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INFORMACJA 0 LEKU (pazdziernik 2021)
Nazwa produktu leczniczego: Inrebic (fedratynib) 100 mg kapsutki twarde.
Sktad: Kazda kapsutka twarda zawiera fedratynibu dwuchlorowodurekJednowodny, co odpowiada 100 mg fedratynibu.
Postaé f: psutka twarda. do ia: Produkt | i Inrebic jest wskazany
w leczeniu pOW|ekszen|a Sledziony zwigzanego z chorobg lub objawéw wystepujacych u dorostych pacjentow
z pierwotnym widknieniem szpiku (znanym takze jako przewlekte idiopatyczne wtdknienie szpiku), wtoknieniem szpiku
poprzedzonym czerwienicg prawdziwg lub wiéknieniem szpiku poprzedzonym nadptytkowoscig samoistna u pacjentéw,
ktérzy nie byli wezesniej leczeni inhibitorem kinazy janusowej (ang. Janus Associated Kinase), JAK lub byli leczeni
ruksolitynibem. ie i sposob pod: Leczenie produktem Inrebic powinno by¢ rozpoczete, a nastepnie
monitorowane przez lekarzy doswiadczonych w stosowaniu przeciwnowotworowych produktéw leczniczych.
Dawkowanie: Przed rozpoczeciem leczenia produktem Inrebic, u pacjentéw leczonych dotychczas ruksolitynibem,
nalezy stopniowo zmniejszy¢ dawke ruksolitynibu, a nastepnie zakoriczy¢ podawanie ruksolitynibu, zgodnie
z charakterystyka produktu leczniczego ruksolitynibu. Przed rozpoczeciem leczenia produktem Inrebic nalezy oznaczy¢
poczatkowe stezenie tiaminy (witamina B1), wykona¢ morfologie krwi, badania czynnosci watroby, oznaczy¢ stezenie
amylazy i lipazy, azot mocznika (ang. blood urea nitrogen, BUN) i stezenie kreatyniny we krwi. Nastepnie badania
nalezy powtarza¢ okresowo podczas leczenia oraz w uzasadnionych klinicznie sytuacjach. Nie nalezy rozpoczyna¢
leczenia produktem Inrebic u pacjentéw z niewyréwnanym niedoborem tiaminy. Nie zaleca sie rozpoczynania leczenia
produktem Inrebic u pacjentéw, u ktérych poczatkowa liczba plytek krwi jest mniejsza niz 50 x 10°/L oraz bezwzgledna
liczba neutrofili (ang. absolute neutrophil count, ANC) jest mniejsza niz 1.0 x 10%/1. Zaleca si¢ profilaktyczne stosowanie
lekéw przeciwwymiotnych zgodnie z lokalng praktyka przez pierwsze 8 tygodni leczenia i kontynuowanie ich stosowania
zgodnie ze wskazaniami klinicznymi. Przyjmowanie produktu Inrebic z positkiem o wysokiej zawartosci ttuszczu moze
zmniejszy¢ czesto$¢ wystepowania nudnosci i wymiotéw. Zalecana dawka produktu Inrebic wynosi 400 mg raz na dobe.
Leczenie moze by¢ kontynuowane tak dtugo, jak diugo pacjenci odnoszg korzysci kliniczne. W przypadku wystapienia
objawow toksycznosci hematologicznej lub niehematologicznej nalezy rozwazyé¢ zmiang dawkowania (Tabela 1).
Leczenie produktem Inrebic nalezy zakoriczyc, jesli pacjent nie toleruje dawki 200 mg na dobe. W przypadku pominiecia
dawkl nastepna zaplanowana dawka powmna zostac przyjeta nastepnego dnia. Nie nalezy przyjmowac dodatkowych
psutek w celu uzupet i dawki. Zmiany dawkowania: W Tabeli 1 przedstawnono schemat zmiany
dawkowania w przypadku wystqplema objawéw toksycznosci logicznej, niet logicznej i w przypadku
leczenia encefalopatii Wernickego. Zwiekszanie stezenia tiaminy: Przed rozpoczeciem oraz w trakcie leczenia
nalezy wyréwnac¢ niedobdr tiaminy, jezeli jej stezenie jest zbyt mate. Podczas leczenia nalezy okresowo oznaczaé
stezenie tiaminy (np. co miesigc przez pierwsze 3 miesiace, a nastepnie co 3 miesigce) i zgodnie ze wskazaniami
klinicznymi. Zmiany dawkowania podczas jednoczesnego stosowania silnych inhibitorow CYP3A4: Jezeli nie mozna
unikna¢ jednoczesnego stosowania silnych inhibitorow CYP3A4, nalezy zmniejszy¢ dawke produktu Inrebic do 200 mg.
Nalezy uwaznie monitorowa¢ bezpieczeristwo pacjentow (np. co najmniej raz w tygodniu). W przypadku przerwania
jednoczesnego podawania silnego inhibitora CYP3A4, dawke produktu Inrebic nalezy zwigkszy¢ do 300 mg raz na
dobe w ciggu pierwszych dwoch tygodni po przerwaniu leczenia inhibitorem CYP3A4, a nastepnie do 400 mg raz na
dobe, w zaleznosci od tolerancji. W razie potrzeby nalezy dokona¢ dodatkowych zmian dawkowania w oparciu o wyniki
monitorowania bezpieczeristwa stosowania i skutecznosci produktu Inrebic. Ponowne zwiekszanie dawki: Jezeli
dziatanie niepozadane spowodowane przez produkt Inrebic, ktére byto powodem zmniejszenia dawki, jest skutecznie
kontrolowane i objawy toksycznosci ustapia na co najmniej 28 dni, dawka moze zosta¢ ponownie zwigkszona o jeden
poziom dawkowania na miesigc, do osiggniecia dawki poczatkowej. Ponowne zwiekszanie dawki nie jest zalecane,

Stopien = 3. innych objawdw
toksycznosci niehematologicznych

Przerwac stosowanie produktu Inrebic do czasu ustapienia objawéw do
stopnia < 1. lub uzyskania wartosci jak w punkcie wyj$ciowym. Ponownie
rozpocza¢ stosowanie produktu leczniczego w dawce dobowej o 100 mg
mniejszej od ostatniej stosowanej dawki.

Wyréwnywanie niedoboru tiaminy
il . falopatii "

Zmniejszenie dawki

Dla stezen tiaminy < zakres
normalny (74 do 222 nmol/l),

ale = 30 nmol/I bez objawéw
przedmiotowych lub podmiotowych
encefalopatii Wernickego

Przerwa¢ stosowanie produktu Inrebic. Przyjmowac doustnie 100 mg
tiaminy na dobe do momentu wyréwnania niedoboru*. Rozwazy¢
wznowienie leczenia produktem Inrebic, gdy stezenie tiaminy bedzie
w granicach normy*.

Dla pozioméw tiaminy < 30 nmol/I
bez objawéw przedmiotowych

lub podmiotowych encefalopatii
Wernickego

Przerwac stosowanie produktu Inrebic. Rozpocza¢ leczenie roztworem
tiaminy do podania parenteralnego w dawkach terapeutycznych az do
przywrécenia stezenia tiaminy do normy*. Rozwazy¢ wznowienie leczenia
produktem Inrebic, gdy stezenie tiaminy bedzie w granicach normy*.

W przypadku objawéw
podmiotowych lub przedmiotowych
encefalopatii Wernickego,
niezaleznie od stezenia tiaminy

Przerwac stosowanie produktu Inrebic i natychmiast podac tiamine
parenteralnie w dawkach terapeutycznych.

* zakres normalny stezen tiaminy moze rézni¢ sie w zaleznosci od metody oznaczenia stosowanej przez dane
laboratorium

Szczegdlne grupy pacjentow: Zaburzenia czynnosci nerek: U pacjentdw z ciezkimi zaburzeniami czynnosci nerek (klirens
kreatyniny [CLer] 15 ml/min do 29 ml/min wedtug Cockcrofta-Gaulta [C-G]), dawka powinna zosta¢ zmniejszona
do 200 mg. Nie zaleca sie modyfikacji dawki poczatkowej u pacjentéw z tagodnymi lub umiarkowanymi zaburzeniami
czynnosci nerek (CLer 30 ml/min do 89 ml/min wedtug C-G). Ze wzgledu na potencjalny wzrost ekspozycji, pacjenci
z wezesniej wystepujacym umiarkowanym zaburzeniem czynnosci nerek, moga wymagac co najmniej cotygodniowego
monitorowania bezpieczeristwa i w razie koniecznosci zmian dawkowania w oparciu o dziatania niepozadane.
Zaburzenia czynnosci watroby: Nie badano farmakokinetyki produktu Inrebic u pacjentéw z ciezkimi zaburzeniami
czynnosci watroby. Nalezy unika¢ stosowania produktu Inrebic u pacjentéw z ciezkimi zaburzeniami czynnosci watroby
(klasa C w skali Child-Pugh lub stezenie bilirubiny Ca"(OWIIEJ >3 razy GGN i kazde ZW|ekszen|e aktywnosci AspAT).
Zmiana dawki poczatkowej nie jest konieczna u pacj z tagodnymi lub umiark ymi zaburzeniami czynnosci
watroby. Pacjenci w podesztym wieku: U paCJentow w podeszlym wieku (> 65 lat) nie jest wymagane dostosowywanie
dawki. Dzieci i mfodziez: Nie okreslono dotychczas bezpieczenistwa stosowania ani skutecznosci produktu leczniczego
Inrebic u dzieci i mtodziezy w wieku do 18 lat. Dane nie sg dostepne. Sposob podawania: Podanie doustne. Nie nalezy
otwiera¢, tamac¢ ani zu¢ kapsutek. Kapsutki nalezy potyka¢ w catosci, najlepiej z woda. Mozna je przyjmowac

z positkiem lub bez. Przyjmowanie z positkiem o duzej zawartosci ttuszczu moze zmniejszy¢ czestos¢ wystepowania

jezeli zmniejszenie dawkl byto spowodowane objawami toksycznosci nieh blogicznej stopnia 4., zwigk
aktywnosci ami y alanii j (AIAT), y asparaginianowej (AspAT) lub stezenia bilirubiny
catkowitej stopnia 3. albo nawrotem objawow toksycznosci hemalologlczne| slopma 4

Tabela 1: Zmniejszenie dawki w przypadku tok I
encefalopatii Wernickego

j i leczenia

Toksycznosé hematologiczna Zmniejszenie dawki

Matoptytkowos¢ stopnia 3.

z aktywnym krwawieniem
(liczba ptytek krwi < 50 x 10°/1)
lub matoptytkowo$¢ stopnia 4.
(liczba ptytek krwi < 25 x 10°/1)

Przerwac stosowanie produktu Inrebic do czasu ustgpienia objawéw
do stopnia < 2. (liczba ptytek krwi < 75 x 10°/1) lub uzyskania wartosci
poczatkowych. Wznowi¢ stosowanie w dawce dobowej mniejszej
0100 mg od ostatniej stosowanej dawki.

Przerywa¢ stosowanie produktu Inrebic do czasu ustapienia objawéw

Neutropenia stopnia 4.
(bezwzgledna liczba neutrofili [ANC]
<0,5x10%1)

do stopnia < 2. (ANC < 1,5 x 10%/1) lub uzyskania wartosci poczatkowych.
Wznowi¢ w dawce dobowej mniejszej o 100 mg od ostatniej stosowanej
dawki. Zgodnie z decyzjg lekarza mozna zastosowac czynniki wzrostu

kolonii granulocytow.

Niedokrwisto$¢

stopnia 3. i wyzszego, wskazana
transfuzja (stezenie hemoglobiny
<8,0 g/dl)

Przerwac stosowanie produktu Inrebic, do czasu ustapienia objawéw

do stopnia < 2. (stezenie hemoglobiny < 10,0 g/dl) lub uzyskania wartosci
poczatkowych. Wznowi¢ stosowanie w dawce dobowej mniejszej

0100 mg od ostatniej stosowanej dawki.

Nawrét objawow toksycznosci

hematologicznej stopnia 4. Zakoniczy¢ stosowanie produktu Inrebic zgodnie z decyzjg lekarza.

y iehematologiczna Zmniejszenie dawki

Nudnosci, wymioty lub biegunka
stopnia 2 3., nieodpowiadajaca
na leczenie wspomagajace

w ciggu 48 godzin

Przerwac stosowanie produktu Inrebic, do czasu ustapienia objawéw
do stopnia < 1. lub uzyskania warto$ci poczatkowych. Wznowic¢
stosowanie w dawce dobowej mniejszej o 100 mg od ostatniej
stosowanej dawki.

Przerwac stosowanie produktu Inrebic do czasu ustapienia objawéw
do < stopnia 1. (AspAT/AIAT [> GGN - 3,0 x GGN] lub bilirubina [> GGN
-1,5x GGN]) lub do czasu uzyskania wartosci poczatkowej. Wznowic¢
stosowanie w dawce dobowej mniejszej o 100 mg od ostatniej
stosowanej dawki.

Monitorowac aktywnos¢ AIAT, AspAT i stezenie bilirubiny (catkowita

i bezposrednia) co 2 tygodnie przez co najmniej 3 miesigce po
zmniejszeniu dawki. W przypadku ponownego wystapienia objawow
toksycznosci stopnia 3. lub wyzszego, zakoriczy¢ leczenie produktem
Inrebic.

Objawy toksycznosci stopnia

> 3. zwigzane z aktywnoscig AIAT/
AspAT (> 5,0 do 20,0 x gérna
granica normy [GGN) lub stezeniem
bilirubiny (> 3,0 do 10,0 GGN).

Przerwa¢ stosowanie produktu Inrebic do czasu ustapienia objawéw

do stopnia 1. (> GGN - 1.5 x GGN) lub do czasu uzyskania wartosci
poczatkowych. Wznowi¢ stosowanie produktu leczniczego w dawce
dobowej mniejszej o 100 mg od ostatniej stosowanej dawki.
Monitorowac aktywnos¢ amylazy i (lub) lipazy co 2 tygodnie przez

co najmniej 3 miesigce po zmniejszeniu dawki. W przypadku ponownego
wystapienia objawéw toksycznosci stopnia 3. lub wyzszego, zakoficzy¢
leczenie produktem Inrebic.

Aktywno$¢ amylazy i (lub) lipazy
stopnia 2 3. (>2,0 do 5,0 x GGN)

Celgene sp. z 0.0.

Celgene | (M Bristol Myers Squibb
Company

nudnosci i wymiotow, dlatego zaleca sie przyj ie z positkiem. Pi Nadwrazliwo$¢ na substancje
czynng lub na ktdrakolwiek substancje pomocnicza. Ciaza. Specjalne ostrzezenia i Srodki ostroznosci dotyczace
stosowania: Encefalopatia, w tym encefalopatia Wernickego: Zgtaszano przypadki ciezkich i $miertelnych encefalopatii,
w tym encefalopatii Wernickego, u pacjentéw przyjmujacych produkt Inrebic. Encefalopatia Wernickego jest nagtym
stanem neurologicznym spowodowanym niedoborem tiaminy (witamina B1). Objawy przedmiotowe i podmiotowe
encefalopatii Wernickego moga obejmowaé ataksje, zmiany stanu psychicznego i oftalmoplegie (np. oczoplas,
podwdjne widzenie). Wszelkie zmiany stanu psychicznego, dezorientacja lub upo$ledzenie pamigeci powinny budzié
obawy dotyczace potencjalnej encefalopatii, w tym encefalopatii Wernickego i wskazywa¢ koniecznos¢ szybkiego
przeprowadzenia petnej oceny, w tym przeprowadzenia badania neurologicznego, oceny stezenia tiaminy i obrazowania.
Stezenia tiaminy i stan odzywienia pacjentéw nalezy ocenia¢ przed rozpoczeciem leczenia produktem Inrebic,
okresowo podczas leczenia (np. co miesigc przez pierwsze 3 miesiace, a ie co 3 miesigce) i zgodnie ze
wskazaniami klinicznymi. Nie nalezy rozpoczynac leczenia produktem Inrebic u pacjentow z niedoborem tiaminy. Przed
rozpoczeciem leczenia i w trakcie leczenia nalezy uzupetniac niedobdr tiaminy. W przypadku podejrzenia encefalopatii,
nalezy natychmiast przerwac leczenie produktem Inrebic i rozpocza¢ podanie parenteralne tiaminy podczas oceny pod
katem wszystkich mozliwych przyczyn. Nalezy monitorowa¢ pacjenta do momentu ustgpienia lub poprawy objawéw
i uzupetnienia niedoboru tiaminy. Niedokrwisto$¢, matoptytkowo$¢ i neutropenia: Leczenie produktem Inrebic moze
powodowac niedokrwistosé, matoptytkowos$¢ i neutropenie. Morfologie krwi nalezy wykonywa¢ w punkcie
poczatkowym, okresowo podczas leczenia i zgodnie z zaleceniami klinicznymi. Nie badano dziatania produktu Inrebic
u pacjentéw z poczatkowg liczbg ptytek krwi < 50 x 10%/I oraz ANC < 1,0 x 10°/L. Niedokrwistos¢: Niedokrwistos¢
zazwyczaj wystepuje w ciggu pierwszych 3 miesiecy leczenia. U pacjentow ze stezeniem hemoglobiny ponizej 10,0 g/d!
na poczatku leczenia prawdopodobieristwo wystapienia niedokrwistosci stopnia 3. lub wyzszego podczas leczenia jest
wigksze i powinno by¢ uwaznie monitorowane (np. raz w tygodniu przez pierwszy miesiac, do czasu zwigkszenia
stezenia hemoglobiny). U pacjentow, u ktorych wystapi niedokrwistos¢, moze by¢ konieczna transfuzja krwi. Nalezy
rozwazy¢ zmniejszenie dawki u pacjentow, u ktérych wystapi niedokrwistosé, szczegdlnie w przypadku osob, ktére
beda wymaga¢ transfuzji krwinek czerwonych. Mafopfytkowosé: Matoptytkowos¢ zazwyczaj wystepuje w ciagu
pierwszych 3 miesiecy leczenia. U pacjentw z matg liczba plytek krwi (< 100 x 10°/1) na poczatku leczenia bardziej
prawdopodobne jest wystapienie matoptytkowosci stopnia 3. lub wyzszego w trakcie leczenia i nalezy ich uwaznie
monitorowaé (np. raz w tygodniu przez pierwszy miesiac, do czasu zwiekszenia liczby ptytek krwi). Matoptytkowosé
jest zazwyczaj odwracalna i mozna jg wyréwnac poprzez leczenie wspomagajace, takie jak przerwy w dawkowaniu,
zmniejszenie dawki i (lub) transfuzje ptytek krwi w razie potrzeby. Nalezy poinformowaé pacjentéw o zwigkszonym
ryzyku wystapienia krwawienia zwigzanego z matoptytkowoscig. Neutropenia: Neutropenia byta zazwyczaj odwracalna
i byta wyréwnywana przez tymczasowe przerwanie stosowania produktu Inrebic. Zdarzenia ze strony uktadu
pokarmowego: Nudnosci, wymioty i biegunka sa najczestszymi dziataniami niepozadanymi u pacjentow przyjmujacych
produkt Inrebic. Wiekszos¢ dziatar niepozadanych byta zdarzeniami stopnia 1. lub 2. i zazwyczaj wystepowaly w ciggu
pierwszych 2 tygodni leczenia. Podczas stosowania produktu Inrebic nalezy rozwazy¢ odpowiednie profilaktyczne
leczenie przeciwwymiotne (np. antagonisci receptora 5-HT3). Nalezy niezwtocznie wigczy¢ leczenie biegunki lekami
przeciwbiegunkowymi w momencie wystapienia pierwszych objawéw. W przypadku nudnosci, wymiotéw i biegunki
stopnia 3. lub wyzszego, ktére nie reaguja na leczenie wspomagajace w ciggu 48 godzin, stosowanie produktu Inrebic
nalezy przerwac do ustapienia do stopnia 1. lub poziomu nizszego lub wyjsciowego. Ponownie rozpocza¢ stosowanie
produktu leczniczego w dawce dobowej o 100 mg nizszej od ostatniej stosowanej dawki. Stezenie tiaminy nalezy
monitorowac i uzupetnia¢ zgodnie z potrzebami. Hepatotoksycznosé: Podczas stosowania produktu Inrebic zgtaszano
przypadki zwigkszenia aktywnosci AIAT i AspAT oraz zgtoszono jeden przypadek niewydolnosci watroby. Czynnosé
watroby powinna by¢ monitorowana u pacjentéw w punkcie poczatkowym, co najmniej raz w miesigcu przez
pierwsze 3 miesigce, okresowo podczas leczenia i zgodnie ze wskazaniami klinicznymi. Po zaobserwowaniu objawéw
toksycznosci pacjenci powinni by¢ monitorowani co najmniej co 2 tygodnie az do ustgpienia objawéw. Wzrost
aktywnosci AIAT i AspAT byt zasadniczo odwracalny po wprowadzeniu zmian dawkowania lub zakoriczeniu leczenia.
Zwiekszona aktywnos¢ amylazy i (lub) lipazy: Odnotowano zwigkszenie aktywnosci amylazy i (lub) lipazy podczas
stosowania produktu Inrebic i zgtoszono jeden przypadek zapalenia trzustki. Aktywno$¢ amylazy i lipazy powinna by¢
monitorowa u pacjentow w punkcie poczatkowym, co najmniej raz w miesigcu przez pierwsze 3 miesigce, okresowo
podczas leczenia i zgodnie ze wskazaniami klinicznymi. Po zaobserwowaniu objawéw toksycznosci pacjenci powinni
by¢ monitorowani co najmniej co 2 tygodnie az do ustapienia objawéw. W przypadku zwigkszenia aktywnosci amylazy
i (lub) lipazy stopnia 3. lub wyzszego zaleca si¢ wprowadzenie zmiany dawki._Podwyzszone stezenie kreatyniny:

Al. Armii Ludowej 26, 00-609 Warszawa
tel.: +48 22 260 64 00, fax: +48 22 260 64 64



Odnotowano zwigkszenie stezenia kreatyniny podczas stosowania produktu Inrebic. Stezenie kreatyniny powinno byé
monitorowane u pacjentéw w punkcie poczatkowym, co najmniej raz w miesigcu przez pierwsze 3 miesigce, okresowo
podczas leczenia i zgodnie ze wskazaniami klinicznymi. W przypadku cigzkich zaburzeri czynnosci nerek (CLcr 15 ml/min
do 29 ml/min wedtug C-G) zaleca si¢ zmiane dawki. Interakcje: Jednoczesne stosowanie produktu Inrebic z silnymi
inhibitorami CYP3A4 zwigksza ekspozycje na produkt Inrebic. Zwigkszona ekspozycja na produkt Inrebic moze
zwiekszy¢ ryzyko wystapienia dziatai niepozadanych. W przypadku silnych inhibitordw CYP3A4 nalezy rozwazy¢
alternatywne metody leczenia, ktdre nie wywotujg silnego dziatania hamujacego aktywnosci CYP3A4. Jezeli nie mozna
zastosowa¢ zamiennikow silnych inhibitorow CYP3A4, dawke produktu Inrebic nalezy zmniejszy¢ podczas stosowania
silnych inhibitoréw CYP3A4 (np. ketokonazol, rytonawir). Nalezy uwaznie monitorowa¢ pacjentow (np. co najmniej raz
w tygodniu) pod katem bezpieczeristwa stosowania. Dtugotrwate stosowanie umiarkowanych inhibitoréw CYP3A4 moze
wymagac scistego monitorowania bezpieczeristwa pacjentéw, oraz, w razie koniecznosci, zmiany dawkowania w oparciu
o wystepujace dziatania niepozadane. Leki hamujace jednoczesnie CYP3A4 i CYP2C19 (np. flukonazol, fluwoksamina)
lub potaczenia lekdw hamujacych CYP3A4 i CYP2C19 moga zwigkszy¢ ekspozycje na produkt Inrebic i nalezy unika¢ ich
stosowania u pacjentéw przyjmujacych Inrebic. Leki umiarkowanie lub silnie indukujgce CYP3A4 (np. fenytoina,
ryfampicyna, efawirenz) moga zmniejszy¢ ekspozycje na produkt Inrebic i nalezy unikac ich stosowania u pacjentéw
przyjmujacych produkt Inrebic. Jesli produkt Inrebic ma by¢ stosowany razem z substratem CYP3A4 (np. midazolam,
symwastatyna), CYP2C19 (np. omeprazol, S-mefenytoina) lub CYP2D6 (np. metoprolol, dekstrometorfan), nalezywra2|e
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potrzeby modyfikowa¢ dawki lekow stosowanych w skojarzeniu oraz $cisle monitorowa¢ bezpieczenistwo
i skutecznosc. Jesli produkt Inrebic ma byé stosowany razem z lekami, ktére sg wydalane przy udziale transportera
kationéw organicznych (ang. organic cation transporter, 0CT) OCT2 oraz transportera wielolekowego i wyptywu toksyn
ang. multidrug and toxin extrusion, MATE) (MATE)1/2 K (np. metformina), nalezy zachowac ostrozno$¢ i w razie potrzeb:
zmodyfikowac dawke. Nie badano jednoczesnego stosowania krwiotwérczych czynnikow wzrostu oraz produktu Inrebic.
Bezpieczeristwo stosowania i skutecznos¢ takiego potaczenia nie sg znane. Szczegdlne grupy pacjentéw: Pacjenci
w podesztym wieku: Do$wiadczenie w stosowaniu u pacjentéw w wieku 75 lat i powyzej jest ograniczone. W badaniach
klinicznych, 13,8% (28/203) pacjentéw leczonych produktem Inrebic byto w wieku 75 lat i powyzej, w tej grupie ciezkie
dziatania niepozadane i dziatania niepozadane prowadzace do przerwania leczenia wystepowaly czesciej. Substancje
pomocnicze: Kapsutki produktu Inrebic zawierajg mniej niz 1 mmol (23 mg) sodu na dawke, to znaczy lek uznaje sie za
,wolny od sodu”. Dziatania niepozadane: Podsumowanie profilu bezpieczeristwa: Ogdlne informacje dotyczace
bezpieczeristwa stosowania produktu Inrebic zebrano od 608 pacjentdw, ktérzy otrzymywali state dawki Inrebic
w badaniach klinicznych fazy 1, 2 i 3. Pierwotne lub wtérne widknienie szpiku (JAKARTA, JAKARTA2, ARD11936):
W badaniach klinicznych z udziatem pacjentéw z pierwotnym widk szpiku (ang. myelofibrosis, MF), wiokni
szpiku poprzedzonym czerwienica prawdziwg (ang. post polycythaemia vera myelofibrosis, post-PV MF) lub wtdknieniem
szpiku poprzedzonym nadptytkowoscia samoistng (ang. post essential thrombocythemia myelofibrosis, post-ET MF),
przyjmujacych produkt Inrebic w dawce 400 mg (N=203), w tym pacjentow po wczesniejszej ekspozycji na ruksolitynib
(N=97; JAKARTA2) mediana ekspozycji wynosita 35,6 tygodnia (przedziat od 0,7 do 114,6 tygodni) a mediana liczby
rozpoczetych cykli (1 cykl = 28 dni) wynosita 9. Sze$édziesiat trzy procent z 203 pacjentéw byto leczonych
przez 6 miesiecy lub dtuzej, a 38% przez 12 miesigcy lub dtuzej. Wsréd 203 paqemow z MF leczonych dawka 400 mg
produktu Inrebic w badaniach klinicznych, najczestszymi nieh nymi dziataniami niepozadanym byly: biegunka
(67,5%), nudnosci (61,6%) i wymioty (44,8%). Najczestszymi hematologlcznyml dziataniami niepozadanymi byty:
niedokrwistos¢ (99,0%) i matoptytkowos¢ (68,5%), na podstawie badan laboratoryjnych (Tabela 2). Najczestszymi
ciezkimi dziataniami niepozadanymi u pacjentow z MF leczonych dawka 400 mg byly: niedokrwisto$¢ (2,5% na podstawie
zgtaszanych dziatan niepozadanych, a nie badar laboratoryjnych) i biegunka (1,5%). Zakoriczenie udziatu w badaniu ze
wzgledu na dziatania niepozadane, niezaleznie od przyczyny, dotyczyto 24% pacjentéw przyjmujacych dawke 400 mg
produktu Inrebic. Tabelaryczne ienie dziatan niepozadanych: Dziatania niepozadane obserwowane w badaniach
klinicznych przez caty czas trwania leczenia (Tabela 2) wymieniono wedtug klasyfikacji uktadow i narzadéw MedDRA.
W obrebie kazdej klasy uktadow i narzaddw, dziatania niepozadane sa wymienione wedtug czestosci wystepowania,
zaczynajac od dziatan obserwowanych najczesciej. Czestos¢ wystepowania zdefiniowano w nastepujacy sposéb: bardzo
czesto (2 1/10); czesto (21/100 do <1/10); niezbyt czesto (21/1000 do <1/100); rzadko (21/10 000 do <1/1000); bardzo
rzadko (<1/10 000) i nieznana (czestos¢ nie moze by¢ okreslona na podstawie dostepnych danych).

Tabela 2: ie dzialania niepozadane produktu |

preferowanej terminologii

wedtug klasyfikacji uktadow i narzadéw oraz

MedDRA (Medical dictionary of regulatory activities) = Stownik terminéw medycznych dla czynnosci regulacyjnych

SMQ (Standardized MedDRA Quer) = standaryzowany wpise MedDRA (grupowanie kilku preferowanych terminéw

MedDRA w celu ujecia koncepcji medycznej).

2 Czestos¢ opiera sie na badaniach laboratoryjnych.

b Krwawienie obejmuje wszelkie rodzaje zwigzane z matoptytkowoscia wymagajacq interwencii klinicznej. Krwawienie
ocenia sie przy uzyciu termindw zwigzanych z krwotokami MedDRA SMQ (szeroki zakres).

Opis wybranych dziatar niepozad h: £ ia, w tym falopatia Wi 0: Cigzkie przypadki encefalopatii,
w tym 1 potwierdzony przypadek encefalopatii Wernickego zgtoszono u 1,3% (8/608) pacjentéw przyjmujacych produkt
Inrebic w badaniach klinicznych; 7 pacjentéw przyjmowato produkt Inrebic w dawce 500 mg na dobe przed wystapieniem
objawéw neurologicznych i wystepowaty u nich czynniki predysponujace, takie jak niedozywienie, dziatania niepozadane
ze strony zotadka i jelit oraz inne czynniki ryzyka, ktére moga doprowadzi¢ do niedoboru tiaminy. U jednego pacjenta
leczonego produktem Inrebic w dawce 400 mg stwierdzono encefalopatie watrobowa. Wigkszos¢ zdarzen ustgpita
z pewnymi pozostajacymi objawami neurologicznymi, w tym utratg pamieci, zaburzeniami poznawczymi i zawrotami
gtowy, z wyjatkiem jednego przypadku $miertelnego (1/608; 0,16%). Byt to pacjent z rakiem glowy i szyi, przerzutami
do mdzgu, trudnosciami z jedzeniem i utrata masy ciata, ktory otrzymywat fedratynib w dawce 500 mg w ramach
badania w innym wskazaniu. Toksyczny wplyw na ukfad . Nudnosci, wymioty i biegunka s3 najczestszymi
dziataniami niepozadanymi u pacjentéw przyjmujacych produkt Inrebic. U pacjentéw z MF przyjmujacych produkt Inrebic
w dawce 400 mg, biegunka wystapita u 68% pacjentow, nudnosci u 62% pacjentéw a wymioty u 45% pacjentow. Biegunka,
nudnosci i wymioty stopnia 3. wystapity odpowiednio u 5%, 0,5% i 2% pacjentow. Mediana czasu do wystapienia nudnosci,
wymiotéw i biegunki dowolnego stopnia wynosita 2 dni, przy czym w 75% przypadkéw wystapity one w ciggu 3 tygodni od
rozpoczecia leczenia. Przerwy w przyjmowaniu i zmniejszenie dawki z powodu objawéw toksycznosci ze strony uktadu
pokarmowego zgtoszono odpowiednio u 11% i 9% pacjentéw. Stosowanie produktu Inrebic w dawce 400 mg zakoriczono
z powodu wystapienia objawdw toksycznosci ze strony uktadu pokarmowego u 4% pacjentow._Niedokrwistosé: U 52%
pacjentow z pierwotnym lub wtérnym widknieniem szpiku leczonych produktem Inrebic w dawce 400 mg, wystapita
niedokrwistos¢ stopnia 3. Mediana czasu do pierwszego wystapienia niedokrwistosci stopnia 3. wynosita okoto 60 dni,
przy czym w 75% przypadkéw wystapita ona w ciagu 4 miesiecy od rozpoczecia leczenia. 58% pacjentéw leczonych
produktem Inrebic w dawce 400 mg otrzymywato transfuzje krwinek czerwonych, a stosowanie produktu Inrebic
w dawce 400 mg z powodu niedokrwistosci zakoriczono u 1,5% pacjentow. Mafopfytkowos¢: U pacjentéw z pierwotnym
lub wtérnym zwiéknieniem szpiku leczonych produktem Inrebic w dawce 400 mg, odpowiednio u 14% i 9% pacjentow
wystapita trombocytopenia stopnia 3. i 4. Mediana czasu do pierwszego wystapienia niedokrwistosci stopnia 3. lub
niedokrwistosci stopnia 4. wynosita okoto 70 dni, przy czym w 75% przypadkow wystapita ona w ciggu 7 miesiecy od
rozpoczecia leczenia. 9% pacjentdw leczonych produktem Inrebic w dawce 400 mg otrzymywato transfuzje ptytek krwi.
Kr ienie (zwigzane z matoptytkowoscia), ktére wymagato interwencji klinicznej wystapito u 11% pacjentéw. U 3%
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pacjentéw zakoriczono leczenie z powodu matoptytkowosci. Neutropenia Neutropenia stopnia 4. wystapita u 3,5%
pacjentow, a u 0,5% pacjentéw przerwano stosowania leku z powodu neutropenii. Hepatotoksycznosé: Zwigkszenie
aktywnosci AIAT i AspAT (wszystkie stopnie) wystapity odpowiednio u 52% i 59% pacjentow, w tym stopnia 3. i 4.
u odpowiednio 3% i 2% pacjentéw przyjmujacych produkt Inrebic w dawce 400 mg. Mediana czasu do wystapienia
zwiekszenia aktywnosci transaminazy dowolnego stopnia wynosita okoto 1 miesiaca, przy czym w 75% przypadkow
wystapito ono w ciggu 3 miesiecy od rozpoczecia leczenia. Zwigkszenie aktywnosci amylazy i (I zy: Zwigkszenie
aktywnosci amylazy i (lub) lipazy (wszystkie stopnie) wystapito odpowiednio u 24% i 40% pacjentow z MF. Wigkszos¢ tych
zdarzer byta stopnia 1. lub 2., a odpowiednio u 2,5% i 12% pacjentéw byta stopnia 3. lub 4. Mediana czasu do pierwszego
wystapienia zwigkszenia aktywnosci amylazy lub lipazy dowolnego stopnia 16 dni, przy czym w 75% przypadkow,
wystapita ono w ciggu 3 miesigcy od rozpoczecia leczenia. Zakoriczenie leczenia z powodu zwigkszenia aktywnosci
amylazy i (lub) lipazy wystapito u 1,0% pacjentw przyjmujacych produkt Inrebic w dawce 400 mg. Zwiekszone stezenie
kreatyniny: Zwigkszone stezenie kreatyniny (wszystkie stopnie) wystapito u 74% pacjentéw z MF przyjmujacych produkt
Inrebic w dawce 400 mg. Zwigkszenie stezenia byto zazwyczaj bezobjawowymi zdarzeniami stopnia 1. lub 2., przy
czym zwigkszenie stopnia 3. zaobserwowano u 3% pacjentow. Mediana czasu do pierwszego wystapienia zwigkszenia
stezenia kreatyniny dowolnego stopnia wynosita 27 dni, przy czym w 75% przypadkéw wystapita ona w ciggu 3 miesiecy
od rozpoczecia leczenia. Przerwanie i zmniejszenie dawkowania z powodu zwiekszonego stezenia kreatyniny zgtoszono
odpowiednio u 1% i 0,5% pacjentéw. U 1,5% pacjentow przyjmujacych produkt Inrebic w dawce 400 mg zakoriczono
leczenie z powodu zwiekszenia stezenia kreatyniny.

'V Niniejszy produkt leczniczy bedzie dodatkowo monitorowany. Umozliwi to szybkie zidentyfikowanie nowych
informacji o bezpieczeristwie. Osoby nalezace do fachowego personelu medycznego powinny zgtaszac wszelkie
podejrzewane dziatania niepozadane.

Zgtaszanie podejrzewanych dziatar niepozadanych: Po dopuszczeniu produktu leczniczego do obrotu istotne jest
zgtaszanie podejrzewanych dziatan niepozadanych. Umozliwia to nieprzerwane monitorowanie stosunku korzysci do
ryzyka stosowania produktu leczniczego. Osoby nalezace do fachowego personelu medycznego powinny zgtaszaé
wszelkie podejrzewane dziatania niepozadane za posrednictwem:

Departament Monitorowania Niepozadanych Dziatari Produktéw Leczniczych Urzedu Rejestracji Produktow
Leczniczych, Wyrobow Medycznych i Produktéw Biobdjczych, Al. Jerozolimskie 181C, 02-222 Warszawa, Tel.:
+48 22 49 21 301, Faks: + 48 22 49 21 309, strona internetowa: https://smz.ezdrowie.gov.pl

Podmiot Odpowiedzialny: Bristol Myers Squibb Pharma EEIG, Plaza 254, Blanchardstown Corporate Park 2, Dublin 15,
D15T867, IrIandla

Numer p na ie do obrotu wydanych przez Komisje Europejska: EU/1/20/1514/001.

Kategona dostepnosci: Produkt leczniczy wydawany na recepte do zastrzezonego slosowama

Przed zastosowaniem leku nalezy zapozna¢ sig z Charakterystyka Produktu Leczniczego.

Przedstawiciel podmiotu odpowiedzialnego: Celgene Sp. z 0.0.,

Al. Armii Ludowej 26, 00-609 Warszawa. Tel. (22) 260 64 00.

Data przygotowania: pazdziernik 2021 r. (na podstawie ChPL z dnia 2021-10-19).
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Looking to the CAR-T future: vaccination,
outpatient therapy, artificial intelligence
and expanding indications

Jan Styczynski ®

Department of Pediatric Hematology and Oncology, Collegium Medicum, Nicolaus Copernicus University in Toruf,

Jurasz University Hospital 1, Bydgoszcz, Poland

On 28 November 2019, the first CAR-T therapy was carried
outin Poland [1-3]. Today, several Polish centers are using
this technology, and several others are preparing to do so.
CAR-T therapy for children and young adults with acute lym-
phoblastic leukemia has been reimbursed by the National
Health Fund since 1 September 2021, and for adults with
non-Hodgkin lymphoma since 1 May 2022.

Today, ¢.150-200 patients are being treated with CAR-T
cells every month in Europe, while more than 1,100 clin-
ical trials are running worldwide. This hottest topic in he-
matology of the last few years has been traced also in Acta
Haematologica Polonica [4-T7].

In this issue, a set of five articles on CAR-T technolo-
gy is presented: Dytfeld et al. [8] on outpatient therapy,
Gil et al. [9] on artificial intelligence, Romejko-Jarosifiska
[10] on mantle cell lymphoma, StyczyAski et al. [11] on
vaccinations, and Zytka et al. [12] on primary mediasti-
nal lymphoma.

More indications will need reimbursement; expanding
indications in ALL are needed, and multiple myeloma pa-
tients are being offered new hope. Although patients with
T-cell ALL, AML and solid tumors can today only dream
about such therapy, it is only a question of time before
this becomes reality.
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Chronic myeloid leukemia: where do we stand,
where can we go?

Krzysztof Lewandowski®” @, Jakub Lewandowski’ ®

'Department of Hematology and Bone Marrow Transplantation, Poznan University of Medical Sciences, Poznaf, Poland
®Faculty of Chemistry, Adam Mickiewicz University, Poznan, Poland

Abstract

The introduction of BCR-ABL tyrosine kinase inhibitors to the treatment of chronic myeloid leukemia (CML) has signifi-
cantly changed the long term therapy results.

After an initial 12 months of therapy with tyrosine kinase inhibitor (TKI), a 3-log reduction of the BCR-ABL copies
number on an international scale is possible in 22-46% of patients, depending on the TKI used. In TKI-responsive
patients, long-term TKI treatment results are even better, with the BCR-ABL transcript level decreasing over time,
even to the point of becoming undetectable. Therefore, an operational cure can be diagnosed in CML patients with
an optimal response to 1°-line TKI treatment, a therapy duration of longer than 5-8 years, and BCR-ABL transcript
level below MR4.0-MR4.5 for a period of more than two years. The latter has been the basis of multiple concepts
of permanent or periodic discontinuation of TKI treatment [treatment-free remission (TFR)]. Initial TKI discontinua-
tion clinical trials resulted in satisfactory results, with a disease recurrence rate of ¢.40-60% after 2-3 years. The
mechanism of disease recurrence was then studied, with detailed characterization of the CML stem cells (CML SCs)
immunophenotype and the mechanisms of survival and self-renewal under TKI selective pressure. A better under-
standing of the biology of CML allowed the formulation of new therapy concepts of CML SCs eradication, and new
criteria for successful TFR qualification.

Key words: chronic myeloid leukemia, tyrosine kinase inhibitors, chronic myeloid leukemia stem cells, immune system
escape, treatment-free remission, new treatment concepts

Acta Haematologica Polonica 2022; 53, 3: 153-165

Introduction

The introduction of imatinib (IM) to the treatment of chron-
ic myeloid leukemia (CML) significantly changed the long
term therapy results, with 5-year overall survival (OS) of
91.7% and progression-free survival (PFS) of 94.7% [1].
Recently, the second (2G-TKI, nilotinib, dasatinib) and
third generation (3G-TKI, ponatinib) of BCR-ABL tyrosine
kinase inhibitors (TKIs) have become widely used in CML

patients intolerant/resistant to first line treatment with
TKls [2, 3]. Moreover, the fourth-generation allosteric
BCR-ABL1 tyrosine kinase inhibitor [4G-TKI, asciminib
(ABLOO1)] has been approved by the US FDA in CML
patients resistant to first-, second- and third-generation
TKls. Its high efficacy has been proven, both in clinical
trials [4] and in real-life conditions [5]. The detailed char-
acteristics of currently used TKls in CML patients are set
out in Table | [4-31].
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Current results of CML treatment

Data originating from clinical trials and from real life studies
has confirmed the high efficacy of TKIs in CML patients in
the chronic phase in terms of the 3-log reduction of BCR-
-ABL1 copies number (major molecular remission, MMR)
with a well standardized real-time PCR technique in the
blood after 12 months of treatment. MMR response rates
differed depending on the type and dose of TKI used, and
amounted to 22-36.9% for IM 400 mg once a day, 44% for
nilotinib 300 mg twice a day, 43% for nilotinib 400 mg twice
a day, 46% for dasatinib 100mg once a day, and 47.2% for
bosutinib 500 mg once a day [1, 32-34].

The long-term TKI treatment results show that in the
TKl-responsive patients the BCR-ABL transcript level con-
tinuously decreases over time, to the point of becoming
undetectable. The overall cumulative incidence of the con-
firmed MR4.5, and stable MR4.5 (4.5log reduction in BCR-
-ABL1 copies number in international scale, IS) after eight
years of IM therapy is 51.7% and 36.5%, respectively [35].
Real life data is in agreement with the computer simulation
results, showing treatment time to MR4.5 to be 10.7 and
9.1years in IM-treated patients participating in the IRIS trial
(training set) and the CML IV trial (validation set), respective-
ly [36]. This data forms the basis of the concept of an oper-
ational cure and the permanent or temporary discontinua-
tion of TKl treatment [treatment-free remission (TFR)] [37].

Data concerning the frequency of deep molecular re-
sponses (DMR, defined as the reduction of the transcript
level below MR4 or MR4.5) on TKI treatment has been ac-
cumulated subsequently. Its analysis allowed the formula-
tion of minimal criteria which should be fulfilled for a TFR
attempt in CML patients, including a low or intermediate
Sokal score, a typical BCR-ABL1 transcript type at diagno-
sis, a chronic phase of CML in the past history, an optimal
response to 1°-line TKI treatment, a TKI therapy duration
of longer than eight years, a DMR at the time of qualifica-
tion, and a duration of DMR monitored in a standardized
laboratory of longer than two years. Initial study results
showed that only 10-12% of patients on IM appeared to
be eligible for the discontinuation of a TKI [37, 38]. Subse-
quent data has shown that only a minority of CML patients
reaching the sustained DMR on TKI therapy were candi-
dates for the discontinuation of treatment without the risk
of a molecular disease recurrence. Until now, many possi-
ble solutions have been proposed for optimizing the pro-
cess of CML patient qualification for a TFR attempt. Initial-
ly, only those patients with an MR5.0 or an undetectable
BCR-ABL transcript were qualified for the TFR studies (STIM
pilot, STIM4, STRIM2, ASTIM and TWISTER) [39-42]. In all
the aforementioned trials, a molecular CML recurrence
was defined as BCR-ABL1 positivity in two consecutive as-
sessments, or the loss of a MMR (or >1 log increase of the
transcript level in STIM1 and STIM 2 trails). The TFR rate

after the median follow-up of 12 months was 61% (STIM2),
50% after 18 months (STIM pilot), 61% after 31 months
(A-STIM), 47% after 42 months (TWISTER), and 38% after
77 months (STIM2). The EURO-SKI trial results confirmed
that there was no difference in the TFR rates between pa-
tients with >MR4.5 and MR4 [43, 44]. Afterwards, patients
with a stable MR4.0 were also enrolled in TFR clinical tri-
als. Unfortunately, to date there is no consensus regard-
ing the criteria which should be used for the qualification
of CML patients for an TFR attempt to minimize the prob-
ability of MMR loss. According to the different criteria for
TFR proposed by Hughes et al., Rea et al., Hochhaus et al.,
and Radich et al., the probability of CML patient recruit-
ment for TFR varies from 9.5% to 55% [45-49]. Molecular
recurrence-free survival after TKI cessation, according to
the eligibility criteria proposed by Hughes et al., Rea et al.,
Radich et al., and Hochhaus et al., varies from 35% to 60%
after a follow-up of 45-100 months [45-49]. Therefore,
considerable efforts have been made to further optimize
the criteria for TFR attempt qualification. The incorporation
of genomic data into future model(s) of unfavorable risk as-
sessment will likely change the currently used algorithms
for TFR qualification [50-53].

Nowadays, the NCCN and ELN guidelines recommend
the re-initiation of TKI therapy at the time of molecular re-
currence, defined as a loss of MMR after the first TFR at-
tempt [48, 54].

The 2G-TKI discontinuation studies results are limited.
They include 327 patients with 1°-line TKl failure (IM, inter-
feron/IM), and 190 patients treated upfront with nilotinib.
Unfortunately, different criteria were applied in different
studies for the TFR attempt qualification before the 2G-TKI
discontinuation (MR4-MR4.5), and different definitions of
molecular disease relapse (loss of MMR to loss of MR4.5)
were applied. For these reasons, the interpretation of TFR
rates at 24 months (ranging from 44 to 62.8 months) is
difficult [50, 55-59].

According to recent data, the re-initiation of TKI therapy
results in secondary molecular remission in a significant
proportion of CML patients. Therefore, the idea of a sec-
ond TFR attempt has been tested. In 2017, Legros et al.
presented data concerning 70 patients successfully treat-
ed with IM who attempted a first TFR (IM = 60, nilotinib
= b, dasatinib = 5) and, after disease relapse, underwent
a second TFR attempt. The TFR probability at 6, 12, 24,
and 36 months after the second attempt to discontinue
TKI was established at 66%, 48%, 42%, and 35%, respec-
tively [60]. However, it should be mentioned that a second
TFR is not yet considered standard practice.

It was previously documented that the majority of pa-
tients in DMR still harbor leukemic cells [61] capable of initi-
ating disease relapse upon the withdrawal of TKI treatment
[41]. The presence of CML leukemic stem cells in IM-treat-
ed patients in DMR with undetectable levels of mRNA was
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confirmed in 32.8% of samples by Pagani et al. with the
help of a genomic DNA Q-PCR assay [62]. The mechanism
of the persistence of CML SCs in TKI-responsive CML pa-
tients in DMR is not fully understood. Recently, it was pos-
tulated that CML SCs are protected from MHC class I-de-
pendent CD8+ cytotoxic T lymphocytes (CTLs) elimination
in the bone marrow by regulatory T cells (Tregs) expressing
tumor factor 4 receptor (Tnfrsf4). This hypothesis is based
on the observation that Tregs are preferentially localized
in the CML bone marrow close to CD8+ CTLs, and that
TNFRSF4 mRNA levels correlate with the expression of
Treg-restricted transcription factor FOXP3 [63]. Moreover, it
has been shown that human CML stem cells are insensitive
to IM, despite the inhibition of BCR-ABL activity [64]. This
observation forms the basis of a hypothesis that primitive
CML cells are not oncogene-addicted [65, 66].

CML, TKI treatment
and immune system function

It has been postulated that TKI-induced changes inimmune
system functioning may affect the risk of a CML relapse
after TKI discontinuation (Table 1) in a different way. In CML
patients in the chronic phase, suppression of the immune
system is present at the time of diagnosis. This is mainly
caused by the promotion of the expansion of myeloid-de-
rived suppressor cells (MDSC) and regulatory T cells (Treg)
by cytokines/chemokines released by proliferating CML
progenitor cells. MDSC originate from malignant BCR-ABL1

clone mediate immunosuppressive activity via a number of
mechanisms, including the increased production of reactive
oxygen, nitrogen species, arginase-1 (molecule inhibiting
T cells), and TGF-B1 [67].

Moreover, MDSC can recruit Treg and inhibit cytotoxic
T cells [68]. The immune escape of malignant cells is also
promoted due to increased expression of the programmed
death-1 (PD-1) inhibitory molecule on the CD4+/CD8+
T cells [69] and PD-L1 upregulation on CML cells [70, 71].
Quantitative and functional defects of the innate effector
natural killer (NK) cells and the cytotoxic T-lymphocyte re-
sponses to leukemia-associated antigens (CTL-LAA) broad-
en the spectrum of immune system defects in CML patients
at the time of diagnosis [69].

The significance of the immune system for a successful
TFR was confirmed by the Immunostim study, which docu-
mented an association between elevated peripheral blood
natural killer (NK) cells and a positive clinical outcome fol-
lowing IM discontinuation [85]. Other immunomodulatory
effects of TKI administration leading to immune system
re-activation and restoration of effector-mediated immune
surveillance were recently documented. TKI treatment re-
sulted in the restoration of NK cell receptor repertoire and
an enhanced NK cell function, a decrease of immune sup-
pressors (MDSC, Treg and T lymphocytes PD-1+), the resto-
ration of LLA-CTL responses including PD-1 downregulation
to normal levels, and an increase in DC number and antigen
presenting cell function [67]. The restoration of immune sys-
tem function in CML patients on TKI seems to be optimal

Table II. Off-target effect of BCR-ABL tyrosine kinase inhibitor's administration on immune system in patients with chronic myeloid leukemia

Nilotinib

Bosutinib Ponatinib

Dasatinib

Off target effect on immune system Imatinib
Hypogammaglobulinemia +
(via inhibition of Burton kinase) [72-74]

Decrease in memory-B-cell count +
(via inhibition of Burton kinase) [72, 75]

B-cell immune responses impairment [74, 76] +
Treg and effector T cells function impairment +
(via inhibition of Src kinase) [77-79]

Decreased cytotoxicity and reactivity +

of NK cells [79]

Abrogation NK cells cytokine production [79]

Decreased proliferation and function
of CD8+ T lymphocytes [80]

LGLs expansion [81, 82] -

Increased proliferation of cytotoxic
(CD3+CD8+) T cells and/or NK cells

(CD3-CD16+/56+) [83]
Decrease of NK cells count [75] +
Decrease of MDSCs level [84] ?

? ? ? ?

NK — natural killer cells; Treg — regulatory T lymphocytes; LGLs — large granular lymphocytes; MDSCs — myeloid-derived suppressor cells
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after reaching MR4.5 (BCR-ABL1 <£0.0032%), a time when
the increased effector NK cell number and function and
T cell immune responses, and reduced numbers of PD-1+
CD4+/CD8+ T cells and monocytic MDSC are maximal [69].

Another question concerns the role of immune surveil-
lance by natural killer and T cells in maintaining a success-
ful TFR and disease activity control [66]. In 2017, Jacomet
et al. postulated that the deficiency of iINKT/InnateCD8+
T cells axis is present in CML patients [86]. Their hypoth-
esis was confirmed by the observation of CML patients in
TFR >2 years carried out by Cayssials et al. documenting the
increase of functionally active innate CD8(+) T-cells [NK-like
KIR/NKG2A(+)] and their number [87]. The presence of spe-
cific CTLs directed against CXorf48 (cancer testis antigen)
expressed in LSC is also correlated with the relapse rate in
CML patients who discontinued imatinib after maintaining
complete molecular remission for more than two years [88].
The success of the TFR attempt likely depends on the ‘quite
normal’ efficiency of the immune system. This is possible
only if MR4.5 response to TKI treatment is reached, and
when NK cells number and effector T-cell cytolytic function
is increased, and when PD-1 expression on the T-cell and
numbers of monocytic MDSCs is reduced [69].

Chronic myeloid leukemia stem cells

CML SCs are not fully defined yet in terms of immune and
functional characteristics [89]. CML SCs likely share an
immunophenotypic profile with normal hematopoietic stem
cells (HSCs) and reside in the CD34+/CD38-/Lyn- cell
fraction [90]. Also, CD25 and CD44 are expressed in both
CML SCs and healthy HSCs [91, 92]. On the other hand,
interleukin-1-receptor accessory protein (IL-1RAP) and
CD26 [dipeptidyl peptidase-4 (DPP4)] are aberrantly ex-
pressed on the CML SCs’ surface, but not in normal CD34+
cells [93-95]. CML SCs can self-renew and generate large
numbers of leukemic progenitor cells (CD34+CD38+) with
the capacity to differentiate or enter a dormant state. In
2012, BCR-ABL1-independent CML SCs was postulated
by Hamilton et al. [96]. They documented that the process
of survival and self-renewal of CML LSCs was associated
with activation of the cellular signalling process, including
cell-intrinsic and cell-extrinsic survival pathways.

The first group includes abnormal signaling via the Ja-
nus kinase-signal transducer and activator of transcription
3/5 (JAK-STAT3/5), WNT/B-catenin, sonic Hedgehog (Hh)
or PIK3/AKT pathways, abnormal function of protein phos-
phatase-2 (PP2A), promyelocytic leukemia (PML) protein,
dual specificity tyrosine phosphorylation regulated kinase 2
(DYRK2), repression of autophagy process, deregulated
expression of microRNAs (i.e. the upregulation of miR-29a-
-3p, miR660-5p, has-mirl83), disturbed epigenetic regula-
tion of genes expression by enhancer of Zeste Homolog 2
[a member of the polycomb repressive complex 2 (PRC2)],

deregulation of fatty acid cellular metabolism due to ara-
chidonate 5-lipoxygenase (ALOX5)-associated abnormalities
of arachidonic acid conversion to leukotrienes required for
malignant cells self-renewal, and BCR-ABL1-related auto-
crine production of cytokines resulting in growth factors-in-
dependent STAT5 activation [i.e. interleukin (IL) 3, granulo-
cyte colony-stimulating factor (G-CSF)]. Other key regulators
influencing the apoptosis, self-renewal, cell fate and senes-
cence process of CML SCs include abnormal transforming
growth factor- (TGF-B)/Forkhead box O (FOXO) interaction
and Musashi 2 (Msi2)/Numb of NOTCH signaling [97-105].

Bone marrow microenvironment
and CML SCs

CML SCs reside in the same bone marrow microenviron-
ment (BMM) as normal stem cells. The cross-talk between
CML SCs and BMM is mediated by soluble factors like cyto-
kines [IL-3, IL-10a/B, granulocyte-macrophage colony-stimu-
lating factor (GM-CSF), IL-6, and interferon gamma (IFN-y),
myostatin propeptide (MSTNpp), sCD14, I1L-21 and IL-13y,
and CCL-28], chemokines [i.e. C-X-C motif chemokine ligand
12 (CXCL12)] secreted by mesenchymal stromal cells, and
osteoblastic cells), growth factors via autocrine and/or
paracrine mechanisms, and cell-to-cell (mesenchymal
stromal cells, osteoblastic cells endothelial cells, neurons)
direct interactions via surface adhesive molecules (i.e.
Bi-integrin). The aforementioned interaction may have
resulted in an enhanced proliferation, quiescence, and
drug resistance of CML SCs [106-109]. Lastly, the role of
miR-126 secreted by the endothelial cells in the process
of CML SC quiescence and self-renewal control has been
postulated [110]. Similarly, the role of miR-300, expressing
dual anti-proliferative and PP2A-acivating properties, in
the process of CML SCs quiescence and persistence has
recently also been confirmed [111].

Due to the high diversity of CML SCs (subclonal char-
acter, different metabolic characteristics, and molecular
and immunophenotypic fingerprints) and high inter- and
intra-patient heterogeneity, the possibility of a common,
unified strategy for CML SC eradication has been neglected.
What is more, CML SCs eradication is now irrelevant due
to the significant improvement of TKI long term treatment
results and encouraging results of TFR attempts [112].

The current concept of chronic myeloid leukemia treat-
ment with tyrosine kinase inhibitors based on the reduc-
tion of measurable residual disease and the recovery of
immune system function is set out in Figure 1.

New therapeutic approaches concerning
CML treatment

A better understanding of the biology of CML has allowed
the formulation of a number of new therapy concepts for
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the eradication of leukemic cells with the help of immuno-
therapy or chimeric antigen receptor-engineered T cells
(CAR-T) directed against CXorf48 (cancer testis antigen) or
IL1RAP (IL-1 receptor accessory protein) [88, 113]. Recent-
ly, quiescent primitive SCs insensitive to IM subpopulation
of CML were identified in a CD36+ cell subpopulation with
the help of an RNA-seq study [114]. This data forms the
basis of the concept of antibody-based therapeutic target-
ing of CML SCs [112, 114, 115].

Moreover, an innovative strategy based on a liposome
loaded with the BCL2 inhibitor venetoclax exploiting begel-
omab (an anti-CD26 antibody) has been proposed to target
positive CML SCs CD26+ [116] more selectively.

In our opinion, its use, in combination with TKI and oth-
er drugs targeting alternative CML LCs survival pathways,
should be the future of combinatorial therapy for the erad-
ication of CML stem cells.

CML and the future

Integrative genomic analysis reveals cancer-associated
mutations at the diagnosis of CML in patients. WES, RNA-
-seq and gene expression profiling studies have identified
a number of molecular aberrations in addition to BCR-
ABL1,among others affecting epigenetic regulators such as
ASXL1, DNMT3A, TET2, SETD1B and transcription factors
(IKZF1, RUNX1) [51-53, 117]. Its presence could also
potentially influence the process of making therapeutic
decisions in future [53, 118].
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Abstract

Mantle cell lymphoma (MCL) is a rare lymphoma derived from mature B cells with the presence of translocation
t(11;14) resulting in cyclin D1 overexpression, with a variety of clinical symptoms and a variable course. Despite bet-
ter understanding regarding its pathogenesis, and the use of aggressive immunochemotherapy with autologous bone
marrow transplantation, this disease is still considered incurable, with median overall survival of five years. Patients
with refractory and relapsed disease have a poor prognosis and the traditional cytotoxic therapy is insufficiently ef-
fective in this group of patients. New therapies such as Bruton’s tyrosine kinase inhibitors (BTKi), B-cell ymphoma-2
(BCL-2) inhibitors, and immunomodulatory drugs have produced high response rates, but the duration of response is
limited, and patients have another relapse diagnosed.

Recently adopted immunotherapy with chimeric antigen receptor (CAR) T-cells directed against the CD19 receptor on
lymphoma cells seems to be promising in the population of refractory and relapsed MCL patients. In July 2020, the
United States Food and Drug Administration approved brexucaptagene autoleucel CAR-T product for patients with MCL
after two lines of therapy and treatment with Bruton kinase inhibitors. In this review, we briefly discuss the treatment
options in patients with refractory and relapsed MCL, focusing on BTKi treatment as the targeted therapy required
before CAR-T treatment. We summarize our knowledge of CAR-T cell therapy for MCL in clinical trials and real-world
clinical practice, and consider the place of CAR-T in future MCL therapy.
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uncontrolled cell proliferation [3, 4]. According to the
World Health Organization (WHO) 2016 updated classifi-
cation for lymphoid malignancies, MCL is divided into two
distinct entities based on different molecular pathways
accounting for the pathogenesis [3, 5]. The nodal sub-
type occurs in 80-90% of cases, and is characterized by

Introduction

Mantle cell ymphoma (MCL), a B-cell neoplasm, accounts
for 2.5-6% of newly diagnosed non-Hodgkin lymphomas
(NHL) and is characterized by a broad spectrum of clinical
presentations and a highly variable course [1, 2]. MCL

is much more frequent in men than in women (3:1) and
median age at diagnosis is 60-70 years. The disease is
incurable in most patients, and median overall survival
is five years [2]. The primary genetic lesion is a translo-
cation t(11;14)(q13;932) that leads to overexpression
of cyclin D1 (CCND1) and deregulates cell cycles with
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unmutated immunoglobulin heavy chain variable region
genes (IGHV), sex determining region Y-box 11 (SOX11)
overexpression, and generally higher genomic instability
resulting in an aggressive clinical course. Most patients
have advanced disease with nodal and/or frequent ex-
tranodal involvement including infiltration of bone marrow
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(50-80%), blood (50%), liver (25%) and gastrointestinal
tract (20-60%) [1, 5, 6].

Conversely, the non-nodal, leukemic variant (10-20%)
of MCL is characterized by more genetic stability, mutat-
ed IGHV, SOX11 negativity and indolent biological behav-
ior. Patients present leukemic disease with leukocytosis,
splenomegaly (40%), and bone marrow infiltrations, and
the disease resembles chronic lymphocytic leukemia in
its course. Acquired genetic lesions during the course of
the disease might affect clinical behavior and worsen the
prognosis [1, 5].

There are many factors that predict survival outcomes
in MCL. The classic clinical factors for a poor outcome in-
clude older age, male sex, elevated lactate dehydrogenase,
poor Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, elevated leukocyte count in the blood, ad-
vanced stage, and membership of a high-risk group accord-
ing to the MCL International Prognostic Index (MIPI) [7].
A strong biological prognostic factor is the degree of tumor
proliferation expressed as Ki-67 proliferation index [8]. The
Ki-67 proliferation index enhances the value of the MIPI
score. Other important biomarkers comprise the blastoid
variant of MCL, complex karyotype, TP53 mutation or over-
expression, and MYC translocation or overexpression [1, 9].

Standard therapeutic approaches for MCL include cyto-
toxic and anti-CD20 monoclonal antibody immunotherapy.
Induction chemotherapy with high-dose cytarabine consol-
idated with myeloablative chemotherapy and autologous
stem cell transplantation (auto-SCT) has been adopted
as management for young, fit, transplant-eligible patients
[1, 10]. Older patients have been offered less intensive
treatment including R-CHOP (rituximab, cyclophosphamide,
doxorubicin, vincristine and prednisolone), RB (rituximab,
bendamustine), and VR-CAP (bortezomib, rituximab, cyclo-
phosphamide, doxorubicin, and prednisolone) [11]. Ritux-
imab maintenance has improved overall survival (0S) and
progression-free survival (PFS) post first line treatment. It
is recommended to apply it for three years after auto-SCT
consolidation in transplant-eligible patients, and after in-
duction therapy in patients who are unfit for auto-SCT [12].
Chemo-free therapy with lenalidomide, Bruton’s tyrosine
kinase inhibitors (BTKi), and monoclonal antibodies has
been tested in a few studies and offers great promise as
future standard first line therapy, but its application is still
at the clinical trial stage [13-15].

Despite improvements in the efficacy of the first line
therapy, MCL is still an incurable disease, and nearly all
patients will eventually relapse whatever their initial treat-
ment. Median time to relapse ranges from less than two
years (after less intensive therapy or in high-risk patients
with TP53 mutation) to more than 10 years after highly in-
tensive cytarabine-based treatment. Patients with refrac-
tory and relapsed disease have a poor prognosis, and tra-
ditional cytotoxic therapy is insufficiently effective in this
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group of patients. Most patients require multiple lines over
their disease course. Retreatment with chemotherapy is
associated with a progressively lower response rate, short-
er remission, and increased hematological toxicity [16].

In recent years, novel target therapies have shown
promising activity in the relapsed/refractory (R/R) cohort.
Ibrutinib, acalabrutinib, zanubrutinib, lenalidomide and
bortezomib have achieved approval from the Food and
Drug Administration (FDA) for relapsed and refractory MCL
[17].In July 2020, adoptive chimeric antigen receptor T-cell
(CAR-T) immunotherapy with brexucabtagene autoleucel
(brexu-cel), a CD19-directed genetically modified autolo-
gous T-cells for MCL treatment, received approval from
the FDA[17]. This therapy has been intended for adult pa-
tients with R/R MCL who have received at least two lines
of treatment, including at least one with BTKi.

In this review, we briefly discuss treatment options for
patients with refractory and relapsed MCL lymphomas,
focusing on BTKi as the targeted therapy required before
CAR-T therapy. We summarize the existing data on CAR-T
cells treatment as a new immunotherapy for MCL, and we
discuss how CAR-T therapy fits into the current MCL treat-
ment landscape.

Bruton tyrosine kinase inhibitors

Bruton’s tyrosine kinase (BTK) is an enzyme involved in
signal processing after the activation of B-cell receptor
(BCR) on lymphoma cells. BTK’s role is to participate in the
differentiation, proliferation and survival of B lymphocytes
and lymphoma cells. An adequate control of BTK activity
is important for B-lymphocyte homeostasis. Uncontrolled
activation of BTK and, indirectly, the nuclear factor kappa
B (NFKB) pathway, is essential for lymphoma cell survival
[18]. As mentioned above, three BTKi have been approved
by the FDA for the treatment of patients with R/R MCL. They
have demonstrated durable responses in relapsed and
refractory disease settings, and also when MCL presents
high-risk features including TP53 mutations. BTKi have
a common mechanism of action: they bind to the cysteine
481 in the ATP domain of BTK leading to irreversible inhi-
bition. They differ in terms of selectivity, pharmacokinetics,
toxicity, and dosage. Ibrutinib was the first BTK inhibitor of
which the activity was confirmed in studies with refractory
and relapsed MCL patients [19]. Three studies were per-
formed: a pivotal phase Il study PCYC 1104-CA, the phase
Il study MCL 2001, and the phase Ill study MCL 3001
[19-21]. Atotal of 370 patients with MCL receiving 560 mg
of ibrutinib daily were analyzed [22]. Overall response rates
(ORR) and complete remission (CR) rates were established
for the three studies: 66% and 20%, respectively, with a me-
dian PFS of 13 months. Toxicities included diarrhea (40%),
cough 22%, nausea 22%, peripheral edema 20%, atrial
fibrillation 5%, and bleeding 5%. Ibrutinib is more effective
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in the second line of treatment than in subsequent lines,
with ORR of 78% and CR of 37% including a median PFS of
22 months for patients receiving second-line, compared to
ORR of 69% and CR of 23% with a median PFS of 8 months
among patients after two or more prior lines. Ibrutinib has
also demonstrated activity in patients who progressed on
bortezomib-containing regimens [22].

The second generation BTKi acalabrutinib and zanu-
brutinib have demonstrated better efficacy and toxicity
profiles than ibrutinib. In the phase Il multicenter ACE-
-Ly-2004 study, acalabrutinib demonstrated ORR of 81%
and CR of 40% with a median duration of response of
26 months. Only 1.6% of patients required dose reduc-
tions and 6.5% discontinued therapy due to toxicity [23].
The activity of zanubrutinib has been shown in two phase
Il trials: BGB-3111-206 and BGB-3111-AU-003 [24, 25].
ORR was achieved in 84-90% of patients and CR was con-
firmed in 22-59% of patients. BTKi appears to be more
effective in earlier lines if used in R/R disease settings.
BTKi has become the preferred class of agents in second
line treatment for MCL, but unfortunately these are not re-
imbursed in Poland.

Patients who relapse after BTKi have a very poor prog-
nosis, with a median OS of 2.9 months. The optimal ther-
apy for that high-risk group of patients is unknown. One
treatment option may be immunochemotherapy with rit-
uximab, cytarabine, and bendamustine [26]. This produc-
es a high ORR (83%) but is not sustained (median PFS of
10 months) and can be used as a bridging strategy to oth-
er cell therapies.

Other strategies

Other agents such as lenalidomide and bortezomib were
also approved by the FDA, but in monotherapy they have
proved less effective in relapsed and refractory disease
than in untreated MCL patients. FDA approval for lenalido-
mide is based on the results of the NHL-002, NHL-003, MCL
001 EMERGE and SPRINT studies. Response to treatment
ranged from 28-57%, but the rate of CR was only 7.5%,
and the median duration of response (DOR), PFS, and 0S
were 16.6, 4, and 19 months, respectively. The addition
of rituximab to lenalidomide allows for a response in 57%
(CR 36%) with a median DOR of 18.9 months, a median
PFS of 11.1 months, and a median OS of 24.3 months [27].
The activity of bortezomib in MCL has been demonstrated
in several studies. Monotherapy with bortezomib allows
for an ORR of 41% and a CR of 20% in heavily pretreated
patients (phase Il PINNACLE study). The median DOR
was 9.2 months. The addition of bortezomib to CHOP
chemotherapy induced an ORR of 82% in patients with
refractory and relapsed MCL. The combination of rituximab,
bendamustine and bortezomib results in ORR of 83% and
a 2-year PFS of 47% [27]. Venetoclax is a potent, selective

inhibitor of BCL-2 whose activity was also demonstrated
in 28 patients with MCL: ORR 75%, CR 21%, median PFS
14 months (phase | study). Venetoclax in combination with
ibrutinib acts synergistically and induces ORR of 62% and
CR of 42% [27]. Other intensively studied therapies include
monoclonal antibodies, bispecific antibodies, antibody-drug
conjugates, and CDK4/6 inhibitors as a monotherapy or
with other active drugs.

Allogeneic stem cell transplantation

Although allogeneic stem cell transplantation (allo-SCT)
is a potentially curative treatment, it is not widely used in
relapsed or refractory MCL patients [27]. The risks of early
mortality (20%), acute graft-versus-host disease (GvHD)
(40%) and chronic (30%) GvHD contribute to the choice of
this therapy in patients with relapsed after auto-SCT and
other targeted therapies [28]. High non-relapse mortality
occurs in 10-24% of patients, even with reduced intensity
conditioning. The 5-year OS and PFS are 40-60% and
30-50% respectively [29-31]. Most studies have been
retrospective and have usually involved a small number
of patients. Recent studies have shown that patients un-
dergoing allo SCT therapy have long-term remission, which
may suggest curative potential of this therapy [31-33].

CAR-T products in MCL

The first data on CD19 directed CAR-T activity in MCL dis-
ease was reported in a phase I/l study in 2016 [34]. Since
then, four CD19 targeted CAR-T cell constructs have been
approved by the FDA [17]. Three of them are intended for
relapsed and refractory aggressive B cell lymphoma after
two prior lines of therapy: axicabtagene ciloleucel based
on the results of the ZUMA 1 trial [35], tisagenlecleucel
based on the JULIET trial [36, 37], and lisocabtagene
maraleucel based on the TRANSCEND-011 trial [38]. One
CAR-T product, brexucabtagene, was approved for relapsed
and refractory MCL based on the ZUMA 2 study [39]. The
first promising results of treatment with lisocabtagene in
patients with relapsed and refractory MCL have also been
published [40]. Due to the short cut-off time of the data,
this still requires confirmation in a long-term follow-up.
The major early toxicities following CAR-T therapy in-
clude cytokine release syndrome (CRS), macrophage-ac-
tivation syndrome, immune effector cell-associated neu-
rotoxicity syndrome (ICANs), tumor lysis syndrome (TLS),
cytopenias, infections, and cardiotoxicity [41]. Late compli-
cations (28 days after infusion) comprise delayed TLS/CRS/
/ICANSs, prolonged cytopenias, B cell aplasia, hypogamma-
globulinemia and associated infections [41]. Various toxic-
ity scales are used in the assessment of CRS, but the Lee
scale is the most commonly used [42-44]. The 10-point
ICE scale —immuno-effector cell encephalopathy has been
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used to assess neurotoxicity [44]. Rest toxicity is usually
assessed on the Common Terminology Criteria for Adverse
Events (CTCAE) or CARTOX — CAR-T therapy associated tox-
icity scale [43, 44].

Brexucabtagene autoleucel (brexu-cel, Tecartus) is
a CD19-directed genetically modified autologous CAR-T im-
munotherapy approved in July 2020 for adult relapsed and
refractory MCL patients. Brexu-cel is a second generation
CD19-directed CAR. It comprises an external domain with
single-chain variable fragment linked via a hinge to trans-
membrane domain and two intracellular CD28/CD3( do-
mains: CD28 is a costimulatory domain and CD3( is a sig-
naling domain [45, 46]. It is transduced into T-cells using
a gamma-retrovirus vector [47]. Binding to CD19 receptor
on lymphoma cells CAR-T cells stimulates mechanisms of
signaling via CD3( domain that leads to activate T-cells.
CAR-T cells trigger a cascade of cytokines that facilitate
neoplasm destruction, and mediate apoptosis of lymphoma
through direct release of granzyme B and perforin [48]. The
costimulatory domain CD28 improves CAR-T cell expansion,
persistence and anti CD19 activity [50].

Brexu-cel has the same CAR construct as axicabtagene
autoleucel (axi-cel), the CAR-T approved for aggressive lym-
phomas. The important difference is to be found in the man-
ufacturing process after collection of autologous mononu-
clear cells from peripheral blood by leukapheresis [39]. The
harvest product is rich in CD4, CD8 and lymphoma cells.
During the manufacturing process, it is exposed to magnetic
beads that are coated with anti-CD4 and CD8-antibodies
to enrich the product with T-cells and remove any CD19 ex-
pressing malignant cells [51]. Then the product depleted
CD19 cells are cultured with interleukin 2 (IL-2) followed by
transduction of the CAR gene with a gamma-retrovirus vec-
tor. The CAR-T product is harvested and undergoes quality
assurance testing prior to release. Each single infusion bag
dedicated to the individual patient contains approximately
68 mL of anti-CD19 CAR-T cells dispersion, yielding a target
dose of 2 x 10° viable anti-CD19 CAR-T cells per kilogram
of body weight (range 1 x 10°to 2 x 10° cells per kg body
weight) with a maximum number of viable anti-CD19-CAR-
-T cell of 2 x 10® per kg body weight. Before infusion, the
CAR-T product must not be irradiated and no leukocyte de-
pletion filter must be used for infusion [52].

The role of brexu-cel for patients with relapsed and re-
fractory MCL was investigated in the multicenter phase Il
ZUMA-2 trial [39]. This was the first clinical trial with CAR-T
in this population. The results of this study have contribut-
ed to the approval of brexu-cel by the FDA for patients with
relapsed and refractory MCL. The study cohort contained
patients who had received up to five prior therapies, with
at least one line including BTK inhibitors. Sixty eight of
74 enrolled patients were administered brexu-cel infusion.
Median age was 65 (range: 38-79), and high-risk features
of disease such as blastoid or pleomorphic morphology,
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Ki-67 >30%, and TP53 mutation were reported in 31%,
82% and 17% of patients respectively. Forty two patients
(62%) had disease that had not responded to BTKi, and in
18 (26%) patients the relapse occurred during BTKi treat-
ment. Therefore, 88% of the treated patients were consid-
ered to have disease refractory to BTKi. Bridging therapy was
given to 25 patients, and 75% of them received BTKi, main-
ly ibrutinib. A primary efficacy analysis showed that brexu-
cel induced high incidence of ORR (93%) and CR (67%) in
the first 60 assessed patients. Looking at the entire study
population, 85% of patients responded to CAR-T infusion
with 59% of patients achieving CR. The response to CAR-T
administration was fast and it deepened over time. The me-
dian time to initial response was 1.0 month (range: 0.8-3.1)
and median time to complete remission was three months
(range: 0.9-9.3). Over half of the patients who initially had
a partial response or stable disease achieved CR with a lon-
ger follow up, and 57% of 60 patients were still in remission
at 12 months. Minimal residual disease (MRD) was inves-
tigated in 29 patients, and 83% of them had no detectable
disease four weeks post infusion. 15/19 (79%) had no de-
tectable MRD six months after infusion. The responses to
CAR-T were similar among various subgroups. Patients with
a high MIPI score had a similar response to those with a low
MIPI score (94% vs. 92%). Also, the use of bridging therapy
did not affect response to brexu-cel. Follow up ranged be-
tween 7-32 months with a median of 12 months, with PFS
and 0OS of 61% and 83% respectively [39].

All 68 patients experienced at least one adverse event
of any grade, with adverse events of grade 3 or more in
99% of patients. Most common toxicity was hematological
complications (94%) followed by neutropenia (85%), throm-
bocytopenia (51%), and anemia (50%). In 26% of patients,
cytopenia grade 3 was detectable more than 90 days af-
ter CAR-T infusion. The next most common adverse events
were infections (32%) grade 3 with pneumonia (9%), and
cytomegalovirus infection (2%). CRS in any grade and CRS
of grade 3 were reported in 91% and 15% of patients re-
spectively. Median time to CRS was two days (range: 1-13),
all symptoms of CRS resolved within a median 11 days,
and no patient died of CRS. A total of 63% of patients de-
veloped neurological events (NEs), but none of them was
fatal. NEs of grade 3 or more occurred in 31% of patients,
and median time to NE onset of any grade was seven days.
A total of 16 (24%) patients who received brexu-cel died,
mainly due to progressive disease (21%) or because of
grade 5 adverse events (3%) attributed to lymphodeplet-
ing chemotherapy [39].

Apart from the ZUMA study, there are some reports of
the efficacy and safety of brexu-cel use in MCL patients
(see Tables 1, 1l) [53-56]. The first report was based on
data from the standard of care practice from centers in the
US Lymphoma CAR-T Consortium [53]. In this study, a total
of 107 patients underwent leukapheresis, and 93 (87%)
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Table I. Comparison of efficacy between ZUMA-2 study and other reports

Study [ref.]

Number of
patients who
received Brexucel

ORR [%]

ZUMA-2 [39] 60
US Lymphoma CAR-T Consortium [53] 92
US academic center [54] 52
DESCART — France [55] 48
European study [56] 28

93
88
88

87.2

89

CR [%] Median Median PFS Median OS
follow-up
in months
67 12.3(7-32) NR NR
66 12 NR NR
69 4.1 NR NR
63.8 3.3(1-10) 6.3 months NR
61 5(1-10) NR NR

ORR — overall response rate; CR — complete remission; PFS — progression-free survival; OS — overall survival; NR — not reached

Table 1l. Comparison of toxicity between ZUMA-2 study and other reports

Study [ref.]

Number of
patients who
received Brexucel

ZUMA-2 [39] 60
US Lymphoma CAR-T Consortium [53] 92
US academic center [54] 52
DESCART — France [55] 48
European study [56] 28

15
8
14
8.7
)

Neutropenia Persistent TRM in [%]
grade 3 in [%] cytopenia
+100
31 16 26 3
35 UNK UNK UNK
37 37 15
8.7 UNK UNK
26 15 12

CRS — cytokine release syndrome; ICAN — immune effector cell-associated neurotoxicity syndrome; TRM — treatment-related mortality; UNK — unknown

patients were administered brexu-cel. Median age was
67 years (range: 34-89). Looking at the study population,
more patients had unfavorable factors such as blastoid or
pleomorphic morphology (45%), TP53 (46%), Ki-67 >30%
(77%), high risk MIPI (32%), and central nervous system
(CNS) involvement (7%), and 73% of patients would have
not met the ZUMA-2 trial eligibility criteria. Prior BTKi treat-
ment had been given for 82% of patients, and refractory
disease was reported in 44%. Bridging therapy was applied
in 60 (65%) patients, including ibrutinib (45%), venetoclax
(23%), chemotherapy (32%), CD20 monoclonal antibodies
(43%), and others. Median follow up was three months
(range: 0.1-9). At 30 days post infusion, ORR and CR were
86% and 64% respectively.

Interestingly, patients with a high-risk disease feature
had high incidences of response and complete remission:
the ORR/CR rates were 94%,/70% for blastoid/pleomor-
phic variants, 82%,/50% for TP53 mutation, and 88%,/67%
for those who did not meet eligibility criteria for the ZUMA
study. 3 months PFS was 80.6% and 6 months OS was
82.1%. CRS occurred in 88% of patients, but only 8% had
CRS of grade 3. Neurological complications appeared in the
same percentage, 58%, of patients as in the ZUMA-2 study,
also a grade 3 NAs (33%). The authors confirmed encour-
aging results in activity and safety of brexu-cel in relapsed
and refractory disease in real world practice, especially as
75% of patients would never receive CAR-T as participants
in the ZUMA-2 study [54].

AN

A second study concerns a safety and efficacy analysis
of 52 patients treated with brexu-cel in 12 US academic
centers [55]. Median age was 66 (range 47-79): seven pa-
tients had a history of CNS involvement, 50% of patients
relapsed within 24 months of their initial treatment, all pa-
tients had previously received BTKi, and 77% of patients
received a bridging therapy mainly including BTKi. The ORR
and CR were 88% and 69% respectively. With a median
follow up of 4.2 months, the estimated 6 months PFS and
OS rates were 82.7% and 89% respectively. Patients with
CNS involvement had no relapse at the final follow up. The
incidence of adverse events were similar as in previously
described reports: CRS occurred in 84% of patients with
10% grade 3, median time to CRS onset to max grade was
five days (range: 0-10), and neurotoxicity of any grade de-
veloped in 57% of patients with a median time to onset of
seven days. In 31% of patients, NEs of grade 3 or more were
observed. One patient died due to neurotoxicity. Persistent
neutropenia and thrombopenia were detectable in 12-15%
of patients. Fatal infections occurred months after infusion:
septic shock on +40 day and COVID infection on +80 day.
Two patients died due to progressive disease. No adverse
factors were found for survival in univariate analysis [54].

We now turn to two works from European centers. The
first report was from DESCAR-T, the French national reg-
istry for all patients treated with CAR-T, and contained re-
al-life data regarding the use of brexu-cel in relapsed and
refractory MCL in France [55]. A total of 57 patients were
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registered, and CAR-T cell product was ordered for 55 pa-
tients, but only 47 of them were infused with brexu-cel.
Two patients decided against CAR-T. Eight patients did
not administer the CAR-T product due to disease progres-
sion (three patients), manufacturing failure (three), infec-
tion (one) and cardiac disease (one). Most patients were
treated with a median three lines of treatment (range:
2-8), and 30% of them presented a high-risk MIPI score.
All patients received BTK inhibitors as one line of therapy.
Median time between leukapheresis and CAR-T infusion
was 56 days (range: 35-134) and up to 87% of patients
required bridging therapy. The results of treatment were
assessed in 42 patients and were similar to those in ear-
lier studies: ORR in 88% and CR in 61.9% of patients. At
6 months, PFS was 57.9%. CRS and neurotoxicity were ob-
served in 79% and 48.9% respectively. Up to 30% of pa-
tients required intensive therapy, although CRS and neu-
rological events of grade 3 occurred in 8.5%.

The second report was from seven sites in three Euro-
pean countries [56]. Twenty eight patients were included,
but only 19 (68%) received a CAR-T cell infusion. Median
age was 67 (range: 51-78) and 89% were male. Unlike
the other report, most of the patients had a high risk Man-
tle Cell Lymphoma International Prognostic Index (MIPI)
score (63%) and required bridging therapy (79%), most
patients had progressive (53%) or stable (27%) disease,
and only 20% of patients responded to bridging therapy.
There was a high incidence of ORR (89%) and CR (68%).
A median PFS and a median OS were not reached, and
at 6 months PFS and OS were 91% and 83% respective-
ly. The toxicity did not differ from other reports, 89% of
CRS and 63% of neurotoxicity of any grade, with low in-
cidence of CRS grade 3 or more (5%) and neurotoxicity
grade 3-5 (26%). Two patients required treatment in the
Intensive Care Unit [56].

In summary, all reports have confirmed the high efficacy
of CAR-T therapy with a high percentage of CR in a popula-
tion with a very poor prognosis (Table I). The median time
of follow up in all studies is very short. Toxicity is manage-
able and acceptable with a low incidence of grade 3 CRS
(Table I1). The results of all reports require the confirmation
to be found in a longer follow up [39, 53-56].

Lisocabtagene maraleucel (liso-cel) is a another CD19-
directed genetically modified autologous cellular immu-
notherapy provided as a defined composition of CD4+
and CD8+ CAR-T cells. CAR is constructed from extracel-
lular FMC63 monoclonal antibody-derived single chain
variable fragment, immunoglobulin G4 hinge region,
CD28 transmembrane domain, and intracellular 4-1BB
(CD137) co-stimulatory domain and CD3( signalling do-
main [45, 57]. During the manufacturing process of liso-
cel, CD4+ and CD8+ are separated from the leukapher-
esis product and independently activated, expanded and
administered as two separate infusions at equal target
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doses of CD® and CD* CAR-T [57, 58]. Separate activation
of CD4 and CDS8 cells allows liso-cel to be administered
as a defined product, and reduces the dose variability of
CD4 and CD8 components. A single dose of liso-cel con-
tains 50-110 x 10° CAR-T-positive T-cells. In addition to
CAR, genetically modified CD4 and CDS8 cells coexpress
a non-functional epidermal growth factor receptor that can
serve as a surrogate for CAR expression. CAR binding to
CD19 expressed receptors on the lymphoma surface, and
normal B cells that induce activation and proliferation of
CAR-T, release of proinflammatory cytokines and cytotoxic
killing cells. The 4-1BB signalling enhances the expansion
and persistence of liso-cel [50, 59].

Impressive results on the clinical activity of liso-cel in
patients with R/R MCL who attended the ongoing phase
| TRANSCEND-NHL study (NCT 02631044) were presented
to the American Society of Hematology (ASH) annual meet-
ing in 2020 [40]. Forty one patients had undergone leu-
kapheresis, but only 32 received liso-cel, at a dose level
of 50 x 10° (n = 6), or at a dose level of 100 x 10° CAR-T
cells. Median age for 32 patients was 67 (range: 36-80).
High risk factors for treatment failure such as blastoid mor-
phology, high Ki-67, TP53 mutation, and complex karyo-
type were found in 37.5%, 72%, 22% and 34% of patients
respectively. Most patients had been heavily pretreated
with a median three (range: 1-7) prior treatment lines.
Twenty eight patients had been treated with BTKi (87.5%),
and 11 (34%) had acquired resistance to BTKi. ORR and
CR were achieved in 27 (84%), and 19 (59%) patients, but
better results were obtained for the higher dose 100 x
x 10°. Treatment-emerging adverse events (TEAE) occurred
in 27 (84%) patients. Toxicity occurred more frequently at
the higher dose level of liso-cel infusion (100 x 10° CAR-T
cells). Over 30% of patients had hematological complica-
tions such as neutropenia (41%), anemia (34%), thrombo-
cytopenia (31%), and prolonged cytopenia grade 3 (34%),
CRS occurred in 50% of patients, mainly in 1-2 grade, and
only one patient developed CRS grade 4. Median time to
onset of CRS was six (range: 2-10) days. Nine patients
(28%) developed neurological events (NE) with one third
grade 3; no NEs grade 4-5 were reported. Median time
to NE onset was eight days (range: 2-25). Serious TEAES
grade 5 occurred in two patients, i.e. tumor lysis syndrome
and cryptococcal meningoencephalitis. We are awaiting fi-
nal results that will confirm these findings [50].

Little is known about the long-term efficacy and safe-
ty with 4-1BB based CAR-T cells in MCL. Promising results
were reported in three high risk patients with relapsed
and refractory MCL. All three achieved complete remission
and remained in CR during a follow up of 25-34 months.
Long-term B cell depletion was observed in two patients,
and no recovery of serum immunoglobulin was observed
in two patients. However, they did not develop any serious
infections [60].
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In the above studies, the main emphasis was on toxicity
and response according to the Lugano criteria. A work fo-
cused on the eradication of minimal residual disease (MRD)
was presented by Chinese researchers from the Shenzhen
center (NCT0385786) [61]. Two patients, including one with
MCL disease with MRD presentation, were administered
anti-CD19 scFv TCRz cells: 41BB CAR-T. Before the admin-
istration of cells, in the patient with MCL the presence of
genetic abnormalities such as TP53, ATM and NOTCH were
found. One month after the administration of CAR-T cells
in the next-generation sequencing (NGS) test, no genetic
changes were found, TP53 negativity was confirmed on day
180 after the infusion. At the end of the observation, TP53,
ATM and NOTCH were still negative. The residual disease
was fully eradicated. A second patient with Burkitt lympho-
ma had also eradicated MRD from bone marrow, confirmed
at 42 days post infusion. This report also comprised pa-
tients who received CAR-T due to refractory aggressive lym-
phoma. One patient with MCL was included: he had a high
tumor burden, and had received two prior lines of therapy.
He achieved metabolic PR in the first course of CAR-T and
progressed after 29 months of PR. He was reinfused once
more and achieved CR within one year. After 65 months,
the patient was in CR. This report confirmed the high ac-
tivity of CAR-T cells in MCL, and the possibility of eradicat-
ing MRD in patients with persistent lymphoma cells [61].

Bispecific CAR-T cells might be another therapeutic op-
tion for R/R MCL. Bispecific CAR-T cells aim at two tumor
target antigens and could reduce the risk of relapse. The
first human phase | dose escalation and dose expansion
(NCT03019055) [62] trial with bispecific 4-1BB-CD3{ anti
CD20, anti CD19 (LV20.19) CART included 22 patients with
relapsed and refractory NHL (seven with MCL) or chronic
lymphocytic leukemia. All patients received 4-1BB-CD3(
(LvV20.19) CAR-T. CRS of grade 3-4 occurred in 5% of pa-
tients and neurotoxicity grade 3-4 in three (14%) patients.
At 28 days, ORR was 82% with complete remission in 64%
of patients. For relapsed and refractory MCL, 4/7 patients
achieved a durable response with CR.

The development of allogeneic (allo) CAR-T might be
the future direction of cellular therapy for R/R MCL. Off-the
shelf allo CAR-T could overcome some disadvantages or lim-
itations of autologous CAR-T such as manufacturing failure
or variable T-cell fitness and composition [63]. The T-cells
for allo CAR-T cells are yielded from healthy donors. Then,
like auto lymphocytes, the allo-T cells undergo a manufac-
turing process to achieve anti CD19-directed CAR-T. They
might be used on demand, also repeating doses if needed.
This therapy might become an alternative to autologous
CAR-T. The disadvantages of such therapy comprise a risk
of GvHD, a rejection risk, an unknown risk of mutagenesis,
profound immunosuppression with a high infection risk,
and unknown long-term safety [64].

Last year, the American Society of Transplantation and
Cellular Therapy (ASTCT), the Center of International Blood
and Marrow Transplant Research (CIBMTR), and the Euro-
pean Society for Blood and Marrow Transplantation (EBMT)
issued recommendations regarding the role, timing and se-
quence of autologous hematopoietic cell transplantation
(auto-HCT), allogeneic hematopoietic cell transplantation
(allo-HCT), and CAR-T cell therapy in patients with newly
diagnosed and R/R MCL [65].

For first-line treatment, the consolidation of auto-HCT
is the standard of care for patients eligible for this proce-
dure. The role of allo-SCT and CAR-T therapy for TP53 mu-
tation patients as a first line treatment is not fully estab-
lished and these therapies should be conducted within
clinical trials. The optimal time for CAR-T therapy has not
been determined. Due to the cost and availability of other
active therapies, it has been recommended to use CAR-T
therapy in patients who cannot tolerate or fail BTKi therapy.

In December 2020, the European Medicines Agency
(EMA) approved CAR-T therapy for relapsed and refractory
patients after two lines of systemic therapy including ther-
apy with at least one BTKi. The ASTCT, the CIBMTR and the
EBMT agree with the EMA’s recommendation. In patients
with the presence of TP53 mutation, CAR-T therapy may be
considered in the second line. The allo-SCT procedure is
indicated when CAR-T is unsuccessful or impossible [65].

Conclusion

MCL is a rare, aggressive and incurable disease. Its
treatment remains a challenge, especially in patients who
have relapsed or refractory disease after treatment with
Bruton’s tyrosine kinase inhibitors. Allo-SCT remains the
only potentially curative treatment option, but due to the
high risk of early death posed by acute and chronic GvHD,
this treatment is rarely chosen. A promising option is CAR-T
cell therapy for MCL patients with disease that is relapsed
and refractory to BTK inhibitors. The two CAR-T constructs,
brexucaptagene and lisocaptagene, show high activity in
this poor prognosis population. Brexucaptegene autoleucel
has been approved by the FDA for patients after at least
two lines of treatment and BTKi therapy (ZUMA-2 study).
Various studies confirm the effectiveness and safety of
brexucel. The therapy is also effective in patients with
TP53 mutation. Lisocel is also highly effective and safe
in patients with refractory and recurrent MCL, but due
to the short follow-up time, this needs to be confirmed
in a long-term observation. Due to the cost of CAR-T cells
and the availability of other active therapies, it has been
recommended to use CAR-T therapy only in patients who
cannot tolerate or who fail BTKi therapy. New directions in
the development of cell therapies include treatment with
bispecific CAR-T or allo-CAR-T.
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Abstract

Therapy with the use of chimeric antigen receptor T-cell (CAR T-cells) is one of the most modern medical technologies
in hemato-oncology, using, thanks to the advances in molecular biology, natural anti-cancer immune mechanisms.
Nowadays, it is an extremely effective complement to conventional treatment and hematopoietic cell transplantation.
Ongoing clinical trials show the enormous potential of this treatment beyond hemato-oncology. We discuss in this
paper the potential use of Artificial intelligence (Al) in this setting. Al has been at the cutting edge of science in recent
years. It has spread from computer science to areas like medicine, economics, finance and business. The use of and
research into Al in medicine have become prominent due to its versatility and capabilities.

Key words: artificial intelligence, machine learning, CAR T-cell therapy

Artificial intelligence — introduction

In recent decades, the topic of artificial intelligence (Al) has
been on the cutting edge of science. It has spread from
computer science to areas including medicine, economics,
finance and business. With ever-improving technology
year-on-year, its uses and applications have significantly
expanded. However, to evaluate the use of this technology
in CAR T-cell therapy, it is crucial to present an overview of
the technology. Currently, there is no scientific consensus
on a singular definition of Al, due to its broadness and
complexity.

For the purposes of an overview, the ‘Oxford Dictionary
of Phrase and Fable’ definition is sufficient: “the theory and
development of computer systems able to perform tasks
normally requiring human intelligence, such as visual per-
ception, speech recognition, decision-making, and trans-
lation between languages”. Al can be categorized into gen-
eral Al and narrow Al, with the former being able to mimic
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human intelligence and its ability to adapt and solve an ar-
bitrary problem and the latter being specialized in perform-
ing a specific task (IBM Cloud Education, 2020, https://
www.ibm.com/cloud/learn/what-is-artificial-intelligence).
Currently, general Al has not been achieved, while narrow
Al'is being actively utilized. Al can be, and is, used without
employing machine learning algorithms, and this subtype
is categorized as Symbolic Artificial Intelligence or Good
0ld Fashioned Artificial Intelligence (GOFAI); however, ma-
chine learning algorithms have become more prevalent in
medical applications. Machine learning is a technique in
artificial intelligence characterized by the use of algorithms
and statistics that allow the self-improvement of a program.
A subset of machine learning is neural networks, which are
structures based on interconnected neurons or nodes in
a layered structure comprising an input layer, hidden layers,
and an output layer. These nodes pass information from
one to another through weighted connections based on ac-
tivation, or lack of it, in the previous layer. By manipulating
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the activation thresholds of nodes and weights associat-
ed with each connection, the network can be optimized to
achieve greater accuracy. A further subset of neural net-
works is deep learning algorithms, defined as neural net-
works with more than three layers.

Neural networks allow for the processing of unstruc-
tured data, making them more autonomous and allowing
the use of data such as images or text (IBM Cloud Educa-
tion; 2020, https://www.ibm.com/cloud/learn/neural-net-
works; Kavlakoglu E., Al vs. Machine Learning vs. Deep
Learning vs. Neural Networks: What's the Difference?
2020 https://www.ibm.com/cloud/blog/ai-vs-machine-
learning-vs-deep-learning-vs-neural-networks). These
machine learning algorithms can be further divided into
four types: supervised, unsupervised, semi-supervised,
and reinforcement learning. The first three are defined
according to the training data used, where supervised
learning utilizes labeled datasets, unsupervised learning
utilizes unlabeled datasets, and semi-supervised learning
uses a combination of the two. The use of labeled training
data allows the machine learning algorithm to check its
output against the correct answer, although it is limited
by the cost and time required to label the dataset by ex-
perts. Nevertheless, this is the most commonly used type
in medical imaging [1].

In contrast, unsupervised machine learning trains on
unlabeled data and utilizes methods such as clustering to
find parallels between elements in the dataset and group
them (Delua J., Supervised vs. Unsupervised Learning:
What's the Difference? 2021, https://www.ibm.com/cloud/
blog/supervised-vs-unsupervised-learning). Semi-super-
vised learning is a method that uses both types of data, pos-
sibly improving the algorithm’s accuracy on a smaller set
of labeled data, overcoming the limitations of supervised
learning. This method is of particular interest in medical
imaging where labeled datasets are expensive to produce,
although employing unlabeled datasets may result in de-
creasing the accuracy of the algorithm [2]. Reinforcement
learning is a method based on trial and error, where desired
outcomes are rewarded or reinforced. It is characterized by
states embedded within an environment, in which certain
actions are allowed, and based on the interaction with the
environment-specific actions on specific states are reward-
ed allowing improvement with repeated trials. Due to the
sequential nature of the algorithm, it is used in dynamic
treatment strategies, where the state of the patient has to
be periodically evaluated and adjusted [3, 4].

Artificial intelligence in medicine

The use and research of Al in medicine have become promi-
nent due to its versatility and capabilities.. One of the areas
with the most promising use of Al is radiology, due to the
image processing capabilities of neural networks. Rajpurkar
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et al. [5] have developed a neural network, CheXNet, that
is more accurate at diagnosing 14 thoracic diseases than
expert radiologists, although in the study neither CheXNet
nor the radiologists had access to patient history.

Machine learning algorithms are also being developed
and tested in genome-wide association studies (GWAS),
where they show promise in finding causal genes in car-
diovascular disease-associated loci [6]. Moreover, Al has
also shown possibilities in real-time treatment applications
in the treatment of sepsis with the development of a Tar-
geted Real-time Early Warning Score (TREWS) algorithm,
which identifies patients with sepsis significantly quicker
than competing warning systems, allowing earlier treatment
and potentially improving patient outcomes [7].

Artificial intelligence in CAR T-cell therapy

Therapy with chimeric antigen receptor T-cell (CAR T-cells)
is a modern, technologically advanced method of cancer
treatment based on adoptive cellular immunotherapy.
The treatment process uses the patient’s own autologous
T-cells, which are genetically manipulated ex vivo to express
the tumor antigen-specific CAR receptor. T lymphocytes
reprogrammed in this way, after intravenous administration
to the patient, expand, recognize cancer cells, and destroy
them. The antigens used so far as targets for modified T
lymphocytes are CD19 on B lymphocytes and BCMA (B-cell
maturation antigen) on plasmocytes, which allowed the
registration of CAR T-cells products for the treatment of
B-cell lymphomas, B-cell acute lymphoblastic leukemia
and multiple myeloma [8-13]. Nowadays, this is an ex-
tremely effective complement to conventional treatment
and hematopoietic target transplantation. Ongoing clinical
trials show the enormous potential of this treatment, going
beyond hemato-oncology.

Chimeric antigen receptor T-cells can produce durable
remission in hematological malignancies not respond-
ing to standard therapy. Recently published and ongoing
studies indicate high efficacy of the treatment in early
disease phases, depending on the diagnosis. The treat-
ment is associated however with a unique profile of tox-
icities that may limit its use [14]. On the other hand, CAR
T-cells therapy is a very expensive treatment, and addi-
tionally requires the time and involvement of the latest
technology to produce it [15]. Therefore, it seems that
both the qualification for CAR T-cells therapy, as well as
monitoring and possible interventions after the treatment,
should be very precise.

From a clinical point of view, Artificial Intelligence could
be used to combine biomarkers associated with CAR T-cells’
response to built robust prognostic/predictive models. One
challenge is that building robust models using Al requires
the creation of large datasets, hence the need to aggre-
gate data from multiple institutions to avoid overfitting.
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Deep learning could contribute to determining the radio-
mics signature correlated with survival.

Several simple factors have been proven to be relevant
to predict response to CAR T-cells therapy: Eastern Cooper-
ative Oncology Group (ECOG) performance status, lactate
dehydrogenase (LDH), C-reactive protein (CRP), and platelet
(PLT) number. With Al, analysis of more sophisticated pa-
rameters is possible: tumor mutational burden; alteration
in antigen presenting pathways; downregulation or tumor
antigen loss; tumor microenvironment; and exhausted (se-
nescent) phenotype. This data could be helpful in appropri-
ate qualification to therapy, response prediction, relapse
risk and timing (early vs late relapse) [16].

Deep learning could contribute to determining the ra-
diomics signature correlated with survival.

Due to the availability of routinely performed imaging
studies, and correlations of images with underlying biological
processes, radiomics may serve as a new predictive tool in
immune-oncology in the near future. Apart from the non-in-
vasive identification of potential responders to therapy, ad-
dressing resistance mechanisms as well as the visualization
of drug distribution and of the tumor microenvironment are
major goals of radiomics in immune-oncology. Radiomics is
based on common imaging modalities such as computed
tomography (CT), positron emission tomography (PET), and
magnetic resonance imaging (MRI). It aims to extract a large
number of quantitative features from medical images using
data-characterization algorithms. These features, termed
‘radiomic features’, have the potential to uncover tumoral
patterns and characteristics that fail to be appreciated by
the naked eye. This may be useful for predicting prognoses
and therapeutic responses for various cancer types, thus
providing valuable information for personalized therapy.

Perspectives of Al in CAR T-cell therapy

Al offers potentially endless possibilities in CAR T-cells

therapy:

m creating virtual models to analyze safety;

m creating virtual models to analyze efficacy;

m developing a lymphodepleting treatment that ensures
safety and efficacy by influencing the expansion of
CAR T-cells;
novel cancer-associated antigens;
the possibility of designing new molecules.

m The medical community should however always bear
in mind the potential hazards of Al.

Authors’ contributions
LG, MG — equal.

Conflict of interest
The authors declare no conflict of interest.

Financial support
The authors declare no financial support for this work.

Ethics

The work described in this article has been carried out in
accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involv-
ing humans; EU Directive 2010/63/EU for animal exper-
iments; uniform requirements for manuscripts submitted
to biomedical journals.

References

1. Erickson BJ, Korfiatis P, Akkus Z, et al. Machine learning for medi-
cal imaging. Radiographics. 2017; 37(2): 505-515, doi: 10.1148/
rg.2017160130, indexed in Pubmed: 28212054.

2. Zhou ZH. Machine learning. Springer, Singapore 2021.

Jonsson A. Deep reinforcement learning in medicine. Kidney Dis
(Basel). 2019; 5(1): 18-22, doi: 10.1159/000492670, indexed in
Pubmed: 30815460.

4. Zhang Z. written on behalf of AME Big-Data Clinical Trial Collaborative
Group. Reinforcement learning in clinical medicine: a method to op-
timize dynamic treatment regime over time. Ann Trans| Med. 2019;
7(14): 345, doi: 10.21037/atm.2019.06.75, indexed in Pubmed:
31475215.

5. Rajpurkar P, Irvin J, Ball RL, et al. Deep learning for chest ra-
diograph diagnosis: a retrospective comparison of the CheXNeXt
algorithm to practicing radiologists. PLoS Med. 2018; 15(11):
1002686, doi: 10.1371/journal.pmed.1002686, indexed in
Pubmed: 30457988.

6. Nicholls HL, John CR, Watson DS, et al. Reaching the end-game for
GWAS: machine learning approaches for the prioritization of com-
plex disease loci. Front Genet. 2020; 11: 350, doi: 10.3389/fge-
ne.2020.00350, indexed in Pubmed: 32351543.

7. Saria S, Henry K, Soleimani H, et al. Lead time and accuracy of trews,
a machine learning-based sepsis alert. Critical Care Medicine. 2021,
50(1): 717, doi: 10.1097/01.ccm.0000812040.29026.cb.

8. Maude SL, Laetsch TW, Buechner J, et al. Tisagenlecleucel in children
and young adults with B-cell lymphoblastic leukemia. N Engl J Med.
2018; 378(5): 439-448, doi: 10.1056/NEJM0a1709866, indexed in
Pubmed: 29385370.

9. Schuster SJ, Bishop M, Tam C, et al. Tisagenlecleucel in adult relap-
sed or refractory diffuse large B-cell ymphoma. N Engl J Med. 2019;
380(1): 45-56, doi: 10.1056/nejmoal1804980.

10. Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel CAR
T-cell therapy in refractory large B-cell lymphoma. N Engl J Med. 2017;
377(26): 2531-2544, doi: 10.1056/NEJMoal707447, indexed in
Pubmed: 29226797.

11. Munoz JL, Wang, Jain P, et al. KTE-X19 CAR T-cell therapy in relapsed
or refractory mantle-cell lymphoma. N Engl J Med. 2020; 382(14):
1331-1342, doi: 10.1056/NEJM0a1914347, indexed in Pubmed:
32242358.

12. Abramson JS, Palomba ML, Gordon LI, et al. Lisocabtagene maraleucel
for patients with relapsed or refractory large B-cell ymphomas (TRANS-
CEND NHL 001): a multicentre seamless design study. Lancet. 2020;
396(10254): 839-852, doi: 10.1016/S0140-6736(20)31366-0,
indexed in Pubmed: 32888407.

\ www.journals.viamedica.pl/acta_haematologica_polonica



13.

14.

Munshi NC, Anderson LD, Shah N, et al. Idecabtagene vicleucel in re-
lapsed and refractory multiple myeloma. N Engl J Med. 2021; 384(8):
705-716, doi: 10.1056/NEJM0a2024850, indexed in Pubmed:

33626253.

Gil L, tojko-Dankowska A, Matuszak M, et al. CAR-T cell therapy — toxi-
city and its management. Acta Haematol Pol. 2020; 51(1): 6-10, doi:

10.2478/ahp-2020-0003.

www.journals.viamedica.pl/acta_haematologica_polonica

15.

16.

Lidia Gil, Maksymilian Grajek, Al in CAR T-cell

Chomienne C, Sierra J, Einsele H, et al. EHA Guidance. The process of
CAR-T cell therapy in Europe. HemaSphere. 2019; 3(4).

Hayden PJ, Roddie C, Bader P, et al. Management of adults and chil-
dren receiving CAR T-cell therapy: 2021 best practice recommenda-
tions of the European Society for Blood and Marrow Transplantation
(EBMT) and the Joint Accreditation Committee of ISCT and EBMT
(JACIE) and the European Haematology Association (EHA). Ann Oncol.
2022; 33(3): 259-275, doi: 10.1016/j.annonc.2021.12.003, indexed
in Pubmed: 34923107.



Acta Haematologica Polonica 2022
Number 3, Volume 53, pages 180-182
DOI: 10.5603/AHP.a2022.0020

ISSN 0001-5814

e-ISSN 2300-7117

REVIEW ARTICLE [vVEq

VIA MEDICA

Outpatient CAR-T therapy

Dominik Dytfeld” ®, Lidia Gil

Department of Hematology and Bone Marrow Transplantation, Poznan University of Medical Sciences, Poznan, Poland

Abstract

Chimeric antigen receptor T (CAR-T) therapy has recently revolutionized the treatment of aggressive lymphomas and
acute lymphoblastic leukemia, and will soon do the same for myeloma and other hematological malignancies. Due to
the risk of potentially life-threatening complications such as cytokine release syndrome (CRS) and immune effector
cell associated neurological syndrome (ICANS), patients have been hospitalized for the time when those symptoms
may have occurred. However, due to improved prognostic factors, diagnostics and treatment of CRS and ICANS, it is
possible that in the near future certain groups of patients will be treated with CAR as outpatients. That would allow
broader access to CAR therapy, lowering overall costs and improving patient quality of life. Patient selection for out-
patient CAR treatment is a topic that has been extensively discussed but, even based on the experience we already
have, can already be effectively performed. CAR as an outpatient could be particularly useful for younger patients
with a low tumor burden who have an educated caregiver and whose CAR center is logistically capable of providing

outpatient care.
Key words: CAR-T, outpatient, cellular therapy

Introduction

Chimeric antigen receptor T (CAR-T) therapy has recently
revolutionized the treatment of aggressive lymphomas and
acute lymphoblastic leukemia following the registration in
2017 of two first-in-class cellular therapies: axicabtagen
ciloleucel and tisagenlecleucel. Further therapies based
on CAR-T technology will soon change the landscape
surrounding the treatment of myeloma and other hema-
tological malignancies. The high effectiveness of CAR-T
therapy is associated with potentially toxic complications
that require hospital care. Thus, CAR-T has a significant
impact on the healthcare system not only due to the costs
of the procedure itself, but also due to the demands of
advanced medical care which may limit the development of
this fascinating and efficacious technology. Outpatient care
of patients being treated with CAR therapy may become an
increasingly attractive option.
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Experience of outpatient care of patients
after CAR therapy

There are several different CAR constructs being used
in aggressive lymphomas, acute lymphoblastic leuke-
mias, and recently in multiple myeloma. Due to different
variations in CAR structure and signaling, disease entity
treatment, and manufacturing differences, the frequency,
severity, and timing of two very challenging complications
such as cytokine release syndrome (CRS) and neurological
complications (ICANS, immune effector cell associated
neurotoxicity syndrome) vary between CAR agents. The
anticipated timing and probability of these complications
may influence outpatient treatment decisions, and can be
a determining factor in making inpatient versus outpatient
treatment recommendations.

There have been no prospective clinical trials comparing
outpatient versus inpatient care of patients being treated
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with CAR. There are, however, some reports on outpatient
treatment from published prospective clinical trials. 27%
of subjects from the Juliet study were treated with tisagen-
lecleucel in an outpatient manner [1], while 24% were so
treated in the Eliana study [2]. It is worth mentioning that
a 7-day hospital stay was mandated in an axicabtagen reg-
istration study (ZUMA-1) [3]. Likewise, in three studies on
lisocabtagene, a total of 59 (18%) patients were infused
and observed as outpatients [4]. Patients were defined
as being treated as outpatients if they were infused as an
outpatient or were discharged on the same day if they had
been hospitalized before the infusion. Only 17% needed to
be readmitted within the first four days, and 46% did not
require readmission at all. Only 3% of them were eventu-
ally admitted to the intensive care unit. Eventually patients
who stayed in the hospital upfront were hospitalized for
amedian 15 days (range: 2-98; n = 272), while those pre-
defined as outpatients were hospitalized for a median of
only 6 (range: 2-23 days; n = 18).

In another observation reported as a single center ret-
rospective study of 30 patients treated with tisagenele-
cleucel, 70% were treated fully as outpatients and only
eight needed readmission, due to CRS (five) and infection
(three) [5]. Outpatient care of patients treated with CAR is
now being widely allowed in clinical studies like the trial of
a third generation CD20 targeted CAR (consisting of both
CD28 and 41BB costimulatory domains) in patients with
aggressive lymphomas or in a phase Ill study of cilta-cell
[recently Food and Druga Administration (FDA) approved
B-cell maturation antigen (BCMA) targeted second gener-
ation CAR for patient with refractory multiple myeloma] in
newly diagnosed multiple myeloma patients [6, 7] suggests
that outpatient administration of CAR will become more
common and could become the standard of care for cer-
tain populations of patients.

Why CAR outpatient?

Itis apparent that CRS and ICANS management algorithms
used in real-world settings have confirmed the benefit of
broader and earlier use of anti-cytokine therapies such as
tocilizumab and glucocorticosteroids compared to the con-
servative and rigorous approach reported in early clinical
studies. It has been shown in real-world and clinical trials
that the earlier introduction of corticosteroid and tocili-
zumab does not influence efficacy, although they appear to
mitigate CRS intensity and the risk of ICANS. This approach
is reflected in today’s international guidelines and regular
practice in both formally registered CARs and those being
used in clinical trials [8].

The commercialization of cellular therapies, which is
an obvious consequence of their unprecedented efficacy,
comes alongside the need to optimize medical resources.
The expanding interest in outpatient care after CAR-T is one

Dominik Dytfeld, Lidia Gil, Outpatient CAR-T
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Figure 1. Conditions that need to be analyzed for outpatient chime-
ric antigen receptor (CAR) therapy; LDH — lactate dehydrogenase;
CRP — C-reactive protein; ECOG — Eastern Cooperative Oncology Group

of the major factors that may decrease cost and eventually
increase access to this procedure looked at from a whole
population perspective, while from the individual perspec-
tive it improves quality of life.

Such an outpatient approach certainly needs to be
thoroughly thought through, taking into consideration
a risk/benefit assessment, the greater predictability of
clinical course, patient preference, and limited resource
utilization.

Patient selection

There are several factors that have an impact on the
decision as to who can be treated in an outpatient man-
ner (Figure 1). First is the presence of sufficient logistics
facilities in the CAR center, such as training classes for
patients and caregivers, the 24/7 availability of medical
staff for consultation, a developed communication plan
within the multidisciplinary team, and the possibility of
immediate admission.

The second is the ability of an individual patient and
caregiver to stay near to the hospital that is capable of
treating specific CAR-related toxicity. One of the most im-
portant factors is the caregiver — preferably a family mem-
ber who will take care of the patient at home. The list of
tasks is relatively long and consists of records of admin-
istered medications, body temperature, balance of fluids,
and eventually the decision to contact medical staff when
symptoms of potentially threatening complications occur.
Proper patient and caregiver education on the complica-
tions that require immediate intervention is key for safe
outpatient CAR therapy.
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However, the most critical factors are those related
to the probability, severity and time to onset of CRS and
ICANS. Factors predicting severe CAR-related toxicity that
might be contraindications for an outpatient approach are:
activity of preinfusion lactate dehydrogenase, preinfusion
C reactive protein and ferritin levels, metabolic tumor vol-
ume, comorbidities, age and Eastern Cooperative Oncolo-
gy Group (ECOG) performance status [9], although these
factors are not finally conclusive and longer observations
need to be performed to create a clear algorithm in the in-
patient/outpatient decision process.

Care after CAR infusion

Care given by the non-medical caregiver is important for
successful and safe treatment with CAR therapy, although
contact with trained medical staff is essential. There are
several, slightly different, recommendations on how often
and for how long a patient after CAR infusion should be
seen by medical professionals. According to the Risk
Evaluation and Mitigation Strategy (REMS) developed
for tisagenlecleucel, the patient should remain for one
month within two hours of the CAR center. Similar recom-
mendations have been created for other CAR products. In
an outpatient approach, the patient should visit the CAR
center every day during the first week and 2-3 times in
the second week to access potential complications in both
clinical and laboratory aspects. Close contact is needed
especially in the first week with readiness for admission if
any severe or potentially severe complication occurs [9].
Additionally, patients and caregivers should have a wallet
card setting out how to contact healthcare providers in
life-threatening situations.

Patients should be readmitted when there is a fever
suggestive of CRS, especially in coexistence with neutro-
penia. Any other clinical or laboratory symptom of infection
should be used as an argument for readmission. Any pa-
tient with psychiatric or neurological abnormalities should
also be considered for readmission.

Conclusions

CAR therapy is an emerging new standard of care in
patients treated due to aggressive lymphomas, acute
lymphoblastic leukemias, and (soon) multiple myelomas.
Due to the high costs and the need to conduct therapy only
in accredited centers, a possibility of outpatient care of
patients after CAR therapy is an attractive option that will
eventually increase access to cellular therapies. The deter-
mination of predictive factors of severity and time of onset
of CAR-related toxicities and the optimization of supportive
care and treatment of CRS and ICANS will identify patients
who can be effectively and safely treated in an outpatient
manner that eventually will become the standard of care.
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Abstract

Introduction: We assessed three training formulas i.e. on-site, on-line and e-learning for members of transfusion
committees, doctors responsible for blood management, other members of hospital staff, and blood establishment
employees involved in blood transfusion.

Fundamental to a successful blood transfusion is the proper education of physicians, nurses and diagnosticians.
External inspections of entities involved in blood transfusion revealed that continuous education should be extended
to include also other personnel involved in blood transfusion.

Material and methods: Our analysis was based on statistical data from training courses and anonymous satisfaction
surveys. Separate questionnaires were prepared for each type of training (on-site, on-line, and e-learning) and ques-
tions were adjusted to their specific characteristics. On-site and on-line courses had 659 and 260 participants respec-
tively, and the e-learning module had 6,093. Altogether, 1,101 completed questionnaires were subjected to analysis.

The MS Excel program was used for analysis of questionnaire content and Microsoft Power Business Inteligence
(Power BI) was used for data analysis and outcome visualization.

Results: 31% of respondents were members of transfusion committees (49% laboratory diagnosticians, 47% physi-
cians, 4% nurses). On a 5-point scale, an average score of 4.3 was ascribed to sessions that helped upgrade profes-
sional qualification (4.37 — on-site, 4.59 — on-line and 4.31 — e-learning). 93.5% of the e-learning participants gave
a rating of high or very high to the usefulness and effectiveness of such a formula; 95.6% declared their readiness
to recommend it.

Conclusions: All three types of training were found to be useful in upgrading professional awareness. Regardless
of the formula of training in which they participated, the responders acknowledged the importance and benefits of
continuous training.
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Introduction

The proper training of medical personnel is one of the pre-
requisites of safe and effective blood therapy. Supervision
over the transfusion chain is one of the responsibilities
of the Institute of Hematology and Transfusion Medicine
(IHTM) within the framework of the hemovigilance system.
An analysis of TC reports and inspections performed by
blood establishments (BEs) in hospitals, immunohematol-
ogy laboratories and hospital blood banks revealed that
many areas appertaining to blood transfusion still require
improvement, from the basic organization of blood therapy
right through to the principles of BE/hospital cooperation
and supervision over blood transfusion. Lack of adequate
knowledge was determined to be the main reason for the
identified non-compliances, and so training of medical per-
sonnel became one of the prerequisites of safe and effective
blood therapy. Knowledge and expertize are transferred to
the medical personnel during external and internal training
sessions. The transfusion practice in hospitals is supervised
either by physicians appointed responsible for blood man-
agement or by transfusion committees. The tasks include
monitoring the safe administration of blood components,
the analysis of adverse events and reactions, as well as the
organization of training courses for medical personnel [1, 2].
For many years now, attention worldwide has been focused
on the role of transfusion committees [3, 4].

Ensuring an adequate educational background of phy-
sicians, nurses and diagnosticians is fundamental to safe
blood collection and transfusion. In Poland, physicians
employed in BEs or hospitals have the opportunity to pur-
sue specialization in clinical transfusion medicine. Since
2001, all laboratory diagnosticians with higher education
have been offered the opportunity to specialize in labora-
tory transfusion medicine.

External inspections and analysis of TC reports revealed
that continuous education should also be offered to other
staff involved at all stages of the blood transfusion chain,
and not only to the personnel trained during specialization
courses. The two data sources revealed insufficient aware-
ness as regards blood transfusion practices, alternative
blood sources, special blood components (i.e. irradiated,
inactivated, etc.), and handling of adverse reactions and
events (ARE) [5, 6].

Knowledge and skills are acquired via training. In Po-
land, a different scope of training applies to BE person-
nel and to hospital staff directly involved in transfusion
procedures. In-house training has been obligatory for BE
staff for many years now, but this has not been the case
for hospital staff.

Since 2005, hospitals performing transfusions have
appointed physicians responsible for blood management
who are obliged to participate in training courses every four
years [7]. The same is true of nurses licensed to participate

in blood transfusions; after initial theoretical and practical
training, they must participate in training every four years.
The quality of blood components is also safeguarded by
transfusion committees (TCs) which, pursuant to Polish
regulations, are established in every transfusion-perform-
ing hospital with a minimum of four wards.

Extremely important is continuous training. In 2005-
-2009, the IHTM cooperated with the Portuguese Blood
Institute (Instituto Portugués do Sangue e da Transplan-
tacdo) in organizing a major training campaign within the
Transition Facility project [8]. This program was dedicated
primarily to BE staff. Continuious training of BE personnel
is mandatory and should be controlled by the IHTM as the
competent authority.

The project outcome captured the attention of the
Polish Ministry of Health, and its 2010 health policy pro-
gram allocated separate ministerial funds for countrywide
training.

The health policy program ‘Ensuring the self-sufficien-
cy of the Republic of Poland in blood and blood compo-
nents for the years 2015-2020’ provided funds for on-site
training as well as e-learning in 2017-2020. Training ac-
tivities also included the publication of the ‘Standard for
Activity of the Transfusion Committee’ [9, 10]. Until then
there had been no clear guidelines for the training of TC
members. The publication of ‘Standard for Activity of the
Transfusion Committee’filled the gap between self educa-
tion and training courses.

The SARS-CoV-2 pandemic induced a broader outlook
on training and educational activity. On-site training had to
be replaced by new forms of educational activity.

Our study aim was to assess the three training for-
mulas (i.e. on-site/stationary, on-line, and e-learning) ad-
dressed to TC members, physicians responsible for blood
management, and also to other members of hospital staff
involved in blood transfusion, as well as to BE and hospital
laboratory diagnosticians performing tests for transfusion.

Material and methods

Our material for analysis was statistical data from training
courses as well as from anonymous satisfaction surveys
completed by participants. Separate questionnaires were
developed for each of the three training formulas: station-
ary/on-site, on-line, and e-learning. The questions were ad-
justed to the specific characteristics of each type of training,
but some items were common to all three. Representatives
of hospitals performing blood transfusion participated in
each of the three training modules, while BE employees
participated only in e-learning and on-line sessions.
Table | presents the number of training sessions and
participants in two types of training (stationary and on-line)
organized in 2017-2020. E-learning was launched in No-
vember 2018. Figure 1 shows the number of participants
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Table |. Data referring to on-site and on-line training courses

_ Professional group

Type of

course | No. courses No;’:::;ici- No. courses Nob:i:;id_ No. courses Noégi::d_ No. courses Nol.ozz:;ici-
2017 On-site 1 32 1 45 1 42 3 119
2018 On-site 2 80 2 86 2 85 6 251
2019 On-site 2 84 2 84 2 84 6 252
2020 On-site 0 0 0 0 1 37 1 37
2020 On-line 2 94 2 92 1 74 5 260
Total 7 290 7 307 7 322 21 919

B Laboratory diagnosticians [ Physicians [l Nurses and midwives

Figure 1. E-learning platform users in period November 2018 to April 2021

of e-learning training between November 2018 and April
2021. A total of 6,093 participants were recorded: 1,554
diagnosticians, 2,255 physicians, and 2,284 nurses.
By the end of 2020, a total of 4,071 participants had com-
pleted training; 1,452 diagnosticians, 1,308 physicians,
and 1,311 nurses. In 2021, the e-learning formula was the
only form of educational training.

Lecture topics were adapted to each professional group
and covered issues related to the transfusion of blood com-
ponents. The educational material was tailored to each
professional group, with the emphasis on daily routine
performance. Each on-site and on-line course consisted
of 15 lectures (a 40 min presentation and a 5 min Q&A).
The e-learning course comprised 17 lectures divided into
2-3 parts of approximately 10-15 min each. The Q&A
module was accessible. Formal tests followed each course.
These test results are not the subject of this paper. The
topics discussed during training courses were:
®m blood transfusion service in Poland, with emphasis on

legal acts, organization of blood transfusion therapy

in hospitals;

www.journals.viamedica.pl/acta_haematologica_polonica

preparation, use and storage of blood components and
blood products;

indications for the use of blood components and blood
products;

principles of patient blood management (PBM);
therapeutic procedures — aspects of safe transfu-
sion;

role of nurse in transfusion process (from ordering of
transfusion to adverse reaction/event);

autologous transfusion and PBM implementation in
hospital setting;

aspects of safe transfusion of blood and blood com-
ponents;

adverse events and reactions including serious and
clinical cases;

immunohematology: significance for safe transfusion;
appropriate provision of blood components;
organization and tasks of blood banks;

cooperation between hospital ward, immunohematol-
ogy laboratory, and blood bank;

pathogens in transfusion medicine;
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Laboratory
diagnosticians
59%

A On-site course B On-line course
_Labora_to_ry Physicians _Labora_to_ry Physicians
diagnosticians diagnosticians 36%
30% 0
38% 29%
Nurses and midwives Nurses and midwives
32% 35%
c E-learning platform

Nurses and midwives

Physicians
27%

14%

Figure 2A-C. Percentage distribution of professional groups as participants in three types of training course

m tasks of transfusion committee and doctor responsible
for blood management;

importance of IT in transfusion medicine;

quality assurance system;

risk management in transfusion medicine;

and hemovigilance.

Questionnaires

Apart from confirmed participation and passing the test,
on-site and on-line training required completion of an
anonymous satisfaction questionnaire. Only then were
certificates issued. For e-learning participants, the survey
was anonymous and voluntary.

Stationary training provided 659 paper questionnaires
which were subjected to analysis. On-line training contribut-
ed 260 computer-administered questionnaires collected in
digital form with special online survey software and subject-
ed to analysis. E-learning platform users were asked to com-
plete an online satisfaction survey in January 2021. The
survey link provided via Google Forms remained active only
for five weeks, during which 182 participants responded.

The three training formulas thus rendered altogether
1,101 questionnaires.

Methods

For more effective analysis, three MS Excel tables were
developed to include survey responses in each training
module.

Paper-responses (i.e. to on-site training) were entered
into a special table, while electronic responses (i.e. to on-
-line training and e-learning) were sorted out and trans-
ferred into two separate table-templates.

Microsoft Power Business Intelligence (Power Bl) was
used for data analysis and visualization of the outcome.

Results

In the on-site formula, the highest number of question-
naires was completed by laboratory diagnosticians (248),
then by nurses and midwives (215), and then by physicians
(196). Among on-line participants, the most numerous
group were physicians (94), then nurses and midwives (92),
and laboratory diagnosticians (74). The number of complet-
ed questionnaires corresponded to that of participants.

While the survey link was active, the questionnaire was
completed by 182/4,071 e-learning platform users (4.47%).
The 182 comprised laboratory diagnosticians (107), physi-
cians (49), and nurses and midwives (26).

Figure 2 presents the percentage distribution of pro-
fessional groups with regard to responders of all three
training modules.

A very large majority of all responders were women

(86%). Figure 3 presents the percentage distribution of
women and men broken down by professions.
The e-learning platform survey included questions referring
to age. For all three professions, the 25-33 and 34-41 age
groups were the most numerous (28% for both). The 49-57
and 41-49 age groups had 24% and 15%, respectively,
and the 58-65 age group was the least numerous (5%).
Another question referred to membership in the hospital TC
and rendered 31% affirmative answers. Most TC members
were laboratory diagnosticians and physicians (49% and
47% respectively). Only 4% of nurse-responders declared
TC membership.
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On-site course

Laboratory diagnosticians

Laboratory diagnosticians Physicians Nurses and midwives Laboratory diagnosticians Physicians Nurses and midwives
B Women B Men Il Women B Men
C E-learning platform

Physicians
Il Women

On-line course

Nurses and midwives

HE men

Figure 3A-C. Percentage distributions of men and women as participants in three types of training course broken down into professional

groups

Usefulness of the educational content in terms of gaining
professional qualifications was estimated by all participants
(three modules) on a five-point scale. The educational
material was rated very high by all (>4.3 on average, and
the highest scores went to on-line training (average rating:
4.59). Participants of the stationary courses and platform
users estimated the usefulness of the acquired knowledge
at 4.37 and 4.31, respectively. Table Il presents the out-
come for each professional group.

As regards the uselessness of any lecture, affirmative
answers were provided only by 11% of e-learning respond-
ers, 6.4% of stationary training responders, and 6.2% —
on-line trainees.

Most responders found all topics useful for their daily
practice; the least useful referred to organizational issues,
legal regulations, immunohematological tests, and blood
component administration. Suprisingly, other participants
found these very topics worth expanding. The topics indicat-
ed as being the least useful were usually those not directly
related to the responders’ routine tasks. These topics were
included in the program to broaden knowledge about trans-
fusion medicine and upgrade the overall performance level.

Regarding the topics to be expanded, most affirmative
answers came from e-learning users (37.4%), on-line train-
ing participants (15.8%), and in-house training participants
(2.4%). The following subjects were the most frequent:

m practical classes, clinical cases;

® immunohematology tests — new challenges, regula-
tions, difficult cases;

m blood therapy in specific patients (e.g. children, trans-
plant recipients);

Table Il. Average score in response to survey question: “How
useful is the knowledge gained during training for upgrading pro-
fessional qualifications? (5-point scale)”

. On-site On-line E-learning

Professional group
course course platform

Laboratory 433 4.65 4.47
diagnosticians
Physicians 4.34 4.49 4.27
Nurses 4.43 4.62 419
and midwives
Mean 4.37 4.59 4.31

® hemovigilance, serious adverse events and reactions

(SARE);

pathogens;

and indications for transfusion of blood components

on specific examples.

Users of the e-learning module were also asked to as-
sess the usefulness and effectiveness of this form of train-
ing, and to declare willingness to recommend it to others.
Figure 4 presents the provided answers.

The e-learning platform users were also asked their
opinion of the most valuable, and the most burdensome,
aspects of such training. They indicated as the most ad-
vantageous:

m free access to educational material;
m availability of the course at any time;
m possibility of coming back to previous lectures;

www.journals.viamedica.pl/acta_haematologica_polonica /
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A How do tou assess the usefulness and effectiveness
of this form of training?

Very high
High
Medium
Low

Very low

OOoom

B Would you recommended this to other people?

Definitely yes
Rather yes

It's hard to say
Probably not
Definitely not

OOooOom

Figure 4. Response to “How do you assess the usefulness and
effectiveness of this form of training?” (A) and “Would you recom-
mend this training to other people?” (B)

possibility of listening to lectures regardless of location;

advantage of recorded audio material over ‘station-

ary’ lectures;

®m and time saving.

They emphasized the extensive knowledge and experi-
ence of the lecturers, and appreciated the Q&A option and
formal tests after each lecture.

The aspects they found the most inconvenient were:
m problems with concentrating for long periods in front

of a computer monitor;

m and no face to face or direct contact with lecturer, and
no possibility of asking questions during replay of vid-
eo-recorded lectures.

Most participants found no negative aspects, while
some others suggested making all submitted questions
and answers seen to other users. The platform provided
the option of a discussion forum, but not all participants
were eager to make use of this.

Discussion

In Poland there have been to date no evaluation studies on
the activity of TCs, nor countrywide-training dedicated to
TC members and other personnel involved in transfusion.
There has been no available data for assessment of the
current state of knowledge. Preliminary analysis of TC
annual activity protocols indicated inadequate knowledge
among personnel.

This study offers extensive material for assessment
of the effectiveness of educational training. Our evalua-
tion criteria referred not only to the assessment of blood

transfusion procedures or to the number of observed ARE,
but also to the up-grading of procedures for reporting SARE
to the competent authority. According to the data forward-
ed to the IHTM, the number of reported SARE has mark-
edly increased recently [11]. The significance of reporting
such incidents as well as their interpretation have been
strongly emphasized during training sessions. Clinical
cases were discussed at length to illustrate what should
be reported and how to improve self-awareness in this re-
spect. In 2017-2019, the number of SAREs reported to
the Institute (as the competent authority) increased from
71 to 196. The 152 reports in 2020 may be attributable
to a SARS-CoV-2-related smaller number of donations and
transfusions [own information]. Feedback from trainees
revealed better self awareness as a result of the comple-
tion of courses to be positively associated with a higher
reporting rate for SARESs.

Education in transfusion medicine for medical students
and residents is often insufficient. It therefore seems nec-
essary to develop formal training programs/curricula to
assess the outcome and enforce cooperation both at na-
tional and international levels [12]. Although traditional
classroom training has always been considered adequate,
training based exclusively on printed material is usually
ineffective [2, 4]. Recently, attention has focused on new
training techniques targeted at medical students and res-
idents. One such example is e-learning [13-15].

Miller et al. [16] draws attention to the role of transfusion
practitioner (TP) and the TC. In both cases, solid background
knowledge about transfusion medicine is essential for ad-
equate daily performance. Special training programs for
TPs and TC members are required to upgrade the safety of
transfusion as well as new techniques and modalities [16].

Our study demonstrates that the trainees who complet-
ed the courses found all three modules to be beneficial for
training of personnel in transfusion medicine.

The current epidemiological situation has enforced the
remote training formula as one of the most advantageous
solutions. Adjusting the training modality to the needs of
the particular professional group seems to be a top prior-
ity [17]. The impact of the SARS-CoV-2 pandemic on the
number of e-learning participants is evident. In Poland, the
obligatory 4-year interval between training courses for phy-
sicians responsible for blood management and for nurses
was extended by nine months. In 2020, the interest in the
e-learning platform was lower, most likely because medi-
cal personnel had more pandemic-related tasks. The first
months of 2021 however witnessed a rapid increase in the
number of trainees, most likely due to the expiry of licens-
es for medical staff as well as the absence of opportunity
to organize in-house training.

Analysis of the e-learning questionnaires demonstrates
high (45%) and very high (48%) satisfaction rates. AImost
78% were willing to recommend this form of training.
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The e-learning trainees were also asked about prac-
tical application of the acquired knowledge. The average
rating was 4.3 (on a 5-point scale), while the level of sat-
isfaction was rated 4.45. The tutors (stationary and on-
line training) were assessed for content and lecture pre-
sentation; the purpose was to confirm the choice of the
lecturing team. A high level of tutorial knowledge was con-
firmed: 91.2% of respondents (e-learning platform) de-
clared the training course to have met their expectations
and that the acquired knowledge improved the quality of
their daily performance.

Discussions with trainees revealed greater self-aware-
ness of the significant role of TCs and doctors responsible
for blood management because lecturers strongly empha-
sized some aspects related to safety, risk management and
SARE. Focus on TCs activity helped the participants realize
its significance for transfusion-related activities.

As mentioned earlier, in 2017-2020, on-site training
for medical staff who were members of transfusion com-
mittees was financed from the health policy program. The
aim was to expand education in transfusion medicine.
The e-learning platform launched as part of this program
was dedicated to continuous and regular self-education
in blood transfusion. This platform comprised the educa-
tional material presented during stationary and on-line
courses: 176 films, 291 quizzes, 30 PDF files and 30 pre-
sentations with additional materials, and 30 video files
in mp4 format.

Unlimited access to the e-learning platform also provid-
ed opportunities for medical personnel who were not direct-
ly involved in transfusion practice activities but who were
eager to acquire skills in this field. Such was the approach
of most responders of the e-learning platform. A similar
approach has also been observed in other countries [18].

Adequate training of medical personnel is essential
for safe transfusion. Morgan assessed the effectiveness
of training in transfusion medicine for medical students
and residents, and stressed the value of such training
[2]. The courses contributed to the development of the-
oretical and practical skills, and were highly rated. Nu-
merous studies have emphasized the need to upgrade
knowledge in all professional groups involved in trans-
fusion medicine. Inadequate knowledge means poor co-
operation between the professional groups involved in
transfusion procedures, which may lead to higher mor-
bidity and mortality and ultimately to higher treatment
costs [1, 4, 13-15]. Study results (our own included) in-
dicate satisfaction with the training and awareness of the
significance of continuous training. Peterson et al. have
presented an excellent example of an e-learning module
conducted since 2007, with over 400,000 trainees from
1,500 hospitals and organizations. A survey completed by
3,885 responders revealed that 89.3% gained addition-
al knowledge in transfusion practice, and 87.6% believed

that this knowledge would impact on therapy outcomes
and patient safety [19]. Our survey outcome was similar.
Training could be implemented both on a national scale
and in hospitals [20]. Internal training programs could
be tailored to the hospital profile while a uniform educa-
tional training program is recommended to facilitate the
exchange of experience.

Participants’ comments revealed numerous topics as
requiring more profound discussion. Growing awareness
regarding transfusion procedures and of ARE/SARE, as
well as the necessity of reporting them to the competent
authority (IHTM), was also observed. Our analyses identi-
fied the areas of transfusion medicine that still require im-
provement and implementation of advanced regimens and
methods of blood and blood component therapy as well as
novel solutions, guidelines and regulations for strengthen-
ing donor and recipient safety.

To this purpose however, training and educational ac-
tivities must be supported by legal regulations, guidelines
and governmental financing.
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Abstract

Introduction: In Poland, busulfan conditioning is used for allogeneic hematopoietic stem cell transplantation (allo-
-HSCT). Cost-utility analyses comparing alternative conditioning regimens in patients undergoing allo-HSCT have not
been conducted so far.

Material and methods: A United Kingdom-based partitioned survival model was adapted to the Polish setting to
compare treosulfan to low-dose busulfan conditioning regimen from the public payer’s perspective in Poland. Patient
characteristics, overall survival (0S), event-free survival (EFS), and the rate of adverse events were obtained from the
randomized MC-FludT.14/L trial. Parametric survival models of up to 5 years (the cure threshold), with subsequent
mortality defined using survival of the general population of Poland adjusted for cancer survivors, were used to ex-
trapolate OS and EFS beyond the trial duration. Published utilities were adjusted for age using age-dependent general
population utilities. The costs of treatment, adverse events, and inpatient/outpatient care were assessed via official
remuneration schemes.

Results: Treosulfan-based conditioning outperformed low-dose busulfan, i.e. it was more effective with incremental
quality-adjusted life years (QALY) of 0.78 and less expensive by 1,139 PLN per patient over the lifetime horizon.
Deterministic sensitivity analyses revealed treosulfan was highly cost-effective (i.e. incremental cost-utility ratio
was lower than the gross domestic product per capita in Poland) compared to low-dose busulfan, if most uncertain
parameters are changed or alternative scenarios are implemented. The probability of treosulfan being cost-effective
with a threshold of 155,514 PLN was 99.6%.

Conclusions: Compared to low-dose busulfan, treosulfan is a highly cost-effective conditioning regimen for allo-HSCT
patients ineligible for standard conditioning regimens.
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Introduction

Myelodysplastic syndrome (MDS) is a group of diverse
bone marrow abnormalities associated with ineffective
hematopoiesis, which manifest as morphologic dysplasia
as well as ineffectual production of blood cells resulting in
peripheral blood cytopenias. The incidence of MDS is ap-
proximately 3-4 cases/100,000, with about 20,000 cases
annually being high risk. However, it should be stressed that
the actual incidence of this disease could be significantly
higher due to its nonspecific symptoms, which often include
anemia, fatigue, weakness, intolerance of physical exertion,
angina, as well as cognitive impairment [1-3]. Due to its
symptom burden, MDS significantly negatively affects qual-
ity of life. Moreover, it can be associated with a high social
and economic burden, as well as significant utilization of
health care funds [3]. In many patients, especially those
with indolent or rapidly progressive MDS, along with those
with complications secondary to profound cytopenias,
myelodysplastic syndrome can progress to acute myeloid
leukaemia (AML) [2, 3]. AML consists of multiple clonal
hematopoietic disorders which result in proliferation of
immature myeloid cells in the bone marrow. Accumulation
of the leukemic blasts of myeloid lineage leads to an im-
pairment of hematopoietic function, which results in the
occurrence of cytopenias, with or without leucocytosis
[3]. Acute myeloid leukaemia is the most common form of
adult acute leukaemia, with 18,860 diagnosed cases and
10,460 deaths in the USA in 2014 [4].

Allogeneic hemopoietic stem cell transplantation
(HSCT) plays a crucial role in the management of adult pa-
tients with myelodysplastic syndrome or acute myeloid leu-
kemia [5, 6]. In fact, these two diseases account for more
than half of the HSCT indications for malignant diseases
worldwide, while in the USA alone in 2010, AML was the
most common indication for this procedure [5, 7]. This is
because, to date, hemopoietic stem cell transplantation
remains the only curative treatment for acute myeloid
leukemia and intermediate-to-high-risk myelodysplastic
syndrome [3, 8]. However, HSCT itself can be associated
with a plethora of significant adverse events, as well as in-
creased treatment-related mortality [7]. Therefore, before
allogeneic hematopoietic stem cell transplantation, it is
necessary for patients to undergo conditioning treatment
aimed at eradicating disease remnants and weakening the
recipient’s immune system [9].

For this purpose, myeloablative therapy is used, which
usually uses high-dose cyclophosphamide in combination
with whole-body radiotherapy or high-dose busulfan. Never-
theless, due to the relatively high toxicity, as well as veno-oc-
clusive diseases, and significant risk of mortality after such
therapy, it can only be used by relatively young patients (up
to 50-55 years of age) who are in good general condition.
Older patients, as well as those in poor general condition,

with lower performance status, and greater burden of co-
morbidities, may be referred to a lower-intensity condition-
ing treatment, usually involving lower doses of intravenous
busulfan and an infusion of fludarabine [3, 10]. However,
using the reduced-intensity conditioning can be problem-
atic, because such a regimen, aimed to induce sufficient
immunosuppression to enable engraftment, mostly relies
on the graft-versus-malignancy effect for the curative re-
sults. Therefore, conditioning treatments of reduced inten-
sity are associated with a higher risk of relapse compared
to standard regimens. This is a significant limitation and
poses a major obstacle to successful transplantation [11].

Therefore, the current development of preparative regi-
mens before allogeneic HSCT is addressing an unmet med-
ical need for the growing number of patients with myelo-
dysplastic syndrome or acute myeloid leukemia. Providing
better access to the therapy for patients would seem to be
crucial in order to improve clinical outcomes [5] It is a par-
ticularly significant unmet need because myelodysplastic
syndrome is usually diagnosed among older adults (80%
of adult diagnosed patients are 270 years), while the diag-
nosis of acute myelogenous leukemia most often happens
between the ages of 68 and 72. Additionally, considering
the phenomenon of population ageing, it can be assumed
that both MDS and AML in years to come will be ever more
frequently encountered in geriatric practices [3, 5].

A conditioning treatment prior to allogeneic hemato-
poietic cell transplantation that could be used in older pa-
tients is treosulfan therapy in combination with fludarabine.
The results of a study [5] indicate that the effectiveness of
this therapy may be even higher than the standard of con-
ditioning treatment with reduced activity [5], but therapy
with intravenous busulfan and fludarabine is unavailable
in Poland. Currently, treosulfan is not financed from public
resources in Poland. Among the drugs containing the ac-
tive substance treosulfan, the drugs authorized in Poland
are powders for solution for infusions: treosulfan (5 g and
1¢gin 50 mg/mL; 1 or 5 vials) [12, 13].

So we performed a cost-utility analysis to compare
treosulfan and fludarabine conditioning to low-dose bu-
sulfan and fludarabine-based conditioning prior to alloge-
neic hematopoietic stem cell transplantation (allo-HSCT)
in patients considered ineligible for standard conditioning
regimens in Poland.

Material and methods

A partitioned survival model developed for a UK setting and
positively appraised by the Evidence Review Group (ERG),
commissioned by the National Institute for Health and Care
Excellence (NICE) [14], was adapted to a Polish setting by
the inclusion of input data specific to patients from Poland.
In the model, patients started in the induction/allo-HSCT
health state, before transitioning to allo-HSCT recovery

\ www.journals.viamedica.pl/acta_haematologica_polonica



Pawel Kawalec et al, Treosulfan-based vs. low-dose busulfan-based conditioning for allo-HSCT

Induction/allo-HSCT

r'd

Post-HSCT recovery

A 'd

Relapsed/progressed Dead

f

Figure 1. Model diagram; allo-HSCT — allogeneic hematopoietic
stem cell transplantation

(remission), relapse/progression/graft failure, and/or
death after the first model cycle (Figure 1). A cycle length
of 28 days and half-cycle correction were applied. The time
horizon was a lifetime (50 years). The costs and QALYs
were discounted by 5.0% and 3.5% annually, respectively.

The population was the same as in the MC-FludT.14/L
trial [5], which was a randomised non-inferiority phase
3 trail in 31 transplantation centres in France, Germa-
ny, Hungary, ltaly, and Poland. Eligible patients were 18-
-T70years, had acute myeloid leukaemia in first or consec-
utive complete haematological remission (blast counts <5%
in bone marrow and included patients with acute myeloid
leukemia (AML) or myelodysplastic syndrome (MDS) con-
sidered ineligible for standard conditioning regimens be-
fore allo-HSCT. The regimens were as follows: intravenous
treosulfan at a dose of 10 g/m? of body surface area daily
for 3 days and intravenous busulfan at a dose of 0.8 mg/
/kg every 6 hours (or 3.2 mg/kg daily) for 2 days, both
with 30 mg/m? of intravenous fludarabine daily for 5 days.

Data on patient characteristics, overall survival (0S),
event-free survival (EFS), and adverse events [stage I/
/IV acute and extensive chronic graft-versus-host disease
(GvHD), other grade 3+ adverse events with >1% incidence
in either treatment arm] were collected from the MC-
-FludT.14/L trial. Parametric survival models were used to
extrapolate OS and EFS beyond the trial duration. Standard
parametric models, commonly used (Weibull, lognormal)
mixture-cure models (MCM), and commonly used (Weibull,
lognormal) non-mixture-cure models (NMCM) were fitted
to the full survival datasets from the MC-FludT.14/L trial.
Survival analyses were conducted for the pooled AML and
MDS cohorts, as well as separately for the AML and MDS
subpopulations stratified by treatment arm. For consis-
tency, the same model type was used for each arm both
for treosulfan and busulfan [15]. The NMCM log-normal

distribution for EFS and NMCM Weibull distributions for
0S were selected in a base-case analysis on the basis of
their statistical fit (Akaike information criterion), visual in-
spection, and clinical validity. The base-case model used
an extrapolation method selected by the Evidence Review
Group in the UK [5]. Five different variants of long-term ex-
trapolation were considered: 1) parametric models fitted to
trial data; 2) parametric models or general population life
tables, depending on which had the higher mortality rate;
3) parametric models or standardized mortality ratio (SMR)-
-adjusted general population life tables, depending on
which had the higher mortality rate; 4) parametric models
up to a cure threshold, followed by a switch to general pop-
ulation life table mortality rates; and 5) parametric models
up to a cure threshold, followed by a switch to SMR-ad-
justed general population life table mortality rates. The
latter variant was considered in a base-case analysis as
allo-HSCT is a potentially curative treatment: the relapse
rate after 5 years is minimal according to clinical experts
and the assumption was incorporated in other economic
evaluations on the topic [5]. Prior to the cure threshold,
the parametric curves for OS and EFS were used. After the
cure threshold, mortality was determined by using life ta-
bles for the general population [16] adjusted with SMR for
HSCT (2.3. calculated in [17] based on data from Martin
et al. [18]). In the base case analysis, the cure threshold
was assumed to be 5 years post-HSCT, as patients sur-
viving allo-HSCT for at least 5 years are considered to be
cured in clinical practice.

Quality-of-life data was not collected during the MC-
-FludT.14/L trial. Therefore, health-related utilities were
sourced from published studies. For estimating post-HSCT
recovery utility, data from Grulke et al. 2012 [19] was
mapped to the utilities using an algorithm by Proskorovsky
et al. 2014 [20] (data from Castejon et al. 2018 [21] were
used in a scenario analysis). Relapse/progression and ad-
verse event utilities were based on previous models sub-
mitted to the NICE [22], while disutilities for graft-versus-
host disease events were obtained from Kurosawa et al.
2016 [23] with the assumption that disutilities for grade
3-4 acute GvHD are the same as for chronic GvHD. The util-
ities were adjusted according to the difference in the mean
age of patients in studies used for utility calculation and
the mean age of patients at baseline in the MC-FludT.14/L
trial (59.6 years) as well as during each cycle of the time
horizon. The adjustment was made with age-dependent
utilities of the general Polish population [24].

Detailed information on the original model is available in
the studies by Westwood et al. [14] and Bungey et al. [25].

The economic analysis was conducted from a public
payer’'s perspective, i.e. the National Health Fund (Naro-
dowy Fundusz Zdrowia or NFZ in the Polish acronym).
Conditioning treatments are not directly financed from
public funds in Poland. The NFZ does not directly finance
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Figure 2. Comparison of treosulfan and low dose busulfan costs per patient by body weight and body surface area: cost of drug administered
to patient without cost of unused portion of vial, i.e. scenario without wastage (A); cost of drug administered to patient and cost of unused
portion of vial with assumption that 100% of unused drug is disposed of, i.e. scenario with full wastage (B)

treosulfan, busulfan, and fludarabine used in this indica-
tion. Polish hospitals buy these drugs from the funds al-
located to diagnosis-related groups [in Polish: jednorodne
grupy pacjentéw (JGP)] designed for allo-HSCT (i.e. JGP
S22 ‘Transplantation of allogeneic hematopoietic cells from
siblings identical in HLA or S23 ‘Transplantation of alloge-
neic hematopoietic cells from an alternative donor’). The
JGPs are designed to cover the costs of mobilization, con-
ditioning, transplantation, and post-transplant hospitaliza-
tion up to 30 days, with an additional cost for each day of
inpatient stay beyond 30 days. Because of the difference in
the total costs of treosulfan and busulfan treatment (treo-
sulfan has a higher acquisition cost compared to low-dose
busulfan, Figure 2), and lack of direct reimbursement from
the public purse (the hospital acquires these drugs using
the funds allocated to the allo-HSCT procedure), treosulfan
is not commonly used in Poland.

To assess whether the higher price of treosulfan vs. low-
-dose busulfan is justified, we assumed that the NFZ would
directly finance the cost of treosulfan, while busulfan and
fludarabine would not be separately financed by the NFZ.
Hence, in the base-case analysis, the cost of conditioning
treatment and allo-HSCT included: 1) the cost of treosulfan

AN

and allo-HSCT (JGP S22 or S23) in the treosulfan arm; and
2) the cost of allo-HSCT alone (JGP S22 or S23) in the bu-
sulfan arm. The remaining costs (i.e. adverse events, post-
HSCT care, disease relapse/progression) were the same
for both arms, while only the risk of these events differed
between the arms.

The cost of treosulfan and busulfan was based on av-
erage gross wholesale prices in Poland (445.07 PLN and
1,948.05 PLN for 1,000-mg and 5,000-mg vials of treo-
sulfan, respectively; 1,410.97 PLN for a 60-mg vial of bu-
sulfan). The cost of allo-HSCT procedure was based on
the current unit cost of JGP S22 or S23 [26] and related
statistics in 2019 (number of patients and length of hos-
pital stay for each JGP) [27]. The average cost of allo-HSCT
with healthcare provided up to 42.1 days after the admis-
sion to hospital for allo-HSCT was 237,865.89 PLN. The
cost of drugs used for disease relapse/progression was
estimated based on the average unit price of those drugs
in 2020 [28] with utilization obtained from the original
model [5, 25] (based on treatment guidelines and clini-
cal expert opinions, with the usage assumed to be equally
distributed among patients relapsing/progressing in the
first year as well as patients relapsing/progressing after
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Table 1. Main inputs for base-case model

Parameter Value Source

Age (mean) [years] 59.6

Weight (mean), kg/body surface area [m’] 80.2/1.93 MCFludT44/L trial
Matched unrelated donor [%] 76.4%

Sex (male) [%] 60.8%

Cure threshold 5 years Assumption

SMR after cure threshold 2.3 Martin 2010 [21]

Utility of induction/allo-HSCT 0.558

Post-HSCT recovery utility: discharge 0.660

Post-HSCT recovery utility: <6 months 0.756 Grulke et al. 2012 [22] (algorithm
Post-HSCT recovery utility: 7-12 months 0.818 by Proskorovsky et al. 2014 [23])
Post-HSCT recovery utility: year 2 0.822 adjusted with data from [27]
Post-HSCT recovery utility: year 3 0.822

Post-HSCT recovery utility: year 4+ 0.870

Relapse/progression 0.623 [25] adjusted with data from [27]
Graft-versus-host disease disutility -0.120 [26]

Grade 3+ adverse events disutility -0.024 [25]

Cost of allo-HSCT with treatments and care up to 42.1
days after procedure: treosulfan arm

Cost of allo-HSCT with treatments and care up to 42.1

261,507.71 PLN (with total cost
of treosulfan at 23,376.60 PLN

Data from selected drug wholesa-
lers on treosulfan price [29-31],

days after procedure: busulfan arm

Cost of allo-HSCT recovery/remission — <12 months
Cost of allo-HSCT recovery/remission — 12-24 months
Cost of allo-HSCT recovery/remission — >24 months
Cost of early relapse/progression (<12 months)

Cost of late relapse/progression (=12 months)

End-of-life cost
Additional cost of graft-versus-host disease

Grade 3+ febrile neutropenia, lung infection, or syn-
cope

Grade 3+ sepsis

Grade 3+ other adverse events

included) assumption
240,583.(;‘3;3S tPcI)_fl\lbvl\J/glr}l(;::rt1 separate (20-31]
2,448.56 PLN per cycle [29, 30, 32]
2,031.64 PLN per cycle [29, 30, 32]
83.38 PLN per cycle [29, 30, 32]
5,094.91 PLN per cycle* [18-30, 32]
st

o

7,197.94 PLN per event [32]

17,593.00 PLN per event [32]

10,440.00 PLN per event

11,789.00 PLN per event
71.00 PLN per event

Assumption [29, 32]

Assumption, [29]
Assumption [29, 32]

*Assumes equal probability of receiving hypomethylating agents (azacitadine), salvage chemotherapy [etoposide + cytarabine + mitoxantrone (MEC)] and palliative chemotherapy (hydroxycarbamide) treat-
ment regimens; **assumes equal probability of receiving FLAG/Ida [fludarabine + cytarabine + granulocyte colony-stimulating factor (G-CSF)/idarubicin) or secondary allo-HSCT. Secondary allo-HSCT costs
applied as one-off cost in first cycle of relapse/progression; SMR — standardized mortality ratio; allo-HSCT — allogeneic hematopoietic stem cell transplantation

1 year based on clinical experts agreeing to that assump-
tion). The cost of outpatient and inpatient procedures was
estimated using official unit prices [26] with their shares
obtained from data on incidence in 2019 in Poland and/
/or data presented in other economic analyses submitted
to the Agency for Health Technology Assessment and Tariff
System in Poland [29].

The main model’s inputs are presented in Table I.

The primary outcomes of the analysis included: 1) the
incremental cost-utility ratio (ICUR), estimated in terms of

the cost per quality-adjusted life year (QALY), which was
compared to the threshold of 3 x the gross domestic prod-
uct per capita in Poland (155,514 PLN in 2021); 2) the
incremental net monetary benefit (INMB) expressed as:
INMB = WTP x AQALY - AC, where WTP is the threshold,
while AQALY and AC denote a difference between arms in
QALYs and total costs, respectively. When the INMB is high-
er than or equal to zero, this indicates that the treatment
is cost effective, with the willingness to pay per additional
QALY at 155,514 PLN. Costs were expressed in PLN (€1 =
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Table Il. Results of base-case analysis

Parameter

Mean event-free survival, years
Mean overall survival, years
Life years (discounted)

QALY (discounted)

Cost of treosulfan/busulfan

Cost of HSCT procedure (including fludarabine, busulfan and others)
Cost of healthcare after HSCT (discounted)

Cost of adverse events treatment (discounted)

Cost of event-free survival (discounted), overall

Cost of relapsed/progressed disease (discounted)

End-of-life cost (discounted)

Total cost (discounted)

ICUR

INMB

Treosulfan Busulfan Incremental
9.84 7.96 1.87
10.51 9.27 1.23
7.85 6.94 0.91
5.74 4.96 0.78

23,377 PLN 0 (included in cost 23,377 PLN

of HSCT procedure)
238,131 PLN 240,584 PLN -2,453 PLN
44,858 PLN 40,545 PLN 4,313 PLN
3,904 PLN 4,453 PLN -549 PLN
309,290 PLN 284,680 PLN 24,610 PLN
19,831 PLN 44,725 PLN -24,895 PLN
5,464 PLN 6,319 PLN -854 PLN
334,585 PLN 335,724 PLN -1,139 PLN
= — Dominant
- - 122,764 PLN

QALY — quality-adjusted life year; HSCT — hematopoietic stem cell transplantation; ICUR — incremental cost-utility ratio; INMB — incremental net monetary benefit

Figure 3. Tornado diagram for deterministic sensitivity analyses; allo-HSCT — allogeneic hematopoietic stem cell transplantation; OS — over-
all survival; AML — acute myeloid leukemia; MDS — myelodysplastic syndrome; NMCM — non-mixture-cure models; EFS — event-free survival

=4.47 PLN). The study was reported in adherence with the
Consolidated Health Evaluation Reporting Standards [30]
and Polish guidelines [31].

One-way deterministic sensitivity analyses were per-
formed for all parameters. Additionally, the alternative
source or assumption was tested via scenario analyses,
which included optional extrapolation distributions and
scenarios (with or without the cure threshold), optional
sources of utilities, and optional assumptions regarding

AN

the cost of treosulfan and/or busulfan (e.g. with treosul-
fan-only cost that exceeded busulfan cost financed by the
NFZ, without treosulfan wastage, with treosulfan financed
by the NFZ: with full wastage, without wastage, or with par-
tial wastage, which assumed that only the unused part of
the last vial is dispensed with).

A probabilistic sensitivity analysis, based on 5,000 sets
of randomly drawn input parameters, was carried out to
calculate the confidence intervals around the base-case
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Table lll. Results of scenario analyses

Parameter Incremental
QALY
Base-case analysis 0.78
AML subpopulation only 0.71
MDS subpopulation only 0.89
Pooled separate modelling for AML and MDS patients 0.77
Without cost of treosulfan wastage 0.78
EFS and OS extrapolation: variant 1 1.35
EFS and OS extrapolation: variant 2 0.97
EFS and OS extrapolation: variant 3 0.79
EFS and OS extrapolation: variant 4 0.99
EFS model: gamma 0.75
EFS model: MCM lognormal 0.79
EFS model: Gompertz 0.78
0S model: gamma 0.75
0S model: MCM Weibull 0.79
0S model: MCM Lognormal 0.78
0S model: NMCM Lognormal 0.78
Cure threshold: 3 years 0.82
Cure threshold: 7 years 0.79
Busulfan directly financed by NFZ with partial cost of 0.78
wastage
Busulfan directly financed by NFZ with full cost of 078
wastage
Only treosulfan cost that exceeds busulfan cost finan-
ced by NFZ e
Post allo-HSCT utilities from Castejon et al. 2018 0.64

Incremental ICUR (PLN/QALY

costs gained) INMS

-1,139 PLN Dominant 122,764 PLN
-12,545 PLN Dominant 123,095 PLN

11,557 PLN 13,051 (<155,514) 126,145 PLN
-3,840 PLN Dominant 124,196 PLN

-2,001 PLN Dominant 123,626 PLN
-26,907 PLN Dominant 236,329 PLN
-9,559 PLN Dominant 161,115 PLN

2,777 PLN 3,532 PLN 119,502 PLN

(<155,514)
-7,725 PLN Dominant 161,301 PLN
9,504 PLN 12,743 PLN 106,481 PLN
(<155,514)
-1,655 PLN Dominant 123,779 PLN
1,505 PLN 1,934 PLN 119,533 PLN
(<155,514)
-3,726 PLN Dominant 120,594 PLN
-709 PLN Dominant 123,242 PLN
-1,162 PLN Dominant 121,731 PLN
-770 PLN Dominant 121,790 PLN
12,377 PLN 15,090 PLN 115,177 PLN
(<155,514)

-5,879 PLN Dominant 129,425 PLN
-13,855 PLN Dominant 135,480 PLN
-23,745 PLN Dominant 145,371 PLN
-13,790 PLN Dominant 135,415 PLN

-1,139 PLN Dominant 100,596 PLN

QALY — quality-adjusted life year; HSCT — hematopoietic stem cell transplantation; ICUR — incremental cost-utility ratio; INMB — incremental net monetary benefit; AML — acute myeloid leukemia; MDS — my-
elodysplastic syndrome; EFS — event-free survival; 0S — overall survival; MCM — mixture-cure models; NMCM — non-mixture-cure models; NFZ (Narodowy Fundusz Zdrowia) — National Health Fund

analysis results and to calculate the probability of treosul-
fan being cost-effective.

Results

The base-case model indicated that patients receiving the
treosulfan conditioning regimen did not experience can-
cer-related events for an additional 1.87 years compared
to patients receiving a low-dose busulfan conditioning regi-
men. Moreover, the mean OS was prolonged by 1.23 years.

Compared to busulfan, treosulfan-based condition-
ing led to a gain of 0.78 QALYs with a reduced cost of
1,139 PLN per patient.

The results indicate that treosulfan outperforms bu-
sulfan in Poland, in that it is more effective and less ex-
pensive (Table II).

The sensitivity analyses confirmed the results of the
base-case analysis. Neither the change of any model pa-
rameter (Figure 3) nor the implementation of any scenar-
io (Table Ill) affected the cost-effectiveness of treosulfan
at a threshold of 155,514 PLN per QALY gained. Treosul-
fan was either dominant or highly cost effective (i.e. ICUR
less than the gross domestic product per capita in Poland)
compared to low-dose busulfan. Of the model parameters
and extrapolation variants, the allo-HSCT cost, EFS, and
0S had the greatest impact on the results.
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Figure 4. Cost-effectiveness acceptability curve

The probabilistic sensitivity analysis indicated a prob-
ability of 99.6% for treosulfan being cost-effective at
a threshold of 155,514 PLN per QALY gained (Figure 4).

Discussion

Treosulfan is an alkylating agent viewed as a well-tolerated
alternative to other chemotherapy drugs (including other
alkylating agents) in conditioning regimens for allo-HSCT;
in combination with fludarabine, it is indicated as part of
conditioning treatment prior to allo-HSCT in adult patients
with malignant and non-malignant diseases, and pediatric
patients older than one month with malignant diseases
[13]. It is also important to stress that, as demonstrated
in a recently published meta-analysis, treosulfan is char-
acterized by a strong activity against AML cells, as well as
strong immunosuppressive effects, but is associated with
low release of inflammatory cytokines.

These qualities promote the engraftment of the trans-
planted cells while limiting the risk of GvHD [8]. Additional-
ly, the safety and clinical effectiveness of treosulfan-based
regimens as a conditioning treatment have also been con-
firmed in a dose-escalation study carried out among pa-
tients with a variety of hematological malignancies, as well
as research including patients with a high risk of both reg-
imen-related toxicity and graft failure [11].

Therefore, thanks to the described characteristics,
treosulfan-based regimens are considered to have effec-
tiveness analogous to, or better than in the case of over-
all survival, conventional myeloablative conditioning regi-
mens, with lower risks of toxicity, the occurrence of GvHD,
and transplant-related mortality [8].

This makes treosulfan-based conditioning a great op-
tion for patients who are not well enough for standard
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conditioning, and gives them a chance to undergo a po-
tentially curative procedure.

High clinical effectiveness of treosulfan-based condi-
tioning regimens has also been demonstrated in a pivotal
clinical study that aimed to evaluate the efficacy and safety
of conditioning with treosulfan plus fludarabine compared
to reduced-intensity busulfan plus fludarabine in patients
with acute myeloid leukemia or myelodysplastic syndrome.
Patients included in the study were at an increased risk of
adverse events with the use of standard conditioning ther-
apies because of their older age (=50 years) or comorbidi-
ties [Hematopoietic Cell Transplantation — Comorbidity Index
(HCT-CI) score >2]. In this study, 2-year event-free survival
reached 64% [95% (Cl, confidence interval) 56-70.9] in the
treosulfan group and 50.4% (42.8-57.5) in the busulfan
group [hazard ratio (HR) 0.65 (95% CI 0.47-0.90)]. The most
frequently reported adverse events of grade 3 or higher in-
cluded abnormal blood chemistry results [33 (15%)/221 for
the treosulfan group vs. 35 (15%)/240 patients in the busul-
fan group] as well as gastrointestinal disorders [24 (11%) vs.
39 (16%) patients]. Serious adverse events were observed
in 18 (8%) patients in the treosulfan cohort and in 17 (7%)
in the busulfan group. Deaths noted during the study were,
generally, transplantation-related [5].

The described study has several significant strengths,
which should be pointed out. These include the random-
ization and multicenter character of the study, as well as
a fairly large population of patients included in the study
(476 patients). Additionally, due to the open-label model,
the researchers decided to choose a robust primary end-
point, which was as independent as possible from the
subjective view of both the patient and the investigator.
Moreover, investigators and other personnel included in
the research were blinded to aggregated data analyses

www.journals.viamedica.pl/acta_haematologica_polonica



Pawel Kawalec et al, Treosulfan-based vs. low-dose busulfan-based conditioning for allo-HSCT

until database lock. This reduced the risk of bias associ-
ated with lack of blinding, which was one of the most sig-
nificant limitations of the study. Other limitations includ-
ed the limited use of disease-specific risk scores, such as
the disease risk index to adjust for transplantation-related
risks, as well as not implementing measurable residuals
as the disease-independent prognostic indicator for the
post-transplant relapse risk [5].

Despite these limitations, the results of the described
clinical study provide important information regarding the
conditioning treatment of patients who are not fit for stan-
dard regimens utilized before allo-HSCT. They allow us to
conclude that treosulfan is non-inferior to busulfan when
used in combination with fludarabine as a conditioning treat-
ment utilized before allo-HSCT for patients with acute my-
eloid leukemia or myelodysplastic syndrome, who are elder-
ly and/or have significant comorbidities which have made
the use of standard conditioning treatments impossible.

These findings suggest that treosulfan-based regimens
have significant potential to become the standard prepar-
ative regimen among such patients [5].

Our study confirms that the conditioning regimen with
treosulfan instead of low-dose busulfan is highly cost effec-
tive in Poland. However, the analysis has several major lim-
itations. Firstly, there may be differences in the character-
istics of patient populations in the included studies [5, 19,
20, 23]. Secondly, efficacy data is limited due to a relatively
short duration of the clinical trial (up to 1,586 days) which
was used to inform the model during the lifetime horizon.
Nevertheless, optional extrapolation variants and survival
models did not change the conclusion from the base-case
analysis. Thirdly, the cost input was based on other eco-
nomic analyses or assumptions because valid cost data on
Polish patients was unavailable. Finally, the utilities were
sourced from published studies, as quality-of-life data was
not collected during the MC-FludT.14/L trial.

Only a single economic study of treosulfan-based con-
ditioning in allo-HSCT patients was identified, namely the
original model with UK-specific data [5, 25]. Our results are
similar to those obtained in that original model, which may
indicate that cost inputs and other country-specific input
data do not affect the overall conclusion from the cost-ef-
fectiveness point of view. Also in regards to the analysis
in the subgroups based on the diagnosis (AML and MDS
separately), our obtained results (QUALY 0.71 for AML and
0.89 for MDS) were similar to the findings of the UK study
(QUALY 0.71 for AML and 1.03 for MDS) [25].

Therefore, it can be concluded that, in both countries,
treosulfan-based regimens are a highly cost-effective con-
ditioning treatment for patients with AML or MDS who can
benefit from undergoing allo-HSCT, but who are ineligible
for standard conditioning regimens.

Based on the available data, as well as the results of
the present study, it can be concluded that myeloablative

properties and high cytotoxic activity on hematopoietic
cells of treosulfan-based regiments, combined with their
low non-hematological toxicity, can significantly improve
the survival of patients with myelodysplastic syndrome as
well as acute myeloid leukemia. This applies especially
to elderly patients, as well as those in poor general con-
dition, with lower performance status and a greater bur-
den of comorbidities. Moreover, it should be stressed that
such conditioning regimens are associated with a lower
incidence of acute graft-versus-host disease compared
to busulfan-based treatment. Additionally, and especially
importantly from the socio-economic perspective, treosul-
fan-based conditioning is highly cost-effective in Poland.

Conclusions

The results of this study indicate that compared to low dose
busulfan, treosulfan-based conditioning for allo-HSCT pa-
tients with AML or MDS ineligible for standard conditioning
regimens is highly cost-effective in Poland.
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Abstract

Introduction: The development of novel drugs with a different mechanism of action has led to considerable progress
in multiple myeloma (MM) treatment. However, the exact associations between overall survival (0S) and different
treatment types, response to treatment, as well as clinical and laboratory parameters, have not been fully elucidated.

We aimed to determine the effect of clinical and laboratory parameters, type of induction therapy, and high-dose
chemotherapy with autologous hematopoietic stem-cell transplant (auto-HSCT) on OS in patients with MM.

Material and methods: This retrospective study included 413 patients with MM treated between 2006 to 2017. Cor-
relations between selected clinical and laboratory parameters and OS were assessed. The severity of MM was evalu-
ated using the Durie-Salmon classification.

Results: The median OS was 4.08 years. The overall response rate to chemotherapy was 76%. The complete remis-
sion (CR) rates were higher in patients receiving bortezomib-based therapy than in those receiving thalidomide-based
therapy or standard chemotherapy (p <0.001). The CR rate was positively correlated with OS. The use of auto-HSCT
with bortezomib-based therapy was associated with longer OS. Renal failure and elevated urinary protein levels were
inversely correlated with OS. The severity of MM at diagnosis was also associated with 0S. The percentage of bone
marrow plasma cell infiltration did not correlate with OS.

Conclusions: MM is still diagnosed too late, by which time patients have developed almost irreversible complications.
However, we confirmed that novel treatments improve OS in these patients, especially when used in addition to auto-
HSCT. These findings may facilitate clinical therapeutic decision making.

Key words: autologous hematopoietic stem-cell transplant, bortezomib, chemotherapy, multiple myeloma, overall

survival
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Introduction in this highly diverse population. Historically, the median
overall survival (0S) in patients with MM was about three
The approach to the care and management of patients with years. However, in the era of novel highly active treatment
multiple myeloma (MM) is been evolving rapidly. Today, the options, a marked improvement in patient outcomes
greatest challenge is the choice of individualized therapy has been observed, with median OS reaching 5-7 years
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[1]. Even so, progress in MM treatment has complicated
clinical decision making. The development of a treatment
plan should include individual patient evaluation, defining
treatment goals, as well as the assessment of therapy-and
disease-related risk factors. Undoubtedly, for newly diag-
nosed patients, first-line treatment choice has the most
important effect on overall response and survival rates.

Real-world registry studies have concluded that ¢.40%
of patients with MM do not meet the inclusion criteria for
clinical trials [2]. Patients who are ineligible for enrolment
due to poor performance status, high comorbidity index,
or organ dysfunction are thus commonly overlooked, and
so the outcomes of this population are underreported in
the literature.

One of the largest prospective studies to describe re-
al-life treatment of MM patients has revealed a great di-
versity of treatment modalities, the availability of novel
agents, and ever-evolving treatment recommendations [3].

The aim of our study was to assess the effect of select-
ed clinical and laboratory parameters, the type of induction
therapy, and response to therapy on OS in patients with
MM. Moreover, we aimed to evaluate the role of high-dose
chemotherapy with autologous hematopoietic stem cell
transplant (auto-HSCT) in the treatment of patients with
MM, and to identify patients with short OS despite the use
of auto-HSCT as well as patients with long OS who did not
receive auto-HSCT.

Material and methods

This retrospective study included 413 patients with MM
[234 women (56.7%) and 179 men (43.3%); mean age,
66.9 years (range: 27-89)] treated at the Department of
Hematology at the Rydygier Hospital in Krakow, Poland,
from 2006 to 2017.

Data on the following clinical and laboratory parameters
was collected and included in a dedicated database: lac-
tate dehydrogenase, urinary protein (<1 g/L, 1-2 g/L, and
>2 g/L), and total protein levels (<100 g/L, 101-120 g/L,
and >120 g/L); monoclonal antibody class; type [immuno-
globulin G (I1gG), IgA, 1M, light chain], form (systemic, lo-
calized), and clinical stage of MM (Durie-Salmon classifica-
tion); and prognosis according to the International Staging
System (ISS) and Revised ISS (R-ISS). Data regarding the
number of treatment lines, regimens, outcomes, and follow-
up duration was also collected. The results of cytogenetic
studies were assessed. Risk factors for bone lesions and
surgical treatment of bone lesions were evaluated. In the
case of unselected proteinuria >0.5 g/24 hours, Bence-
Jones protein was assessed. Finally, we assessed associa-
tions of OS with laboratory parameters, complete remission
(CR), disease severity, ISS and R-ISS stages, the extent of
bone marrow infiltration, induction therapy, as well as sin-
gle and tandem transplant.

Statistical analysis

Qualitative variables such as selected laboratory pa-
rameters were presented as mean and SD, median, and
minimum-maximum values. The variables were compared
between subgroups divided according to risk, treatment,
or selected clinical parameters (such as disease severity)
using a nonparametric Mann-Whitney test for comparisons
between two variables and a Wilcoxon test for comparisons
between more than two variables. The rank correlation co-
efficient between lactate dehydrogenase (LDH) levels and
selected laboratory parameters was calculated. Ranked
or qualitative variables were presented as number and
percentage of patients. The independent x* test was used
to assess outcomes for consecutive lines of chemotherapy.
Survival analysis was used to compare OS depending on
selected risk factors, type of treatment, treatment out-
comes after each line of chemotherapy, and selected clin-
ical parameters. Patients receiving auto-HSCT constituted
a separate subgroup. The independent x* test was used in
this subgroup to assess 0S depending on selected factors
as well as to assess the effect of selected risk factors on
OS shorter or longer than five years. Results with a p value
of 0.05 or lower were considered significant. Statistical
analysis was conducted using Statistica 13 PL (StatSoft,
Krakéw, Poland).

Results

Depending on the analyzed parameter, data completeness
ranged from 15.2% (31 of 204 patients) for the analysis
of the causes of death to 96.6% (399 of 413 patients) for
the analysis of the type of MM.

At diagnosis, 95.6% of patients had symptomatic MM.
The most common type of MM was immunoglobulin (Ig) G
kappa, observed in 155 patients (38.8%). Most patients (n =
=214;54.7%) had stage IlIA MM according to the Durie-Salm-
on classification. Stage IA MM was noted in 26 patients
(6.6%), stage IB in two (0.5%), stage ll1Ain 34 (8.7%), stage
[IB in five (1.3%), and stage IlIB in 110 (28.1%).

Using the ISS, MM was classified as stage Ill in 55.9%
of patients (n = 124) and as stage Il in 30.2 % of patients
(n=67).

Cytogenetic study for both karyotype and FISH (t(4;14),
1(14;16), del17p) determination was known in 43 patients
(10.4%). Classical cytogenetics is not part of the R-ISS clas-
sification, but karyotype can be helpful in detecting addi-
tional cytogenetic abnormalities such as hypodiploidia.

The most common cytogenetic abnormality was t(4;14),
observed in 11 patients (25.6%), while more than half of the
study group had normal karyotype (n =22; 51.1%) (Table I).

Chemotherapy regimens used in the study group al-
lowed the achievement of an overall response rate of
76% in 202 patients. CR and stringent CR was achieved
in 60 patients (22.6%; Table Il). The CR rate was higher
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Table I. Cytogenetic study results in study group (n = 43)

Result N [%]
Normal 22 51.1
t(4;14) 11 25.6
del TP53, t(4;14) 3 7

del 13 1 2.3
del TP53 8 7

Hyperdiploidy 1 2.3
Trisomy 17, 17p13 1 2-8)
Trisomy 17, del TP53 1 2.3

Table Il. First-line chemotherapy outcomes (n = 266)

Outcome N [%]

CR 55 20.7
sCR 5 1.9
PR 100 37.6
VGPR 42 15.8
SD 36 13.6
PD 27 10.2
Patients remaining under follow-up 1 0.4

CR — complete remission; sCR — stringent complete remission; VGPR — very good partial remission,
PD — progressive disease; SD — stable disease

(p <0.001) in patients treated with bortezomib-based ther-
apy (VTD, VCD, VD, VMP, PAD) 36.1% than in those treat-
ed with thalidomide-based therapy (MPT, CTD, TD) 24.7%,
and standard chemotherapy (VAD, CD, COP, CP, MD, MP,
P) 10.3%. 8.2% of patients received both thalidomide and
proteasome inhibitor (VTD regimen) (n = 29), and separate
analysis for OS was not assessed in this group. Monoclonal
antibodies were not available in Poland until July 2019 in
routine practice.

Patients received a maximum of nine lines of treatment.
The follow-up duration and maximum OS was 23 years.
Achievement of CR after the first-line chemotherapy was as-
sociated with longer OS (median OS 7 vs. 4 years) (p <0.001)
(Figure 1). Transplant treatment (both auto-HSCT and tan-
dem transplant) was also associated with longer OS (me-
dian OS 7 vs. 3.75 years) (p <0.001) (Figure 2), regardless
of age divided into two groups <60 years and 60-75 years,
but this lacked statistical significance (NS, n = 50).

Elevated serum LDH levels (>248 U/L) correlated posi-
tively with leukocyte count (p = 0.037), percentage of bone
marrow plasma cell infiltration (p = 0.009), and ISS stage
(b = 0.025), (LDH assessment as a part of R-ISS staging
was an auto-control parameter), while negatively correlated
with serum IgA levels (p <0.001).

Bone lesions associated with MM were observed in
215 patients (74.4%) at diagnosis, and they were more
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Figure 1. Kaplan-Meier survival plot showing overall survival
(0S) in patients with multiple myeloma who achieved and did not
achieve complete remission (CR) after first-line chemotherapy
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Figure 2. Kaplan-Meier survival plot showing overall survival (OS)
in patients with multiple myeloma depending on use of autologous
hematopoietic stem-cell transplant (auto-HSCT), single auto-HSCT,
tandem auto-HSCT, or no transplant

common in men than in women (p = 0.002). The pres-
ence of bone lesions was not correlated with patient age,
percentage of bone marrow plasma cell infiltration, or ISS
stage. Surgical treatment such as vertebroplasty, tran-
spedicular spondylodesis or intramedullary nailing was
necessary in 50 of the 303 patients (16.5%) assessed
for the presence and treatment of bone lesions. Surgical
patients included 27 women (54%). 31 individuals aged
60 to 75 years (62%) were not analyzed for overall survival.

The median OS in the study group was 4.08 years. The
0S for the whole study group is presented in Figure 3. Over-
all survival was associated with the severity of MM at di-
agnosis (Figure 4) and the ISS stage (Figure 5). However,
no associations were shown for the R-ISS stage, probably
because of a small sample size (the cytogenetic study was
performed only in 43 patients). The percentage of bone
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Figure 3. Overall survival (OS) for whole study group (n = 413)

Figure 4. Kaplan-Meier survival plot showing overall survival (0OS)
of patients with multiple myeloma depending on disease severity
according to Durie-Salmon classification (n = 391)
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Figure 5. Kaplan-Meier survival plot showing overall survival of
patients with multiple myeloma depending on International Stag-
ing System stage (n = 222)

Figure 6. Kaplan-Meier survival plot showing overall survival of
patients with multiple myeloma depending on type of first-line
chemotherapy (n = 341)

Table Ill. Association between autologous hematopoietic stem-cell transplant and overall survival of less than, and more than, five years

Transplant \| OS <5 years
No transplant 256 184.1%
8**
auto-HSCT 29* 07 6%**
6**
Tandem auto-HSCT 21* 08 6%+ *

0OS >5 years Censored observations <5 years p value
124 85
48.4% 33.2%
3 18
10.3%** 62.0% SO
Ay 11
19.0%** 52.5%

*Patients included in survival analysis; **patients included in subsequent x’ test analysis; auto-HSCT — autologous hematopoietic stem-cell transplant; 0S — overall survival

marrow plasma cell infiltration did not correlate with OS,
although the survival curves may imply a potential relation-
ship (data not shown). Finally, induction therapy with the
proteasome inhibitor bortezomib was significantly associ-
ated with longer OS (Figure 6).

A separate analysis was conducted to identify patients
who do not benefit from transplant treatment. In a group

of 50 transplant recipients, there were seven (three after
auto-HSCT, four after tandem auto-HSCT) with a survival
longer than five years. 29 patients (18 after auto-HSCT,
11 after tandem auto-HSCT) were alive at the time of the
study (censored observations). The total number of pa-
tients with survival longer than five years in this group was
36 (72%) (Table lII).
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In patients after auto-HSCT, there were no associations
between OS and sex, age, or elevated LDH levels. More-
over, no significant association between the presence of
renal failure and OS was observed. There was no associ-
ation between OS and urinary protein or total protein lev-
els. No associations were noted for the ISS stage, which
may suggest that these patients have a similar OS despite
differences in prognostic factors (ISS, R-ISS) at baseline.
However, the study group was too small (n = 43) to draw
firm conclusions. Finally, OS was not significantly associ-
ated with the percentage of bone marrow plasma cell in-
filtration (<40%, 41%-59%, or >60%) or the achievement
of CR after the first-line treatment.

Discussion

Most studies suggest that survival improvement in older
adults with MM is less pronounced compared to that in
younger individuals. Older adults with MM are particularly
vulnerable to adverse events (AEs) associated with multi-
drug combinations, which can lead to dose reductions or
treatment discontinuation, both of which are associated
with poorer outcomes. The goals of care for older adults
may differ from those in younger adults; older adults fac-
ing serious illness are more likely to prioritize symptom
control and the maintenance of independence rather than
prolonged survival [1].

Thus, although the effectiveness of ASCT in older pa-
tients in the era of novel agents remains an important area
for investigation, ASCT can be a feasible and efficacious
component of therapy for selected older patients with MM.
Exactly which older adults are eligible for ASCT remains
poorly defined [1].

Multiple myeloma is still diagnosed too late when the
disease stage is advanced [most patients (n = 214; 54.7%)
had stage IlIA according to the Durie-Salmon classification],
when the tumor mass is large, and complications are al-
most irreversible.

Our study showed that 0S, the most important survival
indicator, is associated with Durie-Salmon and ISS stages at
diagnosis. We also observed a positive effect of achieving
CR on OS. Moreover, the CR rate was significantly higher
in patients receiving chemotherapy with the proteasome
inhibitor bortezomib than in those receiving thalidomide
and standard chemotherapy. Longer OS was also related
to auto-HSCT, both single and tandem transplant.

In recent years, there has been considerable prog-
ress in the treatment of MM due to the introduction of
novel drugs and their subsequent generations, including
immunomodulatory drugs (thalidomide, lenalidomide,
pomalidomide), proteasome inhibitors (bortezomib, car-
filzomib, ixazomib) [1, 3-6], anti-CD38 monoclonal anti-
bodies (daratumumab), anti-SLAMF7 antibody (elotuzum-
ab), signaling pathway inhibitors (panobinostat) [7], and
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immunotherapy with chimeric antigen receptor (CAR) T
cells, namely, genetically engineered autologous T-cells
(anti-BCMA CAR T-cells) [8].

The use of drugs with an alternative mechanism of ac-
tion in the treatment of MM has improved survival of these
patients, with an increase in median OS from 3/4 years to
5-7 years over the last 20 years. It is estimated that sur-
vival since diagnosis is still less than two years in 25% of
patients. In 50-70% of patients, survival is five years or
longer, depending on response to therapy, treatment tol-
erance, use of immunomodulatory drugs, and eligibility
for auto-HSCT [9].

Our study had a retrospective design and a relatively
long follow-up (2006-2017). Considering the study dura-
tion and the Polish setting, the treatment outcomes and
0S in the study group seem to be relatively good compared
to other national and international centers. However, since
the completion of our study, new generations of drugs
such as carfilzomib, lenalidomide, and pomalidomide and
drugs with new mechanisms of action such as monoclo-
nal antibodies daratumumab and belantamab mafodotin
have been developed, although they are not available as
first-line regimens in clinical practice in Poland. This may
be considered a limitation of the study.

Our study has important implications for therapeutic
decision making. In the Polish setting, patients with MM
should receive induction therapy based on bortezomib
and should be more often referred for auto-HSCT. Borte-
zomib-based regimens in individuals eligible for auto-HSCT
include VRD (bortezomib, lenalidomide, dexamethasone),
VTD (bortezomib, thalidomide, dexamethasone), VCD (bor-
tezomib, cyclophosphamide, dexamethasone), PAD (bor-
tezomib, doxorubicin, dexamethasone), or, in exceptional
cases, CTD (cyclophosphamide, thalidomide, dexameth-
asone) [7].
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Abstract

Introduction: Chimeric antigen receptor T-cell (CAR-T) therapy is a modern breakthrough technology used in the treat-
ment of B-lineage lymphoid malignancies. These malignancies include acute lymphoblastic leukemia, non-Hodgkin
lymphoma, and plasma cell disorders. CAR-T therapy combines cellular therapy, gene therapy, and individualized
therapy. The objective of this paper was to review the latest clinical knowledge, and summarize the reported data
pertaining to vaccinations in patients after CAR-T therapy.

Material and methods: We carried out a review of published original studies as indexed in PubMed, and a review of
abstracts presented during major hematology meetings.

Results: Overall, 22 original studies were reviewed and considered suitable for analysis regarding the efficacy of vac-
cinations for patients who had received CAR-T therapy. Data was divided into three groupings: the efficacy of vaccina-
tion against coronavirus disease 2019 (COVID-19)/severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2);
the efficacy of vaccination against influenza; and the efficacy of post-CAR-T immunization persistence of vaccination
performed before CAR-T therapy. Humoral and cellular response to SARS-CoV-2 vaccination was positive for 36.5%
and 72.2% of patients, respectively. The positive response to the influenza vaccine was 40% when administered
prior to CAR-T therapy, as opposed to 31% after. Seroprotection for vaccine-preventable infections within 3-6 months
after CAR-T was comparable to that of the general population, although it was determined to be less effective against
specific pathogens (S. pneumoniae, B. pertussis, H. influenzae) in most patients.

Conclusions: In cases of incomplete immune reconstitution, there is a high likelihood of a limited response to vac-
cination. Regarding the SARS-CoV-2/COVID-19 vaccine, T-cell-induced protection is relatively significant. Therefore,
B-cell aplasia is not a contraindication for vaccination in CAR-T patients. The consensus of European Society of Blood
and Marrow Transplantation/European Hematology Association experts is that vaccination after CAR-T therapy is
beneficial in order to reduce the rates of infection, and eventually to improve clinical course.

Key words: CAR-T, vaccination, acute lymphoblastic leukemia, non-Hodgkin lymphoma, multiple myeloma,
SARS-CoV-2, COVID-19, influenza
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Introduction

Chimeric antigen receptor T-cells (CAR-T) therapy is a mod-
ern breakthrough technology used in the treatment of
B-lineage lymphoid malignancies including acute lympho-
blastic leukemia, non-Hodgkin lymphoma, and plasma cell
disorders. CAR-T therapy combines cellular therapy, gene
therapy, and individualized therapy. This treatment has
been shown to be highly effective and safe for patients with
an otherwise resistant, relapsing or refractory stage [1-5].
Even so, various complications can occur.

Approximately three to six months after commencing
CAR-T therapy, the immune recovery of T-cells has been
observed, while humoral response obviously occurs much
later [6, 7]. Nevertheless, in the majority of patients who
have achieved remission, B-lineage suppression and hy-
pogammaglobulinemia were present. This condition re-
sults from expected activity of anti-CD19 CAR-T cells [8, 9].
Prevention of infections is of great importance in these
patients [10, 11]. Supplementation of immunoglobulins
is also important, especially in children [12].

Thus far, little is known about the use of vaccinations
and the respective immune response in this cohort of pa-
tients. Therefore, the objective of this paper was to review
the current clinical knowledge and to summarize report-
ed data on vaccinations in patients after CAR-T therapy.

Material and methods

Design of study

Analysis and summary of available original data on the
efficacy of vaccinations in patients after therapy with CAR-T
cells, reported up to 28 February 2022.

Source data

Review of published original reports indexed in PubMed
and review of abstracts presented during meetings of
American Society of Hematology (ASH), American Society
of Transplantation and Cellular Therapy (ASTCT), Center
for International Blood and Marrow Transplant Research
(CIBMTR) Tandem Meetings and European Society of Blood
and Marrow Transplantation (EBMT) up to 28 February
2022 (including the 2022 ASTCT and EBMT meetings,
because these abstracts were already available online).
No vaccination issues were presented at the 4" European
CAR T-cell Meeting (10-12 February 2022).

Inclusion criteria

We included patients after CAR-T therapy, and original
data on humoral or cellular response to vaccination per-
formed 1) after, and 2) before, the application of CAR-T
therapy. Only studies reporting data of at least three
patients after CAR-T therapy, with available information

on their response to vaccination, were included in our
analysis.

Literature search and selection

A literature search was conducted by two researchers (TS,
JSa), and checked by all other study group members. The key
words used in data search were: ‘chimeric receptor antigen’
or ‘CAR-T" or ‘CAR T-cell’ as well as ‘vaccination’ or ‘vaccine’.
The following data was retrieved from these reports: vaccina-
tion target disease, number of patients included, analysis of
their response to vaccination, time elapsed between CAR-T
infusion and vaccination, type of response to vaccination
(humoral or cellular), and the response rate.

Definitions

m  CAR-T — lymphocytes T with chimeric antigen receptor
directed against B-cell antigens (CD19, BCMA).

m BCMA—B-cell maturation antigen, analyzed in patients
with multiple myeloma.

m  CAR-T products (registered up to the end of 2021): tisa-
genlecleucel, axicabtagene ciloleucel, brexucabtagene
autoleucel, idecabtagene vicleucel, and lisocabtagene
maraleucel.

m Vaccination response — both humoral and cellular re-
sponse. Humoral response to vaccination was mea-
sured by the presence of specific antibodies. Cellular
response was measured by the presence of specific
T-cells.

® Immune reconstitution — absolute number of CD4 T-
-cells >0.2 x 10%/L, number of CD19 or CD20 positive
B-cells >0.2 x 10%/L, without concomitant cytotoxic or
immunosuppressive therapy.

Statistical analysis

Chi-square test of the Fisher exact test was used to analyze
the differences of categorical variables between groups.
0dds ratio (OR) and 95% confidence intervals (Cl) were
determined, if p-value was significant (<0.05).

Results

Reported data

Overall, 22 original studies were deemed suitable for analy-

sis of the efficacy of vaccinations in patients who had been

administered CAR-T therapy (Table I).

According to the objective and design of our study, data
were grouped and analyzed in three topics:

m efficacy of vaccination against coronavirus disease
2019 (COVID-19)/severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2);

m efficacy of vaccination against influenza;
efficacy of post-CAR-T immunization persistence of vac-
cination performed before CAR-T therapy.
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Table I. Potentially relevant and selected for analysis original reports on vaccination after chimeric antigen receptor T-cell (CAR-T) therapy

Source Period analyzed CAR-T reports
PubMed Up to 28.02.2022 6,135
ASH 2021 63" Annual Meeting, 388
11-14 December 2021,
Atlanta, USA
ASTCT 2022 2022 Tandem Meetings, 108
23-26 April 2022,
Salt Lake City, USA
EBMT 2022 48" Annual Meeting, 44

20-23 March 2022,
Prague, Czech Republic

Vaccination after Potentially relevant Selected for

CAR-T analysis
148 10 10
15 7 7
7 7 4
2 1 1

ASH — American Society of Hematology; ASTCT — American Society of Transplantation and Cellular Therapy; EBMT — European Society of Blood and Marrow Transplantation

Vaccination against COVID-19/
/SARS-CoV-2

A total of eight published studies and 11 meeting reports
were found relevant for this topic (Table Il) [6, 13-19]. Over-
all response to the SARS-CoV-2 vaccination was positive for
88/241 (36.5%) patients in criteria of humoral response,
and for 26/36 (72.2%) patients in criteria of cellular
response. Thus, patients after CAR-T therapy produced
a better cellular than humoral response after vaccination
against SARS-CoV-2, with OR = 4.5 (95% Cl = 2.1-9.8),
p <0.001 (Fisher exact test).

Vaccination against influenza

Only one study has been published [20], with 18 vaccinated
patients including five prior to and 13 after the adminis-
tration of CAR-T therapy. The time between vaccination
and CAR-T therapy was 14-29 days prior (n = 5) or 13-57
months following the infusion (n = 13). In this study, com-
mercially available inactivated influenza vaccines were used
in adult patients. Response to vaccination was measured
in the pre-CAR-T cohort 90 days following CAR-T therapy,
and in the post-CAR-T patients approximately 90 days after
vaccination. Humoral immunogenicity was analyzed and
response to vaccination was defined by hemagglutination
inhibition (HAI) titer. Seroprotection against influenza was
defined as an HAI titer 240. Response to vaccination was
2/5 (40%) before, and 4/13 (31%) after CAR-T.

Response to vaccine-preventable infections
after CAR-T therapy

In two studies, the proportion of patients with antibody
levels above a threshold value was analyzed for seropro-
tection for vaccine-preventable infections (Table Ill). Overall
humoral response within 3-6 months was comparable to
the general population. However, seroprotection for spe-
cific pathogens (Streptococcus pneumoniae, Bordetella
pertussis, Hemophilus influenzae) was found to be lacking
in most patients. Additionally, even with these different

patient cohorts, it was clear that protective seroconver-
sion decreased between the third and the sixth month
after CAR-T therapy. Walti et al. [21] underscored that
CD19-CAR-T cell recipients had better seroprotection than
BCMA-CAR-T cell patients. Neither total IgG concentration
over 4 g/L, nor immunoglobulin supplementation, was
associated with improved seroprotective IgG titers [21].
Prophylactic immunoglobulin replacement therapy did not
confer immunization protection (ASH #3857).

Discussion

From the introduction of CAR-T technology into the treat-
ment of patients with B-cell-lineage acute lymphoblastic
leukemia, then in non-Hodgkin lymphoma and multiple
myeloma, the question of how to prevent infections before,
during, and after CAR-T infusion has been a vital topic
in patient management [11, 22-24], although there is
a lack of evidence [10]. As a consequence of the COVID-19
pandemic, a new generation of vaccines was developed,
and a universal vaccination program was introduced
worldwide. By 1 March 2022, almost 5 billion people had
been vaccinated with at least one dose of the SARS-CoV-2/
/COVID-19 vaccine, 63.8% of the entire world population
(https://ourworldindata.org). Data on vaccination in CAR-T
patients is very limited, but more and more studies have
been presented at hematology, transplantation and cellular
therapy forums.

In our study, we have summarized the available data
regarding the response to vaccinations in patients who
had been administered CAR-T therapy. The overall humor-
al response to SARS-CoV-2/COVID-19 vaccine, based upon
18 studies, was 36.5%. A similar percentage was found in
a small cohort of patients vaccinated against influenza.
On the other hand, cellular response to the SARS-CoV-2/
/COVID-19 vaccine was much better, and reached 72.2%.
The importance of this result, based on three small stud-
ies, cannot be overstated [10, 25].
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Table 1l. Summary of reported data in abstracts and full papers on vaccination against coronavirus disease 2019 (COVID-19)/severe acu-
te respiratory syndrome coronavirus 2 (SARS-CoV-2)

Follow-up

Source Time of vaccination | Final response

tients
inclu-
ded

tients
ERENS
zed

after CAR-T (me-
dian, range)

ASH #254 23 20 401 (113-819) 6/20 (30%) No COVID-19 infection after 77 days
days (range: 49-127)
ASH #754 47 47 NA 11/47 (23.4%) Booster vaccination 5 months after
initial vaccination
ASH #1750 17 17 250 (32-881)days  13/17 (76.4%) MM higher titer response than NHL
ASH #1757 12 12 40.6 months 8/12 (66.7%) Vaccine-specific antibody was strongly
(1,230 days) associated with level of circulating B
cells
ASH #2504 8 8 >12 months 1/8 (12.5%) Treatment with CAR-T was associated
with lower immune response than HCT
ASH #2537 7 7 >12 months 1/7 (14.3%) Treatment with CAR-T was associated
with lower B titers
EBMT #P113 8 48 months 8/8 (100%) Cellular response
ASTCT #475 Within 12 months 0/6 (0%) No CAR-T recipients responded to first
after CAR-T therapy dose
ASTCT #264 11 10 NA 5/10 (prior) Antibody responses appeared more
prior prior 50% (n = 11/22 post) frequently later after CAR-T cell therapy
22 22 developed positive anti-
post post S IgG
CART 59% (n = 13/22 post) de-
veloped S-specific T cells
ASTCT #239 104 17 250 (32-881) days  13/17 (76.4%) More patients with MM had a higher
titer response to vaccine (>250 U/mL)
compared to NHL counterparts
ASTCT #476 11 3 250 (32-881)days 1 (33.3%) At days 30 and 100 post HCT/CAR-T,
prior pre-cellular therapy titers were low in
most patients and decreased soon
post therapy
Ram et al. [13] 6 6 NA 1 (16.6%) humoral Humoral and cellular response was
5 (83.3%) cellular measured
Dahiya et al. [14] 18 18 33 (24-447) days 1 (5.5%) Antibody response to common patho-
gens (e.g. influenza, Epstein-Barr virus,
and tetanus toxoid) was preserved
Abid et al. [15] 10 10 4 (40%) After third dose
Ram et al. [16] 14 14 9 (3-17) months 5/14 (36%) Humoral immune response
Dhakal et al. [17] 14 14 24 (8-31) months 21% (3/14) Humoral immune response
BCMA- or CD138-CAR T: Humoral immune response
[Glrgfnberger etal. 12 12 NA 80% (4/5)
CD19 + CAR-T: 14% (1/7)
Gastinne et al. [19] 23 20 13 (4-27) months 30% (6/20) Humoral immune response
Tamari et al. [6] 4 7 218 (66-825) days 2 (28.5%) Humoral immune response
88/241 (36.5%) humoral Humoral and cellular response was
TOTAL 372 241 measured

CAR-T — chimeric antigen receptor T-cell; ASH — American Society of Hematology; MM — multiple myeloma; NHL — non-Hodgkin lymphoma; HCT — hematopoietic cell transplantation; EBMT — European Socie-

26/36 (72.2%) cellular

ty of Blood and Marrow Transplantation; ASTCT — American Society of Transplantation and Cellular Therapy; NA — not applicable; IgG — immunoglobulin G; BCMA — B-cell maturation antigen

AN
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Table llI. Seropositivity for routine immunization analyzed after chimeric antigen receptor T-cell (CAR-T) therapy

Vaccine-preventable infection Bansal et al. (ASH #3857) Wailti et al. [21]
Time +3 months +6 months
Number of patients 87 65
Streptococcus pneumoniae 14% 0%
Bordetella pertusis NA 0%
Hemophilus influenzae NA 15%
Hepatitis B 71% 39%
Hepatitis A 64% 43%
Mumps 86% 50%
Measles 86% 80%
Rubella 95% 90%
Varicella zoster virus (VZV) 98% 90%
Tetanus 100% 89%
Diphtheria NA 89%
Polio NA 89%

ASH — American Society of Hematology; NA — not applicable

Importantly, it seems that the interval between the in-
fusion of CAR-T cells and the day of vaccination did not in-
fluence the humoral response. Moreover, no development
of lymphopenia <1 x 10°/L was observed. We speculate
that the development of specific T-cell responses in CAR-T
recipients was essential, and more data will provide more
information about the humoral and cellular efficacy of
vaccination in this context. In the CAR-T cohort patients,
despite severe humoral immune deficiency, strong CD4+
T cell responses were observed, suggestive of a sufficient
protective immunity (ASH #1757). Therefore, following an-
ti-CD19 or anti-BCMA-CAR-T therapy, patients were able to
develop seroprotection which was comparable to that ob-
tained in the general population, despite hypogammaglob-
ulinemia [21]. Nevertheless, exceptions for several specific
pathogens, such as pneumococcus, were almost the rule.
Also, in BCMA-CAR-T treated patients, lower pathogen-spe-
cific antibodies rates were found [2]. This underscores the
need for vaccination, as well as forimmunoglobulin replace-
ment in these cohorts.

Obviously, the risk factors for a poor response to vac-
cination in CAR-T recipients are lymphopenia, hypogam-
maglobulinemia, and B-cell aplasia. Different information
was available about other factors which contributed to the
response to the vaccination. Compared to NHL, patients
with MM had a higher response to the vaccine (>250 U/
/mL) (ASH #1750). Vaccination prior to CAR-T therapy re-
sults in low (if any) antibody titers in most patients, and
to a decrease in these titers soon after therapy (ASTCT
#476). Importantly, responses appear similar in those vac-
cinated <6 months vs 26 months after treatment (ASTCT
#475), which justifies the indication for the SARS-CoV-2/

/COVID-19 vaccination as soon as three months af-
ter CAR-T infusion. With respect to the SARS-CoV-2/
/COVID-19 vaccination, response in seropositivity seemed
to be higher with the mRNA-1273 vaccine, and therefore
resulted in a higher spike of mMRNA content, as well as a lon-
ger duration of response compared to the BNT162b2 vac-
cine [6, 16-19, 26].

Some authors have emphasized the necessity of
an additional booster (third) dose of the SARS-CoV-2/
/COVID-19 vaccine, approximately five months after the
initial vaccination, in order to allow better immune recon-
stitution prior to vaccination (ASH #754, ASTCT #476). It
has previously been shown that a third dose of the an-
ti-COVID-19 vaccine in patients after CAR-T therapy B-cell
aplasia is safe, although a humoral response is achieved
in a limited number of patients [13]. There is data showing
that none of the CAR-T recipients with complete B-cell apla-
sia exhibited an anti-vaccine humoral response, although
cellular response was achieved in 83% of these patients
[13]. The third dose of the anti-SARS-CoV-2 mRNA vaccine
resulted in lower antibody response in males and cortico-
steroid recipients. The type of vaccine and the strategy of
vaccination had no impact [15].

Data indicates the added rationale for active immu-
nization of CAR-T recipients by the administration of vac-
cinations. We should clearly keep in mind that there are
contraindications for vaccinations with killed or inactivated
vaccine in patients with concurrent immunosuppressive or
cytotoxic therapy; and contraindications for live and non-live
adjuvant vaccines in the period <2 years post allogeneic
HCT, and up to eight months after the last dose of immu-
noglobulin replacement therapy [27-30].
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Table IV. Eligibility criteria for vaccination in patients receiving CD19-targeted chimeric antigen receptor T-cell (CAR-T) therapy (adapted

from [25])

Type of vaccination

Before CAR-T therapy

After CAR-T therapy

Influenza vaccine
therapy

Low likelihood of serological response when B-cell aplasia

SARS-CoV-19

Low likelihood of serological response when B-cell aplasia

Inactivated/killed
vaccines

Live and non-live
adjuvant vaccines

SARS-CoV-2 — severe acute respiratory syndrome coronavirus 2

The EBMT/European Haematology Association (EHA)
cooperative group of experts announced recommenda-
tions pertaining to the management of patients undergo-
ing therapy with CAR-T [12]. Their update [25] includes
recommendations for patient vaccinations (Table V).
These guidelines are applicable to both adults and chil-
dren [10, 25].

Based on the initial published data on vaccination
against influenza after CAR-T infusion [20], in cases of in-
complete immune reconstitution there is a high likelihood
of a lower response to vaccination [10]. However, this
might not be the case for the SARS-CoV-2/COVID-19 vac-
cine-induced protection, as it strongly relies on T-cell-me-
diated immunity. In this case, B-cell aplasia is not a con-
traindication for vaccination [10, 25]. On the other hand,
the T-cell threshold has not been determined. In order to
gain more knowledge, monitoring of post-vaccination re-
sponse is necessary. The consensus view of EBMT/EHA
experts is that vaccination in patients after CAR-T therapy
is beneficial in order to reduce the rates of infection, and
to eventually improve the clinical course [25]. Neverthe-
less, the use of these guidelines must adhere to specific
national schedules. Furthermore, an individualized ap-
proach based on a patient’s infection history together with
laboratory assessments of their humoral and/or cellular
immunity is necessary.

Novel active or passive immunization strategies are
needed for this population. Further research is expect-
ed. Predictors of response to vaccination, including de-
termination of the vaccine’s efficacy and safety, optimal
timing of vaccination, additional or booster doses of the
vaccine, and passive immune and pharmacological pro-
phylaxis and treatment, all need to be determined in
CAR-T patients.

Preferably vaccinate prior to CAR-T therapy

Preferably vaccinate 2 weeks prior to lymphodepleting

Patients should be vaccinated >3 months after
CAR-T
Immunological reconstitution is irrelevant

Patients should be vaccinated >3 months after
CAR-T

Immunological reconstitution is irrelevant

Patients should be vaccinated >6 months after
CAR-T and >2 months after immunoglobulin
replacement therapy

Patients should be vaccinated >1 year after
CAR-T

Full immunological reconstitution is mandatory

List of analyzed meeting abstracts

ASH #254. Thomas Gastinne, Amandine Le Bour-
geois, Marianne Coste-Burel et al. Antibody response
after one and/or two doses of BNT162b2 anti-SARS-
-CoV-2 mRNA vaccine in patients treated by CAR T-cells
therapy. American Society of Hematology 63 Annual
Meeting, Atlanta, 11-14 December 2021. Blood 2021;
138 (Suppl) 1: abstract 254.

ASH #754. Sabine Haggenburg, Birgit | Lissenberg-
-Witte, Robert S Van Binnendijk et al. For better or for
worse: COVID-19 vaccination during or early after (im-
muno-) chemotherapy or hematopoietic progenitor cell
transplantation. American Society of Hematology 63"
Annual Meeting, Atlanta, 11-14 December 2021. Blood
2021; 138, (Suppl) 1: abstract 754.

ASH #1750. Julia E Wiedmeier, Madiha Igbal, Javier
Munoz et al. Response to COVID-19 vaccination post-
CAR T therapy in patients with non-Hodgkin lymphoma
and multiple myeloma. American Society of Hematology
63" Annual Meeting, Atlanta, 11-14 December 2021.
Blood 2021; 138 (Suppl 1): abstract 1750.

ASH #1757. Kalpana Parvathaneni, Kyabeth Toress-Ro-
driguez, Wenzhao Meng et al. Adoptive immune re-
sponses to SARS-CoV-2 vaccination in CART19 treated
patients. American Society of Hematology 63" Annual
Meeting, Atlanta, 11-14 December 2021. Blood 2021;
138 (Suppl 1): abstract 1757.

ASH #2504. Ning Dong, Akriti G Jain, Elaine S Tan et al.
Immunogenicity of SARS-CoV-2 mRNA 1273 vaccine in
patients with lymphoid malignancies. American Society
of Hematology 63" Annual Meeting, Atlanta, 11-14 De-
cember 2021. Blood 2021; 138 (Suppl 1): abstract 2504.
ASH #2537. Lauren C Shapiro, Radhika Gali,
Astha Thakkar et al. Seroconversion rates after
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COVID-19 vaccination amongst patients with hemato-
logic malignancies: results of a rapid vaccination and
evaluation program in a minority rich, ethnically di-
verse inner city cohort. American Society of Hematology
63" Annual Meeting, Atlanta, 11-14 December 2021.
Blood 2021; 138 (Suppl 1): abstract 2537.

m ASH #3857. Radhika Bansal, Paschalis Vergidis, Pritish
K Tosh et al. Vaccine titers in lymphoma patients receiv-
ing chimeric antigen receptor T cell therapy. American
Society of Hematology 63 Annual Meeting, Atlanta,
11-14 December 2021. Blood 2021; 138 (Suppl 1):
abstract 3857.

m EBMT #P113. A Jarisch, E Wiercinska, S Huenecke
et al. Humoral and T cell immune responses to anti-
SARS-CoV-2 vaccines in pediatric & patients with an-
ti-CD19 CAR-T-induced B-cell aplasia. European Society
of Blood and Marrow Transplantation 48" Annual Meet-
ing, 19-23 March 2022, abstract P113.

m ASTCT #475. Marcie L Riches, Joshua A Hill, Michael
Martens et al. Humoral Immunogenicity of SARS-
CoV-2 vaccination in the first year after hematopoi-
etic cell transplant or chimeric antigen receptor T
cell therapy: a CIBMTR and BMT CTN study. Tandem
Meetings/American Society of Transplantation and
Cellular Therapy 2022 Annual Meeting, Salt Lake City,
23-26 April 2022; abstract 475.

m ASTCT #264. Michael A Gonzalez, Jim Boonyaratana-
kornkit, Atif Bhatti et al. Comparison of humoral and
T-cell response after SARS-CoV-2 vaccination among pa-
tients before and after chimeric antigen receptor-mod-
ified T cell (CAR-T cell) therapy. Tandem Meetings/
/American Society of Transplantation and Cellular Ther-
apy 2022 Annual Meeting, Salt Lake City, 23-26 April
2022; abstract 264.

m ASTCT #239. Julia Erin Wiedmeier-Nutor, Madiha
Igbal, Javier Munoz et al. Response to COVID-19 vac-
cination post-CAR T therapy in patients with non-Hod-
gkin lymphoma and multiple myeloma. Tandem Meet-
ings/American Society of Transplantation and Cel-
lular Therapy 2022 Annual Meeting, Salt Lake City,
23-26 April 2022; abstract 239.

m ASTCT #476. Gunjan L Shah, David J Chung, Roni Tamari
et al. Humoral response to COVID-19 vaccination giv-
en pre-cellular therapy wanes in patients after cellular
therapy: an argument for full reimmunization. Tandem
Meetings/American Society of Transplantation and Cel-
lular Therapy 2022 Annual Meeting,. Salt Lake City,
23-26 April 2022; abstract 476.
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Introduction

Chimeric antigen receptors T-cells (CAR-T) are autologous,
genetically engineered T-cells redirected against a specific
antigen. Indications for the use of CAR-T include refractory
and relapsed (R/R), large B-cell lymphoma (LBCL), acute
lymphoblastic leukemia, mantle cell lymphoma, follicular
lymphoma, and multiple myeloma.

Primary mediastinal lymphoma (PMBCL) represents
2-3% of non-Hodgkin lymphomas (NHL), with 10-30%
of patients having primary refractory or relapsed disease
[1]. The SCHOLAR-1 study reported outcomes of R/R LBCL
treatment enabling complete response (CR) achievement
only in 7% of cases, among 26% OR [2]. However, superi-
or outcomes with novel therapies emerging are possible.
The ZUMA-1 axicabtagene ciloleucel (axi-cel) registration
trial reported 52% CR with an 82% overall response (OR)
rate in this setting [3].

This clinical vignette highlights the therapeutic oppor-
tunities created by CAR-T, and looks at ways of enhancing
and sustaining responses and managing severe thera-
py-associated events.

Patient and treatment

A 39-year-old male patient presented with a bulky lesion
located in the mediastinum, infiltrating and exceeding
the chest wall (Lugano 1V), diagnosed in March 2019.
The patient progressed after first-line treatment with
dose-adjusted EPOCH (etoposide, prednisone, vincristine,
cyclophosphamide, doxorubicin)-rituximab and second-
-line with DHAP (dexamethasone, cytarabine, cisplat-
in)-rituximab, and was qualified for CAR-T therapy. After
successful lymphocyte collection, due to disease activity
and risk of progression awaiting manufacturing process,
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BR (bendamustine, rituximab) bridging therapy was
implemented. FluCy (fludarabine, cyclophosphamide) lym-
phodepletion preceded axi-cell infusion. The extrathoracic
tumor regressed during the primary 14 days post-infusion,
becoming imperceptible (Figure 1).

CAR-T-specific adverse events occurred, including cyto-
kine release syndrome (CRS) and immune effector cell-as-
sociated neurotoxicity syndrome (ICANS). CRS, classified as
grade 3 according to American Society for Transplantation
and Cellular Therapy (ASTCT) consensus grading for CRS
[4], occurred on day 2, presenting as fever, tachycardia,
and hypotension. Based on the standard of care in G3 CRS,
symptomatic treatment was implemented and combined
with four doses of tocilizumab (8 mg/kg on each dose) start-
ed on day 5. Grade 4 ICANS occurred on day 5, presenting
as graphomotor disorders with features of cerebral edema
in computed tomography (CT). The neurological condition
was assessed using the Effector Cell-Associated Enceph-
alopathy (ICE) score [4]. The patient was admitted to the
ICU treated with dexamethasone 10 mg every 6 hours and
then a methylprednisolone dose of 1,000 mg and sodium
valproate dose 2 x 600 mg. Symptoms subsided on day
10, and the patient was referred to the hematology depart-
ment. On day 12, ICANS recurred following discontinuation
of glucocorticosteroids, presenting as motor aphasia and
depressed level of consciousness, with features of cere-
bral edema in CT. Re-admission to ICU and restoration of
methylprednisolone treatment resulted in the resolution
of symptoms on day 14.

30 days post-infusion, a positron emission tomography
(PET) scan showed a partial metabolic response (Deauville
Scale 4) (PR, partial response). Due to active residual dis-
ease 60 days post-infusion, the patient was referred for
mediastinum radiotherapy (20 x 2 Gy). Recurrent fever and
abnormal thoracic CT scan following radiotherapy raised
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Figure 1. Extrathoracic tumor regression following chimeric antigen receptors T-cells (CAR-T) infusion: A, B. Large lesion exceeding chest
wall on day of axi-cel infusion; C, D. Tumor regression 7 days post-infusion; E, F. 14 days after CAR-T infusion, umor is almost imperceptible

a suspicion of invasive fungal disease (IFD). CAR-T thera-
py increases the risk of infectious complications [3, 5, 6].
Broad-spectrum antibiotic therapy and liposomal ampho-
tericin B resulted in clinical improvement. Due to a bron-
chopleural fistula found in bronchofiberoscopy, an upper
left lobectomy was performed, although histological exami-
nation excluded IFD and NHL. Compared to allogeneic he-
matopoietic cell transplantation (allo-HCT), the incidence
of IFDs after CAR-T is rare [5-7]. 180 days post-infusion,
the patient achieved complete metabolic response (Deau-
ville Scale 3) (CR).

In November 2020, with persisting CR, 10/10 human
leukocyte antigen (HLA)-matched sibling HCT (hematopoietic
cell transplantation) with BendaFlu (bendamustine, fluda-
rabine) reduced-intensity conditioning was implemented.
Graft-vesus-host disease (GvHD) prophylaxis included cyclo-
sporin A, thymoglobulin, and methotrexate. Hematological
recovery was observed on day 14. On day 3 post-allo-HCT,
fever and cough occurred, diagnosed as coronavirus disease
2019 (COVID-19). Remdesivir and plasma of convalescent
application resulted in resolution of symptoms within 48 h.
Cutaneous grade 2 GvHD occurred on day 48. 90 days post-
-HCT, the patient persisted in CR, Eastern Cooperative On-
cology Group (ECOG) Performance Status Scale O without
symptoms of GvHD with 100% donor chimerism. The recent
assessment in February 2022 confirmed CR.

Discussion

CAR-T therapy is a powerful tool in R/R lymphomas treat-
ment, and in this case, resulted in the achievement of
immediate disease control leading to PR and enabling
effective allo-HCT. Despite a high CR rate, there is still up
to a 60% risk of progression or relapse after CAR-T therapy
of R/R LBCL. Thus, allo-HCT could be considered to achieve
sustainability of response, especially in patients without
CR at 30 days post-infusion [8]. Relapses often occur in
known pretreatment sites [9]. Therefore, radiotherapy to
high-risk lesions could be considered. Also, bridging with
radiotherapy prior to CAR-T infusion is an option [10].
Nevertheless, the role of radiotherapy post-CAR-T infusion
remains undefined. New strategies and management stan-
dardization for responding patients are needed.

The risk of severe adverse events highlights the require-
ment for complex care and specialized centers prepared
to manage them [5]. In the ZUMA-1 trial, CRS occurrence
was 93%, and ICANS 64%. However, respectively, only 13%
and 28% of cases were G3 or higher [3]. Currently, early
use of tocilizumab in CRS and steroids in ICANS is recom-
mended [10].

Considering that CAR-T is a still developing yet success-
ful technology with further indications expanding, this ap-
proach will play a significant part in treating hematological

\ www.journals.viamedica.pl/acta_haematologica_polonica



Krzysztof Zytka et al., Primary refractory mediastinal lymphoma treated with CAR-T

malignancies. Complications might be life-threatening and
complex but, due to standardized algorithms, they are now
manageable.
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Introduction

Extramedullary plasmacytoma (EMP) is a rare variant of
plasma cell myeloma (PCM) that is localized to soft tis-
sues in the absence of any detectable signs of systemic
disease including marrow plasma cell infiltration, osteolysis
or monoclonal protein. EMPs have a strong predilection
towards the head and neck region, and more than 80% of
cases are located in the upper aerodigestive tract (UADT)
[4, 2]. Most UADT EMPs occur in the nasal cavity, paranasal
sinuses, oropharynx and nasopharynx, while the larynx is
rarely involved (6-18% of cases) [1, 3-5]. Importantly, EMP
constitutes less than 0.2% of laryngeal malignancies [1].

A biological basis for EMP’s affinity to the UADT has
not yet been elucidated. Interestingly, chronic laryngitis,
a nonspecific prolonged laryngeal inflammation, is a clini-
cal precancerous condition [6, 7]. However, to the best of
our knowledge, any association between chronic laryngitis
and EMP of the larynx has yet to be postulated.

Case description

A 70-year-old male patient with a history of gastroesopha-
geal reflux disease (GERD), smoking and asbestos exposure
was referred to our Department of Otorhinolaryngology in
August 2017 due to recurrent hypertrophic lesions within
the larynx causing hoarse voice, cough and mild dyspnea.
In the preceding year, the patient had been hospitalized
in another Department of Otorhinolaryngology due to

*Address for correspondence: Elzbieta Szczepanek, Department
of Otorhinolaryngology, Head and Neck Surgery, Medical University
of Warsaw, Banacha 1a, 02-097 Warsaw, Poland,

e-mail: elzbieta.szczepanek94@gmail.com

Received: 24.02.2022 Accepted: 09.04.2022

hoarseness, and histopathological examination of the
larynx had revealed paraepidermal epithelium with strong
p16 expression, indicative for human papilloma virus (HPV)
infection.

During the first stay, directoscopy with subsequent his-
topathological examination of laryngeal specimens showed
severe inflammatory infiltrates. Endoscopic examinations
performed during outpatient follow-up visits revealed peri-
odic recurrence of hypertrophic lesions, primarily affecting
the epiglottis, aryepiglottic folds, arytenoids and ventricular
folds bilaterally (Figure 1A, B). Moreover, generalized thick-
ening of supralaryngeal structures was found in a comput-
ed tomography (CT) scan (Figure 1C, D). Four subsequent
diagnostic hospitalizations with microsurgical laser proce-
dures of the larynx provided inconsistent histopathological
findings. Proposed differential diagnoses included plasma
cell dyscrasia and IgG4-related disease, but the diagnostic
criteria of these conditions were not met. No consensus
was reached until the last histopathological finding in Oc-
tober 2019 revealed lambda light chains secreting infiltra-
tion of plasma cell with aberrant CD19-negative immuno-
phenotype (Figure 1E, F).

The patient was referred to the Department of Hema-
tology for further evaluation. No anemia, hypercalcemia or
increased creatin level were found. Electrophoresis and im-
munofixation of serum and urine were negative for mono-
clonal component, and the serum concentrations of kappa
and lambda free light chains were normal. Bone marrow
aspiration, flow cytometry and biopsy did not reveal clonal
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Figure 1. Endoscopic view of edematous epiglottis (black asterisk) (A) and hypertrophic aryepiglottic folds, arytenoids and ventricular folds
bilaterally (black asterisk) (B) and of patient’s larynx infiltrated with extramedullary plasmacytoma. Neck computed tomography (CT) scan
with enlarged, edematous supralaryngeal structures (white arrow) without increased tissue enhancement (C) and without features of thyroid
cartilage (white arrow) infiltration (D). Histological view of hematoxylin and eosin staining of laryngeal specimen with diffused plasma cell
infiltration beneath squamous epithelium layer (E), and strong cytoplasmic lambda light chain positivity (F)

plasma cells. Low-dose CT body scan revealed no osteo-
litic lesions.

Based on these results, systemic involvement of PCM
was excluded, and the diagnosis of laryngeal EMP was es-
tablished. The patient was successfully treated with radio-
therapy of the larynx area with a cumulative dose of 50 Gy.
At the last follow up visit, 18 months following treatment
completion, the patient remained in complete remission.

Discussion

EMP of the larynx primarily affects patients aged over 50
years with a strong male predominance (male: female ratio
3:1) [3-5]. The most common symptoms are dysphonia,
dysphagia, cough, and dyspnea. In examination, it often
presents as a polypoid or sessile mass and occasionally
appears to be a diffuse submucosal swelling [3].

Chronic laryngitis is a nonspecific condition of pro-
longed laryngeal inflammation manifesting mainly with
hoarseness and cough resulting from voice overuse, irri-
tation or infection. Chronic hypertrophic laryngitis, leuko-
plakia and erythroplakia are macroscopically considered to
be premalignant lesions [8]. There is a known association
between chronic laryngitis and neoplastic transformation.
About 90% of malignant tumors of the larynx are carcino-
mas developing from premalignant lesions [6, 7].

In the presented case, EMP may be the underlying
cause and the medium for the development of chronic
laryngitis.

However, another, more intriguing, scenario is possi-
ble. It could be hypothesized that chronic inflammation,
resulting from known chronic irritation in the patient’s his-
tory (GERD, smoking, asbestos, HPV viral infection), had
played a crucial role in the development of EMP. This the-
ory could be supported by the observation by DiStadio et
al. [9] who described the development of EMP of the nasal
cavity stimulated by chronic inflammation. It is evident that
more data needs to be accumulated to prove any causal
relationship between these two entities.

Current treatment options for EMP of the larynx include
local radiotherapy or surgical excision of the tumor with
subsequent local radiotherapy. Potential treatment side
effects of radiotherapy are skin reactions, sore throat, dry
throat, and voice changes. Based on previous anecdotal
reports, both short-term and long-term efficacy seem sat-
isfactory [1, 10].

From the clinical point of view, our case highlights the
crucial role of laryngeal biopsy in identifying the cause of
chronic laryngitis, and illustrates the difficulties in the diag-
nostic process of EMP localized in the UADT (e.g. multiple
biopsies, ambiguous histopathological findings). Further-
more, it underscores the efficacy of standard treatment
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of EMP with radiotherapy [3]. Nevertheless, based on the
literature, the risk of transformation to systemic PCM is
11-30% [11]. Such systemic progression of EMP should
be treated with standard chemotherapy or immunochem-
otherapy for PCM, and response needs to be consolidat-
ed by a high-dose melphalan with autologous stem cell
transplantation in younger patients. Despite the impres-
sive advances in the treatment of plasma cell neoplasms
that have been made over the last two decades, evolution
to PCM appears to be the main cause of death among pa-
tients with EMP.
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Bradyrhizobium enterica in cord colitis syndrome was
first described as an agent by Herrera et al. Cord colitis
syndrome is defined as chronic active colitis and granu-
lomatous inflammation that responds to antibiotics, with
late-onset diarrhea after umbilical cord blood transplanta-
tion without known infectious agents or graft-versus-host
disease (GvHD) [1]. No known infectious agent has been
detected in cord colitis syndrome. However, since the colitis
clinic responded to antibiotherapy such as metronidazole,
alone or in combination with a fluoroquinolone, DNA sam-
ples of the newly discovered bacterium Bradyrhizobium
enterica were detected in the DNA determinations made
from samples taken from the intestines of all patients
diagnosed with cord colitis.

Bradyrhizobium is a gram-negative, aerobic, slow-grow-
ing, non-spore-forming bacillus, a motile bacterial genus
with a single subpolar flagella. As a result of comparative
genomic analyses and algorithms performed by global
alignment of amino acid sequences, the gene structure of
Bradyrhizobium enterica has been found to be almost iden-
tical to that of Bradyrhizobium japonicum. The association
of the detected sequences with cord colitis suggests that
Bradyrhizobium enterica may be an opportunistic human
pathogen [2, 3]. Bradyrhizobium enterica has not been in-
vestigated in patients who previously developed gastroin-
testinal (GIS) GvHD after allogeneic hematopoietic stem
cell transplantation (allo-HSCT).

In our study, we investigated Bradyrhizobium enteri-
ca as a factor in patients who developed GIS GvHD after
allo-HSCT.

In our study, 16 patients who were proven with tissue
biopsy samples taken from the colon, where GIS GvHD
develops according to the Glucksberg criteria [4] after al-
lo-HSCT, were included. Thirteen of the patients were male
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and three were female. Their mean age was 45 + 5 years.
Eight of the patients were diagnosed with acute myeloid
leukemia, three were diagnosed with acute lymphoblastic
leukemia, two patients were diagnosed with aplastic ane-
mia, and one patient was diagnosed with each of the fol-
lowing: plasma cell leukemia, mantle cell lymphoma, and
chronic lymphocytic leukemia. CMV DNA was found positive
in some of the patients, but none of these patients were
found to have CMV in their intestinal biopsy, which was
evaluated as CMV reactivation. Table | summarizes other
information about these patients.

Bacterial DNA needed to be obtained from tissue biopsy
samples taken from the colon. In order to obtain DNA, for
DNA isolation from tissue samples in the paraffin block,
NucleoSpin DNA FFPE XS (Macherey-Nagel), a commer-
cial DNA isolation kit, was used. The obtained DNA sam-
ples were stored at -20°C until use. Polymerase chain
reaction for detection of Bradyrhizobium enterica bac-
teria, forward for Bradyrhizobium enterica search, 5’-TC-
GAGGGCTACGGCTTGAAGATTT-3" and reverse 5-ACAAC-
GTGTTGCCGCCAATATGAG-3, a target site was attempted
to amplify a 367 base pair. As a control, primers belong-
ing to the human actin gene and the 16S ribosomal RNA
gene region, which is a common gene in bacteria, were
used. Forward 5’-GCGAGAAGATGACCCAGATC-3’ targeting
the 102 base pair gene region for the human actin gene;
reverse 5’-CCAGTGGTACGGCCAGAGG-3’ primers and for-
ward 5’-GTGCAATATTCCCCACTGCT-3 targeting 93 base
pairs gene region for 16S RNA; reverse 5-CGATCCCTA
GCTGGTCTGAG-3’ primers were used. The following ther-
mal cycling conditions were applied for all PCR tests: de-
naturation at 95°C for 2 minutes, 35 cycles: 30 seconds
at 95°C, 30 seconds at 62.1°C, 40 seconds at 68°C, and
final elongation at 68° C for 5 minutes [5]. In order to show
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Table I. Information on patients participating in study

Case num- Gender GIS GvHD allo-HSCT regimen CMV DNA

ber stage

1 57 F 8 Nonmyeloablative - 1
2 34 M 8 GIS, liver, skin Nonmyeloablative + 3
g 23 M 3 GIS, liver, skin Nonmyeloablative + 8
4 55! F 3 GIS, skin Myeloablative + 2
5 40 F 4 GIS, liver, skin Myeloablative + 1
6 62 M 8 GIS, liver, skin Nonmyeloablative - 1
7 39 M 4 GIS, liver, skin Myeloablative + 3
8 24 M 2 GIS, skin Myeloablative - 1
9 60 M 2 GIS, skin Myeloablative - 1
10 54 M 8 GIS, liver, skin Nonmyeloablative + 1
11 58 M 8 GIS, liver, skin Nonmyeloablative - 1
12 50 M 2 GIS, skin Myeloablative + 1
13 34 M 4 GIS, liver, skin Myeloablative + 1
14 44 M 3 GIS, liver, skin Nonmyeloablative + 3
15 44 M 3 GIS, skin Nonmyeloablative A g
16 58 M 8 GIS, liver, skin Myeloablative + 1

*Donor scoring: 1 —human leukocyte antigen (HLA) identical sibling donor; 2 — haploidentical; 3 — HLA 9-10/10 matched unrelated donor; GIS — gastrointestinal; GvHD — graft-versus-host disease; allo-

-HSCT — allogeneic hematopoietic stem cell transplantation; CMV; F — female; M — male

the amplified gene regions, the amplification products were
observed in UV light by running at 90 V for 45 minutes in
gel electrophoresis.

As a result of the PCR experiment, gene region of
Bradyrhizobium enterica could not be determined in any
of the DNA samples isolated from patients’ tissues. Control
genes were found in all samples. For this study, approval
was obtained from the Ethics Committee for Clinical Stud-
ies at the Adnan Menderes University School of Medicine
(date: June 12, 2021; No: 2020/1368).

The intestinal mucosa is the innermost layer of the four
histological layers of the major intestinal tract, followed by
the submucosa, muscularis externa and serosa. The ep-
ithelium is a single-cell layer lining of the interior lumen
of the gastrointestinal tract. Immediately adjacent to the
epithelial layer is the lamina propria, an interstitial tissue
with a rich vascular and lymphatic network and abundant
leukocytes. There are various cell types within the epitheli-
um, such as intestinal epithelial cells, goblet cells, paneth
cells, intestinal stem cells and tuft cells, each with their
own specific functions, including nutrient absorption and
barrier function, mucus production, production of antimi-
crobial molecules, production of growth factors, and cel-
lular regeneration. In human and animal studies, it has
been shown that these cells have been decreased in acute
GvHD [6]. In addition, the human intestinal tract contains
an estimated 10 trillion bacteria from about 1,000 species.
Approximately 15,000 different bacterial species such as

Gemella, Staphylococcus, Enterococcus, Lactobacillus,
Streptococcus, Blautia, Eubacterium, Erysipelatoclostridi-
um, Acidaminococcus, and Bacteroides genus have been
identified in human populations [7].

Even though GvHD is an iatrogenic iliness, its pathogen-
esis is not completely understood, and deaths from GvHD
are a continuing obstacle to successful transplantation [8].
Although the impact of bacteria on acute GIS GvHD is not
fully understood, the loss of enteric flora diversity correlates
with the risk of developing acute GvHD. Patients who have
lost Clostridiale bacteria from the gut and have a signifi-
cant increase in Lactobacillales develop acute GvHD rap-
idly [9]. Reduced intestinal microbial diversity represents
an independent risk for post-transplant mortality [10]. To
date, the Bradyrhizobium species has not been associat-
ed with human disease.

The detection of Bradyrhizobium enterica in all patients
with cord colitis in our study suggests that Bradyrhizobium
enterica may be a pathogenic bacterium for cord colitis.
In our study, Bradyrhizobium enterica was not detected in
the tissue samples taken from the colons of patients with
acute GIS GvHD. Consequently, we conclude that the bac-
terium Bradyrhizobium enterica has no role in GIS GvHD
after allo-HSCT.
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= YESCARTA”

(aksykabtagen cyloleucel)

v Niniejszy produkt leczniczy bedzie dodatkowo monitorowany. Umozliwi to szybkie zidentyfikowanie nowych informacji o bezpieczeristwie. Osoby nalezace do fachowego personelu medycznego powinny zgfaszac wszelkie podejrzewane dziatania niepozadane. Aby dowiedziec sie, jak zgtasza¢ dziatania niepozadane
— patrz punkt 4.8.

1. NAZWA PRODUKTU LECZNICZEGO: Yescarta, 0,4-2 X 10° komérek, dyspersja do infuzji. 2. SKEAD JAKOSCIOWY 1 ILOSCIOWY: 2.1 Opis ogéIny: Yescarta (aksykabtagen cyloleucel) to genetycznie zmodyfikowane autologiczne limfocyty T skierowane przeciw (D19 stosowane w immunoterapii. Aby przygotowac produkt
Yescarta, od pacjenta pobiera sie limfocyty T, ktre s3 nastepnie genetycznie modyfikowane w warunkach ex vivo metoda transdukdji retrowirusowej w celu uzyskania ekspresji chimerowego receptora antygenowego (ang. chimeric antigen receptor, CAR) zawierajacego mysi jednotaricuchowy fragment Fv anty-CD19 potaczony
z domenq kostymulujaca (D-28 | domeng sygnalizacyjnq (D3-zeta. Zywotne limfocyty CAR-T anty-CD19 s3 namnazane i z powrotem wprowadzane za pomocq infuzji do organizmu pacjenta, gdzie moga rozpoznawac i eliminowac komérki docelowe prezentujace (D19. 2.2 Sktad jakosciowy i ilosciowy: Kazdy worek do
jednorazowej infuzji ze swoistym dla danego pacjenta produktem Yescarta zawiera okoto 68 ml dyspersji limfocytow CAR-T anty-CD19, co umozliwia otrzymanie docelowej dawki wynoszacej 2 x 10° zywotnych limfocytow CAR-T anty-CD19/kg masy ciata (zakres od 1 10° do 2 x 10° limfocytow/kg) z maksymalng liczbg
limfocytow CAR-T anty-CD19 wynoszaca 2 x 10°. Substancje pomocnicze 0 znanym dziataniu: Kazdy worek z produktem Yescarta zawiera 300 mg sodu. Petny wykaz substancji pomocniczych, patrz punkt 6.1 ChPL. 3. POSTA(' FARMACEUTYCZNA: Dyspersja do infuzji. Klarowna do opalizujacej dyspersja w kolorze od biatego
do zerwonego. 4. SZCZEGOLOWE DANE KLINICZNE: 4.1 Wskazania do stosowania: Produkt Yescarta jest wskazany w leczeniu nawrolowego lub 0pormegona leczenie chtoniaka rozlanego z duzych komdrek B (ang. diffuse large B-cell lymphoma, DLBCL) i pi go chtoniaka Srdpiersia z duzych komérek B (ang. primary
mediastinal large B-cell lymphoma, PMBCL) u dorostych pacjentow, ktérzy uprzednio otrzymali co najmniej dwie linie leczenia isposob ia: Produkt Yescarta musi by¢ podawany w kwalifikowanym osrodku leczniczym przez lekarza majacego doswiadczenie w leczeniu ztosliwych
nowotwordw krwi oraz przeszkolonego w zakresie podawania i leczenia pacjentow produktem Yescarta. Na wypadek wystapienia zespotu uwa\mama cytokin (ang. cytokine release syndrome, CRS) przed infuzja musi by¢ dostepna przynajmniej 1 dawka tocilizumabu i sprzet ratunkowy. Osrodek, w ktdrym odbywa si¢ leczenie,
musi miec zapewniony dostep do dodatkowej dawki tocilizumabu w ciagu 8 godzin od uprzedniego podania kazdej dawki. W wyjatkowej sytuaji braku dostepnosci tocilizumabu uwzglednionym w wykazie produktéw leczniczych zagrozonych brakiem dostepnosci Europejskiej Agendji Lekow przed rozpoczeciem infuzji musza
by¢ dostepne odpowiednie, alternatywne leki do leczenia CRS zamiast tocilizumabu. Dawkowanie: Yescarta to produkt przeznaczony wyfacznie do stosowania autologicznego (patrz punkt 4.4). Pojedyncza dawka produktu Yescarta zawiera 2 x 10° zywotnych limfocytow CAR-T na kilogram masy ciata (lub maksymalnie
2x10° zywolnych ||mfc(yu)w CAR-T dla pacjentéw o masie ciata rownej 100 kg i wiekszej) w okoto 68 ml dyspersji w worku do infuzji. Nalezy potwierdzic dostepnos¢ produktu Yescarta przed rozpoczeciem ji. Leczenie wstepne i ia limfodeplecyjna): W 5., 4.13. dniu przed infuzja produktu Yescarta nalezy
zastosowac ¢ deplecyjna, sktadajaca sie z c w dawce 500 mg/m? podawanego dozylnie i fludarabiny w dawce 30 mg/m? podawanej dozylnie. Premedykacja: Zaleca sie podanie paracetamolu w dawce 500-1000 mg doustnie i difenhydraminy w dawce 12,5 do 25 mg dozylnie lub doustnie (lub
réwnowaznej) na okoto 1 godzine przed infuzjq produktu Yescarta. Nie zaleca sig podawania ogdlnoustrojowych kortykosteroidow w ramach profilaktyki, poniewaz moga mie¢ wptyw na dziatanie produktu Yescarta. Monitorowanie: Po infuzji pacjentow nalezy monitorowac codziennie przez pierwsze 10 dni po infuzji pod katem
objawdw iotowych i p h jalnego CRS, zdarzeri neurologicznych i innych toksycznosci. Lekarze powinni rozwazyc hospitalizacje pacjenta przez pierwsze 10 dni po infuzji lub w momencie pojawienia sle pierwszych objawow przedmiotowych lub podmiotowych CRS i (lub) zdarzer neurologicznych. Po
pierwszych 10 dniach od |nfu1|| 0 monitorowaniu pacjenta zdecyduje lekarz. Pacjentow nalezy poinformowac o koniecznosci pozostania w poblizu kwalifikowanej placowki linicznej przez co najmniej 4 tygodnie po infuzji. Specjalne grupy pacjentéw: Pagjenci z zakazeniem ludzkim wirusem niedoboru odpornosci (ang. human
immunodeficiency virus, HIV), wirusowym zapaleniem waqtroby typu B (ang. hepatitis B virus, HBV) oraz wirusowym zapaleniem waqtroby typu C (ang. hepatitis C virus, HCV): Brak doswiadczenia klinicznego ze stosowaniem u pacjentow z aktywnym zakazeniem HIV, HBV lub HCV. Dzieci i mfodziez: Nie okreslono jeszcze
bezpieczeristwa stosowania ani skutecznosci produktu leczniczego Yescarta u dzieci i miodziezy w wieku ponizej 18 lat. Dane nie s3 dostepne. Osoby w podeszfym wieku: Nie jest wymagane dostosowywanie dawki u pacjentéw w wieku 65 lat i starszych. Skutecznos¢ leczenia byta zgodna ze skutecznoscia leczenia w catej leczonej
populagji pacjentéw. Sposéb podawania: Produkt Yescarta jest podawany droga infuzji dozylnej Produkru Vescarla nie wolno naswmla( NIE uzywac filtra do deplecji leukocytow. Sradki ostroznosci, ktre nalezy podjq¢ przed uzyciem lub podaniem produktu leczniczego: Ten produkt leczniczy zawiera genetycznie zmodyfikowane
ludzkie komarki krwi. Fachowy personel medyczny przygotowujacy produkt Yescarta i (nosic rekawice i okulary), aby uniknac potencjalnego przeniesienia chorob zakaznych. Przygotowanie do infuzji: Zweryfikowac zgodnosc tozsamosci pacjenta (ang. identity, D) z oznaczeniami
na kasecie z produktem Yescarta. Nie wolno wyjmowac worka z produktem Yescarta z metalowej kasety, gdy brak zgodnosci informacji na etykiecie dotyczacej danego pacjenta z danymi pacjenta, dla ktdrego przeznaczony jest ten produkt. Po potwierdzeniu ID pacjenta wyja¢ worek z produktem Yescarta z metalowej kasety.
Sprawdzic, czy dane pacjenta na etykiecie metalowej kasety s zgodne z danymi na etykiecie worka. Przed rozmrozeniem sprawdzic, czy worek z produktem nie ma jakichkolwiek uszkodzer. W razie uszkodzenia worka postepowac zgodnie z lokalnymi wytycznymi dotyczacymi postepowania z odpadami materiatow pochodzenia
ludzkiego (lub niezwlocznie przekaza informacje do firmy Kite). Umiescic worek do infuzji w drugim worku. Rozmrozic produkt Yescarta w temperaturze wynoszacej okoto 37°C w kapieli wodnej lub metoda suchego rozmrazania do momentu, gdy w worku infuzyjnym nie bedzie widocznego lodu. Delikatnie wymieszac
zawartosc worka, aby rozprowadzic grudki materiatu komarkowego. Jesli nadal widoczne sq grudki materiatu komarkowego, kontynuowac delikatne mieszanie zawartosci worka. Powinno to doprowadzic do rozproszenia matych grudek materiatu komorkowego. Produktu Yescarta nie nalezy myc, wirowac ani powtornie
odtwarzac zawiesiny na nowych nosnikach przed infuzja. Rozmrazanie powinno trwac okoto 3 do 5 minut. Po rozmrozeniu produkt Yescarta zachowuje trwatosc w temperaturze pokojowej (od 20°Cdo 25°C) do 3 godzin. Infuzje produktu Yescarta nalezy jednak rozpoczac w ciagu 30 minut od rozmrozenia. Podawanie: Tylko do
stosowania autologicznego. Tocilizumab oraz sprzet ratunkowy powinny by¢ dostepne przed infuzja i podczas monitorowania. W wyjatkowej sytuaji braku dostepnosci tocilizumabu uwzglednionym w wykazie produktow leczniczych zagrozonych brakiem dostepnosci Europejskiej Agencji Lekw przed rozpoczeciem infuzji
muszq by¢ dostepne odpowiednie, alternatywne leki do leczenia (RS zamiast tocilizumabu. Nie wolno uzywac filtra do deplecji leukocytéw. Zaleca sie zatozenie centralnego dostepu zylnego w celu podania produktu Yescarta. Ponownie zweryfikowad D pagjenta w celu potwierdzenia zgodnosci z oznaczeniami pacjenta na
worku z produktem Yescarta. Przed mfuquypedmczes!aw doinfuzji roztworem chlorku sodu (0,154 mmol sodu/ml). Cata zawartos¢ worka z produktem Yescarta powinna zostac podana w infuzji w ciagu 30 minut metoda yjng lub z uzyciem ] pompy infuzyjnej. Delikatnie masowac worek podczas infuzji
produktu Yescarta, aby zapobiec iusie grudek materiatu komork Po podaniu w infuzji catej zawartosci worka, przeptukac zestaw do infuzji roztworem chlorku sodu (0,154 mmol sodu/ml) z ta samq predkoscia infuzji, aby upewnic sie, ze produkt Yescarta zostat podany w catosci. Instrukcja doiyaq{a postepowania,
przypadkowego narazema oraz usuwania lego produktu, patrz punkt 6.6 ChPL. 4.3 Przeciwwskazania: Nadwrazllwost na subslanqg aynny lub kIcqucIW|ek substancje pomocnicza wymieniong W punkue 6.1 ChPL. Nalezy uwzgledni¢ prm ia dotyczace chemi yjnej.

4.4 Specjalne zenia i Srodki i dotyczace jia: Identyfikowalnosc: Nalezy b ¢ wymogow $ci produktow leczniczych stosowanych w h terapiach komdrkowych. Aby zapewnic i i $¢ nazwe produktu leczniczego, numer serii oraz
imie i nazwisko leczonego pacjenta nalezy przechowywac przez okres 30 lat po uptynieciu terminu waznosci produktu. Ogalne: Produkt Yescarta jest przeznaczony wytgcznie do stosowania autologicznego i nie wolno podawac go innym pacjentom. Przed infuzja: tozsamos¢ pacjenta musi byc zgodna z danymi identyfikacyjnymi
na worku infuzyjnym i kasecie z produktem Yescarta. Nie nalezy podawac infuzji produktu Yescarta, gdy informacja na etykiecie dotyczacej danego pacjenta nie jest zgodna z danymi pacjenta, dla ktdrego przeznaczony jest produkt. Pacjentéw nalezy monitorowac codziennie przez pierwsze 10 dni po infuzji w celu wykrycia
przedmiotowych i podmiotowych objawéw potencjalnego (RS, zdarzen neurologicznych i innych toksycznoci. Lekarze powinni rozwazy¢ hospitalizacje pacjenta przez pierwsze 10 dni po infuzji lub w momencie wystapienia pierwszych objawow przedmiotowych/podmiotowych CRS i (lub) zdarzeri neurologicznych. Po
pierwszych 10 dniach po infuzji o monitorowaniu pacjenta zdecyduje lekarz. Nalezy poinformowac pacjentow o koniecznosci pozostawania w poblizu kwalifikowanego osrodka leczniczego przez o najmniej 4 tygodnie po infuzji oraz o koniecznosci uzyskania natychmiastowej pomocy medycznej w razie wystapienia

przedmiotowych lub podmiotowych objawéw CRS lub neurologicznych dziatari niepozadanych. W zaleznosci od stopnia nasilenia danego dziatania niepozad nalezy rozwazy¢ moni 6w zyciowych i czynnosci narzadow. Powody odrotzenla Ieczema Ie wzg\gdu na zagrozenia zwiazane z leczeniem
produktem Yescarta podanie infuzji nalezy wstrzymac, jesi u pacjenta wystepuje ktorykolwiek z nastepujacych stanéw: utrzymujace sie cizkie dziatania niepozadane (w szczegdlnosci dziatania dotyczace ptuc, serca lub niedocisnienie), w tym zwiazane z wezesi aynne, zakazenie;

czynna choroba przeszczep przeciwko gospodarzowi (ang. graft-versus-host disease, GVHD). Badania serologiczne: Przed pobraniem komarek do wytworzenia produktu Yescarta, nalezy wykona badania przesiewowe na obecnosc HBV, HCV i HIV (pa!rz punkt 4.2). Oddawanie krwi, narzadow, tkanek i komorek: Pacjenci leczeni
produktem Yescarta nie powinni by¢ dawcami krwi, narzadow, tkanek ani komérek do przeszczepienia. Choroba wsptistniejaca: Pacjenci z czynnym zaburzeniem OUN lub z zaburzeniami czynnosci nerek, watroby, ptuc lub serca moga by¢ bardziej podatni na skutki dziafari niepozadanych opisanych ponizej i wymagaja
szczegolnej uwagi. Pierwotny chtoniak osrodkowego uktadu nerwowego (OUN): Brak doswiadczenia zwigzanego ze stosowaniem produktu Yescarta u pacjentéw z pierwotnym chtoniakiem OUN. W zwiazku z tym nie okreslono stosunku ryzyka do korzysci leczenia produktem Yescarta dla tej populacji. Zespot uwalniania cytokin:
U prawie wszystkich pacjentow wystapit CRS ktoregos stopnia. W przypadku stosowania produktu Yescarta bardzo czesto stwierdzano ciezkie przypadki CRS, w tym reakcje zagrazajace zyciu i prowadzace do zgonu, a czas do ich wystapienia wynosit od 1 do 12 dni (patrz punkt 4.8). 0 leczeniu CRS decyduje lekarz na podstawie
wystepujacych u pacjenta objawow klinicznych oraz zgodnie z algorytmem postepowania w (RS przedstawionym w tabeli 1. W leczeniu CRS o nasileniu umiarkowanym lub ciezkim, zwigzanego z podaniem produktu Yescarta, stosowano terapie oparta na inhibitorze receptora interleukiny 6 (IL-6), takim jak tocilizumab.
Oxrcdek w k!orym odhywa sle infuzja pmduklu Yescarta, musi przystepujac do niej dysponowac conajmniej 1 dostepna do podania dawka tocilizumabu dla kazdego pacjenta. Osrodek, w ktarym odbywa sie leczenie, musi mie¢ dostep do dodatkowej dawki tocilizumabu w ciagu 8 godzin od podania kazdej z uprzednich dawek.

yj j sytuadji braki i tocilizumabu wwykazie p \ecznlczy( 7 brakiem dostepnosci Europejskiej Agencji Lekéw osrodek leczniczy musi miec dostep do odpowiednich, al(ema(ywny(h \ekow do leczenia CRS zamiast tocilizumabu. Pacjentow nalezy codziennie monitorowac
wkwallfkowanq placowee klinicznej przez co najmniej 10 dni po infuzji pod kat jawor ychi iotowych CRS. Po uptywie p|erwszy(h 10dniod mfuzu o monitorowaniu pacjentéw zdecyduje lekarz. Nalezy poi ¢ pacjentow o koniecznosci iaw poblizu kwalifikowanej placowki klinicznej
przez co najmniej 4 tygodnie po infuzji oraz o koniecznosci uzyskania na!ythmlasicwej pomocy ! medyczne] w raz\e pienia objawow ych lub pe ych CRS. algorytmy ia majace na celu fagodzenie niektdrych objawow CRS wystepujacych u pacjentéw przyjmujacych produkt
Yescarta. Obejmuja one stosowanie tocilizumabu lub IO(I|IZIImahI.I kor w przypadkach (RS i cigzkim lub zagrazajacym zyciu, jak przedstawiono w tabeli 1. Pacjentow, u ktdrych wystapi CRS w stopniu 2. lub wyzszym (np. niedocisnienie, brak odpowiedzi po podaniu ptynow lub hipoksja

wymagajaca podania tlenu), nalezy moni ¢z iem ciagfej telemetrii kavdlolog\cznej oraz pulsoksymetrii. U pacjentow z cigzkim CRS nalezy rozwazy¢ wykonanie echokardiogramu w celu oceny czynnosci serca. W przypadku ciezkiego lub zagrazajacego zyciu (RS nalezy rozwazy¢ wdrozenie
intensywnej terapii w ramach leczenia wspomagajacego. Produktu Yescarta nie nalezy podawac pacjentom, u ktérych wystepuje czynne zakazenie lub choroba zapalna, dopdki stany te nie ustapia. Wiadomo, ze CRS jest zwiazany z niewydolnoscia narzadéw docelowych (np. watroby, nerek, serca i ptuc). Ponadto w przebiequ
(RS moze dojs¢ do nasilenia wystepujacych zaburzen tych narzadow. U pacjentéw z istotnymi klinicznie zaburzeniami kardiologicznymi nalezy stosowac standardy opieki w stanach krytycznych oraz rozwazyc takie Srodki, jak echokardiografia. W celu rozpoznania CRS nalezy wykluczy¢ inne przyczyny ogdlnoustrojowej
odpowiedzi zapalnej, w tym zakazenie. W razie wystapienia goraczki neutrcpemcznej nalezy dokonac oceny pod katem zakazenia i zaslosowat antybiotyki o szerokim spek!rum d1|a|an|a ptyny oraz leczenie podtrzymujace zgodnie z istniejacymi wskazaniami medycznymi. W przypadku pacjentéw z cigzkim lub
nieodpowiadajacym na leczenie CRS nalezy rozwazy¢ mozliwos¢ wystap ytozy hemofagoc aktywadji (ang. ytic activation syndrome, HLH/MAS). Produkt Yescarta nadal rozprzestrzenia si¢ i utrzymuje w organizmie po podaniu
tocilizumabu oraz kortykosteroidéw. Nie zaleca sig stosowania antagonistw czynnika martwicy nowotworu (ang. tumour necrosis factor, TNF) w Ieczenm (RS zwiazanego z zastosowaniem produktu Yescarta. Tabela 1: Algorytm postepowania w zespole uwalniania cytokin (CRS). Nasilenie CRS*: Stopieri 1.: Objawy
wymagaja zastosowania tylko leczenia objawowego (np. goraczka, nudnosci, zmeczenie, bél glowy, bél migsni, zte samopoczucie). Tocilizumab: W razie braku poprawy po 24 godzinach postepowac jak w stopniu 2. Kortykosteroidy: N/A. Stopieri 2. Objawy wymagaja umiarkowanej interwengji, po ktérej ustepuja.
Zapotrzebowanie na tlen wynoszace mniej niz 40% Fi0, lub hipotensja odpowiadajaca na podanie ptynéw lub matej dawki jednego leku wazopresyjnego, lub toksycznos¢ narzadowa 2. stopnia®. Tocilizumab: Podac tocilizumab* w dawce 8 mg/kg dozylnie przez 1 godzine (nie przekraczac dawki 800 mg). W razie potrzeby
podawac tocilizumab co 8 godzin, gdy brak odpowiedzi na dozylne podame plyndw lub rosnie zapotrzebowanie na tlenoterapie. Nie podawac wiecej niz 3 dawki w ciagu 24 godzin; maksymalna catkowita liczba dawek to 4 dawki, jesli brak poprawy klinicznej dotyczacej objawdw przedmiotowych i podmiotowych CRS lub jesli
brak odpowiedzi na druga lub kolejna dawke tocilizumabu, nalezy rozwazy¢ ych sposobow leczenia CRS. Kortykosteroidy: (zenlejak wstopniu 3., gdy brak poprawy w ciagu 24 godzin od podania lo(lllzumabu Stopien 3.: Ohjawywymagajq powaznej interwencji, po ktorej ustepuja. Zapotrzebowanie
na tlen przekraczajace lub réwne 40% Fi0, lub hipotensja wymagajaca podania duzej dawki leku albo ia wielu lekow lub toksycznos¢ narzadowa 3. stopnia, albo hij 4. stopnia. Tocilizumab: Leczenie jak w stopniu 2. Kortykosteroidy: Podac metyloprednizolon
dozylnie w dawce 1 mg/kg dwa razy na dobg lub réwnowazna dawke deksametazonu (np. 10 mq dozylnie co 6 godzin). Kontynuowac podawanie kortykosteroidéw do momentu, gdy zdarzenie zostanie zakwalifikowane jako zdarzenie stopnia 1. lub mniejszego, a nastepnie stopniowo zmniejszac dawke. Gdy brak poprawy,
zastosowac leczenie jak w stopniu 4. (ponizej). Stopieri 4.: Objawy zagrazajace zyciu. Pacjent wymaga zastosowania respiratora lub ciagtej hemodializy zylno-zylnej, lub toksycznos¢ narzadowa 4. stopnia (z wyjatkiem hipertransaminazemii). Tocilizumab: Leczenie jak w stopniu 2. Kortykosteroidy: Podawac metyloprednizolon
dozylnie w dawce dobowej 1000 mg przez 3 dni, gdy jest poprawa — stosowac leczenie jak powyzej. Rozwazy¢ podanie innych lekéw immunosupresyjnych, gdy brak poprawy lub pogorszenie stanu. N/A = brak/nie dotyczy. (a) Lee et al 2014. (b) Leczenie neurologicznych dziatari niepozqdanych — patrz Tabela 2. (c) Szczegdtowe
informace mozna znalez¢ w rystyce produktu leczniczego bu. Neurologiczne dziatania niepozadane: U pacjentéw leczonych produktem Yescarta bardzo czesto obserwowano ciezkie neurologiczne dziatania niepozadane, ktére moga zagrazac zyciu lub prowadzwc do zgonu (patrz punkt 4.8). Pacjenci
2 zaburzeniami OUN w wywiadzie, takimi jak drgawki lub niedokrwienie naczyniowo-mdzgowe, mogg by¢ narazeni na wigksze ryzyko. Zgtaszano przypadki zakoriczonego zgonem i ciezkiego obrzeku mozgu u pacjentow leczonych produktem Yescarta. Pacjentow nalezy moni ¢ pod katem objawow iotowych
i podmiotowych neurologicznych dziatan niepozadanych (Tabela 2). Po infuzji pacjentow nalezy monitorowac w kwalifikowanej placowce opieki zdrowotnej co najmniej codziennie przez pierwsze 10 dni pod katem objawdw przedmiotowych i podmiotowych toksycznosci neurologicznej. Po tych pierwszych 10 dniach
0 monitorowaniu pacjenta zdecyduje lekarz. Pacjentow nalezy poinformowac o koniecznosci pozostania w poblizu kwalifikowanej placowki klinicznej przynajmniej przez 4 tygodnie po infuzji i natychmiastowego zwrdcenia sie po pomoc medyczna, jesli wystapia objawy przedmiotowe lub podmiotowe toksycznosci
neuro\cgl(znej W zaleznosci od stopnia nas||en|a danego dziatania niepozadanego nalezy rozwazy¢ monitorowanie parametrow zyciowych i wydolnosci narzadow. Pacjentow, u ktdrych wystapi toksycznos¢ neurologiczna stopnia 2. lub wyzszego, nalezy monitorowac z wykorzys!anlem ciagtej (e\ememl kardiologicznej oraz
W razie ciezkiej lub 7ajacej zyciu toksycznosc neumlcgl(znej nalezy wdrozyc i intensywna terapie Wspomagajaca. Nalezy rozwazy¢ podanie lekow przeciwdrgawkowych niemajacych dziatania uspokajajacego w ramach profilaktyki j zgodnie ze i klinicznymi dla dziatan
niepozadanych 2. lub wyzszego stopnia. 0 algorytmy majace na celu neurologicznych dziatari niepozadanych wystepujacych u pacjentow przyjmujacych prcduk!‘les(ana Obelmujq one stosowanie tocilizumabu (w razie wspofistniej QRS) i (lub) idow w przypadku
umlarkowanych ciezkich lub zagrazajacych 2 Zyciu neumlcgl(zny(h dnatan niepozadanych, Jak przedstawiono w tabeli 2. Tabela 2: Algorytmy postepowania dotyczace objawow dziatan niepoz Stopien 2.: Rozwazy¢ podanie lekow przeciwdrgawkowych bez dziatania uspokajajacego
(tj. wramach profilaktyki przec y CRS: Podac tocilizumab jak w tabeli 1 dla CRS stopnia 2. Gdy brak poprawy w ciagu 24 gcdzm po podanlu tocilizumabu: podac deksametazon dozylnie w dawce 10 mg o 6 godzin, jesli pacjent nie przyjmuje juz innych kortykosteroidow. Kontynuowac
podawanie deksametazonu, dopoki zdarzenie nie zostanie zakwalifikowane jako zdarzenie stopnia 1. Iub mniejszego, a wowczas stopniowo zmniejszac dawke. Be: (RS: Podawac dozylnie w dawce 10 mg co 6 godzin. Kontynuowac podawanie deksametazonu, dopdki zdarzenie nie zostanie
zakwalifikowane jako zdarzenie stopnia 1 lub mnlejszego, awowczas stopniowo zmniejszac dawke. Stopiet 3.: Rozwazy¢ podanie lekow przeci ych bez dziatania uspokajaj (tj. w ramach profilaktyki przeciwdrgawkowej. Wspdfistniejgcy CRS: Podac tocilizumab jak w tabeli 1 dla CRS stopnia 2.
Dodatkowo z pierwsza dawka tocili odac dozylnie w dawce 10 mg, p: jaC o 6 godzin. ¢ podawanie d dopaki zdarzenie nie zostanie zakwallf kowane jako zdarzenie stopnia 1. lub mniejszego, a wowczas stopniowo Zmniejszad dawke. Bez wspdfistniejqcego CRS: Podawac
deksametazon dozylnie w dawce 10 mg co 6 godzin. Komynuowac podawanie deksametazonu, dopokl zdarzenie nie zostanie zakwalifikowane jako zdarzenie stopnia 1. lub mniejszego, a wéwczas stopniowo zmniejszac dawke. Stopien 4. Rozwazy( podanie lekow przec ych bez dziatania
(tj. lewetyracetam) w ramach profilaktyki l istniejgcy CRS: Podac tocilizumab jak w tabeli 1 dla CRS stopnia 2. Wraz z pierwsza dawka tocilizumabu poda¢ metyloprednizolon dozylnle w dobowej dawce 1000 mg oraz ¢ podawanie i dozylnie w dobowej dawce 1000 mg
przez 2 kolejne dni; w przypadku poprawy stosowac leczenie jak powyzej. Gdy brak poprawy, rozwazy¢ podanie metyloprednizolonu 1000 mg dozylnie 3 razy na dobe Iuh leczenie®. Bez wspdf ;RS Podawa( i dozylnle w dawce dobowe} 1000 mg przez 3 dnl gdy poprawa - stosowac
leczenie jak powyzej. Gdy brak poprawy, rozwazyc podanie metyloprednizolonu 1000 mg dozylnie 3 razy na dobe lub leczenie’. (a) ie obejmuje (migdzy innymi): anakinre, siltuk id, i ‘podawane dozylnie (ang. IVIG) oraz
globuline anty-tymocytarnq (ang. anti-thymocyte globulin, ATG). Zakazenia i goraczka neutropeniczna: Podczas stosowania pmduklu Vescarla bardzu agsto chserwuwano cigzkie zakazenia (patrz punkt 4.8). Pacjentow nalezy manllorcwa( pod katem obJawow przedmiotowych i podmiotowych zakazenia przed, w trakcie i po
podaniu produktu Yescarta w infuzji oraz zastosowac odpowiednie leczenie. Nalezy zastosowac yjna zgodnie z ymi ymi wytycznymi. Po infuzji produktu Yescarta u pagmuw qgoraczke ng (patrz punkt 4.8) i moze ona wystepowac jednoczesnie z CRS.
W przypadku wystapienia goraczki neutropenicznej nalezy ocenic, czy nie jest to zakazenie, i zastosowac antybiotyki o szerokim spektrum dziatania, ptyny oraz leczenie objawowe zgodnie ze wskazaniami medycznymi. Reaktywacja HBV: U pacjentow leczonych lekami skierowanymi przeclwku hmfucywm B moze dojs¢ do
reaktywagji HBV, w niektdrych przypadkach prowadzacej do piorunujacego zapalenla quoby, niewydolnosci watroby i zgonu. Przed pobranlem komorek do wytworzenia produktu Yescarta nalezy przeprowadzic hadanie przesiewowe w kierunku HBV, HCV i HIV. Przedtuzajaca sie cytopenia: Po chemi yinej
iinfuzji produktu Yescarta u pacjentow przez kilka tygodni moze wystepowac cytopenia. bardzo czeste sle cytopenii stopnia 3. Iub WyZszego, w tym malopfy(kowos(, neutropenie i niedokrwistos¢, po infuzji produktu Yescarta. Nalezy monitorowac wyniki badari morfologii krwi po
infuzji produktu Yescarta. Hipogammaglobulinemia: U pagentdw leczonych produktem Yescarta moze wystapic aplazja I\mfocylowB dzacadoh obser bardzo czesto u pacjentow leczonych produktem Yescarta. Nalezy monitorowac stezenie immunoglobulin po
leczeniu produktem Yescarta oraz stosowac leczenie obej lobuli

zakazeri, oraz terapie zastepcza. Reakce nadwrazliwosci: Po infuzji produktu Yescarta moga wystapic reakdje alergiczne. Cigzkie reakcje nadwrazliwosci, w tym reakcja anafilaktyczna, moga by¢
obecnoscia di (ang. dir ide, DMSO) lub resztkowej gentamycyny w produkcie Yescarta. Wtorne nowotwory ztosliwe: U pacjentow leczonych produktem Yescarta moga rozwinac sie wtorme nowotwory ztosliwe. Pacjentow nalezy monitorowac przez cate zycie pod katem wtornych

nowotworow zOosIlwy(h W razie pojawienia sie wtdrnego nowotworu zhosliwego nalezy skontaktowac sie z firma w celu uzyskania instrukdji dotyczacych pobrania od pacjenta probek do badan. Zespdt rozpadu guza (ang. tumour lysis syndrome, TLS): Rzadko obserwowano wystepowanie TLS, ktdry moze miec ciezka postac.
W celu zminis ia ryzyka wystapienia TLS pacjenci ze zwi stezeniem kwasu moczowego lub duza faczng masa guza powinni otrzymywac allopurynol lub inne leczenie profilaktyczne przed infuzja produktu Yescarta. Pacjentow nalezy monif ¢ pod katem ych i podmi h objawow TLS,
a objawy nalezy leczy¢ zgodnie ze standardowymi wytycznymi. Wezesniejsze leczenie terapia anty-CD19: Doswiadczenie zwiazane ze stosowaniem produktu Yescarta u pacjentéw, ktorzy wezesniej otrzymali leczenie celowane przeciwko (D19, jest ograniczone. Nie zaleca sie stosowania produk(u Yescarta, jesli u pacjenta
nastapit nawrdt choroby bez ekspresji (D19 po uprzedniej terapii anty-CD19. Substancje pomocnicze: Ten produkt leczniczy zawiera 300 mg sodu na worek infuzyjny, co odpowiada 15% maksymalnego dziennego dopuszczalnego spozycia sodu, wynoszacego 2 g dla osoby dorostej, zgodnie z zaleceniami WHO. Oczekuje sie, ze
pacjendi zostang wpisani do rejestru pacjentow, na podstawie ktdrego prowadzona bedzie obserwacja w celu lepszego poznania diugoterminowego bezpieczenistwa stosowania i skutecznosci produktu Yescarta. 4.8 Dziatania niepozadane: Podsumowanie profilu bezpieczeristwa: Dane dotyczace bezpieczeristwa opisane
w tym punkcie odzwierciedlaja skutki narazenia na produkt Yescarta w badaniu fazy I/11 ZUMA-1, w ktérym 108 pacjentéw z nawrotowym/opornym chtoniakiem nieziarniczym (NHL) z limfocytéw B otrzymywato limfocyty CAR-T w zalecanej dawce w zaleznosci od masy ciafa. Mediana okresu obserwacji wyniosta 27,4 miesiaca.
Do najbardziej powaznych i najczestszych dziatari niepozadanych nalezaty CRS (93%), encefalopatia (58%) oraz zakazenia (39%). Ciezkie dziatania niepozadane wystapity u 56% pacjentow. Do najczestszych dziatari niepozadanych nalezaty: encefalopatia (22%), zakazenia nieswoistymi patogenami (16%), zakazenia bakteryjne
(6%), goraczka neutropeniczna (6%), zakazenia wirusowe (5%) i goraczka (5%). Najczesciej wystepujace dziatania niepozadane stopnia 3. lub wyzszego obejmowaty encefalopatie (31%), zakazenia nieswoistymi patogenami (19%), CRS (11%), zakazenie bakteryjne (9%), afazje (7%), zakazenie wirusowe (6%), stan
majaczeniowy (6%), hipotensje (6%) i nadcisnienie (6%). Tabelaryczna lista dziatar niepozadanych: Dziatania niepozadane zgtaszane w badaniach klinicznych oraz po wprowadzeniu produktu do obrotu przedstawiono ponizej. Dziatania te sa wym|en|one wedtug klasyfikacji uk!adow i narzqdow oraz czgs(oscl wys!epowanla
Czestosci wystepowania okreslone s3 w nastepujacy sposéb: bardzo czesto (= 1/10), czesto (= 1/100 do < 1/10), niezbyt czesto (= 1/1000 do < 1/100), rzadko (= 1/10 000 do < 1/1000) i bardzo rzadko (< 1/10 000). W obrebie kazdej grupy o okreslonej czgstosci dziatania ni 2godnie ze
Zmniejszajacym sie nasHemem Tabela 3 Dzmlama mepozqdane zwigzane ze stosowaniem produktu Yescarta. Zﬂkazemﬂlmkazemﬂ pasozytnicze: Bardzo czesto: zakazenia nleswolstyml patogenami, zakazenie wuusowe, zakazenie bakteryjne. Czgsto: zakazenie grzybicze. Zaburzenia krwi i uktadu chfonnego: Bardzo
agsto: leukopenia, p . (zesto: i Zﬂburlen/ﬂ ukmdu Bardzo czgs!o zesp6t uwalniania cytokin, hi I (zgs 0: zliwosc, histiocytoza hemofagocyiama Zaburzenia metabolizmu i odzywiania: Bardzo czesto: odwodnienie,
taknienie, hi ia, hij I iejszenie masy ciafa. Czgsto: inemi; Bardzo czesto: majaczenia, lek. Czesto: bezsennosc.. go: Bardzo czesto: bol glowy, drzenie, glowy, afazja. Czesto: ataksja, neuropatia,

drgawki, dyskalkulia, mioklonie. Niezbyt czesto: obrzek rdzenia kregowego, zapalenie rdzenia kregowego, porazenie czterokoriczynowe. Zaburzenia serca: Bardzo czgsto: tachykardia, arytmia. Czgsto: ie akgji serca, niewy $¢ serca. Zaburzenia jowe: Bardzo czgsto: niedocisnienie, nadcisnienie. Czgsto:
zakrzepica, zespot przesiakania whosniczek. Zaburzenia uktadu oddechowego, klatki piersiowej i Srddpiersia: Bardzo czesto: kaszel, dusznosc, hipoksja, wysiek optucnowy. Czesto: obrzek ptuc. Zaburzenia zofqdka i jelit: Bardzo czesto: biegunka, nudnosci, wymioty, zaparcia, bol brzucha, suchos¢ w jamie ustnej. Czesto: dysfagia*.
Zaburzenia skry i tkanki podskdrnej: Czesto: wysypka. Zaburzenia uktadu migsniowo-szkieletowego i tkanki fgcznej: Bardzo czgsto: zaburzenia ruchowe, bol koriczyn, bdl plecow, bél stawéw, bél migsni. Zaburzenia nerek i drég moczowych: Czesto: niewydolnos¢ nerek. Zaburzenia ogdlne i stany w miejscu podania: Bardzo czgsto:
zmeczenie, goraczka, obrzek, dreszcze. Badania Bardzo czgsto: zwi stezenie amil alaninowej, zwi stezenie amil i j. Czgsto: zwi stezenie blllrublny w tabell 3 ujeto wyiqcznle przypadki cytopenii, ktore spowodowaty (1) wystapienie nowych lub
zaostrzenie istniejacych nastepstw klinicznych, (1) wymagaty leczenia lub (1) modyfikacji aktualnego leczenia. * Dysfagie zgtaszano w ramach toksycznego dziatania na ukfad nerwowy i ii. Opis wybranych dziatan 6t uwalniania cytokin: CRS wystapit u 93% pacjentéw. U jedenastu procent (11%)
paqentow wystapit (RS stopnla 3. Iub wyiszego (ciezki, zagrazajacy zyciu oraz prowadzacy do zgonu) Medlana czasu do wystqplenla CRS wynosita 2 dni (zakres od 1 do 12 dni), a mediana czasu trwania 7 dni (zakres od 2 do 29 dni). U dziewiecdziesieciu osmiu procent pacjentow (98%) doszto do ustapienia CRS. Najczesciej
ystepujace objawy 2wiazane z (RS obej; gcvq(lke (83%), niedociénienie (44%), (24%), hipoksje (23%) i dreszcze (20%). Cigzkie dziatania niepozadane, ktore moga by¢ zwiazane z (RS, obej ostre ie nerek, migotanie ionkow, tachykardie komorowa,

ie akgji serca, ni $¢ serca, zespét igkania whosniczek, iénienie, hipoksje i HLH/MAS. Wskazéwki dotyczace monitorowania i leczenia — patrz punkt 4.4. Neurologiczne dziatania niepozqdane: Neurologiczne dziatania niepozadane wystapity u 67% pacjentow. U trzydziestu dwdch procent (32%)
pacjentdw wystapity dziatania niepozadane stopnia 3. lub wyzszego (ciezkie lub zagrazajace zyciu). Mediana czasu do wystapienia dziatan niepozadanych wynosita 5 dni (zakres od 1do 17 dni). Mediana aasu nwanla wynoslta 13 dnl (zakres cd 1do 191 dni). U wiekszosci paqentow neuro\oglczne dziatania mepozqdane
ustapity, z wyjatkiem 4 pacjentéw, u ktorych niepozadane dziatania neurologiczne utrzymywaty sie do momentu zgonu; zgony te byty spowodowane innymi przyczynami. Najczestszymi objawami i z neurologicznymi dziafani i byly: (58%), bol
gtowy (40%), drzenie (31%), zawroty glowy (21%), afazja (18%) i stan majaczeniowy (17%). Zgtaszano ciezkie dziatania niepozadane, w tym encefalopatie (22%), afazje (4%), stan majaczeniowy (4%) i dvgawkl (1%) u pacjen(ow, ktérym podawano produkt Yescarta. Inne neurologiczne dziafania niepozadane byty zgtaszane
rzadziej w badaniach klinicznych i obejmowaty dysfagie (5%), zapalenie rdzenia kregowego (0,2%) i porazenie czterokoriczynowe (0,2%). W okresie po produktu do obrotu wystapi brzeku rdzenia kregowego, w kontekscie neurotoksycznosci. Wskazéwki dotyczace monitorowania i leczenia — patrz
punkt 4.4. Gorqczka neutropeniczna i zakazenia: Goraczke neutropeniczna zaobserwowano u 36% pacjentéw po infuzji produktu Yescarta. Zakazenia wystapity u 39% pacjentow w badaniu ZUMA-1. Zakazenia stopnia 3. lub wyzszego (ciezkie, zagrazajace zyciu lub prowadzace do zgonu) wystapity u 26% pacjentow. Zakazenia
meswols(yml patogenami oraz zakazenia bakteryjne i wirusowe stopnia 3. lub wyzszego wystapity u, odpowiednio, 19%, 9% i 6% paqemow Najezestszym mlercem zakazenia byty drogl oddechowe. Wskazowki dotyczace monltorcwanla ileczenia — patrz punk( 4. 4 Przedtuzajqca sie cytopenia: Neutropenia (w tym goraczka

na), niedokrwistos¢i s(opnla} Iuhwyzszegowys\qpliyu cdeW|edn|c,80%, 45%|40% pacjentow. P sie sie w dniu 30. lub iajaca sie w dniu 30. lub pdZniej) $¢ i niedokrwistos¢ stopnia 3. lub wyzszego wystapita u, odpowiednio, 26%,
24%i10% pacjentow. jacasie p $¢ stopnia 3. lub 93. wystapita u, iiednio, 11%, 7% 3% pacjentow. Wskazowki dotyczace leczenia — patrz punkt 4.4. Hij inemia: W badaniu ZUMA-1 hi inemia wystapita u 16% pacjentow.
taaznie 33 (31%) ze 108 pacjentéw otrzymy dozylne leczt inami w momencit ia analizy po 24 miesiacach. Wskazéwki dotyczace leczenia — patrz punkt 4.4. Inmunogenno$¢: Immunogennos¢ produktu Yescarta oceniano za pomoca testu |mmunoenzymatycznegc (ELISA) wykrywajacego

przeciwciata wiazace FMC63, z ktorych wywodza sie przeciwciata anty-CD19 CAR. U trzech pacjentow przed leczeniem produktem Yescarta badanie przeciwciat anty-FMC63 dato wynik dodatni. Wptyw tych przeciwciat na skutecznos¢ lub bezpieczeristwo stosowania nie byt dostrzegalny. Specjalne grupy pacjentéw:
Doswiadczenie dotyczace stosowania produktu Yescarta u pacjentow w wieku 75 lat i starszych jest ograniczone. Na 0gét bezpieczeristwo stosowania oraz skutecznos¢ byty podobne jak w przypadku pacjentow w wieku = 65 lat i < 65 lat leczonych produktem Yescarta. Wyniki byty zgodne z wymkaml uzyskanymi w grupach

pacjentdw z ocenq w skali Eastern Cooperative Oncology Group (ECOG) 0 1 oraz wedtug pici. Zgtaszanie podejrzewanych dziatar niepozadanych: Po dopnszaenlu produktu leczniczego do obrotu istotne JESK zqiaszanle ji h dziatari ni Umozliwia to niepi e stosunku korzysci do
ryzyka stosowania produktu leczniczego. Osoby nalezace do fachowego personelu medycznego powinny zgtaszac wszelkie ji dziatania ni za posrednictwem 2 Dziatari Produktow Leczniczych Urzedu Rejestracji Produktow Leczniczych, Wyrobow Medycznych
i Produktdw Biobdjczych, Al. Jerozolimskie 181C, PL-02 222 Warszawa, tel.: +48 22 49 21 301, faks: +48 22 49 21 309, strona internetowa: https://smz.ezdrowie.gov.pl. Dziatania niepozadane mozna takze zgtaszac za posrednictwem iciela podmiotu iedzi w Polsce: Gilead Sciences Poland Sp. z 0.0.,

tel.: +48 22 262 87 02 lub e-m ugSafety.Poland@gilead.com. 7. PODMIOT ODPOWIEDZIALNY POSIADAJACY POZWOLENIE NA DOPUSZCZENIE DO OBROTU: Kite Pharma EU B.V., Tufsteen 1, 2132 NT Hoofddorp, Holandia. 8. NUMER POZWOI.ENIA NA DOPUSZ(ZENIE DO OBROTU: EU/1/18/1299/001. WYDANE
PRZEZ: Komisje Wspdlnot Europejskich. OGOLNA KATEGORIA DOSTEPNOSCI: Rpz. 9. DATA WYDANIA PIERWSZEGO POZWOLENIA NA DOPUSZCZENIE DO OBROTU | DATA PRZEDEUZENIA POZWOLENIA: Data wydania pierwszego pozwolenia na dopuszczenie do obrotu: 23 sierpnia 2018, 10, DATA ZATWIERDZENIA
LUB CZESCIOWEJ ZMIANY TEKSTU CHARAKTERYSTYKI PRODUKTU LECZNICZEGO: 01/2022. Szczeg6towe informadie o tym produkcie leczniczym sg dostepne na stronie internetowej Europejskiej Agencji Lekow http://www.ema.europa.eu.
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Mediana OS - 25,8 miesiagca

0 Opracowano na podstawie Jacobson C i wsp., 2020°, Locke FL i wsp., 2021
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* Wartosci szacunkowe wg Kaplana-Meiera dla 5-letniego wskaznika OS wyniosty 42,6%.

Pismiennictwo: 1. Locke FL et al. Axicabtagene ciloleucel as second-line therapy for large B-cell lymphoma. N Engl J Med 2021. doi: 10.1056/NEJMoa2116133.

2. Jacobson C et al. Long-term (4- and 5-year) overall survival in ZUMA-1, the pivotal study of axicabtagene ciloleucel in patients with refractory large B-Cell lymphoma \ Kite
(LBCL), Poster 1764 at ASH 2021. 3. Jacobson C et al. Poster presented at: American Society for Hematology Annual Meeting (Virtual); December 5-8, 2020.
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