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INTRODUCERE

Desi continud sd rdmdnd o provocare adresatd lumii medicale, progresele fdacute in
managementul cancerului pulmonar in ultimele doud decenii sunt evidente.
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Supravietuirea mediand este de 3-6 ori mai lungd in cazurile NSCLC metastatice, dacd se
face apel la cele mai noi metode de testare moleculard pentru identificarea cazurilor
“oncogene driven” care beneficiazd de terapii moleculare tintite, si a celor ,non-oncogene
driven”, care beneficiazd de aportul imunoterapiei cu inhibitori ai punctelor de control
imun. Managementul pacientilor oncologici a fost ingreunat de pandemia COVID-19.
Toate cele trei studii propuse pentru a fi realizate in cadrul lucrdrii doctorale au urmdrit
definirea unor strategii de ameliorare a managementului NSCLC avansate, rezultatele lor
fiind publicate in reviste cu impact pentru practica oncologicd (ESMO Open, Cancers,
International Journal of Molecular Sciences).

STADIUL ACTUAL AL CUNOASTERII

Cancerul pulmonar a fost responsabil, conform GLOBOCAN 2022 pentru 10.530 de decese
in Romania, reprezentdnd 18,7% din totalul deceselor cauzate de cancer, mentindndu-si
astfel pozitia de cea mai letald formd de cancer. Dupd o dezvoltare initiald, in primul
deceniu al secolului XXI rezultatele chimioterapiei au inceput sd plafoneze. Aparitia
terapiei moleculare tintite in primul deceniu §i a imunoterapiei in al doilea deceniu au
adus o dezvoltare terapeuticd fdrd precedent. Supravietuirea mediand este astdzi de 3-6
ori mai lungd in NSCLC metastatice, dacd se face apel la testarea NGS pentru
identificarea cazurilor “oncogene driven” care beneficiazd de terapii moleculare tintite, si
a celor ,non-oncogene driven”, care beneficiazd de aportul imunoterapiei.

Pe durata pandemiei COVID-19, o parte a progreselor au fost umbrite de lock-down, care
a redus capacitatea diagnosticd a cancerelor pulmonare in stadii incipiente, cat si de
gravitatea virozei in sine, care a complicat evolutia si tratamentele cancerelor
pulmonare. Pacientii oncologici au fost desemnati de organizatiile internationale ca
reprezentdnd o populatie vulnerabild cu risc mai mare de a contracta SARS-CoV-2 si de a
avea un deznoddmdnt clinic sever. Asupra factorilor de prognostic in cazul pacientilor
oncologici care contracteazd COVID-19, datele diferitelor serii din literaturd
contemporane pandemiei au fost uneori discordante.

Imunoterapia cu inhibitori ai punctelor de control imun a surclasat chimioterapia, fdrd
sd existe insd comparatii randomizate intre diferitii inhibitori ai punctelor de control
imun. Imunoterapia initiald se poate administra ca monoterapie (pembolizumab,
atezolizumab sau cemiplimab) la cazurile cu expresie inaltd a PD-L1. Imunoterapia poate
fi administratd in combinatie cu chimioterapia (conform studiilor KeyNote-189, 407,
IMpower-130, 150, EMPOWER-Lung-3 si POSEIDON) sau cu o altd imunoterapie
(conform studiilor CheckMate-227, 9LA si POSEIDON). Pentru cazurile “non-oncogene-
driven”, imunoterapia a devenit o componentd obligatorie in absenta unor
contraindicatii. Studiile de inregistrare au raportat 20% supravietuitori la 5 ani.

ASCO, NCCN sau ESMO recomandd o analizd genomicd comprehensivd atdt la momentul
diagnosticului initial cat si la progresie. Markerii actionabili in cazul carcinoamelor non-
microcelulare (cu predilectie non-scuamoase), sunt EGFR, ALK, ROS1, BRAF, NTRK, MET,
RET, KRAS G12C, HER2. Pentru alte tinte moleculare identificabile in carcinoamele
pulmonare (ex. BRCA, PIK3CA, AKT, NF1, FGFR2B, etc.) existd terapii autorizate in cazul
altor tumori. Testarea comprehensivdi NGS a devenit disponibild (cu rezultate pentru
EGFR, ALK, ROS1, RET, NTRK) prin Programul National de Oncologie incepdnd cu 2024.
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CONTRIBUTII PERSONALE

Studiul 1: Impactul infectiei COVID-19 asupra pacientilor oncologici

Scop / Obiective: Obiectivul general al cercetdrii a fost studiul relatiei reciproce intre
patologia oncologicd si gravitatea infectiei COVID-19 grefatd la pacientul oncologic.
Obectivele specifice au fost identificarea si ierarhizarea, prin metodele analizei
univariate si multivariate, a factorilor de prognostic corelati cu (i) evolutia la formele
moderate si severe/critice ale infectiei, (ii) agravarea clinicd (definitd ca forme
severe/critice sau deces) si (iii) supravietuira generald.

Obiectivul principal al acestei analize a fost acela de a caracteriza gravitatea bolii
(procentul de pacienti care au dezvoltat forma moderatd si severd/criticd, respectiv
agravarea bolii spre o formd severd/criticd sau deces si factorii de prognostic pentru o
astfel de progresie). Obiectivele secundare au fost supravietuirea dupd infectie si
elemente descriptive, cum ar fi simptomele bolii si tratamentele primite.

Material si metode: Am examinat datele clinice a 341 de pacienti cu cancer, cu un test
RT-PCR SARS-CoV-2 pozitiv intre aprilie 2020 si februarie 2021, in epoca prevaccindrii.
Scopul principal a fost de a caracteriza la diagnostic factorii de prognostic pentru (i)
evolutia la formele moderate si severe/critice ale infectiei, (ii) agravarea clinicd (definitd
ca forme severe/critice sau deces) si (iii) supravietuira generald. Initial, a fost efectuatd o
analizd univariatd pentru a fi identificati factorii de prognostic folosind testele chi-pdtrat
si logrank. In analiza multivariatd, s-au folosit modelul logistic si modelul Cox.

Rezultate: In timpul infectiei, 40,5% dintre pacienti au rdmas asimptomatici, 27,6% au
dezvoltat o formd usoard, 20,5% au avut o formd moderatd si 11,4% o formad
severd/criticd de COVID-19 care a dus la deces in 7,6% din cazuri. Tratamentul a fost
adaptat la severitatea bolii conform ghidurilor nationale. In seria noastrd, incidenta
infectiei cu COVID-19 a fost mai micd la pacientii cu cancer comparativ cu populatia
generald (p<0,001), cu toate acestea, rata mortalitdtii a fost mai mare la pacientii cu
cancer in comparatie cu populatia generald (7,6% fatd de 2,9%, p<0,001). In analiza
multivariatd, factorii de prognostic asociati cu evolutia cdtre o manifestare clinicd
moderatd sau severd/criticd au fost: starea de performantd (PS) (p<0,0001) si niciun
tratament activ in ultimele 3 luni (p=0,031). Factorii asociati cu agravarea clinicd au
fost: PS (p<0,0001), boala arteriald perifericd (p=0,03) si boala hepaticd cronicd
(p=0,04). Factorii asociati cu supravietuirea globald afectatd au fost PS (p<0,0001),
cardiopatia  ischemicd (p=0,0126), hepatopatia cronicd (p=0,001) si radioterapia
(p=0,0027).

Concluzii: Seria noastrd confirmd o evolutie mai severd a infectiei COVID-19 la pacientii
cu cancer, avdnd statusul de performantd ca cel mai proeminent factor de prognostic in
toate cele trei analize multivariate. Prin screening activ, s-au fdcut eforturi pentru a
mentine unitdtile de cancer, cel putin partial, ca sanctuare lipsite de coronavirus.

Studiul 2. Utilizarea unor strategii diferite de combinare a inhibitorilor PD-1
pentru imunoterapia de linia intii a carcinoamelor non-microcelulare avansate
Purpose/Objectives: Various combinations of an anti-PD-1/PD-L1 agent and platinum-
based chemotherapy or another checkpoint inhibitor (with or without a short course or
full course of platinum doublet) have been shown to be superior to chemotherapy alone
in several clinical trials, but these strategies have not been directly compared. The aim of
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this study is to report real-world data results with different immunotherapy
combinations that included a PD-1 inhibitor in a series of patients treated in consecutive
cohorts at the lon Chiricutd Institute of Oncology.

Material si metode: Un total de 122 de pacienti au fost inrolati succesiv in trei cohorte:
(1A) nivolumab + ipilimumab (18 pacienti), (1B) nivolumab + ipilimumab +
chimioterapie de scurtd duratd (33 de pacienti) si (2) pembrolizumab plus chimioterapie
completd (71 de pacienti). Au fost analizati parametrii de eficacitate (0S, PFS, ORR) si
factorii de prognostic (legati de pacient, de carcteristicile bolii, de markerii biologici si de
tipul de tratament), prin metode statistice consacrate.

Rezultate: Urmdrirea mediand in cohortele consecutive 14, 1B si 2 a fost de 83 fatd de 59
fatd de 14,2 luni. Mediana OS si PFS pentru toti pacientii au fost de 22,2 si, respectiv, 11,5
luni, iar OS si PFS actuariale la 2 ani au fost de 49% si, respectiv, 35%. Pentru
combinatiile nivolumab + ipilimumab (cohortele 1A si 1B Iluate impreund) versus
pembrolizumab (cohorta 2), OS mediand a fost de 14 vs. 24,8 luni (p=0,18) si
supravietuirea actuariald la 2 ani 42% vs. 53%. PFS mediand a fost de 8,6 vs. 12,7 luni
(p=0,41) si PFS actuariald la 2 ani 34% vs. 35%. Ratele de rdspuns au fost de 33,3% fatd
de 47,9% (p=0,22). Vdrsta inaintatd, PS afectatd (2 versus 0-1), corticoterapia in prima
lund de imunoterapie si raportul neutrofile/limfocite >3,81 au fost factori independenti
de prognostic nefavorabil in analiza multivariatd a supravietuirii (limitatd la 2 ani de
urmdrire). Supravietuirea pe termen lung pe 5 ani a fost de 30,5% si 18,8% pentru
cohortele 1A si, respectiv, 1B (pentru cohorta 2 acest parametru nu a putut fi calculat din
cauza urmdririi mai scurte a acestei cohorte la momentul prelucrdrii datelor).

Concluzii: Rezultatele de eficacitate folosind diferite strategii combinate de
imunoterapie au fost promitdtoare si nu au existat diferente semnificative la 2 ani intre
protocoalele utilizate. Eficacitatea reald si rezultatele pe termen lung din seria noastrd
au fost in conformitate cu cele raportate in studiile de inregistrare corespunzdtoare.

Studiul 3. Aportul testarii genomice comprehensive (NGS) pentru terapia
personalizata a pacientilor avind carcinoame bronhopulmonare non-
microcelulare avansate

Scop / Obiective: Analiza comprehensivd genomicd initiald (NGS) este din ce in ce mai
recomandatd in NSCLC avansat pentru a ghida terapia tintitd. Acest studiu prospectiv
uni-institutional din Romdnia a evaluat efectuarea NGS in NSCLC avansat la momentul
initial (tesut si/sau lichid) si la progresie (lichid).

Material si metode: FoundationOne NGS (tesut/lichid) a fost efectuat la 119 pacienti
consecutivi cu NSCLC in stadiul 1V, impreund cu imunohistochimia PD-L1 (IHC, SP263).
Biopsia lichidd a fost repetatd la progresie. Au fost evaluate timpul de rdspuns pentru
rezultatele NGS, prevalenta tintelor actionabile si utilitatea clinicd.

Rezultate: Pacientii au fost predominant bdrbati (68,1%), cu o vdrstd medie de 62 de ani
(interval 30-86). Majoritatea au avut ECOG PS 0-1 (79%) si histologie non-scuamoasd
(67,2%). Nefumdtorii au reprezentat 25,2%. TAT median pentru rezultatele NGS a fost de
9 zile (interval 5-21). In total, 671 de modificdri genetice au fost detectate in 149 de gene.
Numdrul mediu de mutatii distincte per pacient a scdazut de la 5,6 la momentul initial la
4,3 la progresie. Probele de tesut au evidentiat mai multe alteratii genetice (6/pacient)
decdt biopsiile lichide initiale (4,6/pacient). Tumorile scuamoase au avut mai multe
modificdri fatd de cele non-scuamoase (7,1/pacient vs. 4,8/pacient), iar numdrul
mutatiilor la fumdtori I-a depdsit pe cel al nefumdtorilor (6/pacient vs. 4,5/pacient).
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Mutatiile TP53 au fost cele mai frecvente (70,59%). Variante actionabile au fost gdsite la
74,8% dintre pacienti, desi doar 35,3% au primit terapie personalizatd, in mare parte din
cauza deteriordrii stdrii de performantd, lipsei rambursdrii sau a absentei unui studiu
clinic adecvat. Tintele comune in tumorile non-scuamoase au inclus EGFR (21%), KRAS
G12C (11%), NF1 (11%) si ERBB2 (6%); in tumorile scuamoase, tinte comune au inclus
NF1 (24%), PIK3CA (18%) si ERBB2 (8%). Printre fumdtori, cele mai frecvente mutatii
driver au fost NF1 (15%), PIK3CA (11%), KRAS G12C (9%) si ERBBZ (8%); nefumdtorii
au fost dominati de mutatii ale EGFR (45%), NF1 (15%) si KRAS G12C (8%). TMB=10
mut/Mb a fost observat la 26,9%. Niciun pacient nu a fost MSI-H. PD-L1 TPS a fost <1% la
33% dintre pacienti, 1-49% la 20%, 250% la 18% si necunoscut la 29%.

Concluzii: Analiza NGS efectuatd la baseline oferd date genomice cuprinzdtoare,
obtinute rapid, ghiddnd atdt terapiile standard cdt si orientarea cdtre trialuri clinice
personalizate in NSCLC avansat. Rebiopsia lichidd la progresie rafineazd si mai mult
deciziile de tratament.

CONCLUZII GENERALE

1.1. Primul studiu al tezei a cdutat sd transforme perioada pandemiei in
oportunitatea de a studia interferentele biunivoce intre cancer §i infectia concomitentd
cu virusul SARS-CoV-2. In seria Institutului Oncologic Cluj-Napoca, mortalitatea infectiei
cu COVID-19 a fost mai mare in rdndul pacientilor cu cancer in comparatie cu populatia
generald.

1.2. Analiza multivariatd a evidentiat urmadtorii factori de prognostic independenti
pentru evolutia infectiei COVID-19 la pacientii neoplazici:

-absenta tratamentului oncologic specific in ultimele 3 luni (prognostic pentru
evolutia spre formd moderatd sau severd/criticd a COVID-19),

-comorbiditdtile de tip arteriopatie cronicd obstructivd a membrelor, hepatopatie
cronicd (prognostice pentru agravarea clinicd, definitd ca evolutie spre forme
severe/critice si/sau deces),

-comorbiditdtile de tip cardiopatie ischemicd, hepatopatie cronicd, cdt si
radioterapia efectuatd in cele 3 luni anterioare infectiei (prognostice pentru
supravietuirea generald la infectia COVID-19).

1.3. Statusul de performantd deteriorat (PS ECOG 2-4) a fost singurul factor
predictiv independent in toate analizele multivariate efectuate, legat atdt de o evolutie
cdtre o formd moderatd sau severd/criticd, o agravare spre formd severd/criticd si/sau
deces, cdt si de o supravietuire afectatd de infectia COVID-19.

2.1. Al doilea studiu doctoral a analizat rezultatele obtinute prin combinarea unui
inhibitor al punctului de control PD-1 in tratamentul sistemic de primd linie al NSCLC
avansat cu a). o altd imunoterapie (anti-CTLA4), cu sau fdrd chimioterapie de scurtd
duratd (2 cicluri), sau b). un regim complet de chimioterapie (4 cicluri).
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2.2. Aceste combinatii au demonstrat o supravietuire globald si supravietuire fard
progresie comparabild cu cele observate in studiile de referintd, marcdnd un avans
semnificativ in comparatie cu chimioterapia exclusivd. Medianele OS si PFS pentru toti
pacientii au fost de 22,2 si 11,5 luni, iar OS si PFS actuariale la 2 ani au fost de 49% si
35% in populatia intention-to-treat.

2.3. Cele doud modalitdti de a combina imunoterapia anti-PD-1 au ardtat
rezultate similare in OS si PFS la doi ani, intr-o comparatie nerandomizatd. Combinatiile
intre pembrolizumab si chimioterapia standard au avut un avantaj numeric fatd de
imunoterapia duald cu nivolumab si ipilimumab (+/- chimioterapie scurtd), dar
nesemnificativ statistic.

2.4. Datele referitoare la imunoterapia duald indicd prezenta supravietuitorilor pe
termen lung, cu procente de 30,5% si 18,8% la 5 ani, in cele doud cohorte monitorizate.

2.5. Analiza multivariatd a identificat ca factori de prognostic nefavorabili pentru
supravietuirea globald: statusul de performantd ECOG 2 (fatd de 0-1), vdrsta inaintatd,
utilizarea precoce a corticoizilor si un raport crescut intre neutrofile si limfocite (>3,81).

3.1. Al treilea studiu sustine utilizarea testdrii genetice NGS la diagnostic (biopsie
de tesut sau/si lichidd) si la progresie (biopsie lichidd). Beneficiile includ:

a) rezultate rapide (mediana 9 zile),

b) detectarea mai multor mutatii actionabile pentru terapia moleculard tintitd,

c) orientarea pacientilor cdtre studiile clinice disponibile si viitoare.

3.2. In lipsa unei cantitdti suficiente de tesut initial, biopsia lichidd a furnizat
informatii fiabile despre modificdrile genetice. Repetarea biopsiei lichide la progresie a
oferit o imagine dinamicd asupra actionabilitdtii modificdrilor genetice.

3.3. S-au gdsit 671 de modificdri genetice in 149 de gene la cei 119 pacienti testati
cu FoundationOne la diagnostic si progresie.

3.4. Numdrul mediu de modificdri genetice a scazut de la diagnostic la progresie.

3.5. Mai multe mutatii au fost identificate in biopsia tisulard initiald comparativ
cu biopsia lichidd, in NSCLC scuamos versus non-scuamos §i la fumdtori versus
nefumdtori.

3.6. Cele mai frecvente modificdri au fost la gena TP53 (70,59% din pacienti),
consideratd un factor de prognostic negativ.

3.7. FoundationOne a identificat modificdri actionabile la 74,8% dintre pacienti,
dar doar 35,3% au primit tratamentul personalizat corespunzdtor, din cauza deteriordrii
stdrii de sdndtate, lipsei rambursdrii si absentei unui studiu clinic adecvat.

3.8. S-au observat diferente intre categoriile histologice si statusul de
fumdtor/nefumadtor in ceea ce priveste mutatiile tratabile medicamentos. S-au descris cdi
distincte de oncogenezd, implicind gene conducdtoare diferite in carcinoamele non-
scuamoase fatd de cele scuamoase, precum si la nefumdtori comparativ cu fumdtorii,

3.9. Expresia PD-L1 TPS a fost negativd la 33% din pacienti, moderatd la 20%,
fnaltd la 18% si necunoscutd la 29%. Toti pacientii au prezentat stabilitate
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microsatelitard (MSS), iar 26,9% au avut o incdrcdturd mutationald inaltd (TMB high).
Informatiile despre TMB si PD-L1 sunt complemetare pentru indicatia imunoterapiei.

3.10. Studiul doctoral concluzioneazd cd utilizarea tehnicilor genetice NGS
contribuie semnificativ la managementul pacientilor. Aceste tehnici, aplicate atdt pe
biopsii tisulare cat si lichide, pot permite selectia unor tratamente moleculare tintite
eficiente si a modalitdtilor optime de imunoterapie pentru carcinoamele care nu au
oncogene conducdtoare.

Originalitatea si contributiile inovative ale tezei

Studiile care au stat la baza acestei teze de doctorat au adus o contributie
inovatoare in cercetarea oncologicd din Romdnia:

-Studiul 1: Constituie o primd serie romdneascd de pacienti oncologici (n=341) cu
infectie concomitentd COVID-19 in perioada prevaccinald, la care s-a realizat o analizd
complexd (uni- si multivariatd) a factorilor de prognostic pentru evolutia formelor
infectiei, agravarea acesteia si supravietuirea la episodul infectios. Date din acest capitol
au constituit subiectul unor articole publicate in 2021 [210] si 2022 [142] in revista
ESMO Open (151, IF=7,1).

-Studiul 2: Constituie prima analizd uni- si multivariatd asupra rezultatelor unor
combinatii diferite de imunoterapie in linia intdi de tratament fn NSCLC avansate,
realizatd intr-o institutie romdneascd de profil (n=122 pacienti). Studiul este original
prin comparatia academicd realizatd intre cohorte de pacienti tratate cu combinatii de
imunoterapie diferite (cu molecule realizate de producdtori diferiti), care nu au sansa
unei comparatii directe in studii head-to-head sponsorizate de cdtre firmele
farmaceutice. Rezultatele pot servi clinicienilor in argumentarea selectiei terapiei. Date
din cel de-al doilea studiu al cercetdrii doctorale au constituit subiectul unui articol
publicat in 2024 in revista Cancers (151, IF=4,5; 5-years [F=4,9) [211].

-Studiul 3: Reprezintd primul studiu romdnesc care a analizat prin NGS, la
diagnostic si la progresie, o serie reprezentativd de pacienti (n=119) cu NSCLC avansat.
Studiul aduce argumente pentru testarea NGS la toti pacientii cu NSCLC avansat,
datoritd rapiditdtii si cantitdtii de informatii oferite, utile in selectarea tratamentului
molecular tintit sau orientarea cdtre chimioimunoterapie sau cdtre trialuri clinice.
Studiul este relevant prin analiza moleculard comprehensivd care a identificat genele
conducdtoare in carcinogeneza carcinoamelor pulmonare non-scuamoase versus
scuamoase §i la nefumdtori versus fumdtori. Datele au fost publicate in 2025 in
International Journal of Molecular Sciences (1SI, IF=4,9; 5-years IF=5,6) [212].
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INTRODUCTION

Although it continues to be a challenge for the medical world, the progress made in
the management of lung cancer in the last two decades is evident. Median survival is 3-6
times longer in metastatic NSCLC cases, if the latest molecular testing methods are used
to identify “oncogene driven” cases that benefit from targeted molecular therapies, and
“non-oncogene driven” cases that benefit from immunotherapy with immune checkpoint
inhibitors. The management of oncological patients has been made more difficult by the
COVID-19 pandemic. All three studies proposed to be carried out within the doctoral
thesis aimed at defining strategies to improve the management of advanced NSCLC, their
results being published in journals with impact for oncological practice (ESMO Open,
Cancers, International Journal of Molecular Sciences).

CURRENT STATE OF KNOWLEDGE

Lung cancer was responsible, according to GLOBOCAN 2022, for 10,530 deaths in
Romania, representing 18.7% of all deaths caused by cancer, thus maintaining its
position as the most lethal form of cancer. After an initial development, in the first decade
of the 21st century the results of chemotherapy began to plateau. The emergence of
targeted molecular therapy in the first decade and immunotherapy in the second decade
brought unprecedented therapeutic development. Median survival is today 3 to 6 times
longer in metastatic NSCLC, if NGS testing is used to identify “oncogene driven” cases that
benefit from targeted molecular therapies, and “non-oncogene driven” ones, that benefit
from immunotherapy.

During the COVID-19 pandemic, some of the progress was overshadowed by the
lockdown, which reduced the diagnostic capacity of lung cancers in their early stages, as
well as by the severity of the virus itself, which complicated the evolution and treatments
of lung cancers. Oncology patients have been designated by international organizations
as representing a vulnerable population with a higher risk of contracting SARS-CoV-2
and of having a severe clinical outcome. Regarding the prognostic factors in oncology
patients contracting COVID-19, the data from different series in the literature
contemporary to the pandemic were sometimes discordant.

Immunotherapy with immune checkpoint inhibitors has outperformed
chemotherapy, but there have been no randomized comparisons between different
immune checkpoint inhibitors. Initial immunotherapy can be administered as
monotherapy (pembolizumab, atezolizumab or cemiplimab) in cases with high PD-L1
expression. Immunotherapy can be administered in combination with chemotherapy
(according to the KeyNote-189, 407, IMpower-130, 150, EMPOWER-Lung-3 and
POSEIDON studies) or with another immunotherapy (according to the CheckMate-227,
9LA and POSEIDON studies). For “non-oncogene-driven” cases, immunotherapy has
become a mandatory component in the absence of contraindications. Registration studies
have reported 20% survival at 5 years.
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ASCO, NCCN and ESMO recommend comprehensive genomic analysis both at the
time of initial diagnosis and at progression. Actionable markers in NSCLC are EGFR, ALK,
ROS1, BRAF, NTRK, MET, RET, KRAS G12C, HER2. For other molecular targets also
identifiable in lung carcinomas (e.g. BRCA, PIK3CA, AKT, NF1, FGFR2B, etc.) there are
authorized therapies for other tumors. Comprehensive NGS testing has become available
(with results limited to EGFR, ALK, ROS1, RET and NTRK) through the National Oncology
Program starting with 2024.

PERSONAL CONTRIBUTIONS

Study 1: Impact of COVID-19 infection on oncology patients
Purpose / Objectives:

The general objective of the research was to study the reciprocal relationship
between cancer and the severity of the COVID-19 infection grafted to the oncological
patient.

The specific objectives were to identify and rank, through univariate and
multivariate analysis methods, the prognostic factors correlated with (i) the evolution to
moderate and severe/critical forms of the infection, (ii) clinical worsening (defined as
severe/critical forms or death) and (iii) overall survival.

The primary objective of this analysis was to characterize the severity of the
disease (the percentage of patients who developed the moderate and severe/critical form,
respectively the worsening of the disease to a severe/critical form or death and the
prognostic factors for such progression).

The secondary objectives were survival after infection and descriptive elements,
such as symptoms of the disease and treatments received.

Material and methods: We examined the clinical data of 341 cancer patients with a
positive SARS-CoV-2 RT-PCR test between April 2020 and February 2021, in the
prevaccination era. The main aim was to characterize prognostic factors for diagnosis (i)
progression to moderate and severe/critical forms of infection, (ii) clinical deterioration
(defined as severe/critical forms or death), and (iii) overall survival. Initially, a univariate
analysis was performed to identify prognostic factors using the chi-square and logrank
tests. In the multivariate analysis, the logistic model and the Cox model were used.
Results: During the infection, 40.5% of patients remained asymptomatic, 27.6%
developed a mild form, 20.5% had a moderate form and 11.4% a severe/critical form of
COVID-19 which led to death in 7.6% of cases. Treatment was adapted to the severity of
the disease according to national guidelines. In our series, the incidence of COVID-19
infection was lower in cancer patients compared to the general population (p<0.001),
however, the mortality rate was higher in cancer patients compared to the general
population (7.6% vs. 2.9%, p<0.001). In multivariate analysis, the prognostic factors
associated with the evolution to a moderate or severe/critical clinical manifestation were
performance status (PS) (p<0.0001) and no active treatment in the last 3 months
(p=0.031). Factors associated with clinical worsening were PS (p<0.0001), peripheral
arterial disease (p=0.03) and chronic liver disease (p=0.04). Factors associated with
impaired overall survival were PS (p<0.0001), ischemic heart disease (p=0.0126), chronic
liver disease (p=0.001) and radiotherapy (p=0.0027).
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Conclusions: Our series confirms a more severe course of COVID-19 infection in cancer
patients, with performance status as the most prominent prognostic factor in all three
multivariate analyses. Through active screening, efforts were made to maintain cancer
units, at least in part, as coronavirus-free sanctuaries.

Study 2. Use of different PD-1 inhibitor combination strategies for first-line
immunotherapy of advanced NSCLC.

Purpose/Objectives: Various combinations of an anti-PD-1/PD-L1 agent and platinum-
based chemotherapy or another checkpoint inhibitor (with or without a short course or a
full course of a platinum doublet) have been shown to be superior to chemotherapy alone
in several clinical trials, but these strategies have not been directly compared. The aim of
this study is to report real-world data results with different immunotherapy
combinations that included a PD-1 inhibitor in a series of patients treated in consecutive
cohorts at the lon Chiricutd Institute of Oncology.

The endpoints included overall survival (0S), progression-free survival (PFES), objective
response rate (ORR), and exploratory univariate and multivariate analysis of prognostic
factors.

Material and methods: A total of 122 patients were successively enrolled in three
cohorts: (1A) nivolumab + ipilimumab (18 patients), (1B) nivolumab + ipilimumab +
short-course chemotherapy (33 patients), and (2) pembrolizumab plus full-course
chemotherapy (71 patients). Efficacy parameters (0S, PFS, ORR) and prognostic factors
(patient-related, disease-related, biomarkers, and treatment type) were analyzed using
established statistical methods.

Results: Median follow-up in the consecutive cohorts 14, 1B, and 2 was 83 vs. 59 vs. 14.2
months. Median OS and PFS for all patients were 22.2 and 11.5 months, respectively, and
actuarial OS and PFS at 2 years were 49% and 35%, respectively. For nivolumab +
ipilimumab combinations (cohorts 1A and 1B taken together) versus pembrolizumab
(cohort 2), median OS was 14 vs. 24.8 months (p=0.18) and actuarial survival at 2 years
42% vs. 53%. Median PFS was 8.6 vs. 12.7 months (p=0.41) and actuarial PFS at 2 years
34% vs. 35%. Response rates were 33.3% vs. 47.9% (p=0.22). Older age, impaired PS (2
vs. 0-1), corticosteroid therapy in the first month of immunotherapy, and
neutrophil/lymphocyte ratio >3.81 were independent prognostic factors in multivariate
survival analysis (limited to 2 years of follow-up). Long-term 5-year survival was 30.5%
and 18.8% for cohorts 1A and 1B, respectively (for cohort 2 this parameter could not be
calculated due to the shorter follow-up of this cohort at the time of data lock).
Conclusions: The efficacy results using different combination immunotherapy strategies
were promising and there were no significant differences at 2 years between the
protocols used. The actual efficacy and long-term outcomes in our series were in line with
those reported in the corresponding registration studies.

Study 3. The contribution of comprehensive genomic testing (NGS) for
personalized therapy of patients with advanced non-small cell lung carcinomas

Purpose / Objectives: Initial comprehensive genomic analysis (NGS) is increasingly
recommended in advanced NSCLC to guide targeted therapy. This prospective single-
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Romanina institutional study evaluated the performance of NGS in advanced NSCLC at
baseline (tissue and/or liquid) and at progression (liquid).

Material and methods: FoundationOne NGS (tissue/liquid) was performed in 119
consecutive patients with stage IV NSCLC, together with PD-L1 immunohistochemistry
(IHC, SP263). Liquid biopsy was repeated at progression. Turnaround time for NGS
results (TAT), prevalence of actionable targets and clinical utility were evaluated.
Results: Patients were predominantly male (68.1%), with a median age of 62 years
(range 30-86). The majority had ECOG PS 0-1 (79%) and non-squamous histology
(67.2%). Non-smokers accounted for 25.2%. Median TAT for NGS results was 9 days
(range 5-21). In total, 671 genetic alterations were detected in 149 genes. The median
number of distinct mutations per patient decreased from 5.6 at baseline to 4.3 at
progression. Tissue samples revealed more genetic alterations (6/patient) than initial
liquid biopsies (4.6/patient). Squamous tumors had more mutations than non-squamous
tumors (7.1/patient vs. 4.8/patient), and the number of mutations in smokers exceeded
that in non-smokers (6/patient vs. 4.5/patient). TP53 mutations were the most common
(70.59%). Actionable variants were found in 74.8% of patients, although only 35.3%
received personalized therapy, largely due to deteriorating performance status, lack of
reimbursement, or the absence of an appropriate clinical trial. Common targets in non-
squamous tumors included EGFR (21%), KRAS G12C (11%), NF1 (11%), and ERBB2
(6%); in squamous tumors, common targets included NF1 (24%), PIK3CA (18%), and
ERBB2 (8%). Among smokers, the most common driver mutations were NF1 (15%),
PIK3CA (11%), KRAS G12C (9%), and ERBBZ2 (8%); nonsmokers were dominated by
mutations in EGFR (45%), NF1 (15%), and KRAS G12C (8%). TMB=10 mut/Mb was
observed in 26.9%. No patients were MSI-H. PD-L1 TPS was <1% in 33% of patients, 1-
49% in 20%, 250% in 18%, and unknown in 29%.

Conclusions: Baseline NGS analysis provides comprehensive, rapidly acquired genomic
data, guiding both standard therapies and orientation towards personalized clinical
trials in advanced NSCLC. Liquid rebiopsy at progression further refines treatment
decisions.

GENERAL CONCLUSIONS

The first study of the thesis sought to transform the pandemic period into an
opportunity to study the biunivocal interferences between cancer and concurrent
infection with the SARS-CoV-2 virus.

1.1. In our series, the mortality of COVID-19 infection was higher among cancer patients
compared to the general population.

1.2. Multivariate analysis revealed the following independent prognostic factors for the
evolution of COVID-19 infection in neoplastic patients:

-absence of specific oncological treatment in the last 3 months (prognostic for the
evolution towards moderate or severe/critical form of COVID-19),

-comorbidities such as chronic obstructive arteriopathy of the limbs, chronic hepatopathy
(prognostic for clinical worsening, defined as evolution towards severe/critical forms
and/or death),
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-comorbidities such as ischemic cardiopathy, chronic hepatopathy, as well as
radiotherapy performed in the 3 months prior to infection (prognostic for overall survival
from COVID-19 infection).

1.3. Deteriorated performance status (ECOG PS 2-4) was the only independent predictive
factor in all multivariate analyses performed, linked to both a progression to moderate or
severe/critical form, a worsening to severe/critical form and/or death, and to a survival
affected by COVID-19 infection.

The second study analyzed the results obtained by combining a PD-1 checkpoint
inhibitor in the first-line systemic treatment of advanced NSCLC with a) another
immunotherapy (anti-CTLA4), with or without short-term chemotherapy (2 cycles), or b)
a full chemotherapy regimen (4 cycles).

2.1. These combinations demonstrated overall survival and progression-free survival
comparable to those observed in the reference studies, marking a significant advance
compared to chemotherapy alone. The median OS and PFS for all patients were 22.2 and
11.5 months, and the actuarial OS and PFS at 2 years were 49% and 35% in the
intention-to-treat population.

2.2. The two immunotherapy combination strategies showed similar results in OS and PFS
at two years, in a non-randomized comparison. Pembrolizumab combinations had a
numerical advantage over nivolumab and ipilimumab, but not statistically significant.
2.3. Data on dual immunotherapy indicates the presence of long-term survivors, with
percentages of 30.5% and 18.8% at 5 years, in the two monitored cohorts.

2.4. Multivariate analysis identified as unfavorable prognostic factors for overall survival:
ECOG performance status 2, older age, early use of corticosteroids and an increased
neutrophil to ymphocyte ratio (>3.81).

The third study supports the use of NGS genetic testing at diagnosis (tissue or liquid
biopsy) and at progression (liquid biopsy).

3.1 Benefits of upfront NGS include:

a) rapid results (median 9 days),

b) detection of many actionable mutations for targeted molecular therapy,

c) referral of patients to available and upcoming clinical trials.

3.2. In situations where tissue was not available in sufficient quantity initially, liquid
biopsy provided reliable information about genetic alterations. Repeating liquid biopsy at
progression provided a dynamic picture of the actionability of genetic alterations at
different time points.

3.3. A total of 671 genetic alterations were found in 149 distinct genes in the 119 patients
who successfully tested FoundationOne at baseline and at progression.

3.4. The average number of distinct genetic alterations decreased from baseline (tissue
and/or liquid biopsy) to progression (liquid biopsy).

3.5. More mutations were identified in the initial tissue biopsy compared to the liquid
biopsy, in squamous versus non-squamous NSCLC, and in smokers compared to non-
smokers.

3.6. The most common changes were found in the TP53 suppressor gene (70.59% of all
patients), which is currently not actionable and is considered a negative prognostic
factor.

3.7. FoundationOne identified actionable changes in 74.8% of patients (including
elevated TMB). However, only 35.3% received the appropriate personalized treatment.
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The main reasons were deteriorating health, lack of reimbursement for therapy, and the
absence of an adequate clinical trial.

3.8. Regarding drug-treatable mutations, differences were observed between non-
squamous and squamous histological categories, as well as between non-smoker and
smoker status (active or former). Distinct pathways of oncogenesis have been described,
involving different driver genes in non-squamous versus squamous carcinomas, as well as
in non-smokers versus smokers.

3.9. PD-L1 TPS expression (by IHC) was negative in 33% of patients, moderate in 20%,
high in 18% and unknown in 29%. All patients had microsatellite stability (MSS) and
26.9% had a high mutational burden (TMB high). Information regarding TMB and PD-L1
levels is complementary and is useful for an appropriate indication of inmunotherapy.
3.10. The doctoral study concludes that the use of NGS genetic techniques (used in the
initial diagnosis and at progression of advanced NSCLC) significantly contributes to
patient management. These techniques, applied to both tissue and liquid biopsies, may
allow the selection of effective targeted molecular treatments and optimal
immunotherapy modalities for carcinomas that do not have driver oncogenes.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS OF
DOCTORAL RESEARCH

The studies that formed the basis of this doctoral thesis made an innovative
contribution to oncology research in Romania.

Study 1: It constitutes the first series in Romania of oncological patients (n=341),
with concurrent COVID-19 infection, from the pre-vaccination period, in which a complex
analysis (uni- and multivariate) of prognostic factors for the evolution of infection forms,
aggravation and survival after SARS-CoV2 infection was performed. The unfavorable
prognostic factor detected in all three multivariate analyses was the deteriorated
performance status of the oncological patient, preceding the onset of COVID-19 infection.

Study 2: Study 2: This is the first univariate and multivariate analysis of the
results of different immunotherapy combinations in the first-line treatment of advanced
NSCLC, conducted in a Romanian institution (n=122 patients). The study is original in
that it compares cohorts of patients treated with different immunotherapy combinations
(with molecules made by different manufacturers), which do not have the opportunity for
direct comparison in head-to-head studies sponsored by pharmaceutical companies. The
results can help clinicians to make the selection of therapy. Data from the second study of
the doctoral research was the subject of an article published in 2024 in the journal
Cancers (151, IF=4.5; 5-years [F=4.9) [211].

Study 3: It represents the first Romanian study that analyzed by NGS, at diagnosis
and progression, a representative series of patients (n=119) with advanced NSCLC. The
study brings arguments for NGS testing in all patients with advanced NSCLC, due to the
speed and amount of information provided, useful in selecting targeted molecular
treatment or orientation towards chemoimmunotherapy or clinical trials. The study is
relevant through the comprehensive molecular analysis that identified the driving genes
in the carcinogenesis of non-squamous versus squamous carcinomas and in non-smokers
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versus smokers. The data were published in 2025 in the International Journal of
Molecular Sciences (1S1, [F=4.9; 5-years IF=5.6) [212].
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