglioma (II) 8 46.5+143 p=0.680 0.33 p=0.020
Anaplastic oligodendroglioma (III) 30 585+123 p<0.001 1.73 p=0.831
Anaplastic oligoastrocytoma (III) 2 495+19.1  p=0.696  1.00 p=0.652
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F female, M male, N/A not Applicable, SD standard deviation
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SNP genotyping

Genomic DNA was collected from peripheral blood leu-
kocytes by either proteinase K/chloroform/isopropanol
treatment or Citogene® DNA isolation kit (Citomed).
HOTAIR SNPs 15920778 (C>T) and rs12826786 (C>T)
were genotyped through PCR-based restriction fragment
length polymorphism (RFLP). Fifty ng of DNA were used
for PCR amplification with KAPA Taq DNA Polymerase
(Kapa Biosystems). Primers sequences (following previ-
ous publications [22, 23]) and PCR conditions are listed
in Supplementary Table 1. Ten pL of PCR product were
enzymatically digested at 37°C for 5 or 30 min with Fast-
Digest Mspl (Thermo Scientific, rs920778) or FastDigest
BgllI (Thermo Scientific, rs12826786), respectively. Diges-
tion products were resolved in 4% agarose gel stained with
GreenSafe Premium (Nzytech). For quality control, 20
cases were confirmed by Sanger Sequencing, and the repro-
ducibility was 100%.

Intratumoral HOTAIR expression levels

Total RNA was collected from the available glioma tis-
sues from patients from Hospital de Braga using TRIzol
method (Invitrogen), and ¢cDNA was synthesized using
High Capacity cDNA Reverse Transcription kit (Applied
Biosystems) according to the manufacturer’s protocol.
Gene expression levels were assessed by quantitative real-
time PCR (qPCR; Kapa Biosystems) with the following set
of primers: Sense- CAGTGGGGAACTCTGACTCG and
Antisense- GTGCCTGGTGCTCTCTTACC, and normal-
ized to the expression of HPRTI (Sense- TGAGGATTT
GGAAAGGGTGT; Antisense- GAGCACACAGAGGGC
TACAA).

Statistical analysis

Statistical analyses were performed using SPSS 21.0 IBM
SPSS Statistics, IBM®). The different allele and genotype
frequencies in glioma patients and cancer-free controls
were compared by Chi square test, and nonparametric Wil-
coxon-Mann Whitney test was used to compare age and sex
distributions between these groups. Hardy—Weinberg equi-
librium was evaluated by Chi square test, comparing the
expected and observed genotype frequencies of HOTAIR
SNPs in control group. Linkage disequilibrium (LD) was
calculated with the SHEsis program [30]. The intratumoral
expression levels of HOTAIR were compared between
genotypes using Mann—Whitney test. Odds ratio (OR) and
95% confidence intervals (CI) for assessing differences
in risk and survival were calculated by univariate and a
Cox multivariate logistic regression (adjusted for patient
age and sex). Effect sizes were measured using Cohen’s d

values, and large effect sizes were considered for d>0.8
[31]. No multiple comparisons corrections were performed.
Patients’ overall survival was assessed by Kaplan-Meier
survival curves, and the log-rank test was used to evaluate
the differences. Statistical significance was considered for
p-values <0.05.

Results
Subject characteristics

A total of 376 Portuguese subjects (177 glioma patients
and 199 cancer-free control individuals) were genotyped
to determine possible associations between HOTAIR
1920778 and rs12826786 polymorphisms and glioma risk
or prognosis. The clinicopathological features of the con-
trols and cases are shown in Table 1. Statistical analysis of
age (controls: 27-85 years; gliomas: 20-83 years) and sex
distribution between control and all glioma cases showed
significant differences for age (p-value <0.001), but not for
sex (p-value =0.598; Table 1).

Allelic frequencies and genotype distributions
of HOTAIR SNPs

The genotype and allele frequencies of HOTAIR rs920778
and 1512826786 polymorphisms in controls and glioma
cases are shown in Table 2. The frequencies of TT, CT, and
CC genotypes of 1s920778 were 45.2, 42.2, and 12.6% in
cancer-free controls, and 46.3, 40.1, and 13.6% in glioma
patients, respectively. The allelic frequencies of T allele
were 66.3% for controls and 66.4% for glioma. Regarding
1512826786 polymorphism, the frequencies of CC, CT,
and TT genotypes were 47.2, 42.2, and 10.6% in controls,
and 47.5, 43.5, and 9.0% in glioma cases, respectively,
being the C allele the most representative in the control
group (68.3%) and in glioma patients (69.2%). The dis-
tribution of rs920778 and rs12826786 allele frequencies
in the control group was in Hardy—Weinberg equilibrium
(p-value=0.750 and p-value=0.935, respectively). Inter-
estingly, these two polymorphisms were in strong linkage
disequilibrium (D’ =0.94 and »=0.79) in our datasets.

Association between HOTAIR SNPs and glioma risk

To define whether there was significantly increased glioma
susceptibility due to the presence of particular HOTAIR
rs920778 and rs12826786 genotypes, univariate (data not
shown) and multivariate (Table 2) analyses were performed
in all glioma and GBM patients, the most frequent subtype
in our series (n=118). No significant associations between
these polymorphic variants and the risk for developing
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Table 2 Multivariate logistic

) . Polymorphism  Control ~Glioma (WHO OR (95% CI)* Glioblastoma OR (95% CI)*
regression analysis of the grade ILIV) (WHO grade
association between rs9207?8 v)
and rs12826786 polymorphisms
and glioma susceptibility by 15920778
WHO grades Genotypes
TT 90 82 - 54 -
CT 84 71 0.969 (0.602-1.561) 45 0.927 (0.537-1.601)
CcC 25 24 1.060 (0.528-2.127) 14 0.867 (0.384-1.961)
CC+CT 109 95 0.990 (0.635-1.545) 59 0.913 (0.547-1.522)
Alleles
T 264 235 - 153 -
C 134 119 1.013 (0.727-1.412) 73 0.925 (0.630-1.359)
Age 1.063 (1.045-1.081) 1.071 (1.050-1.092)
Sex
Male 130 111 - 76 -
Female 69 66 1.005 (0.632-1.598) 37 0.716 (0.414-1.239)
rs12826786
Genotypes
CcC 94 84 - 57 -
CT 84 77 1.040 (0.651-1.661) 48 0.966 (0.565-1.654)
TT 21 16 0.837(0.384-1.825) 8 0.533 (0.202-1.411)
TT+CT 105 93 0.998 (0.640-1.556) 56 0.872 (0.523-1.454)
Alleles
C 272 245 - 162 -
T 126 109 0.959 (0.683-1.346) 64 0.821 (0.552-1.221)
Age - - 1.063 (1.045-1.081) - 1.072 (1.051-1.093)
Sex
Male 130 111 - 76 -
Female 69 66 1.000 (0.628-1.591) 37 0.701 (0.403-1.218)

glioma or GBM were found (p-value > 0.05). As expected,
in the multivariate analyses, increased age was associated
with increased risk for developing glioma (OR 1.063; 95%
CI 1.045-1.081) or GBM (OR 1.071; 95% CI 1.050-1.092;
Table 2).

Association between HOTAIR SNPs and gene
expression levels in glioma specimens

The expression of HOTAIR was evaluated in 34 glioma
tumor tissues (freshly collected adequately for RNA analy-
ses) to understand whether the rs920778 and rs12826786
SNPs may be associated with HOTAIR mRNA levels
(Fig. 1). For 1s920778, there were no statistically signifi-
cant differences between CC, TT and CT genotypes and
HOTAIR expression (Fig. 1a). In contrast, glioma subjects
with the rs12826786 CT genotype had significantly higher
tumor HOTAIR RNA levels than those with the TT geno-
type (Fig. 1b, p-value=0.04).
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Boldfaced values indicate statistical significant differences at 5% level

20dds ratio (OR) with 95% confidence intervals (CI), adjusted for age (as a continuous variable) and sex

Prognostic value of HOTAIR SNPs in glioma patients

We next investigated the association between these
HOTAIR polymorphisms and patients’ overall survival in
WHO grade IV GBM (n=69) and WHO grade III ana-
plastic oligodendroglioma tumors (n=18) with available
follow-up data.

No statistically significant associations were found
between 1s920778 or rs12826786 polymorphisms and sur-
vival of GBM patients both by univariate (log rank test
p-value=0.458 and p-value =0.306, respectively) and mul-
tivariate analyses adjusted for patients’ age and sex (Cox
regression model p-values > 0.05; data not shown).

In contrast, univariate analyses for both SNPs in ana-
plastic oligodendroglioma patients showed that car-
riers of CT genotypes present longer overall survival
than CC patients (p-value=0.029 and p-value< 0.001,
for rs920778 and rs12826786, respectively; Fig. 2) or
when compared to all other patients (CT vs CC+TT;
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Fig. 1 HOTAIR expression levels in glioma tissues grouped by
920778 and rs12826786 genotypes. Within rs920778 genotypes
(a), HOTAIR expression levels are not statistically different (CC
n=5, TT n=10, CT n=19), whereas in rs12826786 polymorphism
(b), patients presenting CT (n=19) genotype have increased levels of
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Fig. 2 Effect of HOTAIR rs920778 and rs12826786 polymorphisms
in the survival of WHO grade III anaplastic oligodendroglioma
patients. Kaplan—Meier survival curves indicate that a patients with
CT genotype (n=9) in 1920778 locus of HOTAIR present statisti-
cally significant longer overall survival than patients carrying the
CC genotype (n=3; Log-rank test, p-value=0.029), but not the
TT genotype (n=6; Log-rank test, p-value=0.124). No statisti-
cally significant associations were found between the TT and the

p-value=0.043 and p-value <0.001, for rs920778 and
rs12826786, respectively; data not shown). Addition-
ally for rs12826786, CT genotype patients also presented
longer overall survival when compared to TT patients
(p-value =0.027; Fig. 2b).

Accordingly, Cox multivariate analysis showed that,
for both SNPs, patients with the CT genotype present
statistically significant longer overall survival than CC
patients, independently of age and sex (p-value=0.032
and p-value=0.010, for 1rs920778 and rs12826786,
respectively; Table 3). Moreover, for rs12826786, the CT
genotype also conferred longer overall survival than TT
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HOTAIR in comparison to TT patients (n=4), but not to CC patients
(n=11). The expression levels were normalized to HPRT1 expression
using the 2-AC method, transformed in logarithmic (log,,) scale, and
are represented by mean + SEM. *p-value =0.04
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CC genotypes (p-value=0.541). b Patients harboring the CT geno-
type (n=9) in rs12826786 SNP have statistically significant longer
overall survival than patients with the CC genotype (n=7; Log-rank
test, p-value<0.001) and the TT genotype (n=2; Log-rank test,
p-value=0.032). No statistically significant associations were found
between the TT and the CC genotypes (p-value=0.866). Tick marks
indicate censored data

genotype patients (p-value=0.032; Table 3) or when com-
pared to all other genotypes (p-value =0.006; Table 3).

Discussion

The discovery of genetic factors associated with glioma
susceptibility is required for a deeper understanding of
this devastating disease, and to develop novel therapeutic
approaches. HOTAIR is a known oncogenic IncRNA in
several tumor types (reviewed in [7, 8]) including gliomas
[15-17]. The roles of HOTAIR have been widely reported
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Table 3 Multivariate Cox regression analysis of the association
between rs920778 and rs12826786 polymorphisms and survival in
WHO grade III anaplastic oligodendroglioma patients

Polymorphism Number p-value HR (95% CI)° Cohen’s d
of cases
1s920778
Genotypes
CT 9 0.094 - -
cc 3 0.032  6.292 (1.175-33.69) 1.014*
TT 6 0.267  2.320(0.526-10.24) 0.464
CC+TT 9 0.070  3.264 (0.909-11.72) 0.652
Age 0.187  1.046 (0.978-1.119) 0.025
Sex
Male 13 - - -
Female 5 0.236  2.305(0.578-9.188) 0.460
1512826786
Genotypes
CT 9 0.022 - -
CcC 7 0.010  12.34 (1.837-82.93) 1.386"
TT 2 0.032  9.188 (1.209-69.81) 1.223%
CC+TT 9 0.006  10.79 (1.998-58.24) 1.311°
Age 0.392  1.026 (0.968-1.087) 0.014
Sex
Male 13 - - -
Female 5 0.754  0.791(0.182-3.437) -0.129

Bold-faced values indicate statistical significant differences at 5%
level

*Values that exceed Cohen’s d convention for a large effect size
(d>0.8)

®Hazard ratio (HR) with 95% confidence intervals (CI), adjusted for
age (as a continuous variable) and sex

in cancer, but epidemiological studies evaluating tumor
susceptibility conferred by genetic polymorphisms in its
locus have not been extensively assessed [18-22]. Indeed,
to the best of our knowledge, the current study is the first
to evaluate associations between HOTAIR SNPs (rs920778
and rs12826786) and glioma susceptibility and progno-
sis. We have analyzed a Portuguese population consisting
of 177 glioma patients and 199 cancer-free controls. Our
results showed that the allelic frequencies of HOTAIR SNPs
1920778 and 1512826786 were not significantly different
between glioma patients and cancer-free controls. Impor-
tantly, for both polymorphisms, the genotypes frequencies
in cancer-free controls are in agreement with those reported
by the HapMap Project for subjects of European ancestry
(HapMap-CEU, data not shown; http://hapmap.ncbi.nlm.
nih.gov/). Considering risk assessments, our results showed
no significant associations between HOTAIR 13920778
or rs12826786 and susceptibility for any WHO grade gli-
oma. Previous studies on the contribution of rs920778 to
gastric cancer in a Turkish population [25] also showed
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no differences between patients and cancer-free controls;
however, studies in other tumor types testing the impor-
tance of 1s920778 or rs12826786 in the Chinese population
have shown different allele frequencies between patients
and cancer-free controls [22-24]. It was also showed previ-
ously that rs$920778 variants do not influence gastric cancer
susceptibility [25], whereas others have showed statisti-
cally significant associations between these SNPs and risk
to develop gastric cardia adenocarcinoma [22], esopha-
geal squamous cell carcinoma (ESCC) [23], breast cancer
[26-28] or gastric cancer [24]. Such discrepancies might be
attributed to the different genetic backgrounds of the stud-
ied populations, different sample sizes, and/or to the variety
of tumor types analyzed. Indeed, the expression patterns,
the regulatory mechanisms, and the functions of IncRNAs
are highly tissue-specific [32]. Because SNPs differentially
influence the regulation of IncRNAs [33], in particular the
SNPs in this study [22-24], it is possible that these SNPs
may present distinct relevance in the context of different
tumor types.

Since 1s920778 and rs12826786 HOTAIR SNPs have
been previously reported to be located in an intronic
enhancer or in the promoter, respectively, we sought to
understand if the different genotypes influence the expres-
sion levels of HOTAIR in glioma tissues. Our results
showed that patients with the rs12826786 CT genotype
presented increased intratumoral levels of HOTAIR, com-
pared to TT genotype but not CC, whereas in rs920778 no
differences were found. Previous reports showed increased
levels of HOTAIR in TT homozygous patients with gastric
cancer or gastric cardia adenocarcinoma for rs920778 [24]
or 1512826786 [22], respectively, again highlighting tumor
type-specific roles of SNPs.

Given that HOTAIR expression is a known negative
prognostic factor in glioma [19], we evaluated the impor-
tance of 15920778 or rs12826786 genotypes in the overall
survival of the glioma patients from our dataset. We did not
find any associations between rs920778 and rs12826786
and overall survival for GBM patients (data not shown).
Conversely, anaplastic oligodendroglioma patients present-
ing the CT genotype for rs920778 or rs12826786 had signif-
icantly longer overall survivals, both in univariate and age-
and sex-adjusted multivariate analyses (Fig. 2; Table 3).
Interestingly, in our GBM dataset, the TT genotype is the
least frequent (n=>5/69), and these patients presented a ten-
dency for shorter overall survival in comparison to either
CC or CT patients. Concordantly, a report in gastric car-
dia adenocarcinoma [22] has shown for the rs12826786
SNP that TT genotype is the least frequent and that these
patients also present a tendency to shorter overall survival
in comparison to CT or CC, while presenting no overall
survival differences for CC or CT patients. It is important
to highlight that our survival analyses are based on a small
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cohort of patients (n= 18 for WHO grade III anaplastic oli-
godendroglioma and n=69 for WHO grade IV GBM), for
which we had available follow-up information. Nonethe-
less, our findings that rs920778 and rs12826786 CT geno-
types are associated with longer survival of WHO grade III
anaplastic oligodendroglioma patients are integrally sup-
ported by complementary statistical approaches, including
Log-rank tests (which take into consideration sample size),
multivariate Cox regression models adjusted for potential
confounding effects (like patient age and sex), as well as
calculations of Hazard Ratios and Cohen’s d values (which
relate to the effect size, and are independent of sample size;
Fig. 2; Table 3). These findings suggest putative roles of
these HOTAIR SNPs in the survival of anaplastic oligoden-
droglioma patients, warranting further validation by inde-
pendent studies with larger datasets.

In conclusion, our findings add to the body of knowl-
edge surrounding genetic polymorphisms as putative
players affecting glioma risk or prognosis. We found that
HOTAIR rs920778 and rs12826786 do not seem to play any
major role in genetic susceptibility of glioma in the Por-
tuguese population. In contrast, HOTAIR rs12826786 pre-
sents genotype specific effect on tumoral HOTAIR expres-
sion levels, and both SNPs showed prognostic significance
in the Portuguese anaplastic oligodendroglioma population.
Therefore, HOTAIR 1s920778 and rs12826786 may be use-
ful biomarkers to predict the outcome of WHO grade III
anaplastic oligodendroglioma patients. Of note, these two
SNPs were in strong linkage disequilibrium in the glioma
population, which could partly explain the similar results
obtained for both SNPs relating to risk and prognostic anal-
ysis. Further studies are required to validate and expand our
results to populations with different genetic backgrounds
to better understand the broader importance of these SNPs
in gliomas. Taking advantage of genotyping projects (e.g.,
HapMap and the 1000genomes.org), it may be interesting
to identify and study additional HOTAIR polymorphisms,
which may have functional consequences and play a role in
glioma pathophysiology.
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Abstract

Diffuse gliomas are the most common malignant primary brain tumors and remain incurable. A better knowledge of the
tumor etiology is required. Specific single nucleotides polymorphisms (SNPs) 154977756 (CDKN2A/B), rs6010620 (RTELI),
rs498872 (PHLDBI), 152736100 (TERT), and rs4295627 (CCDC26) have been associated with glioma susceptibility and
are potential risk biomarkers. This study aimed to analyze five SNPs associated with glioma susceptibility, in the Portuguese
population. SNPs were genotyped using the Sequenom MassARRAY platform in 127 gliomas and 180 controls. Uncondi-
tional logistic regression models were used to calculate odds ratio (OR) and 95% confidence intervals. The false-positive
report probability was also assessed. The associations between polymorphisms and survival were evaluated using the log-
rank test. It was found that the AG and GG genotypes of the rs4977756 (CDKN2A/B) were associated with an increased risk
of gliomas (OR 1.85 and OR 2.38) and glioblastomas (OR 2.77 and OR 3.94). The GA genotype of the rs6010620 (RTELI)
was associated with a decreased risk of glioblastomas (OR 0.45). We also observed that the GA genotype of the rs498872
(PHLDBI) was associated with an increased risk of gliomas (OR 2.92) and glioblastomas (OR 2.39). No significant risk
associations were found for the rs2736100 (TERT) and rs4295627 (CCDC26). In addition, the genotype AA of the rs498872
(PHLDBI) was associated with poor overall survival of gliomas patients (AA vs. GA, p=0.037). The rs6010620 (RTELI),
1s4977756 (CDKN2A/B), and rs498872 (PHLDB]) are associated with glioma risk in the Portuguese population and these
data may contribute to understanding gliomas etiology.

Keywords Glioma risk - SNPs - GWAS - RTELI - CDKN2A/B - PHLDBI
Abbreviations CCDC26 Coiled-coil domain containing 26

A Adenine CDKN2A/B  Cyclin-dependent kinase inhibitor 2A/B
C Cytosine CI Confidence interval

P4 Rui Manuel Reis
rreis @med.uminho.pt

Marta Viana-Pereira
martavianap @gmail.com
Daniel Antunes Moreno
daniellmoreno@gmail.com

Paulo Linhares
paulojlinhares @yahoo.com

Jilia Amorim
juliaamorim1 @gmail.com

Rui Nabigo
rnabico@hotmail.com
https://www.hospitaldebraga.pt/servicos/especialidades

Sandra Costa
sandracosta@med.uminho.pt

Published online: 12 November 2019

Rui Vaz
ruimevaz@gmail.com

School of Medicine, Life and Health Sciences Research
Institute (ICVS), University of Minho, Campus de Gualtar,
4710-057 Braga, Portugal

ICVS/3B’s - PT Government Associate Laboratory, Minho,
Portugal

Barretos Cancer Hospital, Molecular Oncology Research
Center, Barretos, SP, Brazil

Department of Neurosurgery, Hospital S. Jodo, Porto,
Portugal

Faculty of Medicine, University of Porto, Porto, Portugal

Department of Oncology, Hospital de Braga, Braga, Portugal

@ Springer

253




Molecular Biology Reports

FPRP False-positive report probability

G Guanine

GWAS Genome-wide association studies

OR Odds ratio

(0N Overall survival

PHLDBI1 Pleckstrin Homology-Like Domain Family
B member 1

RTELI Regulator of telomere elongation helicase 1

SNPs Single nucleotide polymorphisms

T Thymine

TERT Telomerase reverse transcriptase

WHO World Health Organization

Background

Gliomas are the most common primary tumors of the central
nervous system (CNS), with an annual incidence of nearly 6
per 100,000 in the USA [1-4]. In Portugal, gliomas are the
13th most common neoplasms, with an estimated number
of 1225 new cases, and estimated mortality of 1042 new
cases in 2018 [https://gco.iarc.fr]. Currently, gliomas are
classified according to histologic and molecular features
and growth patterns associated with clinical behavior [5].
Diffuse gliomas are characterized by infiltrative growth in
the CNS parenchyma and based on mitotic activity markers,
necrosis, microvascular proliferation, malignancy degrees
are attributed; namely, World Health Organization (WHO)
grades II, III and IV (glioblastoma) [2]. The mutational sta-
tus of isocitrate dehydrogenase genes (IDHI and/or IDH?),
deletion of short and long arms of chromosomes 1 and 19,
and mutation of the TERT promoter region are important
prognostic factors [4-8].

The median survival of diffuse glioma patients varies
from 1.25 years (primary glioblastoma, IDH-wild type) to
8.0 years (diffuse gliomas grade II and III, /DH-mutant with
1p19q co-deletion) [5]. Low-grade diffuse gliomas usually
progress to glioblastoma, one of the most aggressive and
lethal tumors known. Besides extensive studies in the last
decades, diffuse gliomas remain incurable, requiring bet-
ter knowledge regarding prognostic/predictive molecular
biomarkers that contribute to understanding the etiology of
disease and risk stratification for improvements in therapy
[7,9, 10].

The environmental causes involved in gliomas develop-
ment are largely unrecognized, with the exception of ioniz-
ing radiation that is a well-known etiological factor [11]. An
increased risk of glioma is also associated with a family his-
tory of brain tumors and inherited rare mutations and single-
gene disorders, including Turcot’s syndrome, Li-Fraumeni
syndrome, neurofibromatosis, retinoblastoma, and tuberous
sclerosis, however these account for a small proportion of
glioma cases [12].

@ Springer

Single nucleotides polymorphisms (SNPs) are one of
the most common types of genetic variation in the human
genome and are involved in cancer etiology and susceptibil-
ity [13]. These SNPs may occur in different regions of genes
such as promoters, exons, introns and 5" and 3" untranslated
regions, affecting promoter activity, transcription factors
binding, microRNA binding, translational activity and/or
epigenetic mechanisms [13]. SNPs in genes that regulate
the cell cycle have been associated with diffuse glioma sus-
ceptibility [14-17]. Accordingly, the genetic polymorphisms
most frequently studied in the context of brain tumors are
located in genes that might influence susceptibility to these
tumors in concert with environmental exposures, such as
those involved in DNA repair, cell proliferation, apoptosis,
angiogenesis or immune response [18-20].

Importantly, larger studies, including genome-wide
association studies (GWAS) have identified five polymor-
phisms associated with risk of gliomas: rs2736100 (TERT);
154295627 (CCDC26); 154977756 (CDKN2A/B); 1s6010620
(RTELI); rs498872 (PHLDBI) in UK, USA-MDA, French,
and German populations [21], European (French, German
and Swedish) [22]. These SNPs are potential diagnostic and
therapeutic biomarkers in different types of cancer [13].

The association of these SNPs with gliomas is currently
unknown in the Portuguese population. Therefore, the aim
of this study was to analyze the association of these five
loci 152736100 (TERT), 154295627 (CCDC26), rs4977756
(CDKN2A/B), rs6010620 (RTELI), and rs498872 (PHLDBI)
and glioma risk in a Portuguese population.

Results

In order to validate the association of diffuse glioma sus-
ceptibility and SNPs sr4977756 (CDKN2A/B), rs6010620
(RTEL), rs498872 (PHLDBI), rs2736100 (TERT) and
154295627 (CCDC26), previously established in GWAS [21,
22], we conducted a case—control study in a Portuguese pop-
ulation. All studied SNPs were in Hardy—Weinberg equilib-
rium in the control group. More detailed information about
the 127 glioma samples and 180 controls is summarized in
Table 1.

Polymorphisms rs6010620 (RTEL1), rs4977756
(CDKN2A/B) and rs498872 (PHLDB1) are associated
with glioma risk in a Portuguese population

Firstly, we conducted a univariate logistic regression anal-
ysis to validate the associations of SNPs and glioma risk
in the Portuguese population (180 controls, 127 gliomas,
including 87 glioblastomas) (Table 2). In this analysis, it
was observed that the heterozygous AG and the homozy-
gous GG genotypes of the rs4977756 (CDKN2A/B) were

254




Molecular Biology Reports

Table 1 Clinical-pathological

Groups (WHO grad
features of glioma patients roups ( grade)

Number Age years (median+SD) Gender (M; F) mOS (range)

Controls
Gliomas (II-1V)
Histological subtypes of glioma
Astrocytoma (II-1V)
Diffuse astrocytoma (II)
Anaplastic astrocytoma (I1I)
Glioblastoma (IV)
Gliosarcoma (V)
Oligodendroglioma (II-III)
Oligodendroglioma (IT)

Anaplastic oligodendroglioma (III)

180 35-85(53.0+10.8)  113;67 na.
127 20-83 (58.0+12.7)  79;48 16.5 (1-52)
102 22-83(59.0+119)  68;34 16 (1-52)
5 35-67 (41.0+13.5) 23 155 (9-22)
6 3262 (47.0+122) 33 48
87 22-83(59.5+11.6)  59;28 15.5 (1-52)
4 50-72 (61.5+9.1) 4,0 22,5 (7-31)
25 20-78 (50.0+14.1)  11;14 23 (6-48)
7 20-58 (45+134) 25 40.5 (33-48)
18 23-78 (53+14.0)  9;9 22 (6-48)

n.a. not applicable, mOS median overall survival (months), WHO World Health Organization

Table 2 Univariate logistic

. o SNP Control Glioma OR (95% CI)* Glioblas- OR (95% CI)*

regression analysis of toma

associations between

polymorphisms and risk for N % N % N %

glioma and glioblastoma
152736100 (TERT C/A) 177 124 85
cC 50 28 44 35 - 33 39 -
CA 88 50 60 48 0.78(0.46-131) 39 46 1.33(0.41-4.24)
AA 39 22 20 16  0.58(0.30-1.14) 13 15 2.10(0.32-13.98)
1s6010620 (RTELI G/A) 179 121 82
GG 113 63 86 71 - 64 78 -
GA 56 31 33 27 0.77(046-1.29) 18 22 0.57(0.31-1.05)
AA 10 6 2 2 020006-123) 0 0 -
184295627 (CCDC26 T/G) 180 127 87
TT 130 72 84 66 - 62 71 -
TG 43 24 36 28 1.30(0.77-2.18) 19 22 0.93(0.50-1.72)
GG 7 4 7 06 1.55(0.52-457) 6 7 1.80(0.58-5.57)
134977756 (CDKN2A/B AIG) 176 118 80
AA 82 47 34 29 - 20 25 -
AG 72 41 58 49 1.94(1.15-3.30) 40 50  2.28(1.22-4.25)
GG 22 13 26 22 285(1.42-571) 20 25 3.73(1.71-8.12)
rs498872 (PHLDBI G/A) 180 126 86
GG 103 57 43 34 - 32 37 -
GA 60 33 72 57 287(1.754.71) 44 51 2.36(1.35-4.11)
AA 17 9 119 155(0.67-358) 10 12 1.89(0.79-4.55)

Bold-faced values indicate significant difference at the 5% level
OR (95% CI) Odds ratio with 95% confidence intervals

associated with increased risk of gliomas (AG genotype: OR
1.94, CI 1.15-3.30; GG genotype: OR 2.85, CI 1.42-5.71)
and glioblastomas (AG genotype: OR 2.28, CI 1.22-4.25;
GG genotype: OR 3.73, CI 1.71-8.12) (Table 2). It was
also observed that the heterozygous genotype GA of the
rs498872 (PHLDBI) was associated with an increased risk
of gliomas (OR 2.87, CI 1.75-4.71) and glioblastomas (OR
2.36, CI 1.35-4.11) (Table 2). In this univariate analysis,
the remained three polymorphisms rs2736100 (TERT),

rs6010620 (RTELI), and rs4295627 (CCDC26) included in
this study, showed no association with glioma or glioblas-
toma risk in the Portuguese population (Table 2).
Secondly, a multivariate logistic regression analysis
adjusted for potential confounding variables such as patient’s
age and gender was performed. A total of 114 glioma cases
and 174 controls were successfully included in the multivari-
ate logistic analysis. The numbers and frequencies of each
genotype in cases and controls are summarized in Table 3.
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Table 3 Multivariate logistic regression analysis of associations between SNPs and risk for glioma and glioblastoma

SNP Control Glioma OR (95% CI)! p Glioblastoma OR (95% CI)' p
N % N % N %

152736100 (TERT C/A) 174 114 78

cc 48 28 40 35 - 30 38 -

CA 88 51 54 47 0.71 (0.39-1.29) 0261 35 45  0.62(0.31-125  0.185

AA 38 2 20 18 0.73 (0.35-1.55) 0414 13 17 068 (0.28-1.65) 0392

156010620 (RTELI G/A) 174 114 78

GG 109 63 80 70 - 61 78 -

GA 55 32 32 28 0.70 (0.39-1.24) 0224 17 22 045(0.22-0.91)  0.027

AA 10 06 202 0.24 (0.04-1.29) 009 0 0o - -

154295627 (CCDC26 TIG) 174 114 78

TT 128 74 79 69 - 59 76 -

TG 42 24 35 31 1.52 (0.84-2.74) 0165 19 24 1.00(048-2.100  0.997

GG 4 0 0 0 - - 0 0o - -

154977756 (CDKN2A/B A/G) 174 114 78

AA 81 47 3329 - 20 26 -

AG 71 4 55 48 1.85 (1.03-3.30) 0038 38 49  277(1.36-5.67)  0.005

GG 2 13 26 23 2.38 (1.13-5.04) 0023 20 26  3.94(1.63-9.55)  0.002

15498872 (PHLDBI G/A) 174 114

GG 102 05 42 037 - 31 40 -

GA 58 033 67 059 292(1.71-5.00) <0.001 42 54 2.39(1.26-4.53)  0.008

AA 14 008 5004  0.73(0.23-2.32) 0.0587 5 6 0.73(021-2.60)  0.627

Bold-faced values indicate significant difference at the 5% level
OR (95% CI) Odds ratio with 95% confidence intervals

In the multivariate analysis it was observed that the het-
erozygous genotype AG and the homozygous GG genotype
of the SNP rs4977756 (CDKN2A/B) were associated with
an increased risk of gliomas (AG genotype: OR 1.85, CI
1.03-3.30, p=0.038; GG genotype: OR 2.38, CI 1.13-5.04,
p=0.023) and glioblastomas (AG genotype: OR 2.77, CI
1.36-5.67, p=0.005; GG genotype: OR 3.94, CI 1.63-9.55,
p=0.002) (Table 3). Moreover, this analysis showed that the
heterozygous genotype GA of the SNP rs498872 (PHLDBI)
was associated with an increased risk for both for gliomas
(OR 2.92, CI 1.71-5.00, p<0.001) and glioblastomas (OR
2.39, CI 1.26-4.53, p=0.008) (Table 3). The multivariate
analysis also revealed an association between the GA het-
erozygous genotype of the SNP rs6010620 (RTELI), with
a decreased risk of glioblastoma (OR 0.45, CI 0.22-0.91,
p=0.027) (Table 3). In this analysis, the polymorphisms
152736100 (TERT) and rs4295627 (CCDC26) did not show
significant associations with glioma risk in the Portuguese
population studied (Table 3).

The false-positive report probability (FPRP) was calcu-
lated for the significant associations observed and confirmed
that all the associations found in rs498872 (PHLDBI) and
1s4977756 (CDKN2A/B) loci remained noteworthy (FPRP
<0.5), considering the probability of association of 25%
or greater (Table 4). The associations between and risk for
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glioma and glioblastoma remained significant in the univari-
ate analysis even for a prior probability of 10% in the case
of glioma risk (Table 4).

SNPs rs6010620 (RTEL1) and rs498872 (PHLDB1)are
associated with glioma patients’ survival

We further evaluate the association of these five polymor-
phisms with patients’ survival on Kaplan—Meier curves
using the log-rank test. In these analyses, we found that the
1rs6010620 (RTELI) and the rs498872 (PHLDBI) were prog-
nostic factors (Fig. 1).

The heterozygous genotype GA of the rs6010620
(RTELI) was associated with increased overall survival in
patients with gliomas, when compared with the GG geno-
type (p=0.044) (Fig. 1a). It was found that the homozygous
genotype AA of the rs498872 (PHLDBI) was associated
with poorer overall survival in gliomas when compared with
GA genotype (p=0.037), but the results were not significant
when compared with GG genotype (p=0.080) (Fig. 1b).

The SNP rs4977756 (CDKN2A/B), which was associ-
ated with glioma risk (Table 3), was not associated with
patients’ survival (AA vs. GA p = 0.779; AA vs. GG
p=0.739; GA vs. GG p=0.734 (Fig. 1c). We did not find
associations between the polymorphisms rs2736100 (TERT)
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Table 4 False-positive
report probability (FPRP) for
significant associations with

risk

OR (95% CI) Power* Reported P Prior probability
025 0.1 001 0.001
Univariate analysis
Glioma risk
154977756 (CDKN2A/B A/G) 1.94 (1.15-3.30) 0.545 0.014 0.074 0.193 0.725 0.964
2.85 (1.42-5.71) 0.159 0.003 0.056 0.151 0.661 0.952
rs498872 (PHLDBI G/A) 2.87 (1.754.71) 0.077  <0.001 0.001 0.004 0.038 0.283
Glioblastoma risk
4977756 (CDKN2A/B A/G) 2.28 (1.22-4.25) 0.340 0.009 0.077 0.201 0.734 0.965
3.73 (1.71-8.12) 0.058  <0.001 0.045 0.124 0.608 0.940
13498872 (PHLDBI G/A) 2.36 (1.35-4.11) 0.279 0.002 0.025 0.072 0.461 0.896
Multivariate analysis
Glioma risk
134977756 (CDKN2A/B A/G) 1.85 (1.03-3.30) 0.604 0.037 0.156 0.357 0.859 0.984
2.38 (1.13-5.04) 0.325 0.024 0.178 0.394 0.878 0.986
15498872 (PHLDBI G/A) 2.92 (1.71-5.00) 0.084  <0.001 0.003 0.010 0.100 0.529
Glioblastoma risk
154977756 (CDKN2A/B A/G) 2.77 (1.36-5.67) 0.186 0.005 0.079 0.204 0.738 0.966
3.94 (1.63-9.55) 0.067 0.002 0.098 0.245 0.781 0.973
13498872 (PHLDBI G/A) 2.39 (1.26-4.53) 0.293 0.008 0.072 0.189 0.719 0.963
136010620 (RTELI G/A) 0.45 (0.22-0.91) 0.385 0.026 0.170 0.380 0.871 0.986

Bold-faced values indicate the FPRP <0.5 for the most likely prior probability

*Estimation of statistical power to detect an OR of 2.0 with an « level equal to the observed P value

and 154295627 (CCDC26) and the survival of patients with
gliomas.

Discussion

Identification of risk factors for gliomas is important to
understand tumor etiology and may contribute to cancer
prevention and the development of new therapies. Besides
ionizing radiation and some rare inherited syndromes known
to be associated with increased risk of gliomas, the etiology
of these tumors is poorly understood [23-25].

A variety of studies have demonstrated a relationship
between the risk for developing glioma and the presence of
genetic polymorphisms in genes involved in important can-
cer pathways such as neovascularization [19, 26-29] DNA
repair [14]; cell differentiation/death [30]; cycle control and
maintenance of telomeres [22, 27, 31]. New and important
information knowledge of genetic risk factors was recently
identified by genome wide association studies (GWAS) that
analyzed hundreds of thousands of SNPs in a large num-
ber of cases. These GWAS have identified five important
loci at at 5p15.33 rs2736100 (TERT); 20q13.33 rs6010620
(RETLI); 8q24.21 154295627 (CCDC26); 9p21.3 154977756
(CDKN2A/B); and 11q23.3 rs498872 (PHLDB, associated
with glioma risk [22, 27]. The present study aimed to per-
form a case—control study to replicate the association of

these five polymorphisms with glioma risk in a Portuguese
population.

The locus rs2736100 (TERT) is described to be associ-
ated with an elevated risk of many cancer types, including
gliomas [32, 33]. TERT gene encodes the catalytic subunit of
the telomerase enzyme. While most somatic non-neoplastic
cells have no activity or low transcriptional activity of TERT,
this gene is frequently upregulated in cancer cells, associated
with telomeres length maintenance and cell immortaliza-
tion [34]. Several GWAS have demonstrated that the SNP
rs2736100 (TERT) is associated with an increased risk of
glioma [21, 22, 35, 36]. However, in the present study, we
have not observed a significant association between this SNP
and glioma risk. Compared to literature, different results
found in the present study may be due to several issues, such
as small sample size and different populations analyzed.

The locus rs6010620, reported to be associated with
glioma risk, is located in the region of RTELI (regulator
of telomere elongation helicase 1), which is also known to
be involved in telomeres’ maintenance. [22, 31, 37, 38]. A
meta-analysis of two GWAS, including 1878 cases and 3670
controls, with validation in 2545 cases and 2953 controls
of three additional independent series, showed an associa-
tion of G allele of the rs6010620 (RTEL!) and an increased
risk of gliomas [22]. Another meta-analysis that included 12
case—control studies confirmed these results and found that
the heterozygous variant GA of this SNP was associated with
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Fig.1 Survival functions of SNPs (RTELI, CDKN2A/B, and» A rs6010620 (RETL1)

PHLDBI) associated with glioma risk. a The GA variant of o e
16010620 (RTEL]I) is associated with higher overall survival of gli- ' TR
oma patients compared with GG variant (p=0.044). b The homozy- —+ GA-censored
gous variant AA of rs498872 (PHLDBI) is associated with poor over-

all survival in gliomas, compared with the GA variant (p=0.037). ¢ o8]

SNP 154977756 (CDKN2A/B) showed no significant differences in L

glioma patients survival
GG vs GA p=0.044

a decreased risk of gliomas compared with the GG variant
(OR 0.76, C10.71-0.81) in Asian and Caucasian ethnicities
[31]. Corroborating the previous studies, we also observed
that the heterozygous variant GA of the SNP rs6010620 was 02
associated with a decreased risk of glioblastoma (OR 0.45,
CI 0.22-0.91, p=0.027), confirmed by FPRP calculation
with a probability of association of 25%. We also observed
that the GA variant of the SNP rs6010620 was associated
with higher overall survival in glioma patients suggesting
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that the occurrence of this variant represents a protector fac- B
tor against gliomas in the Portuguese population. According rs498872 (PHLDB1)
to studies of integrated information derived from GWAS 1| e
(FunciSNP) [39], this SNP seems to be functionally relevant e
in brain tumors. Hypothetically, polymorphisms in RETLI ool TE{E}E}}}:
may alter the binding proprieties of transcription factors, _
causing a dysfunction on telomeres elongation and there- E
fore compromising the glioma cells’ survival. Nevertheless, 3 o0s] L
molecular experiments are necessary to elucidate the bio- H e
logical function of this SNP and to confirm this hypothesis. é oe]
The third SNP that we aimed to validate associations 3
with glioma risk in the Portuguese population was the SNP L
1rs4295627, located in the regions of the gene CCDC26 0.2] Nl
(coiled-coil domain containing 26). This gene encodes a
long noncoding RNA that acts as a retinoic modulator of ool
myeloid differentiation and death, possibly associated with T — T T T T
cancer development [40]. Meta-analyses studies showed Overall Survival (months)
that the SNP rs4295627 had been associated with glioma
risk in Northern European [41], German [21, 22], French, c
and Swedish populations [22], but there was evidence of roASPTTS6 (CDKN2ATD)
between-study heterogeneity due to the weaker association * TT i
in the Swedish series [22]. Interestingly, a meta-analysis of T "Fgl\ceclsn‘:’:id
14 case—control studies, including 17,419 cases and 28,465 o 1 - G-censored
controls, showed different associations of rs4295627 in 3 LL !
Caucasian and Asian populations. The SNP rs4295627 was E 06 LL“
associated with an increased risk for developing gliomas in ! L Avs GG pe 730
Caucasians but with a decreased risk for gliomas in Asians § 0 N Ghvs CCp=073¢
[30]. In the present study, we did not observe an association 5 k i L.,
between the SNP rs4295627 and glioma risk in the Por- "
tuguese population, suggesting that the association of this
SNP with glioma risk is highly dependent on the population
analyzed. Interestingly, previous reports found significant *

associations between the SNP rs4295627 (CCDC26) and
increased risk for oligodendroglioma, but not with glioblas-
toma [30]. Genetic variants on region 8q24.21 of CCDC26
gene were also reported to be associated with the risk of

Overall Survival (months)
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oligodendroglial tumors and astrocytomas harboring IDH1
or IDH2 mutation [42]. Further studies are needed to elu-
cidate the relationship between the SNP rs4295627 and the
increased risk of IDH mutated oligodendrogliomas.

The fourth SNP studied in the present work was the
154977756 that encompassed a common region of CDKN2A
and CDKN2B tumor suppressor genes and was also
described to be associated with an elevated risk of gliomas.
The CDKNZ2A gene encodes two proteins, the P16 (INK4A)
that acts as a cyclin-dependent kinases inhibitor and the P14
(ARF1), an activator of P53. The CDKN2B encodes P15,
another cyclin-dependent kinase inhibitor [22, 43-45]. A
meta-analysis of 12 case—control studies, including a total
of 12,022 controls and 6871 cases, demonstrated that the
variant G allele of the SNP rs4977756 (CDKN2A/B) was
associated with an increased risk for glioma in Europeans
[44]. GWAS had also described similar results, with het-
erozygote (GA) and homozygote (GG) genotypes associated
with an increased risk of gliomas [22]. Our findings cor-
roborate with these results regarding the heterozygous and
homozygous genotypes, with a probability of association
of 25% or more (FPRP) in the Portuguese population stud-
ied. An additional meta-analysis of 13 case—control studies,
also described that the presence of the G allele in the SNP
154977756, was associated with an increased risk of gliomas,
including Caucasian and Asian patients. Yet, the subgroup
analyses of ethnicities have not confirmed this association
in Asians alone [43], stressing the influence of ethnicity on
polymorphisms studies.

Finally, we have studied the association between the SNP
rs498872 (PHLDBI) and glioma risk. The molecular and
biological functions of the transcription factor PHLDB1
(Pleckstrin Homology-Like Domain Family B member 1),
remains poorly understood, but it seems to be involved in
cancer pathways like cell proliferation, apoptosis, differen-
tiation and migration [46]. GWAS have identified that the T
allele of the SNP rs498872 (PHLDBI) is associated with an
increased risk of gliomas [22]. These results are in accord-
ance with another meta-analysis, including 10 case—con-
trol studies with 18,002 controls and 8434 cases, which
described that homozygous TT, heterozygous TC variants
of the SNP rs498872 were associated with an increased risk
of gliomas [47]. In the present study, we observed that the
heterozygous variant GA of the SNP rs498872 (PHLDBI)
was associated with an increased risk of gliomas (OR 2.92,
CI 1.71-5.00, p<0.001) and glioblastomas (OR 2.39, CI
1.26-4.53, p=0.008) in the Portuguese population studied.
The analysis of FPRP showed that the probability of asso-
ciation was 1% or greater for glioma risk and above 10%
for glioblastoma risk. Also, the homozygous variant AA of
the rs498872 (PHLDBI) was associated with poor overall
survival in gliomas. The small sample size of this study is
probably a relevant factor that contributes to these different

findings in relation to the SNP 5498872, and therefore
the conduction of studies with a larger number of samples
should be conducted to confirm these results.

Besides commonly referred as a uniform genetic ancestry,
the European populations are heterogeneous. The genotyp-
ing of 500.568 loci in 3.192 European individuals found a
close correlation between genetic and geographic distances
[48]. Geographically adjacent populations commonly con-
fine themselves and consequently have more uniform ances-
try. With a few exceptions of recent migrant small popula-
tions, the genetic correlation data between individuals tends
to decay with distance and geographic distribution is impor-
tant to consider in GWAS among Europeans [48].

In this context, the Iberian populations (Portuguese and
Spanish), have a more uniform SNP background compared
to the other Europeans populations [48]. This may be related
to some different results observed in the present study when
compared to other GWAS on polymorphisms and glioma
risk in different European populations.

Conclusion

In the present study, we showed that the polymorphisms
1rs6010620 (RTELI), 14977756 (CDKN2A/B), and rs498872
(PHLDBY) were associated with glioma risk, corroborating
previous GWAS reports [21, 22]. Moreover, polymorphisms
rs6010620 (RTELI) and rs498872 (PHLDB]) are associated
with gliomas patients’ survival in the Portuguese population
studied. These findings may contribute to the understanding
of gliomas risk factors.

Methods
Samples

This retrospective case—control study, enrolled a cohort
of 127 diffuse glioma samples, including 40 lower-grade
gliomas (WHO grades 1I and III) and 87 glioblastomas
(grade 1V) from Hospital Sdo Jodo, Porto, and Hospital
of Braga, Braga, Portugal as previously described [29]
(Table 1). The median age of glioma patients was 58.0 years
(SD=12.7), most was from the male gender (79/48), and
the median overall survival was 16.5 months, ranging from
1 to 52 months (Table 1). It was also included 180 controls
cancer-free samples of blood donors from Braga Hospital
(Table 1). Patients and controls included in this study have
a Caucasian background and are from the north of Portu-
gal. This study was approved for the institutional ethics
committees of Sdo Jodo and Braga Hospitals (Approval
29/10/2007).
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Genotyping

DNA was extracted from blood samples using the
Cilogene® Blood Kit (Citomed, Lisbon, Portugal) accord-
ing to the manufacturer’s instructions. Genotyping was
performed using the Sequenom MassARRAY iPLEX Gold
platform (Sequenom, San Diego, California) at the Insti-
tuto Gulbenkian de Ciéncia, Lisbon, Portugal, and quality
were assessed by duplicate analysis of 10% of the sam-
ples, which demonstrated a 100% agreement rate. Prim-
ers for the loci of interest were designed using MassAR-
RAY Assay Design 3.1 software (Sequenom, San Diego,
California).

Statistical analysis

Data analysis was performed using IBM® SPSS Statis-
tics, version 25.0. A Chi squared test was used to confirm
whether the observed allele distribution in the control
group was in Hardy—Weinberg equilibrium. The effect of
the polymorphic variants on the risk for glioma was esti-
mated using univariate or multivariate logistic regression
analysis, this last one, adjusted for gender and age in terms
of odds ratio (OR) and 95% confidence intervals (95% CI).
Analysis of overall survival (OS) was performed using the
Kaplan-Meier method and the log-rank test. For signifi-
cant associations observed in multivariate tests, the false-
positive report probability (FPRP) was calculated [49].
All statistical tests were two-sided, and significance was
considered for P <0.05.
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Abstract

Purpose Glioblastoma prognosis remains dismal despite gross total removal (GTR) followed by chemoradiotherapy. Other
known prognostic factors include functional status, age and IDH mutation status. However, to improve patient outcome, a
search for other features with impact on survival is needed. We aimed to analyse the impact of body mass index (BMI) on
overall survival (OS) and progression-free survival (PFS) of surgically resected primary glioblastoma and evaluate if BMI
constitutes an independent prognostic factor.

Methods We analysed all adult glioblastoma patients who underwent surgery and chemoradiotherapy between 2011 and
2017 at our institution. Overall survival was the study—primary endpoint, and progression-free survival—the secondary
endpoint. We assayed age, gender, histology, extent of resection, IDH, functional and smoking status, cardiovascular risk
factors, BMI, OS and PFS. Univariate analysis was conducted followed by multivariate analysis to establish independent
prognostic factors. In accordance with the World Health Organization (WHO) BMI stratification, survival curves were
obtained for normal-weight (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?) and obese (> 30 kg/m?) patient subgroups in
addition to the non-obese (18.5-29.9 kg/m?) population.

Results 193 patients were evaluated, with a median follow-up time of 17.3 months. Median OS was 21.3 months in obese
patients vs 16.2 months in the non-obese (p =0.017) and 16 months in the normal weight (p =0.007). Higher median OS was
also observed in patients under 60 and those in which GTR was obtained. Median PFS in obese individuals was 9 months in
comparison to 6 months in the normal-weight subgroup (p=0.04) and 7 months in the non-obese (p =0.050). Multivariate
analysis identified age <60 (p=0.044), GTR (p=0.004) and BMI>30 (p=0.009) as independent prognostic factors for
increased overall survival.

Conclusion Higher BMI was associated with longer OS and PFS. Prospective studies are needed to validate these findings.

Keywords Glioblastoma - Body mass index - Obese - Overall survival - Progression-free survival

Abbreviations oS Overall survival
GBM Glioblastoma PFS Progression-free survival
RT Radiotherapy CHUSJ  Centro Hospitalar Universitario Sdo Joao
T™MZ Temozolomide WHO World Health Organization
TTFields Tumour-treating fields MGMT  0-6-Methylguanine-DNA methyltransferase
GTR Gross total removal HGG Higher-grade glioma
IDH Isocitrate dehydrogenase RCC Renal cell cancer
CNS Central nervous system CSS Cancer-specific survival
BMI Body mass index FASN Fatty acid synthase
EOR Extent of resection
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(TTFields), to the therapeutic plan, prognosis remains dire
with 5-year survival under 5% [1].

Gross total removal (GTR) followed by chemoradiotherapy
is associated with better outcomes [2]. Age, functional per-
formance status and isocitrate dehydrogenase (IDH) mutation
status are also important prognostic factors [1].

Excess body weight and obesity are known risk factors
for the development of various neoplasms, and in the cen-
tral nervous system (CNS), meningiomas have been linked
to higher body weight [3-6]. Hormonal imbalance, chronic
inflammation and increased insulin resistance are among the
factors associated with increased cancer risk in overweight
and obese patients [7, 8]. Furthermore, in some studies, excess
body weight had a negative impact on cancer morbidity and
mortality [9, 10].

The association between body mass index (BMI) and
glioma occurrence is less clear, and no association has thus
far been found between higher body weight and glioma risk
[11-13].

In addition, there is conflicting evidence regarding BMI
impact on higher-grade glioma patients” survival [14-17].

In 2013, Siegel et al. reported decreased survival of pre-
diagnostic underweight and obese higher-grade glioma sub-
jects [14]. However, BMI was subjectively assayed based on
patients’ own perceived weight 1-5 years prior to diagnosis,
and multivariate analysis was not adjusted for extent of resec-
tion (EOR).

In a prospective study published in 2010, Jones and col-
leagues found no association between body weight and sur-
vival rates in 1,259 previously untreated glioblastoma patients
diagnosed between 1991 and 2008 [15].

However, due to the study’s timeframe, most patients did
not undergo chemoradiotherapy according to the Stupp pro-
tocol, which has become the standard of care in glioblastoma
treatment [16].

More recently, Potharaju et al. reported increased survival
of overweight and obese GBM patients [17].

In this study, we aimed to evaluate the impact of BMI on
overall survival (OS) and progression-free survival (PFS) of
surgically resected primary glioblastoma and to assess whether
BMI constitutes an independent prognostic factor.

Methods

Study design and patient selection

We retrospectively reviewed the clinical files of all adult
glioblastoma patients who underwent surgery and adjuvant
chemoradiotherapy treatment between 2011 and 2017 at

Centro Hospitalar Universitario Sdo Joao (CHUSJ), Porto,
Portugal.

@ Springer

A total of 193 patients with histologically proven GBM
were evaluated for clinical progression and outcome
through assessment of medical records from Neurosur-
gery, Oncology and Radiotherapy inpatient and outpatient
consultations.

Patients with post-op vascular lesions or systemic
infections that precluded chemoradiation, secondary
glioblastomas and biopsies were excluded. Additionally,
one underweight, two normal-weight and one overweight
patient were not included due to aggressive tumour recur-
rence before initiating or completing the first cycle from
the Stupp protocol. We evaluated extent of resection, age,
gender, functional status (ECOG), tumour histology, BMI,
IDH-status, PFS and OS. Additionally, smoking status and
cardiovascular risk factors including hypertension, dyslipi-
daemia and diabetes mellitus were assayed.

Overall survival was calculated from date of surgery
to date of death or when alive to last medical evaluation.
Progression-free survival was calculated from date of sur-
gery to date of imaging or clinical recurrence, whatever
took place first, or when progression did not occur to last
medical consultation.

BMI was obtained from oncology outpatient consulta-
tions before the start of chemoradiotherapy.

Body mass index was classified according to World Health
Organization (WHO) categories: normal (18.5-24.9 kg/m?),
overweight (25-29.9 kg/m?) and obese (> 30 kg/m?).

Besides comparison within WHO BMI subsets, we
further compared overall survival and progression-free
survival of obese patients with normal-weight plus over-
weight individuals.

Glioblastoma diagnosis was obtained by histological
analysis of surgical specimens by the Department of Pathol-
ogy at our institution while IDH 1/2 mutation status was
confirmed through immunohistochemistry and genotyping.

189 patients had de novo IDH-wild-type glioblastoma
while 4 patients had de novo IDH—mutant glioblastoma.

0-6-Methylguanine-DNA methyltransferase (MGMT)
gene promoter methylation status was not routinely per-
formed at our institution until 2017, and thus, results were
only obtained for four patients.

192 patients were submitted to chemoradiation accord-
ing to the Stupp protocol while a normal-weight elderly
patient with positive MGMT promoter methylation sta-
tus completed treatment with temozolomide. Second-line
therapy after progression was bevacizumab-based in all
subjects, and 26 patients had one surgery for tumour recur-
rence while two patients had two re-operations.

The diagnosis of hypertension, dyslipidaemia and diabe-
tes mellitus had previously been established by the patients”
general practitioners or by previous hospitalizations and was
obtained through the patients” medical records.
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Data and statistical analysis

We used IBM SPSS Statistics 26 software.

Overall survival was the study—primary endpoint, and
progression-free survival—the secondary endpoint. A p
value below 0.05 was considered statistically significant.
Differences between groups were evaluated with Chi-square
or Mann—-Whitney U tests.

‘We performed univariate analysis of BMI, gender, smok-
ing status, cardiovascular risk factors and known prognostic
factors including age, functional status and EOR.

Current smokers and ex-heavy smokers (> 1 pack of ciga-
rettes per day in the previous 15 years) were considered as
smokers.

For univariate analysis, a post-op residual tumour vol-
ume <2.5 cm® and <2% on MRI was considered GTR
while age-wise patients were divided into two groups: < 60
and > 60 years.

For performance status, patients were divided into two
groups: ECOG 0-1 and ECOG 2-4.

We conducted multivariate analysis of OS and PFS
through Cox proportional hazards regression for variables
with p value < (.10 on univariate analysis in order to deter-
mine independent prognostic factors.

PFS and OS curves were obtained through the
Kaplan-Meier method with 95% confidence intervals for
the three categories of BMI and the normal plus overweight
subgroup.

Results

A total of 193 patients were evaluated, 116 men (60.1%)
and 77 women (39.9%), with a median age of 60 years. 32
patients were obese, 102 were overweight, while the remain-
ing 59 had normal weight.

Median overall survival and follow-up time for all 193
patients was 17.3 months while median progression-free
survival was 7.5 months.

At the time of last medical follow-up, eight (25%) obese,
13 (12.7%) overweight and two (3.4%) normal-weight
patients were alive while two (6.3%) obese and six (5.9%)
overweight subjects had not shown signs of imaging or clini-
cal tumour recurrence. In all normal-weight patients, disease
progression had occurred.

Patient groups

Table 1 details patients’ characteristics by BMI group.

Chi-square and Mann-Whitney U tests were run to rule
out discrepancies within groups for age, EOR, performance
and smoking status.

Median age was 62 years for obese subjects, 57 years for
the non-obese (Mann—Whitney U test p=0.234), 60 years
for overweight patients (p =0.335) and 59 years for the nor-
mal weight (p =0.495).

Similarly, between the aforementioned groups, no sta-
tistical difference was found in ECOG performance status,
smoking status and EOR.

Univariate analysis

Table 2 details p values obtained on univariate analysis.

Median overall survival was 21.3 months (CI 16.9-25.7)
in subjects with BMI> 30 kg/m’ and 16.2 months in the
non-obese (CI 14-18.3) (p value=0.017).

Median OS was 19.3 months (CI 17-21.6) in those
aged <60 and 14.8 months in patients aged > 60 (CI
13.2-16.4) (p value=0.020).

Patients with GTR had a median OS of 19 months (CI
15.8-22.2) that compared to 14.6 months in subtotal resec-
tion (CI 11.1-18) (p value=0.001).

Median OS was 18 months for ECOG 0-1 patients (CI
15.9—20) and 14.6 months in the ECOG 2—4 subgroup (CI
11.5-17.7) (p value =0.085).

Median OS was 18.1 months (CI 15.2-21) and
17 months (CI 15-18.9) for females and males, respectively
(p-value=0.127).

Median OS was 15.2 months (CI 10.7-19.7) and
18 months (CI 15.8-20.2) for diabetic and non-diabetic
subjects, respectively (p=0.099).

Median progression-free survival was 9 months (CI
7.4-10.6) and 7 months (CI 6.3-7.7) in the obese and the
non-obese patient subgroups, respectively (p =0.050).

Patients with GTR had a median PFS of 8 months (CI
7.1-8.8) while those with subtotal resection had a median
PFS of 6 months (CI 5-7) (p=0.037).

ECOG, cardiovascular risk factors, smoking status, age
and gender had no statistically significant impact on PES.

Median OS and PFS within groups

Tables 3 and 4 detail OS and PFS within BMI subgroups
and within gender.

Figure 1 includes survival curves for age, EOR, OS and
PFS according to BMI category.

Median OS was 21.3 months in the obese subgroup (CI
16.9-25.7), 17.2 months (CI 13.5-20.9) in overweight
patients (p=0.184) and 16 months (CI 13.9-18) in the nor-
mal-weight population (p=0.007).

Median PFS was 9 months in the obese subgroup (CI
7.4-10.6), 7 months (CI 5.8-8.2) in overweight patients
(p=0.178) and 6 months (CI 4.9-7) in the normal-weight
population (p=0.004).
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Table 1 Patient characteristics by BMI category

BMI category Normal Overweight Obese
Total patients (n=193) 59 (30.6%) 102 (52.8%) 32 (16.6%)

Males (n=116) (60.1%) 36 (61.1%) 69 (67.6%) 11 (34.4%)

Females (n=77) (39.9%) 23 (38.9%) 33 (32.4%) 21 (65.6%)
Extent of resection

Total (n=111) (57.5%) 29 (49.1%) 60 (58.8%) 22 (68.8%)

Subtotal (n=282) (42.5%) 30 (50.9%) 42 (41.2%) 10 (31.2%)
ECOG performance status

ECOG 0-1 (n=156) (80.8%) 47 (79.7%) 83 (76.1%) 26 (81.2%)

ECOG 2-4 (n=37) (19.2%) 12 (20.3%) 19 (23.9%) 6 (18.8%)
Age Median age =59 years Median age =60 years Median age =62 years

<60 years (n=98) (50.7%) 30 (50.9%) 50 (49%) 18 (56.2%)

>60 years (n=95) (49.3%) 29 (49.1%) 52 (51%) 14 (43.8%)
IDH status

Wild type (n=189) (98.5%) 58(98.3%) 100 (98%) 31 (96.9%)

IDH mutated (n=4) (1.5%) 1(1.7%) 2 (2%) 1(3.1%)
Smoking status

Smoker (n=28) (14.5%) 8 (13.6%) 16 (15.7%) 4 (12.5%)

Non-smoker (n=165) (85.5%) 51 (86.4%) 86 (84.3%) 28 (87.5%)
Diabetes mellitus
Yes (n=28) (14.5%) 5(8.5%) 15 (14.7%) 8 (25%)
No (n=165) (85.5%) 54 (91.5%) 87 (85.3%) 24 (75%)
Hypertension

Yes (n=81) (41.9%) 14 (23.7%) 45 (44.1%) 22 (68.8%)

No (n=112) (58.1%) 45 (76.3%) 57 (55.9%) 10 (31.2%)
Surgery for recurrence

0 (n=165) (85.5%) 50 (84.7%) 87 (85.3%) 28 (87.5%)

1 (n=26) (13.5%) 8 (13.6%) 14 (13.8%) 4 (12.5%)

2 (n=2) (1%) 1(1.7%) 1(0.9%) 0

Median overall survival 16 months (CI 13.9-18)

Median progression-free survival 6 months (CI 4.9-7)

17.2 months (CI 13.5-20.9)
7 months (CI 5.8-8.1)

21.3 months (CI 16.9-25.7)
9 months (CI 7.4-10.6)

Gender-wise median OS was 21.5 months in male obese
patients (CI 16.5-26.5), 16.2 months (CI 13.7-18.7) in the
non-obese (p=0.217), 17.6 months (CI 12.4-22.8) in the
overweight (p=0.321) and 15.5 months in normal-weight
males (CI 12.2-18.7) (p=0.109).

There was no statistically significant difference in median
PFS within male BMI subgroups.

Median OS was 21.3 months (CI 11-31.6) in obese
females, 16.3 months (CI 12.7-19.9) in the non-obese
(p=0.076), 15.7 months (CI 9-22.3) in the overweight
(p=0.160) and 16.3 (CI 12-20.6) months in normal-weight
women (p value=0.073).

Median PES was 9.5 months in obese females (CI 5-13.9)
and 7 months in normal-weight women (CI 5.2-7.7) (p
value=0.017).
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Independent prognostic factors

A multivariate analysis on overall survival with cox-regres-
sion including univariate p values <0.1 was conducted and
age <60 (p value=0.044; HR 0.73), gross total resection
(p value=0.004; HR 0.62) and body mass index >30 (p
value=0.009; HR 0.56) were identified as independent prog-
nostic factors associated with longer survival.

Multivariate analysis on progression-free survival did not
identify either GTR (p value=0.066; HR 0.76) or BMI> 30
(p value=0.083; HR 0.7) as statistically significant inde-
pendent prognostic factors.
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Table 2 Kaplan-Meier pairwise comparison of prognostic factors and cox-regression p values for prognostic factors with p <0.1 on univariate

analysis
Prognostic factor Median OS Median PFS X? square OS X square PES p value OS p value PES Multivariate analysis
p-value
EOR total 19 months (CI 8 months (CI 11.443 4.332 0.001 0.037 0.04 (HR 0.62)/0.066
15.8-22.2) 7.1-8.9) (HR 0.76)
EOR subtotal 14.6 months (CI 6 months (CI 5-6.9)
11.1-18)
ECOG 0-1 18 months (CI 8 months (CI7-9.1)  2.962 0.702 0.085 0.402 0.67 (HR 0.91)/-
15.9-20)
ECOG 24 14.6 months 6 months (CI 5-6.9)
(CI11.5-17.7)
Age <60 years 19.3 months (CI 8 months (CI1 7-8.9)  5.390 0.842 0.020 0.359 0.044 (HR 0.73)/-
17-21.6)
Age> 60 years 14.8 months (CI 6 months (CI
13.2-16.4) 5.2-6.8)
Obese 21.3 months (CI 9 months (CI 5.687 3.848 0.017 0.050 0.009 (HR
16.9-25.7) 7.4-10.6) 0.56)/0.083 (HR
Non-obese 16.2 months (CI 7 months (CI 0.7)
14-18.3) 6.3-7.7)
Obese 21.3 months (CI 9 months (CI 7.395 8.166 0.007 0.004 -
16.9-25.7) 7.4-10.6)
Normal weight 16 months (CI 6 months (CI 4.9-7)
13.9-18)
Obese 21.3 months (CI 9 months (CI 3.625 1.812 0.057 0.178 -
16.9-25.7) 7.4-10.6)
Overweight 17.2 months (CI 7 months (CI
13.5-20.9) 5.8-8.1)
Overweight 17.2 months (CI 7 months (CI 1.763 3.657 0.184 0.056 -
13.5-20.9) 5.8-8.1)
Normal weight 16 months (CI 6 months (CI 4.9-7)
13.9-18)
Smoker 14.7 months (CI 7 months (CI 0.049 0.181 0.825 0.670 -
6.9-22.5) 5.7-8.2)
Non-smoker 17.3 months (CI 7.5 months (CI
15.5-19) 6.4-8.6)
Diabetic 15.2 months (CI 6 months (CI 2.718 1.332 0.099 0.248 0.137 (HR 0.7)/-
10.7-19.7) 5.2-6.8)
Non-diabetic 18 months (CI 8 months (CI 7-8.9)
15.8-20.2)
Hypertense 15.5 months (CI 8 months (CI 0.802 0.123 0.370 0.726 -
12.9-18.1) 6.4-9.6)
Non-hypertense 18 months (CI 7 months (CI
16-19.9) 5.7-8.3)

Discussion

Glioblastoma remains a biological and clinical challenge
with dismal long-term survival despite best care with maxi-
mal extent of resection and chemoradiotherapy. A reduced
number of patients are able to live for many years without
signs of disease and a few others maintain long-term disease
stability after tumour recurrence.

In order to improve patient outcome, it is of paramount
importance to identify subgroups of subjects with increased

OS or PFS that share clinical or tumour biological character-
istics. Understanding the mechanism behind such phenome-
non might lead to better tumour pathogenesis knowledge and
help find novel molecular and clinical therapeutic targets.
In a 2018 retrospective series of 392 GBM patients,
Potharaju et al. [17] sought to analyse the effect of BMI
on overall survival. The overweight and obese patients had
statistically significant longer median OS when compared to
normal-weight subjects. We report similar results. Statisti-
cally significant increased OS and PFS were observed in
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Table 3 Statistical comparison between BMI categories regarding overall survival (p values in the center squares)

Normal weight Overweight Obese Non-obese
Total: 16 months (CI Total: 17.2 months (CI ~ Total: 21.3 months (CI ~ Total: 16.2 months
13.9-18) 13.5-20.9) 16.9—25.7) (CI14-18.3)
Males: 15.5 months (CI Males: 17.6 months (CI Males: 21.5 months (CI  Males:
12.2-18.7) 12.4-22.8) 16.5—26.5) 16.2 months (CI
Females: 16.3 months ~ Females: 15.7 months ~ Females: 21.3 months 13.7-18.7)
(CI12-20.6) (C19-22.3) (CI11-31.6) Females:
16.3 months (CI
12.7-19.9)
Normal weight
Total: 16 months (CI 13.9-18) - 0.184 0.007 -
Males: 15.5 months (CI 12.2-18.7) 0.201 0.109
Females: 16.3 months (CI12-20.6) 0.574 0.073
Overweight
Total: 17.2 months (CI 13.5-20.9) 0.184 - 0.057 -
Males: 17.6 months (CI 12.4-22.8) 0.201 0.321
Females: 15.7 months (CI 9-22.3) 0.574 0.160
Obese
Total: 21.3 months CI (16.9-25.7) 0.007 0.057 - 0.017
Males: 21.5 months (CI 16.5-26.5) 0.109 0.321 0.217
Females: 21.3 months (CI 11-31.6) 0.073 0.160 0.076
Non-obese
Total: 16.2 months (CI 14-18.3) - - 0.017 -
Males: 16.2 months (CI 13.7-18.7) 0.217
Females: 16.3 months (CI 12.7-19.9) 0.076
Table 4 Statistical comparison Normal weight ~ Overweight Obese Non-obese

between BMI categories

regarding progression-free Total: 6 months Total: 7 months  Total: 9 months  Total:

survival (p values in the center (C14.9-7) (CI5.8-8.1) (CI7.4-10.6) 7 months (CI
squares) Males: 6 months Males: Males: 9 months  6.3-7.7)
(CI15-7) 7.5 months (CI  (CI 7.4-10.6) Males:
Females: 6.3-8.6) Females: 7 months (CI
7 months (CI Females: 9.5 months (CI ~ 5.6-8.4)
5.2-7.7) 6 months (CI 5-13.9) Females:
5.7-6.3) 6 months (CI
5-6.9)
Normal weight
Total: 6 months (CI 4.9-7) - 0.056 0.004 -
Males: 6 months (CI 5-7) 0.172 0.272
Females: 7 months (CI 5.2-7.7) 0.231 0.017
Overweight
Total: 7 months (CI 5.8-8.1) 0.056 - 0.178 -
Males: 7.5 months (CI1 6.3-8.6) 0.172 0.696
Females: 6 months (CI15.7-6.3) 0.231 0.399
Obese
Total: 9 months (CI 7.4-10.6)  0.004 0.178 - 0.050
Males: 9 months (CI 7.4-10.6)  0.272 0.696 0.524
Females: 9.5 months (CI 5-13.9) 0.017 0.399 0.119
Non-obese
Total: 7 months (CI 6.3-7.7) - - 0.050 -
Males: 7 months (CI 5.6-8.4) 0.524
Females: 6 months (CI 5-6.9) 0.119
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Fig. 1 Overall survival functions for EOR, BMI category and age. On the bottom right, survival curve for PFS according to BMI subset

obese patients in comparison to normal-weight subjects, and
increasing BMI was associated with higher OS.

When adjusted for other prognostic factors on multivari-
ate analysis, a BMI> 30 kg/m’ had a statistically significant
positive impact on outcome, similar to gross total resection
and younger age.

BMI and cancer link

The term “obesity paradox™ has been used to describe the
longer cancer survival of overweight and obese patients even
though excess body weight is associated with increased can-
cer risk.

Some authors [18-20] have tried to explain those find-
ings by pinpointing to methodological flaws of previous
studies, namely inadequacy of BMI to determine body
composition, existence of confounders, detection bias and
reverse causation. Park et al. [18] and Lennon and col-
leagues [19] argue that body mass index is not the ideal
measurement of body fat and better predictors of adiposity
and body composition should be used before establishing
a link between BMI and increased survival. Whilst true,

body fat measurement with BMI still remains the clinical
benchmark as other methods are at the current time not
suitable for clinical practice.

In our study, the obese subgroup had better OS and PFS
outcomes, and while body composition might be harder to
gauge in the overweight, excess adiposity is almost certain
in the obese.

Furthermore, BMI was the clinical marker used to link
excess body weight and adiposity to cancer risk in multiple
studies [21-23].

Confounders such as smoking status and comorbidities
have also been used to try to explain the obesity paradox.

In our study, there was no statistically significant differ-
ence between groups in smoking and ECOG performance
status and as expected cardiovascular risk factors were more
frequent in the overweight and obese subgroups; thus, our
overweight and obese patients were unlikely to be healthier
than normal-weight individuals. Median age for the obese
and overweight subgroups was also higher.

Unsurprisingly, detection bias does not apply to glioblas-
toma as the natural history of the disease is rapid and as
such reverse causation is also less likely to be a factor in
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glioblastoma patients as GBM-induced weight loss is less
exuberant than other cancers.

At our institution and with few exceptions, glioblasto-
mas are operated within a week of MRI-imaging diagnosis
and steroids are usually tapered off post-operatively during
a 5-10 day period. Therefore, steroid usage is unlikely to
have significantly impacted BMI.

Socioeconomical disparity between groups is also
unlikely to explain the difference in OS and PFS as all
patients received treatment in a public hospital, where
healthcare access is free and universal.

We believe there may be other factors besides heterogene-
ity within different BMI groups and the lack of a more effec-
tive means to establish body composition in standard clinical
practice that can justify the longer survival of overweight
and obese cancer patients observed in various studies.

Higher BMI and cancer survival

Multiple studies have reported increased survival of over-
weight and obese subjects relative to under and normal-
weight individuals after cancer diagnosis [24, 25].

In their evaluation of BMI and outcome in colorectal can-
cer, Shahjehan et al. [26] demonstrated that being under-
weight was a negative predictor of outcome and when all
stages of cancer were combined obese and overweight sub-
jects lived longer.

McQuade et al. [27] found an association between
increased survival and obesity in male patients under tar-
geted and immune therapies for metastatic melanoma while
Choi et al. [28], in a meta-analysis of nephrectomised renal
cell cancer (RCC) patients, identified preoperative obesity
as an independent prognostic factor for increased OS and
cancer-specific survival (CSS).

Rodge et al. [29] found that notwithstanding more fre-
quent post-op complications, obese patients had a statisti-
cally significant increased CSS among RCC patients sub-
jected to surgery, and Schrader and colleagues [30] found
an association between being overweight and improved CSS
in organ confined RCC.

In patients with good performance status, Tsang et al.
[31] demonstrated obesity to be linked to less mortality in
patients with distant metastases from varied neoplasms.

Recent studies have tried to understand the reason behind
higher BMI and better cancer outcomes.

In a cohort study from five different clinical studies,
Sanchez et al. [32] aimed to assess differences in transcrip-
tomics between tumour and peritumour tissue of both local
and metastasized clear cell RCC of normal-weight and obese
patients. Differences in tumour microenvironment were
found with higher angiogenic scores and increased peritu-
moural inflammation encountered in specimen from obese
individuals.

@ Springer

Albiges et al. [33] reported increased OS in obese RCC
patients and established an inverse relationship between fatty
acid synthase (FASN) expression and increased survival;
FASN gene expression was downregulated in obese patients.

FASN has been linked to altered tumour biological
behaviour both in RCC and gliomas [34].

Hakimi et al. [35] showed higher BMI to be linked to
increased OS in RCC on univariate analysis, and most
importantly, genome-wide studies revealed statistically sig-
nificant upregulation of FASN in normal-weight patients
while downregulated in obese individuals. In that study,
FASN overexpression was also associated with decreased
survival.

Zhao et al. [36] found fatty acid synthase to be increased
in glioma cells while Grube and colleagues [37] reported a
linear relationship between increased FASN expression and
higher tumour grade and propose FASN inhibition as a target
for glioma therapy.

Given the aforementioned findings regarding tumour
biology of different neoplasms, we hypothesize that tumour
microenvironment might be altered in obese patients,
in particular with regard to fatty acid metabolism and
angiogenesis.

Thus, the longer survival and progression-free survival
experienced by our obese glioblastoma patient subgroup
might be explained by obesogenic-induced tumour micro-
environment change.

Better tolerance to chemoradiotherapy, higher energy
reserves and lower tendency for cachexia [38] might have
also contributed to the trend of increasing BMI associated
with higher survival observed in our study.

General considerations

Our study is not devoid of shortcomings: it is a retrospec-
tive study, MGMT promoter gene methylation status was not
accounted for and albeit the most used in clinical practice,
BMI still remains an imperfect measurement of body adipos-
ity, particularly in the overweight that constitutes the main
bulk of our patients.

Conclusion

Excess body weight and obesity remain a public health prob-
lem due to the negative impact on cardiovascular health and
increased cancer risk.

However, in similar fashion to multiple studies in vari-
ous neoplasms, our glioblastoma patients with higher BMI
fared better in terms of overall survival and progression-free
survival than normal-weight patients.
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Consequently, establishing a definitive link between
excess body weight and increased cancer survival in pro-
spective studies is of crucial importance.

Transcriptomics, proteomics and metabolomics are
among the tools currently available to ascertain differences
in glioblastoma microenvironment of obese patients that
might explain the more indolent disease course. A better
understanding of tumour pathogenesis and biological behav-
iour within this subgroup might result in better patient out-
come through identification of novel molecular and thera-
peutic targets.
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