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Wykaz stosowanych skrotow

Skrot Rozwinigcie Znaczenie
AFP Alpha-Fetoprotein Alfa-fetoproteina
ALBI Albumin-Bilirubin Index Wskaznik albumina-
bilirubina
BCLC Barcelona Clinic Liver Cancer Klasyfikacja
zaawansowania HCC
BCLC
BMDSC Bone Marrow-Derived Stem Komorki macierzyste
Cells pochodzenia szpikowego
BSC Best Supportive Care Opieka paliatywna
CD Cluster of Differentiation Klaster r6znicowania
Cl Confidence Interval Przedziat ufnosci
EMA European Medicines Agency Europejska Agencja Lekoéw
GM-CSF Granulocyte-Macrophage Czynnik stymulujacy
Colony-Stimulating Factor kolonie granulocytarno-
makrofagowe
HCC Hepatocellular Carcinoma Rak
watrobowokomorkowy
HR Hazard Ratio Wspotczynnik ryzyka
IFN-y Interferon gamma Interferon gamma
IHC Immunohistochemistry Immunohistochemia
IL Interleukin Interleukina
LT Liver Transplantation Przeszczepienie watroby
M-CSF Macrophage Colony-Stimulating | Czynnik stymulujgcy
Factor kolonie makrofagow
MVA Microwave Ablation Ablacja z
wykorzystaniem mikrofal
NLR Neutrophil-to-Lymphocyte Ratio | Stosunek neutrofili do
limfocytow
0OS Overall Survival Catkowite przezycie




PALBI Platelet-Albumin-Bilirubin Index | Wskaznik ptytek, albuminy
i bilirubiny

PD-1 Programmed Death 1 (receptor) | (Receptor) programowanej
sSmierci komorki 1

PD-L1 Programmed Death Ligand 1 Ligand programowanej
$mierci komorki 1

PH test Proportional Hazards test Test proporcjonalno$ci
hazardéw (dla modelu
Coxa)

PLR Platelet-to-Lymphocyte Ratio Stosunek ptytek krwi do
limfocytow

PLT Platelets Plytki krwi

PRISMA Preferred Reporting Items for Wytyczne dla przegladow

Systematic Reviews and Meta- systematycznych PRISMA
Analyses

RFA Radiofrequency Ablation Ablacja pradem o
czestotliwosci radiowej

RFS Recurrence-Free Survival Przezycie wolne od
nawrotu

SBRT Stereotactic Body Radiotherapy | Radioterapia
stereotaktyczna

TACE Transarterial Chemoembolization | Przeztetnicza
chemoembolizacja

TAM Tumor-Associated Macrophages | Makrofagi towarzyszace
nowotworowi

TAN Tumor-Associated Neutrophils Neutrofile zwigzane z
nowotworem

TARE Transarterial Radioembolization | Radioembolizacja przez
tetnice

TIL Tumor-Infiltrating Lymphocytes | Limfocyty naciekajace guz

TME Tumor Microenvironment Mikros$rodowisko guza

TNF-a Tumor Necrosis Factor Alpha Czynnik martwicy

nowotworu alfa




UCSF University of California, San Kryteria kwalifikacji do
Francisco przeszczepu watroby
Uniwersytet Kalifornijski,
San Francisco
VEGF Vascular Endothelial Growth Czynnik wzrostu

Factor

srodbtonka naczyniowego

wBC

White Blood Cells

Biate krwinki







Analiza mikrosrodowiska guza oraz parametrow laboratoryjnych jako potencjalnych

czynnikow prognostycznych u pacjentow chorych na raka watrobowokomorkowego.

Streszczenie

Rak watrobowokomodrkowy (hepatocelllular carcinoman, HCC) nalezy do najczesciej
diagnozowanych nowotwordw i jest czwartg przyczyng zgonoéw z przyczyn onkologicznych
(Globoscan 2020%). Czestos¢ wystepowania HCC rézni si¢ w istotny sposob geograficznie —
najczesciej choroba jest diagnozowana w Azji oraz Afryce, co ma zwigzek z zakazeniami
wirusami hepatotropowymi HCV oraz HBV (Ferlay et al. 20152). Obecnie przewiduje sie, ze
w krajach Europy Zachodniej mozna spodziewac si¢ wzrostu zapadalnosci. Pomimo ogoélnego
postepu w medycynie 1 opiece onkologicznej, rokowania pacjentow chorujacych na HCC
pozostaja powazne. Terapia HCC moze przebiega¢ w rdzny sposdb, w zaleznos$ci od stopnia
zaawansowania choroby. Rekomendacje European Society for Medical Oncology w ostatnich
latach byly kilkukrotnie aktualizowane, w zwigzku z pojawiajacymi si¢ nowymi opcjami

terapeutycznymi.
Rekomendacje leczenia HCC w zaleznosci od zaawansowania choroby.

Obecne rekomendacje zwracaja uwage na podziat choroby wynikajacy z jej zaawansowania
na podstawie skali Barcelona Clinic Liver Cancer, BCLC. Bardzo wczesna choroba (stopien
0), charakteryzuje si¢ obecnoscig pojedynczego guza mniejszego niz 2cm, zachowang funkcja
watroby (Child-Pugh A) oraz dobrym stanem klinicznym pacjenta (performance status, PS 0).
Wezesny etap (BCLC A) jest definiowany jako obecno$¢ pojedynczego guza albo 3 zmian do
3 cm, czg$ciowo uposledzona funkcja watroby (Child-Pugh A-B) oraz dobry stan ogolny.
Natomiast choroba o posrednim zaawansowaniu (BCLC B) jest diagnozowana przy obecnos$ci
licznych zmian w watrobie 1 jednoczes$nie nadal zachowanej czgsciowej funkcji watroby 1
dobrym stanie pacjenta. O chorobie zaawansowanej (BCLC C) mozna moéwié, jesli
stwierdzane s3 zmiany przerzutowe poza watrobg oraz inwazja uktadu wrotnego; stan
pacjenta nadal powinien by¢ dos¢ dobry (PS 1-2). Cigezkie uposledzenie funkcji watroby
(Child Pugh C) oraz gorszy stan ogdlny pacjenta (PS 3-4) s3 wyktadnikami terminalnego
etapu choroby (BCLC D) (Pons et a. 20053).

W zaleznosci od stopnia zaawansowania choroby, pacjenci powinni by¢ kwalifikowani do
roznych metod terapeutycznych. Nalezy zauwazy¢, ze w 2025 opublikowane zostaly nowe
zalecenia ESMO, dotyczace leczenia pacjentow chorych na HCC. Zgodnie z nimi pacjenci w

stadiach BCLC 0-B moga by¢ kwalifikowani do resekcji - zalecana u pacjentow z



pojedynczym guzem >2 cm, bez nadci$nienia wrotnego, mozliwa jest takze u wybranych
pacjentow z Child-Pugh B; ablacji (ablacja pradem o czestotliwos$ci radiowej, radiofrequency
ablation, RFA/ ablacja z wykorzystaniem mikrofal, microwave ablation, MWA), ktéra moze
by¢ alternatywa dla resekcji w BCLC 0-A, dla guzow 3—-5 cm, lub jako pomost do
przeszczepu. Przeszczep watroby (liver transplantation, LT) moze by¢ rozwazany jesli
spetnione sa kryteria mediolanskie lub Uniwersytetu Klifornijskiego w San Francisco, UCSF.
Warto zauwazyc¢, ze terapie pomostowe (transarterial chemoembolization, TACE; transarterial
radioembolization, TARE; stereotactic body radiotherapy, SBRT) moga by¢ rozwazane przy
dhugim czasie oczekiwania. Co istotne, nie zaleca si¢ stosowania inhibitoréw kinazy
tyrozynowej (tyrosine kinase inhibitors, TKI) ani immunoterapii po resekcji/ablacji lub LT.
Istotne zmiany w nowych rekomendacjach dotycza leczenia systemowego w stadium
zaawansowanej choroby — BCLC C. W ramach leczenia pierwszej linii zalecane schematy
obejmujg atezolizumab (immunoterapia anty-PD-L1, ligand receptorowy $§mierci
programowanej 1) w skojarzeniu z bewacyzumabem (anty-VEGF, vascular endothelial
growth factor) lub durwalumab z tremelimumabem. Alternatywnie rozwazy¢ mozna
kamrelizumab z rivoceranibem (niezatwierdzone przez EMA, European Medicines Agency,
Europejska Agencje Lekow oraz FDA, Food and Drug Administration, Agencja Zywnosci i
Lekdéw), podwojng immunoterapig, niwolumab z ipilimumabem (anty-CTLA-4, cytotoxic T
lymphocyte-associated antigen 4, zatwierdzone przez EMA; durwalumab lub tislelizumab w
monoterapii oraz lenwatynib lub sorafenib przy przeciwwskazaniach do immunoterapii. W
leczeniu drugiej linii po sorafenibie mozna stosowac regorafenib, kabozantynib lub
ramucyrumab (przy poziomie alfa-fetoproteiney, AFP >400 ng/ml), natomiast po

immunoterapii lub lenwatynibie sorafenib (off-label).*

Mimo, ze przeszczepienie watroby lub resekcja sg uwazane za radykalne opcje leczenia, u
niektorych pacjentow dochodzi do nawrotu choroby. Dlatego istnieje silna potrzeba
identyfikacji czynnikow prognostycznych, pozwalajacych na dostosowanie leczenia i nadzoru
onkologicznego do potrzeb pacjentéw i charakterystyki nowotworu. Ponadto, w
prawdopodobnie nadchodzacej erze leczenia uzupetniajgcego 1 immunoterapii, przy
zastosowaniu ktorych obserwuje si¢ odpowiedz na leczenie u czesci pacjentéw, kluczowe

znaczenie ma identyfikacja czynnikéw predykcyjnych.

W $wietle aktualnej wiedzy uwaza si¢, ze mikrosrodowisko nowotworu odgrywa zasadnicza
rolg¢ w postepie choroby. Jednym z najwazniejszych immunologicznych czynnikow

mikro$rodowiska sa makrofagi towarzyszace nowotworowi (tumor-associated macrophages,



TAM). Sugeruje si¢, ze moga mie¢ one zastosowanie zarowno jako czynniki prognostyczne

jak i predykcyjne.
Mikrosrodowisko guza i jego wplyw na rozwoj choroby

Mikrosrodowisko (tumor microenvirnoment, TME) odgrywa kluczowg role w rozwoju
nowotworu. Rozwijajace si¢ w nim nieustanne procesy uszkodzenia i regeneracji
hepatocytow zwigzane sg z rozwojem przewleklego stanu zapalnego. Ztozone wzajemne
oddziatywania mig¢dzy hepatocytami a komorkami uktadu odporno$ciowego w duzym stopniu
zalezg od TME. Do TME nalezy macierz zewnatrzkomorkowa, komoérki nowotworowe,
fibroblasty oraz komorki uktadu immunologicznego. Komorki uktadu odpornosci obejmuja
makrofagi zwigzane z nowotworem makrofagi (TAM), limfocyty naciekajace nowotwor
(tumor-infiltrating lymphocytes, TIL), neutrofile zwigzane z nowotworem (tumor associated
neutrophils, TAN) i pochodzace ze szpiku kostnego komorki macierzyste (bone marrow-
derived suppressor cells, BMDSC). Wszystkie te typy komorek sa zdolne do uwalniania
czasteczek sygnatowych, ktore wywieraja roznorodne skutki, takie jak wywotywanie
odpornosci, tolerancj¢ komorek nowotworowych i angiogeneze, wzmozong proliferacje lub

zapobiegaja wzrostowi guza i powstawaniu przerzutow.’ ®

W obrebie TME obecne sg czynniki wzrostu, cytokiny, zewnatrzkomdrkowe biatka macierzy
oraz enzymy, ktore moga sprzyjac lub zapobiega¢ karcynogenezie. Szczegolnie interesujace
sa TAM. TAM to komorki odpornosciowe, ktore nie tylko sg zdolne do regulacji wzrostu guza
pierwotnego, ale biorg takze udziat w przeciwnowotworowej nabytej odpowiedzi

immunologicznej, angiogenezie nowotworu 1 przebudowie macierzy zewnatrzkomorkowe;.

TAM charakteryzuja si¢ ekspresja czasteczek CD 68 (claster of differenttaion, CD68). W

zalezno$ci od charakterystyki, sa one dzielone na dwie gléwne klasy: M1 oraz M2.

M1 TAM sg niezbedne do dziatania prozapalnego i odpowiedzi przeciwnowotworowe;.
Komorki te moga by¢ aktywowane przez cytokiny, takie jak interferon-gamma (IFN-gamma),
czynnik martwicy nowotworu alfa (TNF-alfa) czynnik wzrostu kolonii granulocytarno-
makrofagowych (GM-CSF) lub w odpowiedzi na infekcj¢ bakteryjna. Wytwarzanie
interleukiny (IL)-12 1 innych cytokin prozapalnych prowadzi do inicjacji odpowiedzi
immunologicznej zaleznej od Th-1. Makrofagi M1 sg réwniez zdolne do dziatania

cytotoksycznego przeciwko komoérkom nowotworowym.’

Makrofagi M2 Makrofagi M2 sg powigzane z progresja nowotworu i sg czesciej
obserwowane w tkance HCC niz makrofagi M 1. Markery makrofagéw M2 obejmujg CD163,



CD204, CD206 i MARCO.® M2 TAM mogg by¢ aktywowane przez IL 4, 10, 13 lub przez
czynnik stymulujacy kolonie makrofagéw (M-CSF) i hormony glikokortykoidowe. Makrofagi

podobne do M2 prezentuja rézne fenotypy funkcjonalne i dziela sie dalej na cztery inne typy.®
1011

Wyniki kilku badan sugeruja, ze ekspresja CD68 moze mie¢ negatywna warto$¢
prognostyczng. Z drugiej strony, cz¢$¢ badan sugeruje, ze jest to pozytywny czynnik
prognostyczny. Niedawno opublikowana metaanaliza wykazata, ze TAM CD68 nie sg
powiazane z rokowaniem pacjentow.'? Dostepne dane maja jednak rézne ograniczenia.
Wigkszos$¢ badan analizujacych ekspresje CD68 przeprowadzono wsrod pacjentow po
resekcji, a tylko w 2 analizowano populacje po przeszczepieniu watroby, przy czym wyniki
jednego badania sugerowaty brak wplywu na rokowania (n=206),* podczas gdy drugie

badanie sugerowato wptyw negatywny (n=88).

W innym opublikowanym badaniu wykazano, ze TAM CD68 M1 byly powigzane z indukcja
ligandu programowanej $mierci 1 (PD-L1) w komoérkach HCC, co sugerowato ich role w
rozwoju nowotworu. Kiedy oceniano ekspresje PD-L1 w HCC razem z CD68, analiza
przezycia wykazatla, ze obecnos¢ PD-L1 na komorkach nowotworowych byta skorelowana z
progresja nowotworu, podczas gdy ekspresja PD-L1 na makrofagach odgrywata rolg
ochronng w rokowaniu pacjentéw chorych na HCC. Co wigcej, w tym badaniu komorki
CD68/PD-L1+ powigzano z aktywowanym mikrosrodowiskiem immunologicznym z

intensywnym naciekiem limfocytow T CD8.*° 16

Czasteczki punktéw kontrolnych uktadu odpornosciowego kontrolujg odpowiedz
immunologiczng. Jednym z najwazniejszych wydaje si¢ by¢ receptor PD-1, ktéry zazwyczaj
jest indukowany na aktywowanych limfocytach T, komérkach NK (natural killer),
limfocytach B 1 komoérkach prezentujacych antygen. I odwrotnie, PD-L1 jest obecny na
komorkach nowotworowych, hepatocytach, komorkach gwiazdzistych watroby, komoérkach
Kupffera lub komérkach sinusoidalnych watroby.!” PD-L2 jest innym znanym ligandem PD-
1, ktory jest obecny na komoérkach dendrytycznych.

O$ PD-L1/PD-1 odgrywa wazng rol¢ w odpowiedzi przeciwnowotworowej. Wigzanie PD-
1/PD-L1 prowadzi do tlumienia aktywnos$ci komoérek odpornosciowych przeciwko
nowotworowi i rozwoju tolerancji gospodarza. Nadekspresja PD-L1 moze by¢ jednym z
mechanizméw wykorzystywanych przez nowotwory do ,,ucieczki” z uktadu

odpornosciowego gospodarza.t® 19



Dowody z kilku badan wskazuja, ze u pacjentéw z obecng ekspresja PD-L1 na komorkach
nowotworowych lub komorkach uktadu odporno$ciowego obserwuje si¢ wigksze

prawdopodobienstwo osiagniecia korzysci systemowej immunoterapii.?

Wptyw osi PD-1/PD-L1 na rokowanie i wyniki leczenia HCC oceniano w kilku badaniach.
Wyniki okazaly si¢ jednak sprzeczne, a lezacy u podstaw mechanizm nie jest w petni
poznany. Wykazano, ze pacjenci z silng ekspresjg PD-L1 1 obecnoscig TILs majg zwykle
lepsze rokowania, chociaz jesli jednocze$nie wystepuje mniejsza ekspresja PD-L1 i
galektyny-9 oraz niski poziom CD8+ TIL, rokowanie moze by¢ gorsze.?* Z drugiej strony,
wyniki innego badania sugeruja ze ekspresja PD-L1 przez komoérki nowotworowe lub przez
obecne w srodowisku nowotworu komorki immunologiczne moze by¢ powigzana z
agresywnoscig guza.?? Te sprzeczne wyniki wyraznie pokazuja, ze potrzeba dalszych badan

srodowiska immunologicznego.

Poniewaz immunoterapia anty-PD-1/PD-L1 jest obecnie badana w r6znych sytuacjach
klinicznych u pacjentow chorujacych na HCC, a dane dotyczace wptywu ekspresji PD-1/PD-
L1 na rokowanie pacjenta sg niespojne, zatem istotna jest ocena czestosci ekspresji PD-L1 1
naciekéw komorek uktadu odpornosciowego w HCC 1 ocena ich warto$ci prognostycznej lub

predykcyjnej.? %4

Retrospektywna analiza czynnikow prognostycznych w HCC

Na podstawie powyzszych danych zaprojektowano badanie, ktére miato na celu oceng
molekularnych oraz laboratoryjnych czynnikéw zwigzanych z rokowaniem pacjentow

chorych na HCC.

W badaniu oceniano w korelacji do przezycia catkowitego oraz wolnego od nawrotu choroby
nastepujace parametry: wielkos¢ 1 liczba guzoéw nowotworowych, metoda leczenia
(resekcja/transplantacja/leczenie systemowe), status zakazenia HBV, HCV; wyjsciowe
parametry laboratoryjne: AFP, WBC (white blood cel), NLR (neutrophil-to-lymphocyte ratio),
PLR (platelet-to-lymphocyte ratio), ALBI (albumin-bilirubin), PALBI (platelet-albumin-
bilirubin), bilirubina; ocena ekspresji PD-L1, CD68, TILs.

W pracy przeanalizowano dane ponad 227 kolejnych pacjentow chorych na HCC leczonych
w os$rodku akademickim. Analizg statystyczng przeprowadzono dla populacji ogolnej oraz dla
dwoch podgrup — po przeszczepieniu watroby i po resekcji. Trzeciej analizy w grupie
pacjentow kwalifikujgcych si¢ do leczenia systemowego nie przeprowadzono (tych pacjentow

wylaczono takze z analizy populacji ogolnej ze wzgledu na odmienng charakterystyke



kliniczng). Wynikato to z faktu, ze mimo oceny danych ponad 70 chorych leczonych
systemowo z powodu HCC, jedynie u kilkunastu chorych dostepny byt materiat
histopatologiczny, co nie pozwolito na rzetelng analiz¢ statystyczng. Ponadto stwierdzono
znaczng heterogeniczno$¢ grupy pod wzglgdem zastosowanego leczenia: 12 pacjentow
otrzymywato sorafenib, 3 otrzymywalo kabozantynib, 1 otrzymywal gemcytabing z

oksaliplatyng i 1 otrzymywat kwas zoledronowy.

Do ostatecznej analizy wiaczono 111 pacjentow spetniajacych kryteria wigczenia: 52 po
przeszczepieniu watroby, 59 po resekcji. Osiemdziesieciu dwoch pacjentow stanowili
mezczyzni, a 29 kobiety; mediana wieku wynosita 61,7 lat. U ponad 42% (n=48) stwierdzono
zakazenie HCV, a u 24% (n=28) zakazenie HBV. Wigkszo$¢ pacjentow miata stosunkowo
mate guzy (do 50 mm); u 38% pacjentow (n=44) wykryto zmiany o $rednicy okoto 50 mm
lub wigksze;.

Mediana okresu obserwacji wyniosta 47,95 miesigca i wahata si¢ od 0,1 miesigca ($Smier¢ z
powodu powiktan pooperacyjnych) do 138 miesigcy. W czasie obserwacji zdiagnozowano 52
przypadki wznowy nowotworu: 41/59 pacjentow po resekcji (69%) i 11/52 po
przeszczepieniu watroby (21%), a 45 pacjentow zmarto. Mediana czasu przezycia wolnego od
nawrotu (recurrence-free survival, RFS) wynosita 20,5 miesigca, a czasu przezycia
catkowitego (overall survival, OS) po leczeniu pierwotnym w przypadku nawrotu choroby 30

miesigcy.

Dodatkowg analize przeprowadzono w dwoch podgrupach: pacjentdw po przeszczepieniu

watroby oraz pacjentdw po resekcji.

Po jednoczynnikowej analizie statystycznej okreslono kilka czynnikow prognostycznych
nawrotu raka watrobowokomorkowego. Najwazniejszymi negatywnymi czynnikami
prognostycznymi w populacji ogolnej byty: wielko$¢ guza, stopien zroznicowania i obecnos¢
inwazji mikronaczyniowej, poziom AFP przed leczeniem oraz poziom bilirubiny. Inne
czynniki to ocena wg PALBI i PLT. Ekspresj¢ PD-L1 w tkance nowotworowej powigzano z
graniczng istotng wartoscig p = 0,053. W analizie wieloczynnikowej jedynie mikroinwazja
naczyn (obecna lub nieobecna), wyjsciowy poziom AFP i WBC byty znamiennymi
negatywnymi czynnikami prognostycznymi w populacji ogélne;.

Analiza podgrup wykazala, ze wsrdd pacjentow po przeszczepieniu watroby wiek, wielkos¢
guza, stopien zréznicowania, inwazja mikronaczyniowa i ekspresja CD68 byty czynnikami

negatywnymi w analizie jednoczynnikowej. W analizie wieloczynnikowej statystycznie



Istotna okazala si¢ inwazja mikronaczyn oraz stopien zré6znicowania. Podobnie w
jednoczynnikowej analizie przezycia catkowitego jako czynniki prognostyczne zasugerowano
AFP, wielko$¢ guza, stopien zréznicowania i inwazje mikronaczyniowsa, ekspresje PD-L1 i
NLR, podczas gdy w analizie wieloczynnikowej jedynie inwazja mikronaczyniowa i NLR

byty powigzane ze istotnoscig statystyczng.

Wisrdd pacjentdw po resekeji watroby w analizie jednoczynnikowej wykazano, ze czynnikami
prognostycznymi dla nawrotu choroby sa jedynie wiek, AFP i WBC. Analiza
wieloczynnikowa nie potwierdzita jednak istotnosci statystycznej. Analiza jednoczynnikowa
w odniesieniu do catkowitego przezycia sugeruje, ze AFP, bilirubina i inwazja mikronaczyn
sg czynnikami prognostycznymi. Wyniki analizy wielu zmiennych rowniez potwierdzity to

spostrzezenie.

Ekspresje PD-L1 potwierdzono w 4 probkach w catej populacji. Wsrod chorych po
przeszczepieniu watroby stwierdzono to u 2 0séb i u obu doszto do wznowy. W jednym
przypadku progresj¢ rozpoznano po 87 miesigcach, a ekspresje PD-L1 stwierdzono w 10%
komorek, w drugim przypadku wznowe rozpoznano po 10,8 miesigca, a ekspresje PD-L1
stwierdzono w 100% komorek. Ponadto wérdd pacjentéw po resekcji zidentyfikowano 2 inne
przypadki ekspresji PD-L1: u pierwszego pacjenta potwierdzono ekspresj¢ PD-L1 w 5%
komorek nowotworowych i zmart on z powodu nawrotu choroby 14,75 miesigca po operacji;
u drugiego pacjenta ekspresja ta wynosita 10%, a 24 miesigce po operacji stwierdzono
wznowg. Pacjent zmart 3 miesigce od rozpoznania wznowy. Matla liczba pacjentow, u ktoérych
stwierdzono ekspresje PD-L1 powoduje, ze nalezy zachowac ostrozno$¢ w interpretacji tej
obserwacji, chociaz w analizie statystycznej nie wigzato si¢ to z istotnie zwigkszonym
ryzykiem nawrotu choroby (p=0,053) lub zgonu. Jedynie w analizie jednoczynnikowej
zasugerowano ja, jako negatywny czynnik prognostyczny u chorych po przeszczepieniu

watroby.

Ekspresje PD-L1 wykryto takze na makrofagach towarzyszacych nowotworowi (TAM) i/lub
limfocytach naciekajacych guz (TIL) u 55 pacjentow: 17 pacjentoéw po przeszczepieniu
watroby i 31 po resekcji, w tym 8 leczonych pdzniej systemowo. Nie miato to jednak zwigzku

z rokowaniem w zadnej z podgrup pacjentow.

We wszystkich probkach tkanek przeprowadzono barwienie CD68, a obecno$¢ makrofagow
towarzyszacych nowotworowi CD68 potwierdzono w 62 przypadkach w zakresie od 5% do

40%. Analiza wykazata, ze CD68 nie wigzato si¢ z ryzykiem nawrotu HCC.



Limfocyty naciekajace guz (TIL) zaobserwowano w 19 przypadkach. Obecno$¢ TIL nie byta

zwigzana z rokowaniem w zadnej z podgrup ani w populacji ogdlne;.

Zgodnie z wynikami analizy jednoczynnikowej w populacji pacjentow chorych na raka
watrobowokomodrkowego, poziom PLT nalezat rowniez do czynnikéw prognostycznych. Z
tego wzgledu przeprowadzono meta-analiz¢ i przeglad systematyczny, ktore staty si¢
podstawg czwartej publikacji w cyklu. Celem pracy byto zbadanie wptywu trombocytopenii
na przezycie pacjentoOw z rozpoznaniem raka watrobowokomorkowego oraz ocena zwigzku
liczby ptytek krwi z cechami kliniczno-patologicznymi nowotworu. W ramach pracy
przeprowadzono systematyczny przeglad literatury i metaanaliz¢ zgodnie z wytycznymi
PRISMA, przeszukano bazy: PubMed, Web of Science i Scopus. Na podstawie wyszukiwania
zidentyfikowano 26 badan (lgcznie 9403 pacjentow), ktore spetnialy okreslone kryteria
wyszukiwania. Analizowano wspoétczynniki hazardu (HR) dla przezycia catkowitego (OS) w
zaleznosci od liczby plytek krwi. Przeprowadzone analizy wskazuja, ze trombocytopenia
(<100 x 10°/L) byta zwigzana z gorszym przezyciem catkowitym: HR (model efektow
losowych) =1.30 (95% ClI: 1.05-1.63), HR (model wieloczynnikowy)= 1.47 (95% ClI: 1.15—
1.86). W grupie leczonej z zamiarem radykalnym (np. resekcja, RFA) HR=1.62 (95% ClI:
1.25-2.11), natomiast w grupie leczonej paliatywnie (np. TACE, leczenie systemowe)
HR=0.81 (95% CI: 0.62-1.05) — co sugeruje mozliwy odwrotny trend. Ponadto niska liczba
plytek byta czestsza u pacjentdéw z mniejszymi guzami i marskoscig watroby, natomiast
wyzsze wartosci PLT korelowaty z wigkszymi guzami 1 mniejsza czgsto$cig marskosSci.
Wskazuje to na mozliwy udziat ptytek krwi 1 ich mediatorow (np. czynnik wzrostu ptytek
krwi, platelet-derived growth factor, PDGF, serotoniny) w progresji HCC. Liczba ptytek krwi
moze by¢ uzytecznym, tatwo dostgpnym markerem prognostycznym u pacjentow chorych na
HCC, szczego6lnie w leczeniu radykalnym. Niemniej, potrzebne sg dalsze badania
prospektywne, szczegdlnie w grupach leczonych systemowo, z uwzglednieniem doktadnych

kryteriow wiaczenia.



The analysis of the tumor microenvironment and laboratory parameters as potential
prognostic factors in patients with hepatocellular carcinoma.

Summary

Hepatocellular carcinoma (HCC) is one of the most frequently diagnosed cancers and is the
fourth leading cause of cancer-related deaths (Globoscan 2020). The incidence of HCC varies
significantly geographically, with the highest rates in Asia and Africa, which is associated
with infections by hepatotropic viruses HCV and HBV (Ferlay et al. 2015). Currently, it is
predicted that the incidence in Western European countries will increase. Despite overall
progress in medicine and oncology care, the prognosis for HCC patients remains poor. HCC
therapy can vary depending on the stage of the disease. The European Society for Medical
Oncology (ESMO) recommendations have been updated several times in recent years due to

the emergence of new therapeutic options.
Treatment Recommendations for HCC Based on Disease Stage

Current recommendations emphasize the division of the disease based on its stage according
to the Barcelona Clinic Liver Cancer (BCLC) scale. Very early disease (stage 0) is
characterized by the presence of a single tumor smaller than 2 cm, preserved liver function
(Child-Pugh A), and good clinical condition of the patient (performance status, PS 0). The
early stage (BCLC A) is defined as the presence of a single tumor or up to 3 lesions up to 3
cm, partially impaired liver function (Child-Pugh A-B), and good overall condition.
Intermediate disease (BCLC B) is diagnosed with multiple liver lesions and still preserved
partial liver function and good patient condition. Advanced disease (BCLC C) is
characterized by metastatic changes outside the liver and portal vein invasion; the patient's
condition should still be relatively good (PS 1-2). Severe liver function impairment (Child-
Pugh C) and poor overall condition (PS 3-4) are indicators of the terminal stage of the disease
(BCLC D) (Pons et al. 2005).

Depending on the stage of the disease, patients should be qualified for different therapeutic
methods. It should be noted that in 2025, new ESMO guidelines for the treatment of HCC
were published. According to these guidelines, patients in stages BCLC 0-B can be qualified
for resection - recommended for patients with a single tumor >2 cm, without portal
hypertension, and possible for selected patients with Child-Pugh B; ablation (radiofrequency
ablation, RFA/microwave ablation, MWA), which can be an alternative to resection in BCLC

0-A, for tumors 3-5 cm or as a bridge to transplantation. Liver transplantation (LT) can be



considered if the Milan or University of California, San Francisco (UCSF) criteria are met. It
is worth noting that bridging therapies (transarterial chemoembolization, TACE; transarterial
radioembolization, TARE; stereotactic body radiotherapy, SBRT) can be considered for long
waiting times. Importantly, tyrosine kinase inhibitors (TKI) or immunotherapy are not
recommended after resection/ablation or LT. Significant changes in the new
recommendations concern systemic treatment in advanced disease stage - BCLC C. First-line
treatment regimens include atezolizumab (anti-PD-L1 immunotherapy) combined with
bevacizumab (anti-VEGF) or durvalumab with tremelimumab. Alternatively, camrelizumab
with rivoceranib (not approved by EMA/FDA), dual immunotherapy, nivolumab with
ipilimumab (anti-CTLA-4, approved by the European Medicines Agency, EMA); durvalumab
or tislelizumab monotherapy, and lenvatinib or sorafenib in case of contraindications to
immunotherapy. In second-line treatment after sorafenib, regorafenib, cabozantinib, or
ramucirumab (with alpha-fetoprotein level, AFP >400 ng/ml) can be used, while after

immunotherapy or lenvatinib, sorafenib (off-label) can be considered (Vogel et al. 2025).

Although liver transplantation or resection are considered radical treatment options, some

patients experience disease recurrence. Therefore, there is a strong need to identify prognostic
factors that allow for the adjustment of treatment and oncological surveillance to the needs of
patients and tumor characteristics. Moreover, in the likely upcoming era of adjuvant treatment
and immunotherapy, where response is observed only in some patients, identifying predictive

factors is crucial.
Tumor Microenvironment and Its Impact on Disease Progression

The tumor microenvironment (TME) plays a key role in tumor development. Continuous
processes of hepatocyte damage and regeneration within the TME are associated with the
development of chronic inflammation. Complex interactions between hepatocytes and
immune cells largely depend on the TME. The TME includes the extracellular matrix, tumor
cells, fibroblasts, and immune cells. Immune cells include tumor-associated macrophages
(TAM), tumor-infiltrating lymphocytes (TIL), tumor-associated neutrophils (TAN), and bone
marrow-derived suppressor cells (BMDSC). All these cell types are capable of releasing
signaling molecules that exert various effects, such as inducing immunity, tumor cell
tolerance, angiogenesis, increased proliferation, or preventing tumor growth and metastasis
(Greten and Grivennikov 2019; Sas et al. 2022).

Within the TME, growth factors, cytokines, extracellular matrix proteins, and enzymes are

present, which can contribute to or prevent carcinogenesis. TAMs are particularly interesting.



TAMs are immune cells that not only regulate primary tumor growth but also participate in
anti-tumor acquired immune response, tumor angiogenesis, and extracellular matrix
remodeling. TAMs are characterized by the expression of CD68 molecules (cluster of
differentiation, CD68). Depending on their characteristics, they are divided into two main
classes: M1 and M2.

M1 TAMs are essential for pro-inflammatory and anti-tumor responses. These cells can be
activated by cytokines such as interferon-gamma (IFN-gamma), tumor necrosis factor-alpha
(TNF-alpha), granulocyte-macrophage colony-stimulating factor (GM-CSF), or in response to
bacterial infection. The production of interleukin (IL)-12 and other pro-inflammatory
cytokines leads to the initiation of a Th-1 dependent immune response. M1 macrophages are
also capable of cytotoxic activity against tumor cells (Martinez and Gordon 2014).

M2 macrophages are associated with tumor progression and are more frequently observed in
HCC tissue than M1 macrophages. M2 macrophage markers include CD163, CD204, CD206,
and MARCO (Larionova et al. 2020). M2 TAMs can be activated by IL-4, IL-10, IL-13, or
macrophage colony-stimulating factor (M-CSF) and glucocorticoid hormones. M2-like
macrophages exhibit various functional phenotypes and are further divided into four other
types (Zhou et al. 2014; Solinas et al. 2009; Zhang and Sioud 2023).

Several studies suggest that CD68 expression may have a negative prognostic value. On the
other hand, some studies suggest it is a positive prognostic factor. A recently published meta-
analysis showed that CD68 TAMs are not associated with patient prognosis (Zhang et al.
2021). However, the available data have various limitations. Most studies analyzing CD68
expression were conducted among patients after resection, and only two analyzed populations
after liver transplantation, with one study suggesting no impact on prognosis (n=206) (Gao et

al. 2012), while the other suggested a negative impact (n=88) (Atanasov et al. 2020).

In another published study, CD68 M1 TAMSs were associated with the induction of
programmed death ligand 1 (PD-L1) in HCC cells, suggesting their role in tumor
development. When PD-L1 expression in HCC was evaluated together with CD68, survival
analysis showed that the presence of PD-L1 on tumor cells was correlated with tumor
progression, while PD-L1 expression on macrophages played a protective role in HCC patient
prognosis. Moreover, in this study, CD68/PD-L1+ cells were associated with an activated
immune microenvironment with intense CD8 T cell infiltration (Zong et al. 2019; Liu et al.
2018).



Immune checkpoint molecules control the immune response. One of the most important
seems to be the PD1 receptor, which is typically induced on activated T cells, NK cells, B
cells, and antigen-presenting cells. Conversely, PD-L1 is present on tumor cells, hepatocytes,
liver stellate cells, Kupffer cells, or liver sinusoidal cells (Wang et al. 2011). PD-L2 is another

known PD-1 ligand present on dendritic cells.

The PD-L1/PD-1 axis plays an important role in the anti-tumor response. PD-1/PD-L1
binding leads to the suppression of immune cell activity against the tumor and the
development of host tolerance. PD-L1 overexpression may be one of the mechanisms used by
tumors to "escape” the host immune system (Keir et al. 2008; Kudo et al. 2017). Evidence
from several studies indicates that patients with PD-L1 expression on tumor cells or immune
cells are more likely to benefit from systemic immunotherapy (Garon et al. 2015 1; Lin et al.
2018).

The impact of the PD1/PDL1 axis on prognosis and treatment outcomes in HCC has been
evaluated in several studies. However, the results have been conflicting, and the underlying
mechanism is not fully understood. It has been shown that patients with strong PD-L1
expression and the presence of TILs generally have better prognoses, although if there is
lower PD-L1 expression and galectin-9 and low CD8+ TIL levels, the prognosis may be
worse (Sideras et al. 2017). On the other hand, the results of another study suggest that PD-L1
expression by tumor cells or immune cells present in the tumor environment may be
associated with tumor aggressiveness (Calderaro et al. 2016). These conflicting results clearly

indicate the need for further research on the immune environment.

Since anti-PD-1/PD-L1 immunotherapy is currently being investigated in various clinical
settings in HCC patients, and data on the impact of PD-1/PD-L1 expression on patient
prognosis are inconsistent, it is essential to assess the frequency of PD-L1 expression and
immune cell infiltrates in HCC and evaluate their prognostic or predictive value (Kan and
Dong 2015; Sideras et al. 2017).

Retrospective Analysis of Prognostic Factors in HCC

Based on the above data, a study was designed to evaluate molecular and laboratory factors
associated with the prognosis of HCC patients. The study assessed the following parameters
in correlation with overall survival and recurrence-free survival: tumor size and number,

treatment method (resection/transplantation/systemic treatment), HBV, HCV infection status;



baseline laboratory parameters: AFP, WBC, NLR, PLR, ALBI, PALBI, bilirubin; PD-L1,
CD68, TILs expression.

The study analyzed data from over 227 consecutive HCC patients treated at an academic
center. Statistical analysis was conducted for the general population and two subgroups - post-
liver transplantation and post-resection. A third analysis in the group of patients eligible for
systemic treatment was not conducted (these patients were also excluded from the general
population analysis due to different clinical characteristics). This was because, despite
evaluating data from over 70 patients treated systemically for HCC, histopathological material
was available for only less than 20 patients, which did not allow for reliable statistical
analysis. Additionally, significant heterogeneity of the group in terms of treatment was noted:
12 patients received sorafenib, 3 received cabozantinib, 1 received gemcitabine with

oxaliplatin, and 1 received zoledronic acid.

The final analysis included 111 patients meeting the inclusion criteria: 52 post-liver
transplantation, 59 post-resection. Eighty-two patients were men, and 29 were women; the
median age was 61.7 years. Over 42% (n=48) were HCV-infected, and 24% (n=28) were
HBV-infected. Most patients had relatively small tumors (up to 50 mm); in 38% of patients
(n=44), lesions of approximately 50 mm or larger were detected.

The median follow-up period was 47.95 months, ranging from 0.1 months (death due to
postoperative complications) to 138 months. During the follow-up, 52 cases of tumor
recurrence were diagnosed (41/59 patients post-resection (69%) and 11/52 post-liver
transplantation (21%)), and 45 patients died. The median recurrence-free survival (RFS) was
20.5 months, and the overall survival (OS) after primary treatment in case of disease

recurrence was 30 months.

Additional analysis was conducted in two subgroups: post-liver transplantation and post-

resection patients.

Univariate statistical analysis identified several prognostic factors for HCC recurrence. The
most important negative prognostic factors in the general population were: tumor size,
differentiation grade, presence of microvascular invasion, pre-treatment AFP level, and
bilirubin level. Other factors included PALBI and PLT assessment. PD-L1 expression in
tumor tissue was associated with a borderline significant p-value of 0.053. In multivariate
analysis, only microvascular invasion (present or absent), baseline AFP level, and WBC were

significant negative prognostic factors in the general population.



Subgroup analysis showed that among post-liver transplantation patients, age, tumor size,
differentiation grade, microvascular invasion, and CD68 expression were negative factors in
univariate analysis. In multivariate analysis, microvascular invasion and differentiation grade
were statistically significant. Similarly, in univariate overall survival analysis, AFP, tumor
size, differentiation grade, microvascular invasion, PD-L1 expression, and NLR were
suggested as prognostic factors, while in multivariate analysis, only microvascular invasion

and NLR were statistically significant.

Among post-resection patients, univariate analysis showed that age, AFP, and WBC were
prognostic factors for disease recurrence. However, multivariate analysis did not confirm
statistical significance. Univariate overall survival analysis suggested that AFP, bilirubin, and
microvascular invasion were prognostic factors. Multivariate analysis also confirmed this

observation.

PD-L1 expression was confirmed in 4 samples in the entire population. Among post-liver
transplantation patients, it was detected in 2 individuals, both of whom experienced
recurrence. In one case, progression was diagnosed after 87 months, with PD-L1 expression
in 10% of cells; in the other case, recurrence was diagnosed after 10.8 months, with PD-L1
expression in 100% of cells. Additionally, among post-resection patients, 2 other cases of PD-
L1 expression were identified: in the first patient, PD-L1 expression was confirmed in 5% of
tumor cells, and the patient died due to disease recurrence 14.75 months after surgery; in the
second patient, PD-L1 expression was 10%, and recurrence was diagnosed 24 months after
surgery. The patient died 3 months after recurrence diagnosis. The small number of patients
with PD-L1 expression warrants caution in interpreting this observation, although statistical
analysis did not show a significantly increased risk of disease recurrence (p=0.053) or death.
Only in univariate analysis was it suggested as a negative prognostic factor in post-liver

transplantation patients.

PD-L1 expression was also detected on tumor-associated macrophages (TAM) and/or tumor-
infiltrating lymphocytes (TIL) in 55 patients: 17 post-liver transplantation and 31 post-
resection, including 8 later treated systemically. However, this was not associated with

prognosis in any patient subgroup.



CD68 staining was performed in all tissue samples, and the presence of CD68 tumor-
associated macrophages was confirmed in 62 cases, ranging from 5% to 40%. Analysis

showed that CD68 was not associated with the risk of HCC recurrence.

Tumor-infiltrating lymphocytes (TIL) were observed in 19 cases. The presence of TIL was

not associated with prognosis in any subgroup or the general population.

According to univariate analysis results in the HCC patient population, PLT level was also a
prognostic factor. Therefore, a meta-analysis and systematic review were conducted, forming
the basis of the fourth publication in the series. The study aimed to investigate the impact of
thrombocytopenia on the survival of patients diagnosed with HCC and assess the relationship
between platelet count and clinical-pathological features of the tumor. A systematic literature
review and meta-analysis were conducted according to PRISMA guidelines, searching
included databases: PubMed, Web of Science, and Scopus. Based on the search, 26 studies
(9403 patients) meeting the specified search criteria were identified. Hazard ratios (HR) for
overall survival (OS) were analyzed depending on platelet count. The analyses indicate that
thrombocytopenia (<100 x 10°/L) was associated with poorer overall survival: HR (random
effects model) =1.30 (95% CI: 1.05-1.63), HR (multivariate model)= 1.47 (95% CI: 1.15-
1.86). In the group treated with curative intent (e.g., resection, RFA), HR=1.62 (95% CI:
1.25-2.11), while in the palliative treatment group (e.g., TACE, systemic treatment),
HR=0.81 (95% CI: 0.62-1.05) — suggesting a possible reverse trend. Additionally, low
platelet count was more common in patients with smaller tumors and liver cirrhosis, while
higher PLT values correlated with larger tumors and lower cirrhosis frequency. This indicates
a possible role of platelets and their mediators (e.g., platelet-derived growth factor, PDGF,
serotonin) in HCC progression. Platelet count may be a useful, easily accessible prognostic
marker in HCC patients, particularly in curative treatment. However, further prospective
studies are needed, especially in systemically treated groups, considering precise inclusion

criteria.






Wstep

W cyklu publikacji ujeto 4 prace petnotekstowe dotyczace leczenia pacjentdéw chorujacych na
HCC. Pierwszy artykut to przeglad systematyczny opisujacy postepy w leczeniu systemowym
oraz zasady leczenia zabiegowego HCC. Druga, przegladowa publikacja podsumowuje
obecny stan wiedzy na temat makrofagéow naciekajacych guz jako istotnego czynnika w
rozwoju nowotworu i jego zwalczaniu przez organizm. W trzeciej publikacji przeanalizowano
wyniki dotyczgce rokowania pacjentéw leczonych z powodu HCC w Uniwersyteckim
Centrum Klinicznym Warszawskiego Uniwersytetu Medycznego w zaleznos$ci od
charakterystyki molekularnej oraz klinicznej. W zwigzku z wynikami przedstawionymi w
trzeciej publikacji, sugerujacymi mozliwo$¢ wykorzystania oceny PLT jako czynnika
prognostycznego w HCC, przeprowadzono meta-analize¢ oraz przeglad systematyczny, ktore

staty sie przedmiotem czwartej publikacji wiaczonej do cyklu.

Wszystkie czasopisma znajduja si¢ w na liScie Ministerstwa Nauki 1 Szkolnictwa WyzZszego,
MENIiSW, (tacznie 380 punktow), a taczny Impact Factor, IF wynosi 18,225. Ponizej
przedstawiono podsumowanie kazdej z wymienionych publikacji oraz podsumowano analize

kliniczng w konteks$cie dotychczasowych danych literaturowych.

W pierwszej publikacji, Milestones in the treatment of hepatocellular carcinoma: A
systematic review (Critical Reviews in Hematology/Oncology, 2021) przedstawiono dostgpne
opcje terapeutyczne dla pacjentow, w zaleznosci od zaawansowania choroby, ze szczegdlnym
uwzglednieniem pacjentéw leczonych systemowo. Warto zauwazy¢, ze po wielu latach
ograniczonych mozliwosci leczenia, gdy jedynym dostgpnym lekiem w tej populacji chorych
byt sorafenib, w ostatnim czasie zostalo przebadanych i zarejestrowanych przez EMA,
European Medicines Agency, Europejska Agencj¢ Lekow kilka nowych czasteczek. Wérod
nich najwazniejszg opcja terapeutyczng wydaje si¢ immunoterapia atezolizumabem (anty-PD-
L1) w skojarzeniu z bewacyzumabem (anty-VEGF). Dostepne obecnie dane wskazujg jednak,
ze odpowiedz na to leczenie r6zni si¢ wsrod pacjentdw, przy czym czynniki predykcyjne nie
sa w petnie zdefiniowane. Sugeruje si¢, ze jednym z kluczowych czynnikow w rozwoju
nowotworu oraz odpowiedzi na leczenie moze by¢ mikrosrodowisko guza i obecne w nim
nacieki limfocytarne. Warto zauwazy¢, ze ostatnich latach obserwowany jest dynamiczny

rozw0j tego obszaru i pojawia si¢ coraz wigcej opcji terapeutycznych.



Kolejna publikacja, The role of tumor-associated macrophages in hepatocellular carcinoma-
from bench to bedside: A review (Journal of Gastroenterology and Hepatology, 2024)
przedstawia podsumowanie aktualnej wiedzy dotyczacej makrofagéw zwigzanych z
nowotworem (tumor-associated-macropahges, TAM). Zgodnie z dostepnymi danymi
literaturowymi, komorki te moga wywiera¢ zarowno wplyw przeciwnowotworowy jak i
promujacy rozwoj guza. Wyniki kilku badan sugerujg, ze TAM moglyby stuzy¢ jako markery
prognostyczne. Z drugiej strony, moga by¢ one zaangazowane w odpowiedz na leczenie, w
tym na immunoterapi¢. Makrofagi zwigzane z nowotworem mogg by¢ potencjalnym dobrym
celem terapii. W publikacji w szczegolowy sposob podsumowano postepy W zakresie wiedzy
dotyczacej podstaw charakterystyki molekularnej, wptywu na rokowanie i potencjalnych
implikacji klinicznych obecno$ci makrofagéw zwigzanych z nowotworem w raku
watrobowokomoérkowym. W pracy tej zwrocono rowniez uwage na populacje TAM CD68.
Dane dotyczace wptywu obecnosci tych komorek na rokowanie pacjentow chorych na HCC
sg ograniczone i niejednoznaczne. Ostatnio zasugerowano, ze makrofagi CD68 mozna
wykorzysta¢ jako czynnik prognostyczny w HCC. W metaanalizie badan obejmujacych
ogotem 4297 pacjentow, zasugerowano, ze TAM moga stuzy¢ jako niezalezne wskazniki
predykcyjne i cele terapeutyczne w HCC. Warto zauwazy¢, ze obserwowane sg rozne efekty
w zaleznosci od podtypéw TAM - istniejg doniesienia naukowe, ktore nie potwierdzaja
zwigzku obecnosci TAM CD68+ z rokowaniem pacjentow, co wskazuje potrzebg dalszych
badan w tym obszarze.

Wydaje si¢ rowniez, ze istnieje wzajemne oddziatywanie migdzy TAM CD68, a ekspresja
ligandu zaprogramowanej $mierci 1 (PD-L1) i odpowiedzig immunologiczng w obrebie TME.
Wedtug ostatnich danych wskazano, ze TAM CD68 M1 sa powiazane z indukcjg PD-L1 w
komoérkach HCC, co sugeruje, ze odgrywaja one role w rozwoju nowotworu.? Kiedy
oceniano ekspresje PD-L1 w populacji pacjentow chorujacych na HCC w korelacji z
ekspresjg CD68 wykazano, ze ekspresja PD-L1 na komdérkach nowotworu byta zwigzana z
progresja choroby, podczas gdy ekspresja na makrofagach wplywata na bardziej korzystne
rokowanie. Ponadto stwierdzono, ze komorki CD68 PD-L1 mogg by¢ powigzane z
aktywowanym immunologiczne mikrosrodowiskiem guza z wysokim poziomem limfocytow
T CD8.%

Biorac pod uwage istotng potrzebe kliniczng zaprojektowano badanie, ktorego wyniki
opublikowano w artykule ,,Prognostic factors for hepatocellular carcinoma recurrence after
liver transplantation or resection - single-center experience” (Heliyon, 2024). Celem pracy
bylta ocena czynnikdéw prognostycznych zwigzanych ze zwigkszonym ryzykiem nawrotu raka

watrobowokomorkowego (HCC) po radykalnym leczeniu oraz ocena czynnikow



wplywajacych na rokowanie i wyniki leczenia systemowego. Jest to retrospektywna,
jednoosrodkowa analiza danych dotyczacych nawrotow HCC i przezycia u pacjentow
poddanych radykalnemu leczeniu — resekcji lub przeszczepowi. Planowana analiza w trzeciej
populacji, poddanej leczeniu systemowemu, niec zostata wykonana ze wzgledu na brak
dostatecznej liczby pacjentéw, u ktérych dostepny bytby materiat do oceny histopatologiczne;j
oraz ze wzgledu na rozne rodzaje zastosowanego leczenia systemowego. W ramach badania
przeanalizowano molekularng charakterystyke nowotworu z uwzglednieniem wyzej
wymienionych czynnikow takich jak ekspresja PD-L1, CD68 oraz obecnos¢ naciekow
limfocytarnych. Dodatkowo oceniano stopien zaawansowania, wyjsciowe wyniki badan
laboratoryjnych wraz z parametrami takimi jak NLR, PLR, diagnoza zakazenia wirusowego
watroby. Najwazniejszymi czynnikami prognostycznymi wznowy byty mikroinwazja
naczyniowa (HR=4,54; 95% CI 1,769-11,681; p < 0,001), wyjsciowa liczba biatych krwinek
(HR=2,13; 95% CI 1,261-3,567; p<0,004) i wyjsciowy poziom alfa-fetoproteiny
(HR=1,00009; 95% CI 1,000001-1,00002; p=0,034). Inwazja mikronaczyniowa byta
czynnikiem prognostycznym, ktory istotnie korelowat z przezyciem catkowitym (HR=5,04,
95% ClI 2,352-12,413; p <0,001). Ekspresj¢ PD-L1 potwierdzono u 4 pacjentéw i u
wszystkich wystgpil nawrot choroby. Nie stwierdzono jednak istotnego statystycznie zwigzku
z OS oraz RFS. U 62 pacjentéw potwierdzono obecnos¢ makrofagdéw towarzyszacych
nowotworowi CD68 w zakresie od 5% do 40%. Analiza wykazata, ze ekspresja CD68 nie
wigzala sie jednak z ryzykiem nawrotu HCC. Wyniki analizy statystycznej potwierdzaja, ze
sposrod badanych czynnikow, inwazja mikronaczyn jest najwazniejszym zwigkszajagcym
ryzyko nawrotu i zgonu z powodu raka watrobowokomorkowego, natomiast ekspresja PD-L1
i CD68 nie ma wptywu na OS oraz RFS pacjenta.

W czwartej publikacji analizowano wptyw poziomu ptytek krwi na rokowanie pacjentow
chorych na HCC. Wyniki tej meta-analizy sugeruja, ze liczba ptytek krwi moze petié rolg
markera prognostycznego w HCC, szczegodlnie przy wartosci PLT <100 x 10*/mm?. W
ramach tej pracy przeanalizowano 26 badan obejmujacych 9403 pacjentow. Wyniki
wykazaly, ze matoptytkowos¢ u pacjentow z HCC byta zwigzana z gorszym catkowitym
przezyciem (HR efektu wspdlnego = 1,15, 95% CI: 1,06-1,25; HR efektéw losowych = 1,30,
95% CI: 1,05-1,63). Ponadto trzy badania wykazaty istotne korelacje miedzy wskaznikami
PLT a cechami guza, takimi jak rozmiar, liczba ognisk i etiologia rozwoju HCC. W grupie
leczonej radykalnie (np. resekcja, RFA): matoptytkowos¢ wigzata si¢ z gorszym rokowaniem
(HR=1.62), natomiast wsrdod pacjentéw leczonych paliatywnie: nizsza liczba ptytek byla

zwigzana byta z lepszym rokowaniem (HR= 0.81), cho¢ wynik nie byt istotny statystycznie.



Warto jednak zwrdci¢ uwage na wysoka heterogeniczno$¢ wynikow (I2 = 86%) co mozna

wigza¢ z wptywem m.in. rodzaju leczenia i warto$ci granicznej PLT.

Komentarz

Wedtug obecnej wiedzy jest to pierwsza analiza ekspresji PD-L1 1 CD68 w potaczeniu z
charakterystyka kliniczng pacjentow chorujacych na raka watrobowokomorkowego w
populacji Europy Srodkowej, ktora obejmowata pacjentow po przeszczepieniu watroby.
Dane analizowane w badaniu zostaly zebrane od niewyselekcjonowanych, kolejnych
pacjentdw, co mozna uzna¢ za zalet¢. Badanie ma jednak kilka ograniczen. Po pierwsze, byta
to analiza retrospektywna, jednoosrodkowa. Ponadto okres obserwacji roznit si¢ u
poszczeg6lnych pacjentow. Warto zauwazy¢, ze nawrdt zaobserwowano nawet po dtugim
czasie od przeszczepienia — maksymalnie 87 miesi¢cy; dlatego nie mozna wykluczy¢, ze po
dtuzszej obserwacji zdiagnozowanych moze by¢ wiecej przypadkoéw nawrotow. Wielkosé

proby byla ograniczona, co mozna uzna¢ za kolejne ograniczenie.

Waznym parametrem ocenianym w badaniu jest czestos¢ wystepowania ekspresji PD-L1 u
pacjentow chorych na HCC. W zwiazku z coraz szerzej stosowang immunoterapig oraz
doniesieniami o jej efektywnosci w zaleznosci stopnia ekspresji PD-L1 w réznych chorobach
nowotworowych, istotne z punktu widzenia klinicznego bytoby okreslenie, czy moze by¢ ona
wykorzystana w tym celu rowniez w grupie pacjentow chorujacych na HCC. Wyniki
obecnego badania sugerujg jednak niska wartos$¢ predykcyjng ze wzgledu na niska czestosé

wystepowania — 0k 1% populacji.

Wiyniki kilku analiz wérod pacjentow po resekcji wykazaty rézne rokowanie zwigzane z
ekspresjg CD68. Zidentyfikowano rowniez dwa badania obejmujace populacje po
przeszczepieniu, w ktorych analizowano ekspresje CD68. W pierwszym badaniu nie
stwierdzono zwiazku pomiedzy komorkami CD68 a przezyciem catkowitym lub nawrotem
choroby.®® Z drugiej strony, w drugim badaniu Atanasov i wsp. wykazano, ze TAM CD68 w
centralnym obszarze guza byty powigzane z gorszym przezyciem.* W naszej analizie, w
populacji ogdlnej nie wykazano wptywu ekspresji CD68 na ryzyko nawrotu (p=0,94). Jednak
w jednoczynnikowej analizie danych pacjentdw po przeszczepieniu watroby byt to czynnik
negatywny (p=0,002).

Niniejsza analiza obejmowata takze ocen¢ podstawowych badan laboratoryjnych, komentarze

odnos$nie wynikow badania w kontekscie dostepnej literatury przedstawiono ponize;.



W analizie retrospektywnej wykazano, ze u pacjentow z AFP >500 ng/ml przed przeszczepem
ryzyko zgonu bylo 1,6-krotnie wyzsze w pordwnaniu do grupy pacjentow z AFP <20 ng/ml (p
< 0,001). Analiza Berry et al. sugeruje, ze ocena poziomu AFP moze przewidywa¢ rokowanie
pacjenta, wykazujac, ze pacjenci z masg nowotworu przekraczajaca kryteria mediolanskie
(ognisko raka watrobowokomorkowego o $rednicy réwnej lub nizszej niz 5 cm lub nie wiecej
niz 3 zmiany o $rednicy réwnej lub nizszej niz 3 cm kazda) mieli dluzsze przezycie po
przeszczepieniu watroby, jesli poziom AFP w surowicy wynosit od 0 do 15 ng/ml (AHR =
0,97, 95% CI = 0,66-1,43), podczas gdy pacjenci spetniajacy kryteria mediolanskie mieli
krotsze przezycie, jesli ich poziom AFP w surowicy byt znaczaco podwyzszony (dla poziomu
AFP w surowicy > 66 ng/ml, AHR = 1,93, 95% CI = 1,74-2,15).2” 2 W naszym badaniu
wykazano w analizie wieloczynnikowej, Ze poziom AFP ma istotny wptyw przezycie
catkowite po resekcji, oraz na czas do nawrotu w populacji ogolnej; w pozostatych

populacjach nie wykazano istotnos$ci statystyczne;.

W literaturze naukowej istnieja doniesienia, ze na rokowanie pacjentéw chorych na HCC
moze mie¢ zakazenie wirusami hepatotropowymi.?® W tej analizie ani HBV, ani HCV nie

miaty wptywu RFS ani OS.

Innym potencjalnie tatwym do zastosowania czynnikiem prognostycznym moze by¢ stosunek
neutrofiléw do limfocytow (NLR) oznaczony przed przeszczepem lub przed operacja.
Jednakze dotad dostepne dane wykazywaty niejednoznaczne wyniki. W przegladzie
systematycznym Najjar et al. podwyzszony wskaznik NLR wigzano z gorszym OS po LT w
przypadku HCC w 8 z 13 badan, przy czym zglaszane wskazniki OS w ciagu 5 lat wahaly si¢
od 20% do 62% w grupie z wysokim NLR w poréwnaniu z 62% do 84% w grupie o niskim
NLR. Z drugiej strony, w tej samej analizie, poziomy NLR przed przeszczepem wydawaly si¢
silnie powigzane z RFS. Badacze w 11 z 13 badan doszli do wniosku, ze wysoki
przedoperacyjny NLR byt czynnikiem predykcyjnym krotszego RFS po LT, przy HR 1 95%
Cl w zakresie od 1,088 Cl: 1,029-1,151 do 67 Cl: 11-413 (p<0,05).%° Jak wynika z
przedstawionych w obecnej publikacji wynikow w analizie wieloczynnikowej dotyczacej
przezycia catkowitego w populacji pacjentow po przeszczepie watroby — wskaznik NLR
okazat si¢ pozytywnym czynnikiem prognostycznym.

Szacuje si¢, ze nawr6t raka watrobowokomorkowego po przeszczepieniu watroby dotyczy az
16—18% pacjentow. Po resekcji radykalnej odsetek nawrotow jest jeszcze wyzszy 1 waha si¢
w przedziale od 10% w pierwszym roku do 70% po 5 latach. W przedstawionym badaniu
retrospektywnym, nawrdt po resekcji leczniczej zaobserwowano u 41 z 59 pacjentow (69%),

a mediana czasu do nawrotu wynosita 15 miesiecy. Z drugiej strony liczba pacjentow, u



ktorych wystapit nawrét po LT, wyniosta 11/52 (21%). Warto zauwazy¢ istotng réznice
pomiedzy czestos$cig nawrotoOw po resekcji i przeszczepieniu watroby. Obserwacja ta
podkresla potrzebe optymalnego leczenia 1 wczesnej diagnostyki HCC.

Istotnym problemem po przeszczepieniu watroby moze by¢ karcynogeneza zwigzana z
immunosupresja. Obecnie dostgpna jest mata liczba publikacji dotyczacych ryzyka rozwoju
nowotworu u pacjentow po LT z powodu HCC. Warto zauwazy¢, ze w duzym badaniu
skandynawskim zaobserwowano 461 nowotworow u 424 0sob z 4246 pacjentow z LT
podczas $redniego okresu obserwacji wynoszacego 6,6 roku.>! W przedstawionej analizie
zdiagnozowano szes$¢ przypadkoéw nowych nowotwordow. Dotyczyto to dwoch przypadkow
raka podstawnokomorkowego, jednego czerniaka, raka ptuc i jajnika z przerzutami oraz
jednego przypadku chtoniaka z komoérek Mantla. Podkres$la to potrzebg odpowiedniego

nadzoru i zwigkszonej §wiadomosci na temat potencjalnych zagrozen dla pacjentow.

Przedstawione badanie ujawnito jednocze$nie potrzebe poszukiwania czynnikow
prognostycznych oraz predykcyjnych leczenia systemowego, ktore moglyby by¢ oceniane bez
dostepnego materialu histopatologicznego a np. na podstawie analizy parametrOw surowicy
krwi. Mimo przeanalizowania danych wszystkich pacjentow leczonych systemowo w danym
osrodku z powodu HCC, jedynie u kilkunastu oso6b byl dostepny materiat do oznaczen
patomorfologicznych. Wynika to z faktu, ze ze wzglgdu na mozliwos¢ rozpoznania HCC na
podstawie obrazu tomografii komputerowej, (przy spetnieniu okreslonych kryteriow
radiologicznych oraz klinicznych) u wigkszosci osob kwalifikowanych do leczenia
systemowego nie byt dostepny materiat tkankowy do analizy patomorfologicznej. W dobie
rosnacej roli immunoterapii w leczeniu raka watrobowokomoérkowego oraz wprowadzeniu do
praktyki klinicznej coraz wigkszej liczby nowych metod leczenia systemowego istnieje
potrzeba identyfikacji wiarygodnych czynnikéw prognostycznych 1 predykcyjnych, ktore
moglyby znalez¢ zastosowanie w praktyce klinicznej. Ta grupa pacjentdow wymaga
szczegolnej uwagi, gdyz obserwacje z badania ImBrave wskazuja, ze immunoterapia nie jest

tak samo aktywna u wszystkich chorych.®?



Zalozenia i cel pracy

Celem pracy byto:
1. Opisanie charakterystyki molekularnej chorych na HCC leczonych w UCK WUM.

2. Ocena odleglych wynikow leczenia oraz poszukiwanie czynnikow prognostycznych
zwigzanych z nawrotem HCC po przeszczepieniu watroby, resekcji leczniczej lub w grupie

pacjentow kwalifikowanych do leczenia systemowego.

3. Ocena mozliwos$ci zastosowania okreslonych oznaczen molekularnych oraz parametrow

laboratoryjnych jako czynnikdéw prognostycznych u pacjentow chorych na HCC.
Metodologia

Kryteriami wiaczenia do analizy retrospektywnej byly: rozpoznanie raka
watrobowokomorkowego, przeszczepienie watroby lub resekcja lub kwalifikacja do leczenia
systemowego, brak innych aktywnych nowotworéw w momencie rozpoznania oraz
dostgpnos¢ tkanki nowotworowej do dodatkowych badan patologicznych. Kryteria
przeszczepienia watroby obejmowaty kryteria mediolanskie (jedna zmiana < 5 cm;
alternatywnie do trzech zmian, kazda < 3 cm; brak objawow pozawatrobowych; wykluczenie
inwazji naczyn) i UCSF, (jeden guz <6,5 cm, maksymalnie trzy guzki, z ktorych najwickszy

wynosi < 4,5 cm 1 catkowita $rednica guza < 8 cm)) lub kryteria Up-to-7.

Retrospektywnie przeanalizowano dokumentacje medyczng pacjentéw chorych na raka
watrobowokomorkowego leczonych w Uniwersyteckim Centrum Klinicznym Warszawskiego

Uniwersytetu Medycznego w latach 2010-2022.

Zebrano podstawowe dane demograficzne i kliniczne, w tym laboratoryjne badania krwi.
Zaplanowane laboratoryjne badanie krwi objete analiza wykonano w ciagu 7 dni przed
rozpoczgciem leczenia. Skupiono si¢ na okresleniu statusu zakazen wirusami
hepatotropowymi, wyjsciowego poziomu AFP, liczbie limfocytow, neutrofilow i ptytek krwi,
punktacji w skali PALBI, albuminie, bilirubinie, punktacji i stopniu ALBI, PLR, NLR a takze
wielkosci guza i liczbie zmian. Ponadto przeanalizowano charakterystyke molekularna

nowotworu.

Do oceny patomorfologicznej pobierano probki tkanek zgodnie ze standardowymi

protokotami operacyjnymi. Wszystkie probki tkanek zostalty ponownie ocenione przez



drugiego niezaleznego histopatologa, ktory potwierdzit rozpoznanie HCC, zweryfikowat
oceng histologiczng oraz oceniat inwazj¢ mikronaczyniowa, ktora zostata zdefiniowana jako 1
obecno$¢ komorek nowotworowych w §wietle naczyn. Nastepnie oceniano ekspresje PD-L1 i

CD68 w tkance nowotworowe;j.

Ekspresje PD-L1 oceniano w utrwalonych w formalinie i zatopionych w parafinie tkankach
przy uzyciu jako$ciowego testu immunohistochemicznego PD-L1 IHC 28-8 pharmDx (PD-L1
IHC 28-8 pharmDx, Dako Agilent). Zastosowano system wizualizacji EnVision FLEX na
urzadzeniu Autostainer Link 48 zgodnie z instrukcja producenta. Ekspresje PD-L1

stratyfikowano wedtug > 1%, > 5% lub > 10% ekspresji komorek nowotworowych.

Ekspresj¢ CD68 oceniano przy uzyciu mysiego przeciwciala monoklonalnego, ktore
rozpoznaje ludzki antygen i znakuje ludzkie monocyty i makrofagi (IR613 CD68, PG-M1,
niesprzezone, FLEX RTU, Agilent Technologies). Wszystkie procedury wykonano zgodnie z

instrukcja producenta.

Dane dotyczace obserwacji dlugoterminowych zbierano podczas wywiadoéw z pacjentami

oraz pozyskiwano z wewngetrznego systemu szpitala UCK WUM.

W koncowej analizie oceniono warto$¢ prognostyczng wybranych cech molekularnych guza
lub wstepnych danych klinicznych oraz ich wptyw na czas przezycia catkowitego i czas

wolny od nawrotu HCC.

Analizg statystyczng przeprowadzono przy uzyciu oprogramowania Statistica firmy StatSoft.
Potencjalne czynniki prognostyczne dla OS i RFS oceniano za pomocg modeli regresji
proporcjonalnego hazardu Coxa. Po przygotowaniu modelu Coxa wyniki sprawdzano za
pomocg testu hazardu proporcjonalnosci (test PH). Wartosci p<0,05 uznano za istotne

statystycznie.

Wszystkie probki zostaty anonimowo zakodowane zgodnie z lokalnymi wytycznymi
etycznymi, zgodnie z wymogami Deklaracji Helsinskiej. Badanie zostato zaakceptowane
przez Komisj¢ Bioetyczng Warszawskiego Uniwersytetu Medycznego pod numerem

AKBE/154/2021 w dniu 6 wrzesnia 2021 roku.

Dodatkowo, przeprowadzono systematyczny przeglad literatury i metaanalize zgodnie z
wytycznymi PRISMA. Celem pracy byto zbadanie wptywu na czas przezycia catkowitego
pacjentow z rozpoznaniem raka watrobowokomorkowego (HCC) oraz ocena korelacji liczby

ptytek z cechami kliniczno-patologicznymi nowotworu. Przeszukano bazy: PubMed, Web of



Science 1 Scopus, finalnie uwzgledniono 26 badan (28 zestawdéw danych), obejmujacych

tacznie 9403 pacjentow.
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According to data provided by WHO (World Health Organization), hepatocellular carcinoma (HCC) is the fourth
most common cause of cancer-related deaths worldwide. Since the approval of sorafenib in 2008, several trials
have assessed other particles for the treatment of HCC, but few have proven to be effective. ESMO (European
Society for Medical Oncology) guidelines have been changed several times recently. This systematic review aims
to describe both successful and failed trials of systemic treatments for HCC. Methods: We examined randomized,

phase III trials of first- and second-line treatments in adults, identifying 23 fully-published trials and 2 reported as
abstracts. The latest advances in immunotherapy were also briefly discussed. Conclusions: The landscape of HCC
treatment has changed significantly in recent years. Several small molecule inhibitors currently form the core of
HCC treatment; however, immunotherapy is now emerging as a promising treatment option.

1. Introduction

According to data provided by World Health Organization (WHO),
hepatocellular carcinoma (HCC) is the fourth most common cause of
cancer-related deaths worldwide (Globoscan, 2020). Although HCC
incidence varies with geographical region, it is predicted to increase in
most Western countries. The highest incidence is currently observed in
Asia and Africa, where it is associated with viral hepatitis B and C in-
fections (Ferlay et al., 2015).

Since the approval of sorafenib in 2008, several trials have assessed
other particles for the treatment of HCC, but few have proven to be
effective. Analysis of recent studies lead to the 2018 publication of new
ESMO (European Society for Medical Oncology) guidelines, updated in
2019 and 2020 (Vogel et al., 2018). Here we review both successfully
completed trials and those that failed to confirm effectiveness of
particular molecules in HCC treatment, before briefly summarizing trials
assessing the use of immunotherapy in this context.

1.1. Current HCC treatment algorithms

HCC patients may be offered various treatment options depending on
their clinical presentation and disease category based on the Barcelona
Clinic Liver Cancer (BCLC) staging system. According to the BCLC
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staging system, HCC can be classified into 5 categories: Very early dis-
ease (stage 0), with a single tumor < 2cm, preserved liver function
(Child-Pugh A), and overall good clinical presentation (performance
status [PS] 0); Early disease (stage A) with either a single tumor or no
more than 3 nodules < 3cm, partially impaired liver function (Child-
Pugh A or B), and PS 0. Intermediate disease (stage B) with multinodular
changes, Child-Pugh A-B and PS 0; Advanced disease (stage C), with
portal invasion and extrahepatic spread, Child-Pugh A-B, and moder-
ately impaired clinical condition (PS 1-2); and Terminal disease (stage
D), with severely impaired liver function (Child-Pugh C) and poor
clinical presentation (PS 3-4) (Pons et al., 2005).

For patients with BCLC stage O or A, surgical resection, liver trans-
plantation and ablation are primary treatment options. In some cases,
use of radiotherapy may be appropriate, including stereotactic body
radiation therapy (SBRT), brachyterapy, or selective internal radiation
therapy (SIRT). Patients with BCLC stage B may receive curative treat-
ment (surgery or ablation) or if that is not possible, regional palliative
treatment, i.e. transarterial chemoembolization (TACE) or, in selective
cases, SIRT. When regional treatment is insufficient, the treatment
method of choice is systemic therapy. Systemic therapy is a standard of
care for patients with BCLC stage C either with the combination of
atezolizumab and bevacizumab, or with sorafenib or lenvatinib as the
first-line therapeutic, and regorafenib, cabozantinib, or ramucirumab as
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the second-line therapeutic according to the ESMO guidelines (Vogel
et al., 2018). Several recent changes to treatment recommendations for
BCLC stage C patients include immunotherapy. Patients with BCLC stage
D are recommended to receive best supportive care (Vogel et al., 2018).

HCC is a neoplasm whose growth depends on pathological vascu-
larization. Cancer cell proliferation and neoangiogenesis are influenced
by many factors, including vascular endothelial growth factor (VEGF),
platelet-derived growth factor (PDGF), epidermal growth factor (EGF)
and fibroblast growth factor (FGF). These promote angiogenesis and
cellular proliferation through numerous intracellular signaling path-
ways, including RAS (rat sarcoma) / RAF (rapidly accelerated fibrosar-
coma) / MEK (mitogen-activated protein/extracellular signal-regulated
kinase kinase) / ERK (extracellular signal-regulated kinases), PI3K/ AKT
(phosphatidylinositol 3-kinase and protein kinase B) / mTOR
(mammalian target of rapamycin), WnT (Wingless and Int-1) / B-cat-
enin, the Hedgehog pathway and the c-MET (mesenchymal-epithelial
transition factor) signaling pathway. Contemporary systemic treatments
affect the signaling pathways in neoplastic cells by inhibiting tyrosine
kinases associated with appropriate receptors (RTK, receptor tyrosine
kinase).

2. Methods

This systematic review aims to describe both successful and failed
trials of systemic treatments for HCC. The manuscript was prepared
according to the PRISMA guidelines.

We examined randomized, phase III trials in the first- and second-line
treatment of adults. As sorafenib became the standard of care since its
approval in 2008, earlier trials were excluded. Only full publications, in
English, were eligible.

2.1. Search methods

Two independent reviewers conducted literature searches in the
Scopus and PubMed databases. Search terms were: "hepatocellular car-
cinoma’ OR ’hepatocellular cancer’ AND ’phase III’ OR ’phase 3° AND
'randomized’. Additional filters excluded trials published before 2008
and not written in English.

2.2. Study selection

The analysis included only prospective, randomized phase III trials
that were published in full. Selected studies were assessing systemic
treatments for advanced/unresectable HCC, without any additional
treatment modalities. Trials with (neo)adjuvant treatment were
excluded. Data regarding overall survival (OS), progression-free survival
(PFS)/time to progression (TTP) and toxicity of the treatment had to be
available. In any cases of discrepancies or uncertainties, discussion or
consultation with a third reviewer was implemented to resolve it. In-
clusion and exclusion criteria are summarized in Table 1.

Table 1
Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Reviews
Case reports
Other than phase III RCT, i.e. phase L, I, IV

Randomized controlled trial
Phase III
Advanced/unresectable HCC
Adults (>18 y.0.)

Available data regarding OS,

PFS/TTP Combination with TACE, ablations, radiotherapy/
Available data regarding adjuvant treatment
toxicity

Available full paper

OS: overall survival; PFS: progression free survival; TTP: time to progression;
RCT: randomized controlled trial; TACE: transarterial chemoemobilization.
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3. Results

Two independent reviewers conducted literature searches using the
Scopus and PubMed databases on the 20™ of April 2020. The initial
search yielded 703 records. After excluding duplicates, 552 papers
remained. All papers were screened for eligibility criteria by title and
abstract. All irrelevant papers were excluded, e.g., those not related to
HCC, reviews, non-phase III trials, and those with inappropriate treat-
ment settings etc., leaving 52 potentially relevant papers; among these,
1 was excluded due to lack of desired endpoints, 5 were excluded due to
lack of results (only study design) and 23 presented additional analyses
of original clinical trials (Fig. 1). Our analysis is based on 23 different
randomized clinical trials. Included studies are presented in Tables 2 and
3. The successful trials are described in more detail.

3.1. Sorafenib

Sorafenib is a multikinase inhibitor that decreases tumor cell pro-
liferation and impairs tumor growth by inhibiting angiogenesis. It is
approved for the treatment of HCC, renal cell carcinoma and differen-
tiated thyroid carcinoma (Sorafenib SMPC, 2020). Its use in HCC was
assessed in two pivotal phase III trials: SHARP (Sorafenib Hepatocellular
Carcinoma Assessment Randomized Protocol) and the Asia-Pacific trial.

In the SHARP trial, patients with unresectable, advanced HCC and
well-preserved liver function (Child-Pugh class A; 95% of cases) were
randomly assigned to receive sorafenib (400mg twice daily) or a placebo
(Llovet et al., 2008). Primary outcomes included OS and TTP. Median OS
was 10.7 months in the sorafenib group and 7.9 months in the placebo
group (hazard ratio [HR] in the sorafenib group, 0.69; 95% confidence
interval [CI], 0.55-0.87; P<0.001), without any significant difference
between the two groups in the median TTP (4.1 months vs 4.9 months,
respectively, P=0.77).

In the Asia-Pacific trial (Cheng et al., 2009), patients with HCC and
Child-Pugh class A liver function, who had received no previous sys-
temic treatment were randomly assigned to receive sorafenib (400mg
twice daily) or a placebo, in 6-week cycles. Median OS was 6.5 months
(95% CI, 5.56-7.56) in the sorafenib group and 4.2 months (3.75-5.46)
in the placebo group (HR 0.68, 95% CI, 0.50-0.93; P=0.014). Median
TTP was 2.8 months (2.63-3.58) in the sorafenib group, and 1.4 months
(1.35-1.55) in the placebo group (HR 0.57 [0.42-0.79]; P=0.0005).

The most common grade 3-4 adverse events in the sorafenib group
were hand-foot reaction, diarrhea and fatigue, while the most common
adverse events across all grades included above mentioned adverse
events as well as alopecia, rash and hypertension (Cheng et al., 2009).
These side effects may correlate with a better response to treatment
(Reig et al., 2014; Koschny et al., 2013). The most serious adverse events
reported during sorafenib treatment were myocardial infarction,
gastrointestinal tract perforation, and bleeding.

The combined results of these 2 trials led to the approval of sorafenib
as a first-line systemic treatment for patients with advanced HCC.

3.2. Lenvatinib

Lenvatinib is another tyrosine kinase inhibitor approved for the
treatment of HCC and differentiated thyroid carcinoma. It selectively
inhibits factors associated with angiogenesis: vascular endothelial
growth factor (VEGF) receptors VEGFR1 (FLT1), VEGFR2 (KDR), and
VEGFR3 (FLT4); fibroblast growth factor (FGF) receptors FGFR1, 2, 3
and 4; the platelet derived growth factor (PDGF) receptor PDGFR and
KIT; and RET (Lenvatinib SMPC, 2020).

Lenvatinib was evaluated for HCC treatment in the phase III
REFLECT trial. Almost 1000 patients with unresectable HCC were
randomly assigned to receive either lenvatinib (12mg [body weight
>60kg] or 8mg [body weight <60kg]) once daily, orally) or sorafenib
(400mg twice daily). The primary endpoint was OS. Median OS in the
lenvatinib group was 13.6 months vs 12.3 in the control (sorafenib)
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703 records identified through databasessearching

S

552 records after duplicatesremoved

NS

552 records screened for relevance

—_— 500 records excluded

I

52 articles assessed for eligibility

_ 29 full text articles excluded with
reasons:

57

1 —lack of desired endpoints
5 —lack of presented results

23 studiesincludedin the analysis

23 —subanalyses of the original trials

Fig. 1. Preferred reporting items for systematic reviews and meta-analyses flowchart showing study selection.

group (HR=0.92; 95% CI, 0.79-1.06), which met the non-inferiority
criteria. Progression free survival (PFS) was significantly higher in the
lenvatinib group at 7.3 months (5.6-7.5) vs sorafenib at 3.6 months (3.6-
3.7) (HR 0.64 [0.55-0.75]; P<0.00001). Overall response rate (ORR)
was higher for Lenvatinib at 18% vs sorafenib at 6.5%.

Hypertension (42%), diarrhea (39%) and decreased appetite (34%)
were the most commonly reported adverse events of any grade, followed
by fatigue and weight loss (both ca 30%). The most commonly reported
grade 3 and 4 adverse events included: hypertension (23%), decreased
weight (8%) and increased bilirubin (7%).

This study confirmed non-inferiority of lenvatinib in relation to
sorafenib (Kudo et al., 2018).

3.3. Regorafenib

Regorafenib is a multitarget inhibitor approved for the treatment of
metastatic colorectal cancer, gastrointestinal tumors, and advanced
HCC. It may block several kinases that play important roles in onco-
genesis (KIT, RET, RAF-1, BRAF, BRAFV600E), angiogenesis (VEGFR1,
-2, -3, TIE2), metastasis (VEGFR3, PDGFR, FGFR) and tumor immunity
(CSF1R) (Regorafenib SMPC, 2020).

A single-arm, phase II trial of regorafenib in patients with HCC after
sorafenib failure, showed a median TTP of 4.3 months (95% CI 2.9-13.1)
and median OS of 13.8 months (95% CI 9.3-18.3) (Bruix et al., 2013).

Regorafenib was then evaluated in the phase III trial RESORCE
(Bruix et al., 2013). Patients with Child-Pugh class A liver function
whose disease progressed on sorafenib were randomly assigned to
groups receiving best supportive care plus either oral regorafenib 160mg
(n=374) or a placebo (n=179) once daily during weeks 1-3 of each
4-week cycle. The primary endpoint was OS. Median OS was 10.6
months (95% CI, 9.1-12.1) for the treatment group vs 7.8 months
(6.3-8.8) for the placebo group (HR 0.63; 95% CI, 0.50-0.79; one-sided
P<0.0001).

The most common grade 3 and 4 adverse events were hypertension
(15%), hand-foot skin reaction (13%), fatigue (9%) and diarrhea (3%).
The most common adverse events across all grades included palmar-
plantar erythrodysaesthesia syndrome, hypertension, decreased appe-
tite, diarrhea and fatigue.

3.4. Cabozantinib

Cabozantinib is a multitarget inhibitor approved for renal cell car-
cinoma and HCC treatment. It inhibits MET (hepatocyte growth factor

receptor protein) and VEGF (vascular endothelial growth factor) re-
ceptors and several other kinases involved in tumor growth, metastasis
formation, and drug resistance, including AXL, RET, ROS1, TYROS3,
MER, the stem cell factor receptor KIT, TRKB, Fms-like tyrosine kinase-3
(FLT3), and TIE (Cabonaztinib SMPC, 2020).

Cabozantinib was assessed in a phase II discontinuation trial, with 41
patients. Patients had a 12-week lead-in treatment period (cabozantinib
100mg/daily) followed by restaging. Those with stabilization were
randomly assigned to receive cabozantinib or a placebo, whereas pa-
tients with partial responses received cabozantinib (open-label), and
progressors discontinued treatment. At week 12, ORR was 5% and dis-
ease control rate (DCR) was 66%. Median OS was 11.5 months and
median PFS was 5.2 months (Kelley et al., 2017; Schoffski et al., 2017).

The subsequent phase III CELESTIAL trial enrolled patients with HCC
after sorafenib treatment failure. Patients were randomly assigned to
receive 60mg of cabozantinib (n=470) daily or a placebo (n=237) in a
double-blinded manner. Median OS was 10.2 months for the cabo-
zantinib group vs 8 months in the placebo group (HR for death 0.76;
95% CI, 0.63-0.92; P=0.005). Patients that had previously received
sorafenib treatment fared slightly better (median OS 11.3 months vs 7.2
months; HR for death 0.70; 95% CI, 0.55-0.88). Median PFS was 5.2
months in the cabozantinib group vs 1.9 months in the placebo group
(HR 0.44; 95% CI, 0.36-0.52; P<0.001) (Abou-Alfa et al., 2018a).

The safety profile was consistent with previous trials. The most
common grade 3 and 4 adverse events were hand-foot syndrome reac-
tion (17%) and hypertension (16%). Other frequently reported adverse
events of any grade included diarrhea, decreased appetite, palmar-
plantar erythrodysesthesia and fatigue each affected >40% of patients.

3.5. Ramucirumab

Ramucirumab is approved by (European Medicines Agency) EMA for
gastric, colorectal, and non-small-cell lung cancers. It is a monoclonal
antibody that interferes with angiogenesis by blocking VEGF-2 receptor
binding with VEGF-A,-C and -D. This inhibits further signaling associ-
ated with p44/p42 mitogen-activated protein kinases, neutralizing
ligand-induced proliferation and human endothelial cell migration
(Ramucirumab SMPC, 2020).

In the phase III REACH trial, ramucirumab was administered to pa-
tients with advanced HCC who had previously received sorafenib
treatment. Results suggested that patients with alpha-fetoprotein
>400ng/mL or> 1.5 the upper limit of normal were more likely to
gain clinical benefit from the treatment; in 250 patients with baseline
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First line treatment trials.
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Trial Design TTP/PFS [months] ORR OS [months] Grade 3 or 4Toxicities
[%]

SHARP Sorafenib (n = 299) vs PBO (n = TTP 5.5 vs 2.8; HR 0.58 2vs1l 10.7 vs 7.9; HR 0.69; HSFR 8 vs <1%;
NCT00105443 (Llovet 303) (95% CI, 0.45—0.74); P < (95% CI, 0.55-0.87); Hypertension 2 vs 1%;
et al., 2008) 0.001, (radiologic) P<0.001 Abdominal pain 2 vs 1%;

4.1 vs 4.9 HR 1.08 (95% ClI, Weight loss 2 vs 0%
0.88-1.31); P = 0.77 (TTP,
symptomatic)

Asia-Pacific (Cheng et al., Sorafenib (n = 150) vs PBO (n = TTP 2.8 vs 1.4; HR 0.57 3.3vs 6.5 vs 4.2; HR 0.68 HSFR 10.7 vs 0%;

2009) 76) (95% CI, 0.42-0.79); P = 1.3 (95% CI, 0.50-0.93); P Diarrhea 6 vs 0%; Fatigue 3.4 vs 1.3%
0.0005 =0.014

REFLECT/Study 304 Lenvatinib (n = 478) vs Sorafenib TTP 8.9 vs 3.7; HR 0.63 24.1vs 13.6 vs 12.3; HR 0.92 Hypertension 23 vs 14%);
NCT01761266 (Kudo (n = 476) (95% CI, 0.53-0.73); 9.2 (95% ClI, 0.9-1.06) Weight loss 8 vs 3%; Palmar-plantar
et al., 2018) P<0.0001 erythrodysesthesia syndrome 3 vs 11%;

Decreased appetite 5 vs 1%

NCT00241020 (Barbare Octreotide LAR (n = 135) vs PBO PFS 3.37 vs 3.93; (log-rank P 0vs 6.53 vs 7.03; P = 0.34 Diarrhea 0.76 vs 0.75%; Hyperglycemia

et al., 2009) (n=137) = 0.2626, 2.9 6.82 vs 5.26%); Injection-site reaction 1 vs
stratified log-rank P = 0%
0.5616)

CALGB 80802 (Alliance) Sorafenib+Doxorubicin (n = 173) TTP 4.7 vs 4.2; HR 0.92 9.3 vs 9.3 vs 9.4; HR 1.05 Neutropenia 36.8 vs 0.6%;
NCT01015833 ( vs Sorafenib (n = 173) (95% CI, 0.71-1.18); P = 5.4 (95% CI, 0.83-1.31); P Thrombocytopenia 17.5 vs 2.4%;
Abou-Alfa et al., 2019) 0.49 =.68 Fatigue 12. vs 10.1%; Hypertension 4.8 vs

13.6%;
HSFR 13.3% vs 14.2%

SEARCH Erlotinib+Sorafenib (n = 362) vs TTP 3.2 v 4.0; HR 1.135; 6.6 vs 9.5 v 8.5; HR 0.929 Fatigue 17.7 vs 17.5% ;
NCT00901901 (Zhu Sorafenib (n = 358) (95% CI, 0.944-1.366); P = 3.9 (95%CI, 0.781 HSFR 10.2 vs 17.5% ;
et al., 2015¢) 0.18 - 1.106); P = 0.408 Ascites 9.7 vs 9.7%;

Hypertension 4.7 vs 8.7%;
Abdominal pain 6.1 vs 7.1%

LIGHT Linifanib (n = 514) vs Sorafenib (n  TTP 5.4 vs 4.0; HR 0.759 13 vs 9.1 vs 9.8; HR 1.046; Hypertension 20.8 vs 10.6%;
NCT01009593 (Cainap =521) (95% CI, 0.643-0.895); P = 6.9 (95% CI, 0.896-1.221) Palmar-plantar
et al., 2015) 0.001 erythrodysesthesia syndrome 13.7 vs

14.8%);
Elevated AST 12.2 vs 12.5%;
Diarrhea 12.0 vs 9.2%

BRISK-F1 Brivanib (n = 577) vs Sorafenib (n ~ TTP 4.2 vs 4.1; 12vs9 9.5 vs 9.9; HR 1.06; Hyponatremia 23 vs 9%;
NCT00858871 ( = 578) HR 1.01 (95% CI, 0.93-1.22) Elevated AST 14 vs 17%;

Johnson et al., 2013) (95%CI, 0.88-1.16); P = Fatigue 15 vs 7%;
0.8532 HFSR 2 vs 15%;
Hypertension 13vs 5%

SUN1170 Sunitinib (n = 530) vs Sorafenib (n  TTP 4.1 v 3.8; 6.6 Vs 7.9 vs 109; HR, 1.30; Thrombocytopenia 29.7 vs 4.7%;
NCT00699374 (Cheng = 544) HR 1.13; One-sided P = 6.1 one-sided P = 0.9990; Neutropenia 25.7 vs 2.2%;
et al., 2013) 0.8312; Two-sided P = two-sided P = 0.0014 HSFR 13.3 vs 21.2%

0.3082
EACH trial NCT00471965 FOLFOX4 (n = 184) vs PFS 2.93 vs 1.77; HR 0.62 8.15vs 6.40 vs 4.97; HR, 0.80; Neutropenia 30.60 vs 22.99%;
(Qin et al., 2013) Doxorubicin (n = 187) (95% CI, 0.49-0.79); P < 2.67 (95% CI, 0.63-1.02); P Leukocytopenia 8.74 vs 9.78%;
0.001 =0.07 Thrombocytopenia 7.65 vs 6.32%;
Anemia 4.91 vs 8.04%;
Elevated AST 11.96 vs 12.07%
ISRCTN 64487365 ( Thymostymulin (n = 67) vs PBO (n TTP 5.3 vs 2.9; HR 1.13 33 vs 5.0 vs. 5.2; HR 1.04 Ascites 26 vs 12% ;
Dollinger et al., 2010) =68) (95% CI, 0.7-1.8); P = 0.60 29 (95% CI, 0.7-1.6); P = Renal failure 17 vs 2% ;
0.87 Pleural effusion 9 vs 1.5%;

PRODIGE 11 Sorafenib + Pravastatin (n = 135) TTP 6.1 vs 6.0; HR 1.06 ) 10.7 vs 10.5; HR 1.00 Hepatobiliary disorders 67.1 vs 52.9%);
NCT01075555 (Jouve vs Sorafenib (n = 134) (95% CI, 0.80-1.38); P = (95% CI, 0.79-1.28); P Asthenia 34.2 vs 28.0%);
et al., 2019) 0.698 =0.975 Digestive toxicity 16.1 vs 15.9%

Imbravel50* Sorafenib (n = 165) vs PFS 4.3 vs 6.8; HR, 0.59 12 vs 13.2 vs NE; HR 0.58 Any grade 3-4 adverse event 55 vs 57%
NCT03434379 (Finn Atezolizumab + Bevacizumab (n (95% 0.47-0.76); P < 27 (95% CI, 0.42-0.79); P
et al., 2020b) = 336) 0.0001 = 0.006

CheckMate 459 Nivolumab (n = 371) vs SOR (n = 3.7vs 3.8 15vs7 16.4 vs 14.7; HR 0.85 Any grade 3-4 adverse event 22 vs 49%

NCT02576509* (Yau
et al., 2019)

372)

(95% CI, 0.72-1.02); P
= 0.0752

PBO: placebo; PFS: progression free survival; TTP: time to progression; OS: overall survival; HR: hazard ratio; CI: confidence interval; HSFR: hand-foot skin reaction.

" only abstracts available.

alpha-fetoprotein >400ng/mL (RAM 119; PBO 131), OS HR was 0.67
(95% CI, 0.510.90; p=0.0059) (Zhu et al., 2015a; Zhu et al., 2015b).
The subsequent REACH 2 trial evaluated the use of ramucirumab
specifically in patients with elevated alpha-fetoprotein. Almost 300
patients with advanced HCC after sorafenib treatment, with BCLC stage

B/C, Child-Pugh class A liver function, and alpha-fetoprotein >400ng/

mL were randomly assigned to receive ramucirumab (8mg/kg IV every 2
weeks) or a placebo. Median OS was 8.5 months [95% CI, 7.0-10.6] in
the ramucirumab group vs 7.3 months [5.4-9.1] in the placebo group

(HR 0.710 [95% CI, 0.531-0.949]; P=0.0199). PFS was 2.8 months (2.8-
4.1) in the ramucirumab group vs 1.6 months [1.5-2.7] in the placebo
group (HR 0.452 [0.339-0.603]; P<0.0001). These results suggest that
ramucirumab provides significant clinical benefits in this subgroup of
patients.

Safety analysis showed that ramucirumab was generally well toler-
ated. The most common grade 3 or higher treatment-emergent adverse
events were hypertension (13% with ramucirumab vs 5% with placebo),
hyponatremia (6% vs 0%) and increased aspartate aminotransferase
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Table 3
Second line treatment trials.
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Study Design TTP/PFS [months] ORR [%] OS [months] Grade 3 or 4 toxicities
CELESTIAL Cabozantinib (n = 470) vs PBO (n = PFS 5.2 vs 1.9; HR 0.44 4vs <1 10.2 vs 8.0; HR 0.76; HSFR 17 vs 0%;
NCT01908426 ( 237) (95% CI, 0.36-0.52); P < (95% CI, 0.63-0.92); P Hypertension 16 vs 2%;
Abou-Alfa et al., 2018a) 0.001 = 0.005. Elevated AST 12 vs7 %;
Fatigue 10 vs 4%;
Diarrhea 10 vs 2%
RESORCE Regorafenib (n = 379) vs PBO (n = 194) TTP 3.9 vs 1.5; HR 0.41; 11vs 4 10.6 vs 7.8; HR 0.62 Hypertension 15 vs 5%;
NCT01774344 (Bruix (95% CI, 0.34-0.51); One- (95% CI, 0.5-0.78); P < HFSR 13 vs 1%;
et al., 2017) sided P < 0.0001 0.0001 Fatigue 9 vs 5%;
Diarrhea 3 vs 0%
REACH Ramucirumab (n = 283) vs PBO (n = TTP 3.5 vs 2.6; HR 0.59 7vs <1 9.2 vs 7.6; HR 0.87 Ascites 5 vs 4%;
NCT01140347 (Zhu 282) (95% CI, 0.42-0.72); P < (95% CI, 0.72-1.05); P Hypertension 12 vs 4%;
et al., 2015a; Zhu et al., 0.001 =0.14 Asthenia 5 vs2%; Malignant
2015b) neoplasm progression 6 vs 4%;
Elevated AST 5 vs 8%;
Thrombocytopenia 5 vs <1%;
Hyperbilirubinemia 1 vs 5%;
Increased blood bilirubin 2 vs
5%
REACH-2 Ramucirumab (n = 197) vs PBO (n = 95) TTP 3 vs 1.6; HR 0.427 5vs1 8.5vs 7.3; HR 0.710 Hypertension 13 vs 5%;
NCT02435433 (Zhu (95% CI, 0.313-0.582); P (95% CI, 0.531-0.949); Hyponatremia 11 vs 0%;
et al.,, 2019) < 0.0001 P =0.0199 Elevated AST 3 vs 5%
Keynote 240 Pembrolizumab (n = 278) vs PBO (n = TTP 3.8 vs 2.8; HR 0.688; 18.3vs 4.4 13.9 vs 10.6; HR 0.78; Elevated AST 13.3 vs 7.5%;
NCT02702401 (Finn 135) (95% CI, 0.540-0.877); P (95% CI, 0.611-0.998); Hyperbilirubinemia 7.5 vs
et al., 2020a) = 0.0011 P =0.0238 5.2%;
Elevated ALT 6.1 vs 3.0%j;
Anemia 9 vs 3.9%; Diarrhea 2.2
vs 1.4%
BRISK-PS Brivanib (n = 263) vs PBO (n = 132) TTP 4.2 vs 2.7; HR 0.56 10 vs 2 9.4 vs 8.2; HR, 0.89; Hypertension 17 vs 2%;
NCT00825955 (Llovet (95% CI, 0.42-0.76); P < (95% CI, 0.69-1.15); P Fatigue 13 vs 1%;
et al.,, 2013) 0.001 = 0.3307 Hyponatremia 11 vs 2%;
Decreased appetite 10 vs 2%
EVOLVE-1 Everolimus (n = 362) vs PBO (n = 184) TTP 3.0 vs 2.6; HR 0.93 (not 7.6vs7.3 Anemia 7.8 vs 3.3%j;
NCT01035229 (Zhu (95% CI, 0.75-1.15) described) Asthenia 7.8 vs 5.5%;
et al., 2014) Decreased appetite 6.1 vs 0.5%
NCT 01287585 (Abou-Alfa ADI-PEG20 (n = 424) vs PBO (n = 211) PFS 2.6 vs 2.6; HR 1.175 (not 7.8 vs 7.4; HR = 1.02; Abdominal pain 4.5 vs 2.4%);
et al., 2018b) (95% CI, 0.964-1.432); P described) ((95% CI, 0.847- Ascites 2.6 vs 3.3%;
= 0.075 1.233); P > 0.8 Peripheral edema 2.4 vs 1.4%
NCT01755767 (Kobayashi Tivantinib (n = 226) vs PBO (n = 114) TTP 2.4 vs 3.0; HR 0.96 50 vs 50 8.4 vs 8.1; HR, 0.97 Ascites 7% vs 8%;
et al., 2017) (95% CI, 0.74-1.25); P = (95% CI, 0.75-1.25); P Anemia 5 vs 6%;
0.76 =0.81 Abdominal pain 4 vs 5%;
Neutropenia 4 vs 1%
RELIEVE Doxorubicin nanoparticles 30 mg/sqm TTP 2.3 vs 2.3; HR 0.96 lvsl 9.1vs 9.0; HR 1.00 Neutropenia 10 vs 6%;
NCT0165569 (Merle (n = 133) or 20 mg/sqm (n = 130) vs (95% CI, 0.74-1.23); Two- (95% CI, 0.78-1.28); Asthenia 2% vs 3%;
et al., 2019) standard care (n = 134) sided P = 0.74 Two-sided P = 0.99 Thrombocytopenia 1% vs 7%;
Drug-related death 2 vs 1%
S-CUBE (Kudo et al., 2017) S1 (n =223) vs PBO (n = 111) TTP 2.6 vs 1.4; HR 0.59 5vs1l 11.1 vs 11.2; HR 0.86 Neutrophil count decreased

(95% CI, 0.46-0.76); P <
0.0001

(95% CI, 0.67-1.10); P
= 0.220

<14% vs 3%;

Lymphocyte count decreased
13 vs <6%

White blood cell count
decreased 12 vs 1%

Platelet count decreased <13 vs
1%

PBO: placebo; PFS: progression free survival; TTP: time to progression; OS: overall survival; HR: hazard ratio; CI: confidence interval; HSFR: hand-foot skin reaction

(3% vs 5%). Three patients in the ramucirumab group died due to
treatment-related adverse events: one had acute kidney injury, one had
hepatorenal syndrome, and one had renal failure (Zhu et al., 2019). The
most common adverse events were fatigue, peripheral oedema, hyper-
tension and decreased appetite, most of which were grade 1-2 and
affected 20-30% of patients.

3.6. Pembrolizumab

Pembrolizumab is a humanized monoclonal antibody that blocks
interaction of PD-1 (programmed death) receptor with PD-L1 and PD-
L2, enhancing the immune system’s T-cell response-associated anti-
tumor activity (Pembrolizumab SMPC, 2020).

The Keynote 240 (Finn et al., 2020a) trial examined patients with
ECOG 0-1 and Child Pugh class A liver function despite advanced HCC,
who had previously been treated with sorafenib. Patients were randomly

assigned to receive pembrolizumab (200mg every 3 weeks, up to 35
cycles) and best supportive care (n=278) or a placebo with best sup-
portive care (n=135). Primary endpoints included OS and PFS; sec-
ondary endpoints were ORR, DOR and treatment safety. The median
follow-up was 13.8 months, at which point 10% were still receiving
pembrolizumab, and 3% were still receiving the placebo. The median OS
in the pembrolizumab group was 13.9 months (95% CI, 11.6-16.0
months) vs 10.6 months (95% CI, 8.3-13.5 months) for the placebo
group (HR 0.781; 95% CI, 0.611-0.998; P=0.0238), and the PFS for the
pembrolizumab group was 3 months (95% CI, 2.8-4.1) vs 2.8 months
(95% CI, 1.6-3); at final analysis (HR 0.718; 95% CI, 0.570-0.904;
P=0.0022), those differences did not meet statistical significance. ORR
was 18.3% (95% CI, 14.0-23.4%) in the pembrolizumab group and 4.4%
(95% CI, 1.6-9.4%) for the placebo group (nominal one-sided
P=0.00007). Median DOR in the pembrolizumab group was 13.8
months (1.5-23.6).
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Use of pembrolizumab was associated with several adverse events,
most commonly increased liver enzymes and blood bilirubin, fatigue,
and pruritus (all affected ca 18%). Grade 3 or 4 adverse events were
observed in 52.7% of patients receiving pembrolizumab and 46.3% of
patients receiving the placebo, most commonly increased AST (13.3%),
hyperbilirubinemia (7.5%), and anemia (3.9%).

4. Discussion

After more than a decade of relative stagnation in HCC treatments,
rapid changes have occurred in recent years. Several new molecules
have been approved, and others are currently under evaluation.

Sorafenib has remained a first-choice treatment for advanced hepa-
tocellular carcinoma despite its limited activity and association with
poor tolerance and resistance (Tang et al., 2020). To date there are no
reliable, validated predictive biological markers of response to sor-
afenib, though neutrophil-to-lymphocyte ratio may prove useful (Marisi
et al., 2020).

Several studies failed to prove efficacy of their featured molecules in
treating advanced HCC. Phase III trials failed to confirm the benefit of
brivanib, linifanib, sunitinib or a combination of erlotinib or doxoru-
bicin with sorafenib as first-line treatments. No benefit was seen with
ADI-PEG, brivanib, everolimus, s-1, or tivantinib as second-line treat-
ments. Other treatment methods including thymostymulin, octreotide
and megestrol also produced no clinically important benefits.

The ability of hepatocytes to detoxify and inactivate exogenous
compounds such as drugs, can manifest as resistance to classical
chemotherapy. A trial published by Qin et al. compared the FOLFOX
chemotherapy protocol (fluorouracil, leucovorin and oxaliplatine) vs
doxorubicin: the OS was 6.4 months vs 5 months, but the response rate
was only 8% and 2%, respectively (Cheng et al., 2013). The retrospec-
tive AGEO study evaluated the GEMOX protocol (gemcitabine with
oxaliplatine). ORR was 22% (95% CI, 16-27) and the DCR was 66%
(95% CI, 59-72). The median OS was 11 months (95% CI, 9-14), while
PFS was 4.5 (95% CI, 4-6). Unfortunately, a major limitation of that
study is the lack of a control group (Zaanan et al., 2013).

Table 4
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Immunotherapy is gaining attention in the area of hepatocellular
carcinoma therapy. ESMO treatment guidelines were updated several
times last year: The first update included pembrolizumab and nivolumab
for patients with BCLC stage C disease as first- (nivolumab) or second-
line (nivolumab, pembrolizumab) treatments; however, the second up-
date advises that none of these drugs are recommended (Vogel et al.,
2018).

There are several limitations of our systematic review. We included
only phase III trials, but acknowledged that some phase II trials, such as
CheckMate 040 with nivolumab (El-Khoueiry et al., 2017), may also be
important; therefore, we briefly mentioned some phase II trials of suc-
cessful molecules. Results of the 2019 phase III ImBravel50 trial
examining atezolizumab with bevacizumab showed very promising re-
sults (Finn et al., 2020b). Although not all of the immunotherapy trials
have been published as full manuscripts yet, we consider their results
very important, so have briefly summarized them below and included
them in Table 1.

Nivolumab is a monoclonal antibody that attaches to PD-1 receptors
on lymphocytes T, preventing PD-L1- and PD-L2-induced inhibition of
those lymphocytes. This in turn results in increased immune response
towards cancer. It is already approved to treat patients with many types
of cancer and it is currently under investigation in several other cancers
(Nivolumab SMPC, 2020).

The phase III CheckMate 459 trial compared nivolumab with sor-
afenib as a first-line treatment. The trial’s 743 patients with advanced
HCC were randomly assigned in a 1:1 ratio to receive nivolumab
(n=371) or sorafenib (n=372). The primary endpoint was OS; the me-
dian OS was 16.4 months for the nivolumab group and14.7 months for
the sorafenib group (HR 0.85 [95% CI, 0.72-1.02]; P=0.0752). The ORR
was 15% for nivolumab and 7% for sorafenib. Grade 3 or 4 treatment-
related adverse events were reported in 22% of patients receiving
nivolumab and 49% of patients receiving. Although nivolumab did not
achieve statistically significantly improvements in OS, it produced a
modest improvement in OS and ORR, with an acceptable safety profile
(Yau et al., 2019). Nivolumab continues to be evaluated for HCC treat-
ment in several other clinical settings (Clinicaltrials.gov., 2020a).

A selection of current immunotherapy trials examining targeted treatment in combination with immunotherapy.

Trial NCT number Design Phase Trial status
03298451 (Clinicaltrials.gov, 2020b) Durvalumab + Tremelimumab 3 Active, not recruiting
02519348 (Clinicaltrials.gov, 20201) Durvalumab + Tremelimumab or Bevacizumab 2 Active, not recruiting
03482102 (Clinicaltrials.gov, 2020j) Durvalumab + Tremelimumab + Radiotherapy 2 Recruiting
02821754 (Clinicaltrials.gov, 2020k) Durvalumab + Tremelimumab + RFA (Radiofrequency ablation) / 2 Recruiting

TACE (Transarterial chemoembolization) /Cryoablation
03519997 (Clinicaltrials.gov) Pembrolizumab + Bavituximab 2 Recruitning
03259867 (Clinicaltrials.gov, 2020m) Nivolumab/Pembrolizumab + Transarterial Tirapazamine Embolization (TATE) 2 Active, not recruiting
03572582 (Clinicaltrials.gov, 2020n) Nivolumab + TACE 2 Active, not recruiting
04523662 (Clinicaltrials.gov, 20200) Carrelizumab + Apatinib Mesylate+Radiotherapy 2 Not yet recruiting
03222076 (Clinicaltrials.gov, 20201) Nivolumab +/- Ipilimumab 2 Active, not recruiting
04183088 (Clinicaltrials.gov., 2020c¢) Tislelizumab + Regorafenib 2 Not yet recruiting
03941873 (Clinicaltrials.gov., 2020d) Sirtavatinib +/- Tislelizumab 1/2 Recruiting
03382886 (Clinicaltrials.gov, 2020p) Nivolumab + Bevacizumab 1/2 Terminated
02859324 (Clinicaltrials.gov, 2020q) Nivolumab + CC122 1/2 Completed
03071094 (Clinicaltrials.gov, 2020r) Nivolumab + PexaVAC (oncolytic virus) 1/2 Active, not recruiting
01658878 (Clinicaltrials.gov, 2020s) Nivolumab +/- Cabozantinib +/- Ipilimumab 1/2 Active, not recruiting
02325739 (Clinicaltrials.gov, 2020t) FGF401 +/- PDR0O01 1/2 Completed
02795429 (Clinicaltrials.gov, 2020u) PDRO01 +/- INC280 1/2 Active, not recruiting
03511222 (Clinicaltrials.gov, 2020v) Pembrolizumab / Nivolumab + Voloranib 1 Terminated
02705105 (Clinicaltrials.gov, 2020w) Nivolumab + Mogamulizumab 1 Completed
03418922 (Clinicaltrials.gov., 2020x) Nivolumab + Lenvatinib 1 Active, not recruiting
03289533 (Clinicaltrials.gov, 2020y) Avelumab + Axitinib 1 Completed
03006926 (Clinicaltrials.gov, 2020z) Pembrolizumab + Lenvatinib 1 Active, not recruiting
03347292 (Clinicaltrials.gov, 2020aa) Pembrolizumab + Regorafenib 1 Active, not recrutinig
02509507 (Clinicaltrials.gov, 2020bb) Pembrolizumab + Talimogene Laherparepvec (oncolytic virus) 1 Recruiting
02432963 (Clinicaltrials.gov, 2020cc) Pembrolizumab + p53MVA vaccine 1 Active, not recruiting
02572687 (Clinicaltrials.gov, 2020dd) Durvalumab + Ramucirumab 1 Active, not recruiting
03539822 (Clinicaltrials.gov, 2020ee) Durvalumab + Cabozantinib 1 Recruiting
03257761 (Clinicaltrials.gov, 2020£f) Durvalumab + Guadecitabine 1 Active, not recruiting
02988440 (Clinicaltrials.gov, 2020gg) PDROO1 + Sorafenib 1 Completed
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HCC treatment combining various immunotherapies or tyrosine ki-
nase inhibitors is being extensively evaluated in HCC patients. An
example is the ImBravel50 (Finn et al., 2020b) trial, which compared
the combination of atezolizumab (antiPD-L1) and bevacizumab (anti-
VEGF) with sorafenib as a first-line treatment. Over 500 patients were
randomly assigned to receive atezolizumab (1200mg IV) with bev-
acizumab (15mg/kg IV) every 3 weeks or sorafenib (400mg twice daily).
In the primary analysis, the HR for OS was 0.58 (95% CI, 0.42-0.79,
P=0.0006) after a median follow-up period of 8.6 months. After 1
year, OS was higher in the combined treatment group: 67.2% (95% CI,
61.3-73.1) vs 54.6% (95% CI, 45.2 to 64.0) in the sorafenib group. ORR
was 27% for the combined treatment group vs 12% (P<0.0001) in the
sorafenib group. Median PFS was also increased (6.8 vs 4.3 months; 0.59
95% CI, 0.47-0.76, P < 0.0001). In the sorafenib group, median OS was
13.2 months, while the OS was not reached in the combined treatment
group. The safety profile of the combined treatment was comparable to
sorafenib, with grade 3-4 adverse events occurring at a rate of 56.5% vs
55.1% respectively (Finn et al., 2020b). Patient reported outcomes of the
combined treatment were presented during the 2020 Gastrointestinal
Symposium (Galle et al., 2020) and in the final manuscript published in
May 2020 (Finn et al., 2020b). Combined treatment improved the OS
and PFS, and importantly, the patients’ quality of life. ESMO guidelines
now recommend combination treatment as a first line therapy for
advanced hepatocellular carcinoma, although this may raise further
questions regarding the optimal sequence of treatment. There are no
current data regarding the effectiveness of previously used drugs
following immunotherapy; some second-line treatment molecules are
approved for use after sorafenib failure, which may lead to off-label use
or use of sorafenib as a second-line treatment.

Eagerly awaited are the HIMALAYA trial results, comparing the
combination of tremelimumab and durvalumab to sorafenib as first-line
treatments (Clinicaltrials.gov, bl). The phase III RATIONALE 301 trial is
comparing Tislelizumab (anti-PD-1, BGB-A317) with sorafenib as a
first-line treatment of unresectable HCC, and is estimated to be
completed in 2022 (Qin et al., 2019). Other phase I/II trials are also
underway: one evaluating the combination of tislelizumab with regor-
afenib as first-line systemic therapy for patients with advanced HCC
(Clinicaltrials.gov., 2020c), and one investigating sitravatinib as a
monotherapy and in combination with the monoclonal antibody tisle-
lizumab in patients with unresectable, locally advanced or metastatic
HCC (Clinicaltrials.gov., 2020d). Durvalumab and camrelizumab are
monoclonal antibodies targeting PD-1/PD-L1, and are currently in phase
III trials for treatment of advanced HCC (Clinicaltrials.gov., 2020f). A
brief summary of the most interesting trials is presented in Table 4.

Other studies are taking different approaches to HCC treatment. One
example is CAR-T cells therapy, although further investigations are
needed to confirm its efficacy (Chen et al., 2018). NK-cells based
treatment is another therapy in the early phase of development (Hos-
seinzadeh et al.,, 2018). One of the greatest current challenges is
developing novel predictive factors of response to treatments.

5. Conclusions

HCC remains a challenge for healthcare professionals. Despite
medical advances, the prognosis for patients with advanced disease is
poor. However, recent trials may revolutionize the treatment paradigm,
especially those regarding immunotherapy. New treatment opportu-
nities will also rouse further questions, regarding qualification for
treatment, optimal monitoring etc.
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Abstract

Hepatocellular carcinoma is one of the most common cancers worldwide. Despite progress
in treatment, recurrence after radical treatment is common, and the prognosis remains poor
for patients with advanced disease. Therefore, there is a need to identify prognostic and
predictive factors for the response to therapy or more intensive surveillance or treatment.
Because the tumor microenvironment plays a crucial role in the development of cancer
and metastasis, it is a crucial need to understand processes that are involved in carcinogen-
esis. Within the microenvironment, several immune cells with different roles are present.
One of the most important of these is tumor-associated macrophages. These cells may exert
either antitumor or protumor roles. Several studies have suggested that tumor-associated
macrophages can be used as prognostic markers. Furthermore, they may be involved in
resistance to immunotherapy or systemic treatment. As they play an important role in
cancer development, tumor-associated macrophages are also a good target for therapy. In
this review, we briefly summarize recent progress on knowledge regarding the basic
molecular characteristics, impact on prognosis and potential clinical implications of

tumor-associated macrophages in hepatocellular carcinoma.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
cancers diagnosed worldwide.! Despite progress in systemic
treatment, the prognosis for patients remains poor. According to
the Barcelona Clinic Liver Cancer Scale and European Society
for Medical Oncology guidelines, different treatment modalities
may be applied depending on the disease stage and patient
performance.” However, even after curative treatment, many
patients experience disease recurrence. On the other hand, in
advanced disease, the response to treatment varies significantly,
and overall survival (OS) remains poor. Therefore, there is a
constant need to identify prognostic and predictive factors to better
tailor treatment and surveillance to individual tumor biology and
patient characteristics. Several factors have already been investi-
gated; however, the findings have been inconsistent.

The tumor microenvironment (TME) plays a vital role in cancer
survival and development. Constant injury and hepatocyte
regeneration are associated with chronic inflammation. There is a
complex interplay among hepatocytes and immune cells that is
highly dependent on the TME. The TME consists of the extracel-
lular matrix and tumor cells, fibroblasts, and immune cells with
different characteristics. Immune cells include tumor-associated
macrophages (TAMs), tumor-infiltrating lymphocytes (TILs),
tumor-associated neutrophils (TANs) and bone marrow-derived
stem cells. All of these cell types are capable of releasing signaling
molecules that exert various effects, such as inducing immune
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tolerance and angiogenesis, increasing proliferation, or preventing
tumor growth and metastasis.™* Several other factors present
within the TME, such as growth factors, cytokines, extracellular
matrix proteins, and various enzymes, may contribute to or prevent
carcinogenesis. Of particular interest are TAMs. TAMs are im-
mune cells that not only are capable of regulating primary tumor
growth but also are involved in the antitumor adaptive immune re-
sponse, tumor angiogenesis, and extracellular matrix remodeling.

This review focuses on TAMs as a major regulator of the TME.
We briefly summarize the characteristics of TAMs and their
potential use as prognostic and predictive factors in HCC, as well
as their potential clinical application as a therapeutic target.

Basic characteristics of TAMs

TAMs are among the most important immune cells within the
TME. These terminally differentiated cells are present in all
tissues. Kupffer cells—tissue-resident macrophages—are present
in the liver, but TAMs may be derived from circulating blood
monocytes or bone marrow monocytes as well as from progenitor
cells from the yolk sac and fetal liver that are able to proliferate.

TAMs are characterized by the expression of cluster of differen-
tiation (CD)68, a transmembrane glycoprotein that is considered a
general macrophage marker. TAMs may exhibit various functional
effects and can thus be subdivided into two major classes: M1 and
M2 macrophages.
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M1 macrophages are vital for proinflammatory and antitumor
responses. These cells may be activated by cytokines such as
interferon-gamma (IFN-gamma), tumor necrosis factor-alpha
(TNF-alpha), and granulocyte-macrophage colony-stimulating
factor (GM-CSF) or in response to microbial infection. The
production of interleukin (IL)-12 and other proinflammatory cyto-
kines leads to the initiation of a Th-1-dependent immune response.
M1 macrophages are also capable of cytotoxic activity against
cancer cells.’

M2 macrophages are associated with tumor progression and can-
cer development and are more commonly observed in HCC tissue
than M1 macrophages. M2 macrophage markers include CD163,
CD204, CD206, and MARCO, which are scavenger receptors.6
M2 TAMs may be activated by ILs 4, 10, or 13 or by macrophage
colony-stimulating factor (M-CSF) and glucocorticoid hormones.
M2-like macrophages present different functional phenotypes and
are divided into four other types.”® M2a macrophages express
CD206, CD209, and Dectin-1 and are involved in tissue repair
and cell growth or endocytic processes. Furthermore, it was
observed that M2a macrophages may promote tumor progression
in human by vascular endothelial growth factor (VEGF) and che-
mokine (C—C motif) ligand 18 (CCL18) secretion, which results
in angiogenesis induction and promotion of tumor cell migration
and invasion. M2a cells produce IL-10, CCL17, CCL18, CCL22,
and the amino-acid catabolizing enzyme Argl’while M2b macro-
phages regulate the immune response and release either pro- or

Table 1 Basic characteristics of tumor-associated macrophages&11

M Gryziak et al.

anti-inflammatory cytokines, such as TNF-alpha, IL-1-beta, IL-6,
and IL-10. M2c macrophages, called inactivated macrophages,
are involved not only in the phagocytosis of apoptotic cells but also
in immunoregulation through the suppression of M1-dependent in-
flammation. Several studies suggested that M2c macrophages
enhance tumor progression. This subtype presents CD163, Mer
tyrosine kinase (MerTK), and Tie2 expression as well as low to me-
dium levels of CD14, CD86, CD16, and CD206. These cells are ca-
pable of pro-inflammatory cytokines IL-10 and TGF-beta as well
as the chemokines CCL16, CCL18, and CXCLI13 secretion.’
Finally, M2d macrophages, characterized by a CDI14-high
CD163-high TGF-beta-high CD86-low phenotype, produce high
levels of CCL18 and enhance tumor growth and angiogenesis.'®"
TAMs may secrete proangiogenic cytokines such as VEGF, tumor
growth factor (TGF)-beta or platelet-derived growth factor, which
contribute to tumor progression.'' Promotion of tumor progression
by M2 macrophages is associated with the suppression of effector
T cells and increased recruitment of regulatory T cells. This mech-
anism is driven by the secretion of cytokines such as IL-10 and
TGF-beta or chemokines such as CCL17, CCL18, CCL22, and
CCL24."* A comparison of M1 and M2 TAMs is summarized in
Table 1 Of note, CD169 macrophages are distinct population that
are present in various tissues, spleen, or lymph nodes. It is sug-
gested that those cells are involved in antitumor immunity as well
as other process such as phagocytosis, antigen presentation, and
immune tolerance.”® In vitro studies showed that CD169 cells

Tumor-associated macrophages CD68

Type Molecular markers Role

Examples of mechanism

M1 CD80, CD86, HLA-DR, iINOS

M2

A CD206-high, CD209-high, dectin-1-high,
CD163-low-medium, CD86-low, CD14-
low-medium, IL-1R Invasion

Tumor cell proliferation
Tumor progression

B CD163-low, CD86-medium-high,
MHClIlhigh, CD14-medium

C CD163-high, CD14-medium, CD206-
low—medium, CD86-medium, MerTK-
medium-high, CD16, TLR1, TLR8

D CD163-high, CD86-low, CD14-high

Pro-inflammatory response
Antitumoral role
Cytotoxic activity against cancer cells

Tissue repairing
Metastasis

Phagocytosis of apoptotic cells

Angiogenesis
Metastasis

Inducible nitric oxide synthase (iNOS),
interleukin (IL)-1beta, tumor necrosis
factor (TNF)-alpha secretion.

VEGF, CCL18 secretion: angiogenesis,
migration.

|IL-4/STATS signaling pathway: involved
in tumor cell proliferation.

CCL1/CCR8 axis: high levels of CCL1
attract CCR8 expressing Th2 and Treg
cells, promoting an
immunosuppressive
microenvironment.

IL-10: favors the differentiation of naive
T cells into Treg cells.

|L-6: activation of Th2 cells, IL-1.

IL-10, TGF-beta, CCL16, CCL18,
CXCL13 secretion: pro-inflammatory.

IL-10, TGF-beta secretion.

VEGF, MMP9: angiogenesis induction
and degradation of the extracellular
matrix, facilitating tumor metastasis.
Expression of several molecules
associated with immune suppression
such as the IDO, IL10, Siglec 15, and
PD-1 ligands.
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significantly enhanced the proliferation, cytotoxicity, and cytokine
production capacity of CD8 T cells. It was proven that
CD68CD169 are correlated with improved prognosis in HCC
patients.'*'*> Characteristics of TAMs is presented in Figure 1.

TAMs as a prognostic factor in HCC

Recently, it was suggested that CD68 macrophages may be used as
a prognostic factor in HCC. However, the results of the various
studies are inconsistent. In a meta-analysis of 20 observational
studies with a total of 4297 patients, TAMs were suggested to be
independent predictive indicators and therapeutic targets for
HCC, with different effects observed for different subtypes of
TAMs. A high density of CD68 TAMs in either the intratumor
(IT) (pooled hazard ratio [HR] = 1.417; 95% cofidence interval
[CI] = 1.092-1.839; P = 0.009) or peritumor (PT) (pooled
HR =1.393; 95% CI = 1.022-1.899; P = 0.036) region was asso-
ciated with poor OS. The authors found that a high density of
CD68 TAMs in the IT region was also associated with a high
AFP level, a large tumor size, the absence of encapsulation, the
presence of vascular invasion, and a higher tumor-node-metastasis
(TNM) stage. Furthermore, a high density of CD163 macrophages
in serum was associated with poor OS (pooled HR = 5.698; 95%
CI = 3.062-10.603; P < 0.001). Additionally, a high density of
CD204 TAMs in the IT region was associated with poor OS
(pooled HR = 1.947; 95% CI = 1.387-2.733; P < 0.001), and a
high density of CD206 TAMs in the IT region was associated with
poor OS (pooled HR = 1.723; 95% CI = 1.308-2.270; P < 0.001)
and disease-free survival (pooled HR = 1.711; 95%
Cl=1.214-2.412; P = 0.002). On the other hand, a high density
of CD169 TAMs in the IT region was associated with favorable
OS (pooled HR = 0.471; 95% CI = 0.343-0.647; P = 0.037).'¢
Of note, the use of TAMs within the TME as a single biomarker
may not be sufficient to fully elucidate their role. Furthermore,

\/ Monocgtej
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several other factors should be taken into account when assessing
the use of TAMs as a prognostic factor.

First, different results may be observed when CD68 expression
is analyzed separately and when the ratio of CD68 expression to
that of additional factors is evaluated. Minami et al. suggested that
there was no significant difference in OS based on a low versus a
high density of CD8 cells. However, in patients with a median
tumor size of >3.5 cm and in patients with poorly differentiated
HCC, an increase in the density of CD68-positive cells was
observed. Furthermore, when survival was analyzed based on the
CD163/CD68 ratio with a cutoff value of 1, a decrease in the OS
time but not the recurrence-free survival (RFS) time was observed;
specifically, for the lower ratio group, the median survival time
was significantly shorter compared with the higher ratio group
(84.2 vs 72.3 months; P = 0.046)."” It is worth mentioning that
CD163 macrophages are considered M2-polarized cells.

The TME also consists of other cells, such as TILs, CD4+ reg-
ulatory lymphocytes, or CD8 cytotoxic lymphocytes. Regulatory
lymphocytes may promote immune tolerance and inhibit the anti-
tumor roles of other cells, such as CD8 cells. On the other hand,
cytotoxic lymphocytes prevent tumor progression by killing can-
cer cells. Low CD8 cell counts are associated with poorer survival.
A higher CD68/CDS8 ratio is associated with a poor prognosis.'®
This suggests that not only the presence of particular immune cells
but also the imbalance between various cell subsets plays a crucial
role. The importance of interactions among immune cells was also
shown in another study, which suggested that CD74 could be a
marker for favorable prognosis in HCC. Most CD74 was localized
on CD68 cells, and blocking CD74 expression attenuated the
antitumor activity and proliferation ability of CDS8 cytotoxic T
lymphocytes. Subsequently, transcriptomic profiling of tumors
with CD74 high-expression tumors using the TCGA database
showed that multiple immunostimulatory cytokines were upregu-
lated in CD74 high-expression tumors compared with CD74
low-expression tumors."’
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As already mentioned, the CD68 staining alone may not be
sufficient to distinguish the roles of cells. For example, Li et al.
assessed the densities of CD204CD68 and CD169CD68 cells
and observed that the former population was associated with a
negative impact but the latter population was associated with a
positive impact on 0S.'* CD204 is a phagocytic pattern recogni-
tion receptor that is expressed primarily on myeloid lineage cells,
may have a protumor function and has been shown to be associ-
ated with poor prognosis.”® In contrast, CD169 may exert an anti-
tumor effect although its role is not fully understood."* Similarly,
Lam et al. observed that CD38 was frequently coexpressed with
the macrophage-specific marker CD68. The CD38CD68 macro-
phage density was associated with improved prognosis after
surgery, while the total CD68 macrophage density was associated
with poor prognosis,. CD38 is involved in the adenosine pathway,
which participates in one of the immunosuppressive mechanisms
in cancer. However, CD38 was upregulated on M1 macrophages
with pro-inflammatory cytokine profile, which may contribute to
the antitumor response. CD38 1is associated with IL-6 and
TNF-alpha secretion, minimal IL-35 secretion and no secretion
of IL-10 and IL-12 cytokines.?' Furthermore, there is interplay
among CD68 TAMs, programmed death-ligand 1 (PD-L1) expres-
sion, and the immune response within the TME. Recently, it has
been suggested that CD68 M1 TAMs are associated with the
induction of PD-L1 in HCC cells, suggesting that they play a
protumor role.”> When PD-L1 expression in HCC was assessed
together with CD68 expression, survival analysis showed that
the expression of PD-L1 on tumor cells was correlated with tumor
progression, whereas the expression of PD-L1 on macrophages
had a role in protecting the prognosis of patients with HCC.
Moreover, CD68PD-L1 cells were found to be associated with
an activated immune microenvironment with high CD8 T-cell
infiltration.”

Itoh et al. analyzed the association between PET/CT activity and
outcomes. Patients with a high maximum standardized uptake
value (SUVmax) on 18F-FDG PET/CT showed a significantly
worse RFS (HR: 1.500; 95% CI: 1.088-2.069; P = 0.0133) and
OS (HR: 2.259; 95% CI: 1.276—4.000; P = 0.0052). Of note, a
high SUV was also associated with a PD-L1-positive phenotype
(odds ratio: 4.407; 95% CI: 2.265-8.575; P < 0.0001). In addi-
tion, higher CD68-positive macrophage counts were associated
with significantly higher SUVmax values, whereas patients with
HCC with high SUVmax values had lower intratumoral
CD8-positive T-cell counts.”*

TAMs combined with blood parameters
as a prognostic factor in HCC

A very interesting approach is combining the assessment of CD68
expression with the assessment of soluble factors. In a study
conducted in a population of patients undergoing transcatheter ar-
terial chemoembolization (TACE), soluble PD-L1 (sPD-L1) levels
were significantly increased in patients with HCC progression
(P =10.002) and death (P < 0.001). Patients with higher pretreat-
ment sPD-L1 levels had significantly shorter times to progression
(10.50 vs 18.25 months, P=0.001) and decreased OS times (16.50
vs 28.50 months, P = 0.003). Of note, high sPD-L1 levels corre-
lated with increased numbers of Treg cells (FOXP3; P = 0.026),
macrophages (CD68; P = 0.014), and M2 macrophages (CD163;

1492

M Gryziak et al.

P =0.026) and were also associated with IL-10 levels and HBV
DNA loads, which suggested immunosuppression when consid-
ered in combination.*

In another study, the serum c-reactive protein (CRP) level was
suggested to be an indicator of an immunosuppressive TME in
HCC. Because the importance of serum CRP in the local immune
response at the tumor site was not clear, the authors assessed the
correlation between CRP and various immune cell populations,
including CD11b myeloid cells, CD68 macrophages, CD15
neutrophils, CD8 T cells, and CD206, CD204, CD163 and
CD169 macrophages. The analysis revealed that the densities of
CD68 TAMs and CD15 TANs were significantly higher in patients
with elevated serum CRP levels than in those with low CRP levels
(both P < 0.0001). Further analysis of TAM subtypes revealed that
serum CRP levels were associated with the densities of CD204
and CD163 macrophages (P < 0.0001 and P = 0.0003, respec-
tively). Moreover, according to transcriptome data analysis, CRP
expression is associated with the expression of myeloid cell
infiltration-related genes in HCC tumors. These results suggest
that the combination of serum CRP with TAMs or TANs in both
the nontumor and intratumor regions could be a powerful criterion
for predicting patient prognosis.

It was also hypothesized that the preoperative
neutrophil-lymphocyte ratio (NLR) could be a predictor of patient
prognosis after liver transplantation and reflect the inflammatory
TME. Similarly, an elevated perioperative peripheral blood
monocyte count may predict a poor prognosis in patients with
HCC after resection. These findings supported a plan for a study
in which the authors decided to assess the peripheral
neutrophil-monocyte/lymphocyte ratio (NMLR) and intratumoral
levels of CD4, CD8, CD16, CD68, and CD16/CDS for correlation
with prognosis after curative HCC resection. The authors con-
cluded that the intratumoral CD16 cell-to-CD8 lymphocyte ratio
(iMLR) was indicative of immune imbalance in the local microen-
vironment and strongly predicted the risk of recurrence and/or
poor patient survival. Furthermore, there was a positive correlation
between the IMLR and systemic NMLR (»=0.138, P=0.027, and
r=0.182, P=0.037, respectively). The authors concluded that the
combination of the iIMLR and NMLR (low vs high) could be used
as a predictor for OS and RFS and proved to be better than
well-established factors, such as tumor size, differentiation status,
vascular invasion status, and BCLC/TNM stage. In the same study,
no correlation was observed between patient outcomes and
CD68 cells.”’

TAMs as a predictive factor for systemic
treatment

In this era of an increasing role for immunotherapy, there is a need
to identify predictive factors. In a recently published study,
patients with a high CD38CD68 macrophage density had a longer
mOS time than patients with a low CD38CD68 macrophage
density (34.43 months compared with 9.66 months) when treated
with immune checkpoint inhibitors. The authors suggested that
CD38 macrophages produce more interferon gamma and other
cytokines, which may contribute to a better response to immuno-
therapy. Of note, the total CD38 cell proportion and CD38CD68
TAM density predicted responsiveness to immunotherapy more
accurately than the PD-L1 score or CD8 T-cell density.*®

Journal of Gastroenterology and Hepatology 39 (2024) 1489-1499

© 2024 Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

85U8017 SUOWILLIOD 3A 18810 3(dedl|dde 8y} Aq peusenob ae sspoie YO ‘8sn JO S9InJ 10} Akeiq1 78Ul |UO 8|1 UO (SUONIPUOD-pUe-SWLS)W0D A8 | im A1 1jpul|uo//Sdiy) SUORIPUOD PUe SWIB | 8L 88S *[5202/90/50] Lo AriqiT aulluo A8|IM ‘pue|od 8ueIyooD Aq #959T YBITTTT 0T/I0p/woo A8 1m Aiq pul|uo//sdny wouy pepeojumod ‘8 ‘¥Z0Z ‘92 TOVYT



M Gryziak et al.

Responsiveness to anti-PD-1 immunotherapy according to TME
characteristics was also studied in another recently published
study.” Authors combined spatial trancriptomics with single-cell
RNA sequencing and multiplexed immunofluorescence. As a
result, a tumor immune barrier (TIB) structure was identified, as
a spatial niche composed of SPPl1 macrophages and
cancer-associated fibroblasts (CAFs) located near the tumor
boundary, which was associated with the efficacy of immune
checkpoint blockade. It was suggested that hypoxic microenviron-
ment promotes SPP1 expression, and SPP1 macrophages interact
with CAFs to stimulate extracellular matrix remodeling and
promote TIB structure formation, thereby limiting immune
infiltration in the tumor core. Preclinically, the blockade of SPP1
or macrophage-specific deletion of Spp1 in mice led to enhanced
efficacy of anti-PD-1 treatment in mouse liver cancer, accompa-
nied by reduced CAF infiltration and increased cytotoxic T-cell
infiltration. Furthermore, it is suggested that TAMs are involved
in sorafenib resistance through maintenance of tumor growth and
metastasis by secreting hepatocyte growth factor (HGF). This, in
turn, may activate the HGF/c-Met, extracellular regulated kinase
1/2/mitogen-activated protein kinase (ERK1/2/MAPK), and phos-
phoinositide 3-kinase/protein kinase B (PI3K/AKT) pathways in
tumor cells. Therefore, an interesting strategy would be to
combine sorafenib with an HGF inhibitor such as cabozantinib
to improve treatment outcomes.””

In another study, a higher expression of the M2 TAM marker
CD204 and the cancer stem cell (CSC) markers CD44 and
CD133 was observed in patients with sorafenib resistance than
in those responding to sorafenib. M2 TAMs could increase the
level of CSCs but decrease apoptosis induced by sorafenib. Incu-
bation of HCC cells with coculture-conditioned medium increased
the formation of spheres that were resistant to sorafenib. Further-
more, chemokine (C-X-C motif) ligand 1 (CXCL1) and CXCL2
were found to be the potential paracrine factors released by M2
TAMs to increase sorafenib resistance in HCC cells. Treatment
with CXCL1 and CXCL2 could increase HCC CSC activity but
decrease sorafenib-induced apoptosis by affecting BCL-2 family
gene expression. Using pharmacological inhibitors, the authors
found that CXCR2/ERK signaling was critical to CXCL1- and
CXCL2-mediated sorafenib resistance.’' Therefore, reducing the
number of TAMs in the TME or re-educating TAMs for polariza-
tion toward the M1 phenotype could be a valuable approach for
future research.

TAMs as a treatment target

As most TAMs within the TME are M2 macrophages that promote
tumor development, suppress M1 macrophage functions and
adaptive immunity, and favor angiogenesis, TAMs have been sug-
gested to be a potential target for novel therapies. M2 TAMs can
be converted into M1 TAMs or their recruitment may be reduced.
Other options include increasing the population of M1 TAMs.>?
Some of the most interesting concepts are briefly summarized in
Table 2. However, a detailed analysis is beyond the scope of this
review. Additionally, Table 3 summarizes clinical trials focused
on TME modifications in hepatocellular carcinoma.

Because IL-37 exerts potent anti-inflammatory and immunosup-
pressive effects and accumulating evidence suggests that 1L-37
exerts antitumor effects, it was investigated in HCC as a novel
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treatment strategy. In a recently published study, HCC
patient-derived TAMs were infected with lentiviruses expressing
IL-37 (LV-IL-37) and IL-37 siRNA, and the conditioned medium
from these TAMSs was then used to culture HCC cells. A xenograft
mouse model was established by subcutaneous injection of a mix-
ture of HepG2 cells and TAMs/LV-IL-37. HCC patient-derived
peripheral blood mononuclear cells showed M2 polarization and
decreased 1L-37 expression. Furthermore, IL-37 promoted TAM
polarization from the M2 to the M1 phenotype by inhibiting
IL-6/STAT3 signaling. Moreover, IL-6 upregulation by recombi-
nant human IL-6 (rhIL-6) blocked the IL-37 overexpression-
mediated inhibition of HCC cell proliferation, migration, and
invasion. In addition, IL-37 overexpression in HCC
patient-derived TAMs inhibited tumor growth in vivo.>

As TAMs may influence tumor progression, several studies
have aimed to neutralize their effects. One approach is to
re-educate  TAMs by inhibiting the M-CSF receptor with
pexidartinib (PLX3397), which inhibits tumor growth and in-
creases the population of CD8 lymphocytes. Colony-stimulating
factor-1 (CSF-1) and its receptor CSF-1R regulate the differentia-
tion and function of macrophages and play an important role in
macrophage infiltration. Treatment with PLX3397, which is a
competitive inhibitor with high specificity for the CSF-1R tyrosine
kinase, significantly delayed tumor growth in mouse models.
PLX3397 inhibited the proliferation of macrophages in vitro, but
intratumoral macrophage infiltration was not decreased by
PLX3397 treatment in vivo. Gene expression profiling of TAMs
showed that TAMs from PLX3397-treated tumors were polarized
toward an MIl-like phenotype compared with those from
vehicle-treated tumors.**

Another agent with proven efficacy is baicalin (8-bromo-7-
methoxychrysin, BrtMC). In the primary study, liver cancer stem
cells and conditioned medium were obtained. TAMs and the ef-
fects of BrMC on TAMs were validated by immunofluorescence
staining, ELISA, and the Griess assay. The expression of cancer
stem cell and macrophage markers was analyzed by western
blotting. The results showed that BrMC significantly suppressed
the expression of the M2 macrophage marker CD163. Further-
more, BrMC influenced the cytokine secretion profile of TAMs.
Mechanistically, BrMC reversed the M2 polarization of TAMs
due to inhibition of NF-kB activation.*’

Inhibition of TAM recruitment has also been suggested as a
therapeutic option. This strategy has been tested in studies focus-
ing on chemokine receptor type 2 (CCR2) antagonists and showed
promising results. The CCL2/CCR?2 axis is involved in the recruit-
ment of monocytes/macrophages and is implicated in various liver
pathologies, including HCC. CCL2 is overexpressed in human
liver cancers and is a prognostic marker for patients with HCC.
It was shown that blockade of CCL2/CCR?2 signaling by knockout
of CCR2 or treatment with a CCR2 antagonist inhibits malignant
growth and metastasis, reduces postsurgical recurrence, and
improves survival. Furthermore, therapeutic blockade of the
CCL2/CCR?2 axis inhibits the recruitment of inflammatory mono-
cytes and the infiltration and M2 polarization of TAMs, resulting
in reversal of the immunosuppressed status of the TME and activa-
tion of an antitumor CD8 T-cell response.’®

Because the C—C chemokine ligand 5 (CCL5)—C—C chemokine
receptor (CCRS5) axis facilitates tumor progression, the CCRS
antagonist maraviroc (MVC) was investigated in HCC.
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The authors of the study showed that after incubation of macro-
phages with MVC for 24 h, the levels of M1 cytokines signifi-
cantly increased, whereas those of the M2 phenotype factors
ARG]1, TGF-beta-1, and IL-10 decreased, accompanied by the
activation of signal transducer and activator of transcription 3
(STAT3) and downregulation of suppressor of cytokine signaling
3 (SOCS3). The macrophages reverted to the M2 phenotype after
treatment with a STAT3 inhibitor. The shift in macrophage polari-
zation toward the M1 phenotype increased the radiosensitivity and
apoptosis of hepatoma cells. Mice administered a combination of
X-irradiation and MVC exhibited a better antitumor effect than
those administered either MVC or irradiation alone.*”

Zoledronic acid treatment enhanced the effects of TACE by
inhibiting TAM infiltration and tumor angiogenesis in a rat model.
Investigation of the underlying mechanisms demonstrated that
TACE combined with zoledronic acid treatment inhibited the infil-
tration of F4/80-positive TAMs and tumor angiogenesis compared
with TACE alone at 14 days following the procedure. Addition-
ally, the combination treatment significantly inhibited the secretion
of VEGF.™

Because activation of the antitumor immune response using pro-
grammed death receptor-1 (PD-1) blockade alone showed benefit
in only some patients with HCC, combining PD-1 blockade with
antiangiogenic therapies has been investigated and been proven
to result in better outcomes. In a rat model, combination therapy
with VEGF receptor 2 (VEGFR-2) blockade and anti-PD-1 anti-
body treatment remodeled the immune microenvironment by
increasing CD8 + cytotoxic T-cell infiltration and activation,
shifting the M1/M2 ratio of TAMs and reducing regulatory T cell
(Treg) and chemokine (C—C motif) receptor 2-positive (CCR2)
monocyte infiltration in HCC tissue.*

In addition to TAMs and PD-L1 expression, osteopontin is an-
other factor associated with tumor immune escape that has been
investigated in HCC. Osteopontin increases chemotactic migration
and alternative activation of macrophages and promotes PD-L1
expression in HCC via activation of the CSF1-CSFIR pathway
in macrophages. In a mouse model, the numbers of TAMs, as well
as the expression levels of M2 macrophage markers and PD-L1,
were significantly decreased but the levels of cytokines produced
by T helper 1 (Thl) cells were increased in tumor tissues from
osteopontin-knockout mice compared with those from control
mice. Furthermore, positive associations between osteopontin
and PD-L1 expression and between osteopontin expression and
TAM infiltration in tumor tissues from patients with HCC were ob-
served. Histological analysis, flow cytometric analysis and ELISA
revealed increased CD8" T-cell infiltration, a reduced TAM popu-
lation and an improved Th1/Th2 cytokine balance in multiple
mouse models of HCC.*

Another strategy is the use of bispecific antibodies (biAb). In a
study evaluating bispecific antibodies that bind to both GPC3 and
CD47 in HCC, promising results were reported. Glypican-3
(GPC3) is a well-characterized HCC-associated antigen, while
CD47 is an immune checkpoint protein that promotes the evasion
of tumors from immune surveillance. Via both in vitro and in vivo
assays, it was found that the GPC3/CD47 biAb exhibits strong
antitumor activity preferentially against dual antigen-expressing
tumor cells. In hCD47/human signal regulatory protein alpha
(hCD47/hSIRPa) humanized mice, the GPC3/CD47 biAb had an
extended serum half-life without causing systemic toxicity.
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Importantly, the GPC3/CD47 biAb enhanced Fc-mediated effector
functions in dual antigen-expressing HCC cells in vitro, and both
macrophages and neutrophils were required for its strong efficacy
against xenograft HCC tumors. Notably, the GPC3/CD47 biAb
outperformed monotherapies and a combination therapy with
anti-CD47 and anti-GPC3 monoclonal antibodies (mAbs) in a
xenograft model of HCC."!

XCT is upregulated in many cancers and plays an important role
in the survival and growth of tumors, mediating the reverse trans-
port of extracellular L-cystine and intracellular L-glutamic acid for
intracellular glutathione biosynthesis and antioxidant defense to
balance the increased oxidative stress in tumor cells. XCT was re-
cently investigated in HCC, and it was shown that xCT-specific
knockout in macrophages inhibits tumorigenesis and metastasis
by reducing TAM recruitment and infiltration, inhibiting M2 po-
larization, and facilitating ferroptosis in TAMs. xCT-mediated
macrophage ferroptosis significantly increases PD-L1 expression
in macrophages and improves the antitumor efficacy of anti-PD-
L1 therapy. XCT expression in tumor tissues, especially in
CD68macrophages, can serve as a reliable factor to predict the
prognosis of HCC patients.*?

Another strategy may be based on increased recruitment of M1
macrophages. For example, the extracellular matrix protein
SPON2 is involved in recruiting lymphocytes and initiating im-
mune responses. In the TME, SPON2 not only promotes the infil-
tration of M1-like macrophages but also inhibits tumor metastasis.
Moreover, it was shown that in HCC patients, the SPON2 level
correlated positively with prognosis.**

Conclusions

TAMs are one of the most important immune cells within the
TME. They may be subdivided into various classes that are asso-
ciated with anti-tumoral or protumoral effects (M1 and M2 macro-
phages, respectively). Because tumor progression is highly
dependent on microenvironment and immune status, TAMs play
crucial role in the development of host response or tumor. There-
fore there are several areas of interest, where TAMs could change
the clinical practice. First, TAMs may be used as prognostic fac-
tors, such as CD68, CD163, CD204, CD206, although the con-
flicting results of various studies highlight the need for better
understanding of their complex role and interactions within the
TME. Furthermore, several studies suggested TAMs as predictive
factors for the response to immunotherapy (i.e. CD38CD68 and
anti-PD-1/PD-L1 treatment) or other systemic treatments. Finally,
the modification of TAM infiltration within the tumor may be a
valuable strategy for future research and treatment.
TAM-targeted therapies are being extensively investigated, and
some of the trials already presented with promising results. The
complexity of the network between immune cells, host, and tumor
cells makes that there is still a need for better understanding of the
processes within the microenvironment.
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ARTICLE INFO ABSTRACT
Keywords: Introduction: The aim of the study was to assess prognostic factors associated with an increased
Liver cancer risk of recurrence of hepatocellular carcinoma (HCC) after radical treatment.

Liver transplantation
Liver resection
Tumor microenvironment

Materials and methods: This is a retrospective, single-center analysis of data on HCC recurrence in
patients who underwent radical treatment. Molecular tumor characteristics, baseline laboratory
results and hepatic viral status were analyzed.

Results: Data from 111 patients were included in the analysis. The most important prognostic
factors for recurrence were vascular microinvasion (HR 4.54; 95 % CI 1.769-11.681; p 0.001),
baseline white blood count (HR 2.13; 95 % CI 1.261-3.567; p 0.004) and baseline alpha-
fetoprotein (HR 1.00009; 95 % CI 1.000001-1.00002; p 0.034). Microvascular invasion was
only prognostic factor which correlate significantly with the overall survival (HR 5.04, 95 % CI
2.352-12.413; p < 0.001). PD-L1 expression was confirmed in 4 patients and all of them
developed a disease recurrence. However, there was no statistically significant assosciation with
prognosis. The presence of CD68 tumor-associated macrophages was confirmed in 62 patients,
ranging from 5 % to 40 %. Analysis showed that CD68 was not associated with the risk of
recurrence of HCC.

Conclusions: The results confirm that microvascular invasion is the most important factor asso-
ciated with an increased risk of hepatocellular carcinoma recurrence and death, while PD-L1 and
CD68 expression did not have an impact on patient prognosis.

1. Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide [1]. Despite several new developments in treat-
ment in recent years, the prognosis for patients remains poor [2,3].

Treatment of hepatocellular carcinoma varies depending on the clinical stage of the disease. According to the European Society for
Medical Oncology (ESMO) guidelines [4], patients with BCLC 0-A disease may qualify for liver transplantation, resection, ablation or
radiotherapy. Patients with BCLC B disease may also benefit from TACE or systemic treatment when local therapy is not suitable. BCLC
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C disease is an indication for systemic treatment. Finally, patients with BCLC D should receive the best supportive care.

Although liver transplantation or resection are considered radical options of treatment, some patients develop tumor recurrence.
Therefore, there is a need to identify prognostic factors to tailor treatment and oncologic surveillance to patients’ needs and tumor
characteristics. Furthermore, in the likely upcoming era of adjuvant treatment and immunotherapy, where a good response is observed
in some but not all patients, finding predictive factors is crucial.

Recently, it was suggested that the tumor microenvironment plays an essential role in the progression of the disease. One of the
most important factors within the microenvironment, are tumor-associated macrophages (TAMs). It is suggested that they could be
used as prognostic or predictive factors [5]. Recently published meta-analysis showed that CD68 TAMs are not associated with pa-
tients’ prognosis [6]. However, several studies have suggested that CD68 expression has negative prognostic value, while some have
suggested that it is a positive prognostic factor. Most of the studies analyzing CD68 expression were conducted among patients after
curative resection, and only 2 analyzed populations after liver transplantation. The results of one study suggested no impact (n = 206)
[71, whereas the second suggested a negative impact (n = 88) [8]. Moreover, it is important to remember, that several other proteins
are used as a markers of M1 polarization, such as CD80, CD86 or inducible nitric oxide synthase (iNOS) [9]. Of note, M2 polarized
macrophages characterized by CD163 or CD206 expression, are involved tumors progression. M2 macrophages are further subdivided
into four subsets (M2a, b,c,d). Each of the types has different characteristics [10]. In the era of immunotherapy, it is important to
highlight that a recently published study indicated that CD68 M1 TAMs were associated with the induction of programmed
death-ligand 1 (PD-L1) in HCC cells, which suggested their protumor role. When PD-L1 expression in HCC was assessed together with
CD68, survival analysis showed that the presence of PD-L1 on tumor cells was correlated with tumor progression, whereas the
expression of PD-L1 on macrophages had a protective role in the prognosis of patients with HCC. Moreover, in this study, CD68/PD-L1
cells were associated with an activated immune microenvironment with high CD8 T-cell infiltration [11,12].

PD-L1/PD-1 axis plays an important role in antitumor immunity. The PD-1 receptor may be expressed on immune cells such as T, B
or NK (natural killer) lymphocytes, while the PD-L1 ligand may be present on antigen-presenting cells (APCs) or endothelial cells. PD-
1/PD-L1 binding leads to the suppression of immune cell activity against the tumor and the development of host tolerance [13].
Overexpression of PD-L1 can be one of the mechanisms used by neoplasms to escape from the host immune system [14]. Several studies
have shown that PD-L1 expression may be increased in some cancers and could be associated with worse prognosis [15,16]. According
to available data, PD-L1 expression may be associated with an increased risk for a more aggressive disease course, for example, in
melanoma or renal cell carcinoma [17,18]. Since anti-PD-1/PD-L1 immunotherapy is currently being investigated in various clinical
settings in HCC [19,20] and data regarding the impact of PD-1/PD-L1 expression on patient prognosis are inconsistent, it is valuable to
assess the frequency of PD-L1 expression in HCC and to evaluate its prognostic or predictive value [21,22]. According to some results,
PD-L1 expression seems not to be associated with patient prognosis in HCC, whereas in other studies, it proved to contribute to worse
outcomes [23,24].

The aim of this study was to describe the molecular characteristics of patients with HCC as well as to assess the long-term outcomes
of treatment and to search for prognostic factors associated with the recurrence of HCC after liver transplantation, curative resection or
qualified systemic treatment.

2. Materials and Methods

We retrospectively screened all medical records of patients with hepatocellular carcinoma treated at a single academic center
between 2010 and 2022.

The inclusion criteria were as follows: diagnosis of hepatocellular carcinoma, liver transplantation or curative resection, qualifi-
cation for systemic therapy, lack of other cancers at the time of diagnosis and availability of cancer tissue for additional pathological
testing. Liver transplantation criteria included the Milan criteria (one lesion <5 cm; alternatively, up to three lesions, each <3 c¢cm; no
extrahepatic manifestations; no evidence of macrovascular invasion) and University of California San Francisco (UCSF, one tumour
<6.5 cm, three nodules at most with the largest <4.5 cm and total tumour diameter <8 cm) criteria or Up-to-7 criteria.

Basic demographic and clinical data, including laboratory blood tests were collected. Laboratory blood test included in the analysis
was gathered within one week before the treatment starting date. The focus was on viral infections status, baseline alpha-fetoprotein
(AFP), lymphocyte, neutrophil and platelet counts, PALBI score, albumin, bilirubin, ALBI score and grade as well as tumor size and
number of lesions. Furthermore, molecular characteristics of tumor was analyzed.

Tissue sampling was performed subsequently after the surgery procedure according to standard protocols. All tissue specimens
were reevaluated by an histopathologist who confirmed the diagnosis of HCC and verified histological grading and microvascular
invasion. Microvascular invasion was defined as a presence of cancer’s cells within the light of vessels. Additionally, CD34 assessment
as well as van Gieson or orcein stain were performed. Subsequently, tumor tissue PD-L1 and CD68 expression was assessed.

PD-L1 expression was evaluated in formalin-fixed, paraffin-embedded tissues using a PD-L1 IHC 28-8 pharmDx qualitative
immunohistochemical assay (PD-L1 IHC 28-8 pharmDx, Dako Agilent). The EnVision FLEX visualization system on Autostainer Link 48
was used according to the manufacturer’s instructions. PD-L1 expression was stratified according to >1 %, >5 % or >10 % tumor cell
expression.

CD68 expression was detected using a mouse monoclonal antibody that recognizes human antigen and labels human monocytes
and macrophages (IR613 CD68, PG-M1, Unconjugated, FLEX RTU, Agilent Technologies). All procedures were performed according to
the manufacturer’s instructions.

Data regarding follow-up were gathered during interviews with patients and extracted from the hospital internal system. All in-
cidents of HCC recurrence or new cancer development were reported.
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Table 1
Basic characteristics of patient population.

Variable

Age [median, range] 61,23-84

Biologic sex — male [n] 82

Biologic sex — female [n] 29

Treatment

Liver transplantation [n] 52

Curative resection [n] 59
Systemic treatment [n] 16

Baseline AFP [median, range] 4467,0.61-251 106

HBV infection/HBsAg 28

HCV infection/aHCV 48

Differentiation grade

Grade 1 5

Grade 2 81

Grade 3 14

Microvascular invasion

Yes 36

No 75

Tumor number

Solitary 62

Multiple 43

Tumor size

<5 cm 62

>5cm 44
Tumor PD-L1 expression [n, %] 4, 5-100 %

TILs/TAMs PD-L1 expression [n] 54

CD68 expression [n, %] 62, 5-40 %

Recurrence.[n] 52

Death [n] 45

AFP: alpha-fetoprotein; HBV: hepatitis B virus; HBsAg: hepatitis B surface anti-
gen; HCV: hepatitis C virus; aHCV: anti-hepatitis C virus antibodies; PD-L1:
programmed death ligand 1; TILs: tumor infiltrating lymphocytes; TAMs:
tumor-associated macrophages; CD68: cluster of differentiation 68.

Final analysis assessed the possible prognostic value of the molecular characteristics of the tumor or initial clinical data and their
impact on the overall survival and recurrence of HCC.

Statistical analysis was performed using Statistica by StatSoft software. Potential prognostic factors for OS and RFS were evaluated
using Cox proportional hazard regression models. After preparing the Cox model, we checked the results using the proportionality
hazard test (PH test). P values < 0.05 were considered statistically significant.

All samples were anonymously coded in accordance with local ethical guidelines as requested by the Declaration of Helsinki. The
study was acknowledged by the Bioethical Commission of the Medical University of Warsaw under the number AKBE/154/2021 on the
September 6, 2021.

3. Results

Over 227 consecutive HCC patients treated in the academic center were screened for tissue available for histopathological
assessment. The analysis was performed for the general population and for two subgroups — after liver transplantation or after
resection. The third analysis for patients qualifying to systemic treatment was not performed and those patients were excluded also
from the general population analysis as the clinical characteristics of those patients is different and the number of patients with
available material for histopathologic assessment was too low. Although over 70 patients receiving systemic treatment due to HCC
were screened, histopathologic material was available only for 16 patients, which did not allow to perform statistical analysis.
Moreover, there was significant heterogeneity between patients in terms of systemic treatment received: 12 patients received sor-
afenib, 3 received cabozantinib, 1 received gemcitabine with oxaliplatin, and 1 received zoledronic acid; therefore, a separate analysis
in the third group was not conducted.

The final analysis included 111 patients meeting inclusion criteria: 52 after liver transplantation, 59 after curative resection.Eighty-
two patients were males, and 29 were females, with a median age of 61.7 years. Over 42 % (n = 48) were HCV positive, and 24 % (n =
28) were HBV positive. Most patients had relatively small tumors; lesions of approximately 50 mm or more were detected in 38 % of
patients (n = 44).

The median follow-up was 47.95 months, varying from 0.1 month (death due to postsurgical complications) to 138 months. During
the time of observation, in the analyzed population 52 cases of recurrence were diagnosed (41/59 patients after resection (69 %) and
11/52 after liver transplantation (21 %) and 45 patients died. The median relapse-free survival (RFS) was 20.5 months, and the time to
death after primary treatment in cases of recurrence was 30 months. Fig. 2 presents RFS according to the treatment method.

Analysis was performed in two subgroups: patients after liver transplantation and patients after curative resection. Among patients
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Table 2
Tumor recurrence — univariable and multivariable analysis — general population.

Univariable analysis

Factor P value Hazard ratio

Age 0.819 0.995
Biologic sex 0.462 0.793
HCV infection 0.062 0.581
HBV infection 0.411 0.760
PALBI score 0.065 0.612
PALBI grade 0.015 0.646
AFP baseline 0.001 1.000
Bilirubin baseline 0.032 0.711
Albumin baseline 0.773 0.999
ALBI score 0.185 0.819
ALBI grade 0.135 0.751
NLR 0.075 0.959
WBC 0.115 1.410
PLT 0.013 1.004
PLR 0.890 0.999
Number of tumors 0.383 0.840
Size [mm] 0.001 1.014
Grading 0.002 2.864
Microvascular invasion 0.001 4.865
CD68 expression 0.949 0.870
PD-L1 expression 0.053 6.834
Multivariable analysis
Factor P value Hazard ratio, (95 % confidence interval)
HCV 0.469 1.397 (0.564-3.458)
AFP baseline 0.034 1.000 (1.000001-1.00002)
Microvascular invasion 0.001 4.546 (1.769-11.681)
WBC 0.004 2.121 (1.261-3.567)

HBV: hepatitis B virus; HCV: hepatitis C virus; PALBL: platelet-albumin-bilirubin; AFP: alpha-fetoprotein; ALBIL: albumin-bilirubin; CD68:
cluster of differentiation 68; PD-L1: programmed death ligand 1; NLR: neutrophil-to-lymphocyte ratio; WBC: white blood cells; PLT:
platelets; PLR: platelets-to-lymphocytes ratio.
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Fig. 1. The impact of microvascular invasion on tumor recurrence.

with disease progression (n = 52), 16 were enrolled in systemic treatment.

The basic characteristics of the patient population are presented in Table 1. After univariable statistical analysis, several factors
were defined as prognostic factors for recurrence of hepatocellular carcinoma. The most important negative prognostic factors were
tumor size, microvascular invasion and grading, AFP before the treatment, and bilirubin as summarized in Table 2. Other factors were
PALBI grade, NLR, WBC and PLT count. PD-L1 expression in tumor tissue was associated with a borderline significant p value of 0.053.
In the multivariable analysis, only microvascular invasion (present or absent, Fig. 1), baseline AFP and WBC were strong negative
prognostic factors (Table 2).

In the univariable analysis for overall survival in general population, tumor size and microvascular invasion as well as AFP and PLT
count were associated with an increased risk for death (Table 3). However, multivariable analysis indicated that only microvascular
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Fig. 2. Relapse free survival according to the treatment method - transplantation vs resection.

Table 3
Overall survival — univariable and multivariable analysis — general population.

Univariable analysis

Factor P value Hazard ratio

Age 0.865 1.003

Biologic sex 0.251 0.678

HCV infection 0.187 0.645

HBV infection 0.861 0.938

PALBI score 0.675 0.886

PALBI grade 0.689 0.922

AFP baseline <0.001 1.000

Bilirubin baseline 0.625 0.964

Albumin baseline 0.909 0.999

ALBI score 0.266 0.841

ALBI grade 0.208 0.769

NLR 0.075 0.959

WBC 0.115 1.410

PLT 0.013 1.004

PLR 0.890 0.999

Tumor number 0.471 1.162

Tumor size <0.001 1.014

Grading 0.103 1.832

Microvascular invasion <0.001 5.234

CD68 expression 0.480 0.120

PD-L1 expression 0.225 3.310

TILs 0.576 0.779

PD-L1 TILs/TAMs 0.713 1.126
multivariable analysis

Factor P value Hazard ratio (95 % Confidence interval)

AFP baseline 0.074 1.000 (0.999-1.000)

Microvascular invasion <0.001 5.404 (2.352-12.413)

HBV: hepatitis B virus; HCV: hepatitis C virus; PALBI: platelet-albumin-bilirubin; AFP: alpha-fetoprotein; ALBI: albumin-bilirubin; CD68:
cluster of differentiation 68; PD-L1: programmed death ligand 1; TILs: tumor infiltrating lymphocytes; TAMs: tumor-associated macro-
phages; NLR: neutrophil-to-lymphocyte ratio; WBC: white blood cells; PLT: platelets; PLR: platelet-lymphocyte ratio.

invasion was a negative prognostic factor (Table 3).

Subgroup analysis showed that among patients after liver transplantation, age, tumor size, grade, microvascular invasion and CD68
expression were negative factors in the univariable analysis. In the multivariable analysis, only microvascular invasion and grading
proved statistically significant. Similarly, in the univariable analysis for overall survival, AFP, tumor size, grading and microvascular
invasion, PD-L1 expression and NLR were suggested as prognostic factors, while in the multivariable analysis, only microvascular
invasion and NLR were associated with statistical significance. Detailed results of subgroup analysis are presented in Tables 4-7.

Among patients after liver resection, only age, AFP and WBC were shown to be prognostic factors for recurrence in the univariable
analysis. However, multivariable analysis did not confirm statistical significance. Overall survival analysis suggested AFP, bilirubin
and microvascular invasion as prognostic factors. The results of the multivariable analysis also confirmed this finding.

PD-L1 expression was confirmed in 4 samples in the total population. Among patients after liver transplantation, it was observed in
2 patients, and both of them had recurrence. In one case, progression was diagnosed after 87 months, and PD-L1 expression was
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Table 4
Tumor recurrence — univariable and multivariable analysis — after tumor resection.

Univariable analysis

Factor P value Hazard ratio

Age 0.076 0.969

Biologic sex 0.918 0.963

HCYV infection 0.457 1.305

HBV infection 0.584 0.792

PALBI score 0.309 0.740

PALBI grade 0.108 0.685

Baseline AFP 0.056 1.000

Baseline bilirubin 0.836 0.943

Baseline albumin 0.246 0.999

ALBI score 0.316 0.878

ALBI grade 0.500 0.867

NLR 0.152 0.959

WBC 0.074 1.584

PLT 0.564 1.001

PLR 0.147 0.997

Tumor number 0.139 1.456

Tumor size 0.974 1.000

Grading 0.800 0.873

Vascular microinvasion 0.224 1.598

CD68 expression 0.214 0.033

PD-L1 expression 0.973 1.336

TILs 0.194 0.499

PD-L1 TILs/TAMs 0.720 0.888
Multivariable analysis

Factor P value Hazard ratio (95 % CI)
Age 0.185 0.968 (0.924-1.015)
Baseline AFP 0.089 1.000 (0.999-1.000)
WBC 0.112 1.566 (0.900-2.726)

HBV: hepatitis B virus; HCV: hepatitis C virus; PALBL platelet-albumin-bilirubin; AFP: alpha-fetoprotein;
ALBL: albumin-bilirubin; CD68: cluster of differentiation 68; PD-L1: programmed death ligand 1; NLR:
neutrophil-to-lymphocyte ratio, WBC: white blood cells; PLT: platelets; PLR: platelets-to-lymphocytes ratio.

present in 10 % of cells, while in the second case, recurrence was diagnosed after 10.8 months, and PD-L1 was expressed in 100 % of
cells. Furthermore, 2 other cases with PD-L1 expression were reported among patients after resection: the first patient had confirmed
expression of PD-L1 in 5 % of tumor cells and died due to recurrent disease 14.75 months after surgery; the other patient had 10 %
expression, and 24 months after surgery, recurrence was diagnosed. The patient died 3 months after the recurrence diagnosis. The low
number of expressors makes the finding should be interpreted with caution, although in a statistical analysis, it was not associated with
a significantly increased risk for recurrence (p = 0.053) or death. Only in a univariate analysis was it suggested as a negative prognostic
factor in patients after liver transplantation.

PD-L1 expression was also detected on tumor-associated macrophages or tumor-infiltrating lymphocytes in 55 patients: 17 patients
after liver transplantation and 31 after resection, including 8 treated with systemic therapy. However, it was not associated with
prognosis.

CD68 staining was performed in all tissue samples, and the presence of CD68 tumor-associated macrophages was confirmed in 62
cases, ranging from 5 % to 40 %. Analysis showed that CD68 was not associated with the risk of recurrence of HCC.

Tumor-infiltrating lymphocytes (TILS) were observed in 19 cases. The presence of TILs was not associated with prognosis in either
of the subgroups or in the general population.

4. Discussion

To our knowledge, this is the first analysis of PD-L1 and CD68 expression in combination with the clinical characterization of
hepatocellular carcinoma patients in a central European population that included patients after liver transplantation. Data analyzed in
the study were gathered from unselected, consecutive patients, which may be considered an advantage. However, there are several
limitations of the study. First, it was a retrospective, single-center analysis. Furthermore, the follow-up period varied between patients.
Notably, recurrence was observed even after a long time after transplantation — 87 months; thus, it cannot be excluded that after longer
follow-up, more cases of recurrence could be diagnosed. The sample size was limited, which may be considered another drawback.

This analysis confirmed that well-established factors such as microvascular invasion, grading and baseline AFP level are crucial for
prognosis. It also showed that molecular assessment is often impossible and that patients with advanced disease may need other
prognostic and predictive factors.

It is estimated that recurrence of hepatocellular carcinoma after liver transplantation affects up to 16-18 % of patients [25,26].
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Table 5
Overall survival — univariable and multivariable analysis — after liver resection.

Univariable analysis

Factor P value Hazard ratio

Age 0.800 0.994

Biologic sex 0.818 1.102

HCV infection 0.396 0.653

HBV infection 0.588 1.288

PALBI score 0.989 0.995

PALBI grade 0.675 1.122

Baseline AFP 0.028 1.000

Baseline bilirubin 0.034 1.725

Baseline albumin 0.929 0.999

ALBI score 0.444 0.888

ALBI grade 0.489 0.835

NLR 0.908 0.997

WBC 0.626 0.867

PLT 0.307 1.003

PLR 0.795 1.000

Tumor number 0.281 1.352

Tumor size 0.102 1.009

Grading 0.960 0.973

Vascular microinvasion 0.025 3.171

CD68 expression 0.269 0.007

PD-L1 expression 0.201 69558.428

TILs 0.922 0.947

PD-L1 TILs/TAMs 0.273 1.616

Multivariable analysis

Factor P value Hazard ratio (95 % CI)
Baseline AFP 0.022 1.000045 (1.000006-1.00008)
Baseline bilirubin 0.0009 3.323 (1.630-6.773)
Vascular microinvasion 0.0107 3.972 (1.374-11.483)

HBV: hepatitis B virus; HCV: hepatitis C virus; PALBIL: platelet-albumin-bilirubin; AFP: alpha-fetoprotein; ALBI:
albumin-bilirubin; CD68: cluster of differentiation 68; PD-L1: programmed death ligand 1; NLR: neutrophil-to-
lymphocyte ratio; WBC: white blood cells; PLT: platelets; PLR: platelets-to-lymphocytes ratio.

After curative resection, the recurrence rate is even higher, ranging from 10 % in the first year to 70 % after 5 years. In this study,
recurrence after curative resection was observed in 41 of 59 patients (69 %) within a median time to recurrence of 15 months. On the
other hand, in our study, the number of patients with recurrence was 11/52 (21 %) after LT. Most patients experience extrahepatic
recurrence with metastases in the lungs, bones or suprarenal glands. Early recurrence could be associated with micrometastases or
circulating tumor cells present at the time of hepatectomy and transplantation [27]. It is suggested that late recurrence could be related
to engraftment of latent or indolent cancer cells or with the de novo development process, possibly with underlying viral hepatitis [28].
It is worth to highlight significant difference between the recurrence rate after resection and liver transplantation. This finding em-
phasizes the need for optimal treatment and early diagnosis of HCC.

Among patients after resection, the results of several analyses reported a different outcomes on prognosis associated with CD68
expression [29-34]. Most of them were conducted among patients after curative resection. Two studies were identified that involved
the post-transplant population. The first analysis revealed that no association was found between CD68 cells and overall survival or
disease recurrence [7]. Conversely, in the second study, Atanasov et al. [8] concluded that CD68 TAMs in the central tumor area were
associated with worse survival. In our analysis CD68 expression was not proven to impact the risk for recurrence (p = 0.94) in the
general analysis. However, in a univariate analysis among patients after liver transplantation, it was a negative factor (p = 0.002).

The present analysis included an evaluation of basic laboratory tests. It was shown in a large retrospective analysis that patients
with pretransplant AFP >500 ng/mL had a 1.6-fold higher risk of death than those with AFP <20 ng/mL (P < 0.001). Another analysis
suggested that the AFP level may predict patient prognosis, showing that patients with a tumor burden exceeding the Milan criteria had
excellent post-transplant survival if their serum AFP level was 0-15 ng/mL (AHR = 0.97, 95 % CI = 0.66-1.43), while patients within
the Milan criteria had poor survival if their serum AFP level was substantially elevated (for a serum AFP level >66 ng/mL, AHR =1.93,
95 % CI = 1.74-2.15) [35,36]. In our model, it seemed to impact the time to recurrence significantly.

It has been suggested that several factors may have an impact on the prognosis of patients with HCC [37], particularly viral
infection. In this analysis, neither HBV nor HCV were associated with RFS or OS.

Another easy-to-apply prognostic marker could be the pretransplant or preoperative neutrophil-to-lymphocyte ratio (NLR).
However, available data showed mixed results; in a recent review, elevated NLR was associated with worse OS following LT for HCC in
8 studies out of 13, with reported 5-year OS rates ranging from 20 % to 62 % in the high-NLR group versus 62 %-84 % in the low NLR
group. On the other hand, in the same analysis, pretransplant NLR levels seemed strongly associated with RFS; scholars in 11 out of the
13 studies concluded that a high preoperative NLR was predictive of a shorter RFS post-LT, with an HR and 95 % CI ranging from 1.088
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Table 6
Tumor recurrence after liver transplantation — univariable and multivariable analysis.

Univariable analysis

Factor P value Hazard ratio

Age 0.026 0.921744

Biologic sex 0.978 1.017951

HCV infection 0.583 0.726728

HBV infection 0.756 1.197612

PALBI score 0.551 1.412263

PALBI grade 0.716 1.154122

Baseline AFP 0.529 1.000060

Baseline bilirubin 0.802 0.973027

Baseline albumin 0.374 0.652554

ALBI score 0.523 1.321183

ALBI grade 0.523 1.330010

NLR 0.161 0.944869

WBC 0.059 2.329669

PLT 0.193 1.004743

PLR 0.925 0.999816

Tumor number 0.772 0.899157

Tumor size 0.001 1.022982

Grading 0.000434 10.649136

Vascular microinvasion 0.000166 11.638938

CD68 expression 0.029 16995.642133

PD-L1 tumor 0.246 42988.853032

TILs 0.667 1.333544

PDL1 TILs/TAMs 0.765 1.190692
Multivariable analysis

Factor P value Hazard ratio (95 % CI)
Age 0.971 0.998 (0.928-1.073)
Grading 0.002 12.183 (2.434-60.965)
Vascular microinvasion 0.004 9.373 (2.006-43.785)

HBV: hepatitis B virus; HCV: hepatitis C virus; PALBI: platelet-albumin-bilirubin; AFP: alpha-fetoprotein;
ALBI: albumin-bilirubin; CD68: cluster of differentiation 68; PD-L1: programmed death ligand 1; NLR:
neutrophil-to-lymphocyte ratio; WBC: white blood cells; PLT: platelets; PLR: platelets-to-lymphocytes ratio.

CI: 1.029-1.151 to 67 CI: 11-413 (p < 0.05) [38]. According to the presented results, NLR proved to be a prognostic factor associated
with the tumor recurrence in the univariable analysis only.

Another important issue after liver transplantation may be carcinogenesis associated with immunosuppression. In our analysis, six
cases of new cancers were detected. This included two basal cell carcinomas, one melanoma, lung and metastatic ovarian cancer and
one case of Mantel cell lymphoma. This highlights the need for appropriate surveillance and increased awareness of the potential risks
for patients. Currently, there are scarce data regarding the risk of cancer development in patients after LT due to HCC. Of note, in a
large Scandinavian study, 461 cancers were observed in 424 individuals of the 4246 LT patients during a mean 6.6-year follow-up
[39].

In the era of the increasing role of immunotherapy in hepatocellular carcinoma and the rising number of systemic treatments, there
is a need to identify reliable prognostic and predictive factors that could be used in clinical practice. The planned analysis for molecular
prognostic and predictive factors among patients receiving systemic treatment was not performed as the amount of available histo-
pathologic material was too small. This highlights the need to identify factors that may be obtained without pathomorphological
examination. Because histologic confirmation is not always needed in HCC diagnosis, most patients in this cohort had the disease
recognized with radiological criteria only. Moreover, tissue material required for molecular testing is often derived from curative
resection material. This group of patients requires special attention as it was observed in the ImBrave 150 trial that not all patients
respond well to combined targeted treatment, although general results are better than with sorafenib [40].

5. Conclusions

The results of this analysis suggest that microvascular invasion is the most important factor associated with an increased risk of HCC
recurrence and overall survival for patients after liver transplantation or curative resection. Such patients may benefit from more
intensive surveillance, independent of the initial treatment method. PD-L1 expression seems to be infrequently present in HCC samples
and thus should not be used as a prognostic or predictive factor. Further studies on tumor microenvironments are needed to better
characterize tumor biology and to predict which patients may benefit more from various treatment methods. Since the pathological
material for molecular analysis is often unavailable, analysis based on the laboratory findings could only be of interest among patients
qualified for systemic treatment.
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Table 7
Overall survival after liver transplantation — univariable and multivariable analysis.

Univariable analysis

Factor P value Hazard ratio

Age 0.314 0.962

Biologic sex 0.103 0.401

HCV infection 0.917 1.059

HBV infection 0.833 0.882

PALBI score 0.644 1.294

PALBI grade 0.911 1.040

Baseline AFP 0.004 1.000027

Baseline bilirubin 0.844 0.983

Baseline albumin 0.972 0.986

ALBI score 0.997 1.001

ALBI grade 0.884 0.948

NLR 0.078 0.930

WBC 0.091 1.973

PLT 0.520 1.002

PLR 0.650 0.999

Tumor number 0.480 1.260

Tumor size 0.012 1.014

Grading 0.046 3.505

Vascular microinvasion 0.000183 8.866

CD68 expression 0.607 10.898

PD-L1 expression 0.091 6.278

TILs 0.574 0.651

PD-L1 TILs/TAMs 0.343 0.571

Multivariable analysis

Factor P value Hazard ratio (95 % CI)
Baseline AFP 0.149 1.000 (0.999-1.000)
Vascular microinvasion 0.0004 18.517 (3.667-93.502)
PD-L1 expression 0.059 9.96840 (0.911-108.967)
NLR 0.039 0.915 (0.841-0.995)

HBV: hepatitis B virus; HCV: hepatitis C virus; PALBI: platelet-albumin-bilirubin; AFP: alpha-fetoprotein; ALBI:
albumin-bilirubin; CD68: cluster of differentiation 68; PD-L1: programmed death ligand 1; NLR: neutrophil-to-
lymphocyte ratio; WBC: white blood cells; PLT: platelets; PLR: platelets-to-lymphocytes ratio.
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Simple Summary: Currently, hepatocellular carcinoma (HCC) is one of the most prevalent oncological
diagnoses worldwide. Despite intensive research into its pathogenesis and clinical course, numerous
issues remain unresolved. In the presented meta-analysis and systematic review, we investigate the
potential of blood platelet levels in patients with HCC for prognostic assessment. Blood platelets
may play a significant role as an easily measurable laboratory parameter in assessing the prognosis
of patients with HCC.

Abstract: Background: Platelets (PLT) have a role in the pathogenesis, progression, and prognosis
of hepatocellular carcinoma (HCC) and could represent a readily measurable laboratory parameter
to enhance the comprehensive evaluation of HCC patients. Methods: The PubMed, Web of Science,
and Scopus databases were searched with a focus on survival as well as patient and tumor-specific
characteristics in correlation to reported PLT counts. Survival outcomes were analyzed with both
common-effect and random-effects models. The hazard ratio (HR) and its 95% confidence interval
(CI) from analyzed trials were incorporated. Studies that did not provide survival data but focused
on platelet count correlation with HCC characteristics were reviewed. Results: In total, 26 studies,
including a total of 9403 patients, met our criteria. The results showed that thrombocytopenia in
HCC patients was associated with poor overall survival (common-effect HR = 1.15, 95% CI: 1.06-1.25;
random-effect HR = 1.30, 95% CI: 1.05-1.63). Moreover, three studies reveal significant correlations
between PLT indices and tumor characteristics such as size, foci number, and etiology of HCC
development. Conclusion: Our meta-analysis confirmed that PLT count could act as a prognostic
marker in HCC, especially with a PLT count cut off <100 x 103 /mm?. Further prospective studies
focusing on the role of PLT in clearly defined subgroups are necessary.

Keywords: hepatocellular carcinoma; HCC; thrombocytopenia; platelets; outcome; tumor features

1. Introduction

Primary hepatocellular carcinoma remains one of the most commonly diagnosed
malignancies with a male predilection, occupying sixth place in incidence and third in
mortality worldwide [1,2]. It is predicted to maintain a steady growth, increasing by 55.0%
between 2020 and 2040, with an estimated 1.4 million new diagnoses in 2040 [3]. Multiple
risk factors have been established for HCC including chronic hepatitis B (HBV) and C
viral (HCV) infections, environmental carcinogen exposure, chronic alcohol consumption,
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metabolic disorders, and rare genetic alterations. Irrespective of the underlying etiology,
liver cirrhosis remains the predominant risk factor for HCC with risk rates of approximately
8.3% at 5 years and 12.2% at 10 years [4]. HCC can be understood as a heterogeneous
malignancy with diverse etiologies, risk factors, and clinical course, which makes the
management of patients challenging.

The current therapeutic approach in HCC is driven by patient performance status,
tumor stage, and liver function, which are incorporated into the Barcelona Clinic Liver
Cancer Classification System (BCLC) [5]. The updated version stratifies patients treated
with curative intent into those eligible for local-regional therapies as well as those con-
sidered to be candidates for liver transplant (LT) [6]. For the purpose of transplantation,
qualifying liver function and tumor-specific parameters are referred to as the “extended
criteria for liver transplantation” [7]. Patients with advanced or metastatic tumors, as
well as those excluded from procedures due to severe liver dysfunction, are eligible for
palliative systemic treatment. Currently, this involves a combination of immune checkpoint
inhibitors (ICIs) and tyrosine kinase inhibitors (TKIs) [8]. Despite a better understanding
of this disease and improvement in diagnostics and treatment, the prognosis for HCC is
still poor with an overall 5-year survival rate estimated at approximately 20%, with some
studies utilizing mainly TKI reporting rates as low as 9.72% for advanced HCC [2,9].

Cancer research has been focused on establishing effective prognostic and predictive
markers to guide therapy over the last several decades [10,11]. Ideally, those markers
are minimally invasive, cost-efficient, and highly specific to enable their use in clinical
management [12]. Platelets play an important role in both cancer growth and spread [13];
with their significance documented for pathogenesis and prognosis in HCC [14,15]. In a
healthy organism, platelets are physiologically part of the inflammatory response, trans-
porting and releasing cytokines such as serotonin, platelet-derived growth factors, and
transforming growth factor-f3 in addition to their role in primary hemostasis [16]. In dis-
ease states, platelet quantitative and functional indices show a strong correlation with
hepatic fibrosis and cirrhosis, precursor states to HCC development [17-19]. Consequently,
the platelet count can be used with other inflammatory markers in scoring indexes for
HCC, such as the AST to Platelet Ratio Index (APRI) or Platelet-Albumin-Bilirubin Index
(PALBI) [20-22], with studies showing worse overall survival in HCC patients with an
index representing a more advanced stage [15,23,24]. Recent analyses of PLT’s role in HCC
demonstrated substantial variations depending on the patient cohort characteristics and the
geographical context of the research. In contrast to those of preceding investigations, the
results of Scheiner et al. showed that thrombocytopenia and platelet activation parameters
distinctly correlated with a more favorable prognosis [25]. In a cohort of 378 patients with
thrombocytopenia undergoing palliative treatment, defined as <150 g/L, there was an
association between thrombocytopenia and advantageous baseline tumor characteristics,
including a diminished diameter of the largest nodule, constrained extrahepatic spread,
diminished macrovascular invasion, and lower BCLC stages. Moreover, the composite
variable of thrombocytopenia and elevated mean platelet volume (MPV), a platelet activa-
tion parameter, independently correlated with prolonged overall survival (HR 0.80, 95%
CI—0.65-0.98; p = 0.029) [25]. However, a subsequent follow up of this work, undertaken
on a distinct Taiwanese population, reported markedly dissimilar findings [26]. Despite
the thrombocytopenia group manifesting characteristics suggestive of lower tumor aggres-
siveness in the cohort of over three thousand patients, no observable difference in terms of
OS emerged between the groups. Regrettably, data detailing the treatment methodology
for these patients were not disclosed [26].

Motivated by these observed differences and taking into account existing meta-
analyses [27], our current study endeavored to enhance the understanding of the role
of platelet count in HCC prognosis. To achieve this objective, we conducted a compre-
hensive systematic review and meta-analysis with a subgroup analysis of patients treated
with curative and palliative intent. Our working hypothesis was that thrombocytopenia is
associated with a worse patient survival independently of the intended treatment modality.
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Consequently, we reviewed and summarized additional clinicopathological data pertaining
to PLT, presenting a consolidated overview herein.

2. Materials and Methods
2.1. Search Strategy

The aim of the study was to answer the following questions: (1) Does thrombocytope-
nia affect the survival of patients with HCC? (2) Is there a correlation between thrombocy-
topenia and the clinicopathological features of the tumor? (3) How does thrombocytopenia
correlate with HCC etiology? In order to answer these questions, we followed the Preferred
Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) statement guidelines
to design the study, analyze the results, and report our findings. A systematic literature
review of PubMed, Web of Science, and Scopus databases was performed by two identifica-
tions in November 2023. The core search included the following terms: platelets OR PLT
OR thrombocytopenia OR thrombopenia AND HCC AND hepatic cancer AND hepato-
cellular carcinoma AND liver cancer AND prognosis. After the initial search, 4105 articles
were found. Eventually, after removing duplicate papers and excluding articles that didn’t
meet the inclusion criteria, 26 articles were included in a qualitative synthesis. As one of
the included studies developed three separate datasets [28], the rest of our reporting in
this meta-analysis will refer to 28 separate studies. Three articles with clinicopathological
findings regarding the HCC and PLT count correlation were included in the systematic
review to answer our second query but were not included in the meta-analysis results. The
literature search included only human studies with no restrictions regarding the year of
publication. The authors chose only articles in English. A detailed search strategy is pre-
sented in Figure 1. Additional papers were identified by a manual search of the references
from the eligible review articles.
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Figure 1. Flowchart presenting the process of article selection, according to Preferred Reporting Items
for Systematic Review and Meta-Analyses (PRISMA) guidelines.

2.2. Eligibility Criteria

The inclusion criteria were as follows: (1) HCC confirmed in histopathology or by
imaging, (2) only original studies, (3) studies cover the topic of HCC patient’s survival
or tumor features in relation to platelet count, (4) reported hazard ratios (HRs) and 95%
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confidence intervals (CIs) for overall survival (OS) or provided sufficient data to calculate
these values, and (5) the subjects were divided into low and high PLT level groups or
provided data was sufficient to estimate these groups.

Exclusion criteria were: (1) pathological type was not HCC; (2) not relevant to the
prognosis or features of HCC; (3) the risk effects and corresponding 95% CI were not
provided and available data were not sufficient to calculate them; (4) studies without
original clinical data, such as reviews, systematic reviews, meta-analysis, expert opinions,
editorial, or comment; (5) clinical trials exclusively evaluating drugs/medical interventions
among patients with HCC.

The search results were reviewed by 2 independent researchers (P.C./L.K.) for po-
tentially eligible studies. Disagreements over the eligibility of an article were resolved
by consensus.

2.3. Data Extraction and Quality Assessment

Relevant information was extracted including author name, publication year, country,
study design, sample size, platelet count and cut-off values, data regarding patient survival
such as OS, DFS, and postoperative complications, data regarding tumor features such as
tumor diameter, and HCC etiology. Where possible we extracted HR with 95% CI; where it
was not stated explicitly, we used the parameters from the study to calculate it ourselves.
The quality assessment was conducted using the Newcastle-Ottawa scale (NOS) method.

2.4. Data Analysis

The pooled HR value for overall survival was calculated using a fixed- and random-
effects model. The heterogeneity among the studies was assessed using the Q value and
the 1 statistic value. A random-effect model was used for data showing statistically
significant heterogeneity if p < 0.1 as determined by the Q statistic or I> > 50%; otherwise,
we considered that there was no obvious heterogeneity and used a fixed-effect model. In
cases of high heterogeneity, we conducted a subgroup analysis and meta-regression to
explore potential sources of the effect. Furthermore, an influence analysis was performed
to assess whether any individual study significantly affected the result. We analyzed those
covariates that may have contributed to the potential heterogeneity, for which the PLT
cut-off value, treatment intent, presence of HCV infection, number of recruited patients,
and Child-Pugh grade were assessed. Eventually, publication bias was examined with
Egger’s tests. Statistical analysis was performed and visualized using R version 4.3.2 with
the ‘meta’ package [29].

3. Results
3.1. Characteristics of the Included Studies

The baseline characteristics of the included studies are summarized in Table 1. We
were able to identify a cohort of 9403 patients, predominantly male (>50%), with a follow-
up duration ranging from 5 months to 5.8 years. PLT cut-off values varied between 75 and
150 (x10° /L), with most studies adopting the threshold based on the definition of thrombo-
cytopenia (<100 x 10?/L). The studies exhibited moderate to high quality, as reflected by
Newcastle-Ottawa Scale (NOS) scores ranging from 4 to 9, with a mean score of 6.54. The
studies included predominantly Asian populations. The assessed interventions included
curative and palliative therapies; all were analyzed collectively and within subgroups.
The hazard ratios (HR) for overall survival (OS) were available in all included studies,
providing a comprehensive evaluation of the outcomes. The characteristics of the patient
groups from the studies included in the analysis are summarized in Table 2.
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Table 1. Baseline characteristics of the studies included in the meta-analysis.
Number of .
. Child-Pugh PLT Cut-Off Follow-Up
Study Reference Country Pﬁ:};]r:‘)ts Treatment (A/B/C) Value (10°/L) (Years) NOS
Amano et al. [30] Japan 127/24 Surgery 129/22 100 41 6
Arimura et al. [31] Japan 95/45 PEIT/TACE 77/48/15 80 NA 4
Brau et al. [32] America 287/2 Surgery /RFA 113/134/42 100 NA 6
Camma et al. [33] Italy 131/71 RFA 165/37 100 1.25 8
Hashimoto et al. [34] Japan 120/29 Surgery NA 120 35 9
Tkeda et al. [35] Japan 122/46 TACE 86/82 75 2.8 5
Kao et al. [36] Taiwan 162/69 RFA 226/32 100 2.375 6
Kim et al. [37] Korea 39/13 TACE 16/23/13 150 0.4 6
Kobayashi et al. [38] Japan 146/53 Surgery 199 100 3.25 7
. Surgery
Lee et al. [39] Taiwan 1245/415 JRFA /TACE 830/349/149 118 5 7
Miyatake et al. [40] Japan 260/135 Surgery 317/74/4 100 3.5 7
221 .
Meinhardt et al. [28] America 95 Systemic A major 150 NA 4
318 treatment
Niizeki et al. [41] Japan 56/15 TACE 43/28 120 NA 5
Nishikawa et al. [42] Japan 217/151 RFA 70/162/100 100 3 8
Nouso et al. [43] Japan 116/41 RFA/TACE 157(C) 80 NA 7
Ochiai et al. [44] Japan 208/76 Surgery 273/11 110 3 6
Roayaie et al. [45] America 95/37 Surgery 132 150 3.2 7
Santi et al [46] Ttal 457/192 Surgery/ 477/172 100 33 9
: y RFA/TACE :
Schrecker et al. [47] Germany 96/32 Surgery 126/2 100 4.6 8
Suetal. [48] Taiwan 152/36 Surgery A major 100 5.8 8
Taketomi et al. [49] Japan 167/43 Surgery 158/52 150 24 7
. Surgery
Tseng et al. [50] Taiwan 48/34 JRFA/TACE NA 100 NA 6
Wu et al. [51] Taiwan 104/57 RFA A major 100 3.2 4
Wu et al. [52] China 79/7 Surgery A major 100 NA 7
Venkant et al. [53] America 1411/686 Surgery NA 150 NA 7
Xie et al. [54] China 408/79 RFA/TACE NA 97 NA 6
Abbreviations: PEIT—Percutaneous ethanol injection therapy; RFA—Radiofrequency ablation; TACE—
Transcatheter arterial chemoembolization;, NOS—Newcastle-Ottawa scale.
Table 2. Characteristics of patient groups in included studies.
Study Age (Years) Race Follow-Up Dlsg;éi(sjt)age Viral Infection Alcohol Intake
Meinhardt et al. [28] NA NA NA NA NA NA
Amano et al. [30] >18 NA 4.1 £ 3.1 years NA HCV NA
Arimura et al. [31] 63.3 £+ 8.54 NA NA NA NA NA
3 52.2 (+£8.0)-63.9  White, Latino,
Brau et al. [32] (+11.0) Black, Asian NA A-D HIV, HCV, HBV +
Camma et al. [33] 66.8 Eig;g 67.4 NA 15 months A-B HCV, HBV +
Hashimoto et al. [34] 61.7 N/A 42.1 months N/A HCV, HBV N/A
Tkeda et al. [35] 63 (45-80) N/A 2.8 years N/A HCV, HBV +
28.5 + 18.7
Kao et al. [36] >18 N/A months N/A HCV, HBV N/A
Kim et al. [37] 57 (35-80) N/A 5 months N/A HCV, HBV +
Kobayashietal. [38]  ©2 %Zﬁg))w N/A 3.3 years N/A HCV, HBV N
Lee et al. [39] N/A N/A 5 years A HCV, HBV N/A
Miyatake et al. [40] 58 N/A 1.3 N/A HCV N/A
Niizeki et al. [41] 65 N/A N/A N/A HCV, HBV N/A
Nishikawa et al. [42] 699 +9.0 N/A N/A N/A HCV, HBV N/A
Nouso et al. [43] 63 N/A N/A N/A HCV, HBV N/A
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Table 2. Cont.

Disease Stage

Study Age (Years) Race Follow-Up (BCLC) Viral Infection Alcohol Intake
Ochiai et al. [44] 63.9 N/A 36 months N/A HCV, HBV +
Roayaie et al. [45] 63.1 +10.5 N/A 37.5 months 0 HCV, HBV +
Santi et al. [46] 67 N/A 38.6 528 N/A HCV, HBV N
months
Schrecker et al. [47] 65 (34-81) N/A 55.1 months 0-B N/A N/A
Su et al. [48] 61.5 (52.0-70.75) N/A 69.8 months N/A HCV, HBV N/A
Taketomi et al. [49] 60.7 7.9 N/A 26.6 £220 N/A N/A N/A
months
Tseng et al. [50] 65.8 +9.6 N/A 4 years 0-B HCV, HBV N/A
Wuetal. [51] 67.5+ 114 N/A 38.1+208 N/A HCV, HBV N/A
months
Wu et al. [52] >18 N/A 7 years -1V * HBV N/A
Caucasian,
Venkat et al. [53] 64 African— N/A N/A N/A N/A
American
Xie et al. [54] 52 +73-69 £37 N/A N/A N/A HCV, HBV N/A

*—Study accessed stage based on TNM classification. +—Included in the analysis.

As mentioned before, three additional studies were selectively incorporated into the
systematic review due to their intriguing contextual relevance to the clinical-pathological
characteristics of HCC based on the patient’s blood platelet count and activation. These
supplementary investigations are elucidated in the paragraph following the meta-analysis.

3.2. Pooled HR Values for All of the Studies

By accessing general effects, we estimated that the low PLT count in HCC patients was
associated with worse OS (HR = 1.30, 95% CI: 1.05-1.63). The forest plot for this estimation
is shown in Figure 2. A significant degree of heterogeneity was noted between studies;
however, due to consistencies reported in results, all were included in the analysis.

Weight Weight

Study Hazard Ratio HR 95%-Cl (common) (random)
Amano etal | —— 215 [1.23;377] 2.0% 35%
Arimura et al + 1.06 [0.64;1.75] 25% 36%
Brauetal — H 0.64 [0.45;0.90] 5.2% 4.0%
Camma etal e 1.76 [1.03.3.02) 22%  35%
Hashimoto et al. 0 1.65 [1.03;2.66] 2.8% 3.7%
Ikeda et al 1.15 [0.82;1.62] 5.5% 4.0%
Kaoetal s —_— 269 [1.49,487) 1.8% 34%
Kimetal t 1.64 [0.59;4.53) 0.6% 23%
Kobayashi et al e [ S— 270 [1.24;5388] 1.0% 29%
Miyatake et al S 1.35 [0.93;1.96] 45%  39%
Niizeki et al —_— : 048 [0.29;0.81] 2.4% 3.6%
Nishikawa et al : 1.53 [0.98;2.39] 3.2% 3.8%
Nouso et al — & H 0.56 [0.35;0.90] 2.8% 3.7%
Ochiai et al . 0.79 [0.46; 1.36] 21%  35%
Roayaie et al -— 237 [1.07,5.24) 1.0% 28%
Santi etal —— 1.32 [1.04;1.67) 11.2% 42%
Suetal H — 250 [1.93;3.20] 9.9% 42%
Taketomi et al +—— 161 [1.09;2.38) 41% 3.9%
Tseng etal - 222 [1.19,4.16] 16%  3.3%
Wuetal T 212 [1.05;4.27] 1.3% 31%
Wuetal : —— 393 [1.82,851) 1.1% 29%
Xieetal i 1.87 [0.98;3.58] 1.5% 3.2%
Meinhardt et al — . 0.60 [0.42;0.85] 51% 4.0%
Meinhardt et al H 0.78 [0.47;1.31) 24% 36%
Meinhardt et al —_—T 0.78 [0.58; 1.04] 7.4% 41%
Schrecker et al. E——°— 226 [1.18,4.34) 1.5% 3.2%
Leeetal — H 0.49 [0.38;0.63] 9.8% 42%
Venkant et al 1.18 [0.77;1.83] 3.3% 3.8%
Common effect model < 1.15 [1.06;1.25]  100.0% -
Random effects model — 1.30 [1.05; 1.63] - 100.0%
Heterogeneity: /° = 86%, 1 = 0.2856, g < 0.01 T T 1
02 05 1 2 5

Figure 2. Effect of thrombocytopenia on overall survival in patients with hepatocellular
carcinoma [28,30-54].

We observed a significant degree of heterogeneity between studies; however, based
on our analysis we believe that all of the abovementioned studies evaluated the same
methodological approach and decided to interpret them further (I? = 86.0%, p < 0.01).
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3.3. Adjusted Significance of PLTs in HCC

For more accurate results, a separate analysis including an adjusted HR for OS, using
Cox multivariate analysis, was performed. Nineteen studies involving 5885 patients were
included in this analysis, yielding results that confirmed an unfavorable prognosis (HR:
1.47, 95% CI 1.15-1.86). The forest plot for this estimation is shown in Figure 3.

Weight Weight

Study Hazard Ratio HR 95%-Cl (common) (random)
Amano et al -t 215 [1.23;3.77) 3.0% 51%
Camma et al f 1.76 [1.03;3.02] 3.2% 52%
Hashimoto et al. : 1.65 [1.03;2.66] 42% 55%
Kimetal + 164 [0.59;4.53] 0.9% 32%
Kobayashi et al *—~— 270 [1.24,5.88) 1.5% 4.0%
Miyatake et al ¥ 1.35 [0.93; 1.96) 6.7% 6.0%
Nishikawa et al 1.53 [0.98;2.39] 47% 5.6%
Nouso et al e — ! 0.56 [0.35;0.90] 42% 55%
Roayaie et al e B e 237 [1.07,5.24) 1.5% 4.0%
Santi et al —— 1.32 [1.04;167] 16.5% 6.6%
Suetal H — 250 [1.93;3.20] 14.6% 6.5%
Taketomi et al. —r-—*— 161 [1.09;238) 6.1% 59%
Tseng etal e ——— 222 [1.19,4.16) 24% 48%
Wuetal H —+— 393 [1.82,851] 1.6% 41%
Meinhardt et al —_— E 0.60 [0.42;0.85) 7.5% 6.1%
Meinhardt et al —_—1 0.78 [0.47;1.31] 3.6% 53%
Meinhardt et al —— E 0.78 [0.58; 1.04] 10.9% 6.3%
Schrecker et al —_— 226 [1.18;4.34) 22% 46%
Venkant et al E 1.18 [0.77;1.83] 49% 57%
Common effect model <> 1.37 [1.24;1.50] 100.0% -
Random effects model —_— 1.47 [1.15; 1.86) - 100.0%

Heterogeneity: 1 = 82%, 1> = 0.2121, g < 0.01 ! ' 1
05 1 2 5
Figure 3. Effect of thrombocytopenia on overall survival in patients with HCC (adjusted) [28,30,33,
34,37,38,40,42,43,45-51,53].

3.4. Pooled HR Values for Various Treatment Groups

Due to significant prognostic heterogeneity in HCC, the studies included in the overall
analysis were stratified based on treatment intent. Curative treatment was defined as
resection or RFA, while palliative (non-curative) treatment involved TACE and systemic
therapy. However, it is important to note that segmental TACE can currently be used with
curative intent [55]. We conducted separate estimations for patients treated with curative
intent for those receiving palliative interventions. In the cohort undergoing radical treat-
ment, a decreased platelet level indicated a worse prognosis (HR 1.62, 95% CI 1.25-2.11).
A different trend was also observed for the palliative care group, which allowed for a
contradictory conclusion, where lower PLT levels correlated with better OS (HR 0.81, 95%
CI 0.62-1.05). The forest plots for these estimations are shown in Figures 4 and 5.

Weight Weight

Study Hazard Ratio HR 95%-Cl (common) (random)
Amano et al ——— 215 [1.23;3.77) 30% 51%
Arimura et al v 1.06 [0.64;1.75) 38% 54%
Camma et al ) 1.76 [1.03;3.02) 3.3% 52%
Kao etal | — 269 [1.49,487) 27% 5.0%
Hashimoto et al : 165 [1.03;266] 42%  55%
Kobayashi et al N S — 270 [1.24;5.88) 1.6% 42%
Miyatake et al 3 1.35 [0.93;1.96] 6.8% 59%
Nishikawa et al ) 153 [0.98;2.39] 47% 56%
Ochiai et al —_— 0.79 [0.46; 1.36] 32% 52%
Roayaie et al . 237 [1.07;5.24) 15%  42%
Santi et al — 1.32 [1.04,1.67) 16.7% 6.3%
Suetal : —— 250 [1.93;3.20] 14.8% 6.3%
Taketomi et al —_— 161 [1.09,2.38) 6.2% 58%
Wuetal T 212 [1.05;4.27) 1.9% 4.5%
Wuetal P ——————————— 393 [1.82,851] 16%  43%
Xie etal 0 1.87 [0.98;3.58] 22% 47%
Schrecker et al  E— 226 [1.18,4.34) 22% 48%
Leeetal —_— : 0.49 [0.38;0.63] 14.6% 6.3%
Venkant et al : 1.18 [0.77,1.83) 5.0% 56%
Common effect model < 1.40 [1.27;1.54] 100.0% -
Random effects model — 1.62 [1.25; 2.11] - 100.0%
Heterogeneity: I* = 85%, < = 0.2675, g < 0.01 T T 1
02 05 1 2 5

Figure 4. Pooled HR values for patients treated with curative intent [30,31,33,34,36,38—40,42,44-49,51-54].
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Weight Weight

Study Hazard Ratio HR 95%-Cl (common) (random)
Brauetal —_— 064 [0.45;0.90] 158%  132%
lkeda et al a— 1.15 [0.82,1.62) 165%  133%
Kim et al ¢ 164 [0.59;4.53) 1.9% 51%
Niizeki et al : 0.48 [0.29;0.81) 74%  106%
Nouso et al —_— 0.56 [0.35;0.90) 86% 11.1%
Tseng et al : 222 [1.19,4.16) 49% 8.9%
Meinhardt et al — 060 [0.42;0.85) 153% 13.1%
Meinhardt et al : 0.78 [0.47,1.31) 74% 10.5%
Meinhardt et al — 0.78 [0.58; 1.04] 22.2% 14.1%
Common effect model — 0.78 [0.68; 0.89]  100.0% -
Random effects model . —t " 0.81 [0.62; 1.05) - 100.0%

Heterogenetty: /“ = 71%,  =0.1098 p <001
05 1 2

Figure 5. Pooled HR values for patients treated with non-curative intent [28,32,35,37,41,43,50].

3.5. Exploration of Heterogeneity

As previously mentioned, the estimated HR for OS exhibited considerable heterogene-
ity despite the inclusion of numerous studies. To elucidate the origins of this heterogeneity,
we conducted subgroup heterogeneity analyses. The analyzed covariates encompassed
platelet (PLT) cut-off values (150, 101-149, or <100), treatment modality (curative vs. pallia-
tive), hepatitis C virus (HCV) presence (<50% vs. >50% of patients), total patient enrollment
(>200 vs. <200), and Child-Pugh grade (studies with >50% patients classified as grade A vs.
<50%). The findings of this analysis are detailed in Table 3. Our assessment suggests that
the treatment intent and the PLT cut-off value may have influenced the pooled effect size
(p <0.05 in the subgroup). However, it is important to acknowledge that there are additional
unexplored factors that could have impacted our results, especially in a setting of high
heterogeneity of the studies. Notably, the PLT level emerged as a significant prognostic
factor for patients undergoing curative therapy, with an HR value of (HR 1.62, 95% CI
1.25-2.11). Conversely, for patients undergoing palliative treatment, an association between
PLT levels and survival was noted, although a discernible trend towards better prognosis
was observed. Also, subgroups with studies that included less than 50% of patients with
Child-Pugh A showed no correlation with platelet levels.

Table 3. Subgroup Analysis (Random-Effects Model).

Heterogeneity
Covariates Subgroup No HR
Ps I? Pa
No 9 0.7754 [0.6760; 0.8894] 0.115 70.5%
Curative Yes 19 1.4006 [1.2717; 1.5426] <0.001 84.7% <0.001
<50% 4 0.9099 [0.5312; 1.5587] 0.731 78.5%
Child-Pugh >50% 23 1.3921 [1.0847; 1.7865] 0.009 87% 0.349
No Data 1 1.1800 [0.7656; 1.8187] 0.453 0%
<50% 10 1.2986 [0.8032; 2.0995] 0.286 92.4%
HCV >50% 14 1.2797 [0.9778; 1.6748] 0.019 79.7% 0.883
No Data 4 1.4110 [1.0576; 1.8825] 0.072 32%
<100 17 1.6004 [1.2515; 2.0465] <0.001 80.1%
PLT 101-149 5 0.8207 [0.4778; 1.4099] 0.474 84.0% 0.028
150 6 1.0251 [0.7137; 1.4724] 0.893 77.4%
<200 15 1.5324 [1.1127; 2.1105] 0.009 82.2%
Number of patients >200 13 1.1016 [0.8341; 1.4548] 0.495 85.8% 0127

Ps—p-value for subgroups, Pa—p-value for all included.
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3.6. Sensitivity Analysis and Test of Publication Bias

A sensitivity analysis was performed to evaluate the reliability of the aforementioned
findings. We examined the application of both random-effects and (common) fixed-effects
models for the analysis of the studies and observed no discernible disparities between
them (comparisons are shown in the corresponding figures). Furthermore, we performed
an influence analysis and found that no single study affected the summary estimation
(Figure 6). To assess publication bias, Egger’s test was conducted with a funnel plot, shown

in Figure 7 (estimated p-value of 0.0925).
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Figure 6. Influence analysis of included studies [28,30-54].
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Figure 7. Egger funnel plot for the included studies.
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3.7. Additional Clinicopathological Findings

During the literature search, three studies closely approached our inclusion criteria;
however, due to the absence of prognostic analyses, they were not included in the meta-
analysis [56-58]. Nevertheless, their significance in exploring the clinical-pathological
features and disease progression as they relate to patient’s platelet counts was notewor-
thy, leading to their inclusion in this review section. All three studies aimed to estab-
lish correlations between commonly assessed parameters in patients with HCC, such as
gamma-glutamyl transferase (GGTP), PLT, alpha-fetoprotein (AFP), or bilirubin levels, and
characteristics of the tumors, including the size and number of lesions. A lower PLT count
was observed primarily in small tumors (<3 cm) with concurrent higher bilirubin values.
This observation seemed contradictory to the potential process of parenchymal destruction
in the setting of tumor growth, suggesting compelling hypotheses about new pathways in
HCC carcinogenesis [57]. Small tumors were also observed in cirrhotic livers, where their
development is constrained by both liver function and parenchymal collagen remodeling.
A discernible association was observed between increasing tumor size and elevated platelet
levels, perhaps due to the presence of paraneoplastic phenomena. A subsequent cohort
analysis revealed that the mean platelet levels were 142, 158, and 239 x 107 /L, respectively,
corresponding to the progressive increase in tumor size (p = 0.0001). Additionally, patients
in the cohort with the largest tumors exhibited a significantly lower incidence of cirrhosis.
This led to speculation that platelet-releasing mediators and growth factors might in fact
contribute to the more aggressive tumor growth and larger sizes, partly addressing the
question of interactions between the tumor microenvironment and HCC characteristics [56].
However, after adjusting these parameters for patient survival, no statistically significant
correlations were found [58].

4. Discussion

Despite the association of platelet count with HCC outcomes, it is not currently directly
incorporated into any of the widely used predictive and prognostic tools, with only the
indirect inclusion of platelet count as a predictor of portal hypertension [59,60].

Our analysis underscores role of thrombocytopenia in the prognosis of patients with
HCC and may offer impetus for the further refinement of prognostic models. Platelet
counts below 100 x 10 /L increased the overall risk of death by 30% across all patient
groups. In individuals undergoing treatment with curative intent, this risk was amplified
by 62%. Additionally, an individual analysis revealed an independent association between
thrombocytopenia and OS in patients with HCC. Notably, there were no significant differ-
ences between the results obtained using random- and fixed-effects models, and the pooled
HR value remained largely unaffected by any single study. These outcomes underscore
the robustness of our data. Through subgroup analysis, potential sources of heterogeneity
were identified, particularly in the context of PLT level cut-off values, warranting further
evaluation alongside other covariates. Our analysis may serve as a rationale for further
research on the more comprehensive inclusion of PLT in the overall assessment of HCC
patients. Additionally, future analyses may be further enriched by incorporating more
tumor-specific characteristics in relation to platelet values, providing an additional patient
stratification tool.

Somewhat unexpectedly, our analysis revealed that low platelet counts did not in-
fluence outcomes in patients treated in a palliative setting. We expected patients with
low PLT to be at risk of receiving less systemic therapy as in clinical trials of the newest
immunotherapy, targeted therapy, and their combinations, the cut-off value for platelet
counts for inclusion oscillated at around >60-75 x 10° /L [61-63]. As the studies we scruti-
nized utilized a higher cut-off value for the platelet levels compared to the recommended
thresholds for patient inclusion in a clinical trial, it is very difficult to gauge whether the
reception of therapy would have influenced those results and if results would have been
different with lower PLT thresholds.
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There were several limitations to our study. First, some included studies did not report
important data (such as Child-Pugh grade and HCV infection rates) essential for a compre-
hensive analysis. Furthermore, there are major obstacles to obtaining a homogenous group
of HCC patients. Clinical trial results may be difficult to apply to real-world situations
due to incomplete or unclear reporting of data. However, it can also be a starting point
for in-depth analysis for the future. Second, most of the included studies investigated the
impact of platelet levels among patients undergoing diverse surgical procedures, with
a minority focusing on systemic therapy in the form of chemotherapy, immunotherapy,
or targeted therapy. Consequently, the number of patients receiving systemic therapy in
our analysis was limited. Third, the quality of some studies included in the analysis was
moderate, as reflected by a Newcastle-Ottawa Scale (NOS) score of 4. Fourth, the PLT
value cut-off points in most studies were set to 100 x 10°/L; only four studies considered a
lower cut-off point. Consequently, establishing the precise PLT level indicating a worse
prognosis remains elusive at present. However, the primary challenge encountered in our
analysis pertains to the pronounced heterogeneity, surpassing that observed in previous
studies of a similar nature. While it might be attributed to the inclusion of a novel patient
group in recent years and the expansion of clinical indications for surgical treatments,
including transplantation and hepatectomy, the exact source of this heterogeneity is yet to
be determined.

Despite extensive in vitro and in vivo investigations into the relationship between
platelets and HCC, certain questions remain unresolved. The evident influence of both
thrombocytopenia and thrombocytosis on the pathogenesis of HCC is primarily attributed
to the interaction of platelet mediators with a cirrhotic liver and tumor microenviron-
ment [64,65]. It has been established those metabolites released from platelets, including
platelet-derived growth factor (PDGF), actively promote tumorigenesis. Within HCC cells,
the level of PDGF receptor alpha (PDGFR«) is elevated in comparison to normal hepato-
cytes [64,66], resulting in heightened chemosensitivity under normo- or hypoxic conditions
when PDGF is suppressed [64]. Additionally, tumors exhibiting an overexpression of
PDGFR« are significantly associated with increased micro-vessel density, macroscopic
vascular invasion, shorter overall survival, and a higher rate of HCC recurrence [67]. More-
over, serotonin, a crucial mediator released from platelets, may impact disease progression.
Circulating serotonin levels were notably higher in cirrhotic patients with HCC than in
those without HCC [68]. Furthermore, in a cohort of 40 HCC patients undergoing partial
hepatectomy, intra-platelet serotonin levels were predictive of HCC recurrence (HR 0.1,
95% CI—0.01-0.89) [69]. Hence, the PLT count, and consequently, levels of mediators
released from its granules may exhibit correlations with both cirrhosis and the character-
istics and aggressiveness of tumors. The discussed studies exploring the relationship of
platelet count and activity with HCC tumorigenesis regrettably could not be incorporated
into our meta-analysis owing to discrepancies in the OS assessment criteria employed
by the researchers [25]. Nonetheless, our findings exhibit concordance with the afore-
mentioned work, as well as with the divergent commentary concerning that analysis [26].
Consequently, we combined the conclusions from both studies, which showed different
prognostic outcomes depending on the patient cohort and type of therapy employed [25,26].

Individual analyses of the impact of PLT on a patient’s prognosis provide valuable
information about the prognosis in a specific group of patients. For instance, an analysis
that considers only surgically treated patients. However, we have not observed a direct
comparison of palliatively and radically treated patients in a trial. We decided to investigate
whether the thresholds for inclusion were appropriate, given the strict guidelines for patient
inclusion in different treatments. For instance, based on our findings, it may soon be feasible
to incorporate individuals with significantly lower PLT levels, who are currently ineligible
for treatment, into both clinical trials and routine care. The primary benefit of our research is
its clinical relevance, which could offer physicians more choices for patients who experience
ongoing platelet abnormalities and related symptoms. The results of the individual analyses
showed some inconsistencies. For instance, some analyses indicated that patients with
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reduced platelets had a better prognosis, while others suggested a worse prognosis. Our
work suggests that the type of treatment may be a possible source of this discrepancy.

5. Conclusions

There is a strong association between platelet counts and survival outcomes in HCC
patients, although a comprehensive incorporation of platelet assessment in the evaluation
of HCC patients requires further refinement. This will require the identification of specific
subgroups of patients with this heterogeneous cancer where platelet count and other PLT
indices may influence pathogenesis and prognosis. Moreover, further prospective trials,
especially on patients treated with systemic therapy, are much needed with clear inclusion
criteria and comprehensive reporting.
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Podsumowanie i wnioski

Cele postawione przed rozpoczgciem pracy naukowej zostaty osiagnigte.

1. Opisano molekularng charakterystyke pacjentow leczonych z powodu HCC w UCK
WUM, stwierdzajac relatywnie rzadko obserwowang ekspresje PD-L1; zbadano
wptyw ekspresji PD-L1 oraz CD68 i1 TIls na rokowanie pacjentow.

2. Przeanalizowano dane dotyczace przezycia calkowitego oraz czasu do nawrotu
choroby w populacji pacjentow z HCC po przeszczepie oraz po radykalnej resekc;ji.
Stwierdzono istotnie wyzszg czgsto$¢ nawrotdw po resekcji w porownaniu do
transplantacji (69% vs 21%), co podkresla potrzebe optymalnego leczenia i wczesnej
diagnostyki HCC.

3. Analiza danych klinicznych pacjentow chorych na HCC wykazata, ze dla rokowania
pacjentdw chorych na HCC (OS, RFS) kluczowe znaczenie maja dobrze znane
czynniki, takie jak inwazja mikronaczyniowa, stopien zaawansowania i wyjSciowy
poziom AFP. Natomiast ekspresja PD-L1 oraz CD68 nie wptywaja na rokowanie
pacjentow. Nie wykazano rowniez, aby parametry jak ALBI, PALBI, NLR, PLR

wigzaly si¢ z OS 1 RFS pacjentéw w analizowanej populacji.

Przeprowadzone analizy wieloczynnikowe zasugerowaty kilka mozliwych do
zastosowania w praktyce klinicznej czynnikdw prognostycznych:
- nawr6t choroby, populacja ogdlna:
e wyjsciowy poziom AFP, p=0.034, HR=1.000 (1.000001-1.00002)
e inwazja mikronaczyniowa, p=0.001, HR=4.546 (1.769-11.681)
e WBC, p=0.004, HR=2.121 (1.261-3.567)
- nawrot choroby po transplantacji:
e stopien zrdznicowania, p=0.002, HR=12.183 (2.434-60.965)
e inwazja mikronaczyniowa, p=0.004, HR=9.373 (2.006-43.785)
- przezycie calkowite, populacja ogdlna:
e inwazja mikronaczyniowa, p <0,001, HR=5.404 (2.352-12.413)
- przezycie calkowite, po resekcji:
e wyjsSciowy poziom AFP, p=0.022, HR=1.000045 (1.000006-1.00008)
e wyjsciowy poziom bilirubiny, p=0.0009, HR=3.323 (1.630-6.773)
e inwazja mikronaczyniowa, p=0.0107, HR=3.972 (1.374-11.483)

- przezycie calkowite, po transplantacji:



e inwazja mikronaczyniowa, p=0.0004, HR=18.517 (3.667—-93.502)

e NLR, p=0.039, HR=0.915 (0.841-0.995)
Dodatkowo przeprowadzona meta-analiza wykazala, ze liczba plytek krwi moze by¢ waznym
markerem prognostycznym u pacjentow chorych na HCC, zwtaszcza w przypadku leczenia

radykalnego.

Podsumowujac, leczenie chorych na HCC w istotny sposdb zmienito si¢ w ostatnich latach.
Dostepne coraz liczniejsze opcje terapeutyczne sprawiajg, ze istotne jest znalezienie nowych
czynnikow predykcyjnych oraz prognostycznych w réznych grupach pacjentow.

Sposrdd znanych parametrow, ktore moga by¢ wykorzystywane jako czynniki prognostyczne
w przypadku chorych na raka watrobowkomorkowego najwieksza role odgrywa inwazja
mikronaczyniowa oraz stopien zréznicowania nowotworu. Wydaje si¢, ze ocena ekspresji PD-
L1 ma ograniczone zastosowanie ze wzgledu na niskg czegstos¢ wystepowania. Dodatkowo,
wielu pacjentéw chorych na HCC moze nie dysponowaé materialem histologicznym do badan
molekularnych. Podobnie, ocena ekspresji CD68 wymaga dalszych, poglebionych badah w
roéznych subpopulacjach TAMs.

Ocena wplywu parametrow laboratoryjnych roznie si¢ istotnie w réznych subpopulacjach
pacjentow chorych na HCC. Stad wydaje sig¢, ze potrzeba dalszych, prospektywnych badan,
by¢ moze z zastosowaniem technik ptynnej biopsji lub innych parametréw oznaczanych w

ptynach ustrojowych a niekoniecznie na podstawie materialu tkankowego.
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Niniejszym o$wiadczam, ze Komisja Bioetyczna przy Warszawskim Uniwersytecie
Medycznym w dniu 06 wrzesnia 2021 r. przyjeta do wiadomosci informacje na temat
badania pt ,, Wptyw mikrosrodowiska guza oraz jego charakterystyki molekularnej na
wyniki leczenia pacjentéw chorych na raka watrobowokomorkowego.”

Przedstawione badanie nie stanowi eksperymentu medycznego w rozumieniu art. 21 ust.
1 ustawy z dnia 5 grudnia 1996 r. o zawodach lekarza i lekarza dentysty(Dz.U. z 2018 r.
poz. 617) i nie wymaga uzyskania opinii Komisji Bioetycznej przy Warszawskim
Uniwersytecie Medycznym, o ktérej mowa w art. 29 ust.1 ww. ustawy.

Przewodniczaca Komisji Bioetycznej

Prof. dr Kab. n. med. Magdalena Kuzma —Kozakiewicz






Oswiadczenia wspolautorow publikacji



Warszawa, 29.05.2025

prof. dr hab. n. med. Rafat Stec

OSWIADCZENIE

Jako wspotautor pracy pt. Milestones in the treatment of hepatocellular carcinoma: A
systematic review. Crit Rev Oncol Hematol. 2021 Jan;157:103179. doi:
10.1016/j.critrevonc.2020.103179 oswiadczam, iz mdj wilasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: 10%, tj. nadzor oraz edycje manuskryptu.

Wklad Macieja Gryziaka w powstawanie publikacji obejmowal:
{imic 1 nazwisko kandydata do stopnia)

konceptualizacjg, analiz¢ oraz opracowanie metodyki oraz manuskryptu, wizualizacje (75%)

(mervtoryvezny opis wkladu kandydata do stopnia w powstanic publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. Macieja Gryziaka.

(imig i nazwisko kandvdata do stopnia)

(podpis oswiadczajacego)

*w szczegdlnosei udziatu w przygotowaniu koncepeji. metodyki, wykonaniu badan, interpretaci wynikow



Warszawa, 29.05.2025

dr n. med. Leszek Kraj

OSWIADCZENIE

Jako wspotautor pracy pt. Milestones in the treatment of hepatocellular carcinoma: A
systematic review. Crit Rev Oncol Hematol. 2021 Jan;157:103179. doi:
10.1016/j.critrevone.2020.103179 oswiadezam, iz mdj wilasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: 10%, tj. wizualizacje oraz edycj¢ manuskryptu.

Wktad Macieja Gryziaka w powstawanie publikacji obejmowal:
(imic i nazwisko kandydata do stopnia}

konceptualizacjg, analiz¢ oraz opracowanie metodyki oraz manuskryptu, wizualizacje (75%)

(merviorvesny opis wkladu kandvdata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$¢ rozprawy doktorskie;

lek. Macieja Gryziaka.

(imi¢ i nazwishe kandydata do stopnia)

(

dpis oswiadczajgcego)

*w szezegolnosci udziatu w przygotowaniu konceepeji. metodyki, wykonaniu badan. interpretacji wynikow



Warszawa, 29.05.2025
Krzysztof Wozniak

OSWIADCZENIE

Jako wspotautor pracy pt. Milestones in the treatment of hepatocellular carcinoma: A
systematic  review. Crit Rev  Oncol Hematol. 2021 Jan;157:103179.  doi:
10.1016/j.critrevonc.2020.103179 o$wiadczam, iz moj wlasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: 5%, tj. zebranie danych oraz edycj¢ manuskryptu.

Wkiad Macieja Gryziaka w powstawanie publikacji obejmowal:
(imie i nazwisko kandydata do stopnia)
konceptualizacje, analiz¢ oraz opracowanie metodyki oraz manuskryptu, wizualizacjg (75%)
(merviorvezny opis wkladu kandydata do stopnia w powstanie publikacji)®
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs¢ rozprawy doktorskie]

lek. Macieja Gryziaka.

(imic i nazwisko kandydata do stopnia)

(podpis o$wiadczajgcego)

*w szczegdlnosei udziatu w przygotowaniu koncepeji. metodyki, wykonaniu badan. interpretacji wynikow




Warszawa, 29.05.2025

prof. dr hab. n. med. Rafal Stec

OSWIADCZENIE

Jako wspélautor pracy pt. The role of tumor-associated macrophages in hepatocellular
carcinoma-from bench to bedside: A review. ] Gastroenterol Hepatol. 2024 Aug;39(8):1489-
1499. doi: 10.1111/jgh.16564 oswiadczam, iz mdj wilasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: 10%, tj. nadzor oraz edycje manuskryptu.

Wklad Macieja Gryziaka w powstawanie publikacji obejmowal:
(imi¢ i nazwisko kandydata do stopnia)

konceptualizacje, analiz¢ oraz opracowanie metodyki oraz manuskryptu, wizualizacje (80%)

(mervioryezny opis wkladu kandydata do stopnia w powstanic publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes¢ rozprawy doktorskiej

lek. Macieja Gryziaka.

(imig 1 nazwisko handydata do stopnia)

(podpis o$wiadczajacego)

*w szezegolnosei udziatu w przygotowaniu koncepeji. metodyki, wykonaniu badan. interpretacji wynikow




Warszawa, 29.05.2025

dr n. med. Leszek Kraj

OSWIADCZENIE

Jako wspotautor pracy pt. The role of tumor-associated macrophages in hepatocellular
carcinoma-from bench to bedside: A review. J Gastroenterol Hepatol. 2024 Aug;39(8):1489-
1499. doi: 10.1111/jgh.16564 o$wiadczam, iz méj wilasny wklad merytoryczny w
przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie pracy w formie

publikacji stanowi: 10%, tj. wizualizacje oraz edycje manuskryptu.

Wktad Macieja Gryziaka w powstawanie publikacji obejmowal:
(imic i nazwisko kandydata do stopnia)

konceptualizacje, analize oraz opracowanie metodyki oraz manuskryptu, wizualizacje (80%)

(mervtoryesmy opis wkladu kandydata do stopnia w powstanic publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cze$é rozprawy doktorskiej
lek. Macieja Gryziaka.

(imig i nazwisko kandvdata do stopnia)

pis oswiadczajacego)

*w szczegolnosei udziatu w przygotowaniu koncepeji. metodyki, wykonaniu badan, interpretacji wynikow



Warszawa, 29.05.2025
(miejscowosc¢, data)

Prof. dr hab. n. med. Rafal Wieslaw Stec

(imie i nazwisko)

OSWIADCZENIE

Jako wspolautor pracy pt. .Prognostic factors for hepatocellular carcinoma recurrence
after liver transplantation or resection - single-center experience. Heliyon. 2024 Nov
13;10(22):e40228. doi: 10.1016/j.heliyon.2024.e40228. oswiadczam, iz mdj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi: 10%, tj. nadzor, dostgp do oprogramowania, korekty.

Wktad Macieja Gryziaka w powstawanic publikacji obejmowal:
(imi¢ i nazwisko kandydata do stopnia)

konceptualizacje, opracowanie metodologii oraz przygotowanie manuskryptu (60%)

{merytoryezny opis wkladu kandydata do stopnia w powstanic publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskie;

lek. Macieja Gryziaka.

(imig i nazwisko kandvdata do stopnia)

(podpis o$wiadczajacego)

*w szczegdlnosci udziatu w przygotowaniu koneepeji. metodyki, wykonaniu badan, interpretacji wynikow




Warszawa, 29.05.2025

dr n. med. Leszek Kraj

OSWIADCZENIE

Jako wspétautor pracy pt. .Prognostic factors for hepatocellular carcinoma recurrence
after liver transplantation or resection - single-center experience. Heliyon. 2024 Nov
13;10(22):e40228. doi: 10.1016/j.heliyon.2024.e40228. oswiadczam, iz mdj wiasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: 10%, tj. konceptualizacje, wizualizacj¢ oraz edycje

manuskryptu.

Wklad Macieja Gryziaka w powstawanie publikacji obejmowat:
{imig 1 nazwisho kandydata do stopnia)

konceptualizacjg, opracowanie metodologii oraz przygotowanie manuskryptu (60%)

(merytoryezny opis wkladu kandydata do stopnia w powstanic publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgsé rozprawy doktorskie;

lek. Macieja Gryziaka.

(imig i nazwisko kandvdata do stopnia)

(podpis o$wiadczajacego)

*w szczegolnosci udzialu w przygotowaniu koncepeji. metodvki. wykonaniu badan, interpretacji wynikow



Warszawa, 29.05.2025
(miejscowosc, data)

Krzysztof Wozniak

(imig¢ i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. .Prognostic factors for hepatocellular carcinoma recurrence
after liver transplantation or resection - single-center experience. Heliyon. 2024 Nov
13;10(22):e40228. doi: 10.1016/j.heliyon.2024.e40228. o$wiadczam, iz moj wiasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi: 5%, tj. analiza i zebranie danych.

Wkiad Macieja Gryziaka w powstawanie publikacji obejmowal:
(imi¢ 1 nazwisho kandydata do stopnia)

konceptualizacje, opracowanie metodologii oraz przygotowanie manuskryptu (60%)
(merytoryezny opis wkladu kandvdata do stopnia w powstanic publikacii)*
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czes$¢ rozprawy doktorskiej

lek. Macieja Gryziaka.

timig i nazwisho handydata do stopnia)

(podpis oswiadczajacego)

*w szczegdlnosci udziatu w przygotowaniu koncepeji. metodyki, wykonaniu badan, interpretacji wynikdw



30.05.2025
(migjscowosé, data)

Benedykt Szezepankiewicz
(imie i nazwisko)

OSWIADCZENIE

Jako wspotautor pracy pt. Prognostic factors for hepatocellular carcinoma recurrence
after liver transplantation or resection - single-center experience. Heliyon. 2024 Nov
13;10(22):e40228. doi: 10.1016/.heliyon.2024.¢40228, oswiadczam, iz méj wlasny wkiad
meryloryczny w przygotowanie, przeprowadzenie i opracowanie badaf oraz przedstawienie

pracy w formie publikacji stanowi: 5%, tj, opracowanie materiatu patomorfologicznego.

Wklad Macieja Gryziaka w powslawanie publikacji obejmowat:
(imig i narwisko kandvdata do stopnia)
Konceptualizacje, opracowanie metodologii oraz przygotowanie manuskryptu (60%)

{merytoryezny opis wiladu kandydata do stopnia w powslanie publikacji}*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢s$¢ rozprawy doktorskiej

lek. Macieja Gryziaka.

(imig i nazwisko kandydata do stopnia}

(podpis oswiadczajacego)

*w szezegolnosei ndzialu w przygotowaniu koncepcji, metodyki, wykonaniu badar, interpretacji wynikow



Warszawa, 29.05.2025

Dr hab. n. med. Maciej Krasnodebski

OSWIADCZENIE

Jako wspolautor pracy pt. .Prognostic factors for hepatocellular carcinoma recurrence
after liver transplantation or resection - single-center experience. Heliyon. 2024 Nov
13;10(22):e40228. doi: 10.1016/j.heliyon.2024.e40228. oswiadczam, iz mdj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi: 5%, tj. analiz¢ oraz zebranie danych.

Wklad Macieja Gryziaka w powstawanie publikacji obejmowal:
(imie 1 nazwisko kandvdata do stopnia)

konceptualizacjg, opracowanie metodologii oraz przygotowanie manuskryptu (60%)

(merytoryezny opis whiadu kandydata do stopnia w powstanie publikacii)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. Macieja Gryziaka.

(imig i naewisko kandvdata do stopnia)

(podbis oswiadczajacego)

*w szczegolnosei udzialu w przy gotowaniu koneepeji, metodyki. wykonaniu badan, interpretacji wynikéw



Warszawa, 29.05.2025

prof. dr hab. n. med. Michat Grat

OSWIADCZENIE

Jako wspotautor pracy pt. .Prognostic factors for hepatocellular carcinoma recurrence
after liver transplantation or resection - single-center experience. Heliyon. 2024 Nov
13:10(22):e40228. doi: 10.1016/j.heliyon.2024.e40228. oswiadczam, iz mdj whasny wklad

merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi: 5%, tj. analiz¢ oraz zebranie danych.

Wktad Macieja Gryziaka w powstawanic publikacji obejmowal:
(imie 1 nazwisko kandydata do stopnia)

konceptualizacje, opracowanie metodologii oraz przygotowanie manuskryptu (60%)

(mervtervezny opis wkiadu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Macieja Gryziaka.

Kliniki Chirurgii Transiénacvifiei
(imi¢ 1 nazwisko kandydata do stopnia) Centra{ny ngpi‘[la!r ﬂ:;.é;g%ﬂé kvmgﬁy
s/

prof. dr hab. n. pled. Michat Grat

............................ g ALARERTEEE R

/ f’ -
( podﬁimiadczajarce go)

/

*w szczegdlnosci udziatu w przygotowaniu koncepeji, metodyki, wykonaniu badan. interpretacji wynikow



Warszawa, 29.05.2025

dr n. med. Leszek Kraj

OSWIADCZENIE

Jako wspotautor pracy pt. Impact of Thrombocytopenia on Survival in Patients with
Hepatocellular Carcinoma: Updated Meta-Analysis and Systematic Review. Cancers (Basel).
2024 Mar 27;16(7):1293. doi: 10.3390/cancers16071293 oswiadczam, iz moj wlasny wklad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: 55%, tj. konceptualizacje, wizualizacje oraz edycje

manuskryptu.

Wktlad Macieja Gryziaka w powstawanic publikacji obejmowal:
(imig i nazwisko handydata do stopnia)

konceptualizacjg, analizg oraz opracowanie manuskryptu, wizualizacje (15%)

(merytoryezny opis wkladu kandydata do stopnia w powstanic publikacjiy®

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czgs$¢ rozprawy doktorskiej

lek. Macieja Gryziaka.

timig 1 nazwisko kandyvdata do stopnia)

(podpis oswiadczajacego)

*w szezegolnoscei udzialu w przygotowaniu koncepeji. metodyki. wykonaniu badan, interpretacji wynikdw



Warszawa, 29.05.2025

Paulina Chmiel

OSWIADCZENIE

Jako wspolautor pracy pt. Impact of Thrombocytopenia on Survival in Patients with
Hepatocellular Carcinoma: Updated Meta-Analysis and Systematic Review. Cancers (Basel).
2024 Mar 27;16(7):1293. doi: 10.3390/cancers16071293 o$wiadczam, iz mo6j wlasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi: 10%, tj. wizualizacj¢ oraz edycje manuskryptu.

Wklad Macieja Gryziaka w powstawanie publikacji obejmowat:
(imi¢ i nazwisko kandvdata do stopnia)

konceptualizacje, analizg oraz opracowanie manuskryptu, wizualizacj¢ (15%)

(merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$¢ rozprawy doktorskiej

lek. Macieja Gryziaka.

(imie i nazwisko kandydata do stopnia)

(podpis oswiadczajacego)

*w szezegblnosei udzialu w przygotowaniu koncepeji, metodyki. wykonaniu badan, interpretacji wynikow



Warszawa, 29.05.2025
(miejscowosc, data)

dr hab. n. med. Laretta Grabowska-Derlatka

OSWIADCZENIE

Jako wspolautor pracy ptlmpact of Thrombocytopenia on Survival in Patients with
Hepatocellular Carcinoma: Updated Meta-Analysis and Systematic Review. Cancers (Basel).
2024 Mar 27;16(7):1293. doi: 10.3390/cancers16071293 o$wiadczam, iz moj wiasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi: 5%, tj. wizualizacja oraz edycja manuskryptu.

Wktad Macieja Gryziak w powstawanie publikacji obejmowat konceptualizacje, analize oraz
opracowanie manuskryptu, wizualizacje (15%).
Jednoczesnie wyrazam zgod¢ na wykorzystanie w/w pracy jako czesé rozprawy doktorskiej

lek. Macieja Gryziaka.

(podpis oswiadczajacego)



Warszawa, 29.05.2025

Lukasz Szymarski

OSWIADCZENIE

Jako wspotautor pracy pt. Impact of Thrombocytopenia on Survival in Patients with
Hepatocellular Carcinoma: Updated Meta-Analysis and Systematic Review. Cancers (Basel).
2024 Mar 27;16(7):1293. doi: 10.3390/cancers16071293 o$wiadczam, iz moj whasny wkiad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie

pracy w formie publikacji stanowi: 5%, tj. wizualizacj¢ oraz edycj¢ manuskryptu.

Wkiad Macieja Gryziaka w powstawanie publikacji obejmowat:
(1mi¢ i nazwisko kandydata do stopnia)

konceptualizacje, analize oraz opracowanie manuskryptu, wizualizacje (15%)

{merytoryczny opis wkladu kandydata do stopnia w powstanie publikacji)*

Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako czg$é rozprawy doktorskiej

lek. Macieja Gryziaka.

(1imie 1 nazwisko kandydata do stopnia)

(podpis oswiadczajgcego)

*w szezegblnosei udzialu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacii wynikow



Warszawa, 29.05.2025

Ewa Wysokinska

OSWIADCZENIE

Jako wspolautor pracy pt. Impact of Thrombocytopenia on Survival in Patients with
Hepatocellular Carcinoma: Updated Meta-Analysis and Systematic Review. Cancers (Basel).
2024 Mar 27;16(7):1293. doi: 10.3390/cancers16071293 o$wiadczam, iz moj wiasny wktad
merytoryczny w przygotowanie, przeprowadzenie i opracowanie badan oraz przedstawienie
pracy w formie publikacji stanowi: 10%, tj. metodologie, wizualizacje¢ oraz edycje

manuskryptu.

Wkiad Macieja Gryziaka w powstawanie publikacji obejmowal:
(imie 1 nazwisko kandydata do stopnia)

konceptualizacje¢, analize¢ oraz opracowanie manuskryptu, wizualizacjg (15%)
(merytoryezny opis wkiadu kandydata do stopnia w powstanie publikacy)*
Jednoczesnie wyrazam zgode na wykorzystanie w/w pracy jako cz¢$¢ rozprawy doktorskiej

lek. Macieja Gryziaka.

(imic 1 nazwisko kandydata do stopnia)

(podpis oswiadczajgcego)

*w szezegblnosei udziatu w przygotowaniu koncepeji, metodyki, wykonaniu badan, interpretacji wynikow
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Limfocyty naciekajace guz (TIL) zaobserwowano w 19 przypadkach. Obecno$¢ TIL nie byta

zwigzana z rokowaniem w zadnej z podgrup ani w populacji ogdlne;.

Zgodnie z wynikami analizy jednoczynnikowej w populacji pacjentow chorych na raka
watrobowokomodrkowego, poziom PLT nalezat rowniez do czynnikéw prognostycznych. Z
tego wzgledu przeprowadzono meta-analiz¢ i przeglad systematyczny, ktore staty si¢
podstawg czwartej publikacji w cyklu. Celem pracy byto zbadanie wptywu trombocytopenii
na przezycie pacjentoOw z rozpoznaniem raka watrobowokomorkowego oraz ocena zwigzku
liczby ptytek krwi z cechami kliniczno-patologicznymi nowotworu. W ramach pracy
przeprowadzono systematyczny przeglad literatury i metaanaliz¢ zgodnie z wytycznymi
PRISMA, przeszukano bazy: PubMed, Web of Science i Scopus. Na podstawie wyszukiwania
zidentyfikowano 26 badan (lgcznie 9403 pacjentow), ktore spetnialy okreslone kryteria
wyszukiwania. Analizowano wspoétczynniki hazardu (HR) dla przezycia catkowitego (OS) w
zaleznosci od liczby plytek krwi. Przeprowadzone analizy wskazuja, ze trombocytopenia
(<100 x 10°/L) byta zwigzana z gorszym przezyciem catkowitym: HR (model efektow
losowych) =1.30 (95% ClI: 1.05-1.63), HR (model wieloczynnikowy)= 1.47 (95% ClI: 1.15—
1.86). W grupie leczonej z zamiarem radykalnym (np. resekcja, RFA) HR=1.62 (95% CI:
1.25-2.11), natomiast w grupie leczonej paliatywnie (np. TACE, leczenie systemowe)
HR=0.81 (95% CI: 0.62-1.05) — co sugeruje mozliwy odwrotny trend. Ponadto niska liczba
plytek byta czestsza u pacjentdéw z mniejszymi guzami i marskoscig watroby, natomiast
wyzsze wartosci PLT korelowaty z wigkszymi guzami 1 mniejsza czgsto$cig marskosSci.
Wskazuje to na mozliwy udziat ptytek krwi 1 ich mediatorow (np. czynnik wzrostu ptytek
krwi, platelet-derived growth factor, PDGF, serotoniny) w progresji HCC. Liczba ptytek krwi
moze by¢ uzytecznym, tatwo dostgpnym markerem prognostycznym u pacjentow chorych na
HCC, szczegdlnie w leczeniu radykalnym. Niemniej, potrzebne sg dalsze badania
prospektywne, szczegblnie w grupach leczonych systemowo, z uwzglednieniem doktadnych

kryteriow wiaczenia.
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