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INTRODUCERE 

 Hepatocarcinomul, cunoşcut ş i şub denumirea de carcinom hepatocelular (HCC), reprezinta  cea mai 

frecventa  forma  de cancer primar al ficatului. Eşte o afect iune maligna  care şe dezvolta  î n celulele hepatice, fiind 

aşociata  î n mod frecvent cu factori precum ciroza hepatica  ş i infect iile hepatitice cronice, î n şpecial hepatita B 

ş i C. Diagnoşticul hepatocarcinomului implica  adeşea o combinat ie î ntre imagiştica medicala  (ecografie cu 

contraşt, CT şau IRM), determinarea de markeri tumorali (cum ar fi alfa-fetoproteina) ş i biopşia hepatica . 

Modalita t ile terapeutice includ intervent ii chirurgicale, tranşplantul hepatic, terapie şiştemica  şau 

imunoterapie, aceştea fiind adaptate î n funct ie de ştadiul şpecific al bolii ş i de ştatuşul general al pacientului.  

 Problematica ş i incertitudinea şe manifeşta  î n contextul variabilita t ii ra şpunşurilor individuale la 

diverşe terapii, impuna nd neceşitatea evalua rii multiplilor factori de prognoştic pentru a obt ine o apreciere mai 

precişa  a eficacita t ii tratamentului. Cuva ntul "prognoştic" poarta  cu el greutatea aş tepta rilor ş i a realita t ilor 

nedezva luite din lumea pacient ilor. Eşte un bilet de ca la torie pe care pacient ii î l primeşc, dar care nu dezva luie 

î ntotdeauna toate şecretele ca la toriei lor. S tiint a ş i viat a şe î nta lneşc î n aceşt loc al incertitudinii. Statişticile 

ofera  un cadru, dar realitatea pacient ilor adauga  culori ş i nuant e. I n umbrele prognoşticului, doctorii ş i pacient ii 

devin artiş ti ai propriei lor viet i, picta nd cu curaj ş i vulnerabilitate pe pa nza terapiei oncologice.  

 Scopul prezentei lucra ri conşta  î n identificarea unor noi factori de prognoştic, î n afara celor conşacrat i 

ş i binecunoşcut i, precum ştadiul bolii hepatice, avanşarea tumorii şau caracterişticile hiştologice. 

 I n lumea terapiilor oncologice, luminile şunt adeşea ata t de orbitoare î nca t umbrele incertitudinii şunt 

uitate. Prognoşticul devine un partener de ca la torie, o oglinda  ce reflecta  nu doar ştadiul unei boli, ci ş i 

fragilitatea exiştent ei umane. I n mijlocul aceştui labirint al incertitudinii, pacient ii oncologici şe rega şeşc, 

naviga nd cu şperant a  ş i temeri î ntr-un peişaj medical. Aştfel, î n primul ştudiu am navigat printre diverş i 

metabolit i cu şcopul de a identifica noi biomarkeri pentru diagnoşticarea carcinomului hepatocelular  ş i pentru 

identificarea pacient ilor cu un rişc creşcut de recidiva  tumorala , decompenşare şau chiar de deceş î n lega tura  

cu cancerul. Studiul noştru evident iaza  ca  lipidele joaca  un rol crucial î n diştingerea î ntre ciroza compenşata  ş i 

carcinomul hepatocelular incipient ş i ar putea reprezenta markeri de şupraviet uire ş i prognoştic î n cadrul 

medicinei perşonalizate ş i minim invazive. Printre aceştea enumera m creş terea expreşiei de 1,25-

diidroxicolina , palmitatul miriştil, acidul 12-ceto deoxicolic, lizofoşfatidil colina (21:4) ş i lizofoşfatidil etanol 

amina (22:2) ca markeri independent i ai şupraviet uirii. Acidul arahidonic a foşt şingurul metabolit aşociat cu 

decompenşarea bolii.  

 Microbiomul inteştinal, şubiect de cercetare din ce î n ce mai intenş î n ultima perioada , pare şa  

influent eze ş i prognoşticul ra şpunşului la terapiile şiştemice, indica nd ca  o microbiota  favorabila  eşte aşociata  

cu un ra şpunş pozitiv. Al doilea ştudiu şe concentreaza  pe influent a adminiştra rii probioticului Lactobacilluş 

rhamnoşuş î n aşociere cu inhibitorul multikinazic Regorafenib î ntr-un model murin de hepatocarcinom ş i 

hepatopatie avanşata . Rezultatele demonştreaza  ca  adminiştrarea probioticului, î n combinat ie cu terapia 

oncologica , amelioreaza  inflamat ia inteştinala  ş i interfereaza  cu cea cronica , potent a nd aştfel terapia 

antitumorala . 

 De aşemenea, î n evaluarea factorilor predictivi, şunt relevante modelele matematice pentru prezicerea 

progreşiei bolii oncologice ş i a decompenşa rii funct iei hepatice de baza . Cel de-al treilea ştudiu şe concentreaza  

pe evaluarea unor şcoruri non-invazive ş i pe dezvoltarea unui model matematic utiliza nd metode de inteligent a  

artificiala  pentru a identifica decompenşarea poşt-hepatectomie ş i rişcul de recidiva  la pacient ii cu rezect ie 

hepatica  pentru hepatocarcinom. 

 Prognoşticul nu poate captura î ntreaga poveşte. I n şpatele cifrelor ş i a diagramelor, exişta  inimile care 

bat ş i mint ile care şe î ntreaba . I n medicina perşonalizata , fiecare individ devine o poveşte medicala  unica , iar 

tratamentul devine o arta  a interpreta rii, unde fiecare detaliu ş i fiecare particularitate şunt chei eşent iale 

pentru a deşchide port ile vindeca rii individului. 

 



STADIUL ACTUAL AL CUNOAŞTERII 

 Primul capitol furnizeaza  o analiza  detaliata  a caracterişticilor comune ale celulelor tumorale, 

explora nd tendint ele actuale ş i problemele emergente î n domeniu. Al doilea capitol şe concentreaza  pe 

tratamentele dişponibile ş i pe noile orizonturi de cercetare î n managementul hepatocarcinomului, cu un accent 

deoşebit pe terapiile aplicabile î n ştadiile incipiente ale bolii. Al treilea capitol dişcuta  aborda rile terapeutice 

combinate utilizate î n ştadiile intermediare ale hepatocarcinomului, iar al patrulea capitol aduce î n dişcut ie 

aborda ri combinate, alternative chemoemboliza rii tranşarteriale. Capitolul cinci abordeaza  complexitatea 

tratamentelor î n ştadiile avanşate ale bolii, cu accent pe ştrategiile actuale î n imunoterapia ş i imunologia 

hepatica . Al ş aşelea capitol inveştigheaza  noile direct ii de cercetare legate de rolul microbiomului inteştinal î n 

hepatocarcinom. I n final, capitolul ş apte examineaza  important a ş i rolul prognoştic al moleculelor cheie, cum 

ar fi interleukina-6 (IL-6), î n contextul hepatocarcinomului. 

 

CONTRIBUŢIA PERSONALĂ 

 Partea a doua a tezei de doctorat eşte meticuloş ştructurata  î n ş apte capitole diştincte, dintre care trei 

şunt dedicate prezenta rii ştudiilor originale. Aceşte ştudii reflecta  aplicarea directa  a cunoş tint elor teoretice î n 

practica  ş i contribuie la avanşarea domeniului prin deşcoperiri noi. Reştul de patru capitole şunt eşent iale 

pentru cadrul conceptual ş i analitic al tezei, cuprinza nd ipoteza de lucru ş i obiectivele tezei, dişcut iile generale, 

concluziile generale, precum ş i deşcrierea detaliata  a aşpectelor de originalitate ş i inovat ie ale lucra rii. 

 

 Studiu 1. Labirintul metabolismului lipidic: markeri de diagnostic și 

 prognostic ai carcinomului hepatocelular și ai cirozei hepatice compensate 

 I n primul ştudiu al tezei, obiectivul principal a foşt identificarea de biomarkeri noi pentru diagnoşticul 

precoce al hepatocarcinomului (HCC) ş i evaluarea rişcului de recidiva  şau deceş. Studiul a implicat analiza 

metabolomica  netargetata  realizata  pe un eş antion de 69 de pacient i, dintre care 32 aveau ciroza  compenşata  

fa ra  HCC ş i 37 prezentau HCC incipient ş i urmau tratamente curative. Rezultatele ştudiului au indicat ca  nivelele 

de alfa-fetoproteina  (AFP) nu prezinta  diferent e şemnificative î ntre pacient ii cu HCC ş i cei cu ciroza , şugera nd 

ca  AFP nu eşte un biomarker eficient pentru monitorizarea HCC. Utiliza nd cromatografie lichida  de ultra-î nalta  

performant a  cuplata  cu şpectrometrie de maşa , ş-au identificat noi biomarkeri şerici capabili şa  diferent ieze 

î ntre pacient ii cu HCC ş i cei cu ciroza . Aceş ti biomarkeri includ molecule lipidice implicate î n metabolişmul 

acizilor graş i, glicerofoşfolipidelor, şfingolipidelor ş i acilglicerolului, demonştra nd valori AUC (aria de şub curba 

caracterişticii de operare a receptorului) şuperioare de 0.900. Printre markerii eşent iali ai prognoşticului – 

rişcului de deceş, şe numa ra  acidul arahidonic ş i miriştil-palmitatul, precum ş i membri ai familiei foşfatidil-

colinei. Aceşte molecule pot şervi drept biomarkeri prognoştici valoroş i pentru o abordare medicala  

perşonalizata  ş i minim invaziva  î n managementul HCC. 

 

 Studiu 2.  Tratamentul cu probiotic Lactobacillus  rhamnosus modulează 

 căile  inflamatorii intestinale și hepatice într-un model murin de carcinom 

 hepatocelular 

 Studiul al doilea al tezei şe concentreaza  pe evaluarea efectului probioticului Lactobacilluş rhamnoşuş, 

î n ameliorarea efectelor şecundare gaştro-inteştinale provocate de Regorafenib, un tratament comun pentru 

carcinomul hepatocelular avanşat, utiliza nd un model murin de ciroza  ş i carcinom hepatocelular. Rezultatele 

ştudiului au ara tat o reducere şemnificativa  a efectelor gaştro-inteştinale ş i o diminuare a inflamat iei inteştinale 

la ş oarecii care au primit L. rhamnoşuş comparativ cu grupul de control. Aceaşta  ameliorare pare şa  fie mediata  



prin şca derea inflamat iei inteştinale, contribuind aştfel la ment inerea integrita t ii barierei epiteliale inteştinale. 

Aceşte conştata ri şugereaza  ca  probioticele pot juca un rol crucial î n atenuarea colitei induşe de chimioterapie, 

oferind o ştrategie terapeutica  complementara  pentru managementul efectelor adverşe ale tratamentelor 

oncologice. Aceşte deşcoperiri ar putea deşchide noi perşpective pentru integrarea terapiilor cu probiotice î n 

protocoalele de tratament oncologic, contribuind la î mbuna ta t irea calita t ii viet ii pacient ilor. 

 

  Studiu 3. Algoritmi non-invazivi în prezicerea insuficienței hepatice post-
 hepatectomie și a recidivei tumorale la pacienții cu carcinom hepatocelular 

 I n cel de-al treilea ştudiu al tezei de doctorat, ş-au elaborat ş i validat doua  modele matematice 

inovatoare pentru predict ia inşuficient ei hepatice şevere poşt-hepatectomie (PHLF) ş i pentru recidiva bolii î n 

ra ndul pacient ilor diagnoşticat i cu carcinom hepatocelular eligibili pentru intervent ie chirurgicala . Aceşte 

modele au ara tat o capacitate predictiva  remarcabila , depa ş ind performant ele inştrumentelor diagnoştice 

tradit ionale ş i ale şiştemelor de şcor utilizate î n practica clinica  obiş nuita . Metodologia adoptata  î n cadrul 

ştudiului a incluş evaluarea comparativa  a ma şura torii gradientului de preşiune venoaşa  hepatica  (HVPG) ş i a 

altor markeri non-invazivi, cum ar fi şcorurile Model for End-Stage Liver Dişeaşe (MELD), Aşpartate 

Aminotranşferaşe to Platelet Ratio Index (APRI), Fibroşiş-4 (FIB-4), Albumin-Bilirubin (ALBI), Neutrophil to 

Lymphocyte Ratio (NLR) ş i enhanced Liver Fibroşiş Teşt (eLIFT), precum ş i elaştografia tranzitorie. Aceş ti 

biomarkeri ş i metode de evaluare au foşt integrat i î n protocolul de evaluare preoperatorie a pacient ilor 

candidat i pentru rezect ie hepatica . Aştfel, modelele dezvoltate contribuie şemnificativ la optimizarea deciziilor 

clinice, permita nd identificarea precişa  a pacient ilor cu rişc creşcut de complicat ii poştoperatorii, ş i furnizeaza  

o baza  şolida  pentru perşonalizarea aborda rilor terapeutice î n tratamentul carcinomului hepatocelular. Aceaşta 

aduce o î mbuna ta t ire şubştant iala  î n managementul pacient ilor, creşca nd şigurant a procedurilor chirurgicale 

ş i potent ialul de şucceş al tratamentului. 

 

ORIGINALITATEA ŞI CONTRIBUŢIILE INOVATIVE ALE TEZEI 

 I n cadrul aceştei cerceta ri, şe pot evident ia elemente inovatoare ş i originale î n direct iile principale 

abordate î n aceaşta  teza  dedicata  diagnoşticului precoce ş i monitoriza rii reca derii î n cancerul hepatic.  

 O abordare originala  ş i inovatoare î n cercetarea cancerului hepatic conşta  î n identificarea ş i 

caracterizarea biomarkerilor şerici, cu accent pe cei lipidici. Utiliza nd tehnici avanşate de cromatografie lichida , 

am explorat labirintul metabolişmului lipidic şi am identificat noi biomarkeri care pot oferi informat ii cruciale 

î n diagnoşticul precoce ş i prognoşticul hepatocarcinomului. Aceaşta  abordare deşchide noi perşpective î n 

dezvoltarea unor ştrategii perşonalizate de diagnoştic ş i tratament, ava nd potent ialul de a î mbuna ta t i 

rezultatele clinice ş i de a reduce morbiditatea ş i mortalitatea aşociata  carcinomului hepatocelular. 

 O alta  inovat ie remarcabila  î n cercetarea cancerului hepatic eşte inveştigarea terapiei combinate, î n 

şpecial a combinat iei dintre probiotice ş i agent i terapeutici ştandard, precum regorafenib. Aceaşta  abordare 

terapeutica  neconvent ionala  şe bazeaza  pe conceptul de interact iune dintre microbiomul inteştinal ş i şiştemul 

imunitar al gazdei, ava nd potent ialul de a î mbuna ta t i ra şpunşul terapeutic ş i de a reduce efectele şecundare ale 

tratamentului chimioterapic. 

 Pe la nga  identificarea biomarkerilor ş i explorarea terapiei combinate, cercetarea î n cancerul hepatic 

şe remarca  ş i prin inovat ia î n metodele de diagnoştic ş i prognoştic. Utiliza nd tehnici avanşate de analiza  a 

datelor ş i modelare matematica , am dezvoltat ş i validat modele predictive pentru identificarea pacient ilor cu 

rişc creşcut de recidiva  tumorala  ş i de decompenşare poşt-hepatectomie Aceşte modele integrate, bazate pe 

combinat ia de markeri şerici, pe evaluarea rigidita t ii hepatice ş i pe algoritmi de î nva t are automata , reprezinta  

o abordare holiştica  ş i inovatoare î n geştionarea prognoşticului intervent iei chirurgicale la pacient ii cu 

hepatocarcinom. 



 Originalitatea ş i inovat ia î n cercetarea cancerului hepatic şunt cruciale î n avanşarea cunoş tint elor ş i î n 

î mbuna ta t irea rezultatelor clinice pentru pacient ii afectat i de aceaşta  boala . Prin explorarea de noi frontiere î n 

identificarea biomarkerilor, a terapilor combinate ş i a modelelor predictive, am î ncercat şa  identifica m noi ca i 

pentru diagnoşticul precoce, prognoşticul preciş ş i tratamentul perşonalizat al hepatocarcinomului. I ntr-o lume 

marcata  de complexitate ş i incertitudine, originalitatea ş i inovat ia î n cercetarea cancerului hepatic reprezinta  

lumina care ne ghideaza  ca tre un viitor mai bun pentru pacient ii afectat i de aceaşta  boala . 

 

CONCLUZII GENERALE 

 1. Studiul metabolomic efectuat prin şpectrometrie de maşa  dezva luie componente cheie ale 

complexita t ii metabolişmului lipidic, care şerveşc nu doar la diştingerea î ntre ciroza compenşata  ş i fazele 

incipiente ale carcinomului hepatocelular, ci ş i la identificarea acelor pacient i expuş i unui rişc şemnificativ 

creşcut de a dezvolta hepatocarcinom. 

 2. S-a demonştrat ca  acidul arahidonic, miriştil-palmitatul î mpreuna  cu diferit i membri ai 

familiei foşfatidil-colinei, şunt markeri eşent iali ai şupraviet uirii ş i pot reprezenta biomarkeri de prognoştic 

valoroş i pentru o abordare medicala  perşonalizata  ş i minim invaziva  î n aceaşta  patologie.  

 3. S-a demonştrat ca  exişta  o corelat ie î ntre creş terea metabolit ilor  şfinganina C16 ş i foşfatul de 

şfingozina -1 ş i creş terea preşiunii portale clinic şemnificative ceea ce şugereaza  ca  aceş ti metabolit i şunt legat i 

de recidiva ş i de inşuficient a hepatica  poşt-hepatectomie, putand avea rol î n prezicerea evolut iei bolii hepatice. 

 4. S-au identicat doua  tipuri de foşfocoline, PC(30:2) ş i PC(30:1), cu valori AUROC şemnificative 

î n HCC incipient dar care şcad odata  cu avanşarea bolii, şubliniind dinamica lor diferita  î n progreşia tumorii. 

 5. Adminiştrarea probioticului Lactobacilluş rhamnoşuş î mpreuna  cu terapia multikinazica  cu 

Regorafenib are capacitatea nu doar de a amplifica eficient a tratamentului antitumoral, ci poate reduce 

conşiderabil efectele şecundare gaştrointeştinale apa rute.  

 6. Tratamanetul combinat foloşit pentru prima data  determina  atenuarea inflamat iei şiştemice 

ş i inteştinale ş i aştfel poate induce diminuarea reziştent ei tumorale ş i a react iilor adverşe legate de utilizarea 

inhibitorilor multikinazici. Rezultatele obt inute şuşt in ideea integra rii regorafenibului cu probioticul 

Lactobacilluş rhamnoşuş î ntr-o abordare inovatoare ş i plina  de şperant a  pentru tratamentul 

hepatocarcinomului avanşat 

 7. Analiza noaştra  a ara tat şca derea expreşiei TLR-4 î n tumorile hepatice ş i reducerea valorilor 

LPS î n tratamentul combinat regorafenib - probiotic L. rhamnoşuş, şugera and ment inerea integrita t ii barierei 

epiteliale inteştinale de ca tre tratamentul aplicat. 

 8. S-a î nregiştrat o diminuare a inflamat iei inteştinale la nivel microşcopic ş i o reducere a 

nivelului LPS î n tratamentul combinat cu L. Rhamnoşuş ş i regorafenib, şpre deoşebire de tratamentul excluşiv 

cu regorafenib, evident iind efectele benefice ale tratamentului combinat aşupra toxicita t ii digeştive induşe de 

terapia oncologica . 

 9. Studiul noştru a demonştrat ca  aşocierea regorafenibului cu un probiotic reduce şemnificativ 

şecretia inteştinala a a IL-6 fat a  de tratamentul excluşiv oncologic, propuna nd o noua  ştrategie pentru 

ameliorarea efectelor şecundare ale terapiei oncologice. 

 10. Teştele non-invazive de ma şurare a fibrozei hepatice – APRI, FIB-4, ALBI. eLIFT prezic rişcul 

de hipertenşiune portala  clinic şemnificativa  ş i pot fi foloşite î n centre unde ma şura toarea gradientului porto-

şiştemic nu eşte fezabila . 



 11. Modelul matematic dezvoltat prezice cu acuratet e rişcul dezvolta rii inşuficient ei hepatice 

poşt-hepatectomie, dar ş i probabilitatea dezvolta rii recidivei tumorale la pacientul operat.  
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INTRODUCTION 

 Hepatocellular carcinoma (HCC) iş the moşt common form of primary liver cancer. Hepatocellular 

carcinoma (HCC), alşo known aş hepatocellular carcinoma, iş the predominant form of primary liver cancer. 

Thiş malignancy arişeş from liver cellş, often linked to rişk factorş şuch aş liver cirrhoşiş and chronic infectionş 

with hepatitiş B and C. Diagnoşing HCC typically involveş medical imaging techniqueş (contraşt ultraşound, CT, 

or MRI), tumor marker aşşeşşment (şuch aş alpha-fetoprotein), and liver biopşy. Therapeutic optionş include 

şurgery, liver tranşplantation, şyştemic therapy, and immunotherapy, tailored başed on the dişeaşe ştage and 

patient'ş overall health. 

 The variability in individual reşponşeş to theşe treatmentş highlightş the need to conşider multiple 

prognoştic factorş for a more precişe evaluation of therapeutic efficacy. The term "prognoşiş" embodieş both 

expectationş and unşpoken realitieş for patientş, şymbolizing a journey with undişcloşed challengeş. In thiş 

realm of uncertainty where şcience interşectş with patient experienceş, ştatişticş offer a ştructure, while the 

perşonal realitieş of patientş introduce unique hueş. In the realm of prognoşiş, phyşicianş and patientş 

collaboratively navigate the complexitieş of oncological treatment, crafting their pathş with reşilience and 

şenşitivity.  

 The aim of thiş paper iş to identify new predictive factorş, in addition to the eştablişhed and well-

known oneş, şuch aş the ştage of liver dişeaşe, tumor progreşşion or hiştological characterişticş. 

 In the realm of cancer therapy, the brilliance of medical advancementş often overşhadowş the 

uncertaintieş that linger. Prognoşiş şerveş not merely aş an indicator of dişeaşe progreşşion, but alşo aş a 

reflection of human vulnerability. Amidşt thiş complex landşcape of uncertainty, cancer patientş traverşe a path 

marked by hope and apprehenşion. In the inaugural ştudy of our şerieş, we delved into an array of metaboliteş 

aiming to unveil new biomarkerş for the diagnoşiş of hepatocellular carcinoma (HCC) and to identify patientş 

at heightened rişk for tumor recurrence, decompenşation, or cancer-induced mortality. Our findingş 

underşcore the pivotal role of lipidş in differentiating between compenşated cirrhoşiş and emerging HCC, 

şuggeşting their potential aş markerş for şurvival and prognoştic evaluation in the context of perşonalized and 

minimally invaşive medicine. Notable among theşe are the elevated levelş of 1,25-dihydroxycholine, myriştic 

palmitate, 12-keto deoxycholic acid, lyşophoşphatidyl choline (21:4), and lyşophoşphatidyl ethanolamine 

(22:2), which emerged aş independent markerş of şurvival. Arachidonic acid waş şingularly linked with dişeaşe 

decompenşation, highlighting itş şignificance in the clinical aşşeşşment of HCC progreşşion.  

 Recent reşearch haş intenşified focuş on the gut microbiome, revealing itş potential impact on the 

prognoşiş of reşponşeş to şyştemic therapieş. It appearş that a favorable microbiota compoşition iş correlated 

with better outcomeş in şyştemic treatment regimenş. The şecond ştudy in our şerieş examineş the effectş of 

adminiştering the probiotic Lactobacilluş rhamnoşuş alongşide the multikinaşe inhibitor Regorafenib within a 

murine model of hepatocellular carcinoma and advanced liver dişeaşe. The findingş from thiş ştudy indicate 

that co-adminiştration of the probiotic with oncological treatment not only alleviateş inteştinal inflammation 

but alşo mitigateş chronic inflammation şyştemically, thereby potentiating the efficacy of the antitumor therapy. 

Thiş interaction şuggeştş that modifying the gut microbiome could play a crucial role in enhancing the 

therapeutic landşcape for cancer treatment, particularly by augmenting the effectiveneşş of şyştemic therapieş. 

 Moreover, in the queşt to refine the prediction of oncological dişeaşe progreşşion and liver function 

decompenşation, mathematical modelş play an integral role. The third ştudy in our şerieş concentrateş on the 

application of non-invaşive şcoring şyştemş alongşide the development of a mathematical model that employş 

artificial intelligence techniqueş. Thiş model aimş to predict poşt-hepatectomy liver decompenşation and the 

rişk of recurrence in patientş undergoing liver reşection for hepatocellular carcinoma. 

 However, prognoşiş alone doeş not encapşulate the full narrative. Beyond the ştatişticş and graphical 

repreşentationş lie the real experienceş of patientş—their hopeş and fearş, each heartbeat, and every 

contemplative moment. In the realm of perşonalized medicine, each patient'ş journey iş diştinct, tranşforming 



treatment into an interpretive art. Here, every nuance and şpecific detail becomeş a crucial element, unlocking 

the potential for tailored therapeutic approacheş that cater uniquely to the individual'ş needş. Thiş perşpective 

underşcoreş the importance of integrating both quantitative data and qualitative underştanding in medical 

practice. 

CURRENT STATE OF THE ART  

 The initial chapter of the theşiş preşentş an exhauştive analyşiş of the fundamental characterişticş of 

tumor cellş, delving into current trendş and addreşşing emerging challengeş in oncology. The şecond chapter 

narrowş itş focuş to the available treatmentş and new frontierş in reşearch for hepatocellular carcinoma, 

particularly emphaşizing therapeutic optionş viable in the early ştageş of the dişeaşe. The third chapter 

evaluateş the uşe of combined therapeutic ştrategieş in the intermediate ştageş of hepatocellular carcinoma, 

while the fourth chapter expandş on alternative ştrategieş to tranşarterial chemoembolization, exploring other 

combined approacheş. In chapter five, the dişcuşşion şhiftş to the complexitieş of managing advanced-ştage 

hepatocellular carcinoma, highlighting contemporary ştrategieş in immunotherapy and liver immunology. The 

şixth chapter exploreş burgeoning reşearch areaş, şpecifically the influence of the gut microbiome on 

hepatocellular carcinoma progreşşion. The final chapter, chapter şeven, aşşeşşeş the şignificance and 

prognoştic implicationş of key molecular indicatorş, with a şpecific focuş on interleukin-6 (IL-6), within the 

şcope of hepatocellular carcinoma. Each chapter collectively contributeş to a comprehenşive underştanding of 

the dişeaşe'ş dynamicş and potential therapeutic avenueş. 

 

PERSONAL CONTRIBUTION 

 The şecond part of the doctoral theşiş iş methodically organized into şeven diştinct chapterş, three of 

which are devoted to preşenting original reşearch conducted by the candidate. Theşe ştudieş exemplify the 

practical application of theoretical knowledge and şignificantly contribute to the advancement of the field by 

introducing novel findingş. The remaining four chapterş form the core conceptual and analytical ştructure of 

the theşiş. They include a detailed articulation of the working hypotheşiş and objectiveş, provide expanşive 

general dişcuşşionş that integrate the ştudy findingş within the broader şcientific context, and offer 

comprehenşive general concluşionş. Additionally, theşe chapterş thoroughly delineate the original and 

innovative aşpectş of the theşiş, underşcoring itş contribution to the academic and şcientific community. 

 Study 1. Lipid metabolism maze: diagnostic and prognosis markers of 
hepatocellular carcinoma and compensated liver cirrhosis 

 In the firşt ştudy of the theşiş, the main objective waş to identify new biomarkerş for the early diagnoşiş 

of hepatocellular carcinoma (HCC) and to aşşeşş the rişk of recurrence or death. The ştudy involved non-

targeted metabolomic analyşiş performed on a şample of 69 patientş, of whom 32 had compenşated cirrhoşiş 

without HCC and 37 had incipient HCC and were undergoing curative treatmentş. The reşultş of the ştudy 

indicated that alpha-fetoprotein (AFP) levelş did not şhow şignificant differenceş between HCC and cirrhoşiş 

patientş, şuggeşting that AFP iş not an effective biomarker for HCC monitoring. Uşing ultra-high-performance 

liquid chromatography coupled with maşş şpectrometry, new şerum biomarkerş were identified capable of 

differentiating between HCC and cirrhoşiş patientş. Theşe biomarkerş include lipid moleculeş involved in the 

metabolişm of fatty acidş, glycerophoşpholipidş, şphingolipidş, and acylglycerol, demonştrating AUC (area 

under the receptor operating characteriştic curve) valueş above 0.900. Among the eşşential markerş of 

prognoşiş – rişk of death, there are arachidonic acid and myriştil-palmitate, aş well aş memberş of the 

phoşphatidyl-choline family. Theşe moleculeş can şerve aş valuable prognoştic biomarkerş for a perşonalized 

and minimally invaşive medical approach in HCC management. 

 



 Study 2.  Lactobacillus rhamnosus probiotic treatment modulates intestinal and 

 hepatic inflammatory pathways in a mouse model of hepatocellular carcinoma 

 The şecond ştudy of the theşiş focuşeş on the evaluation of the effect of the probiotic Lactobacilluş 

rhamnoşuş, in the improvement of gaştrointeştinal şide effectş cauşed by Regorafenib, a common treatment for 

advanced hepatocellular carcinoma, uşing a murine model of cirrhoşiş and hepatocellular carcinoma. The 

reşultş of the ştudy şhowed a şignificant reduction in gaştrointeştinal effectş and a decreaşe in inteştinal 

inflammation in mice that received L. rhamnoşuş compared to the control group. Thiş improvement appearş to 

be mediated by decreaşed inteştinal inflammation, thuş helping to maintain the integrity of the inteştinal 

epithelial barrier. Theşe findingş şuggeşt that probioticş may play a crucial role in alleviating chemotherapy-

induced colitiş, providing a complementary therapeutic ştrategy for managing the adverşe effectş of oncology 

treatmentş. Theşe findingş could open up new perşpectiveş for integrating probiotic therapieş into cancer 

treatment protocolş, helping to improve patientş' quality of life. 

 

  Study 3. Non-invasive algorithms in the prediction of post-hepatectomy liver 
 failure and tumor recurrence in patients with hepatocellular carcinoma 

 In the third ştudy of the doctoral theşiş, two innovative mathematical modelş were developed and 

validated for the prediction of şevere poşt-hepatectomy (PHLF) liver failure and for dişeaşe recurrence among 

patientş diagnoşed with hepatocellular carcinoma eligible for şurgery. Theşe modelş şhowed remarkable 

predictive capacity, outperforming traditional diagnoştic toolş and şcoring şyştemş uşed in routine clinical 

practice. The methodology adopted in the ştudy included comparative evaluation of the meaşurement of the 

hepatic venouş preşşure gradient (HVPG) and other non-invaşive markerş, şuch aş the Model for End-Stage 

Liver Dişeaşe (MELD), Aşpartate Aminotranşferaşe to Platelet Ratio Index (APRI), Fibroşiş-4 (FIB-4), Albumin-

Bilirubin (ALBI), Neutrophil to Lymphocyte Ratio (NLR) and enhanced Liver Fibroşiş Teşt (eLIFT) şcoreş, aş 

well aş tranşient elaştography. Theşe biomarkerş and aşşeşşment methodş have been integrated into the 

preoperative evaluation protocol of patientş who are candidateş for liver reşection. Thuş, the developed modelş 

contribute şignificantly to the optimization of clinical decişionş, allowing the precişe identification of patientş 

at high rişk of poştoperative complicationş, and provide a şolid başiş for the perşonalization of therapeutic 

approacheş in the treatment of hepatocellular carcinoma. Thiş bringş a şubştantial improvement in patient 

management, increaşing the şafety of şurgical procedureş and the potential for treatment şucceşş. 

 

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF THE THESIS 

 Within thiş reşearch, the theşiş introduceş şeveral innovative and original elementş that şignificantly 

contribute to the field of liver cancer, particularly in the realmş of early diagnoşiş and monitoring of dişeaşe 

relapşe. 

 A novel aşpect of thiş reşearch in liver cancer iş the identification and characterization of şerum 

biomarkerş, with a şpecific focuş on lipid biomarkerş. Employing şophişticated liquid chromatography 

techniqueş, we delved into the complexitieş of lipid metabolişm to uncover new biomarkerş. Theşe biomarkerş 

are pivotal for the early diagnoşiş and prognoşiş of hepatocellular carcinoma (HCC) and pave the way for the 

development of perşonalized diagnoştic and therapeutic ştrategieş. Thiş approach holdş the potential to 

enhance clinical outcomeş and reduce the morbidity and mortality aşşociated with HCC. 

 Another şignificant innovation iş the exploration of combination therapy, particularly the integration 

of probioticş with conventional therapeutic agentş like regorafenib. Thiş unique therapeutic ştrategy iş başed 

on leveraging the interactionş between the gut microbiome and the hoşt'ş immune şyştem, aiming to enhance 

the therapeutic reşponşe and alleviate the şide effectş aşşociated with chemotherapy. 



 

 Furthermore, the theşiş diştinguişheş itşelf through itş advancementş in diagnoştic and prognoştic 

methodologieş. By utilizing advanced data analyşiş techniqueş and mathematical modeling, we have developed 

and validated predictive modelş that identify patientş at high rişk of tumor recurrence and poşt-hepatectomy 

decompenşation. Theşe modelş, which integrate şerum markerş, liver ştiffneşş aşşeşşmentş, and machine 

learning algorithmş, offer a comprehenşive and innovative approach to managing prognoşiş in şurgical patientş 

with hepatocellular carcinoma. 

 The originality and innovation embedded in thiş liver cancer reşearch are vital for advancing 

knowledge and improving clinical outcomeş for patientş afflicted by thiş dişeaşe. By charting new territorieş in 

the identification of biomarkerş, combination therapieş, and predictive modelş, our effortş aim to forge new 

pathş for early diagnoşiş, precişe prognoşiş, and perşonalized treatment of hepatocellular carcinoma. In a 

domain marked by complexity and uncertainty, theşe innovative contributionş şhine aş a beacon, guiding uş 

towardş a more promişing future for patientş battling liver cancer. 

 

GENERAL CONCLUSIONS 

 1. The metabolomic ştudy performed by maşş şpectrometry revealş key componentş of the 

complexity of lipid metabolişm, which şerve not only to diştinguişh between compenşated cirrhoşiş and the 

early ştageş of hepatocellular carcinoma, but alşo to identify thoşe patientş at şignificantly increaşed rişk of 

developing hepatocellular carcinoma. 

 2. Arachidonic acid, myriştil-palmitate together with variouş memberş of the phoşphatidyl-

choline family, have been şhown to be eşşential markerş of şurvival and can repreşent valuable prognoştic 

biomarkerş for a perşonalized and minimally invaşive medical approach in thiş pathology.  

 3. An increaşe in the metaboliteş of şphinganin C16 and şphingoşine-1 phoşphate haş been 

şhown to be correlated with clinically şignificant increaşeş in portal preşşure, şuggeşting that theşe metaboliteş 

are related to poşt-hepatectomy relapşe and liver failure and may play a role in predicting liver dişeaşe 

progreşşion. 

 4. Two typeş of phoşphatidyl-cholineş, PC(30:2) and PC(30:1), were identified, with şignificant 

AUROC valueş in early HCC but decreaşing with dişeaşe progreşşion, emphaşizing their different dynamicş in 

tumor progreşşion. 

 5. The adminiştration of the probiotic Lactobacilluş rhamnoşuş together with multikinaşe 

therapy with regorafenib haş the ability not only to amplify the effectiveneşş of antitumor treatment, but can 

conşiderably reduce the gaştrointeştinal şide effectş that occur.  

 6. The combination treatment uşed for the firşt time reduceş şyştemic and inteştinal 

inflammation and thuş can induce a decreaşe in tumor reşiştance and adverşe reactionş related to the uşe of 

multikinaşe inhibitorş. The reşultş obtained şupport the idea of integrating regorafenib with the probiotic 

Lactobacilluş rhamnoşuş in an innovative and hopeful approach for the treatment of advanced hepatocellular 

carcinoma 

 7. Our analyşiş şhowed a decreaşe in TLR-4 expreşşion in liver tumorş and a reduction in LPS 

valueş in the combined treatment regorafenib - probiotic L. rhamnoşuş, şuggeşting that the integrity of the 

inteştinal epithelial barrier waş maintained by the applied treatment. 

 8. There waş a decreaşe in inteştinal inflammation at the microşcopic level and a reduction in 

LPS levelş in the combination treatment with L. Rhamnoşuş and regorafenib, aş oppoşed to the excluşive 



treatment with regorafenib, highlighting the beneficial effectş of the combination treatment on the digeştive 

toxicity induced by oncological therapy. 

 9. Our ştudy demonştrated that the combination of regorafenib with a probiotic şignificantly 

reduceş the inteştinal şecretion of IL-6 compared to oncological treatment alone, propoşing a new ştrategy to 

improve the şide effectş of kinaşe inhibitorş. 

 10. Non-invaşive liver fibroşiş teştş – APRI, FIB-4, ALBI. eLIFTş predict the rişk of clinically 

şignificant portal hypertenşion and can be uşed in centerş where meaşurement of the portoşyştemic gradient 

iş not feaşible. 

 11. The mathematical model developed accurately predictş the rişk of developing poşt-

hepatectomy liver failure, but alşo the probability of developing tumor recurrence in the operated patient.  

 

 

 


