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INTRODUCERE

Metastazele cerebrale reprezinta leziuni tumorale maligne secundare ce au ca
punct de plecare un cancer primar cu o localizare aflatd la distanta in organism. Ele
constituie cele mai frecvente tumori intracraniene la adulti depasind ca incidenta toate
tumorile cerebrale primare si odata cu dezvoltarea terapiilor sistemice ce au permis rate
de surpavietuire mai lungi la pacientii cu un cancer sistemic, a devenit o patologie
extrem de studiatd in vederea optimizarii tratamentului.

in ciuda efortului multidisciplinar sustinut, metastazele cerebrale constituie una
din cele mai mari provocari ale deceniului in curs si a caror abordare terapeutica
necesitd progrese ale inovatiei oncologice cat si perfectionarea tehnicilor
neurochirurgicale.

STADIUL ACTUAL AL CUNOASTERII

Metastazele cerebrale sunt leziuni maligne secundare ale Sistemului Nervos
Central determinate de migrarea prin intermediul circulatiei sanguine a celulelor
tumorale provenite din cancere primare sistemice si de colonizarea lor intracraniana.
Ele reprezinta cele mai frecvente tumori intracraniene la adulti depasind ca incidenta
toate tumorile cerebrale primare. Estimarile actuale sugereaza ca intre 20% si 40%
dintre pacientii cu o forma de cancer sistemic vor dezvolta metastaze cerebrale pe
parcursul evolutiei bolii, ceea ce se traduce prin aparitia a sute de mii de cazuri noi anual
la nivel mondial.

Odata cu progresele terapiilor sistemice, care au condus la prelungirea
supravietuirii pacientilor diagnosticati cu un cancer sistemic (mamar, pulmonar, renal
si melanom), SNC a devenit un loc unde boala metastatica devine frecvent elementul
determinant al prognosticului. In consecint, metastazele cerebrale se prezinti astizi
drept una dintre provocarile majore ale oncologiei si neurochirurgiei contemporane.

Din punct de vedere patologic, metastazele cerebrale se remarca prin multiple
trasaturi specifice, ce le deosebesc net de tumorile primare ale creierului. Calea
predominanta de diseminare a celulelor tumorale catre creier este cea hematogens,
circulatia arteriala transportand celule maligne care se opresc 1n ariile cu ramificatii
vasculare pronuntate si modificd brusc structura acestora. Prin acest mecanism se
explica faptul ca metastazele prezinta o predilectie pentru jonctiunea dintre substanta
cenusie si cea alb3, fiind un loc unde ingustarea vaselor si turbulenta fluxului sanguin
favorizeaza depunerea celulelor tumorale.

Morfologic, metastazele cerebrale sunt de obicei leziuni bine delimitate, sferice
sau ovoidale, inconjurate de edem vasogenic care de cele mai multe ori este mai extins
decat masa tumorala propriu-zisa si care produce o mare parte din simptomatologia
neurologicd. Edemul peritumoral rezulta din afectarea barierei hematoencefalice indusa
de infiltrarea tumorald, mecanism ce conduce la extravazarea proteinelor plasmatice si
a apei In compartimentul interstitial.
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Din punct de vedere histologic, majoritatea metastazelor se evidentiaza ca leziuni
net delimitate care tind mai degraba sa comprime parenchimul cerebral inconjurator
decat sa il infiltreze desi au fost documentate si invazii microscopice in tesuturile
adiacente la aproximativ o treime dintre cazuri. Aceasta particularitate a ridicat
intrebari importante privind eficienta ablatiei intratumorale si a oferit fundamentul
pentru luarea in considerare a tehnicilor de rezectie supramarginala. Clinic,
manifestarile metastazelor cerebrale depind de dimensiunea, numarul si localizarea
acestora; cefaleea, crizele epileptice, deficitele neurologice focale si declinul cognitiv
fiind cele mai frecvente manifestari clinice.

In prezent, managementul metastazelor cerebrale devine personalizat cu ajutorul
imagististicii avansate, tehnicilor chirurgicale minim invazive, radioterapie (incluzand
radioterapie stereotacticd), si terapia sistemica adaptatd exclusiv pe trasaturile
moleculare ale tumorii. Acest model multidisciplinar, centrat pe pacient, este reflectat in
ghidurile marilor societati internationale (NCCN, EANO, ASCO) si se preconizeaza cd va
continua sa evolueze odata cu progresele imunoterapiei si ale oncologiei de precizie.

CONTRIBUTII PERSONALE

Studiul 1: Tratamentul Chirurgical al Metastazelor Cerebrale Multiple: Review
Sistematic si Meta-analiza Prognosticului Functional si Rata de Supravietuire a
Pacientilor

Scop / Obiective: Acestreview sistematic si meta-analiza Isi propune sa clarifice
incertitudiniile rolului chirurgiei In metastazele cerebrale printr-o evaluare
corespunzdtoare a dovezilor clinice din literatura de specialitate si pentru a determina
impactul tratamentului chirurgical asupra scorului de performanta Karnofsky, ratei de
supravietuire si mortalitatii in functie de caracteristicile pacientilor si de strategiile
terapeutice utilizate.

Material si metode:

Analiza sistematica a fost realizatd in concordanta cu standardele metodologice
prevazute de declaratia PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-analyses). Au fost considerate eligibile studiile care: (1) au inclus pacienti adulti
(=18 ani) diagnosticati cu metastaze cerebrale multiple, indiferent de originea tumorii
primare; (2) au evaluat managementul chirurgical al acestora, indiferent de tehnica
utilizata; (3) au raportat cel putin un rezultat clinic relevant; (4) au reprezentat articole
de cercetare originald, sub forma studiilor randomizate controlate, cohortelor
prospective sau retrospective. Studiile au fost excluse daca: (1) au fost publicate intr-o
alta limba decat engleza; (2) au inclus doar pacienti cu o singura metastaza cerebrald;
(3) au fost rezumate de conferintd, rapoarte de caz, serii de cazuri, editoriale, comentarii,
scrisori catre editor sau articole de sinteza.
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Cautarea studiilor relevante a inclus patru baze de date majore: Web of Science,
PubMed, Scopus si Cochrane. Cautarea literaturii a fost efectuata pentru perioada 2023
- 1 septembrie 2024. Studiile identificate au fost initial gestionate cu ajutorul
programului EndNote X9 iar pentru aprecierea riscului de bias in studiile retrospective
incluse a fost utilizata Scala Newcastle-Ottawa (NOS).

Rezultate:

Aceasta meta-analiza si review sistematic a inclus un numar total de 1010
pacienti provenind din opt studii si a vizat elucidarea rolului rezectiei chirurgicale in
managementul metastazelor cerebrale multiple. Studiul actual a investigat iIn mod
particular influenta chirurgiei atat asupra rezultatelor functionale evaluate prin scorul
de performanta Karnofsky (KPS) cat si asupra supravietuirii totale.

Analiza gradului de ameliorare clinica imediata evidentiata printr-un KPS ridicat,
a ardtat o rata promitatoare de 46,3%.

Rezultatele meta-analizei noastre au indicat o rata a supravietuirii totale medii
(mOS) de 8,5 luni, ceea ce sugereaza un avantaj modest dar cu implicatii clinice
semnificative ale tratamentului chirurgical pentru metastazele cerebrale multiple.

Rata mOS la un an a fost estimata la 45,9% insa cu variatii notabile, de la 23,6%
(Botta et al., 2023) pana la 80,0% (Vanstraelen et al., 2023). Aceste diferente pot fi
atribuite accesului inegal la terapiile oncologice moderne precum si variatiilor privind
utilizarea terapiilor adjuvante. Analiza ratelor de supravietuire totala la doi ani a oferit
o estimare cumulata de 24,4%, insa din nou cu valori divergente intre studii. De
asemenea, diferentele In abordarea chirurgicala (numarul de craniotomii efectuate,
extensia rezectiei si utilizarea neuronavigatiei sau a IRM intraoperator) pot explica
variatiile observate.

Mortalitatea a variat considerabil intre studiile analizate, reflectind
eterogenitatea evolutiilor clinice si a prognosticului la pacientii cu metastaze cerebrale
multiple. Analiza cumulata a sase studii a evidentiat o rata globala a mortalitatii de 49%
cu o variabilitate ridicatd, explicabilad prin factori precum varsta, comorbiditatile, tipul
tumorii primare, gradul de afectare sistemica si accesul la tratamente adjuvante.

Rezultatele acestei analize au evidentiat un set de factori critici ce ar trebui sa
ghideze decizia chirurgicala si selectia pacientilor. KPS preoperator se contureaza drept
un predictor esential al ameliorarii functionale postoperatorii, argumentand utilizarea
sa ca parametru central in evaluarea eligibilitatii pacientilor pentru tratamentul
chirurgical. Totodatd, tipul histologic al cancerului primar si sensibilitatea sa intrinseca
la tratament exercita o influenta majora asupra supravietuirii cu implicatii directe
asupra definirii strategiilor terapeutice si a optiunilor de tratament adjuvant. in plus,
caracteristicile individuale ale pacientului (varsta, comorbiditatile si disponibilitatea
tratamentului adjuvant) trebuie integrate cu atentie in procesul decizional terapeutic
inainte de interventia chirurgicala.
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Concluzii:

In pofida constrangerilor legate de metodologia asociati meta-analizelor
retrospective, concluziile noastre furnizeaza date relevante privind rolul rezectiei
chirurgicale in managementul metastazelor cerebrale multiple. Interventia chirurgicala
are potentialul de a oferi o ameliorare functionala rapida la un numar considerabil de
pacienti contribuind la cresterea calitatii vietii, permitand astfel, accesul la terapii
oncologice ulterioare.

Supravietuirea pe termen lung poate fi optimizata prin integrarea tratamentului
chirurgical cu terapii adjuvante adecvate — radioterapie, chimioterapie si terapii
moleculare tintite; de asemenea, utilizarea medicinii personalizate ce include noi tehnici
moleculare va duce la imbunatatirea utilitatii clinice.

Pentru a determina cea mai buna abordare terapeutica ar trebuie sa existe o
implicare multidisciplinara. Viitoarele studii prospective multicentrice, care sa includa
criterii standardizate de selectie si evaluare, precum si date cu privire la rolul medicinei
personalizate sunt indispensabile pentru definirea rolului optim al rezectiei chirurgicale
in aceasta patologie complexa.

Studiu 2. Rezectia Chirurgicala Supramarginala a Metastazelor Cerebrale: Meta-
analiza

Scop / Obiective: Standardul chirurgical recomandat pentru tratamentul acestor
metastaze este rezectia totala macroscopica (GTR). Cu toate acestea, GTR izolatda nu
asigura intotdeauna un control terapeutic adecvat, deoarece resturile tumorale pot
prezenta progresie locald si invazie in parenchimul adiacent. Obiectivul principal al
acestui studiu este de a sintetiza datele actuale si de a realiza o comparatie Intre
rezultatele obtinute prin rezectia totala macroscopica (GTR) si cele prin excizia
supramarginala.

Material si metode:

Documentarea si desfasurarea prezentului review sistematic si meta-analize
s-au fundamentat pe principiile enuntate in declaratia PRISMA 2020 (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses), urmand recomandarile
cuprinse in Cochrane Handbook for Systematic Reviews and Meta-Analyses (Londra,
Regatul Unit).

Cohorta a fost reprezentata de pacienti cu metastaze cerebrale unice sau multiple,
indiferent de origine, care au fost supusi ablatiei supramarginale sau totale
macroscopice, incepand cu anul 2014. In analiz au fost admise studii observationale si
trialuri clinice care au raportat date privind supravietuirea. Au fost excluse studiile care
au inclus pacienti cu rezectie subtotald, precum si cele care au raportat rezultate ale
rezectiei chirurgicale fara subgrupare in functie de amploarea rezectiei. Totodata, au
fost excluse rezumatele de conferinte, scrisorile catre editor, rapoartele de caz si
editorialele.
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Procesul de cautare bibliografica a fost realizat in bazele de date electronice
PubMed, Scopus, Cochrane Central Library si Web of Science (WOS).

Pentru fiecare studiu au fost extrase informatii precum: numele primului autor,
tara de provenienta, anul publicarii, designul studiului, numarul de pacienti inclusi, tipul
interventiei chirurgicale, complicatiile postoperatorii si caracteristicile demografice
(sex, varstd). In plus, au fost prelucrate date privind rata de supravietuire globali la 1
an, la 2 ani si frecventa recurentei locale a metastazelor cerebrale. Scala Newcastle-
Ottawa a fost utilizata pentru a evalua calitatea cohortelor incluse. Potrivit metodologiei
lui Egger si colaboratorii, biasul de publicare nu a putut fi analizat, Intrucat niciunul
dintre rezultatele incluse nu a reunit cel putin 10 studii.

Analizele pe subgrupuri au fost realizate in functie de procedura efectuata,
respectiv rezectie supramarginala sau GTR. Pentru o vizualizare mai clara a datelor s-a
utilizat un forest plot. A fost aplicat un model meta-analitic cu efecte aleatoare, intrucat
existd o eterogenitate clinicd evidentd intre studiile incluse, datoratd variatiilor in
protocoalele de interventie, originea metastazelor si numarul metastazelor.

Rezultate:

Cautarea initiala in bazele de date, desfasurata pentru perioada 2014-prezent, a
identificat 896 de inregistrari. Dupa excluderea referintelor duplicate, a articolelor de
tip review, a scrisorilor si a rezumatelor prezentate la conferinte, 602 articole au ramas
eligibile pentru screening la nivel de titlu si rezumat. Dintre acestea, 12 articole au trecut
in etapa de evaluare a textului integral. In final, cinci studii au fost selectate pentru a fi
incluse in analiza sistematica si meta-analiza.

Supravietuirea globala a fost analizata la intervale de 1 si 2 ani. Rata de
supravietuire la 1 an a fost de 37,1% 1n lotul tratat prin rezectie totala macroscopica
(GTR) si de 91,3% in lotul tratat prin rezectie supramarginald. La 2 ani, incidenta
supravietuirii a fost de 21,26% pentru GTR si de 72,46% pentru rezectia
supramarginala.

in studiul de fatd, am observat ci rata recidivei locale la un an postoperator a fost
de 57,69% in lotul pacientilor tratati prin ablatie totald macroscopica (GTR), fata de
18,4% in lotul pacientilor supusi celei supramarginale. Conform datelor raportate de
Yoo si colaboratorii, incidenta recidivei a fost semnificativ mai mica In grupul tratat prin
ablatie supramarginali (23,3%), comparativ cu grupul GTR (43,1%, p = 0,04). in plus,
autorii au raportat cd supravietuirea mediana, fara progresia metastazelor cerebrale, a
fost de 7 luni, pentru lotul tratat prin rezectie totala macroscopica (GTR), comparativ cu
14 luni pentru lotul supus rezectiei supramarginale.

Dincolo de localizarea tumorii la nivel cerebral, exista mai multi factori care pot
influenta rezultatele, cum ar fi stadiul cancerului, varsta si comorbiditatile, numarul
leziunilor si tipul tumorii primare. Mai mult, localizarea tumorii in zone critice s-a
asociat cu rate mai ridicate de complicatii. Prin urmare, decizia asupra abordarii
chirurgicale trebuie adaptata cu atentie, in functie de starea pacientului.
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Concluzii:

Ablatia supramarginald reprezintd o abordare promititoare in managementul
metastazelor cerebrale. Aceasta a fost asociata cu o reducere a incidentei recidivei
locale, precum si cu rate superioare de supravietuire globala la 1 si 2 ani, comparativ cu
GTR. Totusi, selectia pacientilor trebuie realizata cu atentie, In functie de riscurile si
beneficiile specifice fiecarui caz, atunci cand se opteaza pentru aceasta tehnica.

Studiul 3. Analiza Detaliata a Managementului Metastazelor Cerebrale -
Experienta Singulara a unui Centru de Neurochirurgie din Sud-Estul Europei

Scop / Obiective: Acest studiu isi propune sa prezinte experienta, monocentrice,
derulate intr-un serviciu de neurochirurgie din Europa de Sud-Est. Obiectivul principal
a fost descrierea caracteristicilor demografice, clinice si cele legate de patologia
tumorala metastastatica la pacientii supusi interventiei chirurgicale. De asemenea,
studiul a vizat identificarea factorilor predictivi pentru complicatiile postoperatorii,
recurentd, evolutia statusului functional si supravietuirea globald. Din cercetarile
noastre, acesta este singura analiza cu un grad inalt de sensibilitate si specificitate
realizatd pe un lot mare de pacienti tratati chirurgical pentru metastaze cerebrale ce
provin dintr-un singur centru din sud-estul Europei care a urmarit integrarea statusului
clinic, functional si a factorilor de predictie legatie de neuroanatomia pacientilor din
acesta zona geografica.

Material si metode:

Acest studiu de cohortd retrospectiv a fost realizat in cadrul Departamentului de
Neurochirurgie al Spitalului Clinic Judetean de Urgenta Cluj, un centru neurochirurgical
tertiar din sud-estul Europei. Studiul a fost realizat in concordantd cu prevederile
Declaratiei de la Helsinki si a inclus toti pacientii adulti diagnosticati cu metastaze
cerebrala si care au fost tratati prin rezectie chirurgicala in perioada cuprinsa intre
ianuarie 2012 si decembrie 2024.

Abordul chirurgical si gradul rezectiei posibil au fost stabilite de echipa
neurochirurgicala in functie de datele imagistice preoperatorii si de statusul clinic al
pacientului la momentul interndrii in spital. Extensia rezectiei chirurgicale a fost
apreciata intraoperator si ulterior confirmata imagistic prin efectuare unui CT cerebral
cu administrare de substantd de contrast in primele 24 de ore postoperator. De
mentionat ca evaluarea imagistica postoperator utilizind RMN, nu a fost posibila de
rutind datorita limitarilor tehnice existente la acel moment. Gradul rezectiei chirurgicale
a fost definit precum urmeaza:

e Ablatia totala macroscopica (GTR): fara rest tumoral vizibil care sa capteze
substanta de contrast

e Ablatia subtotala (STR): rest tumoral vizibil si care prezinta captare a
substantei de contrast
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Evaluarea rezultatelor:

e Complicatii postoperatorii (neurologice sau sistemice) survenite in primele 30
de zile

e Recurenta tumorala, definita radiologic prin recidiva loco-regionala in zona de
rezectie chirurgicala

e Status functional, evaluat prin Scorul de Performanta Karnofsky (KPS) (KPS >70
vs. KPS <70)

e Rata mortalitatii

e Rata de supravietuire (0S), definitd ca intervalul de timp dintre data
interventiei neurochirurgicale si data decesului, indiferent de cauza, sau ultima
evaluare clinica cunoscuta pentru pacientii cenzurati

e Intervalul de aparitie a recidivei (1-6 luni, 7-12 luni, 13-26 luni, 227 luni)

Rata de recidiva in urma ablatiei totale macroscopice (GTR) a fost definita ca
recidiva locala in zona de rezectie chirurgicala confirmata prin investigate radiologica.
In vederea realizirii analizei, pacientii au fost grupati in functie de numarul recidivelor
locale observate de-a lungul controalelor de specialitate (recidiva unica, multiple sau
extinsa).

Rezultate:
Aceasta analiza retrospectiva, ce a inclus pacienti operati pentru metastaze

cerebrale prezinta o descriere detaliatd a caracteristicilor demografice, anatomice si
clinice si a urmarit sa evalueaze factorii predictivi ai complicatiilor, recurentei,
independentei functionale si supravietuirii.

in total, 358 pacienti (varsta mediana 65 de ani, IQR 56-72; 53,4% barbati) au
fost operati pentru metastaze cerebrale, carcinomul pulmonar fiind identificat drept
principala tumora primara (46,4%). Metastazele unice au predominat (87,4%), iar ariile
cerebrale elocvente au fost implicate in 53,9% din cazuri.

Excizia totala macroscopica (GTR) a fost obtinuta in 93,9% dintre interventii (336
pacienti) in timp ce rezectia subtotala nu s-a asociat cu o ratd mai mica a complicatiilor
postoperator. Referitor la acestea, 20,1% dintre pacienti au prezentat una sau mai multe
complicatii iar recidiva a fost observata in cazul a 10,9% dintre pacienti.

Analiza prin regresie logistica binara multivariatd a demonstrat ca un status
functional preoperator favorabil (KPS >70) a constituit un factor independent protector
fata de complicatiile postoperatorii (OR = 0,05, p < 0,001). GTR nu s-a dovedit a fi un
factor predictiv semnificativ pentru complicatiile postoperatorii (p = 0,244) sau pentru
aparitia recidivei (OR = 2,39, p = 0,413).

In randul celor 354 de pacienti pentru care au fost disponibile date, durata medie
a supravietuirii (mOS) a fost de 325 zile (IC 95%: 270-380) fara diferente relevante in
functie de sex.
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Concluzii:

Acest studiu retrospectiv demonstreaza ca ablatia totala macroscopica (GTR) nu
a constituit un factor predictiv independent pentru reducerea complicatiilor
postoperatorii sau a recurentei. Tendinta nesemnificativa spre o recurenta crescuta in
grupul GTR ar putea fi explicata prin bias de selectie sau prin particularitati ale biologiei
tumorale. In schimb, statusul functional, implicarea regiunilor elocvente si varsta s-au
asociat independent cu rezultatele postoperatorii. Boala extracraniana a fost exclusa din
analiza multivariata din cauza variatiei reduse.

Durata medie a supravietuirii (mOS) a fost de 325 de zile si ofera un reper
important pentru evaluarea pe termen lung a acestui lot de studiu. Aceste rezultate
subliniaza relevanta planificarii chirurgicale personalizate si sustin dezvoltarea unor
cercetdri viitoare care sa integreze variabile moleculare si terapeutice sistemice pentru
a fundamenta o ingrijire neuro-oncologica cu adevarat personalizata.

CONCLUZII GENERALE

Aceasta lucrare combind 3 studii independente care urmaresc sa evalueze rolul
pe catre tratamentul chirurgical si abordarile specifice 11 au in managementul
metastazelor cerebrale. In ciuda limitirilor metodologice inerente ale studiilor
retrospective, descoperirile colective contribuie cu citeva perspective importante.

In primul rand, rezectia chirurgicald este in continuare o resursi terapeutici
fundamentala pentru gestionarea metastazelor cerebrale, in special pentru pacientii cu
status functional favorabil, o boald sistemica controlatd si extensie tumorala
intracraniani limitat. in toate studiile analizate, interventia chirurgicala a fost asociata
in mod constant cu o ameliorare functionala rapid3, o calitate a vietii imbunatatita si cu
facilitarea administrarii terapiilor oncologice ulterioare. Cu toate acestea, la pacientii
varstnici si cei cu leziuni localizate infratentorial s-a demonstrat un risc postoperator
mai mare, subliniind importanta selectiei atente a pacientilor la care se propune aceasta
varianta terapeutica.

Rezectia chirurgicala supramarginala a aparut ca o strategie chirurgicala
promitatoare. Comparativ cu ablatia totald macroscopica (GTR), aceasta a fost asociata
cu o recurenta locala mai mica si rezultate superioare ale ratei de supravietuire la unu
respectiv la doi ani. Cu toate acestea, beneficiile aparent trebuie analizate in raport cu
riscul chirurgical crescut, subliniind necesitatea aplicdrii individualizate a acestei
abordari chirurgicale.

GTR in sine ca terapie singulard, nu a fost un indicator independent al reducerii
ratei de aparitie a recurentelor sau a complicatiilor postoperator. In schimb, rezultatele
postoperatorii au fost determinate in principal de statusul functional (KPS), implicarea
zonelor cerebrale elocvente si varsta pacientului. Aceste constatari sugereaza ca decizia
pentru un tratament chirurgical ar trebui sa fie ghidata de un set mai larg de variabile
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specifice pacientului si tipului histologic al tumorii, nu doar de gradul rezectiei
chirurgicale.

Impreuni aceste trei studii, se evidentiazi importanta integririi tratamentului
chirurgical cu terapiile adjuvante moderne ce includ radioterapia, chimioterapia si
agentii terapeutici tintiti In vederea optimizarii prognosticului pe termen lung.

Durata medie a supravietuirii pacientilor inclusi in studiul regional a fost de
aproximativ 325 de zile reprezentind un punct de referintda pentru evaluarea
prognosticului in urma tratamentului chirurgical pentru viitoarele studii ce includ
pacientii cu metastaze cerebrale.

Cercetarile viitoare ar trebui sa prioritizeze efectuarea de studii prospective,
multicentrice, pentru a valida aceste observatii si pentru a defini criteriile de selectie a
pacientilor. Totodatd, includerea factorilor moleculari si sistemici ai patologiei tumorale
cerebrale in noile scheme de terapie, va fi esentiala pentru dezvoltarea si imbunatatirea
tratamentului neuro-oncologic personalizat ducand la rezultate favorabile ale evolutiei
pacientilor cu metastaze cerebrale.

ORIGINALITATEA SI CONTRIBUTIILE
INOVATIVE ALE CERCETARII DOCTORALE

Originalitatea acestei teze reiese din abordarea multivariata a implicatiilor
rezectiei chirurgicale ca parte principala a managementului terapeutic al pacientilor
diagnosticati cu metastaze cerebrale. Aceastd integrare a datelor specifice existente In
literatura de specialitate cu datele obtinute in urma tratamentului chirurgical oferit
pacientilor in cadrul sectiei de Neurochirurgie a Spitalului Clinic Judetean de Urgenta
din Cluj Napoca este extrem de importanta si cu implicatii clinice vaste, permitandu-ne
sd efectuam analize solide multivariate asupra factorilor predictivi independenti ai
evolutiei functionale, recurentei si OS la acesti pacienti.

Unul din punctele forte ale acestei cercetari il constituie cohorta numeroasa
insumand 358 de pacienti tratati chirurgical pentru metastaze cerebrale provenind
dintr-un singur centru neurochirurgical din Europa de Sud-Est — regiune insuficient
reprezentata in literatura de specialitate.

Totodata am reusit prin meta-analiza efectuatd, sa oferim o evaluare ampla si
sistematica a dovezilor existente privind utilitatea rezectiei chirurgicale in tratamentul
pacientilor cu metastaze cerebrale multiple, incluzand un numar considerabil de cazuri
si analizand parametri esentiali precum KPS si OS.

Un al merit esential ale acestei cercetari bazate pe meta-analiza este faptul ca
reprezinta prima incercare sistematica de a sintetiza datele din literatura existente
referitoare la managementul metastazelor cerebrale prin intermediul ablatiei
supramarginale sau al ablatiei totale macroscopice (GTR). Structurarea analizei pe
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subgrupuri ne-a permis sa obtinem date semnificativ statistic, omogene, oferiind acestui
studiu o mai mare specificitate si sensibilitate cu privire la concluziile formulate.

Studiul nostru a furnizat dovezi clare privind eficacitatea ablatiei supramarginale
la pacientii cu metastaze cerebrale. Pacientii supusi ablatiei supramarginale au
prezentat rate mai mari ale OS si totodata rate mai scazute ale recurentei comparativ cu
cei tratati prin GTR.
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INTRODUCTION

Brain metastases (BMs) are secondary malignant tumor lesions that have as their
starting point a primary cancer with a distant location in the body. They represent the
most common intracranial tumors in, surpassing the incidence of all primary brain
tumors combined. Improved systemic control with chemotherapy, targeted agents, and
immunotherapies has extended the lifespan of many cancer patients, thereby increasing
the window of time in which CNS dissemination can occur, Consequently, the frequency
of brain metastases has risen, and their management has become increasingly central in
contemporary oncology

These developments position brain metastases as a hallmark problem of the
current decade, requiring not only oncological innovation but also neurosurgical
refinement.

CURRENT STATE OF KNOWLEDGE

Brain metastases (BMs) are secondary malignant lesions of the central nervous
system that arise when tumor cells originating from systemic cancers spread
hematogenously and colonize intracranial sites. They represent the most common
intracranial tumors in adults, surpassing the incidence of all primary brain tumors
combined. Contemporary estimates suggest that between 20% and 40% of patients with
solid tumors will develop brain metastases during their disease course, translating into
hundreds of thousands of new cases each year worldwide.

As systemic therapies continue to improve survival in patients with breast, lung,
renal, and melanoma malignancies, the CNS has emerged as a sanctuary site where
metastatic disease often becomes the limiting factor for prognosis. This trend has made
brain metastases one of the defining oncological and neurosurgical challenges of the
present decade.

From a pathological perspective, brain metastases display several distinctive
features that differentiate them from primary brain tumors. Tumor cells most often
reach the brain via hematogenous dissemination, with the arterial circulation
transporting malignant emboli that arrest in regions of high vascular branching and
abrupt caliber changes and that mechanism explains the predilection of metastases for
the gray-white matter junction, where blood vessels narrow and turbulence favors
cellular deposition.

Morphologically, brain metastases are usually well-circumscribed, spherical, or
ovoid lesions surrounded by vasogenic edema, which is often more extensive than the
tumor mass itself and accounts for much of the neurological symptomatology.
Peritumoral edema arises from disruption of the blood-brain barrier by tumor
infiltration, leading to leakage of plasma proteins and water into the interstitial space.
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Histologically, most metastases appear as sharply demarcated lesions that
displace, rather than infiltrate, the surrounding brain parenchyma, although
microscopic invasion into adjacent tissue has been demonstrated in up to one-third of
cases. This has raised important questions about the adequacy of purely intratumoral
resection and has provided the rationale for considering supramarginal techniques.
Clinically, the presentation of brain metastases depends on their size, number, and
location. Headache, seizures, focal neurological deficits, and cognitive decline are the
most frequent manifestations.

Currently, the management of brain metastasis is increasingly personalized with
advanced imaging, minimally invasive surgical techniques, precise radiotherapy
(STEREOTACTIC RADIOTHERAPY including SRS), and systemic therapy based solely on
the molecular features of the tumor. This model of multidisciplinary and patient centred
care is evident in data from major society guidelines (NCCN, EANO, ASCO), and is poised
to change again with advances in immunotherapy and precision oncology.

PERSONAL CONTRIBUTIONS

Study 1: Surgical Resection for Multiple Brain Metastasis - A Systematic Review
and Meta-analysis of Functional and Survival Outcomes

Objectives: This systematic review and meta-analysis aims to address this
uncertainty by comprehensively evaluating the evidence to determine surgery's impact
on KPS score, survival and mortality outcomes across diverse patient characteristics and
treatment approaches.

Materials and Methods:

This systematic review and meta-analysis were performed according to the
guidelines outlined in the Preferred Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) statement. Studies were considered eligible if they met the following
criteria: (1) investigated adult patients (218 years old) with multiple brain metastases
(BMs), regardless of primary tumor origin; (2) focused on the surgical management of
multiple BMs, including any surgical technique; (3) reported at least one relevant
outcome measure; (4) were original research articles including randomized controlled
trials, prospective, and retrospective cohort studies. Studies were excluded if they: (1)
were published in a language other than English; (2) included patients with a single BM
only; (3) were conference abstracts, case reports, case series, editorials, commentaries,
letters to the editor, or review articles.

Our search for relevant studies encompassed four major databases: Web of
Science, PUBMED, Scopus, and Cochrane. The literature search was conducted from
2023 till September 1st, 2024. Retrieved studies were initially managed using EndNote
X9 reference management software and The Newcastle-Ottawa Scale (NOS).
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Results:

This systematic review and meta-analysis, encompassing a substantial cohort of
1010 patients across eight studies, aimed to clarify the role of surgical resection in the
management of patients with multiple brain metastases (BMs). This comprehensive
review specifically focused on evaluating the impact of surgery on both functional
outcomes, as measured by the KPS, and overall survival in this complex patient
population.

The pooled analysis of immediate clinical improvement in KPS indicated a
promising rate of 46.3%.

Our meta-analysis revealed a pooled mOS of 8.5 months, suggesting a modest but
potentially meaningful survival benefit associated with surgery for multiple BMs.

The pooled one-year overall survival rate of 45.9% was characterized by
significant variability. This wide range, with reported rates from 23.6% in Botta et al.
(2023) to 80.0% in Vanstraelen et al. (2023). These differences can be attributed to
unequal access to modern oncology therapy as well as variations in the use of adjuvant
therapies. The analysis of two-year overall survival rates revealed a pooled estimate of
24.4% with a wide range of reported survival rates across studies. Variations in surgical
approach (number of craniotomies performed, extent of resection and use of
neuronavigation or intraoperative MRI) may explain the observed variations.

Overall mortality rates varied significantly across studies, highlighting the
diverse clinical courses and prognoses of patients with multiple BMs. Our pooled
analysis of six studies showed a high overall mortality rate of 49% with significant
variability. This variation likely stems from factors such as patient age, comorbidities,
primary tumor type, extent of systemic disease, and access to adjuvant treatments.

Our findings underscored several key factors to consider during surgical
decision-making and patient selection. Our results indicate that preoperative KPS might
be a major predictor of postoperative improvement, highlighting the potential benefits
of using KPS as a criterion to assess patients' eligibility for surgery. Furthermore, we
underscore the impact of the original tumor type and its inherent responsiveness to
treatment on survival outcomes, which may potentially influence decisions regarding
treatment protocols and adjuvant therapies. Also, the clinicians must consider the
patient's characteristics, such as age and comorbidities, and the availability of adjuvant
therapies, before deciding on surgery.

Conclusion:

Despite the limitations inherent in meta-analyses of retrospective studies, our
findings provide valuable insights into the role of surgery in the management of multiple
BMs. Surgical resection can lead to rapid functional improvement in a substantial
proportion of patients, potentially enhancing their quality of life and facilitating further
oncological treatment.

The integration of surgery with appropriate adjuvant therapies, including
radiotherapy, chemotherapy, and targeted therapies, is essential for improving long-
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term survival outcomes. Also using the precison medicine which include new molecular
techniques will hopefully increase the clinical utility.

In order to determine the best treatment approach multidisciplinary discussions
should be held. Future prospective, multi-center studies are needed to further refine
patient selection criteria and investigate the role of personalized medicine in optimizing
surgical outcomes for this complex patient population.

Study 2. Supramarginal Resection of Metastatic Brain Tumors: A Meta-Analysis

Objectives: The typical recommended surgical therapy for metastases within the
brain is gross total resection (GTR). Nevertheless, GTR solely may not always be
adequate for disease management since remaining tumors can show local
advancements and invasion. Consequently, the focus of this research is to summarize
the current data and compare the outcomes of GTR and supramarginal resection.

Materials and Methods:

The documentation of this systematic review and meta-analysis was based on the
2020 statement of the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) checklist guidelines, follow the methodology recommendation of the
“Cochrane Handbook for Systematic Reviews and Meta-Analysis”(London, UK).

Our population of interest was patients with single or multiple brain metastases
of any origin, who underwent either supramarginal resection or gross total resection
since 2014. Observational studies or trials that reported survival outcomes were
included. We excluded studies that included patients with only subtotal resection, or
studies that reported outcomes of surgical resection without subgrouping according to
the extent of the resection. In addition, conference abstracts, letters to the editor, case
reports, and editorials were excluded.

We searched the electronic databases of PubMed, Scopus, Cochrane Central
Library, and Web of Science (WOS).

We extracted the data from each study, including the first author’s last name,
country, year of publication, study design, sample size, procedure, post-operative
complications, and demographic details (such as sex and age). In addition, we extracted
the results of lyear of overall survival, 2 years of overall survival, and the incidence of
local recurrence of brain metastases.

The New Castle Ottawa scale was used to assess the quality of the included
cohorts. According to Egger et al, publication bias could not be assessed since no
outcome included at least 10 studies.

Subgroup analyses were performed according to the procedure undertaken,
whether supramarginal resection or GTR. A forest plot approach was used for better
visualization of data. A random-effect meta-analysis model was applied since there was
apparent clinical heterogeneity in the included studies due to variations in intervention
protocols, origin of metastases, and number of metastases.
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Results:

An initial database search from 2014 till now retrieved 896 results. After the
removal of duplicated references, reviews, letters, and conference abstracts, 602 articles
remained for screening by title and abstract. A total of 12 articles were passed for full-
text screening. Eventually, five studies were included for systematic review and meta-
analysis.

The overall survival was assessed in this study at 1 and 2 years. The incidence of
1-year survival among the GTR group was 37.1%, whereas the supramarginal resection
group showed an incidence of 91.3%. The incidence of 2-year survival among the GTR
group was 21.26%, whereas the supramarginal resection group showed an incidence of
72.46%.

In this research, we discovered that the incidence of local recurrence after one
year from the operation among the GTR group was 57.69%, whereas the supramarginal
resection group showed an incidence of 18.4%. In agreement with our results, Yoo et al.
have reported that the incidence of recurrence was significantly lower among patients
who were treated by supramarginal resection (23.3%), as compared to the incidence of
survival among the GTR group (43.1%, p = 0.04). Furthermore, they observed that the
average survival time without further advancement in the brain metastases was 7
months among the GTR group compared to 14 months among the supramarginal
resection group.

Beyond the tumor location in the brain, several other factors could affect the
outcomes of patients undergoing resection of metastatic brain tumors, including the
stage of cancer, patients’ age and co-morbidities, the number of lesions, and the primary
tumor type. Furthermore, the tumor site in critical areas was associated with higher
rates of complications. Thus, the decision of the surgical approach should be carefully
tailored according to the patient’s condition.

Conclusions:

Supramarginal resection is a promising approach for the management of brain
metas-tases. It was associated with an improved local recurrence incidence as well as
better 1- and 2-year overall survival rates when compared to GTR. However, careful
patient selec-tion should take place based on the potential risks and benefits of each case
when selecting this technique.

Study 3. A Comprehensive Analysis of the Management of Brain Metastases -
Experience from a South-Eastern European Neurosurgical Centre

Objectives: This study aims to present the in-depth of a monocentric experience
from a neurosurgery service in South-Eastern Europe. The primary objectives of this
study where to describe the demographic, clinical and tumor-related characteristics of
patients treated surgically for brain metastasis. In addition, this study aimed to
characterize predictors of postoperative complications, recurrence, functional
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outcomes, and overall survival. To our knowledge, this is the only single-center big
cohort of surgically treated brain metastases reported from South-Eastern Europe, and
it integrates clinical, functional, and anatomical predictors with propensity score-based
sensitivity analysis, providing insights from an underrepresented region.

Materials and Methods:

This retrospective cohort study was conducted at the Neurosurgery Department
of the Cluj County Emergency Clinical Hospital, a tertiary neurosurgical centre in South-
Eastern Europe. This study was conducted in accordance with the Declaration of
Helsinki and included all adult patients who underwent surgical resection for brain
metastases between January 2012 and December 2024.

Based on preoperative imaging and patient condition, the neurosurgical team
deter-mined the surgical approach and extent of resection. The extent of resection was
defined intraoperatively and confirmed radiologically by contrast-enhanced CT
obtained within 24 hours postoperatively. Early postoperative MRI was not available as
part of routine prac-tice during the study period. The extent of resection was defined as
this:

Gross Total Resection (GTR): no residual enhancing tumour
Subtotal Resection (STR): residual enhancing tumour present

Outcomes evaluation:

e Post-operative complications (neurological or systemic within 30 days)

e Recurrence (local radiographic recurrence at the resection site)

e Functional status, measured using KPS, categorised as >70 vs. <70

e Mortality

e Overall survival (OS) was defined as the interval between the date of
neurosurgical resection and the date of death from any cause or the last known
follow-up for censored patients

e Recurrence intervals (1-6, 7-12, 13-26, 227 months).

Gross total resection rates recurrence was defined as local radiographic recurrence
at the resection cavity. For analysis, patients were further stratified according to the
number of local recurrences observed during follow-up (single, multiple, or extensive).

Results:
This retrospective study included patients who underwent resection of brain

metastasis. It presents a detailed account of demographic, anatomical, and clinical
features, and characterises predictors of complications, recurrence, functional
independence, and survival.

A total of 358 patients (the median age of 65, IQR 56-72; 53,4% male) underwent
surgical resection for brain metastases, with pulmonary carcinoma being the most
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common primary tumour (46.4%). Most patients had solitary metastases (87.4%), and
eloquent brain regions were involved in 53.9% of cases.

Gross Total Resection (GTR) was achieved in 93.9% of patients (336 patients),
while SubTotal Resection (STR) was not significantly associated with fewer
complications (OR = 0.48, p = 0.244). Regarding this, 20.1% experienced postoperative
complications, and recurrence occurred in 10.9%.

We conducted multivariable binary logistic regression models to identify
independent predictors for post-operative complications. Higher functional status (KPS
>70) was strongly protective (OR = 0.05; p < 0.001) but GTR were not significant neither
for recurrence (OR = 2,39, p = 0,413).

Three hundred fifty-four patients with survival data, median overall survival (0S)
was 325 days (95% CI: 270-380). OS did not meaningfully differ by sex.

Conclusions:

This retrospective cohort study demonstrates that gross total resection (GTR)
was not independently associated with lower postoperative complication rates or
reduced recur-rence. The observed non-significant trend toward higher recurrence in
the GTR group may reflect selection bias or tumour biology. In contrast, functional
status, eloquent zone in-volvement, and age were independently correlated with
postoperative outcomes. Although GTR appeared associated with lower postoperative
mortality, this finding was based on very few deaths and should be interpreted with
caution.

Median overall survival (0S) was 325 days, providing a reference point for long-
term outcomes in this regional cohort. These findings underscore the importance of
individualized surgical planning and support future research integrating molecular and
systemic treatment variables to guide personalized neuro-oncologic care.

GENERAL CONCLUSIONS

This paper combines 3 independent studies that aim to evaluate the role of
surgical treatment and specific approaches in the management of brain metastases.
Despite the methodological limitations inherent in retrospective studies, the collective
findings contribute several important insights.

First, surgical resection remains a fundamental therapeutic resource for the
management of brain metastases, especially for patients with favorable functional
status, controlled systemic disease, and limited intracranial tumor extension. In all
studies reviewed, surgery was consistently associated with rapid functional
improvement, improved quality of life, and facilitation of subsequent oncological
therapies. However, elderly patients and those with infratentorial lesions have been
shown to have a higher postoperative risk, emphasizing the importance of careful
selection of patients for whom this therapeutic option is proposed.
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Supramarginal surgical resection has emerged as a promising surgical strategy.
Compared with gross total resection (GTR), it has been associated with lower local
recurrence and superior one- and two-year survival outcomes. However, the apparent
benefits must be weighed against the increased surgical risk, highlighting the need for
individualized application of this surgical approach.

GTR alone was not an independent predictor of reduced recurrence or
postoperative complications. Instead, postoperative outcomes were determined
primarily by functional status (KPS), involvement of eloquent brain areas, and patient
age. These findings suggest that the decision for surgical treatment should be guided by
a broader set of patient-specific variables and tumor histology, rather than by the extent
of surgical resection alone.

Together, these three studies highlight the importance of integrating surgical
treatment with modern adjuvant therapies including radiotherapy, chemotherapy and
targeted therapeutic agents in order to optimize long-term prognosis.

The median survival time of patients included in the regional study was
approximately 325 days, representing a reference point for evaluating the prognosis
following surgical treatment for future studies including patients with brain metastases.

Future research should prioritize conducting prospective, multicenter studies to
validate these observations and to define patient selection criteria. At the same time, the
inclusion of molecular and systemic factors of brain tumor pathology in new therapy
regimens will be essential for the development and improvement of personalized neuro-
oncological treatment leading to favorable outcomes in patients with brain metastases.

ORIGINALITY AND INNOVATIVE
CONTRIBUTIONS OF DOCTORAL RESEARCH

The originality of this thesis stems from the multivariate approach to the
implications of surgical resection as a main part of the therapeutic management of
patients diagnosed with brain metastases. This integration of specific data existing in
the specialized literature with data obtained following surgical treatment provided to
patients in the Neurosurgery Department of the County Emergency Hospital in Cluj
Napoca is extremely important and has broad clinical implications, allowing us to
perform robust multivariate analyses on independent predictive factors of functional
evolution, recurrence and OS in these patients.

One of the strengths of this research is the large cohort totaling 358 patients
surgically treated for brain metastases from a single neurosurgical center in South-
Eastern Europe — a region insufficiently represented in the specialized literature.

At the same time, we managed, through the meta-analysis performed, to provide
a broad and systematic evaluation of the existing evidence regarding the utility of
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surgical resection in the treatment of patients with multiple brain metastases, including
a considerable number of cases and analyzing essential parameters such as KPS and OS.

Another essential merit of this meta-analysis-based research is the fact that it
represents the first systematic attempt to synthesize data from the existing literature
regarding the management of brain metastases by means of supramarginal ablation or
gross total ablation (GTR). Structuring the analysis by subgroups allowed us to obtain
statistically significant, homogeneous data, giving this study greater specificity and
sensitivity regarding the conclusions formulated.

Our study provided clear evidence regarding the efficacy of supramarginal
ablation in patients with brain metastases. Patients undergoing supramarginal ablation
presented higher OS rates and also lower recurrence rates compared to those treated by
GTR.



