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INTRODUCERE

Importanta temei acestei teze de doctorat deriva dintr-o nevoie medicala critica
neacoperita: identificarea unor instrumente prognostice mai precise si personalizate
pentru cancerul vezical, o boala caracterizata printr-o heterogenitate biologica si clinica
remarcabild. In ciuda progreselor recente in terapiile sistemice, supravietuirea
pacientilor ramane profund variabilg, iar modelele traditionale de stratificare a riscului,
bazate pe stadializarea TNM, nu reusesc sa surprindda complexitatea biologica a
tumorilor. Aceasta lucrare si-a propus sa depdseasca aceste limite printr-o abordare
integrata a factorilor perioperatorii, histopatologici si moleculari, generand dovezi
solide asupra rolului invaziei limfovasculare, asupra valorii biomarkerilor biologici si
asupra impactului terapiilor moderne in practica reala. Relevanta si actualitatea temei
sunt confirmate si prin diseminarea rezultatelor In cadrul unor conferinte nationale si
internationale de prestigiu si prin publicarea articolelor stiintifice in reviste indexate,
ceea ce reflecta atat originalitatea contributiei, cit si valoarea sa pentru comunitatea
stiintifica si pentru practica oncologica curenta

STADIUL ACTUAL AL CUNOASTERII

Sectiunea analizeaza fundamentele biologice, clinice si prognostice ale cancerului
de vezica urinara (CVU), subliniind complexitatea bolii si evolutia paradigmelor de
management, de la modelele traditionale la abordarile medicinei de precizie.

O Problema de Sanatate Publica si o Provocare Biologica. CVU reprezinta o
problema majora de sanatate la nivel global, fiind a noua cea mai frecventa neoplazie
conform datelor GLOBOCAN 2022. Boala prezintd o predominanta masculind (raport
4:1), iar etiologia sa este complexad. Fumatul este principalul factor de risc, responsabil
pentru peste 50% din cazuri, alaturi de expuneri profesionale si factori de mediu.
Carcinogeneza uroteliala este un proces multistadial, iar recurenta frecventa a bolii non-
musculo-invazive este explicata prin conceptul de ,camp de cancerizare”, unde intregul
uroteliu este alterat molecular. Dezvoltarea tumorald urmeaza doua cai moleculare
distincte si mutual exclusive. Calea Papilara (FGFR3/TERT-dependenta): caracteristica
pentru majoritatea tumorilor non-musculo-invazive (NMIBC). Aceste tumori sunt
genomice stabile, avand o rata mare de recurentd, dar un risc redus de progresie. Calea
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Invaziva (TP53/RB1-dependentd): std la baza carcinomului in situ si a majoritatii
cazurilor de cancer vezical musculo-invaziv (MIBC). Inactivarea acestor gene
supresoare duce la instabilitate genomica masiva si un comportament biologic agresiv.
Genomul CVU este deosebit de haotic, avand una dintre cele mai mari rate de mutatii,
adesea cauzatd de semndtura mutationala a enzimelor APOBEC. Acest proces, alaturi de
modificari epigenetice precum metilarea aberanta a ADN-ului, alimenteaza evolutia
tumorala.

Abordarea Clinica: De la Simptom la Terapii Moderne. Tabloul clinic este dominat
de hematuria macroscopica nedureroasa, iar diagnosticul de certitudine se bazeaza pe
cistoscopie si examenul histopatologic al tesutului obtinut prin rezectie transuretrala
(TURBT). Stadializarea corectda a bolii musculo-invazive (MIBC) este esentialad si se
realizeazi prin imagistici avansatd (CT si RMN multiparametric cu scor VI-RADS). In
boala metastatica, paradigma terapeutica a fost revolutionatid. S-a trecut de la
dependenta exclusiva de chimioterapia pe baza de platina la o noua erd definita de
imunoterapia cu inhibitori de punct de control imun (ICI) si, mai recent, de combinatiile
dintre ICI si conjugate anticorp-medicament (ADC), care au devenit noul standard de
ingrijire in prima linie. Cu toate acestea, raspunsul la aceste terapii este variabil,
subliniind nevoia critica de biomarkeri predictivi robusti pentru a selecta pacientii care
beneficiaza cel mai mult de tratament.

Factori Prognostici: Catre o Stratificare Biologica a Riscului. Evolutia pacientilor
cu MIBC tratati prin cistectomie radicala este extrem de heterogena, evidentiind limitele
sistemului de stadializare pTNM. O stratificare precisa a riscului necesita integrarea
unor factori perioperatorii suplimentari. Factori preoperatorii: acestia reflecta impactul
sistemic al tumorii. Markerii serici de inflamatie (NLR, PLR), statusul nutritional
(sarcopenia, hipoalbuminemia) si prezenta hidronefrozei sunt indicatori puternici ai
unei biologii agresive si ai unui prognostic rezervat. Factori intraoperatori si patologici:
calitatea actului chirurgical, desi importantd, pare sa-si fi atins limitele, trialuri
randomizate recente esuand in a demonstra beneficiul limfadenectomiei extinse
(eLND). Densitatea ganglionara (LNDe), invazia limfovasculara (LVI) si marginile
chirurgicale pozitive (PSM) sunt factori patologici cu valoare prognostica independenta
si superioara. Era biomarkerilor moleculari: raspunsul la chimioterapia neoadjuvanta
(NAC) este cel mai puternic biomarker in vivo; obtinerea unui raspuns patologic complet
(pCR) este asociata cu un prognostic excelent. Acest raspuns poate fi prezis de mutatiile
in genele de reparare a ADN-ului (DDR). Cel mai mare avans este reprezentat de biopsia
lichida: detectarea ADN-ului tumoral circulant (ctDNA) postoperator este cel mai
puternic predictor al recurentei, identificind pacientii cu boala minima reziduala (MRD)
care beneficiaza de terapie adjuvanta.
In concluzie, managementul modern al CVU se indreapti citre o stratificare a riscului
multi-omic3, care integreaza date clinice, patologice, radiomice si moleculare, cu scopul
de a oferi un prognostic personalizat si de a ghida deciziile terapeutice de precizie.

CONTRIBUTII PERSONALE



Titlul tezei 9

Studiul 1: Invazia Limfovasculara ca Factor Prognostic Independent in Cancerul Vezical
Tratat prin Cistectomie Radicala

Scop / Obiective: Evaluarea prevalentei si a semnificatiei prognostice a invaziei
limfovasculare (LVI) intr-o cohorta de pacienti din Romania supusi cistectomiei
radicale, investigdnd rolul sdu ca predictor independent al supravietuirii
globale.

Material si metode: A fost o analiza de cohorta retrospectivd, unicentrica,
realizatda pe pacienti operati la Spitalul Clinic Municipal Cluj-Napoca intre
ianuarie 2012 si noiembrie 2024. S-au colectat date demografice, clinice si
patologice, avand ca endpoint-uri primare supravietuirea globala (OS) si
supravietuirea farda progresie (PFS). S-au utilizat metode statistice precum
analiza Kaplan-Meier si modele de regresie Cox.

Rezultate: Din 200 de pacienti, 39% au fost LVI-pozitivi. Prezenta LVI s-a asociat
cu un grad histologic mai fnalt si un stadiu mai avansat. In analiza Kaplan-Meier,
LVI a fost un predictor puternic pentru o supravietuire redusa (OS mediana:
13.2 luni pentru LVI+ vs. 135.03 luni pentru LVI-). In analiza multivariabils,
stadiul pT si pN au ramas singurii predictori independenti. Ins3, la pacientii cu
status ganglionar neevaluat (Nx), LVI a fost un factor prognostic semnificativ.
Concluzii: LVI este un factor de prognostic negativ puternic, asociat cu o
supravietuire redusa. Desi valoarea sa independenta este atenuata In modelele
complete, LVI devine un marker surogat extrem de valoros pentru stratificarea
riscului la pacientii cu stadializare ganglionara incompleta (Nx).

Studiul 2: Valoarea Prognostica a Invaziei Limfovasculare in Cancerul de Vezica Urinara:
O Meta-analiza Comprehensiva a Peste 60.000 de Pacienti

Scop / Obiective: Realizarea celei mai ample meta-analize pentru a cuantifica
definitiv impactul LVI asupra supravietuirii in cancerul vezical si a oferi dovezi
de cel mai Tnalt nivel pentru practica clinica.
Material si metode: O revizuire sistematica si meta-analiza realizata conform
ghidului PRISMA, cu protocol inregistrat. S-a efectuat o cautare exhaustiva in
bazele de date PubMed, Scopus si Web of Science. Au fost incluse studii care au
raportat date prognostice pentru LVI la pacienti cu cancer vezical non-
metastatic. Hazard Ratios (HR) agregate au fost calculate folosind modele cu
efecte aleatorii.
Rezultate: Au fost incluse 131 de studii, totalizand 60.019 pacienti. Analiza a
demonstrat o asociere puternica si consistenta intre prezenta LVI si un
prognostic nefavorabil pentru toate endpoint-urile. Riscul a fost aproximativ
dublu pentru:

o Supravietuirea fara boald (DFS): HR = 1.96

o Supravietuirea fara progresie (PFS): HR = 2.24

o Supravietuirea specifica de cancer (CSS): HR = 2.03

o Supravietuirea globala (0S): HR = 2.01
Concluzii: Aceasta meta-analiza demonstreaza concludent ca LVI este un factor
de prognostic negativ, puternic si robust. Prezenta sa este asociata cu o dublare
ariscului de recurentd, progresie sau deces. Prin urmare, pacientii LVI-pozitivi
(inclusiv cei cu ganglioni negativi) constituie un subgrup cu risc fnalt, la care ar
trebui luate in considerare terapii sistemice adjuvante.

Studiul 3: Cancerul de Prostata Descoperit Incidental in Cadrul Cistectomiei Radicale
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pentru Cancer Vezical: Incidentd, Caracteristici Patologice si Impact Clinic intr-o Cohorta
Extinsd din Romania

Scop / Obiective: Determinarea incidentei, caracterizarea patologica si
evaluarea impactului clinic al cancerului de prostata incidental (iPCa) intr-o
cohorta de pacienti romani, pentru a stabili daca descoperirea acestuia ar trebui
sa influenteze managementul postoperator.

Material si metode: O analiza de cohorta retrospectiva ce a inclus 159 de
pacienti de sex masculin operati prin cistoprostatectomie radicala la Spitalul
Clinic Municipal Cluj-Napoca (2012-2024). Au fost analizate date demografice,
clinico-patologice (pentru ambele tumori) si de supravietuire (analiza Kaplan-
Meier).

Rezultate: Incidenta iPCa a fost de 20.13%. Pacientii cu iPCa au fost semnificativ
mai In varsta. Desi majoritatea tumorilor iPCa au fost de risc scazut (stadiu pT2,
scor Gleason 6), o proportie mare (45.16%) a prezentat invazie perineurala
(PNI). Prezenta iPCa nu a influentat semnificativ statistic supravietuirea fara
progresie (p = 0.77) sau supravietuirea globala (p = 0.43).

Concluzii: Incidenta iPCa a fost de 20.1%. O contributie originald este
evidentierea unei dihotomii: tumori considerate de risc scazut conform
criteriilor clasice, dar cu o rata ridicata a PNI, sugerand ca potentialul agresiv
poate fi subestimat. Cu toate acestea, prezenta iPCa nu a influentat
supravietuirea, care a fost determinata covarsitor de tumora vezicala.

Studiul 4: Stratificarea Riscului la Pacientii cu Cancer Vezical Supusi Cistectomiei
Radicale: Dezvoltarea si Validarea unei Nomograme Predictive Bazate pe Factori
Perioperatorii

Scop / Obiective: Identificarea predictorilor perioperatorii ai supravietuirii si
dezvoltarea unei nomograme prognostice noi pentru a oferi o evaluare
individualizata a riscului.

Material si metode: O analiza retrospectivd a 121 de pacienti. S-a folosit regresia
Cox pentru a identifica factorii prognostici si pentru a dezvolta o nomograma
care sa estimeze supravietuirea globala la 3 ani. Performanta nomogramei a fost
evaluata prin C-index, curbe de calibrare si analiza curbei de decizie.

Rezultate: A fost dezvoltata o nomograma care a integrat sase variabile: sex,
grad histologic, stadiul T, stadiul N, complicatii intraoperatorii si recurenta in
primul an. Modelul a demonstrat o buna capacitate de discriminare (C-index =
0.74). A stratificat eficient pacientii In grupuri de risc scazut si crescut, cu
supravietuiri mediane de 68 luni vs. 23 de luni (p < 0.0001).

Concluzii: Prognosticul este influentat de un spectru larg de factori
perioperatorii. Contributia originala este dezvoltarea unei nomograme noi care
integreaza factori patologici, chirurgicali si de evolutie timpurie. Nomograma s-
a dovedit un instrument promitiator pentru consilierea individualizata si
identificarea pacientilor cu risc inalt, dar necesita validare externa.

Studiul 5: Rezultatele Clinice ale Imunoterapiei in Carcinomul Urotelial Metastatic: O
Analiza a Eficacitatii si Toxicitatii Cailor Terapeutice Standard din Romania

Scop / Obiective: Realizarea primei analize din practica reald a rezultatelor
obtinute cu imunoterapie (avelumab de mentinere si pembrolizumab post-
progresie) in Romania, pentru a stabili primele repere (benchmarks) de
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eficacitate si siguranta.

Material si metode: Analiza retrospectiva a 30 de pacienti cu carcinom urotelial
metastatic (mUC) tratati intre 2020 si 2025. Pacientii au fost analizati In doua
cohorte: Avelumab (N=12) si Pembrolizumab (N=18). S-au evaluat raspunsul
tumoral, Timpul pana la Esecul Tratamentului (TTF), supravietuirea globala
(0S) si evenimentele adverse.

Rezultate: In cohorta Avelumab, rata de control al bolii a fost 91.7%, iar
medianele TTF si OS nu au fost atinse. in cohorta Pembrolizumab, rata de
raspuns a fost 16.7%, mediana TTF 10.2 luni si mediana OS 21.8 luni. Incidenta
evenimentelor adverse severe a fost redusa (8.3% pentru Avelumab si 11.1%
pentru Pembrolizumab).

Concluzii: Studiul stabileste primele repere nationale pentru imunoterapia in
mUC. Calea cu avelumab de mentinere ofera un control durabil al bolii. Calea cu
pembrolizumab a rezultat intr-o supravietuire mediana de 21.8 luni. Ambele
strategii au un profil de siguranta favorabil.

Studiul 6: Axa miARN-Imunitate in Cancerul Vezical: O Analiza Sistematica a Dovezilor
pentru o Noua Era a Imunoterapiei de Precizie

Scop / Obiective: Realizarea unei revizuiri sistematice si a unei analize
bioinformatice a datelor TCGA pentru a oferi o viziune integrata asupra axei
miARN-imunitate in cancerul vezical.

Material si metode: O revizuire sistematica a literaturii, completata de o analiza
bioinformatica pe date din cohorta TCGA-BLCA pentru a investiga corelatiile
dintre expresia miARN, infiltratul imun si supravietuire.

Rezultate: Au fost selectate 37 de studii. Analiza TCGA a relevat o retea
complexa de corelatii Intre miARN-uri si celule imune (ex: miR-155 a corelat
pozitiv cu limfocitele T CD4"). Anumite miARN-uri au avut valoare prognostica:
expresia crescuta a miR-200c a fost asociata cu o supravietuire mai bung, in
timp ce expresia crescutd a miR-125b a fost corelata cu un prognostic
nefavorabil.

Concluzii: Studiul a creat o harta comprehensiva a interactiunilor miARN-
sistem imun si a demonstrat ca semnaturi specifice de miARN au valoare
prognostica. Cercetarea concluzioneaza cd miARN-urile au un potential
remarcabil ca viitori biomarkeri pentru personalizarea imunoterapiei.

Studiul 7: Identificarea miARN-125b-5p ca Potential Biomarker Predictiv pentru
Raspunsul la Imunoterapie in Carcinomul Urotelial Metastatic: Un Studiu Translational

Scop / Obiective: Investigarea daca expresia unor miARN-uri specifice in tesutul
tumoral al pacientilor cu mUC tratati cu imunoterapie se coreleaza cu
rezultatele clinice, pentru a identifica un biomarker predictiv.

Material si metode: Studiu translational pe probe de tesut tumoral (FFPE) de la
un subgrup de pacienti. Expresia miARN-urilor (inclusiv hsa-miR-125b-5p) a
fost cuantificatd prin RT-qPCR si corelatd cu raspunsul la tratament si
supravietuirea.

Rezultate: Un nivel crescut de expresie al miR-125b-5p a fost puternic asociat
cu un prognostic nefavorabil. Pacientii cu expresie inaltd a miR-125b-5p au avut
o supravietuire fara progresie (PFS) semnificativ mai scurta (p = 0.020).
Concluzii: Studiul a identificat, in premiera pe o cohorta din Romania, miR-
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125b-5p ca un potential biomarker predictiv, cu valoare prognostica negativa,
la pacientii cu mUC tratati cu imunoterapie.

CONCLUZII GENERALE

e Invazia limfovasculara reprezinta un marker robust al agresivitatii
biologice in cancerul vezical. Desi valoarea sa prognostica independenta
este atenuata in prezenta unei stadializari patologice complete, aceasta
devine un instrument esential si un surogat de risc inalt in
managementul pacientilor cu status limfoganglionar neevaluat (Nx), o
situatie frecvent intilnita in practica clinica.

e Stratificarea riscului la pacientii supusi cistectomiei radicale este
superioara atunci ciand se bazeazd pe un model multifactorial, in
detrimentul analizei unor factori izolati. Nomograma dezvoltata in
cadrul acestei teze, care integreaza factori patologici, chirurgicali si de
evolutie postoperatorie timpurie, s-a dovedit eficienta in a distinge
pacientii cu prognostic favorabil de cei cu risc crescut de mortalitate in
cohorta studiata.

e Descoperirea incidentald a cancerului de prostatd in piesa de
cistoprostatectomie, desi frecventa, nu influenteaza In mod independent
si semnificativ supravietuirea pacientilor. Prognosticul acestora raméane
dictat In mod covarsitor de caracteristicile tumorii vezicale primare.

e In contextul practicii clinice din Romania, cdile terapeutice moderne
bazate pe imunoterapie (avelumab de intretinere si pembrolizumab in
linia a doua) pentru carcinomul urotelial metastatic sunt eficiente si
sigure, iar rezultatele de supravietuire obtinute in studiul de fata
constituie primele repere (benchmarks) nationale pentru aceste
tratamente.

e La nivel molecular, microARN-urile joacd un rol fundamental in
modularea microambientului imun al cancerului vezical. Aceasta
cercetare a stabilit o retea comprehensiva de corelatii intre miARN-uri
specifice si infiltrarea cu celule imune si a validat, pe o cohorta extinsa,
valoarea prognosticd a unor semnaturi distincte de miARN.

Acest demers de cercetare a culminat cu identificarea, in premiera pe o cohorta de
pacienti din Romania, a miR-125b-5p ca un potential biomarker predictiv pentru un
raspuns nefavorabil la imunoterapie. Aceasta constatare deschide calea catre
dezvoltarea unor teste moleculare capabile sa ghideze personalizarea tratamentului in
carcinomul urotelial metastatic.
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ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE
CERCETARII DOCTORALE

Demersul acestei teze aduce contributii originale la intelegerea si managementul
cancerului vezical, urmarind un fir rosu de la factori clinici la biomarkeri moleculari. in
boala localizatd, cercetarea a demonstrat valoarea invaziei limfovasculare ca marker
prognostic si a propus o nomograma perioperatorie inovatoare, care integreaza factori
patologici, chirurgicali si postoperatorii. In boala avansat3, teza a oferit primele date din
practica realda romaneasca privind eficacitatea si siguranta imunoterapiei (Avelumab,
Pembrolizumab), stabilind repere critice pentru evaluarea si aplicarea acestor terapii.
Componenta moleculara a integrat date bioinformatice intr-o harta a axei miARN-sistem
imun, iar studiul translational pilot a identificat miR-125b-5p ca biomarker predictiv de
raspuns la imunoterapie, deschizind calea catre personalizarea tratamentului si
implementarea medicinei de precizie in carcinomul urotelial metastatic.
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INTRODUCTION

The importance of this PhD thesis topic stems from a critical unmet medical need:
the identification of more precise and personalized prognostic tools for bladder cancer,
a disease characterized by remarkable biological and clinical heterogeneity. Despite
recent advances in systemic therapies, patient survival remains profoundly variable,
and traditional risk stratification models, based on TNM staging, fail to capture the
biological complexity of the tumors. This work aimed to overcome these limitations
through an integrated approach to perioperative, histopathological, and molecular
factors, generating solid evidence on the role of lymphovascular invasion, the value of
biological biomarkers, and the impact of modern therapies in real-world practice. The
relevance and timeliness of the topic are also confirmed by the dissemination of the
results at prestigious national and international conferences and by the publication of
scientific articles in indexed journals, which reflects both the originality of the
contribution and its value for the scientific community and for current oncological
practice.

CURRENT STATE OF KNOWLEDGE

This section analyzes the biological, clinical, and prognostic foundations of
bladder cancer (BCa), highlighting the complexity of the disease and the evolution of
management paradigms, from traditional models to precision medicine approaches.

Bladder cancer (BCa) is a major global health problem, ranking ninth worldwide
according to GLOBOCAN 2022. It is more common in men (4:1 ratio) and has a complex
etiology, with smoking responsible for over half of cases, alongside occupational and
environmental exposures. Urothelial carcinogenesis is a multistage process, with
frequent recurrences of non-muscle-invasive tumors explained by "field cancerization,"
where the entire urothelium is molecularly altered. Tumor development follows two
distinct pathways: the Papillary Pathway (FGFR3/TERT-dependent), typical for non-
muscle-invasive bladder cancer (NMIBC), with high recurrence but low progression risk,
and the Invasive Pathway (TP53/RB1-dependent), responsible for carcinoma in situ and
most muscle-invasive bladder cancers (MIBC), marked by genomic instability and
aggressive behavior. BCa has one of the highest mutation rates, often linked to APOBEC
signatures, with additional influence from epigenetic changes such as aberrant DNA
methylation. Clinically, BCa usually presents with painless visible hematuria, diagnosis
relies on cystoscopy and TURBT, and staging of MIBC uses CT and multiparametric MRI
with VI-RADS scoring. In metastatic disease, treatment has shifted from platinum
chemotherapy to immunotherapy with checkpoint inhibitors, and more recently to
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combinations with antibody-drug conjugates (ADCs), though responses remain variable,
underlining the need for predictive biomarkers. Prognosis after radical cystectomy in
MIBC is highly heterogeneous, making pTNM staging insufficient and requiring
integration of perioperative factors. Preoperative indicators include inflammation
markers (NLR, PLR), nutritional status (sarcopenia, hypoalbuminemia), and
hydronephrosis. Pathological prognostic factors include lymph node density,
lymphovascular invasion, and positive surgical margins. The strongest predictive tool
remains response to neoadjuvant chemotherapy, with complete pathological response
linked to favorable outcomes and DDR gene mutations predicting sensitivity. Liquid
biopsy represents the most promising advance, with ctDNA detection identifying
minimal residual disease and guiding adjuvant therapy. Overall, modern BCa
management is moving toward integrated multi-omic risk stratification, combining
clinical, pathological, radiomic, and molecular data to personalize prognosis and
treatment decisions.

PERSONAL CONTRIBUTIONS

Study 1: Lymphovascular Invasion as an Independent Prognostic Factor in
Bladder Cancer Treated with Radical Cystectomy

The objective was to evaluate the prevalence and prognostic significance of
lymphovascular invasion (LVI) in a cohort of Romanian patients undergoing radical
cystectomy. The study investigated its role as an independent predictor of overall
survival. It was a retrospective, single-center cohort analysis of patients operated on at
the Cluj-Napoca Municipal Clinical Hospital between January 2012 and November 2024.
Demographic, clinical, and pathological data were collected, with primary endpoints
being overall survival (OS) and progression-free survival (PFS). Statistical methods such
as Kaplan-Meier analysis and Cox regression models were used. Of 200 patients, 39%
were LVI-positive. The presence of LVI was associated with a higher histological grade
and a more advanced stage. In the Kaplan-Meier analysis, LVI was a strong predictor of
reduced survival (median OS: 13.2 months for LVI+ vs. 135.03 months for LVI-). In the
multivariate analysis, pT and pN stage remained the only independent predictors.
However, in patients with unevaluated lymph node status (Nx), LVI was a significant
prognostic factor. LVI is a strong negative prognostic factor, associated with reduced
survival. Although its independent value is diminished in complete models, LVI becomes
an extremely valuable surrogate marker for risk stratification in patients with
incomplete lymph node staging (Nx).

Study 2: The Prognostic Value of Lymphovascular Invasion in Bladder Cancer: A
Comprehensive Meta-analysis of Over 60,000 Patients

The objective was to conduct the largest meta-analysis to definitively quantify the
impact of LVI on survival in bladder cancer. It aimed to provide the highest level of
evidence for clinical practice. A systematic review and meta-analysis was conducted
according to PRISMA guidelines, with a registered protocol. An exhaustive search was
performed in the PubMed, Scopus, and Web of Science databases. Studies that reported
prognostic data for LVI in patients with non-metastatic bladder cancer were included.
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Pooled Hazard Ratios (HR) were calculated using random-effects models. 131 studies
were included, totaling 60,019 patients. The analysis demonstrated a strong and
consistent association between the presence of LVI and a poor prognosis for all
endpoints. The risk was approximately doubled for: Disease-Free Survival (DFS): HR =
1.96, Progression-Free Survival (PFS): HR = 2.24, Cancer-Specific Survival (CSS): HR =
2.03, and Overall Survival (0S): HR = 2.01. This meta-analysis conclusively demonstrates
that LVIis a strong and robust negative prognostic factor. Its presence is associated with
a doubling of the risk of recurrence, progression, or death. Therefore, LVI-positive
patients (including those with negative lymph nodes) constitute a high-risk subgroup
where adjuvant systemic therapies should be considered.

Study 3: Incidentally Discovered Prostate Cancer during Radical Cystectomy for
Bladder Cancer: Incidence, Pathological Features, and Clinical Impact in a Large
Romanian Cohort

The objective was to determine the incidence, pathological characterization, and clinical
impact of incidental prostate cancer (iPCa) in a cohort of Romanian patients. This was
to establish if its discovery should influence postoperative management. A retrospective
cohort analysis included 159 male patients who underwent radical cystoprostatectomy
at the Cluj-Napoca Municipal Clinical Hospital (2012-2024). Demographic, clinico-
pathological (for both tumors), and survival data were analyzed (Kaplan-Meier
analysis). The incidence of iPCa was 20.13%. Patients with iPCa were significantly older.
Although most iPCa tumors were low-risk (pT2 stage, Gleason score 6), a large
proportion (45.16%) showed perineural invasion (PNI). The presence of iPCa did not
statistically significantly influence progression-free survival (p = 0.77) or overall
survival (p = 0.43). The incidence of iPCa was 20.1%. An original contribution is the
highlighting of a dichotomy: tumors considered low-risk by classic criteria but with a
high rate of PNI, suggesting their aggressive potential may be underestimated. However,
the presence of iPCa did not influence survival, which was overwhelmingly determined
by the bladder tumor.

Study 4: Risk Stratification for Bladder Cancer Patients Undergoing Radical
Cystectomy: Development and Validation of a Predictive Nomogram Based on
Perioperative Factors

The objective was to identify perioperative predictors of survival and develop a new
prognostic nomogram for an individualized risk assessment. This was a retrospective
analysis of 121 patients. Cox regression was used to identify prognostic factors and to
develop a nomogram to estimate 3-year overall survival. The nomogram's performance
was evaluated by C-index, calibration curves, and decision curve analysis. A nomogram
was developed that integrated six variables: sex, histological grade, T stage, N stage,
intraoperative complications, and recurrence within the first year. The model
demonstrated good discrimination ability (C-index = 0.74). It effectively stratified
patients into low- and high-risk groups, with median survivals of 68 months vs. 23
months (p < 0.0001). The prognosis is influenced by a wide spectrum of perioperative
factors. The original contribution is the development of a new nomogram that integrates
pathological, surgical, and early evolution factors. The nomogram proved to be a
promising tool for individualized counseling and identifying high-risk patients, but it
requires external validation.
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Study 5: Clinical Outcomes of Immunotherapy in Metastatic Urothelial Carcinoma:
An Analysis of Efficacy and Toxicity of Standard Therapeutic Pathways in Romania
The objective was to conduct the first real-world analysis of outcomes with
immunotherapy (avelumab maintenance and post-progression pembrolizumab) in
Romania. It aimed to establish the first benchmarks for efficacy and safety. This was a
retrospective analysis of 30 patients with metastatic urothelial carcinoma (mUC)
treated between 2020 and 2025. Patients were analyzed in two cohorts: Avelumab
(N=12) and Pembrolizumab (N=18). Tumor response, Time to Treatment Failure (TTF),
overall survival (0S), and adverse events were evaluated. In the Avelumab cohort, the
disease control rate was 91.7%, and the median TTF and OS were not reached. In the
Pembrolizumab cohort, the response rate was 16.7%, with a median TTF of 10.2 months
and a median OS of 21.8 months. The incidence of severe adverse events was low (8.3%
for Avelumab and 11.1% for Pembrolizumab). The study establishes the first national
benchmarks for immunotherapy in mUC. The avelumab maintenance pathway offers
durable disease control. The pembrolizumab pathway resulted in a median survival of
21.8 months. Both strategies have a favorable safety profile.

Study 6: The miRNA-Immune Axis in Bladder Cancer: A Systematic Analysis of
Evidence for a New Era of Precision Immunotherapy

The objective was to conduct a systematic review and a bioinformatic analysis of TCGA
data to provide an integrated view of the miRNA-immune axis in bladder cancer. This
involved a systematic literature review, supplemented by a bioinformatic analysis on
data from the TCGA-BLCA cohort to investigate correlations between miRNA
expression, immune infiltrate, and survival. 37 studies were selected. The TCGA analysis
revealed a complex network of correlations between miRNAs and immune cells (e.g,,
miR-155 correlated positively with CD4* T cells). Certain miRNAs had prognostic value:
increased expression of miR-200c was associated with better survival, while increased
expression of miR-125b was correlated with a poor prognosis. The study created a
comprehensive map of miRNA-immune system interactions and demonstrated that
specific miRNA signatures have prognostic value. The research concludes that miRNAs
have remarkable potential as future biomarkers for personalizing immunotherapy.

Study 7: Identification of miR-125b-5p as a Potential Predictive Biomarker for
Immunotherapy Response in Metastatic Urothelial Carcinoma: A Translational
Study

The objective was to investigate if the expression of specific miRNAs in the tumor tissue
of mUC patients treated with immunotherapy correlates with clinical outcomes, to
identify a predictive biomarker. This was a translational study on tumor tissue samples
(FFPE) from a subgroup of patients. The expression of miRNAs (including hsa-miR-
125b-5p) was quantified by RT-qPCR and correlated with treatment response and
survival. A high expression level of miR-125b-5p was strongly associated with a poor
prognosis. Patients with high miR-125b-5p expression had a significantly shorter
progression-free survival (PFS) (p = 0.020). For the first time in a Romanian cohort, the
study identified miR-125b-5p as a potential predictive biomarker with negative
prognostic value in mUC patients treated with immunotherapy.
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GENERAL CONCLUSIONS

e Lymphovascular invasion represents a robust marker of biological
aggressiveness in bladder cancer. Although its independent prognostic value is
diminished in the presence of complete pathological staging, it becomes an
essential tool and a high-risk surrogate in the management of patients with
unevaluated lymph node status (Nx), a situation frequently encountered in
clinical practice.

e Risk stratification for patients undergoing radical cystectomy is superior when
based on a multifactorial model, rather than on the analysis of isolated factors.
The nomogram developed within this thesis, which integrates pathological,
surgical, and early postoperative evolution factors, proved effective in
distinguishing patients with a favorable prognosis from those with a high risk
of mortality in the studied cohort.

e The incidental discovery of prostate cancer in the cystoprostatectomy
specimen, although frequent, does not independently and significantly
influence patient survival. Their prognosis remains overwhelmingly dictated by
the characteristics of the primary bladder tumor.

e In the context of Romanian clinical practice, modern therapeutic pathways
based on immunotherapy (avelumab maintenance and second-line
pembrolizumab) for metastatic urothelial carcinoma are effective and safe. The
survival results obtained in this study constitute the first national benchmarks
for these treatments.

e At the molecular level, microRNAs play a fundamental role in modulating the
immune microenvironment of bladder cancer. This research established a
comprehensive network of correlations between specific miRNAs and immune
cell infiltration and validated, in a large cohort, the prognostic value of distinct
miRNA signatures.

e This research endeavor culminated in the first-time identification in a
Romanian patient cohort of miR-125b-5p as a potential predictive biomarker
for an unfavorable response to immunotherapy. This finding opens the way for
the development of molecular tests capable of guiding the personalization of
treatment in metastatic urothelial carcinoma.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF
THE DOCTORAL RESEARCH

The endeavor of this thesis brings original contributions to the understanding
and management of bladder cancer, following a common thread from clinical factors to
molecular biomarkers. For localized disease, the research demonstrated the value of
lymphovascular invasion as a prognostic marker and proposed an innovative
perioperative nomogram that integrates pathological, surgical, and postoperative
factors. For advanced disease, the thesis provided the first real-world data from
Romania on the efficacy and safety of immunotherapy (Avelumab, Pembrolizumab),



12 Prenume NUME doctorand

establishing critical benchmarks for the evaluation and application of these therapies.
The molecular component integrated bioinformatic data into a map of the miRNA-
immune system axis, and the pilot translational study identified miR-125b-5p as a
predictive biomarker of response to immunotherapy, paving the way towards treatment
personalization and the implementation of precision medicine in metastatic urothelial
carcinoma.



