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SEZNAM ZKRATEK

CT vypocetni tomografie

DDLPS dediferencovany liposarkom

FAP familiarni adenomatozni polypéza
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HIV Human Immunodeficiency Virus
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LMS leiomyosarkom
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MLPS myxoidni liposarkom

MPLPS myxoidni pleomorfni liposarkom
MPNST maligni nador z pochev perifernich nervi
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NK buriky natural killer buriky

PLPS pleomorfni liposarkom

RAAS radiacné asociovany angiosarkom
SFT solitarni fibrézni tumor

STS soft tissue sarcoma

TILs infiltrujici lymfocyty

TNF-a tumor nekrotizujici faktor alpha

TSA tumor-specifické antigeny
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WDLPS dobfe diferencovany liposarkom
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Abstrakt

Sarkomy (Soft tissue sarcomas/STSs) jsou maligni nadory mezenchymalniho
puvodu, vyznacujici se extrémni heterogenitou v histologické skladbé&, biologickém
chovani i klinickém projevu. VétSina se vyznacCuje chemorezistenci a radiorezistenci.
KliCovym prognostickym faktorem pro celkové prezivani a riziko vzdalenych metastaz
je histopatologicky stupen diferenciace neboli grade nadoru. Grade ovéem nema vliv
na riziko lokalni recidivy. Radikalni chirurgicky zakrok je Casto jedinou moznou
léCebnou modalitou nebo minimalné hraje hlavni roli v terapii. U generalizovaného
onemocnéni jsou moznosti IéCby znacné omezené. Chemosenzitivita STSs je
vSeobecné velmi nizka, s vyjimkou nékterych méné Castych podtypu, a celkové Cini
jenom 5-10 %. Radioterapie je v mnoha pfipadech standardni soucasti |é¢ebného
protokolu. Podava se zpravidla v neoadjuvantnim nebo adjuvantnim podani, ovSem

jeji vyuziti u generalizovanych pacientl je okrajové a nezlepSuje prognozu.

Protinadorova imunoterapie je terapeutickd modalita, ktera vyuziva
fyziologickych schopnosti bunék imunitniho systému v boji proti nadorovému
onemocnéni. Neni tedy zaloZzena na cilené eliminaci rychle proliferujicich nadorovych
bunék, nybrz na stimulaci imunitnich bunék za ucelem likvidace nadorovych antigenu.
V oblasti imunoterapie mékkotkarniovych sarkoml bylo testovano nespocet riznych
strategii, avSak na rozdil od jinych solidnich tumorl jako napfiklad maligniho
melanomu ¢i karcinomu ledviny, nevedly u sarkom tyto pristupy k signifikantni regresi
nadorové hmoty. Jednim z hlavnich divodu je obrovska histologicka heterogenita

téchto nadord a rdznoroda infiltrace sarkomu imunitnimi burikami.

Cilem tohoto vyzkumného projektu byla prospektivni a retrospektivni analyza

nadorovych vzorkl u pacientd s mékkotkanovym sarkomem, detailni popis



nadorového mikroprostfedi mékkotkanovych sarkomu a identifikace vhodnych terapii

pro pacienty s metastatickym onemocnénim.

V ramci projektu jsme pracovali s vzacnymi kohortami pacientu, které jsme dale
délili dle jejich histologie a dalSich klinicko-patologickych charakteristik.
Prostfednictvim analyzy klinickych vzorkl, imunohistochemie, prutokové cytometrie a
multiplexovych metodik jsme vyhodnocovali nejen fenotypické a funkéni
charakteristiky imunitnich bunék v mékkotkanovych sarkomech, ale hodnotili jsme téz
faktory, které ovliviiuji Cetnost chirurgickych komplikaci, riziko recidivy &i progresi

onemocnéni.

V na$Si prvni observacni studii, ktera byla zaméfena pouze na histologickou
entitu solitarni fibrozni tumor, jsme pozorovali vysokou frekvenci mylnych primarnich
diagn6éz a vliv nadorové lokalizace na rozvoj metastaz Ci recidivu onemocnéni.
Definovali jsme faktory, které souvisely s pooperacnimi komplikacemi, a rozebrali

uskali diagnostiky a l1éCby solitarnich fibréznich tumord.

V dalSi studii, kterou byl pfehledovy c¢lanek zabyvajici se nadorovym
mikroprostfedim mékkotkanovych sarkomu, jsme diskutovali vSechna dostupna data
tykajici se role T-bunék v nadorovém mikroprostiedi sarkomu mékkych tkani. Zaméfili
jsme se mimo jiné i na dalSi hojné se vyskytujici imunitni buniky v nadorovém
mikroprostfedi a probirali jejich prognostickou a prediktivni roli. V této praci jsme
prezentovali vSechny Kklinické studie zaméfené stimulaci imunitniho systému
prostfednictvim cileni konkrétni bunééné subpopulace u sarkom mékkych tkani. Tyto
studie jsme nasledné diskutovali z hlediska racionality pfistupu a moznych kombinaci

jednotlivych terapeutik.

V ramci naSeho nejvyznamnéjsSiho projektu jsme sledovali potencialni aditivni

ucinky kombinace anti-PD-1 a anti-CD47 imunoterapii v Ié€bé sarkomu mékkych tkani.



Predpokladali jsme, Ze in vitro se budou uc€inky obou terapii potencovat, nebot
nadorové mikroprostiedi mékkotkanovych sarkomd ma vysoké zastoupeni makrofagu
a druhou nejpocCetnéjsi populaci imunitnich bunék jsou T-buriky. Do kohorty jsme
zaradili 66 pacientu, kterym byla nejprve stanovena exprese molekuly CD47 v
nadorovém mikroprostfedi. Nasledné byly vybranym pacientim izolovany tumor-
infiltrujici lymfocyty z nadorové tkané a ziskané bunécné suspenze byly in vitro
kultivovany za pfitomnosti kostimulacnich molekul, anti-PD-1 monoklonalni protilatky
(nivolumab), anti-CD47 monoklonalni protilatky, a téz za pfitomnosti obou téchto
terapeutik. Funkce bunék byla hodnocena prostfednictvim detekce cytokini metodou
Luminex. Zatimco u vybranych diagndéz byla in vitro ucinnost jednotlivych terapii
vyjadiena vysokou mirou aktivace imunitnich bunék, kombinované podani obou
terapeutik zpusobilo zasadni Utlum bunék a snizenou produkci prozanétlivych

cytokinu.

Nase prace napomohly pochopeni role nadorového mikroprostredi v prognoze
pacientd s mékkotkariovym sarkomem, definovaly faktory spojené s biologickym
chovanim nadoru a predstavily moderni pfistupy, jimiz |ze nadorové mikroprostredi

analyzovat a hodnotit efekt imunoterapie.

Klicova slova: sarkom mékké tkané&, imunoterapie, nadorové mikroprostredi,

kombinovana lé€ba, solitarni fibrézni tumor, T-bunky, PD-1, CD47.



Abstract

Soft tissue sarcomas (STSs) are malignant tumors of mesenchymal origin,
characterized by an extreme heterogeneity in histological composition, biological
behavior, and clinical manifestation. Most STSs are chemo- and radiotherapy
resistant. A key prognostic factor predicting the risk of distant metastases and affecting
the overall survival is the tumor grade. However, grade has not been associated with
the risk of local recurrence. Radical surgical procedure is in many cases the only
possible treatment modality or at least plays a main role in the multimodal treatment.
For patients with distant metastases, the treatment options are very limited. The
chemosensitivity of STSs is generally very low, with the exception of several less
common subtypes, and accounts for only 5-10% of the cases. In many cases,
radiotherapy is a standard part of the treatment protocol. It is usually given in either
neoadjuvant or adjuvant settings. However, radiotherapy administration in generalized
patients does not improve the prognosis.

Cancer immunotherapy is a therapeutic modality that utilizes the physiological
cytotoxic antitumoral abilities of the immune cells. Therefore, it does not target the
rapidly proliferating tumor cells but rather stimulates the immune cells. A wide variety
of different strategies have been tested in the treatment of soft tissue sarcomas, but
unlike in other solid tumors, such as malignant melanoma or kidney cancer, these
approaches did not lead to significant regression of the tumor mass in sarcomas. One
of the main reasons is the enormous histological heterogeneity of these tumors and
thus, diverse infiltration of STSs with the immune cells.

The aim of this research was to conduct a prospective and retrospective
analysis of tumor samples from patients with soft tissue sarcoma. We also aimed to

describe the tumor microenvironment of STSs and identify possible treatment



modalities for patients with metastatic disease. We created and closely monitored our
study cohort, which was divided into subgroups according to diverse criteria based on
the tumor histology, the immune infiltration, the grade (low-grade/high-grade), and the
stage of the disease. Formalin-fixed and paraffin-embedded (FFPE) tissue blocks were
retrospectively obtained from patients and used for the immunohistochemical
evaluation of immune infiltrates, including CD8* T-cells, CD4* T-cells, macrophages,
and others immune cells in the tumors. Through analysis of the clinical specimens,
immunohistochemistry, flow cytometry and multiplex methodology, we evaluated not
only the phenotypes and functional characteristics of immune cells in sarcomas, but
also factors affecting surgical complications, risk of local recurrence or distant spread.
In our first observational study that was focused on solitary fibrous tumors, we
identified high rate of primary misdiagnoses and defined the role of primary tumor
location on the development distant metastases or local recurrence of the disease. We
reported several factors that were associated with postoperative complications and we
discussed the pitfalls of diagnostics and treatment of solitary fibrous tumors.

In our review article, we further focused on the immune infiltrates in the tumor
microenvironment of soft tissue sarcomas and we discussed all available data
regarding the role of T-cells in the tumor microenvironment of soft tissue sarcomas.
We also described other immune cells and we discussed their prognostic and
predictive role. In this article, we presented all promising clinical trials focused on the
stimulation of the immune system by targeting specific cell subpopulations in soft tissue
sarcomas. Together we then discussed rational approaches and potential
combinations of certain therapeutics.

In our key project, we were evaluating potential additive effects of anti-PD-1 and

anti-CD47 combination therapy in soft tissue sarcomas. Given the fact that the TME of
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soft tissue sarcomas in predominantly infiltrated by macrophages and T-cells, we
hypothesized that a combination of both therapies may represent a particularly relevant
approach. In this cohort we selected 66 patients. In this cohort study, 66 patients who
underwent surgery were enrolled. Tumor cells and tumor-infiltrating immune cells were
analyzed using flow cytometry and immunohistochemistry. In cell suspensions
obtained from surgical resections, human T-cells were activated by
superparamagnetic polymer beads and cultured in the absence or presence of
therapeutic monoclonal antibodies (anti-PD-1, anti-CD47, and anti-PD-1 + anti-CD47).
Supernatants from cell suspensions were analyzed using multiplex Luminex cytokine
bead-based immunoassays. In selected histological subtypes, the efficacy of individual
therapies was reflected in the high degree of activation of the immune cells, however
to our surprise, co-administration of both therapies significantly decreased the
production of proinflammatory cytokines.

Our work contributed to the understanding of the tumor microenvironment in soft
tissue sarcomas and its role in patients’ prognosis. Furthermore, we defined factors
associated with biological behaviour of the tumors and introduced modern therapeutic
approaches to analyse the tumor microenvironment and evaluate the effect of

immunotherapy.

Keywords: soft tissue sarcoma, immunotherapy, tumor microenvironment, combined

treatment, solitary fibrous tumor, T-cells, PD-1, CD47.
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1 UvoD

1.1 Sarkomy mékkych tkani

1.1.1 Epidemiologie a zakladni charakteristika

Sarkomy jsou extrémné heterogenni skupinou malignich onemocnéni, u nichz
maligni nadorova populace vychazi z embryonalni mezenchymailni tkané, ktera dava
vzniknout pojivové tkani, jako je vazivo, chrupavka a kost, a dale cévam, svalim a
nervam. Sarkomy predstavuji jenom pfiblizné 1 % vSech malignit v dospélé populaci.
Cela skupina se déli na dvé zakladni podskupiny — kostni sarkomy reprezentujici
priblizné 10 % sarkomu a sarkomy mékkych tkani (angl. soft tissue sarcoma, zkr. STS),
které tvofi pfiblizné 90 % sarkomu. NejCastéjSimi kostnimi sarkomy jsou osteosarkom,
chondrosarkom a Ewingliv sarkom. Pojem STS v sou¢asné dobé v sobé zahrnuje dle
WHO klasifikace vice nez 80 histologickych entit [1]. Ve v8eobecnosti se jedna o
extrémné vzacna maligni nadorova onemocnéni, jejichZ incidence jako celku se
pohybuje kolem 6,4/100 000 pfipadd ro€né [2]. Navic i incidence benignich
mezenchymalnich nadoru je stonasobné vyssi nez sarkomu. Zakladni histologické

skupiny mékkotkanovych nadort zobrazuje Tabulka €. 1.

12



Histologické skupiny

Adipocytarni tumory
Fibroblastické a myofibroblastické tumory
Fibrohistiocytarni tumory
Vaskularni tumory
Perivaskularni tumory
Tumory hladké svaloviny
Tumory kosterni svaloviny
Gastrointestinalni stromalni tumory
Chondro-osealni tumory
Tumory z pochev perifernich nervu
Tumory nejisté diferenciace
Nediferencované malé kulatobuné&né sarkomy

Tabulka €. 1. Zakladni histologické skupiny

Tabulka znazorriujici zakladni déleni mékkotkariovych nadoru dle histologie.
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Kazda histologicka skupina v sobé zahrnuje Ctyfi biologicky rozdilné podtypy

nador(, které jsou znazornény v Tabulce €. 2.

Déleni histologickych skupin

Benigni Intermediarni, Intermediarni, Maligni
lokalné agresivni raritné
metastazujici
Lokalné Lokalné Lokalné Lokalné
nedestruktivnirist =~ destruktivni rast destruktivni rust destruktivni rust
Nizkeé riziko lokalni Vysoke riziko Riziko lokalni Vysoké riziko
recidivy lokalni recidivy recidivy lokalni recidivy
Nemetastazujici Nemetastazujici Nizky potencial Vysoke riziko
metastazovani metastazovani
(<2 %)

Tabulka ¢. 2. Déleni nadort dle biologického chovani

Tabulka znazorriujici hlavni kategorie nadort dle biologického chovani. Toto déleni
zohledriuje charakter prordstani tumoru, riziko lokalnich recidiv a pravdépodobnost

metastazovani.
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Histologicky grading STS se provadi na zakladé doporuceni francouzské
organizace Fédération Nationale des Centres de Lutte Contre Le Cancer/[FNCLCC
(Tabulka €. 3). V ramci této klasifikace jsou hodnoceny tfi parametry: diferenciace
tumoru, pocCet mitdz a nekréza tumoru. Tumory na zakladé toho rozdéluje na grade 1,

2, 3.

Histologicky grading podile klasifikace FNCLCC

Diferenciace tumoru

Skore 1 Vyrazné se pfiblizujici normalni tkani
Skore 2 Histologicka typizace je jista
Skore 3 Embryonalni nebo nediferencované sarkomy
Pocet mitéz (na 1,7 mm?)
Skore 1 0-9 mitoz
Skore 2 10-19 mitéz
Skore 3 > 19 mitoz
Nekrézy v tumoru
Skore 0 Bez nekroz
Skére 1 < 50 % nekroz
Skore 2 = 50 % nekréz

Histologicky grade
Grade 1: totalni skére 2, 3
Grade 2: totalni skére 4, 5
Grade 3: totalni skoére 6, 7, 8
Tabulka €. 3. Grading nadoru na zakladé Fédération Nationale des Centres de

Lutte Contre Le Cancer (FNCLCC)

Tabulka znazorriujici jednotlivé parametry, na jejichZ zakladé je dle FNCLCC urcovan
histologicky grade nadoru. Histologicky grade zohledriuje poCet mitdz, intratumoralni
nekrézy a stuperi diferenciace. Soucet bodu v jednotlivych parametrech da vysledny

grade.

vigvivs

prognostické faktory patfi velikost tumoru a jeho lokalizace, resekabilita tumoru,
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pritomnost vzdalenych metastaz, kvalita chirurgickych resekénich okraju a
predoperacni/perioperacni ruptura nadoru. Tumory lokalizované v retroperitoneu maji
obecné nejhorsi prognézu [4]. SouCasné plati, ze pacienti starSi 65 let maji horsi

progndzu nez mladsi [5, 6].

Jak je znazornéno na Obrazku €. 1, mezi nejCastéji se vyskytujici histologickeé
podtypy STS fadime skupinu liposarkomu (dobre diferencovany liposarkom (WDLPS),
dediferencovany liposarkom (DDLPS), myxoidni liposarkom (MLPS), pleomorfni
liposarkom (PLPS) a myxoidni pleomorfni liposarkom (MPLPS), dale pak

leiomyosarkomy (LMS), nediferencované pleomorfni sarkomy (UPS) a GISTy [1].

Relativni incidence jednotlivych histologickych podtypt

B GIST EUPS LPS ELMS M Ostatni

vewv s

Obrazek €. 1. Nejcastéjsi histologické typy mékkotkanovych sarkomu

Obréazek znazornujici relativni incidenci, tedy vyskyt jednotlivych histologickych typu v
celkovém pocltu mékkotkariovych sarkomid bez ohledu na absolutni pocty osob v
téchto skupinach. Zkratky: GIST: gastrointestinalni stromalni tumor, UPS:

nediferencovany pleomorfni sarkom, LPS: liposarkom, LMS: leiomyosarkom.
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Tyto Ctyfi skupiny nej¢astéji se vyskytujicich STS se vyznacuiji incidenci < 1/100
000/rok. Incidence vétSiny zbylych sarkomu, které souhrnné oznacujeme jako raritni
sarkomy, je < 2/1 000 000/ rok. Vyskyt STS je vétSinou sporadicky. OvSem dobfe
dokumentovany je i jejich vyskyt v ramci hereditarnich syndromd — desmoid/agresivni
fibromatdza u pacientd s familiarni adenomatozni polypézou (FAP) [7], GIST a maligni
nador z pochev perifernich nervi (MPNST) u pacientd s neurofibromatézou [8] nebo
sarkomy u pacientl s Li-Fraumeniho syndromem [9]. Vzacné jsou sarkomy také
asociované s predeslou iradiaci [10], virovou infekci nebo imunodeficienci, jako je
napfiklad Kaposiho sarkom u pacientt s HIV [11]. Vztah k radiaénimu ozafeni mizeme
sledovat typicky u pacientek po radioterapii pro karcinom prsu. Takovy sarkom se pak

nazyva zpravidla radiatné asociovany angiosarkom (RAAS).

STS se mohou vyskytovat prakticky kdekoliv na téle. VétSinou se manifestuji
jako nebolestiva rezistence rlzné velikosti. Mohou byt povrchové, ulozené
epifascialné, nebo v hloubce ulozené, subfascialné. Anatomickou distribuci zobrazuje

Obrazek ¢. 2.
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Anatomicka distribuce

B Horni koncetina B Dolni koncetina
W Trup Dutina brisni/retroperitoneum
W Visceralni | Hlava a krk

Obrazek €. 2. Typické lokalizace sarkomu v téle

Obrazek znazorriujici ¢etnost vyskytu mékkotkariovych sarkomu na zakladé typické

anatomické lokalizace.
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1.1.2 Diagnostika a Ié¢ba sarkomi mékkych tkani

Kazda mékkotkanova povrchova léze vétsi nez 5 centimetrd nebo hluboce
uloZena jakékoliv velikosti by méla byt referovana do center specializujicich se na
problematiku sarkomu [12]. Jak je znazornéno na Obrazku €. 3, byl prokazan
signifikantni rozdil v celkovém preZziti a preziti bez lokalni recidivy, pokud jsou pacienti

referovani do sarkomovych center nebo pokud jejich IéEba probiha mimo tato centra,

PREZITI BEZ LOKALNI RECIDIVY
CELKOVE PREAITI

POCET MESicU OD DIAGNOZY POCET MESICU OD DIAGNOZY
Obrazek €. 3. Vliv centralizace pacientli na celkové preziti pacientli a riziko

lokalni recidivy

Zaznam pfezivani pacientt bez lokalni recidivy (vlevo) a celkového pfezZivani (vpravo)
pacienti operovanych mimo sarkomova centra (modré krivka), operovanych v
sarkomovych centrech s méné nez 10 operacemi sarkomi ro¢né (zelena krivka) a s
vice nez 10 operacemi sarkomu rocné (hnéda kfivka). Pfevzato z Annals of Oncology,

Dec 1019, Vol 30, Issue 12, str. 2008—2009.

Centralizace je proto prvni krok ke spravnému managementu téchto nemocnych

[13]. Mezi rizikove faktory, které jsou Casto spojované se sarkomem, patfi subfascialni
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ulozeni, velikost vétSi nez 5 centimetrd a velikostni progrese. Hluboce ulozené
mékkotkanové nadory byvaji dlouhodobé asymptomatické, coz vede k jejich ristu do
enormnich rozméra. Typicka, zejména pro retroperitonealni sarkomy, je velikost nad
20 centimetrd v priiméru v dobé diagnézy. Diagnosticky algoritmus zobrazuje Obrazek

€. 4.
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Multidisciplinarni tim 35. den
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———
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/

Adjuvantni terapie

Symptomaticka

s 42.den
terapie

Dispenzarizace

Obrazek €. 4. Diagnosticky algoritmus

Obrazek znazorniujici optimalni casové intervaly v ramci diagnostického
procesu od suspekce aZ po podani prvni linie terapie. Obrazek byl vytvofen s vyuZitim

softwaru BioRender (ref.¢. XB24XJQMA4D).

Po zhodnoceni lokalniho nalezu musi klinik rozhodnout ohledné zpusobu
odbéru biopsie a dokoncit kompletni staging [14, 15]. Jenom vyjimecné se souhlasem

multidisciplinarnino tymu nemusi byt biopsie provedena. Pro lokalni zobrazeni je
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nejlepSi modalitou magneticka rezonance (MRi) pfedevSim pro koncCetinové sarkomy,
sarkomy trupu nebo vypocetni tomografie (CT) pfedevsim pro sarkomy retroperitonea
a dutiny bfiSni, a visceralni sarkomy. V ramci stagingu se provadi standardné CT
hrudniku k vylouCeni generalizace. Plice jsou nejCastéjSim mistem generalizace.
PostiZzeni lokoregionalnich lymfatickych uzlin je zcela vyjime¢né (< 1%). Zobrazeni a
zhodnoceni lymfatickych uzlin je ov8em nutné u epiteloidniho sarkomu, svétlo-
bunéfného sarkomu, synovialniho sarkomu a angiosarkomu. CT bficha v ramci
stagingu je indikované zejména u MLPS a LMS. U angiosarkomu doplfiuieme i CT

mozku k vylou€eni mozkovych metastaz [16].

Zakladem diagnostiky je histopatologické vySetfeni bioptickych vzorkl nadoru v
rukach zkuSeného patologa, specializujicihno se na problematiku meékkotkanovych
nadoru [17]. Soucasti vySetfeni je morfologie doplnéna o imunohistochemické a ¢asto
také molekularni metody [18]. Po stanoveni histologie a kompletnim stagingu je
pacient referovan na multidisciplinarnim setkani, kde je rozhodnuto o adekvatni
nejlepsi prvni linii 1€Cby, eventualné o symptomatickeé terapii. Multidisciplinarni tym
pozustava z c&lend specializovanych v téchto oborech: zobrazovaci metody a
intervenéni radiologie, patologie, onkologie, radioterapie, onkochirurgie [13]. LécCba
pacientld s STS je ve vétSiné pfipadl multimodalni. Kromé histologického podtypu a
stadia nemoci zasahuje do zpusobu IéCby i primarni lokalizace sarkomu a rozsah

planované resekce.
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1.1.2.1 Lécba lokalizovanych primarné resekabilnich koncéetinovych sarkomu a
sarkomu trupu

Chirurgicka resekce je zakladni modalitou |éCby. Provadéna by méla byt
onkochirurgem specializovanym v problematice STS. Zakladnim cilem je provedeni
en-bloc excize s negativnim mikroskopickym okrajem (RO). Idealnim zpUsobem k
docileni toho je resekce tumoru s lemem zdravé tkané. O Sifce lemu rozhoduje nékolik
faktord — histologicky typ nadoru, moznost neo/adjuvantni radioterapie, vzdalenost
kritickych struktur, pfitomnost pfirozenych bariér (svalova fascie, vaskularni adventicie,
periost, epineurium) [19]. Dle rozsahu rozliSujeme Ctyfi typy resekénich vykonu: 1.
intralesionalni resekci, 2. marginalni resekci, 3. Sirokou resekci, 4. kompartmentovou
resekci. Idealni rozsah chirurgického vykonu je Siroka resekce nebo kompartmentova
resekce. Nikdy bychom neméli provadét intralesionalni resekci, k marginalni resekci
vétSinou dochazi v dusledku nerespektovani zakladnich diagnosticko-terapeutickych
postupl. V indikovanych pfipadech i marginalni resekce mize byt indikovana na
podkladé rozhodnuti multidisciplinarniho tymu v pfipadé nutnosti prezervace kritickych
anatomickych struktur [20-22]. V tomto pfipadé je nutné v ramci tymu diskutovat vyuziti

neoadjuvantnich modalit IéCby [23].

Radioterapie je zakladni soucasti 1éEby high-grade sarkomu [24]. MGze byt
podana v neoadjuvantnim nebo adjuvantnim schématu. Lokalni rekurence ani celkové
pfezivani neni ovlivnéno timingem radioterapie, ovSem neoadjuvantni podani ma
nékolik vyhod: niZ8i dlouhodobou morbiditu, moznost ochrany kritickych anatomickych
struktur pfed resekci, snizeni rizika R1 resekce [25, 26]. Naopak je pozorovan vysSi
vyskyt €asnych rannich komplikaci [27]. V neoadjuvantnim provedeni se podava
celkova davka 50 Gy rozdélena v 1.8-2.0 Gy frakcich. V adjuvantnim provedeni se

podavaji davky do 66 Gy [16]. Radioterapie nemusi byt podana v pfipadé skutecné
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kompartmentovych resekci, pfi kterych je tumor kompletné odstranén i se svalovou
skupinou, ze které vyrusta. Myxoidni liposarkom (MLPS), myxofibrosarkom, solitarni
fiborézni tumor (SFT) a extraskeletalni myxoidni chondrosarkom maji vybornou

radiosenzitivitu [28-30].

Na podani chemoterapie v souCasné dobé neexistuje konsenzus mezi
jednotlivymi centry. Na misté je podani chemoterapie, preferenéné v neoadjuvantnim
podani u ,high-risk® pacientu [31, 32]. To jsou pacienti, jejichz pravdépodobnost

desetiletého preZiti je < 60%.

U koncetinovych sarkom( je moznosti také podani izolované koncetinové
perfuze (ILP). Ta zlepSuje lokalni operabilitu, ovSem nema vliv na celkové prezivani
[33]. Indikovana by proto méla byt u lokalné inoperabilnich nalezu, hrozici neradikalni
resekce nebo v pfipadé hrozici amputace. V souasné dobé je s vyuzitim
neoadjuvantnich metod az 95 % zakrok( provadénych jako takzvané koncetinu

zachovné vykony = limb sparing [34].
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1.1.2.2 Lécba lokalizovanych primarné neresekabilnich konéetinovych
sarkomu a sarkomu trupu

V pfipadé primarné neresekabilnich nalezi je na misté aplikace
neoadjuvantnich modalit 1éCby. Primarni chirurgicky vykon nema opodstatnéni, ma
Spatné vysledky a nijak pacientovi nezlepSuje prognézu. Cilem neoadjuvantnich
modalit je zmensSeni objemu nadoru a umoznéni operability. Moznosti se naskyta
nékolik — radioterapie, chemoterapie, konkomitantni chemoradioterapie nebo
izolovana koncetinova perfuze s tumor nekrotizujicim faktorem alpha (TNF-a) s
melphalanem nebo regionalni hypertermie v kombinaci s chemoterapii [16]. Pokud
neoadjuvantni terapie vede ke zlepSeni lokalni operability s vizi RO nebo R1 resekce,
indikované je operacni feSeni. Pokud neoadjuvantni terapie nevede ke zlepSeni lokalni

operability, jsou pacienti indikovani k paliativni systémové Iécbé.
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1.1.2.3 Lécba pokrocilych/generalizovanych primarné resekabilnich sarkom

Zpusob 1éEby generalizovanych pacientd primarné resekabilnich je vysledkem
konsensu multidisciplinarniho  tymu. O zpusobu IéCby rozhoduje rozsah
metastatického postizeni. Pacienti s extrapulmonalnim metastatickym postizenim jsou
indikovani k paliativni systémové terapii [16]. V pfipadé pacientl s izolovanou
generalizaci do plic jsou moznosti IéEby znatelné rozmanitéjsi. V pfipadé ,nevelkého”
metastatického postizeni, kdy je mozné veSkerou nemoc chirurgicky odstranit, mohou

byt pacienti indikovani k operaénimu vykonu [35]. U ,high-risk pacientl je na misté

podani neoadjuvantni chemoterapie k posouzeni biologie zakladniho onemocnéni.
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1.1.2.4 Lécba pokrocilych/generalizovanych neresekabilnich sarkom

Pacienti s metachronnimi plicnimi metastazami (disease-free interval > 1 rok),
pokud jsou resekabilni, s vylouCenym mimoplicnim onemocnénim, jsou indikovani k
plicni metastazektomii. Preferované jsou minimalné invazivni parenchym Setfici

resekcni vykony.

Zakladem lécby pokrocilych/generalizovanych neresekabilnich sarkomu je
systémova chemoterapie. V prvni linii [éCby se vyuziva antracyklinu v monoterapii

nebo kombinované rezimy, zejména s ifosfamidem [36, 37].

U LMS nebo SFT se v ramci kombinovanych rezim( vyuziva doxorubicin s

dacarbazinem [38, 39].

Angiosarkomy byvaiji vysoce senzitivni k podani taxanut [40].

Pacienti s pokrocCilym dermatofibrosarcoma protuberans jsou v prvni linii IéCby

I&éCeni inhibitory thyrozin kinaz (ITK), konkrétné Imatinibem [41].

Pacienti s prokdazanym NTRK-rearranged sarkomem jsou lé€eni pomoci NTRK-
inhibitord — larotrectinibu, entrectinibu [42]. Jejich podani je indikované i v ramci

neoadjuvance s cilem zlepSeni lokalni operability.
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1.1.2.5 Lécba retroperitonealnich sarkomu

Problematika retroperitonealnich sarkom zasluhuje zvlastni rozbor. S
celosvétovou incidenci 0,5/100 000 pfipada na Ceskou republiku jenom kolem 50
pfipadd rocné [43]. Zaroven je obecné znamo, Ze sarkomy retroperitonea maji zdaleka
nejhorsi vysledky. Je to dano pomérné dlouhou dobou klinické asyptomaticnosti a dale
slozitosti anatomickych poméri v retroperitoneu, a tedy slozitymi moznostmi
sradikalniho“ neboli ,bezpetného* chirurgického okraje [44, 45]. Pacienti s
retroperitonealni mékkotkanovou masou jakékoliv velikosti by proto méli byt okamzité
referovani do sarkomovych center, zabyvajicich se problematikou retroperitonealnich

tumort [46-48].

Zakladnim pFfedpokladem pro uspésnou lécbu je povédomi o tom, s jakym
typem sarkomu v retroperitoneu mame co do ¢inéni. V prvnim kroku je proto nutné
provedeni bioptické verifikace tumoru pod CT kontrolou. Indikovany je odbér pomoci
core-cut jehly velikosti minimalné 16G a odbér minimalné 6—8 reprezentativnich vzorku
nadorove tkané (v pfipadé heterogenity nadoru odbér jak solidnich, tak lipomatoznich
slozek) z dorzalniho nebo lateralniho pfistupu, pokud je to mozné, k zajisténi
dostate¢ného mnozstvi materialu pro imunohistochemické a eventualné i molekularni
vySetieni [49]. Riziko vzniku implantaénich metastaz v pribéhu punkéniho kanalu je
minimalni a benefity biopsie zcela jednoznacné pfevysSuji potencionalni rizika [50, 51].
Provedeni laparoskopické nebo oteviené biopsie je pfisné kontraindikované, nakolik
zpusobuje kontaminaci operacniho pole, ni¢i pfirozené anatomické vrstvy, a stejné
umozrfiuje odbér jen povrchové Casti tumoru, takze u tumorl se silnym pouzdrem
jsou odbéry nevalidni. Navic vyrazné sniZzuje moznost adekvatniho a

radikalniho
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chirurgického vykonu. Ke stagingu onemocnéni se pouziva CT hrudniku, bficha a malé

panve [52].

Chirurgicka léCba je zakladni modalitou terapie u sarkomu retroperitonea [53].
Uziti neoadjuvantnich modalit u primarné resekabilniho nadoru v sou€asné dobé nema
sveé opodstatnéni v datech. Mozné je ovSem vyuziti neoadjuvantni radioterapie u dobfre
diferencovaného liposarkomu a low-grade dediferencovaného liposarkomu [54]. UZiti
neoadjuvantni chemoterapie je na zvazeni kupfikladu u v retroperitoneu vzacné se
vyskytujiciho synovialniho sarkomu [55]. DalSi adekvatni moznosti vyuZiti
neoadjuvantni terapie je zlepSeni lokalni operability, jako jsou vyuZiti chemoterapie u

LMS vychazejiciho z vena cava inferior [56], nebo radioterapie u SFT [57].

Rozsah chirurgické resekce je znacné ovlivnén histologickym typem sarkomu.
Obecné Ize ale deklarovat, Ze cilem vykonu by mélo byt en-blok kompletni odstranéni
tumoru se vS8emi okolnimi adherujicimi organy, i pokud tyto nejsou makroskopicky
infiltrované [53]. U liposarkoml jsou preferované kompletni exenterace celého
retroperitonea, nakolik rozliSeni dobfe diferencované komponenty od normalniho tuku
muUze byt obtizné a zavadéjici a pfi podhodnoceni situace muze vést k odstranéni
jenom dediferencované Casti s ponechanim dobfe diferencované ¢asti nadoru v téle
pacienta [58, 59]. Na druhou stranu LMS nebo SFT jsou pomérné dobfe odliSitelné od
okolni tkané a u téchto histologickych podskupin je na misté zvaZovani méné
radikalnich resekcnich vykonu [60]. Operacéni skupinu by proto mél vést chirurg
zku$eny v problematice sarkomu, na jehoz zkuSenosti zalezi prezervace nebo nutnost

resekce organu a neuro-vaskularnich struktur [61].

Paliativni debulking ma limitovany benefit pro pacienta s potencialné vyraznymi
riziky, a proto by mél byt indikovan pfisné selektivné na zakladé multidisciplinarniho

rozhodnuti [62].
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1.2 Role imunitniho systému v Ié¢bé nadort

1.2.1 Zaklady imunitniho systému

Imunitni systém je zakladnim mechanizmem slouzicim k udrzovani homeostazy
[63]. Ma nezastupitelnou roli v obranyschopnosti pfed zevnimi patogeny, zajiStuje
autotoleranci vlastnich tkani a imunitni dohled nad vnitfnimi a vnéjSimi Skodlivinami
[64]. Soucasti imunitniho systému jsou primarni a sekundarni lymfatické organy [65].
Mezi primarni lymfatické organy patfi kostni dfen a thymus. Jedna se o mista vzniku,
diferenciace a vyzravani imunitnich bunék [66]. Sekundarni lymfatické organy jsou
mista, kde probihaiji hlavni faze antigenné specifickych imunitnich reakci, a patfi k nim
slezina a lymfatické uzliny [67]. V lidském téle obecné funguji dva imunitni typy
imunitnich reakci, které vzajemné kooperuji a u€astni se obrany proti patogennim
mikroorganismum, ale také proti maligné transformovanym burikam [68]. Jednim z
téchto typu imunitnich reakci je reakce slozek pfirozené imunity, ktera je fylogeneticky
starsi, v organizmu je pfitomna jiz pfi styku s antigenem, reaguje rychle, ovéem nema
schopnost imunologické paméti [69]. Adaptivni imunita, ktera se aktivuje az po styku s
antigenem a postupné vyzrava, reaguje plné az v prubéhu nékolika dni, avSak ma
schopnost tvorby imunologické paméti, coz umozruje mnohem efektivnéjsi obranu pfi
opakovaném setkani s antigenem [70, 71]. Soucasti pfirozené imunity jsou bunécné
slozky a humoralni slozky. Mezi bunééné slozky fadime fagocytujici buriky a pfirozené
lymfoidni bufiky a mezi humoralni slozky patfi komplement, interferony, lektiny a jiné
sérové proteiny [69]. NejdllezitéjSi slozkou pfirozené imunitni odpovédi v
protinadorovém boji jsou takzvané natural killer (NK) buriky, které jsou schopné bez
pfedchozi aktivace Ci diferenciace cilené usmrtit nadorovou bunku [72]. DalSi bunky

pfirozené imunitni odpovédi, jako jsou napfiklad neutrofilni leukocyty €i makrofagy,
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mohou za urcitych okolnosti pomahat eliminaci nadoru, jindy vSak svym pUsobenim
nadorovy rust podporuji [73]. Hlavnimi pfedstaviteli adaptivni imunitni odpovédi jsou
B-buriky a T-bunky [71]. B-buriky svoji tvorbou protilatek chrani prfed bakteriemi a
extracelularnimi patogeny, ovSem mohou se podilet i na patologickych stavech, jako
jsou napfiklad alergické reakce nebo autoimunitni onemocnéni [74]. T-buriky
predstavuji nejvyznamnéjsSi ochranu pred viry, intracelularnimi patogeny a malignimi
buikami [75]. Detailni studium T-bunék odhalilo nékolik podtfid T-buné€k a jejich
fenotypické a funkéni vlastnosti se mohou znaéné liSit v zavislosti na vyvolavajici
CD4* T-bunky, a cytotoxické, CD8* T-bunky [75]. Cytotoxické CD8* T-burky jsou v
nadorovém mikroprostfedi nejdllezitéjSimi efektorovymi burikami pravé diky své
schopnosti efektivné eliminovat cilovou buriku prostfednictvim indukce apoptézy Ci
prostifednictvim produkce cytolytickych cytokind. CD4* T-bunky naproti tomu obsahuji
i populaci takzvanych T-regulaCnich bunék, které jsou schopné pusobit
imunosupresivné, a nadorovy rust tedy podporuji [75, 76]. Na Obrazku €.5 Ize vidét

nejcastéjsSi populace imunitnich bunék nachazejici se v nadorovém mikroprostredi.
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Obrazek €.5. Nadorové mikroprostiedi z hlediska imunitnich infiltrata

ZjednoduSeny model znazorriujici schematicky nej¢astéjsi populace imunitnich bunék
nachazejicich se v nadorovém mikroprostfedi. CD8* T buriky predstavuji hlavni
efektorovou buriku adaptivni imunitni odpovédi, ktera je schopna po aktivaci
prostrednictvim svého povrchového receptoru eliminovat nadorovou buriku.
Dendriticka burika kooperuje s CD4* T burikou za ucelem predavani informaci o
nadorovych antigenech. Ostatni buriky nadorového mikroprostfedi se li§i svymi
cytotoxickymi schopnostmi a mohou selektivné likvidovat buriky s nizkou expresi MHC
. typu (NK buriky), fagocytovat (makrofagy, neutrofilni leukocyty) Ci vyuZivat

specializovana granula nebo ucinek extracelularnich siti (neutrofilni leukocyty).

Obrazek byl vytvofen s vyuZitim softwaru BioRender (ref.¢. WB24XJQDS57).
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1.2.2 Nadorové mikroprostredi

Nadorové mikroprostfedi se tradicné déli na nadorovy parenchym, tvoreny
maligné transformovanymi bufikami vychazejicimi z pdvodniho organu ¢i tkané, a
nadorové stroma, které je tvofené nejen bunkami pojiva, ale téz bunkami imunitnimi
[77]. V poslednich letech se pozornost vyzkumu v protinadoroveé terapii obratila pravé
na buriky stromatu a nyni existuji terapie, které cilené ovliviiuji nadorovou angiogenezi,
proces metastazovani nebo imunitni buriky v nadoru [78]. Pojem tumor-infiltrujici
lymfocyty (TILs) byl zaveden pro populaci bilych krvinek, ktera opustila periferni krevni
feCisté a vcestovala do nadorového mikroprostredi [79]. AC je v nadoru celé spektrum
imunitnich bunék, jako jsou napfiklad NK burky, makrofagy, neutrofilni leukocyty nebo
dendritické buriky, pojem TILs je Casto uzivan prfedevSim pro heterogenni skupinu

CD4* a CD8" T-bunék, které maiji téz nejvétsi vztah k prognéze pacienta [79].

Korelace dobré prognézy s mirou lymfocytarni infiltrace byla jednoznacné
zjiSténa u karcinomu prsu, plic nebo ovarii [80-82]. Zajimavou vyjimku tvofi karcinom
ledviny, u néhoz se stoupajicim poctem infiltrujicich T-bunék byla pozorovana horsi
progndza, zatimco vysoka infiltrace nadoru NK burikami byla asociovana s
dlouhodobéjsim prezitim [83, 84]. Rozporuplné nalezy v této oblasti zdurazriuji nutnost
studia fenotypu a funkce TILs, protoze samotné pocCty nemuseji mit vypovidajici
hodnotu. U sarkomU mékkych tkani nebylo nadorové mikroprostiedi doposud pfilis
popsano. Studie jsou limitovany nejen relativné nizkou infiltraci sarkomd imunitnimi
burikami, ale téz vzacnosti a vysokou histologickou heterogenitou sarkomu, ktera brani
designu velkych observacénich studii [85]. Dnes pfedpokladame, Ze nejvyznamnéjsi
imunitni populace mékkotkarnovych sarkomu jsou T-buriky, NK bunky, makrofagy a T-

regulacni buriky. Makrofagy byly dokonce oznaceny nékolika studiemi za nejpoCetné&jsi
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skupinu bunék infiltrujicich nadorové mikroprostiedi u STS [85]. T-buriky v sarkomech
maji rizny fenotyp a jejich mnozstvi se vyznamné liSi v zavislosti na histologickém typu
sarkomu. Napfiklad v pfipadé liposarkomud je WDLPS relativné vysoce infiltrovan T-
burikami, zatimco MLPS ma infiltraci témé&F nulovou, a neni tedy vhodnym kandidatem
pro imunoterapii checkpoint inhibitory [86]. Pravé zastoupeni imunitnich infiltrata v
nadorech vyznamné ovliviiuje to, jaky typ imunoterapie Ize aplikovat. DalSim aspektem
nadorového mikroprostiedi je pfitomnost tumor-specifickych antigent (TSA) [87]. Je-li
definovan néjaky TSA, je mozné vytvofit imunoterapii cilené proti danému antigenu.
VétSina modernich imunoterapii primarné cili na obnoveni efektovych funkci T-bunék
[88]. Jsou-li totiz T-bunky dlouhodobé vystaveny stimulaci antigenu, dochazi u nich k
utlumu efektorovych funkci, ktery je charakterizovan snizenim prolifera¢ni a cytolytické
kapacity a zvySenou expresi inhibi¢nich molekul, jako jsou napfiklad PD1, LAG-3, TIM-
3 nebo CTLA-4 [89]. Tento stav a s nim souvisejici bunéény fenotyp nazyvame funkéni
vyCerpani [90]. VyCerpani T-bunék je velmi typické pro nadorové mikroprostredi,
nejedna se ovSem o stav nevratny [90]. Pravé imunoterapeutické pfistupy cilené na
prfekonani imunologického vyCerpani v nadorovém mikroprostfedi jsou nyni prvni linii

|&éCby celé fady metastatickych solidnich tumort [91].

Zatimco role NK bunék a CD8* T-bunék je Siroce popisovana v kontextu dobré
progndzy u pacientl s vysokou infiltraci nadorového mikroprostiedi témito burikami,
makrofagy a jejich role v nadorech jsou zna¢né kontroverzni [92]. Ukazalo se, ze
vlivem nadorového mikroprostiedi mize dojit k pfesmyku fenotypu makrofagu a ty se
stavaji pro-tumorigenni [92, 93]. Jejich role pak spociva predevSim v tvorbé
profibrogennich faktort a tedy pomahani v tvorbé ucinné fibrotické bariéry, ktera brani
nejen vstupu imunitnich bunék do nadoru, ale téz vstupu imunoterapii [93]. Makrofagy

se zdaji byt nejCetnéjSi populaci v STS, ovSem jejich role neni zdaleka objasnéna [94].
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Soucasné dodnes nejsou v klinickych studiich u STS testovany terapie zamérené na

podporu protinadorového pusobeni makrofagu [85].
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1.2.3 Protinadorova imunoterapie

Imunoterapie nadorovych onemocnéni se stala revolu¢nim pfistupem v lécbé
onkologickych pacientl [95]. Vyznam tohoto pfistupu je zfejmy i z Nobelovy ceny, ktera
byla udélena v roce 2018 za objev takzvanych checkpoint inhibitord, které jsou nyni
prvni linii 1éCby celé fady metastatickych nadort [96]. Imunoterapie ma vice nez
stoletou tradici a pfekvapivé prvni nadorové onemocnéni, které bylo v historii [é€eno
imunoterapii, byl mékkotkanovy sarkom [97, 98]. Prvni imunoterapeutické pfistupy
spocivaly v inokulaci streptokoka do mista tumoru a umélém vytvoreni erysipelu v této
lokalité. Infekce vedla k masivnimu naboru imunitnich bunék do mista sarkomu a u
vybranych pacientt doslo k regresi nadorové hmoty [97]. Tento pfistup mél bohuzel jiz
v dobé svych pocatkl spoustu odplrcl a vzhledem k riziku systémové reakce spojené
s umélym vyvolanim infekce v misté nadoru doslo postupné k upusténi od tohoto
imunoterapeutického pfistupu [99]. V dnedni dobé délime imunoterapeutické pfistupy
dle rGznych kritérii, z nichz jednim z nich je to, nakolik imunoterapeuticky pfistup
nespecificky stimuluje cely imunitni systém nebo specificky ovliviuje jednu bunéénou
skupinu [100]. Do nespecifickych stimulatort fadime napfiklad BCG vakcinu, ktera
stale predstavuje vyznamny pfistup pro Ié¢bu karcinomu mocCového méchyre, a dale
jsou to napfiklad cytokiny, jejichz podavani je nyni vazano pfedevsim na kombinace s
jinymi terapiemi [101, 102]. Pfedmétem specifickych imunoterapii se staly pfedevsim
T-bunky. T-buriky Ize ovlivnit pfimo aplikaci monoklonalnich protilatek, které brani
jejich funkénimu utlumu, nebo vyjmutim T-bunék z téla pacienta a jejich ex vivo
modifikaci [103, 104]. NejrozSifenéjSim a technologicky jednodu$sim pfistupem je
aplikace monoklonalnich protilatek, které se vazi na inhibiéni receptory T-bunék.
Témto protilatkdm se fika checkpoint inhibitory [103]. Checkpoint inhibitory zasadné

zmeénily prognézu pacienttd s diagnézami, jako jsou napfiklad maligni melanom,
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metastaticky karcinom plic nebo karcinom ledviny [105-107]. Diky své schopnosti
zredukovat i vzdalené metastazy se staly prvni linii Ié€by mnoha metastatickych
nadorovych onemocnéni, ovSem existuje i nékolik uskali, ktera tuto terapii doprovazeji.
Prvnim uskalim je omezené mnozstvi pacientu, ktefi na tuto terapii reaguji [108]. V
tuto chvili se zda, Ze u vybranych diagnéz je pozitivni odpovéd na terapii okolo 25 %
pacientul, zatimco u zbylych pacientu je klinicky pfinos minimalni [109]. Snahou vétSiny
soucasnych studii je tedy modulace nadorového mikroprostredi tak, aby bylo zvySeno
procento pacientl, ktefi na lécbu odpovédi [110]. Druhym uskalim je vyskyt
autoimunitné podminénych nezadoucich reakci, které se ukazaly byt novinkou ve
svété onkologie a jejichZ management spociva pfedevsim v nutnosti imunosupresivni
terapie [111]. Presto jsou checkpoint inhibitory vyznamnou soucasti moderni 1éCby
nadorovych onemocnéni a jejich zaclenéni do Ié€ebnych algoritmU je zadouci.

DalSi imunoterapeutické pfistupy jsou napfiklad adoptivni T-buné&ny transfer Ci
terapie prostfednictvim CAR T-bunék [104, 112]. V obou pfipadech jsou opét teréem
|éCby T-bunky. V pfipadé adoptivniho transferu jsou T-burky izolovany z periferni krve
nebo z nadoru pacienta, v laboratofi nasledné mnozeny do obrovskych poctu,
purifikovany, za pomoci dendritickych bunék stimulovany nadorovymi antigeny a
nasledné injikovany zpét pacientovi [104]. Adoptivni transfer je vysoce
personalizovanou léCbou, ktera je nyni pfedmétem klinickych studii. Pro klinickou praxi
byly jiz schvaleny takzvané CAR T-bunky, a to pfedevsim pro |é€bu hematologickych
malignit. CAR T-buriky jsou geneticky modifikované T-buriky, na jejichz TCR receptor
je navazana monoklonalni protilatka, aby k vazbé a aktivaci T-bunky dochazelo bez
nutnosti MHC molekul, které jsou jinak pro aktivaci T-buriky nezbytné [112]. CAR T-
bunky pfedstavuiji pralom v [é€bé akutni leukémie, a i pfes jejich vysokou efektivitu je

jejich iroké uzivani limitovano cenou pfipravku [112, 113].
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Pro solidni tumory se tedy zda byt metodou volby terapie checkpoint inhibitory
at uz v monoterapii, ¢i v kombinované lécbé [114]. Data naznacuji, ze checkpoint
inhibitory v kombinacich vykazuji vySSi u€innost nez v monoterapii, a dokonce nékteré
systémoveé terapie, jako jsou napfiklad chemoterapie Ci radioterapie, zvySuji citlivost

nadord k u€inkim imunoterapie [115].
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2 HYPOTEZA A CILE

Cilem této prace bylo poskytnout detailni pohled na nadorové mikroprostfedi riznych
podtypu sarkomu mékkych tkani a definovat faktory, které jsou asociované s klinicko-
patologickymi charakteristikami konkrétnich malignit, za u€elem rozSifeni znalosti o

tomto vzacném nadorovém onemocnéni.

NasSe primarni hypotéza pfedpokladala, Ze imunitni infiltrace mékkotkanovych
sarkomU zavisi na histologickém podtypu nadoru a ze vétSi mnozstvi klinickych
parametrd, jako jsou napfiklad lokalita nadoru nebo chirurgické komplikace, ma vliv na
riziko lokalni recidivy a generalizace. Vytvorfili jsme pfehled v8ech dostupnych
informaci o nadorovém mikroprostfedi mékkotkanovych sarkomu, detailné jsme
zkoumali histologickou entitu zvanou solitarni fibrézni tumor a v neposledni fadé jsme
vytvofili in vitro podminky pro testovani rliznych typld imunoterapie u vybranych

pacientd s mékkotkanovym sarkomem.
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3 METODIKA

Popis konkrétnich metodik je soucasti publikovanych praci.

Metody strukturované:

a) Prace s klinicko-patologickymi daty

Pro ucely hodnoceni biologického chovani nadoru, jeho potencialu k zakladani
metastaz a rizika lokalnich recidiv jsme ziskavali z centralni databaze Fakultni
nemocnice Motol UNIS data o histologickém typu nadoru a jeho platny grade a stage.
Z pacientskych dat jsme dale retrospektivné dohledali v naSich peclivé vedenych
kohortach zaznamy tykajici se operacnich komplikaci, poCtu chybnych diagnoz,
pfedchozi dispenzarizace na jinych pracovistich, ale i stéZejni klinické proménné, jako
jsou vék &i pohlavi pacienta. Soubory klinickych dat byly anonymizovany a vSechny
identifikovatelné odkazy na jednotlivce byly odstranény. Tento vyzkum probihal se

souhlasem Etické komise.

b) lzolace tumor-infiltrujicich lymfocytua (TILs)

Tumor-infiltrujici lymfocyty byly izolovany bezprostfedné po operaci z nativnich
tumord po jejich vyjmuti z téla. Tato izolace probihala za pomoci mechanického
rozruSeni tkané nuzkami a nasledné kultivaci tkanovych fragmentt za pritomnosti
enzymU degradujicich extracelularni matrix. Tento postup umoznil rozruseni tkané a
nasledné pasirovani tkarniové suspenze pres sto mikrometri bunééné sito umoznilo

ziskani bunécné suspenze s tumor-infiltrujicimi lymfocyty.
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c) Kultivace TILs a méreni jejich aktivity

U vybranych pacientl jsme ziskané TILs kultivovali in vitro za pfitomnosti
terapeutickych monoklonalnich protilatek. Doba plsobeni terapeutik Cinila zpravidla 24
hodin. Cytotoxické schopnosti bunék byly testovany nepfimo prostfednictvim produkce

cytotoxickych cytokin v buné&nych suspenzich.
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4 VYSLEDKY A DISKUZE

V této kapitole budou predstaveny vysledky vyzkumu formou komentaru k
publikovanym ¢&lankim. Jednotlivé vystupy této prace byly publikovany v odbornych
impaktovanych Casopisech s recenznim fizenim a zasadné rozSifily znalosti o
problematice  diagnostiky, terapie a analyzy nadorového mikroprostredi
mékkotkanovych sarkomu. Vysledky jsou diskutovany v kontextu pfedpokladanych cilt

a dosavadnich informaci k problematice.

PIné znéni védeckych praci je pfilozeno za kazdym komentafem.

41



4.1 ,Diagnostic challenges and treatment options in patients with solitary

fibrous tumor: A single-center observational study*“
OZANIAK A, HLADIK P, LISCHKE R, STRIZOVA Z.

Front Surg. 2022 Aug 31;9:952463. doi: 10.3389/fsurg.2022.952463.

Solitarni  fibrézni  tumor (SFT), v minulosti také oznaCovan jako
hemangiopericytom, je vzacny mezenchymalni nador s incidenci jenom kolem 2
pfipadd na 1 000 000 lidi rocné. Nékteré podtypy SFT se vyznacuji malignim
metastatickym potencialem. SFT patfi k pomalu rostoucim nadoriim, které se mohou
vyskytovat kdekoliv na téle. Klinicky se prezentuji pfedev§im symptomy z pusobeni
tlaku primarniho nadoru nebo metastazy v sousednich tkanich. NejCastéji se vyskytuji

v oblasti hrudniku.

V nasi studii jsme sdileli nasSe klinicko-patologické zkuSenosti s osmnacti
pacienty s touto vzacnou diagnézou. Studie zahrnovala pacienty operované v letech
2014-2021. Median sledovani byl 36 mésicu. U 17 % nasich pacientl se predoperacni
diagnéza neshodovala s pooperaéni histologii. Cetnost chybnych diagnéz byla proto
znacné vysoka, avSak korelovala s dfive publikovanymi studiemi. Pozorovali jsme
vy$Si riziko lokalni recidivy u pacientu, ktefi na naSem oddéleni podstoupili operaci pro
recidivujici SFT, nez u pacientu, ktefi podstoupili operaci primarni SFT (2/10 versus
4/6). Pooperacni komplikace byly spojeny s mimohrudni lokalizaci SFT. Pacienti s
koncetinovou lokalizaci solitarniho fibrézniho tumoru méli obecné nejlepsi prognézu a
Zadné znamky recidivy €i metastaz ve sledovaném obdobi. Tato zjiSténi v8ak byla
omezena poctem ucastnikl studie a jejich relevance bude vyzadovat ovéreni dalSim

vyzkumem. Pacienti, ktefi vstupovali do studie jiz s recidivou solitarniho fibrézniho
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tumoru, vykazovali signifikantné vy3Si Sanci k dalSi recidivé (67 %) a k systémové

progresi doslo u 33 % pacientu, ktefi byli pfijati a Ié€eni pro recidivujici SFT.
Zakladem |éCby u lokalizovaného SFT zUstava radikalni operace, kde je ziskani

negativnich resekénich okraji nejdulezitéjSim faktorem prevence recidivy

onemocnéni. Dosazeni radikalni resekce s mikroskopicky negativnim okrajem muze

byt svizelna v disledku pFitomnosti kritickych anatomickych struktur.

Samotna radioterapie muze vyznamné zlepSit celkové preziti pacientll a
kombinace chirurgického vykonu a radioterapie signifikantné snizuje riziko lokalni
recidivy. Domnivame se, Ze soucasti sofistikovaného terapeutického schématu u SFT
by méla byt multimodalni terapie, jejiz sou€asti by mély byt také cilené terapie a
imunoterapie. V souCasné dobé je tfeba navrhnout nové klinické studie zamérené na

léCbu této vzacné choroby.
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Introduction: Solitary fibrous tumor (SFT) is an extremely rare disease with a
high misdiagnosis rate and a potentially malignant biologic nature. We have
collected and analyzed data from 18 SFT patients to provide a deeper insight
into this uncommon disease entity.

Methods: In our study, 18 patients who had undergone surgery between April
2014 and December 2021 for the diagnosis of SFT were evaluated. The
collected data for each patient included the location of the SFT, the
preoperative diagnosis, the definitive histological diagnosis, the presence of
postoperative complications, the time of recurrence, the time of systemic
progression, the type of treatment, and the survival rate. The median follow-
up was 36 months.

Results: In three patients, the preoperative diagnosis did not correlate with the
definitive histology of SFT. In patients with the limb location of SFT, no signs of
recurrence nor distant metastases were seen within the study period. In total,
50% of the postsurgical complications were associated with the abdominal
location of the SFT. In newly diagnosed SFT patients, two patients (20%)
developed local recurrence, and the median time until recurrence was 22.5
months. Out of patients that were admitted and operated on for recurrent
SFT, 67% relapsed, and the median time to relapse was 9.5 months. The
systemic progression of the disease was observed in 33% of patients treated
for recurrent SFT.

Conclusion: In our study, the misdiagnosis rate was high and correlated with
previously published studies. Postsurgical complications were associated with
the extrathoracic location of SFT. The mainstay of SFT treatment remains
radical surgery, although radiotherapy alone can significantly improve overall
survival. Clinical trials are urgently needed to evaluate the potential effect of
other treatment modalities, such as immunotherapy and targeted therapy, in
SFT patients.

KEYWORDS

SFT treatment, SFT metastasis, SFT surgery, SFT surgical complications, soft tissue
sarcoma, pseudosarcomatous lesions, sarcoma misdiagnosis, solitary fibrous tumor
recurrence
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Introduction

Solitary fibrous tumors (SFTs) are rare fibroblastic
mesenchymal neoplasms that arise in various anatomic
locations (1). Due to similarities to other soft tissue tumors,
SFTs can often be difficult to diagnose and treat (2). The
biological behavior of SFT's is uncertain; nevertheless, metastatic
potential has already been observed (1). In previous studies,
most SFTs were shown to be associated with an indolent
clinical course but also displayed patterns of distant metastases
in up to 40% of patients at 10 years of follow-up (3-5).
Moreover, relapse-free survival in a follow-up period of
approximately 20 years was reported to be less than 20% (5).
Several risk classification models were created and eventually
proven as accurate in predicting the risk of disease recurrence
(6-8). The established risk factors mostly included disease-
specific features, such as tumor size and location, mitotic count,
and patient’s individual characteristics, such as age and sex (6-8).
In most cases, the size of SFT's ranges from 7 to 10 cm (1).
Size and location are presumably by far the most important
prognostic factors (4). In particular, size greater than 8 cm
was associated with both local and distant recurrences.
Depending on the size, the disease may exhibit nonspecific
symptoms due to the compression of surrounding organs.
However, most SFTs are painless and slow-growing (9).
Extremely rare are parancoplastic syndromes, such as Doege-
Potter syndrome or Pierre-Marie-Bamberger syndrome (10).
SFTs can be divided according to several criteria (1, 2).
Conventional classification divides SFTs according to their
SFTs,

accounting for over 30% of the cases, intra-abdominal SFTs,

location  into  intrathoracic  (pleuropulmonary)
SFTs of the head and neck (intracranial or extracranial) and
SFTs of the soft tissues (1, 2). The importance of disease
location in the patient’s prognosis was pronounced by
multiple studies; however, the aggressive behavior of SFTs has
been mostly associated with two SFTs locations, intrathoracic
and retropetitoneal/intra-abdominal locations (4, 6, 11).

SFT's can also be alternatively classified according to their
histological features (1, 2, 12). Interestingly, it has been shown
that SFT's that lack malignant histological features in primary
resection specimens may still acquire these features at the
time of recurrence (13). The diagnosis of SFT is usually made
upon a combination of imaging techniques, pretreatment
biopsy, and histopathological evaluation (1). Here, we present
the

management of this rare disease in 18 patients.

our single-center experience in treatment and

Materials and methods

To analyze the clinicopathological features of SFTs, all
patients who had undergone surgery between April 2014 and
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December 2021 for the diagnosis of SFT were evaluated. A
total of 18 patients were enrolled in the study and provided
The

participation in the study were the presence of comorbid

written informed  consent. exclusion  criteria  for
malignant conditions, unclear primary diagnosis, refusal to
give informed consent, age <18, and pregnancy at the time of
study initiation. However, none of the study participants met
the exclusion criteria. Of the 18 study participants, 10 patients
had newly diagnosed SFT without any previous treatment, 6
patients were admitted to our hospital for local recurrence of
SFT, and 2 patients were admitted for a single metastasis of
SFT. In recurrent/metastatic SFT, data regarding the previous
SFT of

petioperative/postoperative complications, were not evaluated.

operation, including radicality resection  and

The patients’ clinicopathological data, including sex, age,
preoperative and postoperative histology, and the provided
therapy, were collected and analyzed. In patients who were
surgically treated, the status of the resection margins was
documented. The median age of our patients was 55 years,
ranging from 33 to 80 years. The female:male ratio was 10:8.
The collected data for each patient included the location of
the SFT,

diagnosis, presence of postoperative complications, time of

preoperative  diagnosis, definitive  histological
recurrence, time of systemic progression, systemic treatment
given, and the survival rate. All patients’ data are summarized
in Table 1. Statistical analysis was performed by GraphPad
Prism 6 (GraphPad, La Jolla, CA) and Microsoft Excel
(Microsoft for Windows, 2013). P < .05 was considered
significant. For graphical presentation, Microsoft Excel and

BioRender software were used.

Results
Preoperative misdiagnosis rate is high

Owing to the complexity of histological features exhibited
by SFTs, we aimed to evaluate the misdiagnosis rate in our
three (16.67%) of our patients, the

preoperative diagnosis did not correlate with the definitive

study cohort. In

histology of SFT. These three patients were primarily

diagnosed with synovial sarcoma, pleural and

(PNST). Thus,

indicate that the preoperative diagnosis of SFT may cause

tumor,
peripheral nerve-sheath tumor our data
difficulties, and therefore, the initial step in the differential
diagnosis should contain the exclusion of other disease
entities, such as sarcoma, gastrointestinal stromal tumor
(GIST), and other diseases, as shown in Figure 1. Since
biopsy highly contributes to the diagnostic process, in 12
(66.67%) of our SFT patients, a preoperative biopsy was
Six  (33.33%) did

preoperative biopsy, mainly due to the medical history of

performed. patients not undergo

previous SFT at the same location.
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TABLE 1 Data associated with the provided surgery and the outcome
of the patients.

Clinical data of the patients

Age, median (range) 55 (33-80)

Sex
Female 10 (55.56%0)
Male 8 (44.44%)
Primary site
Intrathoracic 14 (77.78%)
Intra-abdominal 2 (11.11%)
SFT of soft tissues 2 (11.11%)

Operation
Primary SFT 10 (55.56%0)

Locally recurrent SFT 6 (33.33%)

Systemic SFT 2 (11.11%)
Radicality

RO 17 (94.44%)

R1 1 (5.56%)

R2 0 (0%)
Complications

Bleeding 3 (16.67)

Infection 1 (5.56%)

Without complications 14 (77.78%)
Local recutrence

Primary SFT 2 (20%)

Recurrent SFT 4 (66.67%)

Systemic SFT 0 (0%)
Systemic progression

Primary SFT 1 (10%)

Recurrent SFT' 2 (33.33%)

Systemic SFT 0 (0%)

Follow-up, median (range) 36 (5-72)

SFT, solitary fibrous tumor.

Intrathoracic SFTs are more frequent than
extrathoracic SFTs

The surgical management of SFT depends on the anatomic
location of the tumor (12, 14, 15). Several locations of SFT's have
been reported, including the salivary gland, larynx, orbits, liver,
and pancreas (15). In our study of 18 SFT patients with a
14 (77.78%) patients had an
intrathoracic location of the tumor, 2 patients (11.11%) had
an abdominal location, and 2 (11.11%) patients had an SFT

median age of 55 vyears,

located in the lower extremities (Figure 2, upper left and
upper right section, created with BioRender.com, No.
JV244CL242). In patients with limb location of SFT, neither
signs of recurrence nor distant metastases were observed
within the study period. The clinical

same course was

observed in one of the patients with an abdominal location of
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SFT. The second patient with an abdominal location of SFT
died of an unknown cause 5 months after the surgical
of SFT
the

incidence of SFTs in the intrathoracic area was higher than

treatment; however, there were neither signs

recurrence nor systemic progression. In our study,
that of those in other locations, which was in accordance with
the study by Zhanlong et al. evaluating diverse SFT locations

in 20 patients (10).

Complete surgical excision leads to long-
term survival

In SFT, surgery is the leading treatment option for localized
disease (12, 15). The surgical management is similar to that of
soft tissue sarcomas, and thus, obtaining negative resection
margins is crucial (1, 12, 15).

In all 18 patients enrolled in our study, surgical resection
was provided. Fach surgery was performed by a specialist in
oncologic surgery and assisted by a specialized thoracic/
abdominal surgeon. Negative resection margins were achieved
in 17 (94.44%) out of 18 patients. Although it has already
been shown that a complete surgical excision leads to long-
term survival, in one of our patients, the complete surgical
resection was not accomplished (1, 12, 15). In this patient, the
main tumor mass required a 10-cm resection of the sixth and
seventh rib. However, with the further progress of the
operation, multiple foci on the parietal, mediastinal, and
diaphragmatic pleura were observed and led to a termination
of the operation after a multidisciplinary assessment. In this
patient, only the largest tumor mass, which was firmly fixed
to the chest wall, was resected.

Even though local recurrence and seeding of the tumor on the
peritoneal or pleural surface have been reported to have a
significant association with the positive resection margins, in
our study, the patient with positive resection margins did
neither exhibit signs of recurrence nor distant metastases within
the study period (26 months follow-up) (14). This was in
contrast with the data of previously published studies (1, 12, 14).

Surgical complications were mostly
associated with the extrathoracic location
of the SFT

Our previous observations prompted us further to
investigate the surgical complications in our study cohort. A
postsurgical complication occurred in 4 patients (22.22%) out
of 18 study participants. Three complications were of
hemorrhagic origin. One was an infectious complication. Two
(50%) of the four documented complications were associated
with the abdominal location of the SFT. The extrathoracic

location of the SFT was shown by multivariate analyses to be
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FIGURE 1
Solitary fibrous tumor (SFT) and disease overlap. SFT often causes difficulties in diagnosis and treatment. Due to a clinicopathological overlap,
misinterpretation of other diseases may lead to incorrect diagnoses in patients with SFT. The diseases displaying the most similar patterns to SFT
are sarcoma, gastrointestinal stromal tumor (GIST), mesothelioma, desmoid, benign mesenchymal tumor, dermatofibrosarcoma protuberans,
carcinoma, and pseudosarcomatous lesions.

an independent indicator of increased risk of disease recurrence
(14). However, in our study, neither a tendency toward
increased mortality toward disease
observed in abdominal/limb SFTs.

The incidence of surgical complications in cach patient

nor recurrence  was

together with the clinicopathological data of the study
participants is graphically presented as a heatmap (Iigure 3).

Patients treated for recurrent SFT tended
to relapse more often and earlier than
patients with newly diagnosed SFT

In our cohort, we evaluated patients with local recurrence
and patients with systemic progression to investigate the risk
factors associated with these findings. Overall, the study
participants with primary SFTs that were treated at our
department had a low rate of systemic progression after
surgical treatment. Out of 10 patients who underwent
surgery for primary SFT, 2 (20%) patients developed a local
recurrence and 1 (10%) patient presented with a systemic
progression of the disease, as shown in Figure 2, lower
right section. The systemic progression occurred 13 months
after the surgery. Out of 6 patients who were admitted and
operated on at our department for local recurrence of SFT,
4 (66.67%) patients presented with another episode of local
SFT and 2
(33.33%) patients developed distant metastases (Iigure 2,

recurrence after being surgically treated,

lower right section). The presence of metastases was

associated with previous local recurrence. Two out of 18
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patients who were admitted and operated on for metastatic

disease did neither develop local recurrence nor distant
metastases and remained disease-free in our study at 12 and
22 months. In patients who developed systemic progression
within the study period, metastases of SFT were observed in
the thorax (n=2) or in both the thorax and abdomen (n =
1). The age of the patients did not correlate with the risk of
the
shown 4 (created with BioRender.com, No.
JW23XVB7UY), patients who were admitted and operated
on for recurrent SFT (6 out of 18) tended to relapse more
(66.67%)

from 5 to 19 months) than patients operated on for newly

local recurrence nor with systemic progression. As

in  Figure

often and earlier (median 9.5 months, ranging
diagnosed SFT, where only 20% of the patients had local
recurrence and the median time until disease recurrence
was 22.5 months. Systemic progression of the disease was
observed in 33.33% of patients who underwent surgery for
recurrent SFT and in 10% of patients with newly diagnosed
SFTs, as shown in Figure 2, lower left section. However, we
admit that our study cohort is rather small due to the rarity
of the disease entity, and therefore, further investigation is

needed.

Radiotherapy, targeted therapy, and
immunotherapy reveal a great potential in
the treatment of SFT

Chemotherapy can be given in both neoadjuvant and

adjuvant settings; however, it has only limited efficacy in
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(33.33%) patients developed metastases.

Study cohort: age
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Prognostic differences between primary and recurrent SFT

A schematic diagram presenting the proportions of patients with disease
recurrence/ systemic progression

Systemic Progression @

Prognostic variables and selected observations of the study cohort. The upper left section is a schematic diagram presenting the proportions of
patients with intrathoracic (78%), intra-abdominal (11%), and limb location (11%) of solitary fibrous tumor (SFT). The upper right section presents
the age range and age median of the study cohort. The lower left section shows that systemic progression of the disease was observed in
33.33% of patients who underwent surgery for recurrent SFT and in 10% of patients with newly diagnosed SFTs. Patients that were admitted and
operated on for recurrent SFT tended to relapse earlier. The lower right section is a schematic diagram presenting the number of patients with
disease recurrence/systemic progression. Out of 10 patients surgically treated for primary SFT, 2 (20%) patients developed local recurrence, and 1
(10%) patient presented with the systemic progression of the disease. Out of 6 patients who were admitted and operated on at our department
for local recurrence of SFT, 4 (66.67%) patients presented with another episode of local SFT recurrence after being surgically treated, and 2
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the treatment of SFT' (I, 17). The supetior efficacy of one
approach over another (neoadjuvant/adjuvant) has not been
reported. None of our patients received neoadjuvant
chemotherapy. One of our patients received chemotherapy
in an adjuvant setting after the failure of other therapeutic

modalities. This patient died one year after the initial

diagnosis.
Unfavorable tumor behavior serves as an indication
of radiotherapy administration. Two of our patients

received adjuvant radiotherapy after a local recurrence of
the disease. One of the patients is still disease-free at
26 months after the initial diagnosis. The second patient

died 39 months after the initiation of radiotherapy.
None of our patients received targeted therapy or
immunotherapy.
Frontiers in Surgery
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Discussion

SFTs are rare mesenchymal tumors with a risk of local
recurrence and a metastatic potential (I, 2). Although SFTSs
have been reported at almost every anatomic site, the
intrathoracic location is the most prevalent one (18). SFTs
belong to slow-growing tumors but may eventually cause
pressure on the adjacent tissues (19). In our study, we shared
our experience with 18 SFT patients.

Our data indicated that the preoperative misdiagnosis rate
was high and corroborated that of previously published
studies by Chu et al. and Kim et al. (20, 21).

In 17% of our patients, the preoperative diagnosis did not
match the postoperative histology. Thus, our findings were in

accordance with a previously published study on high
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FIGURE 3

Clinical data heatmap. Eighteen patients underwent surgical treatment between April 2014 and December 2021 for the diagnosis of solitary fibrous
tumor (SFT). Clinical data, including age, sex, tumor location, and disease recurrence/systemic progression, are visualized in a heatmap. The color
intensity shows the magnitude of a selected phenomenon.
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FIGURE 4

Time until disease recurrence. Patients with recurrent SFT (B) tended to relapse earlier (median 9.5 months, ranging from 5 to 19 months) than
patients operated on for newly diagnosed SFT (A). The median time until disease recurrence in (A) patients was 22.5 months. SFT, solitary fibrous
tumor.

misdiagnosis rates in SFTs (20). A compelling point of imaging findings of SFT's are similar to those of other blood-

discussion was raised in a study by Hohenforst-Schmidt et al., rich tumors. Hence, to date, the risk of SFT misdiagnosis

revealing the importance of appropriate radiological remains significant (22-24).

examination as a part of the complex differential diagnosis Biopsy highly contributes to the diagnostic process (1, 25,

(22). This, however, still presents a great hurdle since the 26). In our study, the biopsy was not performed in patients
49

Frontiers in Surgery 01 frontiersin.org



Ozaniak et al.

with a previous medical history of SFT. This study group was
directly operated on and included only those with the
intrathoracic location of SFT. Saynak et al. suggested that a
(VATYS) be

approach  to precise

video-assisted  thoracoscopic biopsy  may

considered an  optimal obtain a
preoperative diagnosis (24). However, VAST biopsy is mostly
supetficial and thus, may not be sufficient in the diagnosis of
SFT (27). We believe that VATS biopsy is particularly
beneficial for the validation of the possible resectability of the
tumor.

For histological verification, the standard diagnostic
approach should include multiple core needle biopsies,
possibly by using 214-16 G needles. Biopsy in deep-sealed
tumors should be CT navigated and in superficial tumors,
petformed by a Tru-Cut needle. For supetficial tumors
<3 cm, excisional biopsy is the most convenient option (20,
28, 29).

In our SFT patients, we attempted to provide a complete
surgical resection where possible. Negative resection margins
were achieved in 94.44% of the patients. The need for
obtaining negative resection margins stems from the fact that
SFTs have uncertain biological behavior and a high rate of
local recurrences (1, 4, 10).

Nonetheless, the surgical treatment may be difficult due to
the abundant blood supplies that are often seen in SFT's (30).
Wang et al. reported a case of SFT with vessel abnormalities
in the tumor tissue, such as arteriovenous short circuits,
which contributed to portal vein disease (17). Moreover, these
abnormalities were neither obvious in the blood examination,
electrocardiogram examination, nor in the chest radiograph
examination before the laparotomy (17).

We observed a higher risk of local recurrence in patients
who underwent surgery at our department for recurrent SFT
than in patients who underwent surgery for primary SFT. In

our study, the postoperative complications were associated
with the extrathoracic location of the tumor. These findings,
however, were limited by the number of study participants

and required verification by further rescarch. In addition,
previous studies have demonstrated a tendency toward
increased mortality in abdominal SFTs as compared to the
SFTs in the limbs (14). This has not been observed in our study.

The late presentation of abdominal SFT's was discussed as a
factor contributing to a higher mortality (14). We, however, also
comment on the fact that providing a wide surgical excision and
obtaining negative surgical margins is far more challenging in
the abdomen than in the limbs.

Radiotherapy can be given as both neoadjuvant and
adjuvant treatment (1). However, both adjuvant radiotherapy
and chemotherapy are not routinely required in SFTs. In our
the in SFT

treatment should be considered in each patient who has

experience, incorporation of radiotherapy

undergone surgical excision without achieving negative

surgical margins. In our study, two patients were given
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adjuvant radiotherapy, with only one of these patients being
alive at the study termination. We highly support the study
by Haas et al. on the efficacy of radiotherapy in sarcoma
patients and patients with sarcomatous lesions (31). Moreover,
studies have reported a promising efficacy of systemic
therapies, such as bevacizumab, a humanized recombinant
antibody against vascular endothelial growth factor (VEGEF),
together with temozolomide, an alkylating chemotherapeutic
in SFT patients (32). Both pazopanib, an anti-VEGF receptor
agent, and sunitinib, a tyrosine kinase inhibitor, have also
shown potential in SFT treatment (33, 34).

Immunotherapy has not been approved for SFT so far.
However, a single case report of a patient treated with an
anti-PD-1 checkpoint inhibitor has shown remarkable results
(35). The efficacy of different immunotherapies, thus, remains
to be clarified.

Conclusion

SFTs are diagnostically challenging malignancies with a
high rate of misdiagnoses. Establishing the correct diagnosis
of

histopathological features of the tumor, together with ruling

requites a  complex integration clinical  and
out more common disease entities. Only a wide differential
diagnosis excluding other potentially malignant tumors, such
as soft tissue sarcomas, carcinomas, and/or GISTs, leads to
accurate treatment selection.

The mainstay of SFT treatment remains radical surgery,
where obtaining negative resection margins is the most
important factor preventing the disease recurrence.

While radiotherapy alone can significantly improve the
overall survival of patients, we believe that more therapies,
should
become a part of the sophisticated therapeutic scheme in
SFT (14, 19). the

treatment SFTs is lacking and randomized clinical trials

mainly targeted therapy and immunotherapy,

Currently, a global consensus on
need to be designed for these rare disease entities. A
multidisciplinary team approach should prevent the false

management of these tumors.
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4.2 ,Novel Insights into the Inmunotherapy of Soft Tissue Sarcomas: Do We

Need a Change of Perspective?“
OZANIAK A, VACHTENHEIM J JR, LISCHKE R, BARTUNKOVA J, STRIZOVA Z.

Biomedicines. 2021 Aug 1;9(8):935. doi: 10.3390/biomedicines9080935.

Mékkotkarnové sarkomy jsou extrémné biologicky a klinicky riznorodé nadory s
vice nez 80 histologickymi podtypy. Vzhledem k extrémni vzacnosti téchto nadorl
klinické studie Casto hodnoti vSechny typy STS spole¢né, coz muze pfispét k
nejednoznacnym a nékdy az kontroverznim vysledkdm pfi evaluaci ucinnosti terapii.
Lécba metastatickych STS se v poslednich letech zasadné nezménila a se
soucasnymi konvenénimi terapiemi jsou Sance na zlepSeni celkového preziti velmi

malé.

Nadorové mikroprostfedi STS je infiltrovano riznymi podily imunitnich bunék,
které umoznuiji stratifikovat pacienta podle imunitnich parametri. CD8* T-buriky patfi
k hlavnim protinadorovym hracdm v nadorovém mikroprostfedi a vysoky podil CD8*
T-bunék se stejné jako exprese checkpoint molekul staly nezbytnymi pfedpoklady pro

ucinnost imunoterapie checkpoint inhibitory.

Vytvorili jsme prehledovy cClanek, ve kterém jsme nejprve detailné popsali
nejdulezitéjSi imunitni buriky nachazejici se v nadorovém mikroprostfedi sarkomu
mekkych tkani a nasledné jsme prezentovali klinické studie zaméfené na konkrétni
buné&nou populaci u STS. Pleomorfni sarkom a myxofibrosarkom maji jednu z
nejvyssich infiltraci CD8* T-bunkami a nejvysSi expresi PD-1. Z tohoto duvodu se
pfedpoklada dobra uc€innost checkpoint inhibitorl u téchto histologickych podtypu.

Pleomorfni sarkom ma dokonce imunitni repertoar srovnatelny s malignim
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melanomem, coZz naznacuje jeho vhodnost pro aplikaci imunoterapeutik.
Leiomyosarkomy a liposarkomy maji napfi¢ studiemi obecné nizkou infiltraci CD8* T-
bunkami, coz se odrazi ve velmi neuspokojivych vysledcich klinickych studii.
Kombinované terapie checkpoint inhibitory, jako jsou napfiklad nivolumab plus
pembrolizumab, ukazaly zvySeni klinické odezvy u pacientll s STS. Mezi dalsi slibné
terapie v klinickych studiich patfi adoptivni bunécny transfer nebo CAR T-bunécéna

terapie.

Leiomyosarkomy maji relativné vysokou zatéz T-regulacnimi bunkami a tato
infiltrace pozitivné koreluje se stadiem, gradem a hloubkou nadoru. Navic u
nediferencovanych pleomorfnich sarkomu se infiltrace T-regulacnimi bufikami zvySuje
po neoadjuvantni radioterapii a ovliviiuje celkové pfeziti pacientd. Zatimco
intratumoralni NK bunky vykazuji Cetnou aktivaci, ale i znaky vyCerpani v nadorovém
mikroprostredi, NK buriky v periferni krvi pacientd s STS byly popisovany jako funkéné

poskozené.

Makrofagy dominuji nadorovému mikroprostfedi STS a pfevySuji pocty

ostatnich imunitnich bunék.

Je tfeba poznamenat, Ze zmény v zastoupeni intratumoralnich makrofagu byly
prokazany u pacientl po neoadjuvantni chemoterapii. Terapie zaméfené na

makrofagy jsou tedy u STS velmi slibné.

Se souc€asnymi znalostmi riznych populaci imunitnich bunék infiltrujicich STS nadory
by se probihajici klinicka praxe mohla zasadné zménit a umoznit stratifikaci pacientu
na zakladé imunitniho repertoaru nadorového mikroprostiedi. Jak ukazuji klinické
studie, imunoterapie Ize snadno kombinovat a chemoterapie muze slouzit jako silny

nastroj ke zvySeni citlivosti nadorového mikroprostredi k u€inkiim imunoterapie.
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Abstract: Soft tissue sarcomas (STSs) are rare mesenchymal tumors. With more than 80 histological
subtypes of STSs, data regarding novel biomarkers of strong prognostic and therapeutic value are
very limited. To date, the most important prognostic factor is the tumor grade, and approximately
50% of patients that are diagnosed with high-grade STSs die of metastatic disease within five
years. Systemic chemotherapy represents the mainstay of metastatic STSs treatment for decades
but induces response in only 15-35% of the patients, irrespective of the histological subtype. In
the era of immunotherapy, deciphering the immune cell signatures within the STSs tumors may
discriminate immunotherapy responders from non-responders and different immunotherapeutic
approaches could be combined based on the predominant cell subpopulations infiltrating the STS
tumors. Furthermore, understanding the immune diversity of the STS tumor microenvironment
(TME) in different histological subtypes may provide a rationale for stratifying patients according to
the TME immune parameters. In this review, we introduce the most important immune cell types
infiltrating the STSs tumors and discuss different immunotherapies, as well as promising clinical
trials, that would target these immune cells to enhance the antitumor immune responses and improve
the prognosis of metastatic STSs patients.

Keywords: sarcoma; immunotherapy; checkpoint inhibitors; adoptive transfer; trabectedin; IL-15;

tumor microenvironment; TILs; immune cells

1. Introduction

Soft tissue sarcomas (STSs) are a heterogeneous group of rare tumors arising from
mesenchymal tissues [1]. STSs can originate from any human body location and, with more
than 80 histological subtypes of STSs, data regarding novel biomarkers of strong prognostic
and therapeutic value are very limited [2,3]. The most prevalent histological subtypes of
STSs include liposarcoma, undifferentiated pleomorphic sarcoma, and leiomyosarcoma [4].
Most STS occur spontaneously and present as an asymptomatic soft tissue mass [5,6].
Nevertheless, certain factors, such as exposure to radiation and chemicals or genetic
aberrations, were also previously associated with the risk of developing STSs [6].

The American Joint Committee on Cancer (AJCC) staging system for STSs relies
on the histologic grade, the tumor size and depth, and the presence of distant or nodal
metastases [7-9]. To date, the most important prognostic factor is the tumor grade [9].
Approximately 50% of patients that are diagnosed with high-grade STSs die of metastatic
disease [10]. Most STSs are known for early hematogenous metastasizing [11]. The disease
rarely affects the lymphatic system, but the impairment of the lymph nodes is a sign of high
tumor aggressiveness [12,13]. The predominant site of metastases are the lungs. However,
retroperitoneal STSs also tend to metastasize to the liver [14,15]. Other metastatic sites
commonly include the bones and the brain [16,17].
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Patients with STSs are managed according to the generally accepted guidelines and
those with localized and resectable diseases are treated by surgery [18]. The mainstay
of STS treatment is a complete surgical resection of the tumor with ensured negative
margins [19]. Although major improvements in the local control rates are achieved, the
success of surgery critically depends on the tumor location, tumor size, the involvement
of nearby structures, and other factors [19,20]. With optimally surgically treated localized
disease, approximately 50% of high-grade STS patients eventually develop pulmonary
metastases within five years [2,21-23]. Both neoadjuvant and adjuvant radiotherapy have
reduced the local recurrences but were also associated with significant toxicity, especially
in retroperitoneal STSs [24,25].

Metastatic STSs have very limited treatment options [26]. Systemic chemotherapeutic
agents induce response in only 15-35% of the patients, irrespective of the histological
subtype [27-29]. Doxorubicin represents the mainstay of treatment for decades and only
small benefit was observed when combined with other chemotherapeutic agents [27-29].
The median survival of STSs patients after the administration of by chemotherapy is only
10-15 months [27-29].

Cancer immunotherapy has changed the treatment landscape in oncology, modi-
fied the therapeutic algorithms in multiple malignancies and, furthermore, became the
leading treatment for metastatic diseases [30]. With the diverse immunotherapeutic ap-
proaches that are currently being applied, complete remissions have been observed in some
patients [31-33]. However, a significant proportion of patients are immunotherapy resis-
tant [34]. STSs belong to the tumors with only limited responses to immunotherapy [35,36].
While molecular characteristics of STSs are being urgently investigated among studies,
the understanding of the events that occur within the tumor-immune system interplay in
STSs are far from satisfactory [37]. The phenotypic profile of immune infiltrates of STSs
should drive the process of decision-making whether to apply immunotherapy [34,38-40].
Furthermore, deciphering the immune cell signatures within the tumor may discriminate
immunotherapy responders from non-responders and different immunotherapeutic ap-
proaches could be combined based on predominant cell subpopulations infiltrating the STS
tumors [34,39,40].

In this review, we introduce the most important immune cell types infiltrating the
STSs tumors and discuss different immunotherapies that would target these immune cells
to enhance the anti-tumor immune responses and improve the prognosis of metastatic
STSs patients.

2. Methods

A comprehensive review of the literature on diverse immune cell populations infiltrat-
ing the tumor microenvironment (TME) of STSs and a review of therapeutic approaches
targeting these cell populations was conducted. Soft tissue sarcoma, T cells, CD8 T (cyto-
toxic) cells, CD4 T (helper) cells, natural killer (NK) cells, macrophages, T regulatory cells,
Tregs, and FOXP3 T cells were used as the key words in the search strategy. The diagnosis of
osteosarcoma, as well as Kaposi sarcoma, was excluded. Therapies targeting the particular
immune cell population were searched through the official registry at clinicaltrials.gov
and search databases. Excluded were clinical trials of unknown status and withdrawn
clinical trials. Only English written and peer-reviewed articles published in indexed in-
ternational journals until June 2021 were reviewed. Databases used for search included
Medline/Pubmed, Scopus, and Web of Science. The selection process is summarized in
Figure 1.
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Figure 1. Scheme of the data selection process. Soft tissue sarcoma, T cells, CD3 T cells, CD8 T (cytotoxic) cells, CD4 T
(helper) cells, natural killer (NK) cells, macrophages, T regulatory cells, Tregs, and FOXP3 T cells were used as the key
words in the search strategy. Boxes below cell populations represent the search sub-categories. Therapies targeting the
particular immune cell population were searched through the official registry at clinicaltrials.gov and search databases

Medline/Pubmed, Scopus,

and Web of Science. Articles published within the past ten years (Jan 1st 2011-July 1st 2021)

were primarily taken into consideration.

3. T Cell Infiltration

T helper cells (CD4") and cytotoxic T cells (CD8") are the two main subpopulations
of T cells that control and shape the immune responses in the tumor microenvironment
(TME) [41].

T cells when activated through their T cell receptor (TCR) serve as the mediators of
the adaptive immune response that efficiently migrate into the TME and induce cellular
death in their target tumor cells [41,42]. The predominant cytotoxic mechanisms of CD8" T
cells include the production of death receptor ligands, such as Fas ligand or TRAIL; the
production of perforin and granzyme; and the production of cytokines, such as TNF [43]. In
most cancer types, the expression of immune checkpoint receptors, such as PD-1, CTLA-4,
TIM-3, Lag-3, and other inhibitory molecules in CD8" T cells is associated with the disease
prognosis and is highly predictive of efficient immunotherapy with immune checkpoint
inhibitors (CPls) [44].

CD4" T cells in the TME primarily serve as promotors of the executive functions
of effector CD8" T cells [45]. However, CD4* T cells were also shown to bear cytolytic
abilities and were proposed by a number of studies to represent the major anti-tumor T cell
subpopulation [46]. CD4* T cells differentiate into multiple cell sublineages, out of which
Th1 cells are probably the most potent Th lineage against tumors [45].

Both cell populations, CD8" and CD4* T cells, also regulate the immune responses in
the TME by secreting a broad range of cytokines Figure 2 [47].
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Figure 2. A schematic diagram for major cell populations infiltrating the tumor microenvironment of STSs and an overview
of different therapies targeting these populations. Surface receptors can be targeted with monoclonal antibodies (mAbs),

and diverse cytokines serve as potent promotors of cell functions. CD3* T cells and natural killer (NK) cells can be ex vivo
expanded and adoptively transferred to a patient. Moreover, a generation of chimeric antigen receptor (CAR) T cells is
allowed by a genetic modification of T cell receptor (TCR). Protumorigenic (M2) macrophages, as well as T regulatory cells,
can be selectively depleted by synthetic agents or mAbs. The phagocytic capacity of macrophages, on the other hand, is
secured by an administration of anti-CD47 mAbs. NK cells can be efficiently activated by a pan-KIR2D blockade together
with IL-15 superagonist. Multiple immunotherapeutic approaches can be combined.

Different studies attempted to assess the proportions and phenotypes of T cells in
STSs [48,49]. A recent study by Klaver et al. demonstrated that nearly one third of liposar-
comas and leiomyosarcomas belong to the CD8" T cell-poor tumors, whereas pleomorphic
sarcoma and myxofibrosarcoma were shown to have one of the highest infiltration with
CD8" T cells [48]. Conversely, a study by Pollack et al. suggested that leiomyosarcomas
belong to the inflammatory tumor types with high levels of T-cell-related gene expression,
with several tumors demonstrating expression of PD-1 and very strong expression of
PD-L1 [49]. However, studies evaluating the efficacy of anti-PD1 agents in the treatment
of leiomyosarcomas were greatly disappointing [49]. Klaver et al. presented that only
7% of myxofibrosarcomas and 13% of pleomorphic sarcomas were poorly infiltrated with
CD8* T cells [48]. Moreover, pleomorphic sarcomas and myxofibrosarcomas had also the
highest fractions of PD-1"CD8" T cells [48]. Interestingly, pleomorphic sarcoma displayed
highest proportions of PD-1*Lag-3*TIM-3*CD8* TILs, being comparable to malignant
melanoma [48]. These results are also supported by a recent pooled analysis of anti-PD1
and anti-PD-L1 phase II clinical trials where undifferentiated pleomorphic sarcoma exhib-
ited the highest response rates to treatment [50]. Another study by D" Angelo et al. showed
that leiomyosarcoma, liposarcoma, synovial sarcoma and chondrosarcoma generally had
low-density CD8" cells [51]. In another study, synovial sarcoma had significantly increased
concentrations of CD8" TILs expressing PD-1 in metastatic tumors as compared to primary
tumors [52].

Previous studies have discussed the association between the clinicopathologic factors
and the infiltration of the TME with TILs [53-56]. It was also previously shown that one of
the main challenges of successful immunotherapy is the inefficient T cell trafficking into the
tumor tissue [34,57]. A recent study by Wustrack et al. has shown that in undifferentiated
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pleomorphic sarcoma, larger tumors limited the immune infiltration with CD8" T cells as
the tumor size significantly correlated with a decrease in the frequency of CD8" TILs [58].
Also, a high load of effector CD8" T cells was associated with improved overall survival in
these STSs [58]. According to the TME immunoprofiling among several different studies,
undifferentiated pleomorphic sarcomas generally have a potential to respond to anti-PD-1
immunotherapy [35,58].

The assessment of PD-1 and PD-L1 expression status among STSs has been carried out
by Movva et al. [59]. The report of 2000 sarcomas revealed over 50% of PD-1 and PD-L1
positive TILs in the TME of sarcomas [59]. However, both STSs and bone sarcomas were
included into the study [59]. The PD-L1 expression was observed in 70% of undifferentiated
pleomorphic sarcoma cases, in 75% of chondrosarcoma cases, in 77% of liposarcomas cases,
but only in 32% of leiomyosarcomas cases [59].

Data regarding the proportions and roles of CD4* T cells in the STS TME are limited
and only little is known about their phenotypic patterns. Recently, authors Bi et al. have
shown that the infiltration with CD4" T cells positively correlated with better survival in
STSs and could, thus, serve as a prognostic biomarker for STSs [60]. Moreover, in this study,
CD4" T cell infiltration levels were significantly associated to the overall survival in patients
with undifferentiated pleomorphic sarcomas [60]. Another recent study showed the CD4*
T cell expression in leiomyosarcomas approximately 30% (+/—-22%) but contained a large
proportion of T regulatory cells (Tregs) while lacking the activation markers, such as CD69
and CD32 [61].

4. T Cell Inmunotherapies in Soft Tissue Sarcomas

An immunotherapeutic approach that relies on the administration of stimulatory
cytokines serves as an important regulator of T cell functions [62]. To date, the most
commonly applied cytokine remains the interleukin-2 (IL-2) Figure 2 [62]. However, a
careful balance must be achieved when selecting the optimal IL-2 concentration to avoid a
preferential induction of CD4*CD25*Foxp3* T regulatory cell (Treg) expansion [62]. Other
cytokines, such as IL-12, IL-15, IL-21, and granulocyte macrophage colony-stimulating
factor (GM-CSF), are still being evaluated in clinical trials [62].

In STSs, over 20 clinical trials have been initiated with the administration of IL-2 in
a combination therapy. However, none of these trials have entered phase III of clinical
testing (clinicaltrials.gov). A single-arm multi-cohort phase II study is currently ongoing
with the aim to evaluate the immunological effectiveness and safety of IL-2 in combination
with autologous dendritic cell vaccination (NCT04166006). Both approaches, IL-2 and DC
vaccination should provide stimulatory signals to T cells and thus, promote the adaptive
T-cell mediated immune responses in the TME [63,64]. Another phase II clinical trial in
STSs is based on the administration of IL-2 in combination with autologous TILs and
chemotherapy (NCT03449108) and the results are expected in 2022. A total of four clinical
trials have been initiated with the IL-15, a potent activator of NK cells and T cells, but
not Tregs [65]. Out of these phase I clinical trials, one trial is based on the administration
of autologous activated T-cells expressing a second generation GD2 Chimeric Antigen
Receptor (CAR), IL-15 and iCaspase9, and is currently recruiting (NCT03721068).

CPIs are blocking monoclonal antibodies (mAbs) targeting surface inhibitory recep-
tors of T cells (Figure 2) [66]. To date, the most compelling results in clinical practice
were observed with anti-CTLA-4 mAbs (ipilimumab, tremelimumab), anti-PD-1 mAbs
(nivolumab, pembrolizumab, pidilizumab), and anti-PD-1-ligand mAbs (atezolizumab,
avelumab, durvalumab) [67]. The efficacy of anti-PD-1 depends on its ability to restrain
the TCR signaling pathway [68]. Anti-CTLA-4, on the other hand, is a competitive receptor
that prevents binding of CD80/86 [69].

Response to immunotherapy with CPIs largely depends on the level of CD8" TILs
infiltration in the TME and on the expression of immune checkpoint molecules [34]. Since
STSs are infiltrated with TILs in diverse proportions, many clinical trials with anti-PD-1,
anti-PD-L1 and anti-CTLA4 have been initiated to distinguish the responders from non-
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responders. To date, 48 clinical trials have been initiated in STSs patients with nivolumab
(anti-PD-1), 39 with pembrolizumab (anti-PD-1), 30 with ipilimumab (anti-CTLA-4), 13 with
atezolizumab (anti-PD-L1), 17 with durvalumab (anti-PD-L1), 9 with avelumab (anti-PD-
L1), 5 with tremelimumab (anti CTLA-4), and 2 with cemiplimab (anti-PD-1) (clinicaltrials.
gov). Only one CPI study has reached phase III of clinical testing and is currently recruiting
(NCT04741438). In this French randomized prospective multicentre study, STSs patients
will receive a combination of nivolumab (3 mg/kg) and ipilimumab (1 mg/kg) for a
maximum treatment period 12 months (NCT04741438). The inclusion criteria cover patients
with metastatic or unresectable advanced sarcomas of rare subtype.

Out of the most commonly applied CPls, nivolumab, pembrolizumab, and ipilimumab
entered phase II clinical trials with a great deal of promise (Table 1).
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Table 1. A list of phase II and III active or recruiting clinical trials with nivolumab, pembrolizumab, and ipilimumab in soft tissue sarcomas. Excluded were withdrawn clinical trials,
completed trials and trials of unknown status. Red triangle indicates phase III clinical trials.

Drug Name

Nivolumab

Nivolumab

Nivolumab

Nivolumab

Nivolumab

Nivolumab

Nivolumab

Nivolumab

Nivolumab

Nivolumab

Nivolumab

Diagnosis

Soft tissue sarcoma

Soft tissue sarcoma

Soft tissue sarcoma
Soft tissue sarcoma

Sarcoma, Desmoid,
Chondroma

Advanced / metastatic
sarcoma
Advanced / metastatic
sarcoma

Advanced / metastatic
sarcoma

Soft tissue sarcoma
Recurrent/refractory
sarcoma

Resectable or recurrent
dedifferenti-
ated/undifferentiated
pleomorfic sarcoma

Trial Design

Non-randomized

Randomized

Non-randomized

Randomized

Non-randomized

Non-randomized

Non-randomized

Non-randomized

Non-randomized

Non-randomized

Randomized

Phase II + III Clinical Trials

Setting

Combination therapy:
Ipilimumab,
Cryoablation

Combination therapy:

Relatlimab

Combination therapy:

Trabectedin
Combination:
Cabozantinib,

Ipilimumab
Combination:

Trabectedin, Talimogene
Laherparepvec

Combination: NKTR-214

Combination:
Trabectedin, Ipilimumab
Combination:
Gemcitabine,
Doxorubicin, Docetaxel
Combination: Sunitinib

Monotherapy

A: monotherapy; B
combination with
Ipilimumab; C
combination with RT; D
combination with
Ipilimumab and RT

CPI Dosage Regimen

3 mg/kg every 3 weeks x 4
doses.

240 mg every 2 weeks

240 mg every 3 weeks

3 mg/kgevery 3 weeks x 4
doses, followed by 480 mg
every 4 weeks

240 mg every 2 weeks

360 mg every 3 weeks

3 mg/kg every 2 weeks up
to 26 doses

240 mg IV on Day 1 of each
cycle

240 mg every 2 weeks
240 mg every 2 weeks

IVondays1,15and 29in A,
B; IV over 1 hon days 1, 15,

29and 43in C, D

Estimated Study
Completion

October 2025

September 2024

October 2022

January 2027

December 2022

September 2023

March 2022

December 2025

September 2022
March 2029

October 2021

Identifier

NCT04118166

NCT04095208

NCT03590210

NCT04551430

NCT03886311

NCT03282344

NCT03138161

NCT04535713

NCT03277924
NCT03465592

NCT03307616
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Table 1. Cont.

Phase II + III Clinical Trials

Estimated Study

Drug Name Diagnosis Trial Design Setting CPI Dosage Regimen Completion Identifier
A: nivolumab, paclitaxel;
Nivolumab Angiosarcoma Randomized . B paclitaxel; C: . LV. on Day 1 of each cycle, September 2023 NCT04339738
nivolumab, cabozantinib ~ cycles repeat every 4 weeks
S-malate
Nivolumab Soft tissue sarcoma Non-randomized Combination: AL3818 240 mg every 2 weeks December 2022 NCT04165330
Combination: Nivo and Ipi at
Nivolumab Epitheloid sarcoma Non-randomized . ’ predetermined dosage day 1 October 2025 NCT04416568
Ipilimumab
of a 21-day cycle for 4 cycles.
Nivolumab Uterine sarcomas Non-randomized Monotherapy 480 mg IV 0r11<ce every 4 August 2022 NCT03241745
weeks
Nivolumab Soft tissue sarcoma Non-randomized Combination: BA3011 Unspecified January 2022 NCT03425279
Sarcoma 2nd-line and Combination:
Nivoluma Non-randomized NKTR-262, 360 mg every 3 weeks December 2021 NCT03435640
relapsed/refractory b .
empegaldesleukin
Nivolumab Leiomyosarcoma Non-randomized Combination: Rucaparib 480mgi.v.onday 1 of every November 2022 NCT04624178
four-week cycle
Angiosarcoma, Monotherapy,
Nivolumab endometrial Non-randomized Combination: Unspecified August 2021 NCT02834013
carcinosarcoma Ipilimumab
Nivolumab: 3 mg/kgi.v.
. o every 2 weeks for 4 cycles;
Nivolumab Advanced/metastatic Randomized (ior.?bmahog ) Ipilimumab 1 mg/kg IV August 2025 A
sarcoma primuma over 60 min every 6 weeks NCT04741438
for 4 cycles
Pembrolizumab Advanced sarcoma Non-randomized Combination: Lenvatinib 200 mg as a 30-min IV March 2024 NCT04784247
infusion, Q3W +/-3 days
Combination: 200 mg every 3 weeks on
Pembrolizumab Advanced sarcoma Non-randomized Metronomic August 2021 NCT02406781

Cyclophosphamide

day 8 for 3 weeks
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Table 1. Cont.

Phase II + III Clinical Trials

. Soft tissue sarcoma of . Combination: .
Pembrolizumab the Extremity Randomized Radiotherapy 200 mg i.v. every 3 weeks July 2025 NCT03092323
Pembrolizumab Soft tissue sarcoma Non-randomized Combination: Axitinib 200 mgi.v. infusion every 21 December 2022 NCT02636725
weeks, max up to 2 years
Pembrolizumab Advanced/metastatic Non-randomized Combination: 200 mg/dose Day 1, Q3 January 2022 NCT03414229
sarcoma Epacadostat weeks
Pembrolizumab Soft tissue sarcoma Non-randomized Combination: Eribulin Pembroh‘i\;rerlzb every 3 August 2024 NCT03899805
Pembrolizumab Advan.ced/ metastatic Non-randomized Combmat.lo.n: 200 mg intravenously every February 2025 NCT03056001
soft tissue sarcoma Doxorubicin 3 weeks
. . - Combination: Ve Cvary U o tus o
Pembrolizumab Soft tissue sarcoma Non-randomized Radiotherapy r]n onths June 2023 NCT03338959
Advanced / metastatic Combination:
Pembrolizumab Non-randomized Alimogene Every 3 weeks March 2022 NCT03069378
sarcoma
Laherparepvec (T-VEC)
Pembrolizumab Sarcoma of extremities Non-randomized Comblr}atlor}: Isolated 200 mgi.v. every 3 weeks April 2023 NCT04332874
Limb infusion (ILI)
Leiomyosarcoma and Combination:
Pembrolizumab Undifferentiated Non-randomized e 200 mg every 3 weeks December 2020 NCT03123276
. Gemcitabine
Pleomorphic Sarcoma
Pembrolizumab Advancgd/ metastatic Non-randomized Combination: Interferon 200 mgi.v. every 3 weeks April 2022 NCT03063632
Synovial Sarcoma gamma-1b
Pembrolizumab Soft tissue sarcoma Non-randomized Combination: 200 mgintravenously every November 2024 NCT04725331
Intra-tumoral BT-001 3 weeks
Pembrolizumab Sarcoma Non-randomized Monotherapy 200 mgi.v. every 3 weeks December 2023 NCT03012620
Undifferentiated Combination: 1 mg/kg every 3 weeks for a
Ipilimumab Pleomorphic Sarcoma Or Randomized ation: /X every July 2022 NCT04480502
. Envafolimab total of 4 doses
Myxofibrosarcoma
Combination:
e . . Aldesleukin, nivolumab, e
Ipilimumab Soft tissue sarcoma Non-randomized . Unspecified June 2024 NCT03449108
fludarabine,
cyclophosphamide
Ipilimumab Sarcoma Non-randomized Combination: INT230-6 Day 1 every 3 weeks for four July 2022 NCT03058289

treatments
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In an observational phase II clinical trial, pembrolizumab was administered in monother-
apy to 42 STSs patients with diverse tumor histology (NCT02301039). In this study, one com-
plete response was observed in a patient with undifferentiated pleomorphic sarcoma and a
total of seven patients experienced objective responses [70]. To note, not a single leiomyosar-
coma patient responded to the treatment with pembrolizumab [70]. Combination therapies
with pembrolizumab include active and/or recruiting clinical trials with chemotherapy
(NCT03123276), radiotherapy (NCT03338959), biologic therapy (NCT03126591), and tyro-
sine kinase inhibitors (NCT02636725).

Nivolumab is currently being evaluated for the treatment of STSs mostly in com-
bination therapies (clinicaltrial.gov). Nivolumab monotherapy was tested in patients
with locally advanced, unresectable, or metastatic sarcoma in a randomized multicenter,
open-label phase II study (NCT02500797). In this study, only 5% of the patients receiving
nivolumab responded to the treatment whereas addition of ipilimumab to nivolumab ther-
apy led to an increased response rates highlighting a promising efficacy of the combination
therapy [71].

In leiomyosarcomas patients, a phase Il open label study is currently evaluating the ef-
fect of combination therapy with nivolumab and PARP inhibitor rucaparib (NCT04624178),
and an interesting combination of nivolumab with trabectedin (macrophage affecting
chemotherapeutic, see below) and oncolytic virus Talimogene Laherparepvec is to be eval-
uated in sarcoma patients in a currently recruiting phase 1II clinical trial (NCT03886311).
Another phase I/1I study in STSs patients aims to evaluate the efficacy and safety of nivolumab,
together with ipilimumab and trabectedin as a first line treatment (NCT03138161). Nivolumab is
further being evaluated in a combination therapy with chemotherapy (NCT04535713,
NCT04339738), radiation therapy (NCT03307616), and targeted therapy (NCT03277924,
NCT04416568).

Efficacy of ipilimumab therapy in STSs is being assessed in phase II clinical trials,
including mostly combination therapies (Table 1). A single phase II clinical trial with
ipilimumab monotherapy was carried out in patients with synovial sarcoma. However, the
trial was terminated due to limited benefit of the treatment (NCT00140855).

ACT is a particular form of cell-based anticancer immunotherapy where both periph-
eral T cells and TILs can be used for ex vivo expansion and therapeutic administration
to the patient [57]. This highly personalized therapy is to be studied in patients with
advanced/metastatic STSs in a single center phase II open label study (NCT03725605). In
this study, patients will be followed up for 15 months and the results are expected by 2023.
In another phase II study, the efficacy of TIL infusion will be evaluated in a combination
with chemotherapy in patients with multiple solid tumors, including STSs (NCT03935893).
Appealing phase II study in synovial sarcoma patients is based on administering TBI-1301
(NY-ESO-1 specific TCR gene transduced autologous T lymphocytes) intravenously for
2 days following cyclophosphamide pre-treatment. Completion date is not yet estimated
(NCT03250325).

A modification of traditional ACT is based on the infusion of the patients’” ex vivo
expanded T cells after previous genetic modification of T-cells to express a chimeric anti-
gen receptor (CAR) specific for a tumor antigen [72]. This therapy is called CAR T cell
therapy [72]. To date, four phase Il clinical trials have been initiated with the application of
CART cells in STSs. All studies are currently recruiting (clinicaltrials.gov; July 1st 2021).

5. Regulatory T Cell (Treg) Infiltration

Regulatory T cells (Tregs, CD4*CD25"FOXP3-expressing T cells) regulate and suppress
other cell types of the immune system. Their modulatory functions include production
of cytokines, expression of inhibitory molecules, cytolytic functions, disruption of Ca2*
supply to the effector CD8" lymphocytes, and multiple other mechanisms causing T cell
anergy [73]. In the TME, Tregs were found to promote the tumor growth by restraining
effective anti-tumor immune responses [73]. In STSs, a recent study in 192 surgically-treated
STSs patients has revealed that the presence of Tregs is associated with the increased risk
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of local recurrence, irrespective of margins [74]. A study by D’ Angelo et al. demonstrated
that the proportions of FOXP3* cells were relatively low as compared to CD4* and CD8*
cells [51]. However, deep tumors were more likely to be associated with high FOXP3™*
infiltration while superficial tumors had relatively low FOXP3" infiltration [51]. A study by
Klaver et al. further showed that pleomorphic sarcoma had a significantly lower fraction of
Tregs as compared to leiomyosarcoma [48]. Moreover, Keung et al. observed that in patients
with undifferentiated pleomorphic sarcoma undergoing neoadjuvant radiotherapy, tumors
had an increased median number of Tregs which provided a rationale for a combination
of radiotherapy and CPIs [75]. In a study by Que et al., both proportions of Tregs and the
PD-L1 expression status were evaluated among 163 STSs patients [76]. In this study, a
high load of Tregs positively correlated with the tumor stage, tumor grade and the depth
of invasion. Also, PD-L1 expression, FOXP3* Tregs infiltration and PD-L1/FOXP3 were
significantly associated with overall survival in patients with undifferentiated pleomorphic
sarcoma [76]. Since both PD-L1 and FOXP3 were highly expressed STS patients with poor
prognosis, the authors call for combination of Treg depletion therapy and CPIs [76].

6. Targeting Tregs in Soft Tissue Sarcoma

The idea of blocking the immunosuppressive functions of Tregs has raised many con-
cerns [77]. Principally, as Tregs ensure optimal immune responses to prevent autoimmunity,
blocking their effector functions might result in a severe immune dysregulation [77].

Treg depletion for the purpose of enhancing antitumor immune responses has been
previously tested mostly by an administration of Treg-specific cell-depleting antibodies.
The target molecules included CD25, CTLA-4, GITR, 4-1BB, OX-40 and other molecules in
diverse cancer types [77], Figure 2.

Molecule CD25 has a crucial role in the development and activation of T regs [73].
CD25 is a component of the high-affinity heterotrimeric IL-2 receptor that has been widely
studied in the context of cancer [73]. Several issues, however, limit the wide use of anti-
CD25 mAb [73]. Most importantly, effector T cells also share CD25 receptor making it
difficult to selectively deplete Treg cells [78]. Therapeutic targeting of CD25 has been
shown in metastatic melanoma patients to significantly deplete Tregs without impairing
CD8" T cell functions [78]. In STSs, a single clinical trial attempted to evaluate the efficacy
of adoptive transfer with CD25 depleted autologous lymphocytes in rhabdomyosarcoma.
Data are not yet available (NCT00923351).

Bempegaldesleukin is a recombinant form of human IL-2 that serves as a CD122-
preferential IL-2 pathway agonist [79]. Hence, Bempegaldesleukin promotes proliferation
of CD8* T cells and NK cells without enhancing Treg activation [79]. A phase I/II study
of bempegaldesleukin in combination with nivolumab has been initiated to evaluate
the efficacy and safety in patients with recurrent or refractory malignancies, including
rhabdomyosarcoma (NCT04730349).

CTLA-4 is constitutively expressed on T regs. A recent study by Zappasodi et al.
has demonstrated that CTLA-4 blockade drives loss of Treg stability in glycolysis-low
tumors [80]. Moreover, the anti-CTLA-4 therapy led to an increased IFN expression in the
remaining Tregs and, therefore, attacked tumors at multiple levels [80]. Several clinical
trials are currently ongoing with anti-CTLA-4 mAbs (see above). To date, clinical trials
targeting different Treg molecules, such as GITR or OX-40 have not been initiated in STSs.

7. Natural Killer (NK) Cell Infiltration

NK cells belong to the family of innate lymphoid cells (ILC) and, in the context of
cancer, NK cells are believed to be the main effector cells of the innate immune system [81].
NK cells are similarly to CD8* T cells highly cytotoxic with the ability to produce proapop-
totic Fas ligand and TRAIL, as well as the perforins and granzymes [81,82]. NK cells, are
not only capable of triggering apoptosis in malignant cells but also shape the TME by a
secretion of large amounts of cytokines [83]. Previous reports have also shown that NK
cells prevent metastases by eliminating circulating tumor cells [84]. In STSs, the presence
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of NK cells has been reported through a limited number of studies. Sorbye et al. reported
intratumoral NK cell status in 249 patients. In this study, a tendency towards improved
overall survival was observed in STSs patients with high loads of CD57" NK cells in the
peritumoral area [85].

Biicklein et al. have provided a detailed analysis of NK cell presence and function
in STSs patients and, unlike in other malignancies, peripheral blood NK cells exhibited
a profound impairment in cell function, especially in the intermediate and high-grade
STSs [86]. Judge et al. further demonstrated that intratumoral NK cells express more activa-
tion and exhaustion markers as compared to peripheral blood NK cells [87]. Furthermore,
ex vivo stimulation with IL-15 further increased both activation and exhaustion markers
in intratumoral and peripheral blood NK cells [87]. The authors observed a significant
upregulation of TIGIT receptor and, therefore, suggested a therapeutic potential of TIGIT
blockade together with IL-15 therapy [87].

8. NK Cell-Based Immunotherapies in Soft Tissue Sarcomas

IL-15 is a potent activator of NK cells with a major importance for NK cell proliferation
and survival [88]. The advantages of IL-15 over IL-2 treatment include lower toxicity
and lack of T-reg cell induction [89]. A phase I clinical trial evaluating the anti-tumor
actions of IL-15 is administering autologous ex vivo activated NK cells with or without
recombinant IL-15 to patients with solid tumors, including sarcomas (NCT01875601).
Similarly, IL-15 is to be utilized as a compound of CAR T cells in a launching clinical trial
with rhabdomyosarcoma and liposarcoma patients. In this trial, IL-15 is believed to deliver
superior efficacy over classic CAR T cells. The genetic construct is called AGAR T cells
(NCT04377932).

NK cells are known for their expression of a wide variety of activation and inhibitory
receptors [90]. NKG2A is highly expressed on NK cells and transmits inhibitory signal [90],
Figure 2. Anti-NKG2A antibody, monalizumab, is currently being tested among 13 different
clinical trials, none of which is focused on STSs (clinicaltrials.gov, July 1st 2021).

Another NK receptor targeting agent is lirilumab, a pan-KIR2D blocker, which also
has no ongoing clinical trials in STSs [91]. TIM-3 and Lag-3 are inhibitory checkpoint
molecules with high expression in NK cells [92]. Although TIM-3 mAbs are evaluated in
preclinical and phase-I clinical trials, data on their efficacy in STSs are lacking [93]. It should
be noted that twelve anti-TIM-3 clinical trials have already been initiated (clinicaltrials.gov,
July 1st 2021).TIGIT and CD96 are other NK cell receptors that serve as an optimal target
for NK-mediated cancer immunotherapy [94]. While CD96 affects mainly the cytokine
production of NK cells, TIGIT allows direct inhibition of NK cytotoxic functions through
its ITIM domain [95]. Several clinical trials aimed at targeting TIGIT signaling pathway
are currently underway, however, the efficacy of anti-TIGIT antibodies in STSs has not yet
been evaluated [96]. Anti-CD96 therapy is still mostly under consideration in pre-clinical
studies [94].

Adoptive cell transfer of NK cells has also become a promising treatment approach
for advanced and/or metastatic diseases [97]. A phase II clinical trial in adult STSs eval-
uated the efficacy of cryosurgery in combination with NK cell immunotherapy. In this
study, NK transfusions were given intravenously in three different time points with each
infusion containing 8-10 billion cells (NCT02849366). Another pilot study aimed to eval-
uate the efficacy of intravenous infusion of expanded, activated haploidentical NK Cells
(NCT02409576). NK cells were administered together with chemotherapy, radiotherapy,
and cytokine support with IL-2 cytokine. A study combining NK cell infusions together
with ALT-803, which is a pharmacological IL-15 superagonist is based on NK cells from
non-HLA matched donors (NCT02890758). Even though, allogenic NK cell infusions gener-
ally showed poor anti-tumor activity in clinical trials, the combination with ALT-803 could
significantly enhance the NK cell cytotoxicity and finally provide desirable responses in
STSs [98].
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9. Macrophages

Macrophages differentiated from circulating monocytes that efficiently migrate within
the tissue and continue trafficking into the TME are called tumor-associated macrophages
(TAMs) [99]. TAMs are capable of phagocytosis, as well as regulation of the tissue growth
and repair [99]. With the ability to produce immunosuppressive cytokines, such as IL-
10 and TGF-B, to upregulate Tregs and to promote Th2 immune response, TAMs have
become major contributors to the cancer progression [100]. However, it is the TME and the
tumor-derived signals that intensify TAM functions [100].

In different cancer types, TAMs were associated with poor prognosis and reduced
overall survival (OS) [101]. Even though TAMs mainly exploit protumorigenic mechanisms,
several antitumor functions of TAMs have also been reported [102].

In a recent study by Dancsok et al., TAMs were investigated in 1242 sarcoma speci-
mens [103]. The study revealed that across nearly all sarcoma types, macrophages outnum-
ber TILs and thus dominate the immune landscape of STSs [103]. In this study, TAMs were
most frequently observed in pleomorphic sarcomas, such as undifferentiated pleomorphic
sarcoma and dedifferentiated liposarcomas [103]. As opposed, the lowest macrophage
infiltration was found in synovial sarcoma, myxoid liposarcoma, clear cell sarcoma, and
low-grade fibromyxoid sarcoma [103]. In synovial sarcoma, another study also reported
that lower TAM infiltration is associated with better overall survival [104]. A recent study
by Tsagozis et al. has highlighted that the immune cells infiltrating STSs are poorly charac-
terized to date [105]. Therefore, the authors provided an immunohistochemical analysis
of STSs tumors with different histology and, in accordance with the study by Dancsok
et al., also found much higher densities of TAMs as compared to TILs in the sarcoma
TME [103,105]. In this study, the pan-macrophage marker CD68 correlated with high
immune cell infiltration in general and most macrophages were M2-polarized [105]. In a
study by Shailaja et al., specific alteration in TAM densities were observed in STSs patients
responding to neoadjuvant chemotherapy, suggesting that chemotherapy does indeed
significantly modulate the TME of STSs [106].

In leiomyosarcoma, authors Lee et al. described a significant association between high
density of TAMs and worse disease-specific survival [107]. This was further supported
by another study correlating the high load of TAMs with poor survival in leiomyosarco-
mas [108]. Undifferentiated pleomorphic sarcoma was already reported to have high levels
of macrophage infiltration [103]. A study by Shiraishi et al. further revealed that a high
percentage of TAMs is related to shortened overall survival and to high AJCC stage and
high FNCLCC grade [109]. This is particularly important since tumor grade is the most
important prognostic factor for STSs to date [9]. Similar to undifferentiated pleomorphic
sarcoma and leiomyosarcoma, myxoid liposarcoma was also shown to be infiltrated with
M2 macrophages that negatively determine the patients’ outcome and thus, remain a
candidate for macrophage-targeted therapies [103,110].

10. Therapies Targeting Macrophages

Since macrophages represent the predominant cell type in most STSs, different clinical
trials have been initiated to either suppress the pro-tumorigenic functions of TAMs or to
modulate the natural ability of TAMs to eliminate target cells [111].

CD47 is a transmembrane protein that is highly expressed on neoplastically trans-
formed cells [112]. CD47 binds to SIRPa, and this receptor-ligand interaction releases
“don’t eat me” signals that inhibit macrophage-mediated phagocytosis (Figure 2) [112].
Despite promising pre-clinical studies with anti-CD47 mAbs promoting the macrophage-
mediated phagocytosis towards malignant cells of leiomyosarcoma, clinical trials in human
STSs have not yet been carried out [113]. A phase I clinical trial administering an antibody-
drug conjugate SGN-CD47M in patients with various solid tumors, including STSs, was
terminated in 2020 due to the sponsors’ decision (NCT03957096).

A multikinase inhibitor Pexidartinib (PLX3397) is currently being evaluated in a
phase I/1I clinical trial for the treatment of multiple sarcomas including liposarcoma,
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leiomyosarcoma, synovial sarcoma, and rhabdomyosarcoma (NCT02584647). Pexidartinib
is an inhibitor of proto-oncogene receptor tyrosine kinase (KIT), colony-stimulating factor-1
receptor (CSF1R) and FMS-like tyrosine kinase 3 (FLT3), and was shown to decrease the
load of intratumoral TAMs and increase the proportions of CD4" and CD8" T cells, thus
contributing to the tumor regression [114]. Due to diverse therapeutic targets of pexidar-
tinib, its role in targeting macrophages include limiting their differentiation, extravasation,
and polarization towards M2 phenotype [114,115]. Results of the first clinical trials in
sarcoma tumors are eagerly awaited.

Trabectedin is a chemotherapeutic drug which was recently approved in the treatment
of advanced STSs [116]. Trabectedin is classified as an alkylating drug, as it interferes with
the cell division and the DNA repair. However, previous studies have also highlighted
the ability of trabectedin to deplete both circulating monocytes and TAMs [117]. The
selectivity of trabectedin against mononuclear phagocytes was explained as a result of
rapid activation of caspase 8 by membrane signaling TRAIL receptors which are highly
expressed in monocytes/macrophages [117]. Since most STSs are primary chemotherapy
resistant, it may be the macrophage depletion that lies behind the efficacy of trabectedin in
STSs [117,118].

Other possible therapeutic targets include chemokine and chemokine receptors regu-
lating the macrophage trafficking towards the tumor [119]. CCL2-CCR?2 axis serves as the
major macrophage chemoattractant and has been proposed a suitable therapeutic target
by previous studies [120]. Clinical trials with chemokine blockade in STSs are lacking but
urgently needed to open novel options in the treatment of STSs [120].

11. Discussion

Soft tissue sarcomas are rare but mostly lethal mesenchymal tumors [4]. STSs are
extremely biologically and clinically diverse tumors with more than 80 histological sub-
types [2,3]. Due to such rarity of these tumors, clinical trials often evaluate all STSs types
together, which may contribute to the mixed results from early immunotherapy clinical
trials [103,121]. Localized STSs can be effectively treated by surgery with a five-year rel-
ative survival rate of 81% (STS statistics, Cancer.net, ASCO). However, the treatment of
metastatic STSs has not changed for decades and, with the current conventional therapies,
only small chances for the improvement in the overall survival rates are secured [4]. The
TME of STSs tumors is infiltrated by diverse proportions of immune cells which provides a
rationale to stratify patient according to the TME immune parameters [4,48]. CD8" T cells
belong to the main antitumor players in the TME, the infiltration of the TME with CD8" T
cells, and the expression of immune checkpoint molecules have become prerequisites for
an effective immunotherapy with CPIs [122]. Pleomorphic sarcoma and myxofibrosarcoma
were shown to have one of the highest infiltration with CD8"* T cells and the highest
expression of PD-1 [48]. Therefore, these tumors are expected to equally benefit from
CPIs [48]. In addition, pleomorphic sarcoma displayed a highly comparable immune land-
scape to malignant melanoma, suggesting an optimal suitability for immunotherapeutic
approaches [48]. Interestingly, in larger tumors, CD8" T cells tended to become excluded
from the TME which could imply a limited efficacy of CPls in tumors of greater size [58].
Leiomyosarcomas and liposarcomas have generally low CD8" T cell infiltration among
different studies which is reflected in the greatly disappointing results in clinical trials [71].
Out of T cell immunotherapies, CPIs are the most widely used agents. However, both
nivolumab and ipilimumab in monotherapies showed only limited efficacy [71,123]. The
undifferentiated pleomorphic sarcoma histology is associated with better response and
CPIs combination therapies, such as nivolumab plus pembrolizumab, significantly increase
the response rates in STSs patients. Other promising clinical trials include the ACT or CAR
T cell therapy [124].

Poor immunotherapy responses in patients with leiomyosarcomas may also be associ-
ated with their relatively high loads of Tregs as compared to pleomorphic sarcomas [48].
TME infiltration with Tregs positively correlates with the tumor grade, stage, and the depth
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of invasion [76]. Moreover, in undifferentiated pleomorphic sarcomas, Treg infiltration
increases after neoadjuvant radiotherapy and affects the overall survival of patients [76].
Blocking the immunosuppressive functions of Tregs, however, raises many safety concerns
and, to date, mostly anti-CTLA-4 agents show a great deal of promise in affecting both
CD8" T cells in addition to Tregs [77,80]. Data regarding the presence and phenotypes of
NK cells in STSs are quite limited. Hence, detailed analyses would be truly beneficial in
STSs. While intratumoral NK cells of STSs exhibit numerous activation and exhaustion
markers, peripheral NK cells in STS patients were observed as functionally impaired [86,87].
Patients undergoing NK-cell based immunotherapies mostly profit from administration of
IL-15, a potent NK cell activator, while anti-NKG2A therapy is still lacking among clinical
trials in STSs [125,126]. Macrophages dominate the immune landscape of STSs and are
associated with the tumor grade and outnumber TILs across nearly all sarcoma types [103].
TAMs are frequently observed in pleiomorphic sarcomas, while the infiltration among li-
posarcomas, clear cell sarcomas, and synovial sarcomas is relatively low. It should be noted
that alterations in TAM densities were shown in patients after neoadjuvant chemother-
apy [106]. Therapies targeting macrophages are thus very promising in STSs. Preclinical
studies reveal the potential of anti-CD47 therapy for leiomyosarcoma, and clinical trials
employ mostly pexidarinib or trabectedin [103,120].

With the current knowledge of diverse immune cell populations infiltrating STS
tumors, the ongoing clinical practice could fundamentally change and allow stratification
of patients based on the immune landscape of the TME. As distinct histotypes of STSs
are recognized to be infiltrated with immune cells in diverse proportions and are only
sensitive to specific cytotoxic drugs, it is likely that also preclinical research will focus on
deciphering the optimal histology-driven therapeutic regimens.

It is already clear that clinical trials aiming at multiple immune cell populations, such
as T cells and macrophages that are triggering both the innate and adaptive immunity, bring
a great deal of promise. As shown in clinical trials, immunotherapies can be easily com-
bined and chemotherapy can serve as a powerful tool to sensitize TME to immunotherapy
in these mostly chemoresistant tumors.
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4.3 ,A novel anti-CD47-targeted blockade promotes immune activation in

human soft tissue sarcoma but does not potentiate anti-PD-1 blockade*

OZANIAK A, SMETANOVA J, BARTOLINI R, RATAJ M, CAPKOVA L, HACEK J,

FIALOVA M, KRUPICKOVA L, STRIZ |, LISCHKE R, BARTUNKOVA J, STRIZOVA Z.

J Cancer Res Clin Oncol. 2022 Aug 20. doi: 10.1007/s00432-022-04292-8. Epub

ahead of print. PMID: 35986756.

VétSina pacientd s mékkotkanovym sarkomem stale umira na rozvoj metastaz
do nékolika let od pocatecni diagndzy. Systémova chemoterapeutika vyvolavaji
odpovéd pouze u 15-35 % pacientd a neoadjuvantni/adjuvantni radioterapie sice
snizuje pravdépodobnost lokalni recidivy, na druhou stranu byva spojena se zna¢nou
toxicitou. Navic kupfikladu u retroperitonealnich STS byva ¢asto problematické podani
adekvatni terapeutické davky. Podivame-li se na jiné léCebné modality, imunoterapie
prostfednictvim checkpoint inhibitor zatim neprokazala presvédcivé vysledky u STS,
aC nékteré histologické podtypy jisty benefit z terapie prokazaly. Jednim z hlavnich
dlvodd, ktery stoji za relativné nizkou terapeutickou odpovédi checkpoint inhibitor u
STS, mlze byt relativné nizka infiltrace nadort imunitnimi T-bufikami. Na druhou
stranu byla prokazana znacna pfitomnost makrofagl v nadorovém mikroprostredi

STS, coz znaci potencial v IéCbé cilené pravé na tuto imunitni populaci.

V této studii jsme hodnotili potencidlni synergické ucinky kombinace
monoklonalnich protilatek anti-PD-1 a anti-CD47. Efektivitu 1é€by jsme hodnaotili in vitro
prostfednictvim méfeni aktivace imunitnich bunék ve smyslu produkce cytotoxickych
cytokinu. Pozorovali jsme, Ze po makrofazich jsou dal$i nej¢astéjSi bunécnou populaci

v STS CD8 T-bunky. Vysoky podil makrofagl a T-bunék nas dale vedl ke zkoumani
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kombinované aktivace T-bunék a makrofagl prostfednictvim podani anti-PD-1 a anti-

CDA47.

Nase zjisténi ukazala, Ze jak anti-PD-1, tak anti-CD47 terapie je schopna
signifikantné zvysit produkci prozanétlivych cytokind IL-2, IFN-y a TNF-a in vitro.
Nicméné prekvapivym zjisténim bylo, Ze spole¢né podavani anti-CD47 a anti-PD-1
nebylo ucinngjsi, naopak vedlo k potlaceni produkce cytotoxickych cytokinu, a to i pfi

déleni kohorty dle riznych parametra.

V na$i studii byla nejvyznamnéjsi odpovéd na anti-CD47 terapii pozorovana u
nediferencovaného pleomorfniho sarkomu, coz byl také histologicky podtyp s nejvyssi
expresi CD47. Na druhou stranu, CD47 byl Siroce exprimovan i v jinych podtypech

STS, jako jsou high-grade myxofibrosarkomy nebo angiosarkomy.

NasSe data naznacCuji, Ze kombinované strategie zaloZené na checkpoint
inhibitorech a anti-CD47 blokadé nemuseji zajistit poZadovany vysledek. Obé terapie,
bud anti-PD-1, nebo anti-CD47 samostatné, by vS§ak mohly mit terapeuticky potencial

u vybranych nadoru po peclivém vyhodnoceni CD47 a PD-1 exprese v nadoru.
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Abstract

Purpose The treatment options for metastatic soft tissue sarcomas (STSs) are limited. In most cases, immunotherapy with
immune checkpoint inhibitors has not been successful so far. Macrophages dominate the immune landscape of STSs; thus,
combinatorial strategies aiming at both tumor-infiltrating lymphocytes and macrophages may represent a particularly relevant
treatment approach for metastatic or recurrent STSs.

Methods In this cohort study, 66 patients who underwent surgery for STSs were enrolled. Tumor cells and tumor-infiltrating
immune cells were analyzed using flow cytometry and immunohistochemistry. In cell suspensions obtained from surgical
resections, human T cells were activated by superparamagnetic polymer beads and cultured at a concentration of 0.3 x 108/
ul in the absence or presence of therapeutic monoclonal antibodies (anti-PD-1, anti-CD47, and anti-PD-1 + anti-CD47).
Supernatants from cell suspensions were analyzed using multiplex Luminex cytokine bead-based immunoassays.

Results The most profound response to anti-CD47 therapy was observed in an undifferentiated pleiomorphic sarcoma which
also displayed high expression of CD47 in the tumor microenvironment. Both anti-PD-1 and anti-CD47 therapies drastically
increased the production of pro-inflammatory cytokines in the tumor microenvironment of STSs, but co-administration of
both agents did not further increase cytokine secretion. Furthermore, all patient samples treated with a combination of both
anti-PD-1 and anti-CD47 antibodies showed a dramatic reduction in cytokine secretion.

Conclusion Our findings suggest that anti-PD-1 and anti-CD47 therapies do not enhance each other, and the combined
application of anti-PD-1 and anti-CD47 agents in vitro limits rather than potentiates their efficacy.

Keywords Immune checkpoint inhibitor sarcoma - Combined immunotherapy - Don’t eat me signal - Leiomyosarcoma
Undifferentiated pleiomorphic sarcoma
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Soft tissue sarcomas (STSs) are malignant mesenchymal
tumors with highly heterogeneous clinical presentation, bio-
logical behavior, and histological structure (Gamboa et al.
2020). With more than 80 histological subtypes of STSs,
studies defining robust prognostic or therapeutic biomark-
ers are lacking. Surgery remains the most important treat-
ment option for patients with localized STS (Ozaniak et al.
2021; Spolverato et al. 2020). However, even with the major
improvements in local control rates, metastases and death
occur in 50% of patients diagnosed with high-risk STSs
(Cormier and Pollock 2004; Kawamoto et al. 2020).

In patients with STSs, the lungs are the most common site
of generalization (Digesu et al. 2016). For metastatic dis-
ease, the front-line therapy consists of anthracycline-based
chemotherapy (Singhi et al. 2018). However, the efficacy of
chemotherapy in STSs varies, with most histological sub-
types showing only very limited chemosensitivity (Banerji
and Kanjilal 2005).

For that reason, a detailed search for novel therapeu-
tic options, including combinatorial strategies, is urgently
needed in STSs. These novel therapies have the potential
to rapidly change the course of the disease, offering suc-
cess rates comparable to those following the introduction of
tyrosine kinase inhibitors for the treatment of gastrointesti-
nal stromal tumors or the introduction of immunotherapy
for the treatment of metastatic melanoma (Songdej and von
Mehren 2014; Weiss et al. 2019).

CD47 is a transmembrane protein that binds to the ligands
signal regulatory protein (SIRP)a, thrombospondin (TSP)-
1, and integrins ovp3 and a2f1. CD47 is widely expressed

in human cells; however, the expression in tumor cells is

significantly higher (Huang et al. 2020). The CD47-SIRPa
signaling pathway triggers a “don't eat me” signal that inhib-
its macrophage-mediated phagocytosis; thus, tumor cells
overexpress CD47 to limit the anti-tumor activities of phago-
cytic immune cells (Huang et al. 2020; Strizova et al. 2020).
CDA47 overexpression has been described in multiple can-
cers, including chondromas and angiosarcomas with up to
80% of cells expressing the CD47 molecule (Dancsok et al.
2020; Jiang et al. 2021; Zhang et al. 2020). With a great deal
of promise shown in preclinical trials, therapeutic strate-
gies targeting CD47 have entered phase I/II clinical trials in
patients with various solid tumors (Jiang et al. 2021).

The success of anti-CD47 therapy critically depends on
the composition of the tumor microenvironment (TME)
(Vonderheide 2015). The TMEs of STSs are determined by
a variety of different cells, including tumor cells, extracellu-
lar matrix cells, and tumor-infiltrating immune cells (TIICs),
such as phagocytic cells, antigen-presenting cells, natural
killer cells, and T cells (Raj et al. 2018; Zhu and Hou 2020).

The infiltration of the TME by macrophages is an important
factor for anti-CD47 therapy efficacy (Weiskopf et al. 2016)
Recent studies have demonstrated that across nearly all sar-
coma types, macrophages dominate the immune landscape
of STSs (Dancsok et al. 2020). Moreover, macrophages in
STSs largely outnumber tumor-infiltrating lymphocytes
(TILs) (Dancsok et al. 2020).

To date, most studies have evaluated the effect of CD47
blockade in promoting innate phagocyte-mediated immunity
against cancer (Chao et al. 2010; Kim et al. 2012; Weiskopf
et al. 2016). Impact on T cells is a far less explored area of
research (McCracken et al. 2015). While enhanced T-cell
responses observed in anti-CD47 therapy have been gener-
ally attributed to increased phagocytosis by antigen-present-
ing cells and their presentation of tumor antigens to T cells,
other studies have shown that blockade of CD47 can activate
T-cell cytotoxicity directly and facilitate the cytolytic activ-
ity of CD8" T-cells (Soto-Pantoja et al. 2014; Tseng et al.
2013). Moreover, in fibrosarcoma models, blockade of CD47
was also proven to enhance the recruitment of CD8" T cells
(Soto-Pantoja et al. 2014).

Since TILs are the major target of the most successful
immunotherapies, combinatorial strategies aiming at both
TILs and macrophages might represent a particularly rel-
evant treatment approach for metastatic or recurrent STSs
(Li et al. 2020).

In the current study, we evaluated the potential additive
effects of combining anti-PD-1 and anti-CD47 therapies on
anti-tumor responses in human STSs.

Materials and methods
Patients and tumor samples

A total of 66 patients who underwent surgery for STSs
between January 2019 and June 2021 were enrolled in
this study, and 73 tissue samples were analyzed. The
female:male ratio was 1:1. The mean age was 63.5 years
and ranged from 24 to 90 years. Out of 66 patients, 54 were
admitted and operated on for localized disease, and three
patients received neoadjuvant treatment. The CD47 expres-
sion status in patients with neoadjuvant treatment ranged
from 0 to 3 and did not statistically differ from that in the
rest of the study cohort. Another three patients, whose CD47
expression levels in tumor tissues were analyzed, were also
included in subsequent Luminex and flow cytometry analy-
ses. Furthermore, in four patients, both primary tumors and
metastatic lesions occurring after > 12 months were screened
for CD47 expression. However, the CD47 expression levels
of the primary tumors correlated with those of the meta-
static lesions in these four surgically treated patients. The
clinicopathological characteristics of the study participants
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Table 1 Characteristics of the study cohort

Variable Patients (n) Patients (%)
Age (in years)
>75 35 53.00
75-65 16 24.20
<65 15 22.70
Sex
Male 33 50.00
Female 33 50.00
Grade
Low 11 16.70
High 55 83.30
Histology
Undifferentiated pleiomorphic sarcoma 18.00 273
Dedifferentiated liposarcoma 11.00 16.70
Pleiomorphic liposarcoma 5.00 7.60
Myxoid liposarcoma 4.00 6.10
Well-differentiated liposarcoma 6.00 9.10
Myxofibrosarcoma 11.00 16.70
Alveolar sarcoma 2.00 3.00
Leiomyosarcoma 2.00 3.00
Pleiomorphic rhabdomyosarcoma 2.00 3.00
Chondrosarcoma 2.00 3.00
Angiosarcoma 1.00 1.50
Spindle cell sarcoma 1.00 1.50
Sarcoma not otherwise specified 1.00 1.50

are summarized in Table 1. The study was conducted ethi-
cally following the World Medical Association Declara-
tion of Helsinki. All patients provided written consent to
participate in the study, and the study was approved by the
Ethics Committee for Multi-Centric Clinical Trials of the
University Hospital Motol (Reference no.: EK-189/20). The
experimental design of the study is shown in Fig. 1.

Immunohistochemistry

Formalin-fixed paraffin-embedded tissue samples (n = 61)
were retrospectively retrieved, and 3-pum-thick sections were
stained for the presence of CD47 molecules using prediluted
antibodies. Polyclonal anti-CD47 antibody (PAS5-80435;
Thermo Fisher Scientific, Massachusetts, USA) was used
for the detection of CD47 in tumor cells, and each slide was
scored manually by an experienced pathologist. Cytoplasmic
and membranous stainings of tumor cells were considered
positive (Fig. 2). For each case, the extent of CD47 staining
was assessed and graded using a scale of 0-3:

0: no staining of tumor cells (negative).

1 +: less than 1/3 staining of the total tumor area (focal
positivity).

2 +: 1/3-2/3 staining of the total tumor area (moderate
positivity).

3 +: more than 2/3 staining of the total tumor area (dif-
fuse positivity).

TIIC isolation and single-cell suspension protocol

TICs were isolated from surgical resections performed at
Motol University Hospital, Prague, with the approval of the
Ethics Committee. Tissue samples were placed on a sterile
8-well plate, and each sample was mechanically dissociated
into small pieces using two single-edged razor blades. Next,
the obtained tissue pieces (approximately 1 mm in diameter)
were incubated in 5 ml of RPMI-1640 medium (Gibco™
RPMI 1640 Medium, Thermo Fisher Scientific) at room
temperature (RT). The tissue was enzymatically digested by
collagenase type IV and DNAse I for 30 min in a CO; incu-
bator. After 30 min, the single-cell suspension was filtered
through a 70-um nylon strainer and washed in phosphate-

buffered saline (PBS). To remove red blood cells, the cell

suspension was then supplemented with Ammonium-Chlo-
ride-Potassium Lysing Buffer (Thermo Fisher Scientific)

for 10—15 min at RT. After centrifugation (500xg, 10 min,
RT), the pelleted cells were resuspended in cold (4 °C) PBS
containing 2 mM EDTA.

Flow cytometry

Flow cytometry was used as a complementary method
to immunohistochemistry to characterize the propor-
tions of tumor-infiltrating cells in vitro. The isolated cells
were stained after a 30 min incubation with fluorophore-
conjugated protein-specific antibodies according to the
manufacturer’s instructions and recommendations. The
following monoclonal antibodies (mAbs) were used: CD45
A700, CD4 Pacific Blue, and CD8 PeDy 594 (all Exbio,
Prague, Czech Republic). The isolated cells were then
washed and analyzed using a BD LSRFortessa flow cytom-
eter (Becton Dickinson). The gating strategy is shown in
Fig. 3a.

Selective T-cell stimulation and therapeutic
blockade

Cell suspensions (n = 10) were transferred into a 96-well
flat-bottom plate with RPMI-1640 medium (Gibco™ RPMI
1640 Medium, Thermo Fisher Scientific) and cultured at
a concentration of 0.3 x 10%ul in the presence/absence of
therapeutic mAbs. Five study arms were created. In the first
study arm, non-stimulated (NS) cell suspensions were incu-
bated for 24 h. In the cell suspensions of the second study
arm, human T cells (CD4 +and CD8 +) isolated from tumor
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Fig. 1 The study design. The cohort of 66 patients with STSs was
first retrospectively screened for the expression CD47 in the tumor
tissue by immunohistochemical analysis. Both tumor cells and
immune cells were then analyzed by flow cytometry to allow the
quantification of these populations. Five prospective study arms were
created to investigate the immune cell activation in cell suspensions
obtained from surgical resections. In the first study arm, NS cell sus-
pensions were incubated for 24 h. In the second study arm, human
T cells (CD4" and CD8") were activated by superparamagnetic pol-
ymer beads (CD3/CD28 activator). In the third study arm, cell sus-

samples were activated by superparamagnetic polymer beads
with an optimized mixture of mAbs against CD3 and CD28
surface molecules (Dynabeads Human T-Activator CD3/
CD28, Gibco, Thermo Fisher Scientific). The assay was per-
formed according to the manufacturer's protocol. CD3 + T
cells were stimulated with anti-CD3/CD28 beads for 24 h.
In the third study arm, cell suspensions were prepared as
described for arm two and incubated with anti-PD-1 mAb
(Nivolumab, Selleckchem, Germany) at a final concentra-
tion of 2 pg/ml (Yao et al. 2021). In the fourth study arm,
cell suspensions were prepared as described for arm two
and incubated with anti-CD47 mAb (clone MIAP410, InVi-
voMab, BioXCell, Lebanon NH) at a final concentration of
20 pg/ml (Strizova et al. 2020). The fifth study arm included
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pensions were prepared according to the procedure of arm two and
incubated with an anti-PD-1 mAb. In the fourth study arm, cell sus-
pensions were prepared according to the procedure of arm two and
incubated with an anti-CD47 mAb. The fifth study arm included cell
suspensions prepared according to the procedures of arms three and
four (anti-PD-1 + anti-CD47 blockade). Cytokine secretion was ana-
lyzed using a multiplex Luminex cytokine bead-based immunoas-
say. This figure was created with BioRender.com (Agreement No.
Z123V8U8GU). mAb monoclonal antibody, NS non-stimulated, ST
soft tissue sarcoma

cell suspensions prepared according to the above-described
procedures for arms three and four (anti-PD-1 + anti-CD47
blockade).

Luminex cytokine assay

Samples were prepared according to the manufacturer's rec-
ommendations, and supernatants from 50 cell suspensions
(10 patients, 5 study arms) were analyzed using a multiplex
Luminex cytokine bead-based immunoassay (R&D Sys-
tems). The Milliplex® MAP Human Cytokine/Chemokine
Bead Panel (Sigma Aldrich) was used for the analysis of
tumor necrosis factor (TNF)-o, interferon (IFN)-y, and
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Immunohistochemistry: The extent of CD47 staining in human sarcoma
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Fig. 2 Immunohistochemistry (IHC) of CD47 expression in human
soft tissue sarcomas. Representative images show negative CD47
staining in (a) pleiomorphic rhabdomyosarcoma (40x), focal positiv-
ity in (b) spindle cell rhabdomyosarcoma (40x), moderate positivity

interleukin (IL)-2 cytokine levels. The procedure followed
the manufacturer’s recommendations.

Data analysis

Flow cytometry data were analyzed using FlowJo software
(version 10.6.1). Statistical analyses were performed using
GraphPad Prism 6 (GraphPad Software, La Jolla, CA). Sta-
tistical significance among three or more groups was meas-
ured using nonparametric one-way ANOVA with Dunn’s
multiple comparison test. Statistical significance between
two groups of differentially treated samples was analyzed
using Wilcoxon’s matched-pair signed-rank tests. Statistical
significance was tested at the a =0.05 level.

Results

The “don’t eat me” signal is expressed in most soft
tissue sarcomas

Previous studies have shown that in chondromas and
angiosarcomas, up to 80% of cells express the CD47
molecule (Dancsok et al. 2020; Jiang et al. 2021; Zhang
et al. 2020). Because the current study evaluating poten-
tial additive effects of anti-CD47 and immune checkpoint
inhibitor immunotherapies included diverse histologic STS
subtypes, we first investigated whether CD47 is expressed

in pleiomorphic liposarcoma (40x) and diffuse positivity in d) undif-
ferentiated pleiomorphic sarcoma (40x). This figure was created with
BioRender.com (Agreement No. WG247EVVEB)

consistently within the study cohort. A scale ranging from
0 to 3 was used to quantify the extent of CD47 expression
in the TME.

In our study, 86.9% of patients with STSs showed
expression of CD47 molecule in the TME. In accordance
with previously published studies, the highest expression
of CD47 was observed in patients with angiosarcoma
and chondrosarcoma. By contrast, leiomyosarcoma and
rhabdomyosarcoma belonged to tumors with no CD47
expression in the TME. Of note, in our study cohort, only
a limited number of angiosarcomas, chondrosarcomas,
leiomyosarcomas, and rhabdomyosarcomas were present.
The most frequent histological subtypes, liposarcomas and
undifferentiated pleiomorphic sarcomas, displayed in most
cases high staining of the total tumor area.

Cytotoxic CD8* T cells are the second most prevalent
leukocyte subset in the sarcoma TME

While the high levels of CD47 detected in human STSs
suggest that an anti-CD47 therapy targeting macrophages
could represent a particularly effective treatment option,
we hypothesized that we could further improve anti-tumor
responses by stimulating other leukocytes in the TME.
Macrophages have already been shown to dominate the
TMEs of sarcomas (Dancsok et al. 2020), and our flow
cytometric analysis revealed that 40% of CD45" cells are
CD4" and CD8" T cells (Fig. 3b). This indicates that, after
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Fig. 3 Gating strategy and the proportions of tumor-infiltrating cells.
a The gating strategy for the analysis of flow cytometry data. b The
analyzed cells were gated as in (a), and the proportions of leuko-
cytes vs non-leukocytes (left graph) and CD4" vs CD8" T cells (right

macrophages, T cells are the most prevalent leukocyte subset
in human STSs. Furthermore, the proportions of cytotoxic
CD8" T cells in TMEs were higher than those of CD4"
helper T cells.

Collectively, these data suggest that a combinatorial ther-
apy targeting both macrophages and CD8" T cells may have
the potential to activate the vast majority of TILs, producing
an even stronger anti-tumor response.

Anti-CD47 therapy promotes strong immune cell
activation in TMEs of soft tissue sarcomas

Anti-PD-1 therapy has already been shown to activate
CD8" cytotoxic T cells (Verma et al. 2019). Thus, we
aimed to determine whether combining anti-CD47 with
anti-PD-1 therapy could activate TILs more effectively
in vitro and promote the generation of an anti-tumor
microenvironment characterized by increased secretion
of specific pro-inflammatory cytokines which have been

CD8+ CD4+
T cell subpopulations

graph) in the tumor tissues of patients with STSs were determined by
flow cytometry. The acquired data were analyzed using FlowJo Soft-
ware (Tree Star, Ashland, OR). STS, soft tissue sarcoma

shown to support tumor suppression (Berraondo et al.
2019).

Single-cell suspensions from tumor samples were split
and exposed to five different conditions, including CD3/
CD28 stimulation combined with anti-PD-1 therapy, anti-
CDA47 therapy, and most importantly, anti-PD-1 and anti-
CDA47 therapy simultaneously. Using a Luminex assay, con-
centrations of the pro-inflammatory cytokines IL-2, IFN-y,
and TNF-a were assessed, and these concentrations were
used to infer the extent of TIIC activation and potential anti-
tumor effect.

In NS cell suspensions, we did not detect any IL-2 or
IFN-vy secretion and only minimal TNF-a production after
24 h of incubation. T-cell stimulation with anti-CD3/CD28
Dynabeads caused a modest increase in IFN-y and TNF-a
levels, but IL-2 production was still low (Fig. 4a).

The addition of anti-PD-1 to CD3/CD28 stimulation dras-
tically increased the production of all cytokines analyzed,
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Fig. 4 Cytokine responses in the study cohort. a Comparison of non-
stimulated and anti-CD3/CD28-stimulated cells. Cytokine responses
are displayed in a bar graph. b The effect of anti-CD47 and anti-PD-1
co-administration on immune cell activation in the TME of STSs in
all patients. The concentrations of the pro-inflammatory cytokines
IL-2, IFN-y, and TNF-a were assessed to infer the extent of TIIC

suggesting strong immune activation and the generation of a
tumor-restrictive microenvironment.

This increase in pro-inflammatory cytokine secretion was
even more pronounced after anti-CD47 therapy (Fig. 4b).
However, combining anti-PD-1 and anti-CD47 treatment did
not further increase cytokine secretion, but caused a decrease
in cytokine levels which were more similar to those follow-
ing CD3/CD28 stimulation alone. Thus, our findings suggest
that anti-PD-1 and anti-CD47 therapies do not enhance each
other and that the combinatorial application of anti-PD-1 and
anti-CD47 agents in vivo may limit rather than potentiate their
clinical efficacy.

Leiomyosarcoma and undifferentiated
pleiomorphic sarcoma achieve peak cytokine
responses after single-agent administration
but do not respond to combinatorial treatment

Soft tissue sarcomas exhibit heterogeneity in their clini-
cal behavior even within the same histological subtype,

activation. Both anti-PD-1 and anti-CD47 therapies drastically
increase the production of the pro-inflammatory cytokines IL-2, IFN-
v, and TNF-a in vitro. The co-administration of both agents causes a
decrease in the pro-inflammatory immune response. /FN interferon,
IL interleukin, STS soft tissue sarcoma, TME tumor microenviron-
ment, TNF tumor necrosis factor

which complicates treatment and patient care (Skubitz
et al. 2008). This is down to a variety of factors, such as
different immune compositions or pre-existing comorbidi-
ties (Du et al. 2020; Skubitz et al. 2008).

Our study was initially designed to include histologi-
cally heterogeneous STSs, pooling all samples to examine
whether a combinatorial therapy may represent a broad
treatment option. Although the administration of both
therapies appears to be ineffective when looking at the
cohort, a combinatorial therapy targeting anti-CD47 and
anti-PD-1 might still be effective against a particular STS
subtype or in a particular set of patients. To explore this
possibility, we attempted to re-evaluate trends in therapy
responses, both on an individual level and by trying to
group patients according to sarcoma type, age, and sex.

On an individual level, the most profound response to
anti-PD-1 antibodies was observed in a high-grade leiomyo-
sarcoma (Fig. 5a). In this case, the TNF-o production of anti-
CD3/CD28-stimulated cells was 3.8 pg/ml but increased to
6019 pg/ml after 24-h incubation with anti-PD-1 antibodies.

84



Journal of Cancer Research and Clinical Oncology

a Leiomyosarcoma
% =i+ TNFa.
n =&« [FNy
= IL-2
S g
o <
w o
Q ;]
a4 <
-
w)
DL
=
=1y]
—
ja st

IL-2 response

@ High Grade
B Lowonde

fold of peak cytokine response
e
fold of peak cytokine rmsponse

¢ (pg/ml)

*"] TNFa response

Undifferentiated pleiomorphic sarcoma

2000
= TNFa

-6 [FNy
1500 ,A. IL-2

1000+

500

) IFNy response

@ High Grade
W LowGnae

® High Grade
B LowGrade

Told of peak cytokine response

Low Grade / High Grade Tumors

Fig. 5 Pro-inflammatory responses in selected subgroups of patients.
a The highest individual cytokine response to anti-PD-1 therapy was
observed in leiomyosarcoma (left graph), and the highest individual
cytokine response to anti-CD47 therapy was observed in undifferenti-
ated pleiomorphic sarcoma (right graph). The levels of IL-2, TNF-a,

The most profound response to anti-CD47 therapy was
observed in an undifferentiated pleiomorphic sarcoma,
where the TNF-a production of anti-CD3/CD28-stimulated
cells increased from 101 to 1503 pg/ml after the addition of
anti-CD47 antibodies (Fig. 5a).

However, regardless of the individual therapy achieving
peak cytokine responses, all patient samples treated with a
combination of both anti-PD-1 and anti-CD47 antibodies
showed a dramatic reduction in cytokine secretion.

This effect was also seen when grouping patients accord-
ing to sarcoma grade (high vs low), sarcoma type (pleio-
morphic vs liposarcoma), age (below 65 vs above 75), and
sex (men vs women; Figs. 5b, 6 and 7). In all cases, the
peak cytokine response was achieved by the administra-
tion of anti-PD-1 or anti-CD47 antibodies in combination
with CD3/CD28 stimulation. When both treatments were
administered simultaneously, cytokine secretion levels
dropped below the levels seen with CD3/CD28 stimulation
alone, indicating a profound inhibition of the inflammatory
response.

and IFN-y are presented in pg/ml. b The correlation of pro-inflamma-
tory cytokine responses between low-grade and high-grade STSs. The
cytokine responses are normalized and presented as a fold of peak
cytokine responses. /FN interferon, /L interleukin, STS soft tissue sar-
coma, TNF tumor necrosis factor

Discussion

To date, most patients with STSs die of metastatic disease
within a few years after the initial diagnosis (Komdeur et al.
2002; Lochner et al. 2020). While the incorporation of novel
surgical techniques has led to major improvements in the
local control of localized STSs, treatment options for meta-
static STSs are limited (Bonvalot et al. 2010; Gronchi et al.
2013; Lochner et al. 2020; Ozaniak et al. 2020). Systemic
chemotherapeutic agents induce a response in only 15-35%
of the patients, irrespective of the histological subtype (Oza-
niak et al. 2021). Both neoadjuvant and adjuvant radiothera-
pies reduce local recurrence rates but are also associated
with considerable toxicity, especially in retroperitoneal STSs
(Chouliaras et al. 2019; Ozaniak et al. 2021). Histotype-
tailored approaches are currently widely discussed in STS,
especially metastatic STS, because specific cytotoxic drugs
were shown to be quite effective in distinct STS histotypes
(Gronchi et al. 2012; Higham et al. 2017). On the other hand,
the phase III clinical trial by Gronchi et al. demonstrated
significantly worse disease-free survival and overall survival
in the histotype-tailored group compared to the standard
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Fig. 6 Pro-inflammatory cytokine concentrations in selected histolog-
ical subtypes of STSs. The correlations of pro-inflammatory cytokine
responses between pleiomorphic sarcomas and liposarcomas (upper
row) and between well-differentiated liposarcoma and dedifferenti-

chemotherapy group (Gronchi et al. 2017). However, the
differential chemosensitivity across diverse histological
subtypes and grades of STSs suggests the need of personal-
ized treatment of these rare disease entities (Bleloch et al.
2017; In et al. 2017). Similarly, a broad spectrum of radio-
sensitivities exists across STS cell lines which is reflected
in subtype-specific radiation responses (Haas et al. 2021).
As for immunotherapy with immune checkpoint inhibitors,
even with the so far disappointing response rates in STSs,
some histological subtypes were still found to benefit more
than others (Roulleaux Dugage et al. 2021).
In the hope of reducing the risk of both local recurrence
and distant metastases in STSs patients, inventing novel
therapy approaches and searching for novel neoadjuvant/
adjuvant treatment options is crucial (Ozaniak et al. 2021).
Immunotherapy represents a breakthrough in the treat-
ment of metastatic diseases (Bang and Schoenfeld 2019;
Strizova et al. 2021). Immune checkpoint inhibitors have
become the first-line treatment for various solid tumors,
such as metastatic renal cell carcinoma or metastatic non-
small cell lung carcinoma (Tung and Sahu 2021; Xiao et al.
2021). In STSs, however, immune checkpoint inhibitors
did not show a significant effect on tumor growth (Saerens
et al. 2021). One of the main reasons might be the relatively
mild infiltration of STSs with TILs (Raj et al. 2018). On the

ated liposarcoma (lower row) are shown. The cytokine responses are
normalized and presented as a fold of peak cytokine responses. STS
soft tissue sarcoma

other hand, the TME of STSs is highly infiltrated with mac-
rophages which opens new avenues for macrophage-targeted
immunotherapies (Dancsok et al. 2020).

In the current study, we evaluated the potential additive
effects of combining anti-PD-1 and anti-CD47 treatment to
activate TILs in human STSs. Studies on the combined ther-
apy using an immune checkpoint inhibitors (anti-CTLA-4)
with anti-CD47 have previously been carried out in a mouse
model of melanoma (Schwartz et al. 2019). To our knowl-
edge, our study is the first to evaluate the potential additive
effect of anti-PD-1 and anti-CD47 therapy in human STSs.

We observed that, after macrophages, the next most com-
mon type of CD45" leukocytes in human STSs are CD3*
T cells, with the cytotoxic CD8" T-cell subset being more
prevalent than the CD4" subset. The high proportion of cyto-
toxic T cells suggests that a therapy designed to efficiently
target T cells in the TME may offer great potential to prevent
disease progression.

Our findings show that both anti-PD-1 and anti-CD47
therapies drastically increase the production of the pro-
inflammatory cytokines IL-2, IFN-y, and TNF-a in vitro.
However, our hypothesis that co-administration of anti-
CD47 and anti-PD-1 would be more effective than either
treatment alone was not confirmed, and even with diverse
treatment responses in our histologically heterogeneous
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Fig. 7 Immune cell activation after anti-PD-1/anti-CD47 treatment in
times of STSs in various age and sex subgroups. The correlation of
pro-inflammatory cytokine responses between the youngest patients
and the oldest patients in the study cohort (upper row). Immune

cohort, uniform and consistent tendencies with a major
decrease in T-cell responses were observed in all patients
after combined administration of anti-CD47 and anti-PD-1
agents.

Recent studies have shown that the activation of anti-
tumor T cells by anti-PD-1 is not direct but rather involves
a crosstalk between T cells and dendritic cells (Garris
et al. 2018). This mechanism is also strongly mediated by
the cytokines IFN-y and IL-12 (Garris et al. 2018). With
dual administration of anti-CD47 and anti-PD-1 agents, we
hypothesize there might be competing cascades of reactions
that ultimately decrease the efficacy of both treatments.
First, anti-CD47 therapy enhances tumor cell phagocyto-
sis by both M1 and M2 macrophage subtypes (Zhang et al.
2016). This therapy-induced activation of macrophages may
also promote cytokine release by tumor-associated mac-
rophages which are the most prevalent macrophage subtype
in the TME (Boutilier and Elsawa 2021). Since macrophage
polarization can be altered based on the integration of mul-
tiple signals from other cell types in the TME, this mecha-
nism may also significantly change the spectrum of TIICs
(Boutilier and Elsawa 2021; Chen et al. 2019). Second,
the cytokines produced by tumor-associated macrophages
include anti-inflammatory cytokines, transforming growth
factor B and IL-10 (Chen et al. 2019) These cytokines are
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responses to anti-PD-1 and anti-CD47, as well as responses to both
agents simultaneously, in women and men (lower row). The cytokine
responses are normalized and presented as a fold of peak cytokine
responses. ST soft tissue sarcoma, 7ME tumor microenvironment

known to cause CD8 T-cell inhibition, as well as regula-
tory T-cell activation (Thepmalee et al. 2018). Anti-PD-1
therapy has also been demonstrated to induce IL-2 secre-
tion by T-cells which may also contribute to the regulatory
T cell expansion within the TME (Chiu et al. 2022; Stecher
et al. 2017). The suppressive functions of regulatory T cells
further inhibit dendritic cells in presenting tumor antigens
to activate CD4" and CD8" T-cells (Thepmalee et al. 2018).
The missing crosstalk between TILs and tumor-infiltrating
dendritic cells may further impair the efficacy of anti-PD-1
immunotherapy. Therefore, while anti-PD-1 can enhance
T-cell function, the addiction of an anti-CD47 therapy might
induce phenotypic changes in tumor-associated macrophages
and dendritic cells, which in turn could decrease the effec-
tiveness of anti-PD-1 therapy. Another possible mechanism
involved could be the anti-CD47-induced lymphodepletion
which may occur in cancer types with high CD47 expression
on TILs (Strizova et al. 2020).

Unfortunately, we still have a limited understanding of
how anti-CD47 and anti-PD-1 treatments engage complex
TMEs and which mechanisms define the treatment success.

Of note, the highest concentration of TNF-a was observed
in high-grade leiomyosarcoma after the in vitro administra-
tion of anti-PD-1. Leiomyosarcoma is characterized by both
mild infiltration with macrophages and infrequent expression
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of CDA47; thus, patients with leiomyosarcoma might ben-
efit from PD-1 therapy rather than from anti-CD47 therapy
(Lazar et al. 2017; Ganjoo et al. 2011; Lee et al. 2008).
Our data support the findings of these studies; however, the
study by Edris et al. reported a highly effective anti-CD47
treatment in a murine model of leiomyosarcoma (Edris et al.
2012). Thus, more studies in leiomyosarcoma are needed.

In our study, the most profound response to anti-CD47
therapy was observed in an undifferentiated pleiomorphic
sarcoma which also belonged to the histological subtypes
with the highest expression of CD47. Tumor-associated mac-
rophages frequently infiltrate pleiomorphic sarcomas, such as
undifferentiated pleiomorphic sarcoma and dedifferentiated
sarcoma (Dancsok et al. 2020). Therefore, anti-CD47 agents
in the treatment of pleiomorphic sarcomas might have a dual
effect by potentiating macrophage-mediated phagocytosis and
promoting T-cell cytotoxicity (Chen et al. 2021; McCracken
et al. 2015). On the other hand, CD47 was widely expressed
in other STS subtypes, such as high-grade myxofibrosarcomas
or angiosarcomas, where the efficacy of anti-CD47 therapy
was rather limited. We have previously shown that anti-CD47
mAbs may also impact tumor-infiltrating lymphocytes and,
thus, be detrimental to the efficacy of anti-CD47 immuno-
therapy (Strizova et al. 2020). Whether this mechanism also
comes into play in myxofibrosarcomas or angiosarcomas is
currently unknown.

Our data suggest that combinatorial strategies based on
immune CPI and anti-CD47 blockade may not provide the
desired outcome. Both therapies, either anti-PD-1 or anti-
CDA47 alone, could, however, bear a therapeutic potential in
selected tumors after close evaluation of the CD47 and PD-1
expression status, as well as the extent of TIL/macrophage
infiltration.
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5 ZAVER

Chirurgicka lé¢ba je zakladnim kamenem |éCby lokalizovanych STS. Naopak
|éCba metastatickych STS zlstava velkou vyzvou vzhledem k limitované
chemosenzitivité téchto nadord. Imunoterapie je slibnou IéEebnou modalitou, ktera se
dostala v poslednich letech do prvni linie IéCby celé fady metastatickych nadorovych
onemocnéni, avSak v lé€bé STS zatim nema své misto. Jednim z ddvodu muze byt
doposud velmi omezené zmapovani nadorového mikroprostfedi STS a souCasné
extrémni histologicka heterogenita téchto nadorl, ktera brani koncepci racionalnich
klinickych studii s jednotlivymi imunoterapeutiky. Zavéry vyplyvajici z naseho vyzkumu
prezivani pacientl. Soucasné jsme naS$i praci poukazali na nutnost pohlizeni na
konkrétni histologické typy STS, a nikoliv na celou heterogenni kohortu bez ohledu na
histologii. V neposledni fadé naSe data ukazala, Ze ne vSechna imunoterapeutika maji
synergicky efekt a je nutné dale in vitro testovat rizné kombinace terapii, abychom
poskytli pacientim s metastatickym STS nadé&ji na nové moznosti kombinovanych

systémovych pfistupu.
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