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SEZNAM POUZITYCH ZKRATEK

ACE-27

27 score)
APC
BED1o
CAFs
CB-CT

skore hodnoceni komorbidit (z angl. Adult Comobridity Evaluation

antigen prezentujici buiika
biologicka efektivni davka
nadorem asociované fibroblasty (z angl. Cancer Associated Fibroblasts)

zobrazovaci rentgenologické vysetieni pro zaméteni ozafované oblasti

(z angl. Cone-Beam Computed Tomography)

CCI
CD
CD3+
CD4+
CD8+
cDDP
CI
CPS
CT
CTLA-4
CXCL
DAB
DAKO
DC
DFS
DNA
DMFS
Survival)
DOI
DSS
EBV
ECOG
Group)

index hodnoceni komorbidit (z angl. Charlson Comoboridity Index)
diferencia¢ni skupina (z angl. Cluster of Differentiation)
T-lymfocyty

pomocné T-lymfocyty

cytotoxické T-lymfocyty

cisplatina (cytostatikum)

interval spolehlivosti (z angl. Confidential Inverval)

kombinované pozitivni skore (z angl. Combined Positivity Score)
vypocetni tomografie

checkpoint (z angl. Cytotoxic T-lymphocyte Associated Protein 4)
oznaceni malych peptidovych molekul tzv. chemokini

metoda thmunohistochemické analyzy

oznaceni barvicich roztokl pro imunohistochemii

dendriticka bunka

pteziti bez zndmek recidivy onemocnéni (z angl. Disease-Free Sruvival)
deoxyribonukleova kyselina

pieziti bez vzdalenych metastaz (z angl. Distant Metastatic-Free

hloubka invaze (z angl. Depth Of Invasion)
nadorové specifické pteziti (z angl. Disease-Specific Survival)
Epstein-Barrové virus

vykonnostni stav pacienta (z angl. Eastern Cooperative Oncologoy



EGFR

receptor epidermalniho rustového faktoru

Fas/FasL protein/ligand z rodiny TNF — tumor nekrotizujici faktor

FDG-PET 18-fluordeoxyglukdzova pozitronova emisni tomografie

FOXP3 regulacni T-lymfocyty

G-CSF faktor stimulujici rast kolonie granulocytt

HNSCC skvamozni karcinom hlavy a krku

HLA komplex HLA (z angl. Human Leucocyte Antigen)

HPV lidsky papilomavirus

HR pomgér rizik (z angl. Hazard Ratio), cHR — hruby, aHR — adjustovany

CHT chemoterapie

IC imunitni buiiky (z angl. Immune Cells)

IFNy interferon gamma

IGRT obrazem navadéna radioterapie (z angl. Image-Guided Radiation
Therapy)

IHC imunohistochemie

IL interleukin

IMRT ozafeni modulovanou intenzitou svazku (z angl. Intenzity-Modulated

Radiation Therapy)

KV kilovoltazni portdlovy snimek

LRFS preziti bez lokoregionalniho relapsu (z angl. Local Relpase-Free
Survival)

MDSCs supersorové buniky myeloidni fady (z angl. Myeloid-Derived
Suppressor Cells)

MHC hlavni histokompatibilni komplex (z angl. Major Histocompatibility
Complex)

MR magnetickd rezonance

NBI endoskopickd metoda v ORL (z angl. Narrow Band Imaging)

NK NK buiiky — lymfocyty s cytotoxickou aktivitou (z angl. Natural

Killers)

NLR pomér neutrofili k lymfocytim (z agl. neutrophil-to-lymphocyte ratio)

NZIS Nérodni zdravotnicky informaéni systém

oS celkové preziti (z angl. Overall Survival)
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PD-1 receptor programované smrti (z angl. Programmed death receptor 1)

PD-L1 ligand receptoru programované smrti

PET/CT pozitronova emisni tomografie

PS vykonnostni stav pacientl (z angl. Performance Status)

RCHT radiochemoterapie

RT radioterapie

SBRT stereotakticka radioterapie (z angl. Stereotactic Body Radiation
Therapy)

SCCA nadorovy marker — antigen skvamo6znich nadorovych bunék

TAMs makrofagy asociované s tumorem (z angl. Tumor Associated
Macrophages)

TANs neutrofily asociované s tumorem (z angl. Tumor Associated
Neutrophiles)

TB nadorové bujeni (z angl. Tumor Budding)

TC nadorové buiiky (z angl. Tumor Cells)

TGF-B cytokin (z angl. Transforming Growth Factor beta)

Th1/Th2 fenotypy pomocnych, CD4+ T-lymfocytt

TIL tumor infiltrujici lymfocyty

TME nadorové mikroprostiedi (z angl. Tumor microenvironment)

TNF-a tumor nekrotizujici faktor alfa

TNF-B tumor nekrotizujici faktor beta

TNM klasifikace staddia nddorového onemocnéni

Treg regulacni T-lymfocyty

TSH tyreotropni hormon

T3 hormon §itné Zl4zy — trijodtyronin

T4 hormon §titné Zl14zy — tyroxin

USG ultrasonografie

UZIs Ustav zdravotnickych informaci a statistiky CR

VEGF vaskularni endotelialni ristovy faktor

VMAT technika radioterapie (z angl. Volumetric Modulated Arc Therapy)

WPOI invazivni rast nadoru (z angl. Worst Pattern Of Invasion)

XST technika navadéni svazku zateni (z angl. Xsight Spine Tracking)
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2 UVOD

Nadory hlavy a krku reprezentuji vyznamnou skupinu malignich onemocnéni, jejichz
incidence ma celosvétové vzrastajici trend. Prestoze rizikové faktory, spojené se
vznikem téchto nadort, byly identifikovany a podrobné popsany, cile primérni
prevence stale nejsou uspokojivé naplnény. Velkou mérou ktomu pfispivaji
psychosocialni faktory zavislosti na nikotinu a alkoholu, které jsou obtizné feSitelné
anelze je zcela eliminovat. Druhym vyznamnym faktorem je pandemie HPV infekce,
ktera v uplynulych letech vyznamné pfispiva k vzristajici incidenci karcinomu
orofaryngu. Na tuto skupinu by se v budoucnu pravdépodobné mohla zamé&fit primarni
prevence ockovanim. Na rozdil od priméarni prevence, kterd je alespon Castecné
uspésnd, sekundarni prevence u naddort hlavy a krku selhdva. Absence screeningovych
programti v kombinaci s mnohdy limitni komplianci rizikovych osob ma za nasledek
diagnostiku pokrocilych stadii onemocnéni. Tento jev se promitd do celkovych
vysledkl 1é¢by, které jsou u pokrocilych stadii onemocnéni neuspokojivé. Terciarni
prevence se tak stavd klicovou oblasti klinického a védeckého zajmu. Piestoze
radikalni lécba pokrocilych karcinomii hlavy a krku zaznamenala v poslednich letech
trend personalizace postupl, celkové vysledky 1écby nejsou uspokojivé a jsou
doprovazeny vy$§i mirou recidiv. V této souvislosti je zddouci nalezeni
prognostickych faktorti aplikovatelnych v tercidrni prevenci, k identifikaci rizikovych
pacientd ohrozenych selhdnim 1écby. S vyuzitim téchto faktord by mohly byt
optimalizovany léCebné a dispenzarni protokoly, coz by mohlo pomoci zvratit
nepiiznivé vysledky lécby. Recentné publikované studie zabyvajici se problematikou
imunoonkologie naznacuji nové moZnosti vyuziti imunitnich biomarkerti k odhadu

prognodzy pacientll se zhoubnymi nadory.

Na zakladé téchto zjiSténi jsme zahdjili studii s cilem identifikovat prognostické
biomarkery u pacientii se skvamdznim karcinomem hlavy a krku (HNSCC) a ovéfit

jejich potencidl v tercidrni prevenci tohoto onemocnéni.



2.1

OBECNE CHARAKTERISTIKY NADORU HLAVY A KRKU

2.1.1 Epidemiologie nadori hlavy a krku
Zhoubné nadory hlavy akrku reprezentuji v Evropé pfiblizné¢ 4-5 % z celkového
po¢tu nové diagnostikovanych nadorti. Celosvétové se tyto nddory fadi na Sestou
pozici s incidenci 650 000 nové diagnostikovanych piipad za rok. ) Geograficky
vyskyt nadord je charakteristicky vzristajicim trendem smérem od severskych oblasti
ke Sttedozemnimu mofi. Niz§i vyskyt je ve Finsku, Italii, Spanélsku, v Anglii
a Svédsku (2-10/100 000 obyvatel). Naopak Francie patii mezi zemé s nejvyssi
incidenci, ktera dosahuje az 50 novych p¥ipadi na 100 000 obyvatel. ¥ Rozdily ve
vyskytu jsou také u pohlavi. MuZzi onemocni piiblizné 3x Gastéji nez zeny. V Ceské
republice dle tidajii UZIS, platformy NZIS, z roku 2021 dosahovala incidence nadort
hlavy a krku 19,1 novych ptipadd na 100 000 obyvatel, pfiCemz pievazoval vyskyt
umuz v porovnani s zenami v poméru 2,3:1. Vramci mezinarodniho srovnani
v Evropé se Ceska republika fadi na 18. misto v incidenci nadori hlavy a krku. ()
Vékové zastoupeni pacientl, u kterych jsou tyto nadory nejcastéji diagnostikovany,
reprezentuji osoby v rozmezi 55-74 let. Dle UZIS bylo v letech 20172021 v Ceské
republice az 50 % pacientl s nové diagnostikovanym nadorem hlavy a krku ve véku
57-72 let. Vyvoj incidence téchto nadort ma v ¢asovém horizontu celosvétove
vzristajici trend. Mimo to je zaznamenan vzristajici pocet nadort diagnostikovanych

jako duplicitni nadory po primarni sp&$né onkologické 1é¢bé.
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Obrazek 1: Vyvoj incidence a mortality nadori hlavy a krku v CR* pro diagnézy
C00—C14, C30-31 dle pohlavi, pfepoéet na 100 000 osob; * Zdroj dat — UZIS, NZIS

2.1.2 Etiologie
V etiologii nadort hlavy akrku se uplatiuji predevS§im chemické, fyzikalni
a biologické faktory. Chronickd expozice témto faktorim je obvykle asociovana
s rozvojem nadorového onemocnéni. Ze skupiny chemickych faktorti jsou klinicky
vyznamné piedevSim latky obsazené v tabakovych listech, alkohol a alkaloidy
z tzv. betelového sousta. Kouf vznikajici hofenim tabidkovych listii obsahuje vice nez
4 000 chemickych substanci, znichz 43 jsou prokdzané karcinogeny a dalsi
predstavuji kokancerogeny, mutageny a promotory chronického zanétu. Béhem
zvykani tabakovych listh ve formé tzv. snus nebo dipping tobacco dochazi k expozici
28 silnym karcinogentim, které zvySuji riziko vzniku nadord dutiny ustni.
V Indonésii je pro své stimulacni U¢inky podobné amfetaminim hojné pouzivano

tzv. betelové sousto.



Sklada se ze svitku betelového listu s plodem arekové palmy, listu tabaku a hiebicku,
nebo muskatového ofisku. Pravidelné zvykani betelového sousta piisobi chronické
zanétlivé zmény sliznice dutiny ustni, které v kombinaci s uvoliovanymi karcinogeny
z listll vedou ke vzniku nadort v této lokalité. > © Alkohol piisobi jako kokarcinogen,
ktery v pfitomnosti hlavnich karcinogenii zvysuje jejich G¢inky na zdravé tkang.
Mimo tyto ucinky pusobi alkohol imunosupresivné na funkce imunitniho systému
jedince, asnizuje tak obranyschopnost vic¢i uCinktim karcinogenti. Konzumace
alkoholu a destilati zvySuje riziko rozvoje naddoru 2—6%, zatimco samotné kouieni
ptiblizné 20-25x. V ptipadé kombinace koufeni i pravidelné konzumace alkoholu je
vysledné riziko 40nasobné vyssi. Ze skupiny chemickych latek lze dale jmenovat
arsen, azbest, aromatické uhlovodiky, saze, dehet ¢i vypary z chemickych barviv.
Opakovana ¢i dlouhodoba expozice t€émto substancim rovnéZ zvySuje riziko maligniho
zvratu. Z fyzikdlnich faktorti je rizikové ptredev§im mechanické drdzdéni zubni
protézou aexpozice ionizujicimu zéafeni. Na definitivnim vysledku procesu
kancerogeneze se vSak ve vétSiné piipadi podili kombinace vySe zminovanych
faktorli, pticemz z velké miry k nému pfispiva zivotni styl pacientl. Zejména Castad
konzumace alkoholu a koufeni v kombinaci s malhygienou dutiny Ustni, chronickymi
zanéty sliznic, malnutrici, hypovitamin6zou a imunosupresi zatfazuji pacienty do velmi

vysokého rizika ve vztahu k rozvoji nadoru.

Samostatnou skupinu rizikovych faktori ptedstavuji infekce onkogennimi viry,
konkrétné lidskym papilomavirem (HPV) a virem Epstein-Barrové. Byla prokézana
asociace mezi infekci HPV sérotypy 6, 11 a 16 arozvojem skvamodzniho karcinomu
orofaryngu. ®© Celosvétove je zaznamendan globalni trend vzristajici incidence HPV
asociovanych orofaryngedlnich karcinomi v priibéhu poslednich nékolika dekad. 19
Analyza vysledki studii pfipadt a kontrol naznacuje, Ze pfevazna vétsina (90 %) HPV
infekei orofaryngu je ziskdna pohlavnim stykem, resp. byla nalezena silna asociace
mezi praktikovanim oralniho sexu (napf. poCtem partnertt) a prevalenci HPV oralni
infekce. V klinickych studiich hodnoticich partnerské pary byla rovnéz prokazana
asociace mezi identickym typem HPV ordlni infekce a infekce v oblasti genitalu
partnera. Mimo to vSechny typy ordlniho sexu (oro-oralni, oro-genitalni i oro-andlni)

jsou spojeny s vy$§im rizikem ziskani oralni HPV infekce. !V



V ramci celosvétového vyskytu se tak HPV asociované karcinomy vyznamné podili na

vzrustajici incidenci nadort hlavy a krku.

Druhym zminovanym agens je virus Epstein-Barrové (EBV), ukterého byla
prokdzana asociace mezi infekci a vySSim rizikem rozvoje nasofaryngeélniho
karcinomu. ¥ Charakteristicky je endemicky vyskyt tohoto karcinomu v nékterych
sttedomoiskych a asijskych zemich, kde lze v rdmci screeningu onemocnéni testovat

titr protilatek proti EBV u rizikové skupiny jedinc.

2.1.3 Histologie
Skupina nadorti hlavy a krku sdruzuje nékolik histologickych variant v zavislosti na
typu tkan¢, ze které nador vychazi. V klasifikaci se proto rozliSuji nddory epitelidlni,
mesenchymalni, neuroektodermdlni. Dominantni zastoupeni zaujimaji epitelialni
nadory. V této skupiné je nejcastéjsi histologickou variantou skvamézni karcinom
(head and neck squamous cell carcinoma; HNSCC), diagnostikovany az v 90%
piipadt. ) Nasleduji epitelidlni nadory nasofaryngu a jejich varianty — keratinizujici,
bez keratinizace, nizce diferencované, anaplastické ¢i s lymfocytarni infiltraci
tzv. lymfoeptieliomy. Samostatnou skupinu reprezentuji nadory velkych a malych
slinnych 7l4z s variantami adenokarcinomu, adenoidné cystického karcinomu
a mukoepidermoidniho karcinomu s Cetnosti pfiblizné 5 %. Vzacné histologické
varianty ze skupiny mesenchymalnich a neuroektodermalnich nadorti zastupuji v 1-
3 % nadory olfaktorniho nervu (estezioneuroblastom), neuroendokrinni karcinomy
a sarkomy. Mezi ostatni histologické varianty jsou fazeny sinonasalni karcinomy,
verukosni karcinomy, dediferencované karcinomy, melanomy a germinalni tumory.
Oblast hlavy a krku je rovnéZ mistem manifestace sekundarnich novotvart a jejich
metastaz. K castym histologickym variantdm patii metastdzy adenokarcinomy jicnu,
zaludku, plic aprsu nebo primarni koZni nddory — maligni melanomy ¢&i

hematologické malignity — maligni lymfomy.



2.2 DIAGNOSTIKA NADORU HLAVY A KRKU

2.2.1 Diagnostické postupy a vySetieni
V diagnostice nadorti v oblasti hlavy akrku se uplatiuji neinvazivni postupy
fyzikélntho vySetfeni a zobrazovacich metod s invazivnimi a endoskopickymi
metodami. Z fyzikalniho vySetieni je nezastupitelné otorhinolaryngologické vySetteni,
béhem kterého jsou pomoci aspekce, palpace a endoskopie zhodnoceny a vySetieny
jednotlivé anatomické lokality hlavy a krku. Suspektni maligni 1éze jsou indikovany
k dal$imu invazivnimu doSetfeni, resp. histologické verifikaci. Ta je obvykle

provadéna exscizni, ¢i kleStovou biopsii.

2.2.2 Zobrazovaci vySetieni
Pii potvrzeni malignity je vramci dalSiho diangosticko-terapeutického algoritmu
nutné piesné stanoveni rozsahu onemocnéni, tzv.stadia. Za timto ucelem jsou
indikovana zobrazovaci vySetieni, pfi¢emz je preferovano vyuziti kombinace nékolika
zobrazovacich metod. Standardni metodou v diagnostice nadorGt hlavy akrku je
vypocetni tomografie (CT), konkrétn¢ kontrastni CT vysSetieni. Toto vySetieni
umoznuje posouzeni rozsahu nadorové infiltrace, vcetné invaze do pfilehlych
zdravych tkani, orgéni ¢i skeletu. Pomoci CT je rovnéz hodnoceno metastatické
postiZeni regionélnich lymfaticky uzlin v jednotlivych etdZich krku. Mezi radiologické
znamky metastatického postiZeni uzlin patii zména elipsoidniho tvaru v ovalny, syceni
kontrastni latkou, nehomogenni — hypodenzni stied lymfatické uzliny, velikost vEtsi
nez 1 cm v kratké ose a paket tif a vice uzlin. * > U pacientii s nadory orofaryngu
a dutiny ustni mize byt diagnosticka presnost CT vySetfeni limitovana pfitomnosti
artefakti a stini amalgamovych zubnich vyplni. Zejména pii posuzovani rozsahu
nadorové infiltrace v oblasti pfechodu meékkého a tvrdého patra ¢i hrany jazyka.
V téchto ptipadech je optimadlni kombinace CT a magnetické rezonance (MR).
Vysetfeni MR umozZiluje z ¢asti filtrovat artefakty amalgamu a v porovnani s CT
vySetifenim dosahuje vyssi rozliSovaci schopnosti pfi hodnoceni nadorové infiltrace
v mékkych tkanich. 19 U pokro¢ilych nadorii jsou zobrazovaci vysetieni cilena také
na oblast hrudniku a dutiny bfi$ni k vylouceni distantnich metastaz plic, skelet a jater.

Obvykle je kombinovano kontrastni CT vySetfeni plic a sonografické vySetieni biicha.



2.2.3 Metody nuklearni mediciny
V diagnostice nadori hlavy akrku lze vyuzit také metody nukledrni mediciny.
Konkrétné 18-fluordeoxyglukézova pozitronova emisni tomografie (FDG-PET/CT)
ma vyssi senzitivitu v primarni diagnostice a detekci distantnich a uzlinovych metastaz
v porovndni se standardnimi zobrazovacimi metodami (CT, sonografie). Toto
vySetfeni je také indikovano u pacientii po radikalni nechirurgické 1é¢b¢ (radioterapii)
ke zhodnoceni regresivnich zmén v nadoru a vylouceni perzistence viabilniho
nadorového rezidua. Mimo tyto indikace byla rovnéz prokazana ucinnost

FDG-PET/CT v detekei relapsti onemocnéni po piedchozi radikalni 1é¢bg. (17

2.2.4 Stanoveni stadia onemocnéni
Vysledkem komplexniho diagnostického postupu je piesné stanoveni stadia
onkologického onemocnéni, na zakladé¢ kterého je indikovana optimalni strategie
lécby. Pro ucely standardizace hodnoceni stadii onkologickych onemocnéni je
v klinické praxi vyuzivana TNM Kklasifikace. Jednotlivé zkratky v nazvu klasifikace
reprezentuji rozsah a velikost nadoru (T), pfitomnost metastaz v lymfatickych uzlinach
(N) ¢i distantnich metastdz (M). RozliSuje se klinickd klasifikace, stanovend na
zdklad¢ biopsie tumoru a zobrazovacich vySetfeni, a patologicka klasifikace,
stanovend na zdklad€ definitivni histologii po radikalnim onkochirurgickém vykonu.
Kombinaci jednotlivych parametri T, N a M jsou definovana Ctyfi stadia (I-IVa-c)
onemocnéni. Stadia I/II reprezentuji lokalizované nadory bez pfitomnosti metastaz.
Pro stadia III/IV jsou charakteristické lokalné pokrocilé nadory s metastatickym
postizenim lymfatickych uzlin, pfipadné s pfitomnosti distantnich metastaz u stadia

IVc. Aktualné je pouzivéana 8. revidovand verze TNM klasifikace z roku 2017. ¥
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2.3 PRINCIPY RADIKALNI LECBY SKVAMOZNICH KARCINOMU HLAVY
A KRKU (HNSCC)

2.3.1 Posouzeni stavu, doporuceni multidisciplinirniho tymu
Pro stanoveni optimalni strategie 1éCby a volby 1écebné modality je nutné komplexni
posouzeni vSech faktorti, které mohou ovlivnit prabéh 1écby i jeji konecny vysledek.
Kromé zakladnich charakteristik nddoru, tzn. histologického typu, lokality a stadia
nadorového onemocnéni, je dilezité zhodnoceni vykonnostniho stavu pacienta a jeho
pfidruzenych onemocnéni. Klinicky vyznamnym faktorem je stav nutrice pacienta
a porucha pfijmu potravy, které mohou byt zplisobeny malignim onemocnénim
a zivotnim stylem. Pfedevsim zivotni styl, nizky socialni status, zavislost na alkoholu
a malnutrice jsou mnohdy spolecnymi faktory pacientl s nadory hlavy a krku, které
negativné ovliviiuji celkové 1écebné vysledky. V neposledni tadé je dulezita
kompliance pacienta k 1é¢b¢, jeho postoj a preference, socidlni a logistické faktory.
Vsechny vyse uvedené faktory jsou hodnoceny tymem Iékaid, specialistii na
tzv. multidisciplindrnim tymu a jsou korelovany s nalezy ze zobrazovacich vySetieni,
fyzikéalnich vySetfeni a endoskopickym nalezem. Vystupem z multidisciplindrniho
tymu, jehoz cleny jsou otolaryngologové, stomatochirurgové, radiacni onkologové
a radiodiagnostici, je doporuceni o definitivni strategii 1é€by a volbé optimalni léCebné
modality. V kurativni 1é€bé 1ze indikovat chirurgickou resekci tumoru, nebo radikéalni
radioterapii, resp. radiochemoterapii. Volba daného postupu zavisi na jiz uvedenych

faktorech, na jejich zhodnoceni a doporuceni multidisciplinarniho tymu.

2.3.2 Lécba ¢asnych, lokalizovanych stadii (stadia I-1I)
Casna stadia onemocnéni jsou definovana nadory mensich rozmér, dobfe
ohranicenych, neptfesahujicich ptislusnou anatomickou oblast hlavy a krku. Jedna se o
nadory, které nezaklddaji metastazy do regiondlnich lymfatickych uzlin a svym
invazivni ristem nezasahuji do hloubé&ji ulozenych anatomickych struktur, svalovych
komplext, skeletu ¢i pfilehlych organl (slinnych Zlaz, Stitné Zlazy). V radikalni 1écbé
téchto stadii lze volit mezi invazivni chirurgickou resekci, nebo neinvazivnimi
technikami radioterapie, pficemz ob¢ léCebné modality dosahuji srovnatelnych
vysledki. U menSich nadord dobfe piistupnych k vySetfeni a resekci, je obvykle

preferovéana chirurgicka 1écba. 19
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Naopak unadori lokalizovanych v anatomickych lokalitdich, kde by funkéni
a kosmeticky vysledek chirurgické 1€cby negativné ovlivnil kvalitu Zivota pacientt, je
preferovana neinvazivni 1écba technikami radioterapie. Zejména u Casnych stadii
nadort laryngu (hlasivek) nebo HPV asociovanych nédorti orofaryngu (kotfene jazyka,
meékkého patra), je chirurgickd 1écba zatizena vysSim rizikem alterace ¢i ztraty hlasu
nebo rozvojem polykacich potizi (dysfagii). Radikalni radioterapie v téchto indikacich
dosahuje v porovnani s chirurgickou 1é¢bou srovnatelnych vysledkl s nizsi toxicitou
a zachovanim funkce organu. @” V neposledni fadé maji velky vliv na volbu
konkrétniho 1é¢ebného postupu preference pacienta, jeho kompliance, vykonnostni

stav a ptidruzena onemocnéni.

2.3.3 Lécba lokoregionalné pokrocilych stadii (III-IVB)
Lokoregionalné pokrocilé nadory jsou charakteristické svym invazivnim rdstem,
lokalni pokrocilosti a metastatickym potencidlem, resp. postizenim regionalnich
lymfatickych uzlin. V porovnéni s Casnymi staddii onemocnéni je celkovy objem
nadorové masy znatelné vétsi, coz ma vliv na biologické chovani, ristovou rychlost
a agresivitu nadort. Soucasné s nartistajicim objemem nadorové masy dochazi vlivem
patologické angiogeneze k nedostatecnému cévnimu zasobeni smérem od periferie do
centralni ¢asti tumoru. Nésledkem hypoperfuze a nedostatecné oxygenace tkané,
dochazi kzméné metabolickych procesi arozvoji aciddozy v nadorovém
mikroprostfedi. Na tyto zmény se nadorova bunécna populace postupné adaptuje
selekci klonu bun€k svys§i rlstovou aktivitou, agresivitou, metastatickym
potencialem irezistenci k1é¢b&. @V Vradikalni 16¢b& jsou proto preferovany
multimodalni pfistupy, které cili na eliminaci vSech nadorovych bunck, zejména

rezistentnich kloni, zvySujicich riziko relapsu onemocnéni a selhani 1écby.

2.3.3.1 Multimodalni 1é¢ebné postupy
Preferovanym lé€ebnym postupem je obvykle kombinace chirurgické resekce

s naslednou poopera¢ni radioterapii ltizka tumoru a regiondlnich uzlinovych etazi na
krku. Ke zvySeni ucinnosti radioterapie je soucasné¢ (konkomitantn€) aplikovéana
chemoterapie — cisplatina. Vysledky klinickych studii potvrdily efekt této kombinace
na zlepSeni lokalni kontroly, oddéaleni doby do progrese ido vzniku distantnich

metastaz. 2
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V metaanalyze publikované Pignonem a kolektivem autorti byl prokdzan efekt
konkomitantni radiochemoterapie, reprezentovany 6,5% zlepSenim pétiletého
celkového pieziti pacientl. @ Vyss§i Gcinnost kombinované 1é¢by je vsak
doprovdzena vys$i mirou nezadoucich ucinki. PiedevSim nefrotoxické ucinky
cisplatiny jsou klinicky vyznamné z pohledu rizika rozvoje akutni rendlni insuficience.
Zahajeni pooperacni 1€¢by je optimélni po kompletnim zhojeni ran a resekénich ploch
z divodli minimalizace rizika komplikaci (zanétu, dehiscence ran atd.) Soucasn¢ by
vsak méla byt 1éCba zahdjena nejpozdéji do 7 tydnli od operace. V retrospektivni
analyze  souboru 41291  pacientt  léCenych  pooperacni  radioterapii,
resp. radiochemoterapii, byl prokézan vliv ¢asového faktoru na progresivni zhorSeni
celkového preziti pacientii, 1é&enych v odstupu > 7 tydndi od operace. * Pacienti,
ktefi nejsou vhodnymi kandidaty k primarni chirurgické 1é¢bé€, jsou indikovani
k definitivni radiochemoterapii (RCHT) nebo radioterapii (RT). Obvykle se jedna
o skupinu pacientd s pokroCilymi nadory, které presahuji hranice nékolika
anatomickych oblasti krku, a nddory, které zasahuji do pfilehlych zdravych tkani
a organll (napf. a. carotis interna, kréni jicen, prevertebralni fascie, chiasma opticum).
Déle jsou to pacienti snizkym vykonnostnim stavem, cetnymi komorbiditami,
$patnym stavem nutrice a pacienti, ktefi preferuji neinvazni 1é¢ebné postupy. Uginnost
radiochemoterapie v 1écbé pokrocilych stadiit HNSCC potvrzuji dlouhodobé vysledky

publikovanych klinickych studii. @ 29

U pacientti s kontraindikaci podani
konkomitantni chemoterapie jsou preferovany alterované frakcionacni reZimy.
Hyperfrakcionovand, eventudlné akcelerovana radioterapie s davkovou eskalaci
umoziuje dosaZeni srovnatelnych vysledkl, resp. lokoregionalni kontroly néadoru

v porovnani s konkomitantni radiochemoterapii. 7

2.4 DISPENZARIZACE PACIENTU PO RADIKALNI LECBE
Dispenzarizace pacientd po absolvovani radikalni 1écby je nedilnou soucasti
komplexniho algoritmu péce o onkologického pacienta. Pravdépodobnost relapsu
onemocnéni v piipad€ pokrocilych nadorti dosahuje 25-50 % béhem nésledujicich 5
let po 1é¢bé. ®® Sekundarni nadorové onemocnéni se vyskytuje ve 3—5 % piipadii

roéné, zejména u pacienttl, kteti pokracuji v koufeni a konzumaci alkoholu. ¢*
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2.5

Hlavnim cilem je proto casna diagnostika relapsu, eventudlné¢ duplicitniho
onemocnéni a zahdjeni 1é¢by. Soucésti dispenzarnich protokold je také hodnoceni

nezadoucich ucinkt Iécby, které negativne ovliviuji kvalitu Zivota pacientt.

V tomto kontextu nabyvaji nejvysSiho klinického vyznamu pozdni zmény,
resp. dlouhodobé toxicita 1é¢by. Hypotyredza indukovana 1écbou, je diagnostikovana
az u40% pacientt, ®? dysfagie a xerostomie t&zkého stupné ucca 10 % pacientd
a osteonekrosa dolni elisti u cca 5 % pacientii. ¢V B&hem dispenzarnich kontrol jsou
proto kombinovdny metody laboratorni diagnostiky, zobrazovacich vySetfeni
a fyzikéalniho vySetieni, véetné endoskopie, za tcelem dosazeni maximalni ptresnosti
a vytéznosti. Doporu¢ena minimalni délka sledovani je 5 let. ®? Frekvence kontrol
aindikaci vySetfeni je béhem prvnich dvou let wvyssi, vzhledem k vyssi
pravdépodobnosti relapstt onemocnéni. Dle mezindrodnich doporuceni by mély
dispenzarni kontroly probihat béhem prvnich dvou let v intervalech 24 mésict.
Nasledné kazdych 6 mésicti do celkové délky sledovani 5 let. ®¥ Pacient by mél byt
sledovan v centru specializované péce, optimalné mutlidisciplindrnim tymem, jehoz
¢lenové jsou kromé onkologl a otorinolaryngologti také foniatfi, nutricni specialisté
a stomatologové. Dilezitou soucasti dispenzarni péfe je edukace pacienta
o symptomech, které mohou upozoriiovat na riziko recidivy onemocnéni (bolesti,
dysfagie, dysfonie). V¢asna diagnostika relapsu onemocnéni mize ovlivnit ispéSnost
1é€by. V neposledni fad€ je nezbytna edukace pacientil o vSech rizicich, souvisejicich
s pokracovanim v koufeni a piti alkoholu. Zejména o zvySovani rizika recidivy
onemocnéni nebo vzniku sekundarniho nadoru. V kontextu této problematiky je

pfinosna mezioborova spoluprace s psychology, kterou 1ze pacientiim nabidnout.

PREVENCE NADORU HLAVY A KRKU

Prevence nadorti hlavy akrku je podobn€ jako ujinych malignich onemocnéni
rozdélena na primarni, sekundarni a terciarni. Priméarni prevence ma za cil ptedchéazet
rozvoji nadorového onemocnéni. V kontextu znamych rizikovych faktorti spojenych se
vznikem nédort (koufeni, abuzus alkoholu, Spatnd ustni hygiena, chronické zanéty,
mechanické drazdéni, stravovani a konzumace horkych pokrmi atd.) se proto zamétuje
na sniZzeni expozice témto faktorim. K tomuto ucelu vyuziva edukaci pacientl

a vefejnosti, kurzy odvykani kouteni nebo 1é&bu zavislosti na alkoholu. G¥
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Navzdory postupiim primdrni prevence incidence novotvari nadale stoupa.
Specifickou skupinou jsou HPV asociované karcinomy orofaryngu, u kterych je
diskutovano pouziti 2-, 4- a 9-valentnich HPV vakcin. Zatimco G¢innost obou vakcin
byla potvrzena v primarni prevenci HPV asociovaného karcinomu délozniho Cipku,
jejich pouziti u HPV pozitivnich karcinomi orofaryngu neni v soucasnosti podpoifeno
dostacenou evidenci dilkazi. Nicméné, nckteré klinické studie naznacuji potencial

jejich vyziti i u této skupiny nadort. ¢3¢

Principem sekundarni prevence je diagnostika casnych stadii onemocnéni
s perspektivou snizeni rizika imrti pacientl. U této skupiny nadori vSak sekundarni
prevence selhava. Nékolik klinickych studii v poslednich letech opakované neprokazalo
i¢innost screeningovych programii ani v pt¥ipadé HPV asociovanych karcinomi. ©3
Pouze jedna randomizovand klinickd studie prokazala vliv vizualniho vySetfeni na

casnou detekcei karcinomt dutiny Ustni a snizeni rizika amrti u témét 100 000 pacientd

v Indii s vysokym rizikem, tj. silnych kutfédk® a konzumentt alkoholu. ¢7)

Terciarni prevence se zaméfuje na jiz nemocné pacienty. Jejim cilem je prevence
recidivy onemocnéni po radikalni lécb€. Soucasné také zahrnuje diagnostiku a lécbu
recidiv nebo sekundarnich malignit. Pravé v€asnd diagnostika recidivy nebo duplicity
vyznamné ovliviiuje moznosti dal$i 1écby 1 prognozu pacientll. Pro riziko sekundarni
malignity je typicky exponencidlni nartst incidence s délkou sledovani, tj. 10% po 10
letech a 25% po 15 letech od priméarni 1é¢by. ¥ Standardni dispenzarni protokol po
radikalni 1é€bé vyuziva vyhradn€ kombinaci zobrazovacich vySetieni s klinickym nebo
endoskopickym vySetfenim. Laboratorni diagnostické metody jsou v terciarni prevenci
neucinné. Piestoze existuje nddorove specificky onkomarker SCCA pro HNSCC, jeho
senzitivita je velmi nizkd a z té€chto divodi se nedoporucuje jeho rutinni pouziti
v dispenzarnich protokolech. ®? Nékteré studie s HPV asociovanymi orofaryngedlnimi
karcinomy naznacuji moznosti vyuziti biomarkert (nddorové DNA) stanovenych ze slin
pro odhad rizika recidivy onemocnéni. ®% 40 V soucasnosti je v klinickych studiich
zkoumana UcCinnost tkanovych biomarkeri asociovanych snadorem v predikci

progndzy onemocnéni a moznosti jejich pouziti v terciarni prevenci. ¢V
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2.6 PROGNOZA PACIENTU S HNSCC
Vysledky radikalni 1é¢by se u pacientli se skvamoéznimi karcinomy hlavy a krku
(HNSCC) 181 v zavislosti na pfitomnosti kombinace n¢kolika faktorti, které mohou
pusobit negativnim ¢i pozitivni efektem. V klinické praxi jsou proto nazyvany
prognostickymi faktory. Z vysledkG observac¢nich kohortovych studii u pacientl
s HNSCC bylo definovéano n¢kolik prognostickych faktort, které se vyznamné podileji
na celkovych 1écebnych vysledcich. Efekt téchto faktora byl vyjadien
v multivariantnich analyzach silou asociace mezi piitomnosti faktoru a parametry
pieziti (celkového, nadorové specifického). “* #¥ Vzhledem k charakteristikim
jednotlivych prognostickych faktorh je Ize rozdélit na faktory souvisejici
s charakteristikami  pacienta a faktory asociované s parametry nadorového

onemocnéni.

2.6.1 Prognostické faktory ve vztahu k charakteristikam pacienta
Celkovy stav pacienta se zna¢nou mirou podili na lé€ebnych vysledcich. V klinickych
studiich byly za vyznamné prognostické faktory prokézany veék, pohlavi, vykonnostni

stav a pfidruzend onemocnéni.

2.6.1.1 Vék a pohlavi
Vyssi vék pacientl je asociovan s horsi prognozou, pficemz v retrospektivni némeckeé

studii s 8 288 pacienty s HNSCC byl tento negativni prognosticky efekt prokazan
u pacientli starsich 60 let. > Naopak u Zen byla zjisténa lepsi prognéza nez u muzi,

1 ptes nizsi incidenci novotvari (HNSCC).

2.6.1.2 Vykonnostni stav
Vykonnostni stav pacientil ovliviiuje rozhodnuti o volbé 1é¢ebného postupu, zejména

z hlediska tolerance nezadoucich ucinki 1é¢by a predpokladu spésné rekonvalescence
pacienta. V klinické praxi je hodnocen nejcastéji pomoci klasifikace ECOG (Eastern
Cooperative Oncologoy Group), kterda kategorizuje pacienty Skalou 6 stupni (0-5)
v zavislosti na poklesu jejich vykonnostniho stavu (Tabulka 1). “¥ Ve vztahu
k prognéze pacienti s HNSCC byl ve studiich prokazdn negativni efekt niZzSiho

vykonnostniho stavu ECOG > 1 na celkovém i nadorové specifickém pieziti. 4>
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Stupen ECOG vykonnostni stav pacienta

0 Plnég aktivni, schopny vykonavat v§echny ¢innosti pied onemocnénim bez omezeni

1 Omezeny ve fyzicky namahavé Cinnosti, ale pohyblivy a schopny vykonavat lehké nebo sedavé

préace, napt. lehké domaci prace, kancelarské prace

2 Ambulantni a schopny veskeré sebeobsluhy, ale neschopny vykonavat jakoukoli pracovni ¢innost;

mobilni vice nez 50 % denni aktivity

3 Schopnost pouze omezené sebeobsluhy, upoutani na lizko nebo zidli vice nez 50 % denni aktivity
4 Neschopnost sebeobsluhy; uplné upoutani na lizko nebo kieslo
5 Umrti

Tabulka 1: Klasifikace vykonnostniho stavu dle ECOG. (Azam et al 2019)

S obecnymi charakteristikami pacienta Uzce souvisi 1 pfidruzend onemocnéni
(komorbidity). Rada téchto onemocnéni vyznamnou mérou ovliviiuje vykonnostni stav
pacientd. Soucasné také zvySuji riziko nezddoucich ucinki a komplikaci béhem
radikalni 1é¢by. Jelikoz komorbidity reprezentuji pocetnou, heterogenni skupinu
onemocnéni, byly vyvinuty klasifikacni systémy, pomoci kterych lze hodnotit vliv
komorbidit na lécebné vysledky a parametry pteziti pacientli. Jednim z téchto systému
je ACE-27 (Adult Comobridity Evaluation 27 score). V soucasnosti je vSak Castéji
vyuzivan index CCI (Charlson Comoboridity Index). Validita obou klasifikacnich
systémul byla potvrzena v klinickych studiich. Vysledky studii zdlraznily negativni
prognosticky potencidl pfidruzenych onemocnéni u pacientii s HNSCC. Byla nalezena
asociace mezi vyS§imi hodnotami ACE-27 a CCI skoére a horSim celkovym 1 nddorové

specifickym piezitim. 4647

2.6.1.3 Abuzus navykovych latek a socioekonomicky status
V souvislosti se skupinou prognostickych faktorti souvisejicich s charakteristikami

pacienta jsou zafazovany rizikové faktory, které ve zna¢né mife ovliviiuji pacientlv
zdravotni  1vykonnostni stav. Jednd se oabuzus alkoholu a nikotinu
a socioekonomicky status. Velka ¢ast pacienti s HNSCC pochazi z nizSich
socioekonomickych vrstev. Tito pacienti mnohdy nevénuji dostatecnou péci
a pozornost svému zdravotnimu stavu. Navic jsou u nich Casté projevy zavislosti na

alkoholu a nikotinu.
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V konecném disledku tak tyto faktory piimo inepiimo ovliviiuji vykonnostni stav
a komorbiditu pacientli, ¢imz negativné prispivaji k celkovym lécebnym vysledkiim.
V neposledni tad¢ soustavné pokracovani v koufeni akonzumaci alkoholu po

radikalni 1é¢bé zvysuje riziko rozvoje sekundarnich nadort.

2.6.2 Prognostické faktory souvisejici s parametry nadorového
onemocnéni

Charakteristiky nadoru (lokalizace, objem nadoru, a histomorfolgoicky typ)
reprezentuji kli¢ové parametry, které jsou zohlediiovany v procesu optimalizace
strategie 1éCby a volby konkrétni modality (chirurgie, radioterapie). Rozdilné vysledky
radikdlni 1écby pacienti byly v uplynulych letech podnétem pro iniciaci fady
klinickych studii zaméfenych na hledani prognostickych faktort. Vysledky téchto
studii potvrdily vyznamny prognosticky potencidl tfi parametrd: lokalizace nadoru,

stddia onemocnéni a histomorfologickych parametri nadoru.

2.6.2.1 Lokalizace nadoru

Pro lokalizaci nadoru je charakteristicky trend zhorSujici se progndzy
v kranio-kaudalnim sméru v rdmeci jednotlivych anatomickych régii hlavy a krku. K
prognosticky pfiznivym se fadi nddory orofaryngu. Naopak nddory spodiny dutiny

Gistni a hypofaryngu se vyznacuji agresivnim riistem a $patnou prognézou. 4%

2.6.2.2 Stadium onemocnéni
Odhad prognézy pouze na zaklad€ lokalizace nddoru neni piesny, jelikoZ nebere

vuvahu vliv dalSich faktorti. Stadium onemocnéni bylo v klinickych studiich
potvrzeno jako silny prognosticky faktor. Objem nadorové masy a pfitomnost,
resp. absence metastaz (uzlinovych, visceralnich, skeletdlnich) vyznamné ovliviiuje
preziti pacientl. Stadia III-IVDb jsou charakterizovana lokalné pokroc¢ilymi nadory
s metastatickym postizenim lymfatickych uzlin. Lokalni pokrocilost nadoru a zejména
metastatické postizeni lymfatickych wuzlin jsou asociovany s horSimi lécebnymi
vysledky a Spatnou progndzou pacienti. V klinickych studiich bylo celkové preziti
pacientti se stadii III/IV az dvojnasobné krat$i v porovnani se stadii I/II. “> 43
Znamena to tedy, Ze naptiklad lokalizovana stadia nadort dutiny Ustni (st. I-1I) maji

lepsi prognodzu nez orofaryngedlni karcinomy stadia III/IV, ptestoZe je lokalita nadort

orofaryngu asociovana s lepsi prognozou.
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2.6.2.3 Histomorfologické charakteristiky nadoru
Histomorfologické charakteristiky naddoru vyznamnou meérou ovliviiuji prognodzu

onemocnéni a preziti pacientd. Nizky stupen diferenciace nadoru byl v retrospektivni
studii s 1 266 pacienty s HNSCC, publikované v roce 2001, asociovan s rozvojem
uzlinovych iorganovych metastdz akrat$iim piezitim pacienti. “® Podobn& byl
pozorovan negativni efekt perineurdlni invaze nadoru. Nékteré studie naznacuji, ze
tento parametr souvisi s rozvojem uzlinovych metastaz. Obecné je vSak perineuralni
invaze hodnocena jako negativni prognosticky faktor, asociovany s horSimi lécebnymi

(49)

vysledky. V neposledni tad¢ pritomnost extrakapsularniho Sifeni nadoru

v lymfatickych uzlinich prokazatelné zhorsuje pteziti pacienti s HNSCC. ©%

Zvlastni postaveni zaujima skupina nadorii asociovanych s infekci lidskym
papilomavirem, oznacované jako HPV pozitivni nebo také pl16 pozitivni naddory. Pro
tuto skupinu nadora je charakteristicky tropismus v ramci jednotlivych lokalit hlavy
akrku, ve kterych dominuje oblast orofaryngu. Méné casto jsou tyto nadory
diagnostikovany v hypofaryngu a ojedinéle v dutiné ustni ¢i laryngu. Pfitomnost
exprese proteinu pl6, detekovand imunohistochemicky, je jednim z urcujicich
morfologickych ryst. Ve vztahu k prognéze byl v klinickych studiich status HPV
pozitivity prokazan jako nezavisly, prognosticky faktor celkového pfeziti. Velka
retrospektivni studie, publikovana v roce 2021, analyzovala vysledky souboru 9 943
pacientd s HNSCC, z nichz 6 829 pacientii bylo diagnostikovano s HPV pozitivnimi
karcinomy orofaryngu a hypofaryngu. Mira pétiletého celkového pieziti u pacientl
s HPV pozitivnimi karcinomy dosahovala 75 % v porovnani s 48 % u pacienti s HPV
negativnimi karcinomy. Vysledky této studie potvrdily prognosticky potencial HPV

statutu i jeho pouzitelnost v klinické praxi. ©V

Nékolik dalsich klinickych studii se soustfedilo na prognosticky potencial nadoroveého
bujeni (tumor budding; TB) ahloubky invaze (depth of invasion; DOI). Oba
parametry byly hodnoceny v histologickych vzorcich tkédni ¢asnych nddord dutiny
ustni. V ptipadé¢ TB nebyl prokazan jednoznaény vliv na parametry pieziti pacientd,
nicméné piitomnost TB byla asociovéana s agresivitou tumoru a invazivnim riistem. 2
Podobné ani v pfipadé DOI nebyl prokdzan jednoznaény prognosticky potencial

parametru ve vztahu k celkovému ¢i nddorové specifickému pieziti.
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Byla vSak nalezena asociace mezi DOI a invazi nddoru do lymfatickych cév coz
korelovalo se zkradcenim doby pieziti bez piiznaksi onemocnéni. ®¥ Vysledky recentné
publikovanych védeckych praci zabyvajicich se morfologickymi charakteristikami
HNSCC prokazal negativni prognosticky potencial parametru WPOI (worst pattern of
invasion). Tento parametr popisuje morfologicky charakter rlstu ainvazi nadoru
pomoci pétistupiiové Skaly (I-V). Nekohezivni rist nddoru (typ III a IV) byl asociovan
s vysSim rizikem lokoregionalnich relapst a krat$im prezitim bez recidivy onemocnéni

po primarni chirurgické resekci nadoru nasledované adjuvantni onkologickou 1écbou.
(54)

2.6.2.4 Mutace v nadorové tkani
Krom¢ hodnoceni prognostického potencidlu standardnich histomorfologickych

parametri HNSCC byly provadény také studie s molekuldrné genetickou analyzou
mutaci v nadorové tkani. Vysledky analyz prokéazaly u ¢asti pacientll pfitomnost
mutace receptoru pro epidermalni ristovy faktor (EGFR). Soucasné tyto studie
naznaCily, Ze mutace muze vést khor§im Ilé¢ebnym vysledkim. V nésledné
metaanalyze 68 studii s celkovym poctem 6 781 pacientl byl potvrzen negativni
prognosticky efekt EGFR mutace, reprezentovany 50% zvySenim rizika umrti na

malignitu. ¢

2.6.3 Nové prognostické faktory
Kromé vySe uvedeného piehledu prognostickych faktord, které lze povazovat za zlaty
standard pro klinickou praxi, je pfedmétem soucasn¢ho vyzkumu hledéani novych
faktord. Zvlastni pozornost je vénovana faktorim, které souvisi s funkénimi
charakteristikami nadorové tkdné. V tomto ohledu se jevi jako vysoce perspektivni
imunitni biomarkery. Funkéni zapojeni imunitnich bunék a signalnich molekul
v nadorovém mikroprostiedi a jejich interakce s nadorovymi elementy mohou
poskytnout dal$i cenné informace o progndéze onemocnéni. Recentni vysledky
vyzkumu v oblasti imunoonkologie poukazuji na prognosticky potencidl imunitnich

elementl a signalnich molekul v nddorovém mikroprostiedi u pacientti s HNSCC.
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2.7 ROLE IMUNITNIHO SYSTEMU V PATOGENEZI HNSCC

2.7.1 Imunitni dohled v procesu nadorového ristu
Soucasné védecké poznatky v oblasti imunoonkologie zduraziiuji postaveni a roli
imunitniho systému v procesu nadorového rustu. Podle teorie imunitniho nadorového
dohledu je fyziologickou funkci imunitniho systému véas rozpoznat a eliminovat
maligné transformované buiiky. KliCovou roli pfitom plni buné¢na slozka imunitni
odpovédi reprezentovand T-lymfocyty, NK buiikami a antigen prezentujicimi buitkami
v kombinaci s chemickymi substancemi (interleukiny, cytokiny) a inhibi¢nimi
signalnimi molekulami. Teorie imunitniho dohledu je n¢kdy také nazyvana teorii 3E,
podle jednotlivych fazi imunitni odpovédi ve vztahu k naddorové transformaci a ristu.
Jednd se o faze eliminace, ekvilibria a tniku (escape). % 37 Jednotlivé faze na sebe
navzdjem navazuji v zavislosti na progresi nadorového ristu. V pribchu kazdé faze
dochazi k dynamickym interakcim mezi bunikami imunitniho systému nemocného

a nadorovymi elementy.

2711 Faze eliminace
Prvni faze imunitniho dohledu je nazyvana eliminaci nebo také

Limmunosurveillance®. V pribéhu této faze dochazi k aktivaci slozek vrozené
a adaptivni bunécéni imunity. NK bunky (natural killers) a makrofadgy (fagocyty)
reprezentuji vrozenou slozku, aktivované T-lymfocyty reprezentuji adaptivni slozku.

Cela faze eliminace je rozdélena do ¢tyt dil¢ich fazi.

V pocatku prvni faze dochazi k stimulaci ainiciaci imunitni odpovédi vlivem
poskozeni zdravych tkani ¢asnym nadorovym riistem, coZ je doprovazeno produkci
aktivnich latek — interleukini (IL-2, IL-12), interferonu gamma (IFNy), tkdfiovymi
makrofagy. Tyto substance piisobi aktivaéné na cytotoxické T-lymfocyty (CD8+)
aNK buiiky asoucasn¢ zpusobuji lokalni zanét v misté nadoru se zvySenym
vychytavanim téchto aktivovanych bunék. Prozanétlivé prostiedi stimuluje aktivované

T-lymfocyty a NK bunky k dalsi vyssi produkcei cytokint, zejména IFNy.

V dal§im kroku dochazi k zahdjeni eliminace nadorovych bunék aktivovanymi
T-lymfocyty a NK buiikami prostfednictvim iniciace programované smrti (apoptdzy)

a porusenim membran tumoro6znich bunék pomoci lytickych enzymd, tzv. perforint.
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Soucasné vSak také dochazi k pfimému pisobeni cytotoxického ucinku IFNy na
nadorové buiky a zvySovani hladin chemokini (CXCL10, CXCL9 a CXCL11). Tyto
molekuly hraji klicovou roli pfi indukci chemotaxe (pohybu imunitnich bun€k smérem
k podnétu) a inhibici neoangiogeneze (novotvorby krevnich cév) v mist¢ nadoru.
Makrofagy transformované v dendritické buniky, eliminuji usmrcené nadorové bunky
amigruji do regiondlnich lymfatickych uzlin, pfiCemz na svém povrchu prezentuji
antigeny nadoru. Timto zplsobem umoziiuji zvySovat cytotoxickou protinadorovou
odpoveéd’ aktivaci dalSich, novych T-lymfocyti v regiondlnich lymfatickych uzlinach.
Vysledkem je exponencidlni nardst vychytdvani aktivovanych T-lymfocyti a NK

bunék do mista nadoru.

Nakumulované T-lymfocyty a NK buiiky navzijem komunikuji skrze IFNy a IL-12,
coz vede k jejich reciprocni cytotoxické aktivaci. V nadorovém mikroprostredi tak
vznikaji siln¢ proapoptotické podminky. V perifernich lymfatickych uzlinach stimuluji

dendritické bunky zrani a produkci novych CD8+ T-lymfocyti.

Na konci prvni faze eliminace se nddorové prostiedi stdvd domovem kolonii
T-lymfocytd plsobicich cytotoxicky na ptezivsi rezidudlni nadorové buiiky. VétSina
bun¢k je eliminovéana, avSak mald populace mize pfezit a pfesunout se do faze

ekvilibria.

2.7.1.2 Faze ekvilibrium
Cast nadorové populace se ve fazi eliminace vymyka imunitni kontrole a pokracuje

v nddorovém rastu. Déje se tak kvili postupnému rozvoji imunorezistence, ktera je
odpovédi na kontinualni stimulovanou aktivitu T-lymfocytt a zvysené hladiny IFNy.
Postupem c¢asu dochédzi pii kontinudlni antigenni stimulaci nddorem k vycerpani
imunitniho systému (immune exhaustion). Vyslednym efektem je selekce klonu bunék
s vy$8i genomovou mutaéni nalozi a agresivnimi riistovymi rysy, které na konci faze

ekvilibria vstupuji do posledni faze, tzv. faze Gniku.

Ekvilibrium je nejdelsi ze tfi fazi imunitniho dohledu a mize trvat nékolik let. Je to
pravé délka obdobi, kterd umoziiuje nadorovym elementim adaptovat se na imunitni

mechanismy, vytvofit si rezistenci a uniknout imunitnimu dohledu.
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2.7.1.3 Faze escape — unik imunitnimu dohledu
V této fazi nadorové bunky pokracuji ve svém expanzivnim ristu. Dochazi

k dalSimu zvySovani genomové mutacni ndloze, kterd koreluje s rtstovou aktivitou
a prohlubovanim imunorezistence. Rovnovdha imunitniho dohledu, ktera byla
udrzovana ve fazi ekvilibria, je porusena ve prospéch nadorového ristu. Mechanismus
Gniku imunitnimu dohledu je komplexni proces nékolika dil¢ich d&ja. ¥ Patii k nim
downregulace a ztrata exprese povrchovych antigeni MHC (Major Histocompatibility
Complex) I. tfidy (HLA-A, HLA-B, HLA-C), jejichz pfitomnost je nezbytna pro
zprostfedkovani efektivni T-lymfocytarni imunitni odpovédi. Tento mechanismus byl
prokazan az u 90 % nadort. ©” V kontrastu s downregulaci klasickych antigen®
MHC I dochéazi na povrchu nadorovych bunck k upregulaci novych neklasickych
antigent MHC [ (HLA-E, HLA-F, HLA-G), které¢ zabratuji prib&éhu imunitnich reakci
zprostfedkovanych T-lymfocyty a také NK buiikami. ¥ Vsechny dil¢i procesy vedou
k formovani néadorového mikroprosttedi, ve kterém dominuji imunosupresivni

podminky, umoziujici nadorovy riist a progresi. ¢

2.7.2 Nadorové mikroprostiedi (TME)
Studium imunitnich mechanisml v ramci patofyziologie nadorového riistu umoznilo
definovat koncept nadorového mikroprostiedi (TME). D V uplynulych letech byl
tento koncept predmétem preklinického i klinického vyzkumu ufady malignich
nadord, vcetné skvamozniho karcinomu hlavy a krku. Vysledky vyzkumu umoZnily
nahliZet na nddorové onemocnéni kromé standardnich histomorfologickych parametri
také funkénég, v kontextu imunitnich interakci. Soucasny koncept TME je definovan
nadorovym parenchymem, podplirnym stroma s neimunitnimi builkami a imunitni

komponentou (Obrazek 2).
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Obrazek 2: Grafické znazornéni zakladnich charakteristik nadorového mikroprostredi
(TME); ECM - extracelularni matrix; TAMs — makrofagy asociované s tumorem; NK cells —
NK bunky; MDSCs — supersorové buiikky myeloidni fady; Fibroblasts — fibroblasty; CAFs —
s nadorem asociované fibroblasty; TANs — s nadorem asociované neutrofily; T-lymphocytes —
T — lymfocyty; CSCs — kmenova nadorové buiky; Cancer cells — nadorové bunky;
Vasculature — cévni architektura nddorového mikroprostredi. (Elmusrati et al 2021)

2.7.21 Nadorovy parenchym
Parenchym néadoru reprezentuje vlastni bunéénd nadorovd populace. Je

charakterizovana masou bunécnych elementli zastoupenych v riznych fazich
bunécného cyklu. Mitoticka aktivita bunc¢k je zavisld na kombinaci stimulacnich
a inhibi¢nich faktord v nddorovém mikroprosttedi. Dulezité jsou také lokalni
podminky v mikroprostiedi, tzn. adekvatni saturace kyslikem a prokrveni. Specifickou
podskupinu bunéénych elementil tvoii nddorové kmenové bunky. Vyznacuji se vyssi
rezistenci k 1écbé a pfedevs§im pluripotenci. Obvykle reprezentuji 10-20 % bunécné
populace. 2 Funkéni zmény a aktivita nadorovych bun&k byla popséna podrobné&ji
v ramci faze ekvilibria a tniku imunitnimu dohledu. Mimo vySe popisované zmény
exprese povrchovych antigent skupiny MHC disponuji nadorové elementy 1 dalSimi
funkcemi. Reguluji hladiny cytokint, které¢ se icastni aktivace cytotoxické imunitni

odpovédi a pfispivaji tak k rozvoji imunosuprese v TME.
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Produkuji vaskularni endotelidlni ristovy faktor (VEGF), ktery je medidtorem
nadorové neoangiogeneze a soucasné také pisobi supresivnimi ucinky na maturaci
dendritickych bunék. V neposledni fadé nadorové bunky exprimuji na svém povrchu
inhibi¢ni signalni molekuly (checkpointy), které plni klicovou roli v inaktivaci

cytotoxické, T-lymfocyty zprosttedkovné imunitni odpovédi. 3

2.7.2.2 Stroma nadoru
Nédorové stroma formuje zdkladni nosnou strukturu pro nadorovy parenchym.

Morfologicky je tvofeno pojivovou tkani, cévni architekturou a nenadorovymi
bunéénymi elementy. Zakladni funkci je podpora a vyziva nadorového parenchymu,
kvili které je umoznén rust nddoru a invaze do okoli. Vyznamnou ulohu pfitom plni
bunécné elementy stroma, tj. fibroblasty produkujici extracelularni matrix a vaskularni
endotelidlni bunky regulujici neoangiogenezi. Architektura nové tvoiené pojivové
tkané v kombinaci s neoangiogenezi vytvaii optimalni podminky pro rlst novych
nadorovych elementi. Mimo zékladni nosnou funkci se nadorové stroma také podili
na regulaci homeostazy v TME prostfednictvim své bunécné slozky. Je to predevsim
aktivita fibroblastli a jejich schopnost produkovat rlstové faktory a cytokiny, ktera

pfispiva k funkéni mechanismiim v TME.

Zvlasté¢ vyznamné jsou pak fibroblasty asociované s nadorem (Cancer Associated
Fibroblasts — CAFs) produkujici interleukiny a chemokiny s imunosupresivnimi
ucinky. CAFs tak zvySuji mobilizaci makrofagh a neutrofili a ovliviuji jejich
transformaci v elementy s inhibi¢ni aktivitou snizujici protinddorovou, cytotoxickou
imunitni odpovéd. ©¥ Vaskularni endotelialni buiiky mohou exprimovat na svém
povrchu inhibi¢ni signalni molekuly (PD-L1), schopné inaktivovat cytotoxickou
imunitni odpovéd’ zprostiedkovanou T-lymfocyty (CD8+). Soucasné vSak nadorové
stroma umoznuje prostup imunitnich elementl z periferniho krevniho tecist¢ do TME,

¢imz ptispiva k formovani imunitni komponenty TME.
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2.7.3 Imunitni komponenta TME
Imunitni komponenta v TME plni kli¢ovou tlohu v procesu kontroly nadorového
ristu. Obecné ji lze charakterizovat bunénymi elementy imunitniho systému
anebunécnou slozkou, tzn. cytokiny a inhibi¢nimi signdlnimi molekulami. Ob¢
komponenty jsou navzijem propojené a jsou odpovédné za komplexni interakce
s nddorovym parenchymem a stroma nadoru. Vyslednym efektem téchto interakci je

regulace nadorového ristu.

2.7.3.1 Bunééna slozka imunitni komponenty
Bunéc¢na slozka imunitni komponenty je definovéna populaci leukocytl s rozdilnymi

imunitnimi funkcemi a morfologickymi charakteristikami. Komplexni interakce mezi
buitkami jsou odpovédné za findlni protinadorovy efekt v TME. Pro jednotlivé
elementy je typicka exprese povrchovych antigent, tzv. cluster of differentiation (CD),
podle kterych Ize rozlisit jednotlivé bunécné fenotypy. Mezi klicové imunitni bunky
v TME patii T-lymfocyty (CD8 a CD4 pozitivni, regula¢ni), NK bunky, antigen
prezentujici buiiky a supresorové buitkky myeloidni fady (MDSC).

T-lymfocyty (CD8+) reprezentuji jedny znejdulezitéjSich imunitnich bunck
v procesu protinadorové imunitni odpovédi. Jsou schopné rozpoznat cizi antigeny
(nddorové) v komplexu s vlastnimi molekulami MHC 1. tfidy a aktivovat cytotoxickou
imunitni odpovéd’, kterd vede k eliminaci nadorové buiky. K aktivaci je obvykle
nutnd interakce s antigen prezentujicimi buiikami pomoci vazby receptoru CD28 na
T-lymfocytech s ligandy CD80 a CD86 na antigen prezentujicich bunkéach. Tento

mechanismus piedstavuje tzv. adaptivni sloZzku bun&éné imunitni odpovédi.

K eliminaci bunék vyuZivaji aktivované CD8+ T-lymfocyty enzymatické komplexy —
perforiny, granzymy a granulysiny, které poruSi biomembranu buniky a iniciuji jeji
programovanou smrt (apoptdézu) aktivaci nitrobunéénych enzyma (kaspaz).
Alternativni variantou iniciace apoptozy je vazba ligandu FasL exprimovaného na
povrchu T-lymfocytu s receptory Fas na nédorové buiice. Oba mechanismy jsou
vysoce ucinné a uplatiuji se ve fazi eliminace a ekvilibria procesu imunitniho dohledu
nadorového rustu (viz teorie 3E). AvSak protrahovana hyperstimulace nadorovymi
antigeny v kombinaci s narGstajici imunosupresi v TME béhem faze ekvilibria vede

k postupnému vycerpani, tzn. T-cell exahustion.
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Obvykle mu ptredchdzi faze Caste¢ného vycerpani (pre-exhaustion), trvajici 30—40
dnti. Po uplynuti této doby se CD8+ T-lymfocyty diferencuji do termindlniho stadia
vyéerpani, doprovazeného aktivaci apoptozy. > Vysledkem téchto déjii je piechod
faze ekvilibria do faze uniku neboli selhani imunitniho dohledu. Kromé téchto
protinddorovych uc¢inkl, plni CD8+ T-lymfocyty idal§i funkce. Identickymi
mechanismy chrani organismu pfed intraceluldrnimi patogeny, tzn. viry, parazity
a bakteriemi, které ke své reprodukci vyuzivaji hostitelskou buiiku. Za fyziologickych
podminek také pomahaji formovat periferni imunotoleranci vici zdravym tkanim pfi

vyvoji imunitniho systému novorozenct.

T-lymfocyty (CD4+) jsou také nazyvany pomocnymi neboli ,,helpers® T-lymfocyty.
Jejich hlavni funkci je posileni a stimulace cilené imunitni odpovédi na antigen.
K tomu dochazi pfi interakci CD4+ T-lymfocytd s antigen prezentujicimi buiikami.
Aktivita CD4+ T-lymfocyti v TME napomahé rozpozndni nadorovych antigenil, ¢imz
dochazi nepiimo ke zvySovani cytotoxické protinddorové imunitni odpovédi
zprostiedkované CD8+ T-lymfocyty. Populace CD4+ T-lymfocyti se vlivem
stimulace interleukinii mze déale diferencovat ve dva podtypy (Thl a Th2), které se
odlisuji svou funkéni aktivitou a zapojenim v imunitnich mechanismech. Fenotyp Thl
se diferencuje z plivodniho CD4+ T-lymfocytu vlivem u€inka interleukinu IL-12.
Aktivné  posiluji  CD8+  cytotoxickou imunitni protinddorovou  odpovéd
prostfednictvim zvySené produkce IL-2, IFNy astimulaci antigen prezentujicich
bunck. Naopak fenotyp Th2 se diferencuje vlivem ucinku IL-4. Pasobi jako inhibitor
aktivity antigen prezentujicich bunék a potlacuji diferenciaci subpopulace Thl
fenotypu. Moduluji intenzitu i pribéh cytotoxické imunitni odpovédi, aby nedoslo

k jeji excesivni aktivaci, ktera by mohla zpiisobit tkanové poSkozeni.

FOXP3 T-lymfocyty (Treg) se diferencuji z CD4+ T-lymfocyth plsobenim
interleukinu IL-2. Hlavnim identifika¢nim znakem je exprese kombinace povrchovych
antigeni CD4 a CD25. Pro své funkcni charakteristiky jsou oznacované také jako
regulacni lymfocyty (Treg). Treg lymfocyty kontroluji intenzitu a prib€h imunitnich
reakci a zabranuji rozvoji autoimunitni odpovédi. V TME pisobi tato populace
lymfocytl imunosupresivné na aktivované CD8+ T-lymfocyty produkci cytokini

IL-10, IL-35 a TGF-B.
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Dlouhodobd expozice témto cytokinim mulze vést az k vyCerpani, resp. T-cell
exhaustion. Aktivované Treg navic mohou na svém povrchu exprimovat inhibi¢ni

signalni molekuly, a prohlubovat tak imunosupresivni podminky v TME.

NK bunky (Natural Killers) reprezentuji pfirozenou slozku bunéné imunity
v TME. Podobn¢ jako CD8+ T-lymfocyty maji schopnost eliminovat nadorové bunky
pomoci cytotoxické enzymatické aktivity perforini a granzymt. Diky tomu
pfedstavuji druhou nejvyznamnéj$i populaci bunék v TME. V porovnani s CD8+
T-lymfocyty vSak ke své aktivaci, rozpoznani a eliminaci nadorovych elementi
nevyzaduji pfitomnost exprese povrchovych antigenit MHC. Pfesto, ze NK bunky
ptevazné osidluji stromalni komponentu TME, nejsou bézné patrné v piimé blizkosti
nadorovych bun¢k. V poslednich letech ptibyvaji dikazy, ze se NK bunky také
nepiimo podileji na aktivaci adaptivni imunity prostiednictvim sekrece cytokind
(IFNy, IL-2, IL-12). Zejména zvySené hladiny IFNy stimuluji infiltraci Thl bun¢k do
TME, a pozitivné tak ovliviuji cytotoxickou aktivitu CD8+ T-lymfocyti. ¢©

Antigen prezentujici buiiky (APC) jsou specifickou skupinou bunék v TME, které
propojuji piirozené a adaptivni slozky bunécné imunity. Vznikaji transformaci
z monocytd z periferni zilni krve po vstupu do tkani. Rozpoznévaji cizorodé antigeny
(v€etné nadorovych) a apoptoticka téliska umirajicich bunck, fagocytuji je a nasledné
je prezentuji na svém povrchu spolecné s molekulami MHC I a II. Exprese antigent
v komplexu s MHC molekulami umozZiuje jejich rozpoznani naivnimi efektorovymi
CD8+ T-lymfocyty a aktivaci cytotoxické imunitni odpoveédi. Navic APC buiky
produkuji cytokiny (IL-2, IL-6), které¢ moduluji priibéh cytotoxické imunitni odpovédi
regulaci aktivity Th1/2 CD4+ T-lymfocyth a Treg lymfocytid. Celkové tedy APC

buiiky vyznamné ovliviuji intenzitu a prab¢h imunnich reakci v TME.

APC bunky, které po navazani antigenu migruji z TME do regionélnich lymfatickych
uzlin, kde stimuluji maturaci CD8+ T-lymfocytl, jsou nazyvany dendritickymi
buitkami. Naopak APC setrvavajici v TME a stimulujici cytotoxickou odpovéd’ jsou

oznacovany jako tkafiové makrofagy. (¢©)
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Specifickou variantou tkanovych makrofagii jsou makrofagy asociované s nadorem
(Tumor Associated Macrophages; TAMs). Tento bunéény typ se vyznacuje
imunosupresivni aktivitou, kterd inhibuje cytotoxickou imunitni odpoveéd’ a stimuluje
nadorovy riist, angiogenezi a metastazovani. V inicidlnich fazich nadorového ristu se
ptedpokladd maly podil TAMs. AvSak ve fazi Gniku imunitniho dohledu a vysoké
imunosuprese v TME se predpokladd prevaha makrofagh podtypu TAMs, které

vyznamné ovliviiuji agresivitu nadoru, angioinvazi a metastaticky potencial. ©7?

Supresorové buriky myeloidni Fady (MDSCs) jsou heterogenni skupinou nezralych
bunck myeloidni fady, pfevazné monocytarni. Do TME jsou zvySené vychytavany
vlivem ucinka cytokint (IL-1, IL-6, IL-10) aristovych faktort (G-CSF a VEGEF).
ristu patii podpora angiogeneze a stimulace Treg a Th2 lymfocytl. Navic MDSCs
produkuji aminokyseliny cystein a arginin, které ovliviiuji aktivitu APC a znemoznuji
tak aktivaci CD8+ T-lymfocytl. Arginin je dale v TME metabolizovan na reaktivni
formy kysliku a dusiku, které dale plsobi imunosupresivn¢ na T-lymfocyty.
V neposledni fadé exprimuji MDSC na svém povrchu inhibi¢ni signdlni molekuly

(PD-L1), které vyznamné inhibuji aktivitu T-lymfocytt. ¥

Neutrofily asociované s nadorem (TANS) jsou patrné u mnoha solidnich néadort,
véetné HNSCC. V TME vykazuji ambivalentni aktivitu a jsou schopny stimulovat rist
nadord, ale také potencovat aktivitu CD8+ T-lymfocytd. V klinickych studiich byl
u téchto bunék prokazan negativni prognosticky potencidl pti hodnoceni jejich poméru
ve vztahu k lymfocytim pomoci tzv. NLR (neutrophil-to-lymphocyte ratio). ZvysSeny
pomér NLR doprovazel nepiiznivé vysledky 1é¢by a pieziti pacientti s HNSCC. )

2.7.3.2 Nebunécéna sloZzka imunitni komponenty
Je definovana skupinou molekul, které zprostiedkuji komunikaci mezi bunécnymi

elementy v TME. Soucasné tzv. chemotaxi ovliviiuji zastoupeni poctu jednotlivych
podtypll imunitnich bunék 1 jejich influx z cévniho fecist¢ do TME. Dilezité jsou vSak
zejména z pohledu jejich funkéniho zapojeni v TME, v ramci kterého reguluji prubéh
a intenzitu komplexnich imunitnich interakci. Velmi obecné je lze rozdélit do dvou

skupin, tzn. cytokiny a inhibi¢ni signalni molekuly s kontrolnimi body.
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Cytokiny reprezentuji velkou skupinu nizkomolekularnich peptidi, jejichz hlavni
funkci je regulace migrace bun¢k a modulace imunitnich d&jti na bunécné urovni.
V procesu kontroly nadorového rtistu a imunitniho dohledu maji nejvétsi vyznam
tzv. interleukiny neboli IL-1, IL-2, IL-6, IL-10 alL-12, cytokiny ze skupiny
interferoni (IFNy), tumor nekrotizujicich faktord (TNFo,TNFp) a transformacnich
faktorti (TGFp), které moduluji aktivitu leukocytl a stimuluji expresi molekul MHC
na jejich povrchu. Cytokiny jsou produkovany celou fadou bunék — monocyty,
makrofagy, endotelialnimi buiikkami, aktivovanymi lymfocyty, fibroblasty, trombocyty
i buiikkami hladké svaloviny. V pribéhu nadorového rastu dochdzi k dynamickym
zméndm hladin jednotlivych cytokint. V inicidlnich fazich nadorového ristu cytokiny
posiluji cytotoxickou protinadorovou odpovéd. Naopak v pokrocilych fazich
nadorového rastu piispivaji k rozvoji imunosuprese. Detailni mechanismy uc¢inka
jednotlivych cytokind a jejich interakce s parenchymalni a stromalni slozkou TME

jsou slozité a komplexni a jejich popis presahuje ramec této prace.

Inhibi¢ni signdlni molekuly a kontrolni body jsou transmembranové proteiny,
exprimované na povrchu imunitnich buné€k. Inhibi¢ni signdlni molekuly vykazuji
vazebnou afinitu Kk imunitnim  kontrolnim bodim, tzv. checkpointim. Za
fyziologickych podminek tato vazebnd aktivita reguluje pribéh imunitnich interakci
aplni dilezitou roli v procesu utvafeni periferni tolerance a maturace imunitniho
systému. Naopak v procesu nadorového rastu jsou signalni molekuly vyuzivany
nddorovymi elementy k niku imunitnimu dohledu. % Stimulace checkpointii
prostiednictvim exprese signalnich molekul na povrchu nadorovych bunck jsou
v TME regulovany komplexni imunitni interakce ve prospéch imunosuprese. Mezi

nejdilezitéjsi signalni inhibiéni molekuly a checkpointy patii PD-L1, PD1 a CTLA-4.

PD-L1, ligand receptoru programované smrti 1, oznacovany také jako protein B7-H1
nebo CD274 je silnym reguldtorem intenzity imunitni odpovédi. Charakteristicka je
jeho vysokd vazebna afinita k receptoru programované smrti (PD-1), ktery je
lokalizovany na povrchu T-lymfocyti. Komplex PD-L1/PD-1 za fyziologickych
podminek potlacuje excesivni proliferaci CD8+ T-lymfocytl, plisobicich cytotoxicky
na tkané. Vysledkem je periferni tolerance, napf. v té¢hotenstvi nebo v procesu

zabranéni rozvoje autoimunitniho onemocnéni.

30



Vazbou PD-L1 na checkpoint PD-1 dochézi k pfenosu inhibi¢niho signalu, coz ma za
nasledek snizeni proliferace antigen specifickych T-bunék v lymfatickych uzlinach za
soucasného poklesu apoptozy Treg T-lymfocyt. ') Tento mechanismus je prospésny
pro zabranéni vzniku autoimunitni reakce, ale nezadouci pro eliminaci nadorovych
bun¢k. Z vysledk preklinick¢ého vyzkumu a studia TME byla prokdzana exprese
PD-L1 na povrchu nddorovych bun¢k anékterych imunitnich bunék. V kontextu
imunitnich interakci v TME se pfedpoklada, ze pravé zvySena exprese PD-LI
nadorovymi bunkami je jednim z mechanismi, umoznujicich nadoru uniknout
imunitnimu dohledu. ©®® Nové byla prokazana piitomnost biovezikul, tzv. exosomd,
produkovanych nddorovymi buinikami. Tyto vezikuly mohou obsahovat cytokiny ¢i
inhibi¢ni signdlni molekuly (PD-L1), kter¢é pomdhaji podporovat a zvySovat

imunosupresivni potencial nadorového mikroprostiedi. "%

CTLA-4 je membranovy protein ze skupiny checkpointii, oznacovany také jako
CD152. Tento receptor je v klidové fazi, pfi absenci imunitnich stimull, pfitomen ve
velké koncentraci ve form¢ endolytickych vacki v Treg T-lymfocytech. Pii stimulaci
cytotoxické imunitni odpoveédi dochazi ke zvySeni expresi tohoto receptoru na povrchu
aktivovanych FoxP3, CD4+, CD8+ T-lymfocytid. Ligandy s vazebnou afinitou
k tomuto receptoru se nachazeji na povrchu antigen prezentujicich bunc¢k (CDS8O,
CDS86). Presny mechanismus, kterym CTLA-4 ovliviiuje funkci T-lymfocyti v TME
zustava ponckud sporny, nicméné jednou z funkci tohoto receptoru je kompetitivni
inhibice vazby ligandu (CD80, CD86) na antigen prezentujicich buiikach s receptorem
CD28, lokalizovanym na CD8+ T-lymfocytech. Pravé vazba CD28 s CDS8O0 je
potiebna ke stimulaci a aktivaci cytotoxickych lymfocytt. V ptipadé jeji kompetitivni
inhibice s CTLA-4 tak nedochazi ke kostimula¢nimu efektu a vysledkem je inhibice

a anergie T-lymfocytarni odpovédi. ¥

2.7.4 Shrnuti poznatkii 0o TME a imunitnich interakcich
Pfitomnost imunitnich buné¢k v TME ajejich proporciondlni zastoupeni je
povazovano za obraz odpovédi imunitniho systému na nddorovy rust. Z vySe
popisovanych morfologicko-funk¢nich charakteristik nadorového mikroprostiedi je
ziejmé, ze kliCovou roli v kontrole nadorového ristu predstavuje adaptivni slozka
imunitni odpovédi, reprezentovana cytotoxickymi CD8+ T-lymfocyty.
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K jejich aktivaci a stimulaci je dalezitd ¢innost antigen prezentujicich bunck, které
zprostfedkuji interakce s nadorovymi antigeny a CD8+ T-lymfocyty za ucasti
povrchovych molekul (CD28,CD80,CD86). Na zesileni atlumeni této imunitni

odpoveédi maji vliv komplexni interakce mezi bunécnou a nebunécnou slozkou TME.

K vyznamnym supresortim cytotoxické odpovédi patiti CD4+ a FOXP3 T-lymfocyty,
MDSCs a TAMs. Klicové mechanismy, vyuzivané nddorovymi elementy a imunitnimi
bunikami k regulaci intenzity imunitni odpovédi v TME, zahrnuji interakce s cytokiny,
signalnimi molekulami (PD-L1) a kontrolnimi body (PD-1, CTLA-4). Pfirozena
slozka imunity, reprezentovana cytotoxickou aktivitu NK bunék, rovnéz pfispiva
k protinadorové odpovédi, nicméné jeji role je predmétem preklinického i klinického

vyzkumu.
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3 CILSTUDIE

Studijni cile formulovaly otazky, zda lze predikovat prognozu pieziti u HNSCC
pacientli s pomoci diagnostiky morfologicko-funkénich charakteristik nadorového
mikroprostiedi azda lze tyto poznatky vyuzit v terciarni prevenci néadorového

onemocnéni.

Koncept nadorového mikroprosttedi (TME), definovany pfitomnosti nadorovych
bunék (TC) v nddorovém stromatu spole¢né s imunitni bunécnou komponentou (IC),
se v poslednich letech stal pfedmétem vyzkumu v fadé klinickych studii. PredevS§im
komplexni interakce mezi TC alC, které dynamicky reguluji rovnovahu mezi
kontrolou a progresi nadoru, nabizeji nové perspektivy vyzkumu, vcetné hledani

(6L 79 7vIastni pozornost je vénovana

prognostickych imunitnich biomarkerd.
imunitnim buiikam a inhibi¢nim signalnim molekuldm, exprimovanym na povrchu TC
i IC, které reguluji priibéh imunitnich interakci v TME. 757 Vysledky publikovanych
studii naznalily potencialni prognosticky vyznam imunitnich biomarkeri u riznych
typl nadorli, v€etné nadord v oblasti hlavy akrku. Zejména histologicka varianta

skvamoézniho karcinomu (HNSCC) se vyznacuje vysokym imunogennim potencialem.
an

Jedny z prvnich imunitnich biomarkeri v TME pacienti s HNSCC, u kterych byl
studovan prognosticky potencidl, byly tumor infiltrujici lymfocyty (TIL). "® Nékolik
studii prokazalo asociaci mezi zvySenou infiltraci TIL a pfiznivymi vysledky radikalni
1écby. 7% 89 Vramci jednotlivych podtyptt TIL byl demonstrovan dominantni
prognosticky potencial u varianty CD8+ T-lymfocytl. ¢V Tato zjisténi byla déle

zkouméana a potvrzena v nékolika metaanalyzach. ®!-82)

Kromé¢ TIL piedstavuji dilezitou skupinu biomarkert v TME signalni inhibicni
molekuly, které moduluji pribéh a intenzitu imunitnich procest. Jedna se o ligandy
areceptory (checkpointy), exprimované na povrchu TC aIC, které se vyznacuji
imunosupresivni aktivitou. Nejvice studovanou molekulou je ligand receptoru
programované smrti 1 (PD-L1), ktery ma vysokou vazebnou afinitou k receptoru
programované smrti I (PD-1) exprimovanému na povrchu T-lymfocytd. Vysledek

interakce PD-L1/PD-1 vede k inaktivaci bun&k a imunosupresi. ¢
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Ackoli byl mechanismus interakce PD-L1/PD-1 detailné¢ popsan, prognosticky
potencidl exprese PD-L1 u HNSCC zistava nejasny.

Nékolik studii hodnotilo asociaci mezi expresi PD-L1 a pfezitim pacientti s HNSCC
podstupujicich kurativni 1écbu. Vysledky bud’ neprokdzaly zadny vliv biomarkeru,
nebo byly asociovany s hor$im prezitim. ®* 8% 89 Kromé toho dvé publikované
metaanalyzy neprokézaly 74dny prognosticky potencial PD-L1 exprese. 7% V jedné
metaanalyze byla dokonce exprese PD-L1 asociovdna se $patnou progndzou u asijské
populace pacientli. ®% Studie, vnichz byla exprese PD-L1 hodnocena pomoci
kombinovaného pozitivniho skére (CPS), navic nepfinesly ptesvédcivé vysledky
a nepodpofily moznost pouziti CPS k odhadu prognozy pieziti pacienti s HNSCC. ©%
oL 92) Piesto vysledky tfi studii naznaily potencialni prognosticky efekt PD-LI

exprese, pokud byl tento biomarker hodnocen na imunitnich burikach. 3 %495

Tyto poznatky, spolecné s vysledky publikovanych studii, se staly podkladem pro
vedeni vlastni prospektivni kohortové studie ,,ONKOL-01-Head and neck®, zaméfené
na hodnoceni prognostického potencidlu imunitnich biomarkert u HNSCC pacientt.
Kromé toho byl proveden aktualizovany literarni ptehled, doplnény metaanalyzou
extrahovanych dat, ktera se soustfedila na hodnoceni prognostického potencialu
PD-L1 exprese u HNSCC pacientii podstupujicich radikalni 1é€bu, zahrnujici chirurgii

1 radioterapii nebo radiochemoterapii.
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Literarni prehled a metaanalyza
Zatimco vysledky publikovanych kohortovych studii a metaanalyz pomérné
jednoznacné potvrdily prognosticky potencial tumor infiltrujicich lymfocytd, v ptipadé

PD-L1 exprese neposkytovaly konzistentni vysledky.

V databazich MEDLINE, Embase, PQSciTech a HCAPlus byly systematicky
vyhledavany kohortové studie hodnotici prognosticky efekt PD-L1 exprese u pacientti

s HNSCC v kurativnim stadiu onemocnéni. ReSerSe se soustiedila na studie

publikované vyhradné v anglictiné v obdobi od 1. 1. 2010 do 6. 1. 2023.

Kritéria pro zatazeni studii zahrnovala: kohortové studie s pacienty s kurativnim
stddiem onemocnéni (tj. lokalizované nebo lokoregionalné pokrocilé nadory), studie
hodnotici asociaci mezi expresi PD-L1 acelkovym pfezitim (OS), vyjaddfenym
adjustovanym pomeérem rizik (aHR) s 95% intervaly spolehlivosti (CI), biomarker
stanoveny imunohistochemickou analyzou, radikalni 1écebné postupy zahrnujici
chirurgii iradioterapii nebo radiochemoterapii, studie sHPV negativnimi

orofaryngealnimi karcinomy.

Naopak byly vylou¢eny studie s nadory nosohltanu, paranazdlnich dutin, karcinomy
Stitné zldzy nebo nadory slinnych zlaz anadory jiné histologické varianty nez
HNSCC. Kromé toho byly vylouceny studie s metastatickymi stadii onemocnéni,
duplicitnimi a recidivujicimi nadory zahrnujici pfedchozi 1€¢bu zatenim. Studie s HPV
asociovanym orofaryngedlnimi karcinomy pro svou odliSnou biologickou povahu
a prognézu nebyly v metaanalyze hodnoceny. Diagram vybéru vhodnych studii pro
literarni prehled a metaanalyzu, v€etné tabulky s charakteristikami vybranych studii, je

uveden v Piiloze 1.

Z celkového poctu 3 825 nalezenych publikaci splnilo kritéria pro zatazeni 17
kohortovych studii. V ramci téchto studii byla analyzovana data o pfeziti u3 190
pacient s HNSCC ve stadiich I-IV léCenych kurativnim zdmérem. Primérni cilem
bylo najit vztah mezi expresi PD-L1 acelkovym piezitim (OS). Pozornost byla
vénovana typu exprese PD-L1, tj. zda byl ligand exprimovan na nadorovych (TC) ¢i
imunitnich bunkach (IC), ptipadné na obou typech bunék. Sekundérni cile studie se

soustfedily na urceni pfipadné asociace biomarkeru a nadorové specifického preziti.
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Vysledky analyzy neprokdzaly statisticky vyznamnou asociaci mezi piezitim pacientl
aexpresi PD-L1 na nadorovych bunkach nebo pii kombinované expresi na
nadorovych 1imunitnich bunikach. Naopak vysokd exprese PD-L1 na imunitnich
buiikdch byla u pacientli asociovéna s 61% sniZenim rizika Gmrti, jak dokladoval
aHR = 0,39 (95% CI: 0,25 az 0,59). Obrazek 3 zobrazuje stromovy graf s prokdzanou
asociaci PD-L1 exprese na IC. V této metaregresni analyze bylo prokazéno zlepSeni
celkového preziti u skupiny pacientli s vysokou expresi PD-L1 na imunitnich buiikach
v porovnani s pacienty s vysokou expresi na nadorovych buiikach. Pro sekundarni cile
studie, hodnotici nadorové specifické preziti, byla podobné jako v ptipadé OS
nalezena statisticky vyznamna asociace mezi expresi PD-L1 na imunitnich bunikach
a snizenim rizika nadorového umrti (aHR, 0,52; 95% CI, 0,38 az 0,72). Navic pro ob¢
asociace nebyl zjistén vliv lokality nddoru nebo typu primérni lécebné modality

(. operace vs. radioterapie nebo radiochemoterapie).

Vysledky metaanalyzy poskytly novy pohled na hodnoceni a interpretaci PD-L1
exprese v nadorové tkani u pacienti s HNSCC podstupujicich radikalni 1écbu.
Zduraznily prognosticky potencial tohoto biomarkeru v ptipad€ jeho zvySené exprese
na imunitnich bunikdch. Zaroven vSak upozornily na nutnost uvazlivého hodnoceni
vysledkli vzhledem k omezenému poctu provedenych a publikovanych studii

a poukazaly na potfebu dalSich studii k ovéfeni jejich platnosti.

Metaanalyza byla publikovdna v.JAMA Network Open — Oncology. ©®® Full text

manuskriptu viz Pfiloha 1.
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aHR Weight

Study with 95% Cl (%)
IC

Fukushima et al,2' 2018 —— 0.30( .11- .85) 3.18
Kim et al,22 2016 —— 0.38( .20- .75) 4.60
Sato et al, 222019 —l— 0.43( .23- .82) 4.70
Heterogeneity: 1 = 0.00, I* = 0.00%, H* = 1.00 0.39( .25- .59)

1C/TC

Balermpas et al,2* 2017 —l— 0.47( .25- .91) 4.65
Sanchez-Canteli et al,”® 2019 —— 0.49( .23- 1.04) 4.23
Sanchez-Canteli et al,2% 2019 - 0.71( .51- .98) 6.09
sanchez-Canteli et al,> 2019 | 0.81( .45- 1.45) 4.98
Lilja-Fischer et al,26 2020 —— 0.89 ( .57- 1.40) 5.55

Ngamphaiboon et al,27 2019
Heterogeneity: 12 = 0.12, |* = 60.59%, H* = 2.54

2.98 (1.20- 7.39) 3.62
0.79 ( .55- 1.14)

TC
Pena-Cardelles et al,28 2022 e
Fukushima et al,2' 2018 —l—
Hanna et al,2? 2018 . B
Hong et al, 202016 —l
Sato et al, 222019
Zhou Li et al *! 2020 —
Kim et al,222016 — 1.33( .76 - 2.31)  5.10
Lyu et al,?22019 1.33 (1.07 - 1.66) 6.42

._._.
- 0.35( .11- 1.14) 2.74
-
Hl—
. 3

Lin et al,332015 Hill- 1.35( .99- 1.83) 6.13
_.—
_._

e

0.54( .23- 1.30) 3.74
0.58 ( .45- .74) 6.35
0.66 ( .32- 1.37) 4.33
0.92( .48- 1.76) 4.68
1.30( .54- 3.13) 3.73

Fu et al, 32022 - 2.29( .89- 5.86) 3.50
Adamski et al, 352021 2.51(1.20- 5.28) 4.28
Yang et al, 32018 3.46 (1.58 - 7.58)  4.10

Schneider et al,’” 2018 — Ml 3.80 (1.40-10.30)  3.30
Heterogeneity: 12 = 0.25, |* = 80.29%, H* = 5.07 1.22( .87 - 1.70)
Overall & 0.93( .72- 1.20)

Heterogeneity: 12 = 0.25, |* = 78.74%, H' = 4.70

0.125 0.5 2 8
Random-effects DerSimonian-Laird model

Obrazek 3: Stromovy graf znazoriujici asociaci mezi PD-L1 expresi a celkovym preZitim
u pacientii s HNSCC; Vysledky jsou prezentovany z modelu ndhodnych efektil, véetné 12
(rozptyl heterogenity), I (index inkonzistence), H° (statistika /) a hodnoty P. aHR oznacuje
adjustovany pomeér rizik; velikost ramecku, vdha aHR (velikost ucinku); prerusovana cara,
celkové sdruzené aHR; kosoctverce, sdruzené aHR; IC, imunitni buiiky; postranni body, 95%
CI; TC, nadorové bunky.
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3.2 Prospektivni kohortova studie

(81, 82, 9) gpole¢né s aktualnimi

Vysledky publikovanych studii a metaanalyzy
poznatky =z oblasti imunookologie zabyvajici se problematikou nadorového
mikroprostiedi byly podkladem pro vlastni vyzkum. Praktickd c¢ast vyzkumu se
zaméfila na hodnoceni prognostického potencidlu novych imunitnich biomarkeri
a moznosti jejich vyuziti v terciarni prevenci u pacienti s HNSCC 1é¢enych definitivni
radioterapii nebo radiochemoterapii. Za timto ucelem byla iniciovana prospektivni

kohortova studie, registrovana v databazi ClinicalTrials.gov pod registratnim Cislem

NCT05941676 a nazvem ,,ONKOL-01-Head and Neck Study*.

3.2.1 Primarni a sekundarni cile studie
Primarnim endpointem studie bylo celkové preziti (OS), méfené od data zahajeni
radioterapie do data umrti z jakékoli pfi¢iny nebo do posledni dispenzarni navstévy.
Sekundarni endpointy zahrnovaly nadorové specifické preziti (DSS), pfeziti bez
lokoregionalniho relapsu (LRFS), pfeziti bez zndmek recidivy onemocnéni (DFS)
a preziti bez vzdalenych metastaz (DMFS). Nadorové specifické preziti (DSS) bylo
cenzurovano od zahajeni radioterapie do data umrti v souvislosti s nadorovym
onemocnénim nebo do data posledni dispenzarni néavstévy. Pacienti, ktefi zemfteli
z pfi¢in nesouvisejicich s HNSCC, byli cenzorovani v dobé umrti. Pfeziti bez
lokoregionalniho relapsu (LRFS) bylo definovano radiologickym nebo patologickym
prukazem recidivy/progrese nadoru od zahajeni radioterapie v ozafované lokalitg,
tzn. v mist¢ primarniho nddoru nebo regiondlni uzlinové oblasti. Parametry DFS
a DMFS byly pouzity k zaznamenani jakékoli formy recidivy nebo zjisténi vzdalenych
metastaz naddoru, méfeno od zahdjeni radioterapie do data zjisténi recidivy. Pacienti

bez recidivy nadoru byli cenzurovani v dob¢ posledni dispenzarni navstévy.

3.2.2 Materialy a metody
Studie ,,ONKOL-01-Head and neck® je vedena jako monocentrickd prospektivni
kohortova studie na Onkologické klinice Fakultni nemocnice Ostrava od ¢ervna 2020.
Ve studii byl hodnocen efekt imunitnich biomarkerti ve vztahu k mite pfeziti pacientl
s HNSCC podstupujicich radikalni 1é¢bu radioterapii nebo radiochemoterapii. Kromé
hodnoceni efektu jednotlivych biomarkeri se studie zaméfila na interakce mezi
biomarkery, které dosud nebyly zkoumany.
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Vtéto studii jsme se pokusili najit mezni prognostické hodnoty imunitnich
biomarkert na zaklad€ individualnich nalezii u pacientd tak, aby je bylo mozné vyuzit

v bézné klinické praxi pro jakéhokoli HNSCC pacienta.

3.2.2.1 Pacienti
Kritéria pro zafazeni pacientli do studie zahrnovala: dospélé ve véku 18 az 90 let

s histologicky verifikovanym HNSCC v lokalitich — dutina Gstni, nosni, orofarynx,
larynx a hypofarynx; klinické stddium nemoci I-IVb, tzn. nonmetastatickd stadia
nemoci; dostupnost vzorkti nddorové tkané z biopsie v parafinovych blocich. Ze studie
byli vylouceni vSichni pacienti s jinym histologickym typem nez HNSCC
(tzn. nasofaryngedlni karcinomy, karcinomy slinnych 7l4z a §titné Zlazy, slizni¢ni
melanomy, kozni karcinomy, lymfomy anadory neznamého primarniho origa).
Rovnéz do studie nebyli zafazovani pacienti se vzdalenymi metastdzami,
synchronnimi malignitami, duplicitnimi nebo recidivujicimi nadory nebo pacienti po

piedchozi 1écbe¢ zatenim ¢i chemoterapii.

Pred zatazenim byl od kaZdého pacienta ziskan informovany souhlas. Studie se fidila
etickymi zasadami uvedenymi v Helsinské deklaraci a byla schvalena etickou komisi

Fakultni nemocnice Ostrava.

Vstupni diagnosticky protokol zahrnoval komplexni otorinolaryngologické vySetieni
s histologickou verifikaci nddoru. Néasledné byla indikovana zobrazovaci vySetfeni
k uréeni pfesného stadia onemocnéni. VSichni pacienti absolvovali kontrastni CT
vySetfeni krku a hrudniku. Fakultativné byla indikovéna vySetteni MR a PET/CT
s FDG k upfesnéni nejasnych nalezi. Definitivni stddium onemocnéni bylo stanoveno

pomoci TNM klasifikace — American Joint Committee on Cancer TNM, verze 8. 1¥

Kromé zakladnich klinicko-patologickych charakteristik, tj. v€ku, pohlavi, indexu
télesné hmotnosti (BMI), vykonnostniho stavu, lokalizace nadoru, stddia, gradingu
a HPV pozitivity, byly zaznamendny informace o uzZivani navykovych latek
a infek¢nich komplikacich béhem 1€¢by. Pozitivni, resp. rizikovy abuzus alkoholu byl
ve studii klasifikovan pomoci WHO kritérii, tzn. Konzumace > 4 drinki/den u Zen
a> 5 drinkii/den umuzi. Obsah alkoholu v jednom standardnim drinku musel

obsahovat alespon 14 g ¢istého ethanolu. ©7)
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Na zakladé¢ anamnézy koufeni byli pacienti zafazeni do dvou skupin, tzn. nekuiaki
a aktivnich kuraku, pfilezitostnych nebo byvalych kutéki. Informace o uzivani obou
navykovych latek byly ziskany od pacientli pted zahajenim lé¢by, v rdmci vstupniho
vysetieni, strukturovanym pohovorem. Jeho soucasti byl také sbér anamnestickych
udaju o predchozim ockovani proti infekci covid-19. Bakteridlni infekéni komplikace
béhem 1écby byly definovany kombinaci zvySeni CRP > 10 mg/l a nutnosti podani
antibiotik. Vykonnostni stav pacientii byl hodnocen pomoci klasifikace ECOG *¥
v kombinaci s CCI (Charlson Comorbidity Index), zohlednujicim efekt ptidruzenych

onemocnéni. 47

3.2.2.2 Stanoveni imunitnich biomarkeri v nadorové tkani
Vzorky nadorové tkané pied 1écbou, fixované formalinem do parafinovych bloku,

byly podstoupeny imunohistochemické analyze (IHC) na pfitomnosti imunitnich
biomarkert. z reprezentativnich parafinovych bloka byly na elektrostatickd sklicka
extrahovany fezy o tlouStce 4 um. Nasledovalo imunohistochemické barveni pomoci
kustomizovaného protokolu na Ventana Benchmark Ultra instrument (Roche Diagnostics,
Switzerland) ¢ houzitim sady ultraView Universal DAB Detection Kit (Roche Diagnostics,
Switzerland) 16 predchozi revitalizaci v pufru CC1. Kategorizace tumor infiltrujicich
lymfocyth se provadéla na zéklad¢é exprese povrchovych molekul CD3, CD4 a CDS.
PD-L1 exprese byla hodnocena na membranach nadorovych a imunitnich bunék. Pro
detekci jednotlivych markerii byly pouzity specifické protilatky: PD-L1 (klon 22C3,
DAKO M3653, tedéni 1:50, inkubace 40 minut), CD3 (klon LNI10, Leica
NCL-LCD3-565, ftedéni 1:100, inkubace 60 minut), CD4 (klon SP35, DCS
CI851C003, fedéni 1 : 50, inkubace 32 minut), CDS8 (klon P17-V, DB Biotech M0755,
fedéni 1:200, inkubace 60 minut). K odliSeni epitelidlni slozky nadorového
parenchymu od stromatu byl pouzit marker cytokeratin (CK), stanoveny pomoci klonu

AE1/AE3, Zytomed MSKO019 (fedéni 1 : 200, inkubace 24 minut).

Histopatologicka analyza byla provedena pomoci optického mikroskopu Olympus
BX45 (Boston Industries Inc., Boston) g ontickou méFici miizkou, umoziujici hodnoceni 1 mm?

pii celkovém zvétSeni 100x (objektiv 10x, okular 10x).

40



Imunohistochemické analyza tumor infiltrujicich lymfocyti (TIL) hodnotila pocet
pozitivnich elementd na 1 mm? v nddorové tkani (parenchymu), uréeny pozitivitou
protilatek pro CD3, CD4 a CDS8. Mediany poctu elementil byly pouzity jako mezni
hodnoty pro rozliSeni mezi nizkou a vysokou infiltraci TIL. Krom¢é poctu lymfocytt
byla déale hodnocena denzita TIL semikvantitativnim vypoctem podilu plochy
obsazené¢ CD3+ infiltrujicimi lymfocyty na celé plose parenchymu (% plochy TIL
obsazené¢ mononukledrnimi bunkami v nddorovém parenchymu). Tento zptlisob
hodnoceni klasifikoval denzitu TIL infiltrace jako sniZzenou (< 30 %), nebo zvySenou

(>30 %). %)

Pozitivita exprese PD-L1, vyjadiena > 1% intenzitou exprese ligandu byla hodnocena
v nadorovém parenchymu samostatné na nadorovych bunkach (TC) a imunitnich
buiikach (IC). 1% Imunitni butiky, exprimujici PD-L1, piedstavovaly T-lymfocyty,
makrofdgy adendritické bunky infiltrujici nddorovy parenchym. Kromé
individuélniho hodnoceni exprese na TC a IC se dale exprese PD-L1 na IC hodnotila
ve vztahu k TC pomoci procentudlniho rozdilu mezi obéma expresemi. Rozdil > 10 %
byl klasifikovan jako vysoka exprese PD-L1 na imunitnich bunkach (PD-Llic).

Katalogova ¢isla a identifikace imunoreagencii jsou uvedena v Ptiloze 3 — Tabulka S3.

3.2.23 Lécebny protokol
Pacienti, ktefi splnili kritéria pro zafazeni do studie, byli indikovani ke kurativni

radioterapii nebo radiochemoterapii. Standardni protokol radioterapie zahrnoval
frakcionacni rezim 70 Gy po dobu 7 tydna s denni davkou 2,0 Gy/frakce, a to bud’
jako samostatna 1écba, nebo v kombinaci s chemoterapii cisplatinou (cDDP).
Konkomitantni chemoterapie (cDDP) byla aplikovana dle doporucenych lécebnych
postupll v tydennim nebo tfitydennim ddvkovém schématu, pficemz podminkou bylo

dosazeni kumulativni davky cytostatika nejméné 200 mg/m? béhem celé 1é¢by. 10D

U pacientli, ktefi nebyli vhodnymi kandidaty pro lécbu standardnim protokolem
radioterapie nebo radiochemoterapie, byl preferovan bud’ hyperfrakcionovany, nebo
akcelerovany rezim radioterapie. %> 2" Hlavnimi dfivody pro volbu téchto rezim
byly nizky vykonnostni stav, interkurence, renélni insuficience nebo objem nadorové

masy.
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Skupina pacientll s nddory spodiny dutiny ustni byla 1écena davkové eskalovanym
rezimem, kombinujicim standardni protokol nebo hyperfrakcionovany rezim s cilenym
navySenim davky do oblasti primarniho tumoru formou stereotaktického boostu na
piistroji CyberKnife. Uinnost a bezpe¢nost tohoto 1é¢ebného rezimu byla ovéfena
v klinické studii provadéné na Onkologické klinice Fakultni nemocnice Ostrava.
Vysledky studie byly publikovany v roce 2021 v ¢asopise BMC Radiation Oncology.

(103) Fyll text manuskriptu viz P¥iloha 2.

Radiobiologicka ucinnost jednotlivych frakcionacnich rezimi byla hodnocena

parametrem biologické efektivni davky (BED10)/Gy. 1%V

Konvenéni technika radioterapie vyuzivala objemové modulovanou intenzitu svazku
zafeni (VMAT) oenergiich 4 a6 MV. Pro stereotakticky boost byly pouzity
nonizocentrické konformni svazky zareni a predpis davky na 60-80% izodozu za
ucelem pokryti minimalné¢ 95 % ozatovaného objemu nadoru. Presnost doruceni
davky zéfeni a korekce odchylek v nastaveni pacienta byla na linearnim urychlovaci
kontrolovana denné s vyuZzitim kilovoltaZnich snimkt, zhotovenych ve dvou kolmych
projekcich (KV x KV), nebo nizkodavkového CT vySetfeni (CB-CT) a korekei na
kosténé struktury, resp. mekké tkang. U stereotaktické radioterapie bylo pouZito
on-line navadéni podle kosténych struktur (rezim XST — Xsight Spine Tracking a 6D
skull tracking). Podrobné informace o rezimech radioterapie a radiochemoterapie jsou

uvedeny v Ptiloze 3 — Tabulka S1.

3.2.24 Dispenzarizace
Dispenzarizace pacienti po dokonceni radikalni 1é€by probihala ve spolupraci

Onkologickeé, Otolaryngologické a Stomatochirurgické kliniky Fakultni nemocnice
Ostrava. Protokol sledovani pacientil zahrnoval expertni otorinolaryngologické nebo
stomatochirurgické vySetteni, laboratorni diagnostiku a zobrazovaci vysetfeni. BEhem
prvnich dvou let po dokonceni 1écby byli pacienti vySetfovani v otorinolaryngologické
nebo stomatochirurgické ambulanci v intervalech 1-3 mésicli. Soucasti vySetfeni bylo
také v indikovanych ptipadech endoskopické vySetfeni, piipadné direktni endoskopie.

Onkologem byla indikovana zobrazovaci vySetieni a laboratorni diagnostika.
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Vsichni pacienti absolvovali 12 tydnd po dokonceni 1é€by FDG-PET/CT vySetfeni za
ucelem hodnoceni dynamiky postradiacnich zmén a vylouceni casné progrese nadoru.
Vysetieni bylo opakovano v odstupu dalSich 12 tydnt k potvrzeni remise onemocnéni
a vylouceni/potvrzeni rezidualni viabilni nadorové tkané. Ptfi dosazeni kompletni
remise byla dale v ramci dispenzarizace indikovana CT vysSetfeni v intervalech 3—6
mesicl. U nejednoznaénych ndlezi bylo navic indikovdano MR vySetieni krku.
V piipadech, kdy byla patrné recidiva onemocnéni €i progrese nemoci, byla provedena
opakovana zobrazovaci vySetieni (PET/CT, nebo CT aMR) spolu sORL
a endoskopickym vySetfenim. Lokalni recidivy byly histologicky verifikovany

invazivnimi diagnostickymi postupy (biopsie, excizce).

Laboratorni diagnostika zahrnovala standardni vySetfeni krevniho obrazu
a biochemie, vcetné¢ nadorového markeru SCCA ahormond S§titné Zlazy.

Harmonogram dispenzéarniho protokolu je uveden v Ptiloze 3 - Tabulka S2.

3.2.2.5 Statisticka analyza
Kategoridlni, demografické proménné aproménné tykajici se onemocnéni byly

prezentovany jako podily, zatimco spojité proménné byly pirevedeny do binarni formy
na zaklad¢ medianovych hodnot v ramci studované populace. Kategoridlni proménné
byly vyhodnoceny pomoci Fisherova exaktniho testu, nebo y* testu. Pro univariantni
a multivariantni analyzu byla pouZita Coxova regrese proporcionalnich rizik
s adjustaci pro pohlavi, v€k, abtzus alkoholu, koutfeni, HPV pozitivitu, stddium
onemocnéni, konkomitantni chemoterapii, status ockovani proti covidu-19
a bakteridlni infekci. Vysledky byly vyjadieny pomoci hrubého (cHR), nebo
adjustovaného poméru rizik (aHR). Sila testu byla odhadnuta na zékladé bindrnich
kovariat v Coxové modelu proporciondlnich rizik s pfihlédnutim k poméru rizik,
velikosti vzorku, celkové pravdépodobnosti selhani a zdkladni hladin€é vyznamnosti
a = 0,05. VSechny testy byly dvouvybérové a hladina vyznamnosti byla stanovena na
0,05. Statistické testy a analyzy byly provedeny pomoci softwaru Prism 9 (GraphPad
Software, Inc., San Diego, CA, USA) a STATA verze 17 (StataCorp, College Station,
TX, USA).
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3.2.3 Vysledky
Vobdobi od 1.cervna 2020 do 9.srpna 2022 bylo do prospektivni studie
»ONKOL-0I-Head and neck®* =zatazeno celkem 55 pacientli s lokoregionalné
pokrocilymi HNSCC, ktefi splnili kritéria pro zatazeni a byli indikovani k radikalni
(definitivni) radioterapii nebo radiochemoterapii. Vékovy median pacientl ve studii
byl 63 let (IQR: 58-71), s vy$sim podilem zastoupeni muzi — 41 (74,5 %). Ptevazujici
anatomicka lokalita nadort byla dutina Gstni — 21 (38,2 %) a orofarynx — 21 (38,2 %),
dale hypofarynx 7 (12,7 %) a hrtan 6 (10,9 %). Z 21 orofaryngeélnich karcinomt bylo
15 (71,4 %) HPV pozitivnich. Nejvice zastoupené bylo klinické stadium IV s 37
(67,2 %) pacienty, nasledované stadiem III u 17 (31,0 %) pacientli, véetn¢ jednoho
pacienta v klinickém stadiu I. Souhrn charakteristik kohorty pacientd je uveden

v Tabulce 2 a 3.
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Charakteristika Pocet pacientt (%) P
Zen 14 (25.5
Pohlavi Y (25.5) <0.0001
Muzi 41 (74.5)
<M 27 (49
Vék (49) n.s.
>M 28 (51)
<M 27 (49
CcCl (49) n.s.
>M 28 (51)
<M 27 (49)
BMI n.s.
>M 28 (51)
N 25 (45.5
Abtizus alkoholu = (45.5) n.s.
Ano 30 (54.5)
_ Ne 11 (20)
Koureni <0.0001
Ano* 44 (80)
Ne 12 (21.8
Bakterialni infekce ( ) <0.0001
Ano 43 (78.2)
N 23(41.8
COVID-19 vakcinace = ( ) n.s.
Ano 32 (58.2)
Orofarynx 21 (38.2)
Dutina Ustni 21 (38.2
Lokalita nadoru uting ust ( ) 0.0001
Hypofarynx 7(12.7)
Larynx 6 (10.9)
< 3** 18 (32.7
Stadium nemoci ( ) 0.0003
4 37 (67.3)
1 21(38.2)
Stuperi diferenciace nadoru 2 24 (43.6) 0.0117
3 10 (18.2)
HPV pozitivita Ne 40 (72.7)
<0.0001
Ano 15 (27.3)
Konkomitantni CHT Ne 25 (45.5)
n.s.
Ano 30 (54.5)
BED1o <M 38 (69)
<0.0001
>M 17 (31)
Tabulka 2: Klinicko-patologické charakteristiky kohorty pacienti
*) Pravidelny kufdk nebo exkufdk; **) Pouze 1 pacient ve stadiu [; M = median (vék = 63 let; CCI1 =5; BMI
=23.6 kg/m?; BED1o = 80Gy); CCI = Charlson Comorbidity Index; BMI = Body Mass Index; COVID-19 =

Coronavirus; HPV = lidsky papilomavirus; CHT = chemoterapie; BED1o = biologicka efektivni davka; p = p-

hodnota; n.s. = nesignifikantni
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Charakteristika Pocet pacientii (%)
Specifikace lokalizace nadoru
Tonsila 12 (21.8)
M¢kké patro 2(3.6)
Kofen jazyka 5.1
Jazyk (dutina ustni — ventralni 2/3) 5(9.1)
Anatomick Spodina dutiny Ustni 11 (20)
lokalita Procesus alveolaris 7 (12.7)
Hypofarynx 7(12.7)
Glottis 3(5.5)
Supraglottis 3(5.5)

Tabulka 3: Charakteristiky lokalizace nadoru v ramci anatomickych oblasti hlavy a krku

Median doby sledovani celkového preziti (OS) a nadorové specifického preziti (DSS)
byl 19,7 mésice (IQR: 10,1-25,1 mésice). Béhem této doby bylo zaznamenéano 21
(38,2 %) umrti pacientdi, coz predstavovalo 61,8% OS a 72,2% DSS. Pro ostatni
specificka preziti (DFS, LRFS a DMFS) byly doby sledovani kratsi a pohybovaly se
vrozmezi 11,8-15,2 mé&sicli. Z celkového poctu 55 pacienti byla diagnostikovana
lokalni recidiva u 3 (5,5 %) pacienti a lokoregionalni recidiva u 13 (23,6 %) pacientt.
U 10 (18,2 %) pacientii doSlo k progresi nemoci ve formé distantnich metastaz.

Celkem 15 (27,3%) pacientli zemielo na nasledky nddorového onemocnéni.

3.2.3.1 Analyza imunitnich biomarkeru
Imunohistochemicka analyza vzorkd nadorové tkdné pied lécbou na piitomnost

imunitnich biomarkerd (PD-L1 a TIL) byla provedena u 53 pacientl. U zbyvajicich
pacientll nebylo mozné analyzu provést z diivodu poskozeni a degradace vzorkt tkané€.
Median poctu TIL byl 28, 32 a28/mm2 pro fenotypy CDS8+, CD4+ a FOXP3.
Z celkového poctu 53 vzorkli nddorovych tkani pacientl, hodnocenych na expresi
PD-L1, mélo 22 (41,5 %) pacientli expresi na TC (nadorovych bunikéch) a 52 (98 %)
expresi na IC (imunitnich bunkach). U 27 (52 %) pacientl byla exprese PD-L1 na
imunitnich bunkach nad medianem 15 %. Denzita TIL infiltrace > 30 %, klasifikovana
jako zvySend, byla nalezena u 28 (53,8 %) pacientli. (Obrazek 3 a 4) Kromé toho 20
(37,7 %) pacientii vykazovalo vysokou expresi PD-Llic, definovanou rozdilem

> 10 % mezi PD-L1 na IC a TC. (Obrazek 5)
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Obrazek 3: Reprezentativni Fez tkani HNSCC s imunohistochemickym barvenim, ktery
zobrazuje sniZenou denzitu CD3+ TIL, origindlni zvétseni X 200; Zkratky: HNSCC,
skvamozni karcinom hlavy akrku; TIL, tumor infiltrujici lymfocyty; CD3+, marker

T-lymfocytt.

Obrazek 4: Reprezentativni ez tkani HNSCC s imunohistochemickym barvenim, ktery
zobrazuje zvySenou denzitu CD3+ TIL, originalni zvétSeni x 200; Zkratky: HNSCC,
skvamo6zni karcinom hlavy akrku; TIL, tumor infiltrujici lymfocyty; CD3+, marker
T-lymfocytu.
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Obrazek 5: Reprezentativni ‘ez tkani HNSCC s imunohistochemickym barvenim, ktery
zobrazuje vysokou expresi PD-L1,c, origindlni zvétSeni x 200; Zkratky: HNSCC, skvamdzni
karcinom hlavy a krku; PD-L1, ligand receptoru programované smrti 1; IC, imunitni buiiky

3.2.3.2 Univiariantni a multivariantni analyza
Vysledky univariantni analyzy neprokazaly zadnou vyznamnou asociaci mezi OS

nebo DSS  ademografickymi nebo standardnimi  klinicko-patologickymi
charakteristikami. (Pfiloha 3 — Tabulka S4). Pteziti pacientll navic nebylo asociovano
s podanim konkomitantni chemoterapie ani sriznymi frakciona¢nimi rezimy,
resp. biologickymi efektivnimi davkami radioterapie. Ackoli univariantni analyza
odhalila statisticky vyznamné asociace mezi OS a expresi PD-L1 na IC, zvySenou
denzitou TIL nebo vysokou infiltraci CD8+ TIL, tyto asociace nebyly dale potvrzeny
v multivariantni analyze, kromé& asociace mezi OS a vysokou infiltraci CD8+ TIL.
(Tabulka 4 a Ptiloha 3 — Tabulka S5). Naopak pacienti s expresi PD-L1 na TC m¢li
krat§i DSS a pteziti bez zndmek recidivy (DFS), jak demonstrovaly piislusné hrubé
a adjustované¢ poméry rizik (cHR 1aHR). Vysledky univariantni i multivariantni
Coxovy regrese potvrdily vys$i miru pieziti (kromé¢ DMFS) u pacientll s vysokou

expresi PD-L1ic.
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oS DSS DFS
Prognosticky = oz = o=
faktor SE| 8§ o 2 E o 2 E o
Z.2 |2 2| aHR (95% CI) p |22 aHR (95% CI) p | 22| aHR (95% CI) p
O g g g g
PD-L1 na TC Negativni 31 12 ref 7 ref 9 ref
Pozitivni 22 9 |1.49(0.544.13)| ns 8 | 3.92(1.04-14.75) [ 0.043 | 13 |3.88(1.42-10.59)| 0.008
PD-L1 na IC <M 26 14 ref 9 ref 13 ref
>M 27 7 10.44(0.13-1.46) | ns 6 | 0.83(0.19-3.66) | ns. 9 10.90(027-296)| ns
PD-Llic NI ! 33 17 ref 12 ref 18 ref
Vysoka
20 4 10.17(0.04-0.74) | 0.018 | 3 | 0.17(0.03-0.92) |0.039 | 4 |0.22(0.05-0.92) | 0.038
CD4+ TIL <M 25 14 ref 11 ref 14 ref
>M 27 7 10.62(0.19-1.95) | ns 4 | 044(0.10-1.86) | ns. 8 |071022230)| ns.
CD8+ TIL <M 25 15 ref 11 ref 14 ref
>M 27 6 1032(0.11-095) | 0.041 | 4 | 0.31(0.08-1.18) | ns 8 |063022-1.82)| ns
R e 24 | 14 ref 10 ref 13 ref
2l 28 7 1038(0.13-1.14) | ns. 5 | 0.36(0.09-1.40) | ns. 9 10.51(0.18-1.49) | n.s.

Tabulka 4: Asociace mezi jednotlivymi prognostickymi faktory a parametry pi‘eziti, multivariantni analyza

49




aHR = adjustovany pomér rizik (adjustace pro kovariaty pohlavi, vek, abizus alkoholu, status koufeni, HPV pozitivita, stddium onemocnéni, konkomitantni chemoterapie, status
ockovani proti covidu-19 a bakterialni infekce); CI = interval spolehlivosti; ref = reference; OS = celkové preziti; DSS =nadorové specifické preziti; DFS = pfeziti bez znamek
onemocnéni; p = p-hodnota; M = median (15 % pro PD-L1 na IC; 32/mm? pro CD4+ TIL; 28/mm? pro CD8+ TIL); TC = nadorové buiiky; IC = imunitni bufiky; TIL = tumor
infiltrujici lymfocyty; denzita TIL = snizend <30 %, zvySena >30 %; PD-L1 =ligand receptoru programované smrti 1; PD-Llic = procentudlni rozdil mezi expresi PD-L1 na

imunitnich ~ anadorovych  bunék - nizkd <10%, vysoka > 10 %; n. s. = nesignifikantni; signifikantni  vysledky  jsou  zvyraznény  tucné.
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3.233 Interakce imunitnich biomarkeru
Pacienti s vysokou expresi PD-Llic avysokou infiltraci CD8+ TIL (urcenou

hodnotami nad medidnem) nebo zvySenou denzitou TIL vykazovali prodlouzeni délky
zivota, stanovené celkovou nebo nadorové specifickou mirou preziti (Tabulka 5).
Adjustované pomery rizik (aHR) pro vysokou expresi PD-L1ic v kombinaci s vysokou
CD8+ TIL infiltraci byly 0,08 (95% CI: 0,01 az 0,52) pro OS a0,05
(95% CI: 0,00 az 0,61) pro DSS. Také adjustované¢ poméry rizik (aHR) pro vysokou
expresi PD-L1ic a zvySenou denzitu TIL doséhly hodnot 0,07 (95% CI: 0,01 az 0,46)
pro OS a0,05 (95%CI: 0,00 az 0,61) pro DSS, pii sile testu >90 %
(Ptiloha 3 — Tabulka S6). Tato zjiSténi byla dale podpoiena Kaplan-Meierovymi
ktivkami pro miry preziti — OS, DSS a DFS (Obrazek 6 a 7). Podrobné vysledky
univariantnich a multivariantnich analyz pro jednotliva pfeziti jsou uvedeny v Piiloze

3 — Tabulce S7.
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oS DSS DFS
Prognosticky | Prognosticky o= o= - o=
faktor (1)  |faktor (2) EE| 85 3 £ g E

=.2|°2.2| aHR(95%CI) | p |2-2| aHRO5%CD | p |2 .2 aHR(95%CD | p

8 | A~ & A~ A e

(=" (=" o (="

PD-Llic CDS$+ TIL
Nizka M 2 | 13 ref 9 ref 12 ref
- >
Nizka =M 10 | 4 |057(0.152.13)| ns. | 3 [0.61(0.13-281) | ns. | 6 |1.39(0.42-4.65) | n.s.
Vysoka M 3 2 {0.37(0.05-2.62) | ns. | 2 |040(0.05-3.42) | ns. | 2 |0.98(0.12-8.36) | n.s.
Vi =M 17 | 2 |0.08(0.01-0.52) |0.008| 1 |[0.05(0.00-0.62) [0.020| 2 | 0.15(0.02-1.00) | 0.050
PD-L1ic TIL denzita
Nizka Snizena 19 | 12 ref 8 ref 10 ref
Nizka ZvySena 13 | 5 |052(0.16-1.66) | ns. | 4 |0.71(0.17-291) | ns. | 8 |0.97(0.33-2.83) | n.s.
Vysoka Elaens 5 | 2 [031(0.042.18) | ns. | 2 |0.70(0.06-7.60) | ns. | 3 |1.58(0.25-10.18)| n.s.
Vysoka Zvysena 15 | 2 {0.07(0.01-0.46) [0.006| 1 |0.05(0.00-0.61) |0.020| 1 |0.04(0.00-0.51) |0.013

Tabulka 5: Asociace mezi interakci prognostickych faktori a parametry preZiti, multivariantni analyza
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aHR = adjustovany pomér rizik (adjustace pro kovariaty pohlavi, vek, abizus alkoholu, status koufeni, HPV pozitivita, stddium onemocnéni, konkomitantni chemoterapie, status
ockovani proti covidu-19 a bakterialni infekce); CI = interval spolehlivosti; ref = reference; OS = celkové preziti; DSS =nadorové specifické preziti; DFS = pfeziti bez znamek
onemocnéni; p = p-hodnota; M = median (28/mm? pro CD8+ TIL); TC = niddorové buiiky; IC = imunitni buiiky; TIL = tumor infiltrujici lymfocyty; denzita TIL = snizena < 30 %,
zvySena > 30 %; PD-L1 =ligand receptoru programované smrti 1; PD-L1ic = procentualni rozdil mezi expresi PD-L1 na imunitnich a nadorovych bun¢k — nizka <10 %, vysoka

> 10 %; n. s. = nesignifikantni; signifikantni vysledky jsou zvyraznény tucné.

53



A 1000

(=]

E=]

oy

=}

]

=

]

-

0.00
T T T T
0 10 20 30
Time (in months)
Humber at risk
ow POT, and low{Dg+TIs 22 12 o 1
low PD-LT,. andt highCOB+Tils 10 7 4 0
nignPO-L1, and lowCDA+TIs 3 3 z 0
high PO-L1, anét high COB+TiLs 17 17 1 5
low PO L1 and lowCOB+TIs = = === low PDLT, and high CD8+ Tl
kigh PLT and low CO8+TIs — — — — = high PD-L1,.and high CDB+TiLs

B 100]
vy 075
%]
=]
5
=
=
=
e
[-n
0.25
0.00
T T T T
1] 10 20 30
Time {in months})
Humber at risk
bw PO and low CO8+Tils a2 12 ] 1
ovi PDALY, and high CD8+Tils o 7 4 o
highPDL1, and lowCD+TIs 3 3 H ]
bighPD-L1,and high COA+TILs 17 " n 5
low POLT and lowC08+TLs — = —=—= low POLT,, and high CD8+ TiLs
high PBLT and low CDB+TILs — — — — = figh PO-LY,, and high CDB+ Tls
v
i
=
-—
=]
=
=
o
=
e
[-m

0 10 20 30

Humber at risk

ou PO, and lowCD8+TIs 22 8 4 1
ov PDLT, and high COA+Tils 16 4 2z o
high PD-L1 - and  low COB+ TiLs 3 2 1 o
bighPBA1,, and high CO8+TiLs 17 17 9 5
low PRLT and lowC03+TLs - — ———= low PD-LT, and high CDA+ TILs
high PDL and low CO8+TLs — — — — = nign PD-LT, and high CDA+ TiLs

Obrazek 5: Kaplan-Meierovy kiivky pro miru OS (A), DSS (B) a (C) DFS v zavislosti na kombinaci vysoké
a nizké PD-L1ic exprese a vysoké a nizké infiltrace CD8+ TIL
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Obrazek 6: Kaplan-Meierovy kiivky pro miru OS (A), DSS (B) a (C) DFS v zavislosti na kombinaci vysoké

a nizké PD-L1ic exprese a sniZené a zvySené denzity TIL
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3.2.4 Diskuse
Studie ONKOL-01-Head and neck byla vedena jako prospektivni studie s cilem
posouzeni prognostického potencidlu imunitnich biomarkerd (PD-L1 aTIL)
u pacientit s pokroc¢ilymi stadii HNSCC podstupujicich definitivni 1écbu radioterapii
nebo radiochemoterapii. Krom¢ hodnoceni efektu jednotlivych biomarkerti se studie
zaméfila pfedevS§im na interakce obou biomarkert a jejich prognosticky vyznam
adopad na terciarni prevenci. Tim pfind$i novy pohled na problematiku
prognostickych ~ biomarkeri ~ ve  srovnani s pfedchozimi  publikovanymi

retrospektivnimi studiemi zabyvajicimi se podobnou problematikou.

Vysledky studie zodpovédély otazky formulované studijnimi cili, a prokéazaly
prognosticky efekt obou biomarkerti ve vztahu k primarnimu i sekundarnim cilim
studie, resp. parametrim pieziti OS, DSS a DFS. Pfi samostatném hodnoceni efektu
biomarkeri byla vysokd infiltrace CD8+ TIL asociovana s lepSim celkovym
1 nadorové specifickym piezitim pacientd. Rovnéz byla pozorovana del§i doba bez
znamek recidivy onemocnéni. Vysledky tak nepfimo odrazeji cytotoxickou aktivitu
CD8+ TIL a jejich schopnost rozpoznavat a eliminovat nadorové elementy, coz ¢ini
tuto bunécnou populaci klicovou v protinddorové imunitni odpoveédi. Nase zjisténi
jsou rovn&Z v souladu s vysledky difve publikovanych studii a metaanalyz. “!- 8! 82
Podobny prognosticky vliv na parametry pfezZiti pozorovany u vysoké infiltrace CD8+

TIL byl prokéazan i v ptipadé€ zvySené denzity TIL.

Tento postup hodnoceni TIL je navic robustni a zda se, Ze jim lze piesnéji odhadovat
prognosticky potencial biomarkeru. Definované mezni hodnoty pro zvySenou
a snizenou denzitu TIL Iépe charakterizuji zastoupeni bunéné imunitni komponenty
v TME ve srovnéni s absolutnim poctem CD8+ lymfocyti/mm2 a mezni hodnotou
definovanou medianem. Navic denzita TIL zohlediiuje krom&é CD8+ lymfocytt 1 dalsi
bunécné fenotypy (CD4+ a FOXP3), ¢imz poskytuje uceleny obraz o podminkach
v naddorovém mikroprostfedi, vcetné¢ vzdjemnych interakci mezi elementy, které

prispivaji k celkovym vysledkiim.
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Tyto interakce apodminky v TME byly podrobné studovany v preklinickém
vyzkumu, jehoz vysledky poskytly popis komplexni modulace cytotoxické
protinadorové imunitni odpovédi, reprezentované¢ CD8+ T-lymfocyty, vcetné
imunosupresivni aktivity CD4+ a FOXP3 lymfocyt. ¢® V kontextu téchto zjisténi tak
denzita TIL vyjadiuje mnohem piesnéji celkovou protinadorovou imunitni aktivitu nez

konkrétni imunitni biomarker (tj. hladina CD8+ lymfocyti).

V piipad€¢ biomarkeru PD-L1 nebyl ve studii pozorovan ptiznivy efekt na parametry
pteziti, pokud byla hodnocena jeho exprese samostatné na nadorovych (TC) nebo
imunitnich (IC) buiikdch. Naopak exprese PD-L1 na TC byla asociovana s horsi
prognézou, tzn. kratsim DSS a DFS, podobné jako v jinych studiich. ¢ 39 Tyto
vysledky tak potvrzuji teoretické predpoklady o patofyziologickém mechanismu
pusobeni exprese PD-L1, kterou nadorové buiiky vyuzivaji k Uiniku pfed imunitnim
dohledem. (1% Jelikoz byla exprese PD-L1 na TC aIC stanovena ve stejném fezu
nadorovou tkani, pouzili jsme pro dalsi hodnoceni prognostického efektu kritérium
vysoké exprese PD-L1ic, definované rozdilem jeho expresi IC a TC > 10 %. Pacienti,
u nichz byla prokézéana vysoka exprese PD-L1ic, doséhli vys§i miry pieziti, v€etné OS,
DSS, DFS a LRFS, v porovnani s pacienty s nizkou PD-L1ic expresi. Vysledky tak
navazuji na predchozi publikované studie > ** %9 zabyvajici se touto problematikou
apotvrzuji prognosticky potencial exprese PD-L1 na imunitnich buikach,
resp. vysoké exprese PD-L1ic. Tento zpisob hodnoceni soucasné eliminuje rozdily
v meznich hodnotach, definujicich pozitivitu exprese ligandu, coz vede k zobecnéni

a poskytuje moznosti jeho univerzalniho pouziti u HNSCC pacientt.

Vysledky analyzy interakci obou vySe uvedenych biomarkerti odhalily silny
prognosticky ucinek této kombinace. Pieziti pacientll s vysokou expresi PD-L1ic spolu
s medidnem vysoké infiltrace CD8+ TIL nebo zvySenou denzitou TIL bylo vyznamné
del§i nez u pacientli, ktefi nespliiovali obé kritéria. Efekt kombinace byl patrny
u vSech zkoumanych ukazatel preziti s vyjimkou parametru DMFS, tedy pfeziti bez
vzdalenych metastaz. Tato specifickd mira pieziti byla pravdépodobné nedostatecné
podpofena nizkym poctem pacientli s metastatickou progresi onemocnéni po 1€cbé

béhem nésledné dispenzarizace.
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Interakce biomarkerti naznacuji, ze vyssi exprese PD-L1 na IC oproti TC spolu se
zvySenou denzitou TIL hraje klicovou roli v modulaci imunitnich interakci v TME,
coz vede ke zvySeni protinadorové odpovédi zprostiedkované T-lymfocyty. Jedna se
o komplexni mechanismy, pravdépodobné zahrnujici aktivitu antigen prezentujicich
bun¢k, které prosttednictvim exprese PD-L1 stimuluji cytotoxickou odpovéd CD8+
TIL a soucasné inhibuji aktivitu CD4+ a FOXP3 T-lymfocyti. ®® Uveden4 zjisténi tak
upozoriiuji na potfebu hodnoceni prognostického potencialu imunitnich biomarkert
v kontextu jejich vzijemnych interakci v TME, aby se pfedeSlo chybnym ¢i

nepiesnym zaveérim.

Hlavni vysledek této studie zdiraziiuje roli imunitnich biomarkerti u pacientl
s HNSCC. Interakce obou vySe uvedenych biomarkerii se shodné ukazala jako silny
prognosticky faktor pfeziti pacientl nezavisly na standardnich klinicko-patologickych
charakteristikach (pohlavi, ve€k, stddium onemocnéni, stupenn diferenciace, HPV
pozitivita), anamnéze koufeni, abuzu alkoholu, rezimu radioterapie nebo pouziti
konkomitantni chemoterapie. Skutecnost, Ze nebyla zjiSténa souvislost mezi staddiem
onemocnéni a mirou pieziti, je pravdépodobné zplisobena homogenitou souboru
a vyhradnim zastoupenim pokrocilych stadii III aIV. Vysledky nasi studie jsou
v souladu s diive publikovanymi studiemi, které nalezly asociaci mezi expresi PD-L1
na IC apfiznivym OS u pacientl s HNSCC podstupujicich radikalni resekci nebo
radioterapii nadoru. ©* % ) Nicméné Z4dnd z téchto studii nehodnotila interakce
biomarkeri, coz muze vysvétlovat, pro¢ vysledky naznacuji krat§i miru preziti

v porovnani s vysledky nasi studie.

Prognosticky potenciadl kombinace imunitnich biomarkerti, prokédzany v této studii,
nabizi své uplatnéni v tercidrni prevenci HNSCC. Odhad progndzy onemocnéni
umoznuje definovat skupinu pacientll nejvice ohrozenou rizikem selhani 1écby. Na
zakladé téchto informaci je mozné optimalizovat dispenzarni protokoly a zvysit
pravdépodobnost Casné detekce recidivy/progrese onemocnéni. Takovy postup by
mohl pomoci zlepSit pfedevSim nepiiznivé vysledky 1écby u pokrocilych stadii

HNSCC.
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Navrhovany postup neni v soucasné dob¢ standardem v 1écbé, nicméné by mohl byt
pfinosem zejména pro pacienty s HPV negativnimi karcinomy, u nichz je tercidrni
prevence zalozena vyhradné na zobrazovacich metodach a fyzikalnim vySetfeni.
V piipadé HPV pozitivnich nadort jsou diagnostické moznosti tercidrni prevence
nepatrné $irsi. Nedavno publikované studie upozornily na moznost vyuziti biomarkera
stanovenych ze slin k predikci recidivy onemocnéni. 19 Vysledky nasi studie viak
prokazaly efekt kombinace biomarkerii 1 u HPV pozitivnich nadort, a tudiz je lze

vyuzit v postupech terciarni prevence i u této skupiny nadort.

K hlavnim limitacim této studie patfi maly pocet zafazenych pacientli a doba trvani
sledovani. Nedomnivame se vSak, Ze by velikost souboru pacienti mohla ovlivnit
kone¢ny vysledek, jelikoz odhadovana sila testu pro kli¢ovou kombinaci biomarkert
presahla 90 %. Na zaklad¢ téchto vysledkt predpokladdme reprodukovatelnost nasich
zjisténi. Vzhledem k tomu, ze medidn doby sledovani byl pfiblizn¢ dva roky, neni
jisté, zda by delSi doba sledovdni mohla zasadné zvratit vysledky pfeziti.
Piedpokladame, ze nami navrZené prediktory pteziti budou stabilni i po del§i dobu

sledovani, 1 kdyby se jejich prognosticky potencidl mohl Casem snizovat.

4 ZAVERY

Cile této studie byly naplnény a podatfilo se definovat nové prognostické faktory
u pacientl se skvaméznim karcinomem hlavy akrku (HNSCC) podstupujicich
radikélni (definitivni) radioterapii nebo radiochemoterapii. Kombinace imunitnich
biomarkerli, vysoké exprese PD-L1 na IC azvySené denzity tumor-infiltrujicich
lymfocytt (TIL) se v této studii potvrdila jako silny prognosticky faktor pro celkové
1 nadorové specifické piezZiti u pacientll s pokrocilym HNSCC. Diive publikované
studie zabyvajici se touto problematikou konzistentné potvrdily prognosticky potencial
CD8+ TIL, zatimco v ptipadé exprese PD-L1 byly vystupy ze studii nejednoznacné.
Vysledky nas$i studie tyto poznatky prohloubily, zpiesnily a soufasné zdaraznily
vyznam metodiky hodnoceni obou biomarkerti, pfedevsim hodnoceni denzity TIL
arozdilu expresi PD-L1 na imunitnich a nadorovych bunikach. Vysledky studie byly
publikovany 4. dubna 2024 v &asopise Frontiers in Oncology. 1°7 (Ptiloha 4 — full text
manuskriptu)
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Tumor infiltrujici lymfocyty (TIL) jsou vyznamnym imunitnim biomarkerem
u pacientll s HNSCC, ktery lze vyuzit k predikci prognézy onemocnéni. Pii hodnoceni
tumor infiltrujicich lymfocytt poskytuje denzita TIL v porovnani s infiltraci CD8+
TIL pfesnéjsi informace o prognostickém potencidlu tohoto biomarkeru, jelikoz

zohlednuje jednotlivé fenotypy T-lymfocytl a jejich vzajemné interakce.

Signalni molekula PD-L1 je vedle TIL dal$im vyznamnym imunitnim biomarkerem,
ktery lze vyuzit k predikeci prognézy HNSCC. Zasadni je pritom metodika hodnoceni
PD-L1 exprese, tj. samostatné hodnoceni na imunitnich (IC) anadorovych (TC)
buiikéch pii stanoveni rozdilu hladin obou expresi, tj. IC ve vztahu k TC. Hodnoceni
biomarkeru pomoci kombinovaného pozitivniho skére (CPS), které je
v soucasné klinické praxi pouzivano pro predikci ti¢innosti monoklondlnich protilatek
(checkpoint inhibitorti), nelze pouzit pro odhad prognézy HNSCC. Tento zpusob
hodnoti PD-L1 expresi neselektivné, sumacné na TC i1 IC a neumoZziiuje demonstrovat

prognosticky potencidl PD-L1 exprese na IC.

Oba biomarkery lze bezpecné pouzit k odhadu progndzy preziti pacienti s HNSCC.
Nicméné, vzhledem k jejich funkénim charakteristikdim a zapojeni v nadorovém
mikroprostiedi je optimalni hodnotit jejich interakce, tzn. kombinaci obou biomarkert
(PD-L1ic +denzita TIL). Tento zpiisob hodnoceni poskytuje nejptesnéjsi vysledky.
Metodika hodnoceni biomarkerii pouzita ve studii eliminuje potencidlni zkresleni
zpusobené rozdily v meznich hodnotach, definujicich pozitivitu biomarkert. V tomto
ohledu se jevi jako spolehliva, a tudiZ by mohla byt zavedena do béZzné praxe 1 pro

budouci klinické studie, zabyvajici se podobnou problematikou.

Vysledky studie poskytuji novy néhled na moZnosti terciarni prevence HNSCC.
VysSetfeni imunoprofilu nadoru astanoveni imunitnich biomarkeri umoziuje
definovat skupinu pacientl s agresivnim fenotypem nadoru a neptiznivou progndzou,
tzn. vy$$im rizikem recidivy nebo progrese onemocnéni. Tyto informace by mohly byt
vyuzity pro optimalizaci 1é¢ebnych postupli aUpravu dispenzarnich protokold.
Zejména zvySeni frekvence a Cetnosti vySetfeni pii dispenzarnich kontroldch by mohlo
prispét k lepsi diagnostice recidiv onemocnéni a umoznit v€éasné zahajeni 1écby, coz

by ve vysledku mohlo pozitivné ovlivnit parametry pteziti pacienti.
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Vzhledem k uc¢inku biomarkert a vysledkim studie je mozné tato zjisténi aplikovat
jak na HPV negativni, tak na HPV pozitivni karcinomy. Stratifikace pacientti do
rizikovych skupin by mohla byt soucasné vyuzita k modifikaci 1é¢ebnych postupi.
Deeskalace 1écby u skupiny pacientli s piiznivou prognézou by mohla pomoci snizit
riziko pozdnich nezddoucich ucink 1é¢by a tim pozitivné ovlivnit kvalitu jejich
zivota. Naopak u pacientll s vysokym rizikem recidivy onemocnéni by bylo mozné
zvazovat zafazeni inhibitorii kontrolnich boda do Ié¢ebnych algoritmli v zavislosti na
charakteristikach imunoprofilu nddoru a kombinace obou imunitnich biomarkera

v TME. Platnost téchto hypotéz vsak bude nutné ovéfit v dalsich klinickych studiich.
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S ABSTRAKT

Uvod: Incidence skvamoézniho karcinomu hlavy a krku (HNSCC) zaznamenava
celosvétové setrvale vzrlstajici trend, navzdory zndmym rizikovym faktorim
aprimarni prevenci tohoto onemocnéni. Vzhledem k absenci screeningovych
programi je sekundarni prevence neucinna, proto je oblasti klinického a védeckého
zdjmu terciarni prevence. V této souvislosti se jevi zadouci nalezeni novych
prognostickych faktort, které by pomohly pfispét ke zlepSeni vysledkli a naplnéni cili
terciarni  prevence. Vyzkum v oblasti imunoonkologie a studium imunitnich
biomarkeri v nadorovém mikroprostiedi (TME) nabizi vtomto ohledu nové
perspektivy. Jejich vyuziti pro odhad prognézy onemocnéni je v éfe personalizované
mediciny perspektivou pro optimalizaci terapeutickych postupll s cilem zlepSeni

celkovych vysledkt 1é¢by s pozitivnim dopadem na terciarni prevenci onemocnéni.

Pacienti a metody: Pro hodnoceni prognostického potencialu imunitnich biomarkeri
v TME u pacienti s HNSCC byla iniciovdna monocentrickd prospektivni kohortova
studie ,,ONKOL-01-Head and neck® na Onkologické klinice FN Ostrava Poruba od
cervna 2020. Do studie byli zafazovani dospé€li pacienti ve véku 18 az 90 let
s histologicky verifikovanym HNSCC v lokalitdch: dutina uUstni, nosni, orofarynx,
larynx a hypofarynx; v klinickém stadiu nemoci [-IVb, indikovani k radikalni
radioterapii nebo radiochemoterapii. Ze studie byli vylou€eni pacienti s jinym
histologickym typem nez HNSCC, ale také pacienti se vzdalenymi metastazami,
synchronnimi ¢i duplicitnimi malignitami, recidivujicimi nadory nebo pacienti po
predchozi 1écbé zéatenim ¢i chemoterapii. Podminkou zatazeni byla dostupnost
bioptickych vzorkli nddorové tkané v parafinovych blocich. Pfitomnost imunitnich
biomarkeri byla hodnocena v nddorové tkani imunohistochemickou analyzou.
Primarni cil studie hodnotil vztah mezi expresi ligandu receptoru programované
smrti 1 (PD-L1), tumor infiltrujicich lymfocyth (TIL) a parametrem celkového pieziti
(OS). Sekundarni cile hodnotily parametry specifickych nddorovych pieziti. Asociace
mezi piitomnostni biomarkerii a mirou pfeziti byly hodnoceny pomoci hrubych
a adjustovanych pomeért rizika (cHR, resp. aHR), ziskanych z Coxovy regrese

proporcionalnich rizik.
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Vysledky: Z celkového poctu 55 zatazenych pacientli do studie v obdobi od 1. cervna
2020 do 9. srpna 2022, doslo v prubehu medianu sledovani 19,7 mésict k 21 (38,2 %)
umrtim z jakékoli pfi¢iny ak 15 (27,3 %) umrtim v souvislosti s nadorovym
onemocnénim. Celkové pieziti (OS) dosahovalo 61,8 % a nadorové specifické preziti
(DSS) 72,7 %. Z vysledki byla prokdzana statisticky signifikantni asociace mezi
mirou pfeziti pacientl a > 10% rozdilem v expresi PD-L1 na imunitnich a nddorovych
bunikach (vysoka exprese PD-L1ic) jak v univariantni, tak v multivariantni analyze.
Soucasné byla také potvrzena silnd asociace mezi OS a kompozitnim biomarkerem
vysoké exprese PD-L1ic spolu s vysokou infiltraci CD8+ TIL nad medidnem poctu
elementd nebo zvySenou denzitou TIL >30 %, jak demonstrovaly aHR 0,08
(95% CI, 0,01 az 0,52), resp. 0,07 (95% CI, 0,01 az 0,46). Podobné¢ vysledky byly

prokazéany i u dalSich specifickych nadorovych preziti.

Zavér: Vysledky této studie prokazaly silny prognosticky potencial imunitnich
biomarker (vysoké PD-Llic ve spojeni se zvySenou denzitou TIL infiltrace)
u pacientd s pokro¢ilymi HNSCC podstupujicich definitivni 1écbu radioterapii nebo
radiochemoterapii. Metodika hodnoceni biomarkert a pouzita definice vysoké exprese
PD-L1ic a zvySené denzity TIL se jevi jako pfesnd a spolehlivd, a mohla by byt proto
zavedena do klinické praxe pro Ucely budoucich studii. Prognosticky potencial
kombinace biomarkeri by mohl byt vyuzit pro stratifikaci pacientti do rizikovych
skupin dle prognozy pieziti, coZ by umoznilo optimalizovat dispenzarni protokoly

a upravit lécebné postupy.
Registrace studie: Studie byla registrovana na Clinicaltrials.gov — NCT05941676.

Grant: institucionalni podpora Fakultni nemocnice Ostrava — RVO-FNOs/2021.
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6

ABSTRACT

Introduction: The incidence of head and neck squamous cell carcinoma (HNSCC) is
on a continuous increasing trend worldwide, despite known risk factors and primary
prevention of the disease. Secondary prevention is ineffective due to the lack of
screening programmes. Tertiary prevention is therefore a research and clinical area of
interest. In this context, the search for new prognostic factors that would improve
outcomes and meet the goals of tertiary prevention is desirable. Therefore, research in
immuno-oncology and the study of immune biomarkers in the tumor
microenvironment (TME) offers new perspectives in this regard. In the era of
personalized medicine, the use of biomarkers to estimate disease prognosis is a
promising strategy for optimizing therapeutic approaches to improve overall treatment

outcomes with a positive impact on tertiary prevention of disease.

Material and methods: To evaluate the prognostic potential of immune biomarkers in
TME of HNSCC patients, a prospective monocentric cohort study "ONKOL-01-Head
and Neck" was initiated at the Department of Oncology, Ostrava University Hospital,
from June 2020. The study enrolled adult patients aged 18 to 90 years with
histologically veryfied HNSCC in the oral cavity, nasal cavity, oropharynx, larynx and
hypopharynx; clinical stage I[-IVb, indicated for radical radiotherapy and/or
radiochemotherapy. Patients with histologic types other than HNSCC, as well as
patients with distant metastases, synchronous or multiple malignancies, recurrent
tumors, or patients after prior radiation or the use of chemotherapy were excluded
from the study. Availability of biopsy samples of tumour tissue in paraffin blocks was
reqiured. Immunohistochemical analysis was used to evaluate the presence of immune
biomarkers in tumor tissue. The primary endpoint of the study assessed the association
between the expression of ligand of programmed death receptor 1 (PD-L1) and tumor
infiltrating lymphocytes (TILs) and overall survival (OS). Secondary endpoints
focused on other cancer specific survival rates. Associations between biomarkers and
survival rates were assessed by crude and adjusted hazard ratios (cHR, aHR,

respectively) obtained from Cox proportional hazards regression.
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Results: Among a total of 55 patients enrolled in the study between June 1, 2020 and
August 9, 2022 within a median follow-up of 19,7 months, there were 21 (38,2 %)
all-cause deaths and 15 (27,3 %) cancer-related deaths. An overall survival (OS) rate
of 61,8 % and a disease-specific survival (DSS) rate of 72,7 % were recorded.
A significant association between survival rates and a> 10% difference in PD-LI
expression on immune versus tumor cells (high PD-L1;c expression) was documented
regardless of the type of analysis (univariate or multivariate). In addition, a stronger
association was confirmed for OS and the composite biomarker high PD-Llic
expression along with either median-higher CD8+ TIL count or increased TIL density
>30%, as indicated by an aHR of 0,08 (95% CI, 0,01 to 0,52) and 0,07
(95% CI, 0,01 to 0,46), respectively. Similar results were demonstrated for other

specific survival rates.

Conclusion: The early results of this study demonstrated the strong prognostic
potential of immune biomarkers (high PD-L1ic in association with increased TIL
density) in patients with advanced HNSCC undergoing definitive treatment with
radiotherapy and/or radiochemotherapy. The methodology used for biomarker
assessment and definition of high PD-L1IC expression and increased TIL density
appears to be accurate and reliable and could therefore be implemented in clinical
practice for future studies. The prognostic potential of the combination of biomarkers
could be used to stratify patients into risk groups according to survival prognosis,

which would allow to optimize follow-up protocols and tailor treatment strategies.
Trial registration: The study is registered with Clinicaltrials.gov. — NCT05941676

Funding: Institutional Support to Ostrava University Hospital grant -
RVO-FNOs/2021.
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Abstract

IMPORTANCE The failure or success of radical treatment in patients with head and neck squamous
cell carcinoma (HNSCC) is associated with many known and unknown factors; hence, there is a
search for further prognostic markers to help optimize therapeutic strategy and improve treatment
outcomes.

OBJECTIVE To assess the association of programmed cell death ligand 1 (PD-L1) expression on
immune or tumor cells, including its composite expression on both cell types, with overall survival
(0S) or specific survival.

DATA SOURCES MEDLINE, Embase, PQSciTech, and HCAPIus databases were systematically
searched for cohort studies focused on the prognostic role of PD-L1expression in patients with
HNSCC in curative stages of the disease. Search results generated publications from January 1, 2010,
to January 6, 2023.

STUDY SELECTION Of 3825 publications identified, a total of 17 cohort studies in the English
language met inclusion criteria of this systematic review and meta-analysis. Eligible studies reported
adjusted hazard ratios (aHRs) with 95% Cls for the association of PD-L1 expression levels with 0S
and arbitrary specific survival.

DATA EXTRACTION AND SYNTHESIS Data from studies were extracted independently by 2
researchers strictly adhering to the Preferred Reporting Items for Systematic Reviews and Meta-
analyses reporting guidelines and recommendations. The risk of bias was assessed using the Quality
in Prognosis Studies tool and Newcastle-Ottawa Scale. Pooled effect estimates were obtained using
arandom-effect or fixed-effect model based on homogeneity of studies.

MAIN OUTCOMES AND MEASURES The primary outcome was to investigate whether there was an
association between PD-L1expression on immune or tumor cells and OS.

RESULTS In 17 cohort studies of the association of PD-L1 expression with survival in 3190 patients
with HNSCC, high PD-L1 expression on immune cells was associated with a favorable OS (pooled aHR,
0.39; 95% Cl, 0.25-0.59). There was no association between composite PD-L1 expression on
immune and tumor cells and OS (pooled aHR, 0.79; 95% Cl, 0.55-1.14) or between PD-L1expressed
only on tumor cells and OS (pooled aHR, 1.22; 95% Cl, 0.87-1.70). A high level of PD-L1 expression on
immune cells was associated with favorable specific survival (pooled aHR, 0.52; 95% Cl, 0.38-0.72).
There were no interactions between tumor location or type of primary treatment (ie, surgery vs
radiotherapy or radiochemotherapy) and the association between PD-L1 expression and OS.

(continued)

rE Open Access. This is an open access article distributed under the terms of the CC-BY License.

Key Points

Question Is programmed cell death
ligand 1(PD-L1) expression in the tumor
microenvironment of patients with
curative-stage head and neck squamous
cell carcinoma (HNSCC) associated with
overall and specific survival?

Findings This systematic review and
meta-analysis of 17 cohort studies with
3190 participants of PD-L1 expression
found that high PD-L1 expression levels
exclusively on immune cells were
associated with prolonged overall and
specific survival in patients with
localized and locoregionally advanced
HNSCC, while PD-L1 expression on
tumor cells was not associated with
survival.

Meaning In this systematic review and
meta-analysis, the strength of evidence
was limited by the small number of
studies, which suggests that future
research should seek to investigate
whether PD-L1 expression on immune
cells is associated with survival in
patients with HNSCC undergoing
curative therapy.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE This study's findings suggest that PD-L1 expression on immune
cells may serve as a new prognostic biomarker in patients with HNSCC. However, future studies may
be warranted to verify this potential role given the limited number of studies on this topic conducted
and published to date.

JAMA Network Open. 2023;6(3):€236324. doi:10.1001/jamanetworkopen.2023.6324

Introduction

In recent years, the concept of the tumor immune microenvironment, with the presence of tumor
cells and infiltrating immune cells, has been intensively studied. Of particular interest are the complex
interactions between tumor and immune cells that are involved in the dynamic balance between
tumor control and progression.’> Several studies® ® have reported the potential prognostic
relevance of tumor-infiltrating T lymphocytes in various types of cancer, including studies conducted
in patients with head and neck cancers. Specifically, head and neck squamous cell carcinoma
(HNSCC) is considered a tumor with high immunogenic potential.>°

An integral component of the tumor immune microenvironment is the immunosuppressive
activity represented by inhibitory signaling molecules expressed on tumor and immune cells. A major
molecule associated with tumor growth is programmed cell death ligand 1 (PD-L1). It suppresses the
cytotoxic immune response mediated by CD8+ tumor-infiltrating T lymphocytes by stimulating
programmed cell death 1 protein (PD-1) receptors localized on lymphocyte surfaces.'® While the
mechanism of action of PD-L1and PD-1 complex is well known, the prognostic role of PD-L1
expression in patients with HNSCC remains largely uncertain. Some studies have found a positive
association between high PD-L1expression and improved disease-specific survival, while others have
reported a negative association.""* Therefore, we performed this systematic review and meta-
analysis to investigate whether PD-L1 expression is associated with survival in patients with curative-
stage HNSCC.

Methods

This systematic review and meta-analysis was prepared in accordance with the recommendations of
the Meta-analysis of Observational Studies in Epidemiology (MOOSE) reporting guideline and
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) reporting guideline.
The study protocol was registered in the international prospective register of systematic reviews.
The Medical Literature Analysis and Retrieval System Online (MEDLINE), PubMed, Excerpta Medica
Database (Embase), ProQuest Science and Technology (PQSciTech), and Chemical Abstracts Plus
(HCAPIus) were used in our computerized search combined with manual search for relevant
publications using keywords in titles. The search strategy aimed to identify English-language articles
and scientific manuscripts published between January 1, 2010, and January 6, 2023, focused on the
association of PD-L1expression with outcomes among patients with HNSCC.

The following main keywords and their synonyms were used: PD-L1 expression coupled with
head and neck cancer or head and neck squamous cell carcinoma (eTable 1in Supplement 1). Studies
were considered eligible if they met the following inclusion criteria: was a cohort study of patients
with HNSCC in a curative stage of the disease (ie, localized and locoregionally advanced tumors),
investigated the association between PD-L1expression and overall survival (OS) expressed by
adjusted hazard ratios (aHRs) with 95% Cls, a biomarker detected by immunohistochemical analysis,
included treatment modalities of surgery and radiotherapy or radiochemotherapy, and investigated
human papillomavirus (HPV)-negative oropharyngeal carcinomas. Excluded were studies
investigating paranasal sinus tumors, thyroid or nasopharyngeal carcinomas, salivary gland tumors,
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mucosal melanoma, skin carcinoma, or lymphomas or occult primary tumors, as well as studies
involving recurrent disease, previous radiotherapy, or distant metastatic disease. Likewise, studies
assessing only HPV-positive carcinoma with different prognoses and biological natures were
ineligible for inclusion.

Data Extraction and Assessment of Risk of Bias

Data extraction, performed separately by 2 authors (T.B. and M.P.), included the study first author
and title, year of publication, sample size, type of tissue (resected or biopsy), PD-L1 expression levels
on tumor or immune cells, immunchistochemical method with membrane or cytoplasmatic staining
and cutoff values for PD-L1 positivity, median follow-up time, and survival outcomes and study
patient tumor site, stage, grade, HPV status, and treatment modality. Quantitative synthesis was
conducted using extracted estimates (ie, aHRs and 95% Cls for OS or specific survival). Study risk of
bias (RoB) was assessed using the Quality in Prognosis Studies (QUIPS) tool and Newcastle-Ottawa
Quality Assessment Scale."*' Risk of bias was evaluated by 2 independent assessors (T.B. and M.P.),
with discrepancies discussed and resolved by consensus.

Study End Points

The primary end point was OS, defined as the period from initial radical treatment to death for any
cause or the time of the last follow-up visit. A secondary end point, specific survival, was the
composite of various non-0S outcome types used in selected studies. While tumor and nodal
persistence or recurrence of carcinoma were defined by locoregional failure, any type of recurrence
was assessed using progression-free survival, disease-free survival, or relapse-free survival. These
measures were determined from the date of radiotherapy completion (for locoregional failure), initial
treatment (for progression-free survival), or surgery or radiotherapy (for relapse-free survival) to the
date of detection of any recurrence or relapse, death from any cause, or the date of last follow-up
visit, respectively. Disease-specific survival was established as the time from initial treatment to
death from cancer.

Statistical Analysis

Study-reported aHRs for investigated factors were used for quantitative analysis. The association of
PD-L1 expression on immune or tumor cells with OS or specific survival was estimated from pooled
aHRs with 95% Cls. The decrease in risk of death was calculated as (1 - pooled aHR) x 100%.

The pooled outcome was obtained using a random-effects model (DerSimonian-Laird
method)® or a fixed-effects model (inverse variance method) based on homogeneity among studies.
If the inconsistency index /* was higher than 25% and the P value was lower than .10, then interstudy
heterogeneity was considered and the pooled aHR was obtained from a random-effects model;
otherwise, a fixed-effects model was used."” Moreover, changes in outcomes associated with small
studies and missing studies were tested as follows: changes in outcomes associated with small
studies were determined by the regression model with Egger test, and the summary change in
outcome associated with asymmetry while identifying unpublished studies was estimated by the
trim and fill method.'®

In addition, metaregression of investigated associations was conducted to investigate the
association of covariates (ie, type of cells, tumor locality, and treatment modality) with outcomes.
Statistical analyses were performed using Stata/BE statistical software version 17.0 (StataCorp). All
tests were 2-tailed, with the level of significance set at .05.

Results

A total of 3825 publications were identified, and of 82 eligible articles, 17 studies'®> met inclusion
criteria and hence were considered eligible for our meta-analysis (Figure 1). Characteristics of these
studies conducted in a total of 3190 patients with HNSCC at various sites (including the oral cavity,
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oropharynx, larynx, and hypopharynx) with stage | through IV disease who underwent radical
curative treatment are reported in Table 1. The median (IQR) age ranged from 36 (15-45) years®’ to
67 (50-89) years,' and the proportion of patients by sex ranged from 14 female patients among 372
total patients (3.8%)% to 135 female patients among 517 total patients (26.1%).3°

In all studies, formalin-fixed, paraffin-embedded hematoxylin and eosin-stained tissue sections
were used for PD-L1detection. Specimens were obtained by surgical resection (15 studies?°-2%-25-35),
biopsy (2 studies'®2%), or both methods (5 studies?'252728:39%) pD-L1 expression on tumor or
immune cells was measured by immunohistochemical analysis using monoclonal or polyclonal
antibodies. The level of PD-L1positivity, not reported in 1 study, was determined using the tumor
proportion score in 10 studies,?32539323% immunoreactivity score in 5 studies,'*?2?* and combined

positive score (CPS) in 2 studies. >+

Association of PD-L1 Expression With Survival

The pooled aHR of 0.93 (95% Cl, 0.72-1.20) showed no association between PD-L1expression on
tumor or immune cells and OS (Figure 2). However, different outcomes were found when PD-L1
expression was stratified by cell type. High PD-L1 expression on immune cells was associated with OS
(pooled aHR, 0.39; 95% Cl, 0.25-0.59). There was no association between composite PD-L1
expression on tumor or immune cells and OS (pooled aHR, 0.79; 95% Cl, 0.55-1.14) or ligand
expression on tumor cells only and OS (pooled aHR, 1.22; 95% Cl, 0.87-1.70).

Mutually adjusted metaregression coefficients demonstrated significantly more favorable OSin
patients with PD-L1 highly expressed on immune vs tumor cells (regression coefficient, -1.15; 95%
Cl, -1.95 to -0.35; P = .005). Composite PD-L1expression on both cell types was not associated
improved OS or specific survival compared with PD-L1 expressed on only tumor cells (Table 2).

Primary outcome results were supported by secondary analysis results. More favorable specific
survival was found exclusively in patients with high levels of PD-L1 expression on immune cells
(pooled aHR, 0.52;95% Cl, 0.38 to 0.72). In addition, these patients had longer survival compared

Figure 1. Study Flowchart

3825 Initial publications
1597 MEDLINE
1204 Embase
166 PQSciTech
858 HCAPlus

—‘-| 1218 Duplicate records excluded |

2607 Publications assessed for eligibility

2527 Studies excluded with no outcome
— of interest, overlapping abstracts,
or irrelevant studies

80 Full-text publications retrieved for
detailed assessment

63 Studies excluded
32 Unmet inclusion or exclusion criteria
> 18 Review or meta-analysis
9 Absent adjusted hazard ratio
4 Non-English articles

17 Publications eligible for qualitative
and quantitative synthesis!®-3%
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with those with PD-L1expression on tumor cells, with a negative metaregression coefficient (-0.88;
95% Cl, -1.52 t0 -0.23; P = .008).

Interaction of Tumor Locality or Treatment Modality With Survival Associations
There was no interaction between cancer cite and the association of PD-L1expression with OS or
specific survival, although longer survival was observed in patients with oropharyngeal and
hypopharyngeal cancers, with pooled aHRs of 0.70 (95% Cl, 0.58-0.85) for OS and 0.80 (95% Cl,
0.68-0.95) for specific survival. Nevertheless, outcomes of our metaregression showed no
difference in survival among patients without a specified carcinoma site compared with those with
oral cavity or oropharyngeal and hypopharyngeal carcinomas. In pooled aHRs and metaregression
coefficients stratified by treatment modality (ie, radiotherapy or surgery followed by
radiochemotherapy or surgery only), there was no interaction with the association between PD-L1
expression and OS or specific survival (Table 2).

Quality of Evidence

While all studies exhibited low RoB using the Newcastle-Ottawa Quality Assessment Scale system

23,24,27.30-32.35

(eTable 2in Supplement 1), 7 studies showed moderate RoB that was associated with

PD-L1 Expression on Immune Cells and Survival in Patients With Nonmetastatic Head and Neck Cancer

Table 1. Characteristics of Studies

Sex, No. Follow-up, Determination
No. of patients male/No. Age, median (IQR), PD-L1 Immunohistochemistry Survival  of PD-L1
Study (cancer site) female median (IQR),y Treatment mo expression  assay outcome  positivity RoB?
Fukushima et al,** 92 (0P) 77/15 67 (49) RT, CRT 36 (59) ICs, TCs M+ C OS,PFS RS Low
2018
Kim et al,?? 2016 204 (0C), 122 302/100 58 (66) S, 5+ CRT 46 (NR) ICs, TCs M+C OS,RFS RS Low
(0P), 44 (L), 28
(HP), 4 (other)
Satoet al,?* 2019 137 (OP) 113/24  63(25) S,S+RT, 37(202) ICs, TCs M+C 0S,DFS RS Low
CRT
Balermpas et al,?2 41 (0C), 88 131/30 57 (NR) S,S+CRT 48(96) ICs and TC M+ C 0s IRS Low
2017 (0P), 22 (HP)
Sanchez-Canteli 24 (OP), 67 (L), 358/14 59(56) S,5+RT 22 (NR) ICsandTCs M 0S,DS5  TPS, CPS Moderate
etal,?* 2020 64 (HP)
Lilja-Fischer etal,®* 303 (OP) 217/86 B4 (NR) RT, CRT 64 (84) ICsand TCs M OS,LRF, CPS Moderate
2020 DSS
Ngamphaiboon 94 (0C), 31 145/58 64 (59) S,5+RT, 40(NR) ICsandTCs M+ C 0s IRS Low
etal,?® 2019 (OP), 47 (L), 26 CRT
(HP), 5 (other)
Pena-Cardelles 65 (0C) 40/25 65 (NR) S§,S+CRT 73(51) TCs M 0S,DFS  TPS Low
etal,’® 2022
Hannaetal,?” 2018 81 (0C) 49/32 36 (30) S,S+RT, 74(226) TCs M+C 0S,DFS  TPS Moderate
CRT
Hongetal,®®2016 99 (OP) 79/20 58 (49) S,S+RT, 56(183) TCs M OS,LRF  TPS Low
CRT
Zhouetal,>®2020  36(L),38(00C), 67/18 57 (49) S, S+CRT 62(64) TCs M OS,RFS  TPS Low
9 (HP), 2 (other)
Lyu et al,*? 2019 391(0C), 116  382/135 NR S,S+RT, 35(211) TCs M 0S,RFS  TPS Moderate
(L), 10 (HP) CRT
Lin et al,! 2015 305 (0C) 236/69 NR S, S+CRT 46(132) TCs M+C 0s NR Moderate
Fuet al,®? 2022 63 (HNSCC) 45/18 65(37) S, S+ CRT 72(148) TCs M+C 0S,DFS  TPS Moderate
Adamski et al,** 95 (0C) 63/32 NR S, S+CRT 46(129) TCs M+C 0s TPS Low
2021
Yangetal,®* 2018 64 (HNSCC), 17 65/16 NR S, S+CRT 41(96) TCs M+C 0S,DFS  TPS Low
P
Schneider et al,** 36 (0C), 58 97/28 NR S,S+CRT 121(161) TCs M+C 0S,DFS  TPS Moderate

2018

(OP), 14 (L), 21
(HP)

Abbreviations: C, cytoplasmic staining; CPS, combined positive score; CRT,

chemoradiotherapy; DFS, disease-free survival; DSS, disease-specific survival; HNSCC,
head and neck squamous cell carcinoma with no specified site; HP, hypopharyngeal; IC,

immune cell; IRS, immunoreactivity score; L, laryngeal; LRF, locoregional failure; M,

membranous staining; NR, not reported; OC, oral cavity; OP, oropharyngeal; OS, overall

survival; PD-L1, programmed cell death ligand 1; PFS, progression-free survival; RFS,

relapse-free survival; RoB, risk of bias; RT, radiotherapy; S, surgery; S + CRT, surgery
followed adjuvant chemoradiotherapy; S + RT, surgery followed adjuvant radiotherapy;

2 Assessed with Quality in Prognosis Study tool.

TC, tumor cell; TPS, tumor proportion score.
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prognostic and confounding factors or analysis domains when using the QUIPS tool (eTable 3 in
Supplement 1). The QUIPS-assessed RoB of studies focusing on the association between PD-L1
expression on immune cells and OS was low.

Figure 2. Association of Programmed Cell Death Ligand 1 Expression Levels With Overall Survival

Study aHR (95% Cl) Weight, %
ICs
Fukushima et al,1? 2018 0.30(0.11-0.85) . 3.18
Kim et al,2% 2016 0.38(0.20-0.75) —m— 4.60
Satoet al,21 2019 0.43 (0.23-0.82) . 4.70
Heterogeneity: 12=0.00; 12=0.00%, H2=1.00 0.39(0.25-0.59) k= NA
I1Cs and TCs
Balermpas et al,22 2017 0.47 (0.25-0.91) — 4.65
Sanchez-Canteli et al,23 2019 0.49(0.23-1.04) — . 4.23
Sanchez-Canteli et al,23 2019 0.71(0.51-0.98) R T 6.09
Sanchez-Canteli et al,3 2019 0.81 (0.45-1.45) —.-;— 4.98
Lilja-Fischer et al,24 2020 0.89(0.57-1.40) { 5.55
Ngamphaiboon et al,25 2019 2.98(1.20-7.39) i —m—— 3.62
Heterogeneity: 12=0.12; 12=60.59%, H2=2.54 0.79(0.55-1.14) ‘ NA
ICs
Pena-Cardelles et al,2® 2022 0.35(0.11-1.14) — 2.74
Fukushima et al,1? 2018 0.54(0.23-1.30) —a— 3.74
Hanna et al,27 2018 0.58 (0.45-0.74) = 6.35
Hong et al,2® 2016 0.66(0.32-1.37) 4.*|7 433
Satoet al, 21 2019 0.92 (0.48-1.76) + 4.68
Zhou et al, 292020 1.30(0.54-3.13) *‘;‘.7 3.73
Kim et al,20 2016 1.33(0.76-2.31) il 5.10
Lyu et al,302019 1.33(1.07-1.66) 3 6.42
Linetal, 312015 1.35(0.99-1.83) il 6.13
Fuet al, 322022 2.29(0.89-5.86) — 3.50
Adamski et al,?3 2021 2.51(1.20-5.28) —a— 4.28
Yang et al 34 2018 3.46(1.58-7.58) P —®— a0 Results are presented from a random-effects model,
Schneider et al, 3 2018 3.80(1.40-10.30) | —&—— 330 including 12 (heterogeneity variance), ? (inconsistency
Heterogeneity: 12=0.25; 2=80.29%, H2=5.07  1.22(0.87-1.70) “I‘ NA index), H? (H statistics), and P value. aHR indicates
Overall : adjusted hazard ratio; box size, weight of the aHR
Heterogeneity: 12=0.25; 12=78.74%, H2=4.70  0.93(0.72-1.20) NA (effect size); dashed lines, overall pooled aHRs;
0.125 0.5 2 8 diamonds, pooled aHRs; IC, immune cell; |ateral points,
aHR (95% CI) 95% Cls; NA, not applicable; TC, tumor cell.

Table 2. Outcomes of Subgroup Meta-analysis and Metaregression

Overall survival Specific survival
Estimates, Pooled aHR Regression coefficient Estimates, Pooled aHR Regression coefficient
Factor No. (95% Cl) (95% CI) Pvalue  No. (95% CI) (95% CI) P value
PD-L1 expression location
ICs 3 0.39(0.25 t0 0.59) -1.15(-1.95t0 -0.35) .005 3 0.52(0.38t00.72)  -0.88(-1.52t0-0.23) .008
ICs and TCs 6 0.79 (055 to 1.14) -0.45(-1.08t00.18) .16 7 0.84(0.70t0 1.02)  -0.45(-1.13t0 0.22) .18
TCs 13 1.22(0.87 to 1.70) 0 [Reference] NA 9 1.35(0.93t01.95)  0[Reference] NA
Tumor locality
HNSCC 4 1.27(0.81t0 1.98) 0 [Reference] NA 2 1.22(0.75t01.96)  0[Reference] NA
Oral cavity 10 0.96 (0.48 t0 1.93) -0.15(-1.04t00.74) .16 7 1.02(0.16t0 6.44)  0.27(-0.28t0 0.82) .56
Oropharynx and 8 0.70 (0.58 to 0.85) -0.12 (-0.71t0 0.46) .25 10 0.80(0.68t00.95)  -0.09 (-0.74 to 0.55) 42
hypopharynx
Treatment modality
Surgery 13 1.07 (0.74 to 1.55) -0.49(-1.17t0 0.20) .74 9 0.97(0.63t0 1.50)  0.25(-1.11t00.60) 34
RT, RCHT, or both 3 0.60(0.33t0 1.12) 0 [Reference] NA 0.95(0.73t0o1.24) 0 [Reference] NA
Surgery and RCHT 6 0.88 (0.54 to 1.44) -0.38(-1.04t00.27) .68 3 0.80(0.41t01.54)  -0.27 (-0.93 t0 0.38) .78

Abbreviations: aHR, adjusted hazard ratio; IC, immune cell; HNSCC, head and neck squamous cell carcinoma with no specified site; NA, not applicable; PD-L1, programmed cell death

ligand 1; RT, radiotherapy; RCHT, radiochemotherapy; TC, tumor cell.
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No publication bias was found among studies assessing PD-L1expression on immune cells given
that the studies met criteria of interstudy homogeneity, and no change in outcome was associated
with small studies. Moreover, the estimated contribution of 2 missing studies did not change the
primary outcome (imputed aHR, 0.43; 95% Cl, 0.31-0.60). By contrast, studies assessing composite
PD-L1 expression on both cell types had publication bias associated with different results of the
DerSimonian-Laird and inverse variance models. In addition, the fixed-effects models suggested an
association as documented by a pooled aHR of 0.76 (95% Cl, 0.62-0.94). Nevertheless, no changes
in outcomes associated with small studies or missing studies were found.

Likewise, no publication bias was noted in studies with PD-L1 measured exclusively on tumor
cells. That is, there was no difference between fixed- and random-effects models and no change in
outcome associated with small studies, and there were no missing unpublished studies.

Discussion

This systematic review and meta-analysis found that PD-L1 expression levels were favorably
associated with OS and specific survival when analyzing PD-L1expressed only on infiltrating immune
cells. The outcome of OS and specific survival estimated a reduction in risk of death by 61% and 48%,
respectively. Composite PD-L1 expression on tumor and immune cells was not associated with
improved survival.

There was no interaction between cancer site in patients with HNSCC and the association
between PD-L1expression and OS or specific survival given that metaregression coefficients did not
demonstrate significantly shorter or prolonged survival in patients with oropharyngeal,
hypopharyngeal, or oral cavity cancer compared with patients with no site specification. Our
metaregression did not suggest whether there was in interaction between treatment modality and
the association of PD-L1and survival because survival stratified by patients undergoing surgery alone
or with subsequent radiochemotherapy vs those with radiotherapy did not differ. Our outcomes
were independent of tumor grade and stage and patient HPV, smoking, and alcohol consumption
status given that the meta-analysis was conducted using only adjusted estimates. We can only
speculate whether different immunohistochemical protocols of PD-L1 expression determination,
including the cutoff value of positivity, may invert the outcome of our meta-analysis.

Previous meta-analyses in patients with nonmetastatic HNSCC did not show a prognostic
potential of PD-L1expression in association with 0S.35-#° The reason for this may be the cell type
specification of PD-L1expression as documented in our meta-analysis.

Moreover, shortened survival was reported in a study®® assessing the association of low CD8+
tumor-infiltrating T lymphocytes and PD-L1 expressed on tumor cells with OS and was consistent
with our subresult. Weaknesses of recently published meta-analyses may be that they were
syntheses of low- to moderate-quality studies with insufficient or unavailable follow-up, missing
survival data, or results obtained from univariate analyses.

Limitations

Although our systematic review and meta-analysis suggested PD-L1expression on immune cells as a
novel prognostic biomarker, the strength of evidence was limited by the small number of studies
assessing specific PD-L1expression. Nevertheless, these studies exhibited interstudy homogeneity
and no publication bias. Therefore, future studies may confirm the consistency of our findings as
suggested by the pooled aHR of imputed missing studies.

Conclusions

This systematic review and meta-analysis of 17 studies' > found that high PD-L1 expression levels on
immune cells in the tumor immune microenvironment were associated with extended OS and
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specific survival in patients with localized and locoregionally advanced HNSCC. Further studies
focused on this objective may be warranted to investigate whether high PD-L1levels on immune cells
may serve as a reliable and widely recognized prognostic marker.
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Abstract

Purpose: We evaluated the efficiency and toxicity of stereotactic hypofractionated boost in combination with con-
ventionally fractionated radiotherapy in the treatment of advanced floor of the mouth cancer.

Methods: Thirty-seven patients with advanced stage of the floor of the mouth cancer, histologically confirmed
sguamous cell carcinoma (p16 negative) ineligible for surgical treatment, were indicated for radiochemotherapy or
hyperfractionated accelerated radiotherapy (HART). The radiotherapy protocol combined external beam radiotherapy
(EBRT) and a stereotactic hypofractionated boost to the primary tumor. The dose delivered from EBRT was 70-72.5 Gy
in 35/50 fractions. The hypofractionated boost followed with 10 Gy in two fractions. For the variables—tumor volume,
stage and grade a multivariate analysis was performed to find the relationship between overall survival, local progres-
sion and metastasis. Toxicity was evaluated according to CTCAE scale version 4.

Results: After a median follow-up of 16 months, 23 patients (62%) achieved complete remission. The median time
to local progression and metastasis was 7 months. Local control (LC) at 2 and 5-years was 70% and 62%, respectively.
Progression-free survival (PFS) and overall survival (OS) were 57% and 49% at 2 years and 41% and 27% at 5 years,
respectively. Statistical analysis revealed that larger tumors had worse overall survival and a greater chance of metas-
tasis. Log-Rank GTV > 44 ccm (HR=1.96; [95% Cl (0.87; 4.38)]; p=0.11). No boost-related severe acute toxicity was
observed. Late osteonecrosis was observed in 3 patients (8%).

Conclusion: The combination of EBRT and stereotactic hypofractionated boost is safe and seems to be an effective
option for dose escalation in patients with advanced floor of the mouth tumors who are ineligible for surgical treat-
ment and require a non-invasive approach.

Keywords: Oral cavity tumor, Floor of the mouth tumor, CyberKnife, CyberKnife boost, Stereotactic radiotherapy,
Hypofractionated boost

Introduction of diagnosis. [2] Though surgical resection is an effective

Tumors of the floor of the mouth represent approxi-
mately 28% of oral cavity tumors [1], and many of them
are presented in advanced stages of disease at the time
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and preferred modality in early stages, [3-5] treatment
of advanced tumors requires a complex approach based
on a combination of surgery and radiotherapy [6-9]. For
patients who are considered beyond cure and surgery is
not feasible, definitive radiochemotherapy is the pre-
ferred option [4, 7]. However, locoregional failure is the
predominant pattern of failure in these patients [10], and
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the majority of local failures are identified in high-dose
areas of modern radiochemotherapy due to the presence
of a subpopulation of cells resistant to the standard radia-
tion dose. Therefore, a higher total delivered radiation
dose may be required [11]. However, the dose-escalation
and exposure of organs at risk (OARs) to a higher dose
can be associated with severe late toxicity, such as oste-
onecrosis [12, 13]. However, technological and technical
improvements during the last years allowed for signifi-
cant advances in the field of radiation therapy of head
and neck cancer. The adoption of intensity-modulated
radiation therapy and the use of multimodality imaging
for tumor volume definition and organ at risk deline-
ation have improved the clinical outcomes of patients
with head and neck tumors [14]. Brachytherapy in com-
bination with external beam radiotherapy (EBRT) and
chemotherapy is an effective technique that leads to local
dose escalation over the possibilities of up-to-date EBRT
technologies [15, 16]. In technically infeasible cases, such
as large tumors, patients low-performance status, and
contraindications of invasive procedures, a new image-
guided stereotactic radiotherapy technique is an alterna-
tive option. Recently have been published studies with
stereotactic dose escalation in patients with oropharyn-
geal carcinomas [17, 18]. In addition, preclinical stud-
ies suggest that the effect of stereotactic radiotherapy
includes the activation of ceramide apoptosis and altera-
tion of the tumor vasculature, which may eventually help
overcome tumor radioresistance [19]. Here, we present
our experience with stereotactic hypofractionated radio-
therapy boost combined with conventionally fractionated
radiotherapy in the treatment of advanced floor of the
mouth tumour.

Materials and methods

We analyzed prospectively collected data from 37
patients treated between March 2011 and October 2018.
Detailed patient characteristics are presented in Table 1.
The tumor stage was defined according to the TNM clas-
sification (7th edition). All tumors were histologically
confirmed as pl6 negative squamous cell carcinoma. The
inclusion criteria in this study were defined by the stage
of disease and patients general performance status. Only
patients with advanced stages of the floor of the mouth
tumors were consecutively enrolled in the study. Patients
with technically or medically unresectable tumors (65%
technically, 32% medically, 13% both), but still enough
feasible for curative intent according to multidiscipli-
nary evaluation. The medical reasons for avoiding surgi-
cal treatment were as follows: severe malnutrition, poor
performance status and multiple comorbidities (chronic
kidney disease, hepatopathy, cardiac disease). All other
patients were excluded from the study and were offered
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Table 1 Patient and tumor characteristics

Characteristic No. of patients (%) (N=37)

Age (median) 60 (35-82)
Gender

Male 25 (68%)

Female 12 (32%)
Primary site

Floor of the mouth 31 (84%)

Oral tongue 6 (16%)
ECOG performance status

0 25 (68%)

1 12 (32%)
T stage

2 3 (8%)

3 10 (27%)

4 24 (65%)
N stage

0 5(149%)

1 4(11%)

2a 4(11%)

2b 6 (16%)

2c 16 (43%)
3 2 (5%)
Histology

Sguamous cell carcinoma HPV negative 37 (100%)
Tumor grading

G 25 (68%)

Gr.2 10 (27%)

Gr3 2(5%)

SRT boost TU volume (median) 43,98cm3 (23.4-894)

ECOG Eastern cooperative oncology group

surgical resection (followed by chemoradiation) or pal-
liative treatment (short course radiotherapy). The ration-
ale for this patients selection was due to the concerns of
unknown and unexpected results and toxicity of a new
dose escalation regimen.

From this perspective, there was an effort to avoid
harming patients with less advanced tumor stages in
whom other well established and proven radical treat-
ment modalities should be preferred. In the study, there
was no control arm of patients treated with standard rad-
ical treatment modalities.

Patients were indicated for radical radiochemotherapy
or hyperfractionated radiotherapy in combination with
the stereotactic hypofractionated boost to the primary
tumor. The radiotherapy protocol was approved by the
Institutional Revision Board. Concurrent chemoradiation
with cisplatin (40 mg/m?) administered weekly was pre-
ferred. But only a small subset of patients met the indica-
tion criteria for combined radiochemotherapy (16%). The
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majority of patients (84%) were unfit for chemoradiation
and therefore were indicated for hyperfractionated accel-
erated radiotherapy (HART) [20]. Chronic kidney dis-
ease (30%), poor performance status (32%), lower BMI,
elevated liver function tests and malnutrition (22%) were
the main risk and exclusion factors for chemoradiation.
Patients followed standard radiotherapy planning pro-
cedures. Before treatment initiation, dentition in poor
condition was extracted to minimize the subsequent
risk of osteoradionecrosis. None of the patients reached
complete remission of the primary tumor at the end of
the EBRT course. This may be related to the stage of the
disease. In all patients, there was a visible tumor residue
at the end of EBRT. Therefore within five days before the
completion of EBRT, a new contrast-enhanced planning
CT with 1 mm slice thickness was performed. After eval-
uation of the presence of residual tumor on CT scans and
clinical examination, the stereotactic hypofractionated
boost was indicated.

Target volumes

The definition of planning target volumes in EBRT fol-
lowed the recommendations of the DAHANCA, EORTC
and RTOG guidelines with 3 mm isometric PTV (plan-
ning target volume) margins. Stereotactic boost (PTV-
boost) was defined as the gross tumor volume before
EBRT with a uniform 1 mm margin.

Dose and fractionation

The conventional EBRT protocol was based on intensity-
modulated radiation therapy (IMRT) with simultaneous
integrated boost (SIB). IMRT technique was utilized to
spare organs at risk. The prescribed dose to the primary
tumor and bulky lymph node (LN) was 70 Gy in 35 frac-
tions. Elective low-risk LN levels were irradiated up to
56 Gy in 35 fractions. Hyper-fractionated accelerated
radiotherapy regime (HART) was used in patients ineligi-
ble for combined chemoradiation. For HART, two PTVs
were defined. First PTV was determined for elective
nodal level irradiation using 55 Gy in 50 fractions (ie.,
1.1 Gy/fraction twice a day at least 6 h apart). Primary
tumor with bulky LN and high-risk LN levels was irra-
diated with 70-72.5 Gy in 50 fractions ie., (1.4-1.45 Gy/
fraction twice a day at least 6 h apart). The stereotactic
hypofractionated boost continuously followed the course
of conventional EBRT. Within 1 week after EBRT com-
pletion, patients received a stereotactic boost of 10 Gy in
two fractions. The rationale for this fractionated regimen
was supported by results from dose escalation studies
in locally advanced oropharyngeal and nasopharyngeal
cancer. [18, 21] The biologic effective dose for tumor
effects using alpha—beta ratio of 10 (BED,,) was defined
as a sum of the total dose from EBRT (by applying the LQ
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model) and the dose from hypofractionated boost. BED
was recalculated from the corresponding BED values by
subtracting a repopulation correction factor. This fac-
tor represented a daily loss of 0,5 Gy after recalculation.
The final BED corresponded to the dose of 85 Gy and
90 Gy, respectively in 2 Gy equivalent dose fractionation
(EQD,5). Detailed information about the radiotherapy
regimes is depicted in Table 2. The median overall treat-
ment time in the group of patients treated with radio-
chemotherapy was 49 days (range 49-54 days), and it
was 41 days (range 36-56 days) in the group treated with
HART regime. For the stereotactic boost, non-isocentric
conformal beams were used. The 10 Gy dose in two frac-
tions was prescribed to cover at least 95% of the intended
irradiated volume, resulting in a prescribed isodose of 60
to 80%. During the planning process, the lower jawbone
was the OAR with a high priority of minimizing the risk
of osteonecrosis (Fig. 1a,b).

IGRT strategy

In EBRT, daily KV imaging and matching on bone
structures was performed. In the stereotactic boost
regime, online image guidance according to the bone
structures (XST mode—Xsight Spine Tracking and 6D
skull tracking) was used. No contrast fiducial markers
were used.

Toxicity management and scoring

The Common Terminology Criteria for Adverse Events
(CTCAE) scoring system version 4 was used to evaluate
acute and late radiation toxicity. Percutaneous endo-
scopic gastrostomy tube placement was indicated in
patients with weight loss of > 10% body weight before
or during EBRT or the presence of abnormal swallow-
ing and severe pain and multiple comorbidities.

Table 2 Radiotherapy regimens and techniques

No. of patients (%)

EBRT regime
HART 72,5 Gy (1,45 Gy/fr. BID) 17 (46%)
HART 70 Gy (1,4 Gy/fr. BID) 14 (38%)
IMRT-SIB 70 Gy/56 Gy in 35fr.+cisplatin 40mg/ 6 (16%)

m2 weekly

SRT boost
5Gyin 1fraction 1(3%)
10 Gy in 2fractions 36 (97%)

EBRT external beam radiotherapy; HART hyperfractionated accelerated
radiotherapy; IMRT intensity modulated radiotherapy; 5/B simultaneous
integrated boost; SRT stereotactic radiotherapy
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lower jawbone

Fig. 1 a Representative radiotherapy plan for the hypofractionated stereotactic boost of 10 Gy in two fractions. The persistent tumor can be seen
with the gross tumor volume in (a) transverse and (b) sagital screenshots delineated by the red line. The lower jawbone, as the organ at risk, is
contoured in purple. The final dose distribution takes into account tumor coverage (orange line—77% isodose) while reducing the dose to the

Follow-up and evaluation

The standard pre-treatment workup included the
patient’s history, physical examination, CT-enhanced
scans of the head and neck, chest X-ray, and abdomen
ultrasound. Evaluation of the treatment response was
based on physical examination and imaging (CT, PET/
CT). Patients were seen every 3 months for the first year,
every 4—6 months the second year, and every 6 months
thereafter.

Statistical analysis

STATISTICA 12 software was used for the statistical
analysis. For the variables, tumor volume, tumor stage,
and tumor grade, patients were divided into two groups,
based on the median volume. The Log-Rank test was
used to compare these two groups. The level of signifi-
cance was 5%. Local control (LC) was defined by reaching
complete remission of the primary tumor and involved
lymph nodes within 12 weeks after completion of radical
treatment. Progression-free survival (PFS) represented
the length of time during and after the treatment without
cancer progression of either local or metastatic progres-
sion. We also carried out, multivariate analysis to find
relationships between local progression, metastasis, and
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osteonecrosis and oncological parameters, such as tumor
volume, tumor stage, and tumor grading. Two sample
test, a univariate logistic regression model, and Pearson
chi-squared test in a contingency table were used.

Results

Thirty-six (97%) patients finished the prescribed pro-
tocol. One patient received a single-fraction stereo-
tactic boost of 5 Gy and finished the treatment earlier
due to non-compliance. Acute radiation toxicity is pre-
sented in Table 3. Dysphagia grade 2 manifested in 59%
of patients. The maximum acute treatment toxicity was
grade 3 mucositis and grade 3 dysphagia, both of which
manifested in 10 (27%) patients who required intensifica-
tion of pain treatment with opioids and nutritional sup-
port via the feeding tube. The median time to recovery
from opioid dependence was 60 days (range 22—82 days).
The stereotactic boost did not increase the incidence of
higher acute radiation toxicity and all cases recovered
within 12 weeks after completing treatment. Late radia-
tion toxicity manifested as osteonecrosis and dysphagia.
Osteonecrosis was observed in 3 (8%) patients. One of
these cases was associated with local tumor progres-
sion. The two other cases were observed in patients with
good local control of the primary tumor. The general
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Table 3 Acute radiation toxicity (within 90 days of radiation
treatment) classified according to CTCAE version 4

Dermatitis
Grade 1 6 (16%)
Grade 2 31 (849)
Mucositis
Grade 1 9 (249%)
Grade 2 18 (49%)
Grade 3 10 (27%)
Dysphagia
Grade 1 5(14%)
Grade 2 22 (59%)
Grade 3 10 (27%)

CTCAE common terminology criteria for adverse events

management of osteonecrosis was based on a combina-
tion of surgical resection, antibiotics, and local antisep-
tic care. Plan parameters and dose to the lower jaw are
summarized in Table 4. Twenty-six patients (70%) were
not feeding tube-dependent 3 months after completion
of the treatment. After a median follow-up of 16 months
(range 6—82 months), local control (LC) at 2 and 5-years
was 70% and 62%, respectively. Among the 37 patients,
23 (62%) showed good local control and achieved com-
plete response and 14 (38%) experienced local progres-
sion (Fig. 2a). 'The median time to local progression was
6.5 months (range 3-48 months). Of the 14 patients
who experienced local progression, 2 (14%) underwent
salvage surgery, 1 (7%) patient was re-irradiated, and 6
(43%) were indicated for palliative chemotherapy. Five
(36%) patients were ineligible for local salvage treatment
or palliative chemotherapy and died due to the compli-
cations of local tumor progression. Progression-free sur-
vival (PFS) and overall survival (OS) were 57% and 49% at
2 years and 41% and 27% at 5 years, respectively. (Fig. 2b)
Metastatic progression of disease was observed in 9
(24%) patients (Fig. 2c). The median time to metastasis
was 7 months (range 3-47 months). Among the patients
with metastatic progression, 4 (11%) had simultane-
ous local progression of the primary tumor. All 9 (24%)
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patients with metastatic progression were treated with
palliative chemotherapy; 17 (46%) patients died of pro-
gression of the primary malignancy and 2 (5%) patients
died of secondary malignancy. In 8 (22%) patients, the
cause of death was due to other non-malignant diseases
specifically due to comorbidities. Log-Rank test indicated
a correlation between tumor volume and OS and metas-
tasis. Larger tumors had a higher risk of progression
and metastasis. Patients with a tumor volume > 44 ccm
tended to have worse OS than patients with tumor vol-
ume <44 ccm (HR=1.96; [95% CI (0.87;4.38)]; p=0.11);
(Fig. 3a). A similar correlation was observed in the time
to metastatic progression. Patients with tumor vol-
ume >44 ccm had a higher risk of metastasis (HR = 3.02;
[95% CI (0.61; 15.08)]; p=0, 17); (Fig. 3b).

Discussion

In this study, we demonstrated the feasibility of a com-
bination of EBRT and stereotactic hypofractionated
boost in the treatment of advanced, non-resected floor
of the mouth tumors in patients with other limited
treatment options. Our results indicate no additional
increase in acute radiation toxicity and a low rate of late
toxicity. In addition, the results suggest a potential
effect of dose escalation on local control. The acute
radiation toxicity in the cohort was comparable to the
results reported in other published studies [7, 17, 18,
22] using different radiotherapy techniques and doses.
No acute CTCAE grade 4 toxicity manifested. The inci-
dence of mucositis grade 3 (27%) and dysphagia grade 3
(27%) was associated with tumor characteristics and
radiotherapy technique. However, we found no increase
in the duration of acute toxicity. One patient discontin-
ued treatment earlier due to non-compliance and a
worse tolerance of radiation toxicity. In contrast, Zeno
et al. [17] reported an incidence of acute grade 3 der-
matitis, mucositis, and dysphagia of 15%, 15%, and 40%
during treatment of T2-T4 oropharyngeal, laryngeal,
and hypopharyngeal cancer by a combination of EBRT
and stereotactic boost. Al-Mamgani et al. [22] reported
acute radiation toxicity grade 3 dysphagia in 17-20% of
patients treated for oropharyngeal cancer with a

Table 4 Dose from both radiotherapy courses to the lower jaw in patients with osteonecrosis

Patients with osteonecrosis 3 (8%)

EBRT dose—D98%

SRT dose—Dmax

Case No. 1 738Gy 11.6 Gy
Case No.2 744 Gy 10,6 Gy
Case No. 3 75 Gy 10,7 Gy

EBRT dose—D98% (median)

SRT dose—Dmax (median)

Dose to the lower jaw of the entire study population

715 Gy (68.1-75)

11.6 Gy (5.6-11.68)

EBRT external beam radiotherapy; SRT stereotactic radiotherapy; Dmax maximum dose; D98% dose near maximum
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combination of EBRT and brachytherapy or stereotac-
tic boost. In brachytherapy studies complication rate
has been as high as 50-60% for acute grade 1-2 toxici-
ties, including mucositis, dermatitis, infections, and
hematoma. Moreover, the risk of mucositis grade 3 has
been reported to be up to 25%, particularly when
brachytherapy is combined with EBRT [23-25]. During
follow-up, osteonecrosis and long-term feeding tube
dependence were observed in 8% and 22% of patients.
This is comparable to the results of studies with differ-
ent dose-escalation techniques [12, 26, 27]. Hosni et al.
[7] published the results for 108 patients with T1-T4
stage oral cavity tumors treated with definitive radio-
chemotherapy; after a median follow-up of 52 months,
osteonecrosis developed in 6.6% of the patients. Foster
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et al. [28] reported the incidence of osteonecrosis and
long-term feeding tube dependence in 20.7% and 10%
of patients after definitive radiochemotherapy in 140
patients with oral cavity cancer. In Al-Mamgani s study
[22], the combination with brachytherapy or stereotac-
tic boost in the treatment of oropharyngeal cancer
resulted in 11% and 8% of patients having dysphagia
grade>2 and feeding tube dependence in 17% and 20%
of patients, respectively. In other brachytherapy stud-
ies, the incidence of late toxicity, specifically soft tissue
necrosis has been reported in 10-30% of patients [13,
15, 23]. The local control rate in our cohort at 2 and
5-years was 70% and 62%, respectively. Compared to
other published studies, Hosni et al. [7] recently
reported the results for 108 patients with oral cavity
tumors treated with definitive chemoradiotherapy. The
2-year local control rate was 80%. The 5-year local con-
trol rate was 78% for T3 stage and 72% for T4 stage.
Although the results are better, in the subgroup analy-
sis only 12% represented floor of the mouth tumors.
Retrospective studies have shown that brachytherapy
alone or in combination with EBRT can improve the
local control rate from approximately 70% up to>95%
[15, 16, 25] in early stages. Decroix and Ghossein [29]
reported outcomes in 602 patients with oral tongue
tumors who underwent brachytherapy as a single-
modality treatment or in combination with EBRT. In
this series, the local relapse rate after treatment was
14% and 22% for T1 and T2 tumors, respectively. Per-
not et al. [30] reported local control rates of 96% for T1,
85% for T2, and 64% for T3 tumors of the oral cavity
treated with brachytherapy in combination with nodal
neck dissection. Although brachytherapy is a very effec-
tive technique for dose escalation, it has some limita-
tions and is mostly favoured for treatment in early
stages. Yamazaki et al. [31] reported an impressive local
control rate at 2- and 5-years of 89% and 71%, respec-
tively, using a hypofractionated stereotactic CyberKnife
boost in 25 patients with head and neck cancer. How-
ever, only three patients presented in the study had oral
cavity tumors, which makes comparing the results with
our study difficult. Evaluation of OS and PFS in a cohort
of our patients with other published studies is slightly
difficult due to a short median follow-up time
(16 months). However, the length of follow-up is related
to the number of patients in the study, the aggressive-
ness of the tumor and the advanced stages of the dis-
ease. From this perspective, we tried to discuss mainly
2-year rather than 5-year results. In our study, the PFS
and OS were slightly worse than those reported by Fos-
ter et al. [28], who achieved 2-year OS and PFES of 73%
and 61.4% and 5-year results of 63.2% and 58.7% in 140
patients with oral cavity cancer treated with definitive
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radiochemotherapy. A detailed analysis of the patient
cohort showed that T3/T4 stage was present in 75%. Of
these patients, 47.9% had oral tongue cancer and 24.3%
had the floor of the mouth cancer. Tumor stage and site
distribution can explain the treatment results. In con-
trast, Scher et al. [30] published the results for 73
patients with oral cavity tumors treated with definitive
radiochemotherapy. The 2-year and 5-year OS were
24% and 15%, respectively. Disease-specific survival
was 52%, 43.8%, and 38% at 1, 2, and 3 years, respec-
tively. The disease distribution in the study was 14%
stage III to 73% stage IV. However, 48% of patients had
oral tongue cancer and only 19% had the floor of the
mouth cancer. Hosni et al. [7] in the study of 108
patients with oral cavity cancer reached a 2-year OS of
56% and PFS of 47%, which was comparable to our
results. In 5-year the OS and PFS dropped to 50% and
42%, respectively. Finally, Yamazaki et al. [31] published
impressive 2-year OS and PFS of 83% and 70%, and
5-year OS of 70%, respectively. However, in the last two
of these studies, the proportion of patients with the
floor of the mouth tumors was only 12%, which could
affect the treatment results. Statistical analysis showed
that dose escalation in patients with tumor volume < 44
ccm seems to be important to achieve long-term local
control and survival. Patients with tumor volume > 44
ccm presented with distant failure, and dose escalation
could be more controversial, though local control is
still important for the quality of life. This result sup-
ports findings that larger tumors present a higher
tumor mutation burden, which correlates with meta-
static potential. One of the new promising options that
could reduce the tumor metastatic potential is systemic
maintenance therapy. A recently published study by
Eder et al. [31] suggested a potential benefit of check-
point inhibitors in the treatment of head and neck
tumors with a higher tumor mutation burden. To the
best of our knowledge, this study is the first to report
dose escalation in patients with advanced floor of the
mouth tumors. Regular follow-up and exclusion of
HPV-positive tumors ensured relevant data that gener-
ate consistent output. However, our study has some
limitations. Firstly a low number of patients were
enrolled. In addition, only patients with advanced
stages of disease and persistence of tumor after EBRT
were included in the study. Also, the short follow-up
time does not allow an adequate evaluation of 5-year
results. The other limitations are the retrospective
nature of the study and the absence of a control arm.
Our study supports further investigation of stereotactic
boost dose escalation in patients with the floor of the
mouth cancer. We hypothesize that a stereotactic boost
may improve the therapeutic index in the floor of the
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mouth tumors, and we are going to initiate a prospec-
tive dose-escalation phase I study.

Conclusion

The combination of EBRT and stereotactic hypofraction-
ated boost is a safe and effective option for dose escala-
tion in patients with advanced floor of the mouth tumors
who are ineligible for surgical treatment and require a
non-invasive approach. This study demonstrated the
feasibility of this combined radiotherapy regime with a
moderate toxicity profile.
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9.3 Pitiloha 3: Dopliikové tabulky

Tabulka S1: ReZimy radioterapie a radiochemoterapie

Charakteristika Pocet
pacientu (%)
Rezim radioterapie

Normofrakcionace 70 Gy ve 35 frakcich, 2 Gy/den béhem 7 tydnt + cisplatina 25 (45.5)
70 Gy ve 35 frakcich, 2 Gy/den béhem 7 tydnt 50.1)

Hyperfrakcionace 72.5 Gy v 50 frakcich, 1.45 Gy/frakci 2x denné v odstupu min. 6 hod. béhem 5 50.1)
tydnd

Davkova eskalace 70 Gy ve 35 frakcich, 2 Gy/den béhem 7 tydnti + SBRT boost 10 Gy ve 2 7 (12.7)
frakcich *

72.5 Gy v 50 frakcich, 1.45 Gy/frakci 2x denné v odstupu min. 6 hod. béhem 5 4(7.3)
tydnt + SBRT boost 10 Gy ve 2 frakcich *

Akcelerace 55 Gy ve 20 frakcich, 2,75 Gy/den béhem 4 tydn 1(1.8)
60Gy ve dvou kurzech — 30Gy v 10frakcich, 3Gy/den + 30Gy v 15 frakcich, 8 (14.5)
2Gy/den béhem 5 tydnt

ReZim chemoterapie

Typ a davka Cisplatina 100 mg/m? aplikovana den 1, 22 a 43 13 (23.6)

chemoterapie
Cisplatina 40 mg/m? aplikovana 1x tydn& (6x) 12 (21.8)
Bez chemoterapie 30 (54.6)

Kumulativni davka Ne 9(16.4)

cisplatiny

>200mg/m? Ano 16 (29.1)
Bez chemoterapie 30 (54.5)

*) Pouze pro pacienty s nadory spodiny dutiny ustni; SBRT = stereotakticka radioterapie;
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Tabulka S2: Harmonogram dispenzarizace

Plan 3.tyden | 12.tyden | 24.tyden | 9.mésic | 12.mésic | 18.mésic | 24.mésic | 30.mésic | 36.mésic
dispenzarizace

ORL ° ° ° ° ° ° ° ° °
Laboratorni . ° . ° ° . ° ° °
testy

MR - o o o o o o o o
PET/CT - ° ° - - - - - -

CT - - - . ° ° ° ° °

e — povinné vySetfeni; o — fakultativni vySetfeni; ORL — klinické nebo endoskopické vySetieni

otorinolaryngologem nebo stomatochirurgem; Laboratorni testy — krevni obraz s diferencidlnim rozpoctem,
biochemie, SCCA marker, TSH, T3,T4; MR — magneticka resonance metodou volby v indikovanych piipadech,
kdy CT nebo PET/CT neposkytuji dostate¢né informace; PET/CT — pozitronova emisni tomografie béhem prvnich
6 mesicti ke zhodnoceni dynamiky regrese tumoru po 1écbé a odliSeni postterapeutickych zmén od viabilni
rezidudlni nadorové tkan¢; CT — vypocetni tomografie, po 36 mésicich sledovani je vySetfeni indikovano méné

Casto v zavislosti na charakteristice a rizikovosti nddorového onemocnéni.

Tabulka S3: Identifikace imunoreagencii

Katalogova ¢isla a RRID (Research Resource Identifier project)

PDL-1 [klon 22C3, DAKO M3653 (Agilent Cat# M3653, RRID : AB_2861298)]
CD3 [klon LN10, Leica NCL-LCD3-565, (Leica Biosystems) Cat# NCL-L-CD3-565 (také CD3-565-L-CE, RRID:
AB_563541)]
CD4 [klon SP35, DCS CI851C003, (Thermo Fisher Scientific) Cat#f MA5-16338, RRID: AB_2537857)]
CDS8 [klon P17-V, DB Biotech M0755, (DB Biotech Cat# DB 085, RRID: AB_2315705)]
CK [klon AE1/AE3, Zytomed MSKO019, (Zytomed Systems Cat# MSG019 (také BMS006, MSK019-05, MSK019),
RRID: AB 2864453)]

PD-L1 =ligand receptoru programované smrti 1; CD3 = marker T-lymfocytt; CD8 = cytotoxické T-lymfocyty;

CD4 = pomocné T-lymfocyty (helpers); CK = marker cytokeratinu.
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Tabulka S4: Mira preZiti v zavislosti na klinicko-patologickych charakteristikach

Pohlavi Zeny 14 4 ref 3 ref 7 ref 2 ref 5 ref
Muzi 1.92 1.83 0.79 2.02 0.80

41 17 (0.64— 0.245 12 (0.51- 0.351 15 (0.32— 0.602 8 (0.42— 0.382 11 (0.28- 0.682
5.72) 6.54) 1.94) 9.71) 2.31)
Vék <M 27 7 ref 4 ref 8 ref 4 ref 6 ref
>M 2.27 3.18 1.85 1.65 1.86

28 14 (0.91- 0.078 11 (1.01- 0.049 14 (0.78— 0.165 6 (0.46— 0.439 10 (0.67— 0.231
5.64) 10.03) 4.43) 5.86) 5.12)
CCI <M 27 8 ref 6 ref 11 ref 4 ref 10 ref
>M 2.06 1.92 1.15 2.05 0.64

28 13 (0.85— 0.108 9 (0.68— 0217 11 (0.50— 0.739 6 (0.58— 0.267 6 (0.23— 0.390
5.00) 5.42) 2.66) 7.31) 1.77)
BMI <M 27 13 ref 9 ref 14 ref 6 ref 11 ref
>M 0.55 0.60 043 0.48 0.38

28 8 (0.23— 0.188 6 (0.21- 0.334 8 (0.18- 0.058 4 (0.13— 0.261 5 (0.13— 0.076
1.34) 1.69) 1.03) 1.73) 1.10)
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Abuzus alkoholu | Ne 25 7 ref 6 ref 8 ref ref 7 ref
Ano 2.00 1.49 1.92 5.13 1.19
30 14 (0-81- 0.135 9 (0.53— 0.452 14 (0.79— 0.148 (1.07- 0.041 9 (0.44— 0.727
4-96) 4.19) 4.63) 24.59) 3.21)
Koureni Ne 11 4 ref 3 ref 3 ref ref 3 ref
Ano* 1.00 0.93 1.70 2.24 1.11
44 17 (0.33— 0.994 12 (0.26— 0915 19 (0.50— 0.392 (0.28— 0.445 13 (0.32— 0.868
2.96) 3.31) 5.76) 17.65) 3.91)
Bakterialni Ne 12 1 ref 0 ref 1 ref ref 0 ref
infekce
Ano 7.11 9.15 3.88
43 20 (0.95— 0.056 15 - 21 (1.22— 0.031 (0.48— 0.202 16 -
53.13) 68.71) 31.17)
Lokalita tumoru | HP 7 3 ref 2 ref 3 ref ref 2 ref
ocC 1.29 1.34 0.93 0.60 1.09
21 9 (0.35- 10.700 6 (0.27- ]0.722 8 (0.25- [0.916 (0.10- [0.577 6 (0.22— [0.915
4.81) 6.69) 3.53) 3.63) 5.42)
(0) 4 21 7 0.75 0.676 5 0.83 0.824 8 0.74 [0.651 036 |[0.261 7 1.11 0.900
(0.19— (0.16— (0.19- (0.06— (0.23—
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2.91) 4.29) 2.78) 2.15) 5.33)
L 1.04 1.64 1.06 1.21 0.54
6 2 (0.17- 10.966 2 (0.23- ]0.623 3 (0.21- [0.942 (0.17- [0.852 1 (0.05- [0.616
6.26) 11.77) 5.28) 8.63) 5.97)
Stadium nemoci | <3** 18 6 ref 5 ref 9 ref ref 5 ref
4 1.56 1.24 0.86 0.43 1.24
37 15 (0.60— |0.364 10 (0.42— 10.692 13 (0.37- [0.736 (0.12— ]0.187 11 (0.43— [0.69
4.04) 3.67) 2.03) 1.52) 3.58)
Stadium nemoci |1 21 9 ref 6 ref 8 ref ref 7 ref
2 0.80 0.92 0.96 1.00 0.93
24 9 (0.32— ]0.631 7 (0.31- ]0.883 10 (0.38- [0.930 (0.22— 10.998 8 (0.33— [0.881
2.01) 2.75) 2.44) 4.48) 2.56)
3 0.66 0.65 0.93 1.96 0.25
10 3 (0.18— |0.532 2 (0.13— ]0.600 4 (0.28- [0.911 (0.39— [ 0411 1 (0.03— {0.200
2.44) 3.23) 3.11) 9.77) 2.06)
Metastatické Ne 17 7 ref 5 ref 8 ref ref 5 ref
postiZeni uzlin
Ano 38 14 0.74 ]0.510 10 0.74 [0.577 14 0.65 [0.341 030 |[0.061 11 092 [0.871
(0.30— (0.25— (0.27- (0.09— (0.32—
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1.83) 2.16) 1.57) 1.06) 2.64)
HPYV pozitivita | Ne 40 18 ref 12 ref 17 ref 7 ref 13 ref
Ano 0.31 0.46 0.53 0.69 0.46
15 3 (0.09— |0.058 3 (0.13— ]0.233 5 (0.20- [0.219 3 (0.18- ]0.590 3 (0.13— [0.229
1.04) 1.64) 1.45) 2.69) 1.62)
CHT Ne 25 12 ref 8 ref 11 ref 4 ref 7 ref
Ano 0.43 0.50 0.61 0.75 0.92
30 9 (0.18— |0.060 7 (0.18— ]0.185 11 (0.26— [0.259 6 (0.21- ]0.669 9 (0.34— [0.875
1.04) 1.39) 1.43) 2.75) 2.48)
Davka RT <M 17 8 ref 6 ref 7 ref 3 ref 4 ref
>M 0.55 0.50 0.74 0.62 1.28
38 13 (0.22— |0.186 9 (0.18— ]0.194 15 (0.30— [0.521 7 (0.15—- ]0.503 12 (0.41- [0.669
1.34) 1.42) 1.85) 2.50) 3.97)

*) Pravidelny nebo byvaly kuték; **) Pouze jeden pacient ve stadiu I; M = medién (vék = 63 let; CCI = 5; BMI = 23.6 kg/m?; BED1o = 80Gy; CCI = Charlson Comorbidity Index; BMI = Body
Mass Index (M = median; GGT = Gamma Glutamyl-Transferase; RT = radioterapie; Covid = Coronavirus; HPV = Human Papilloma Virus; CHT= chemoterapie; BED1o = Biological Effective
Dose; CI =interval spolehlivosti; ref = reference; OS = celkové preziti; DSS = nadorové specifické preziti; DFS = preziti bez znamek recidivy onemocnéni; DMFS = pfeziti bez vzdalenych

metastaz; LRFS =pfeziti bez lokoregionalniho relapsu; p =p-hodnota; n.s. =nesignifikantni; =~ HP =hypofarynx; OC =dutina  ustni; = OP =orofarynx; L = larynx.
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Tabulka S5: Asociace mezi jednotlivymi imunitnicmi biomarkery a parametry pieZiti, univariantni a multivariantni analyza

oS DSS DFS DMFS LRFS
Prognosticky
parametr
z = = 2 2 2
EE |35 . |zE ~« |zE < |z2 < |s3 »
o— D = m [T m D o= m D o= m D = m
_— W X W 0 W 0 W L )
S & £ & - E £ 2 c e £ & 5 c £ & g e £ & c g
PD-L1 na TC Negativni 31 12 ref ref 7 ref ref 9 ref ref 6 ref ref 7 ref ref
Pozitivni 22 9 1.30 1.49 8 1.97 3.92 13 2.9 3.88 4 1.15 1.49 9 2.27 2.70
(0.55- (0.54— (0.71- (1.04— (1.23- (1.42— (0.32— (0.31- (0.84— (0.80—
3.09) 4.13) 5.43) 14.75) 6.84) 10.59) 4.08) 7.25) 6.09) 9.13)
PD-L1 na IC <M 26 14 ref ref 9 ref ref 13 ref ref 6 ref ref 10 ref ref
>M 27 7 0.38 0.44 6 0.52 0.83 9 0.47 0.90 4 043 0.28 6 045 1.34
(0.15- (0.13— (0.18- (0.19- (0.20— (0.27- (0.12— (0.04— (0.16— (0.34-
0.95) 1.46) 1.45) 3.66) 1.11) 2.96) 1.53) 1.79) 1.25) 5.34)
PD-L1,c Nizka 33 17 ref ref 12 ref ref 18 ref ref 8 ref ref 13 ref ref
Vysoka 20 4 0.26 0.17 3 0.28 0.17 4 0.22 0.22 2 0.24 0.11 3 0.26 0.44
(0.09— (0.04— (0.08— (0.03— 0.07— (0.05— (0.05— (0.01- 0.07— (0.08—
0.79) 0.74) 1.01) 0.92) 0.64) 0.92) 1.16) 0.96) 0.91) 2.44)
CD4+ TIL <M 25 14 ref ref 11 ref ref 14 ref ref 7 ref ref 11 ref ref
>M 27 7 0.45 0.62 4 0.33 0.44 8 0.41 0.71 3 0.30 0.31 5 0.37 0.61
(0.18- (0.19— (0.10— (0.10— 0.17- (0.22— (0.08— (0.04— (0.13— (0.15—
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1.11) 1.95) 1.03) 1.86) 0.99) 2.30) 1.16) 2.26) 1.07) 2.43)
CD8+ TIL <M 25 15 ref ref 11 ref ref 14 ref ref ref ref 10 ref ref
>M 27 6 0.26 0.32 4 0.24 0.31 8 0.35 0.63 0.23 0.31 6 0.42 0.67
(0.10- 0.11- (0.08- (0.08— (0.14— (0.22— (0.06— (0.05— (0.15— (0.19—
0.68) 0.95) 0.76) 1.18) 0.84) 1.82) 0.88) 1.80) 1.15) 2.36)
Denzita TIL SniZzena 24 14 ref ref 10 ref ref 13 ref ref ref ref 12 ref ref
ZvySena 28 7 0.30 0.38 5 0.30 0.36 9 0.37 0.51 0.46 0.52 4 0.21 0.27
(0.12- (0.13— (0.10— (0.09- (0.16— (0.18— (0.13— (0.10- 0.07- (0.07—
0.76) 1.14) 0.91) 1.40) 0.89) 1.49) 1.68) 2.67) 0.65) 1.01)

cHR = zakladni pomér rizik; aHR = adjustovany pomér rizik (adjustace na kovariaty pohlavi, véku, abuzu alkoholu, koufeni, HPV pozitivité, stadiu onemocnéni, konkomitantni chemoterapii,

bakterialni infekci béhem 1écby a stav ockovani proti covidu-19); CI = interval spolehlivosti; ref = reference; OS = celkové preziti; DSS = nadoroveé specifické preziti; DFS = pfeziti bez znamek

recidivy onemocnéni; DMFS = preziti bez vzdalenych metastaz; LRFS = pfeziti bez lokoregionalniho relapsu; p = p-hodnota; M = medién (15 % pro PDLI na IC; 32/mm? pro CD4+ TIL;

28/mm? pro CD8&+ TIL); TC = nadorové buiiky; IC = imunitni bufiky; TIL = tumor infiltrujici lymfocyty; PD-L1 = ligand receptoru programované smrti 1; denzita TIL = snizena <30 %, zvySena

>30 %; PD-L1 =1ligand receptoru programované smrti 1; PD-L1ic = procentudlni rozdil mezi expresi PD-L1 na imunitnich anadorovych bunék — nizka <10 %, vysoka > 10 %;

n.s. = nesignifikantni; signifikantni vysledky jsou zvyraznény tuéné.
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Tabulka S6: Power test pro kombinaci interakce biomarkerua a parametru OS

Nizka SniZena 19 | 12 Ref

Nizka ZvySena 13 |5 0.53 0.52 (0.16— 031 | 1.75 | 32 27 %
1.66)

Vysoka SniZena 5 2 0.58 0.31 (0.04— 031 | 1.52 | 24 58 %
2.18)

Vysoka ZvySena 15 | 2 041 0.07 (0.01- 0.07 | 041 | 34 99 %
0.46)

aHR = adjustovany pomér rizik (adjustace na kovariaty pohlavi, véku, abuzu alkoholu, koufeni, HPV pozitivité, stadiu
onemocnéni, konkomitantni chemoterapii, bakterialni infekci béhem 1é¢by a stav o¢kovani proti covidu-19); CI = interval
spolehlivosti; ref=reference; OS = celkové pieziti; N =pocet; SE =standardni chyba; SD =smérodatnd odchylka;
TIL = tumor infiltrujici lymfocyty; PD-L1 = ligand receptoru programované smrti 1; denzita TIL = snizena < 30 %, zvySena
>30 %; PD-L1 = ligand receptoru programované smrti 1; PD-L1ic = procentualni rozdil mezi expresi PD-L1 na imunitnich

a nadorovych bunék — nizka < 10 %, vysoka > 10 %.
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Tabulka S7: Asociace mezi interakci imunitnich biomarkeru a parametry pieZiti pacient, univariantni a multivariantni analyza

PD-L1;c | CD8+
TILs
Nizka <M 22 13 ref ref ref ref 12 ref ref ref ref Ref ref
Nizka >M 10 4 0.53 (0.17- [ 0.57 (0.15— 0.58 (0.16— [ 0.61 (0.13— | 6 0.98 (0.37— | 1.39 (0.42— 0.44 (0.09— | 0.66 (0.07— 1.32 1.67 (0.40—
1.62) 2.13) 2.13) 2.81) 2.62) 4.65) 2.24) 6.32) (0.43— 6.91)
4.06)
Vysoka |<M 3 2 0.70 (0.16— [ 0.37 (0.05— 0.98 (0.21- [ 0.40 (0.05—- |2 0.82 (0.18— 0.98 (0.12— 0.61 (0.07— [ 0.23 (0.01— 1.49 2.58 (0.28-
3.10) 2.62) 4.58) 3.42) 3.70) 8.36) 5.09) 6.23) (0.32— 23.80)
7.03)
Vysoka [>M 17 2 0.12 (0.03— | 0.08 (0.01- 0.09 (0.01- [ 0.05 (0.00- |2 0.11 (0.02— | 0.15 (0.02— 0.10 (0.01- | 0.05 (0.00— 0.10 0.24 (0.02—
0.53) 0.52) 0.69) 0.62) 0.50) 1.00) 0.83) 1.00) (0.01- 2.91)
0.81)
PD-L1;c |Denzita
TIL
Nizka Snizena |19 12 ref ref ref ref 10 ref ref ref ref ref ref
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Nizkd | ZvySena [13 |5 0.53 (0.18— | 0.52 (0.16- |4 0.64 (0.19— |0.71 (0.17— |8 0.95(0.37- |0.97 (0.33— |4 0.90 (0.22— |0.77 (0.12— |4 0.55 0.75 (0.22—
1.50) 1.66) 2.14) 2.91) 241) 2.83) 3.66) 4.95) (0.16-  [2.62)
1.81)
Vysokd | Snizend |5 2 0.53 (0.12— | 031 (0.04— |2 0.80 (0.17- | 0.70 (0.06- |3 0.85(0.23— | 1.58 (0.25- |1 0.62 (0.07- |0.29 0.01— |3 0.93 4.49 (0.65-
2.41) 2.18) 3.83) 7.60) 3.12) 10.18) 5.70) 7.75) 034 [30.91)
2.57)
Vysokd |Zvysena [15 |2 0.12 (0.03— | 0.07 (0.01— | 1 0.09 (0.01- | 0.05 (0.00— | 1 0.06 (0.01— | 0.04 (0.00- |1 0.13 (0.01— | 0.05 (0.00— |0 0.00 0.00 (0.00—
0.54) 0.46) 0.72) 0.61) 0.44) 0.51) 1.17) L.11) (0.00- | 0.00)
0.00)

cHR = zakladni pomér rizik; aHR = adjustovany pomeér rizik (adjustace na kovariaty pohlavi, véku, abuzu alkoholu, koufeni, HPV pozitivité, stadiu onemocnéni, konkomitantni chemoterapii,
bakteridlni infekci béhem 1é¢by a stavu ockovani proti covidu-19); CI = interval spolehlivosti; ref = reference; OS = celkové pteziti; DSS =nadorove specifické preziti; DFS = pfeziti bez
znamek recidivy onemocnéni; DMFS = pieziti bez vzdalenych metastaz; LRFS = pfeziti bez lokoregionalniho relapsu; p = p-hodnota; M = median (28/mm? pro CD8+ TIL); TC = nadorové
bunky; IC = imunitni buiiky; TIL = tumor infiltrujici lymfocyty; PD-L1 = ligand receptoru programované smrti 1; denzita TIL = snizena < 30 %, zvySena > 30 %; PD-L1ic = procentudlni rozdil

mezi expresi PD-L1 na imunitnich anadorovych bunék - nizkd <10%, vysoka >10%; n.s.=nesignifikantni; signifikantni vysledky jsou zvyraznény tuéné
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High PD-L1 expression on
immune cells along with
increased density of tumor-
infiltrating lymphocytes predicts
a favorable survival outcome for
patients with loco-regionally
advanced head and neck cancer:
early results from a

prospective study

Tomads BlaZek'**!, Marek Petras®!, Pavel Hurnik®*,
Petr Matousek?®®, Lukas Knybel*?,

Zuzana Zdéblovad Cermakova?, Jan Stembirek?®,
Jakub Cvek™* and Renata Soumarova™’

Department of Oncology, Ostrava University Hospital, Ostrava, Czechia, *Faculty of Medicine,
University of Ostrava, Ostrava, Czechia, *Third Faculty of Medicine, Charles University,

Prague, Czechia, “Department of Pathology, Ostrava University Hospital, Ostrava, Czechia,
*Department of Otorhinolaryngology, Ostrava University Hospital, Ostrava, Czechia, ®*Department of
Orofacial Surgery, Ostrava University Hospital, Ostrava, Czechia, "Department of Oncology, Krélovské
Vinohrady University Hospital, Prague, Czechia

Introduction: In the era of personalized medicine and treatment optimization,
use of immune biomarkers holds promise for estimating the prognosis of patients
with head and neck squamous cell carcinoma (HNSCC) undergoing
definitive treatment.

Methods: To evaluate the prognostic potential of immune biomarkers, we
conducted a prospective monocentric cohort study with loco-regionally
advanced HNSCC patients indicated for definitive radiotherapy/
radiochemotherapy at the Department of Oncology, Ostrava University
Hospital, Czech Republic, between June 2020 and August 2023. We focused
on the expression of programmed death ligand 1 (PD-L1) and tumor-infiltrating
lymphocytes (TILs) relative to overall survival (OS) and specific survival rates.
Associations between biomarkers and survival rates were assessed by crude and
adjusted hazard ratios (cHR, aHR, respectively) obtained from Cox proportional
hazards regression.

Results: Among a total of 55 patients within a median follow-up of 19.7 months,

there were 21 (38.2%) all-cause deaths and 15 (27.3%) cancer-related deaths. An
overall survival (OS) rate of 61.8% and a disease-specific survival (DSS) rate of
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72.7% were recorded. A significant association between survival rates and a >10%
difference in PD-L1 expression on immune versus tumor cells (high PD-L1,-
expression) was documented regardless of the type of analysis (univariate or
multivariate). In addition, a stronger association was confirmed for OS and the
composite biomarker high PD-L1,c expression along with either median-higher
CD8+ TIL count or increased TIL density >30%, as indicated by an aHR of 0.08
(95% Cl, 0.01 to 0.52) and 0.07 (95% CI, 0.01 to 0.46), respectively. Similar results
were demonstrated for other specific survival rates.

Discussion: The early outcomes of the present study suggest the utility of a
strong prognostic factor involving a composite biomarker high PD-L1c
expression along with increased TIL density in HNSCC patients undergoing
definitive radiotherapy and radiochemotherapy.

Trial registration: The study is registered with Clinicaltrials.gov. - NCT05941676

KEYWORDS

immune biomarkers, PD-L1 expression, tumor-infiltrating lymphocytes, prognosis, head

and neck cancer

1 Introduction

Estimation of the prognosis of patients with head and neck
squamous cell carcinoma (HNSCC) has become increasingly
important in recent years. Particularly in the curative stages of
the disease, an accurate assessment of a patient’s prognosis can help
optimize the treatment strategy and thus achieve a better balance
between the ultimate therapeutic goal versus acceptable side effects
and treatment toxicity. Therefore, the search for new prognostic
markers is highly desirable. It is in this respect that research in the
field of immuno-oncology offers new insights. Understanding the
concept of the tumor immune microenvironment (TIME) and
studying interactions between tumor cells (TCs) and immune
cells (ICs) allows for new research perspectives including the
search for prognostic immune biomarkers (1, 2). Of particular
interest is the study of signaling inhibitory molecules expressed
on the surface of both TCs and ICs that contribute to and modify
these complex immune interactions (3, 4). This is especially
important in HNSCC, which is considered a tumor with high
immunogenic potential (5). The first biomarkers studied in TIME
for their prognostic potential were tumor-infiltrating lymphocytes
(TILs) (6, 7). Several studies have demonstrated an association
between high TIL infiltration and favorable treatment outcomes in
HNSCC patients (8, 9). Among the different subtypes of TILs, CD8
+ T-lymphocytes have been shown to have the dominant prognostic
potential (10). Furthermore, these findings have been summarized
and comprehensively analyzed in meta-analyses (11, 12).

In addition to TILs, an important role in TIME is played by a
group of immunoreactive molecules that modulate the complex
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immune interactions. These molecules represent signaling
molecules expressed on TCs and ICs that generally have
immunosuppressive activity. The most studied molecule is
programmed death ligand 1 (PD-L1).

Its main activity is interaction with the programmed death
receptor-1(PD-1) located on CD8+ T-lymphocytes, leading to cell
inactivation and immunosuppression (13). Although the mechanism
of PD-L1/PD-1 interaction is well understood, the prognostic
potential of PD-L1 expression in HNSCC remains unclear.

Several studies have evaluated the association between PD-L1
expression and survival in HNSCC patients undergoing definitive
treatment. The results either showed no effect of the biomarker or
were associated with worse treatment outcomes (14-16). In
addition, two previous meta-analyses did not demonstrate a
prognostic effect, while another meta-analysis found PD-L1
expression to be a marker of poor prognosis in an Asian
population (17-19). Furthermore, several studies have not
demonstrated the feasibility of using the combined positive score
(CPS) in PD-L1 assessment to estimate the prognosis of HNSCC
patients (20-22). However, another three studies reported that PD-
L1 expression appears to have a prognostic potential, particularly
when assessing its expression on immune cells (23-25). A recent
meta-analysis reported similar results (26).

Given the current findings, we designed a prospective cohort
study to assess the association of survival rates and biomarkers,
including PD-L1 expression and TIL density, in HNSCC patients
indicated for definitive radiotherapy and/or radiochemotherapy.
The early outcomes of our study focused not only on the individual
biomarkers but, also, on their combination. Moreover, we
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attempted to define the cutoff value for higher or increased levels of
biomarkers suitable for everyday clinical practice.

2 Materials and methods
2.1 Study design and participants

The ONKOL-01-Head and Neck Study was conducted as a
monocentric prospective cohort study at the Department of
Oncology of Ostrava University Hospital between June 2020 and
August 2023,

The study aimed to assess prognostic factors for patients with
head and neck squamous cell carcinoma (HNSCC) including
human papillomavirus (HPV)-positive carcinomas indicated for
definitive radiotherapy and/or radiochemotherapy. The inclusion
criteria encompassed adults aged 18 to 90 with histologically
verified HNSCC in the oral cavity, nasal cavity, oropharynx,
larynx, or hypopharynx.

Patients diagnosed with non-metastatic clinical stages of
disease (I-IVb) were eligible for participation provided their
paraffin-embedded tumor tissue samples from the biopsy
were available.

Patients with histological types other than HNSCC (such as
nasopharyngeal, salivary gland, thyroid, mucosal melanoma, skin
carcinomas, lymphomas, and occult primary tumors), as well as
those with distant metastases, synchronous malignancies, recurrent
disease or a history of prior radiotherapy or chemotherapy, were
excluded. The initial diagnostic protocol included a comprehensive
otorhinolaryngological examination. Computed tomography (CT)
and/or magnetic resonance imaging (MRI) of the neck was
conducted to determine the disease stage, which followed the
American Joint Committee on Cancer TNM staging system,
version 8 (27).

Prior to participation, informed consent was obtained from
each patient. The study adhered to the ethical guidelines outlined in
the Declaration of Helsinki and received approval from the Ethics
Committee of Ostrava University Hospital.

2.2 Treatment and follow-up

Patients in the study were selected for definitive radiotherapy
and/or radiochemotherapy. The intensity-modulated radiotherapy
(IMRT) technique, utilizing 4-MV and 6-MV energy X-rays, was
employed. The standard radiotherapy protocol comprised 70 Gy
over 7 weeks, with a daily dose of 2.0 Gy/fraction, either as a stand-
alone treatment or in combination with cisplatin chemotherapy.

Concurrent chemotherapy was administered on a weekly or
triweekly basis, following guideline recommendations, with
cumulative doses exceeding 200 mg/m?® (28). Patients deemed
unsuitable for chemoradiation were directed towards either
hyperfractionated RT or accelerated RT (29, 30). Within a
subgroup of patients with advanced oral cavity tumors, a dose
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escalation regimen employing CyberKnife stereotactic radiotherapy
(SRT) was implemented (31).

The post-treatment follow-up protocol encompassed
otorhinolaryngology and/or orofacial surgery examinations,
endoscopic evaluations, laboratory tests including SCC-antigen
tumor markers, positron emission tomography (PET/CT) as well
as CT and/or MRI scans. Patients had follow-up appointments
every 1 to 3 months during the initial 2 years, followed by intervals
of 3 to 6 months thereafter. PET/CT scans, utilized to assess tumor
response, were scheduled 12 weeks after treatment completion, with
a subsequent scan after another 12 weeks. In instances of complete
remission, CT or MRI scans were scheduled at 3- to 6-month
intervals. In cases where disease progression or recurrence was
evident, a combination of repeat examinations (PET/CT or CT and
MRI) alongside endoscopic and/or invasive diagnostic procedures
was performed. Information on the follow-up schedule is provided
in Supplementary Table S1.

2.3 Immunohistochemical analysis

Immunohistochemical (IHC) staining was employed to assess
immune biomarkers in pretreatment tissue samples that were
formalin-fixed and paraffin-embedded. Tumor-infiltrating
lymphocytes (TIL) were categorized based on the surface
expression of CD3, CD4, and CD8. The expression of PD-L1 was
evaluated on the membranes of both tumor and immune cells.
Sections measuring 4 pm in thickness were extracted from
representative paraffin blocks onto electrostatic glass slides.
Immunchistochemistry was conducted using a customized
protocol on a Ventana Benchmark Ultra instrument o
DiagnosticsSwitzerland) oy ploying an ultraView Universal DAB
Detection Kit {Roche Diagnostics,Switzerland)
CC1 buffer.

Specific antibodies were utilized for the detection of particular
markers: PD-L1 (clone 22C3, DAKO M3653, dilution 1:50,
incubation 40 minutes), CD3 (clone LN10, Leica NCL-LCD3-565,
dilution 1:100, incubation 60 minutes), CD4 (clone SP35, DCS
CI851C003, dilution 1:50, incubation 32 minutes), CD8 (clone P17-
V, DB Biotech M0755, dilution 1:200, incubation 60 minutes). The
cytokeratin marker (CK) was detected with clone AE1/AE3,
Zytomed MSK019 (dilution 1:200, incubation 24 min) and was
used to differentiate the epithelial component of the tumor
parenchyma from the stroma.

Histopathological analysis was performed using an Olympus BX45
optical microscope ), aided by an optical
measuring grid allowing the assessment of 1 mm® under observation
at a total magnification of 100x (objective 10x, eyepiece 10x). As part
of the immnohistochemical analysis, the count of positive elements per
1 mm” within tumor tissue (parenchyma) was conducted for CD3,
CD4, and CD8 antibodies. Median values were employed as TIL cutoff
points to distinguish high versus low infiltration.

Moreover, TIL density within the examined tumor region was
semiquantitatively assessed by calculating the proportion of area

after prior revitalization in

{Boston Industries Inc.,Boston]
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occupied by mononuclear (CD3+) cell infiltrates to the entire
parenchymal area (% TIL area occupied by mononuclear cells in
tumor parenchyma).

This assessment classified TIL densities as either decreased
(<30%) or increased (=30%) infiltration (32, 33), PD-L1
expression was individually evaluated in tumor parenchyma for
both tumor cells (TCs) and immune cells (ICs), with positivity >1%
indicated by the percentage intensity of ligand expression (34).
Immune cells included intraparenchymal T-lymphocytes,
macrophages, and dendritic cells that infiltrated tumor cell nests.
In addition, PD-L1 expression on immune cells was assessed by the
percentage difference in expression between ICs and TCs. A
difference of 210% was categorized as high PD-L1 expression on
immune cells (PD-L1;c).

2.4 Statistical analysis

The study aimed to investigate the potential association
between the survival of HNSCC patients and PD-L1 expression
on both TCs and ICs, taking into account the presence of TIL
infiltration. The primary endpoint was overall survival (OS),
calculated from the commencement of radiotherapy to the date of
death from any cause or the last follow-up visit. Secondary
endpoints included disease-specific survival (DSS), locoregional-
free survival (LRFS), disease-free survival (DFS), and distant
metastatic-free survival (DMFS).

Disease-specific survival was censored from the initiation of
radiotherapy to the date of cancer-related death or the last follow-
up visit. Patients dying from causes unrelated to HNSCC were
censored at their time of death. Locoregional-free survival was
defined by radiological and/or pathological evidence of tumor
recurrence or progression at the primary site or in the regional
nodal area detected after the initiation of radiotherapy. The
parameters DFS and DMFS were used to record any form of
recurrence or the detection of distant tumor metastasis, measured
from the initiation of radiotherapy to the date of recurrence
detection. Patients without tumor recurrence were censored at the
time of their last follow-up contact.

Categorical demographic and disease variables were presented
as proportions, while continuous variables were transformed into
binary form based on the median values within the study
population. Categorical variables underwent assessment using
Fisher’s exact test or the %* test. Cox proportional hazards
regression was employed for both univariate and multivariate
analyses, with adjustments made for covariates including sex, age,
alcohol abuse, smoking status, HPV positivity, stage, concomitant
chemotherapy, COVID vaccination status, and bacterial infection.
The outcomes were expressed by crude (cHR) or adjusted hazard
ratio (aHR). The power of the test was estimated based on a binary
covariate in a Cox proportional hazards model considering the
hazard ratio, sample size, overall probability of failure, and a default
significance level o0 = 0.05.

Frontiers in Oncology

108

10.3389/fonc.2024.1346793

All tests were two-tailed, with a level of significance set at 0.05.
Statistical tests and analyses were conducted using Prism 9
(GraphPad Software, Inc., San Diego, CA, USA) and STATA
version 17 software (StataCorp, College Station, TX, USA).

2.5 Resource identification initiative
Catalog numbers and RRID:

PDL-1 [clone 22C3, DAKO M3653 (Agilent Cat# M3653,
RRID : AB_2861298)].

CD3 [clone LN10, Leica NCL-LCD3-565, (Leica Biosystems
Cat# NCL-L-CD3-565 (also CD3-565-L-CE, RRID
- AB_563541)].

CD4 [clone SP35, DCS CI851C003, (Thermo Fisher Scientific
Cat# MA5-16338, RRID : AB_2537857)].

CD8 [clone P17-V, DB Biotech M0755, (DB Biotech Cat# DB
085, RRID : AB_2315705)].

CK [clone AE1/AE3, Zytomed MSKO019, (Zytomed Systems
Cat# MSGO019 (also BMS006, MSK019-05, MSK019), RRID
: AB_2864453)].

3 Results

A total of 55 patients diagnosed with localized and
locoregionally advanced HNSCC, who were candidates for
definitive radiotherapy and/or radiochemotherapy, were enrolled
in the study from June 1, 2020, to August 9, 2022. The median age
was 63 years (IQR: 58-71), with a higher proportion of male
patients, 41 (74.5%). The predominant primary tumor sites
included the oral cavity, 21 (38.2%) and oropharynx, 21 (38.2%),
followed by hypopharynx, 7 (12.7%), and larynx, 6 (10.9%). Among
the 21 oropharyngeal carcinomas, 15 (71.4%) were HPV-positive.
Stage IV was the most common, represented by 37 (67.2%) patients,
followed by stage I in 17 (31.0%) patients including one patient in
stage L. The detailed clinicopathological characteristics of the cohort
and tumor and treatment characteristics are provided in Table 1
and Supplementary Table 52. The median follow-up time for overall
survival (OS) and disease-specific survival (DSS) was 19.7 months
(IQR: 10.1-25.1 months). Other specific survival rates were
followed for shorter durations, ranging from 11.8 to 15.2 months.

Immunohistochemical analyses of pretreatment tumor tissue
samples for the presence of TIL and PD-L1 expression were
performed in 52 and 53 patients, respectively. In the remaining
patients, the analysis could not be performed due to damage and
degradation of the tissue sample. The median CD8+ TIL and CD4+
TIL counts were 28 and 32/mm?®, respectively. Out of the 53 patient
tissue samples evaluated for PD-L1 expression, it was present in 22

(41.5%) patients on tumor cells, and expression was higher than the
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TABLE 1 Patient and tumor characteristics.

Characteristic No. of patients (¥) p

Sex Female 14 (25.5) <0.0001
Male 41 (74.5)

Age <M 27 (49) n.s.
=M 28 (51)

CCI <M 27 (49) n.s.
=M 28 (51)

BMI <M 27 (49) n.s.
=M 28 (51)

Alcohol abuse No 25 (45.5) n.s.
Yes 30 (54.5)

Smoking No 11 (20) <0.0001
Yes* 44 (80)

Bacterial infection No 12 (21.8) <0.0001
Yes 43 (78.2)

COVID vaccination = No 23(41.8) n.s.
Yes 32 (58.2)

Tumor site Oropharynx 21(382) 0.0001
Oral cavity 21(38.2)
Hypopharynx = 7 (12.7)
Larynx 6(109)

Stage of disease <34 18 (32.7) 0.0003
4 37 (67.3)

Tumor grade 1 21(38.2) 0.0117
2 24 (43.6)
3 10 (18.2)

HPV positivity No 40 (72.7) <0.0001
Yes 15(27.3)

Concomitant CHT No 25 (45.5) n.s.
Yes 30 (54.5)

BED,, <M 38 (69) <0.0001
=M 17 (31)

*) Regular or former smoker; **) Only one patient in stage 1; M = median (age = 63 years; CCI
=5 BMI =236 kg.‘mz; BED,, - 80 Gy); CCI, Charlson Comorbidity Index; BMI, Body Mass
Index; COVID, Coronavirus Disease; HPV, human papillomavirus; CHT, chemotherapy;
BEDg, Biological Effective Dose; p, p-value; n.s., not significant.

median of 15% on immune cells in 52 (98%) patients. A TIL density
of >30% assessed as increased infiltration was observed in 28
(53.8%) patients (Figures 1A, B). Moreover, high PD-Ll¢
expression was documented in 20 (37.7%) patients (Figure 1C).

A total of 21 (38.2%) patient deaths during a median follow-up
of 19.7 months accounted for 61.8% of OS and 72.7% of DSS. Out of
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the 55 patients, 3 (5.5%) had local recurrence, 13 (23.6%) had
locoregional recurrence, 10 (18.2%) patients experienced distant
metastatic progression and 15 (27.3%) patients died of cancer.

Univariate analysis did not show any association of overall or
specific survivals with demographic and standard clinicopathological
disease characteristics (Supplementary Table $3). Moreover,
patient survival rates were not linked to the use of concomitant
chemotherapy or various radiotherapy regimens and the biologically
effective doses delivered.

The association between the OS rate and PD-L1 expression on
ICs, CD8+ TIL infiltration, or increased TIL density, revealed
through univariate analysis, was not confirmed by multivariate
analysis, except for the relationship between OS and CD8+ TIL
(Table 2; Supplementary Table 54). Conversely, specific DFS and
DSS rates were shortened in patients with PD-L1 expression on
TCs, as demonstrated by the respective aHR or cHR. Single factor-
related survival rates were demonstrated for high PD-Ll;.
expression - except for DMFS - regardless of type of analysis
(univariate or multivariate).

The interaction of high PD-Llyc expression, either with
median-higher CD8+ TIL infiltration or increased TIL density,
exhibited a similar prolonged effect on survival rates. The aHR
for high PD-L1¢ expression and higher CD8+ TIL infiltration was
0.08 (95% CI: 0.01-0.52) for OS and 0.05 (95% CI: 0.00-0.61) for
DSS. Similarly, the aHR for high PD-L1,¢ expression and increased
TIL density achieved 0.07 (95% CI: 0.01-0.46) for OS and
0.05 (95% CI: 0.00-0.61) for DSS with the power test of > 90%
(Supplementary Table S5). The outcomes of univariate and
multivariate analyses for other specific survival rates are reported
in Table 3 (Supplementary Table S6). Furthermore, these findings
were supported by Kaplan-Meier curves for OS, DSS, and DES
survival rates (Figures 2, 3).

4 Discussion

This is a unique prospective study that aimed to assess the
prognostic impact of immune biomarkers, including TIL and PD-
L1 expression, alone or in combination, in HNSCC patients with
loco-regionally advanced tumors undergoing definitive
radiotherapy and/or radiochemotherapy. Both biomarkers
demonstrated a potential prognostic effect on OS, DSS, and DFS,
as supported by their respective hazard ratios. When evaluating the
impact of a single biomarker, high CD8+ lymphocyte infiltration
was associated with favorable outcomes in terms of OS, DFS, and
DSS. Previous studies and meta-analyses have reported comparable
results (11, 12). This effect may be explained by the activity of CD8+
lymphocytes in recognizing and destroying tumor cells, making
them key elements of the anti-tumor immune response. Increased
TIL density exhibited a prognostic effect on survival rates similar to
high levels of CD8+ TIL as per the study median. The advantage of
TIL density over CD8+ TIL consisted of the pre-defined cutoff value
of elevated or high levels for each patient. In addition, TIL
density takes into account other cell subtypes (CD4+, FOXP3)
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FIGURE 1

10.3389/fonc.2024.1346793

{A~C) Representative immunohistochemical staining sample of tumor tissue sample from HNSCC patients showing (A) low density of CD3+ TIL,
original magnification x200; (B) elevated density of CD3+ TIL, original magnification x200; (C) High PD-L1,c expression, original magnification x200;
HNSCC, head and neck squamous cell carcinoma; TIL, tumor-infiltrating lymphocytes; PD-L1 — programmed death ligand 1; IC — immune cells.

besides CD8+, thus providing a more comprehensive description
of the conditions and immune interactions in the tumor
microenvironment that contribute to the overall results. These
conditions were extensively studied in preclinical research which
provided a description of the complex modulation of the CD8+
anti-tumor response involving the immunosuppressive activity of

CD4+ and FOXP3 lymphocytes (35). Thus, in the context of these
findings, TIL density reflects the overall anti-tumor immune activity
more accurately than a single immune biomarker (CD8+
lymphocyte level).

Conversely, no favorable effect of PD-L1 expression on ICs or
TCs alone was observed, except for a shortened DSS and DFS in

TABLE 2 Association of single prognostic factors and outcome survivals, multivariate analysis.

DSS DFS
Prognostic Total aHR No. aHR No.
factors patients (95% of (95% of
Cl patients  ClI) patients
PD-L1 on TCs Negative 31 12 ref 7 ref 9 ref
Positive 22 9 149 ns. 8 392 0.043 13 3.88 0.008
(0.54-4.13) (1.04- (L42-
14.75) 10.59)
PD-L1 on ICs <M 26 14 ref 9 ref 13 ref
=M 27 7 0.44 ns. 6 0.83 ns. 9 0.90 ns.
(0.13-1.46) (0.19-3.66) (0.27-2.96)
PD-Lic Low 33 17 ref 12 ref 18 ref
High 20 4 0.17 0.018 3 0.17 0.039 | 4 0.22 0.038
(0.04-0.74) (0.03-0.92) (0.05-0.92)
CD4+ TILs <M 25 14 ref 1 ref 14 ref
=M 27 7 0.62 ns. 4 0.44 ns. 8 0.71 ns.
(0.19-1.95) (0.10-1.86) (0.22-2.30)
CDS8+ TIL s <M 25 15 ref 11 ref 14 ref
=M 27 6 0.32 0.041 | 4 031 ns. 8 0.63 ns.
(0.11-0.95) (0.08-1.18) (0.22-1.82)
TIL density Decreased | 24 14 ref 10 ref 13 ref
Increased 28 7 0.38 ns. 5 0.36 ns. 9 0.51 ns.
(0.13-1.14) (0.09-1.40) (0.18-1.49)

aHR, adjusted hazard ratio (adjustment for the covariates of sex, age, alcohol abuse, smoking status, HPV positivity, stage, concomitant chemotherapy, COVID vaccination status, and bacterial
infection); CI, confidence interval; ref, reference; 08, Overall Survival; DSS, Disease-Specific Survival; DFS, Disease-Free Survival; p, p-value; M, median (15% for PD-LI on ICs; 32/mm” for CD4
+ TIL; 28/mm? for CD8+ TIL); TCs, tumor cells; Ics, immune cells; TIL, tumor-infiltrating lymphocytes; TIL density, Decreased <30%, Increased = 30%; PD-L1, programmed death ligand 1; PD-
Llyc, percentage difference between PD-L1 expression of immune cells and tumor cells - Low <10%, High > 10%; n.s., not significant. Significant results are highlighted in bold.
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TABLE 3 Association of interaction of prognostic factors and outcome survivals, multivariate analysis.

(0}
Prognostic  Prognostic  Total No.
factor (1) factor (2) patients of
patients
PD-Llic CD8+ TILs
Low <M 22 13 ref
Low >M 10 4 057
(0.15-
2.13)
High <M 3 2 0.37
(0.05-
2.62)
High =M 17 2 0.08
(0.01-
0.52)
PD-Ll;c TIL density
Low Decreased 19 12 ref
Low Increased 13 5 0.52
(0.16—
1.66)
High Decreased 5 2 0.31
(0.04-
2.18)
High Increased 15 2 0.07
(0.01-
0.46)

aHR
(95%
(o)
9 ref 12 ref

ns. 3 0.61 n.s. 6 1.39 ns.
(0.13- (0.42-
2.81) 4.65)

ns. 2 0.40 n.s. 2 0.98 ns.
(0.05- (0.12-
3.42) 8.36)

0.008 1 0.05 0.020 2 0.15 0.050
(0.00- (0.02-
0.62) 1.00)

8 ref 10 ref

ns. 4 0.71 n.s. 8 0.97 ns.
(0.17- (0.33-
291) 2.83)

ns. 2 0.70 ns. 3 1.58 ns.
(0.06- (0.25-
7.60) 10.18)

0.006 1 0.05 0.020 1 0.04 0.013
(0.00- (0.00-
0.61) 0.51)

aHR, adjusted hazard ratio (adjustment for the covariates of sex, age, alcohol abuse, smoking status, HPV positivity, stage, concomitant chemotherapy, COVID vaccination status, and bacterial
infection); CI, confidence interval; ref, reference; OS, Overall Survival; DSS, Disease-Specific Survival; DFS, Disease-Free Survival; p, p-value; M, median (28/mm” for CD8+ TIL); TCs, tumor
cells; TIL, tumor-infiltrating lymphocytes; TIL density, Decreased <30%, Increased = 30%; PD-L1, programmed death ligand 1; PD-Ll,, percentage difference between PD-L1 expression of
immune cells and tumor cells - Low <10%, High = 10%; n.s,, not significant. Significant results are highlighted in bold.

patients with high expression on TCs. Which corresponds to the
primary pathophysiolgic mechanism of action of PD-L1 expression
that cancer cells use to escape immune surveillance (36). As both PD-
L1 expressions on ICs and TCs were determined in the same tissue
section sample, we applied the criterion of higher expression on ICs
compared to TCs, defined by a difference of 210%. The higher
expression of PD-L1 on ICs increased the survival rates including
0S8, DSS, DFS, and LRFS, proving itself as a potentially new
prognostic factor. Moreover, this approach eliminates the currently
varying cutoff values of PD-L1 expression positivity (23-25).

In addition, the interaction of both the above biomarkers resulted
in a strong prognostic effect. The survival rates of patients with high
PD-L1;¢ expression, along with median-higher CD8+ infiltration or
increased TIL density, were significantly prolonged compared to
those not meeting both criteria. This effect was evident in all
investigated survival rates except for DMFS. This specific survival
rate was likely insufficiently supported by the low number of patients
with metastatic findings within our study follow-up.

Furthermore, a heightened PD-L1 expression on ICs relative to
TCs, along with increased TIL density, is likely to play a role in
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modulating the complex immune interactions, thereby enhancing the
T-cell-mediated antitumor effect. These are complex mechanisms,
but probably involve the activity of antigen-presenting cells that
stimulate the CD8+ cytotoxic response by inhibiting CD4+ and
FOXP3 activity through PD-L1 expression (35). From this
perspective, our findings suggest that the prognostic potential of
immune biomarkers should only be assessed with careful
consideration of their potential integration within the complex
immune interactions to avoid drawing erroneous conclusions.

The most important finding of the present study is that the
interaction of both the above biomarkers consistently shown to be
strong prognostic factors independent of standard clinicopathelogical
characteristics (sex, age, tumor stage, grade, HPV positivity), smoking
history, alcohol abuse, radiotherapy regimen, or use of concomitant
chemotherapy.The fact that no association between disease stage and
survival rates was identified is likely due to the majority of patients
being in advanced stages III or IV. Furthermore, our findings were
consistent with the outcomes of previous studies demonstrating an
association between PD-L1 expression on ICs and favorable OS (23
25). Nevertheless, none of those studies evaluated biomarker
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Kaplan-Meier curves for the rates of OS (A), DSS (B) and DFS (C) according to the combination of high and low PD-L1c expression and high and low

CD8+ TIL infiltration.

interactions; hence, their outcomes suggested slightly shorter survival
rates compared to ours.

The limitations of the present study include the small number of
patients enrolled and follow-up duration. We do not believe that the
sample size could have influenced the final result, as the estimated
power of the test exceeded 90% and, consequently, we anticipate the
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reproducibility of our findings. Since the median follow-up time
was approximately two years, it remains uncertain whether
additional follow-up time could affect these early survival
outcomes. We believe that our proposed predictors could remain
stable over a longer follow-up period even if their prognostic
potential might decrease over time.
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5 Conclusion

The outcomes of this study support the use of high PD-L1
expression on ICs in conjunction with increased TIL density as
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prognostic markers of the survival rates of HNSCC patients
undergoing definitive radiotherapy and/or radiochemotherapy.
Moreover, the applied definition of high expression of PD-L1;
and increased TIL density could be implemented in common
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clinical practice. In future studies, it may be interesting to explore
different combinations of biomarkers, including PD-1, based on the

patterns observed in our study.
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