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Lucyna, J6zef, Pawet i Joanna nie sa prawdziwymi pacjentami.

1. Charakterystyka Produktu Leczniczego XOSPATA.

Numery pozwolen na dopuszczenie do obrotu: EU/1/19/1399/001 - wydane przez
Komisje Europejska. Kategoria dostepnosci: Produkt leczniczy wydawany na recepte
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Informacja o leku

Nazwa produktu leczniczego: Xospata 40 mg, tabletki powlekane. Sktad jakosciowy i ilosciowy: Kazda tabletka powlekana zawiera 40 mg gilterytynibu (w postaci fumaranu). Petny wykaz substancji pomocniczych, patrz punkt
6.1 Charakterystyki Produktu Leczniczego (ChPL). Postac farmaceutyczna: Tabletka powlekana (tabletka). Wskazania do stosowania: Produkt Xospata jest wskazany w monoterapii nawrotowej lub opornej na leczenie ostrej biataczki
szpikowej (ang. acute myeloid leukaemia, AML) z mutacja FLT3 u dorostych pacjentéw (patrz punkty 4.2 i 5.1 ChPL). Dawkowanie i sposéb podawania: Leczenie produktem Xospata powinien rozpocza¢ i nadzorowac lekarz majacy
doswiadczenie w stosowaniu terapii przeciwnowotworowych. Przed przyjeciem gilterytynibu u pacjentéw z nawrotowa lub oporna na leczenie AML nalezy potwierdzi¢ mutacje FMS-podobnej kinazy tyrozynowej 3 (ang. FMS-like tyrosine
kinase 3, FLT3) [wewnatrztandemowa duplikacje genu (ang. internal tandem duplication, ITD) lub mutacje w obrebie domeny kinazy tyrozynowej (ang. tyrosine kinase domain, TKD)] przy uzyciu zwalidowanego testu. Podawanie produktu
Xospata mozna wznowic u pacjentéw po przeszczepieniu krwiotwérczych komdrek macierzystych (ang. haematopoietic stem cell transplantation, HSCT). Dawkowanie: Zalecana dawka poczatkowa to 120 mg gilterytynibu (trzy tabletki po
40 mg) raz na dobe. Przed rozpoczeciem leczenia, w 15. dniu, a nastgpnie co miesiac przez caly czas trwania leczenia nalezy oceni¢ badania biochemiczne krwi, w tym aktywnos¢ fosfokinazy kreatynowej (patrz punkt 4.4 ChPL).
Przed rozpoczeciem leczenia gilterytynibem, w 8. i 15. dniu pierwszego cyklu oraz przed rozpoczeciem kazdego kolejnego miesiaca leczenia przez nastepne trzy miesigce nalezy wykona¢ badanie elektrokardiograficzne (EKG) (patrz
punkty 4.4i4.8 ChPL). Kobietom w wieku rozrodczym nalezy doradzic¢ wykonanie testu ciazowego w ciagu siedmiu dni przed rozpoczeciem leczenia produktem leczniczym Xospata (patrz punkt 4.4.4.6 ChPL). Leczenie nalezy kontynuowac
do czasu, kiedy pacjent nie bedzie juz odnosi¢ korzysci klinicznych z leczenia produktem Xospata lub do momentu wystapienia niedopuszczalnej toksycznosci. Odpowiedz na leczenie moze by¢ opézniona, dlatego nalezy rozwazy¢
kontynuowanie stosowania zaleconej dawki do 6 miesiecy, aby zapewnic czas na odpowiedz kliniczna. W przypadku braku odpowiedzi [pacjent nie osiagnat ztozonej catkowitej remisji (CRc)] po 4 tygodniach leczenia mozna zwiekszy¢
dawke do 200 mg (piec tabletek po 40 mg) raz na dobe, jezeli leczenie jest tolerowane lub uzasadnione klinicznie. Modyfikacje dawki: Zalecenia dotyczace przerwy w podawaniu, zmniejszenia dawki i zaprzestania podawania
produktu Xospata u pacjentéw z nawrotowa lub oporn na leczenie AML: Zespdt rdznicowania: W przypadku podejrzenia zespotu rdznicowania podac kortykosteroidy i rozpocza¢ moni ie hemodynamiczne (patrz punkt 4.4 ChPL).

nasilenie objawow przedmiotowych i podmiotowych zmniejszy sie do stopnia 2 lub nizszego. Zespdtodwracalnej tylnej encefalopatii: Zaprzestac stosowania gilterytynibu. Odstep QTcF > 500 ms: Przerwac stosowanie gilterytynibu. Wznowic
leczenie gilterytynibem, podajac zmniejszong dawke (80 mg lub 120 mg?), gdy odstep QTcF powrdci do wartosci w zakresie 30 ms wartosci poczatkowej lub < 480 ms. Zwiekszenie odstepu QIcF o wigcej niz 30 ms w badaniu EKG w 8. dniu
pierwszego cyklu: Potwierdzi¢ w badaniu EKG w 9. dniu. W przypadku potwierdzenia nalezy rozwazy¢ zmniejszenie dawki do 80 mg. Zapalenie trzustki: Przerwac podawanie gilterytynibu az do ustapienia zapalenia trzustki. Wznowic
leczenie gilterytynibem, podajac zmniejszona dawke (80 mg lub 120 mg®). Inna toksycznosc stopnia 3° lub wyzszego uznawana za zwiqzanq z leczeniem: Przerwac stosowanie gilterytynibu az do ustapienia toksycznosci lub zmniejszenia jej
nasilenia do stopnia 12 Wznowic leczenie gilterytynibem, podajac zmniejszona dawke (80 mg lub 120 mg®). Planowane HSCT: Przerwac stosowanie gilterytynibu na jeden tydzien przed zastosowaniem leczenia kondycjonujacego w HSCT.
Leczenie mozna wznowic 30 dni po HSCT, jesli nastapito wszczepienie, u pacjenta nie wystapita ostra postac choroby przeszczep przeciw gospodarzowi (stopieri > 2.) i znajdowat sie on w ztozonej catkowite;j remisji (CRc)". a. Stopieri 1. oznacza
nasilenie ,tagodne”, stopieri 2. oznacza nasilenie ,,umiarkowane”, stopien 3. oznacza nasilenie ,ciezkie”, stopien 4. oznacza nasilenie ,zagrazajace zyciu”. b. Dawka dobowa moze by¢ zmniejszona ze 120 mg do 80 mg lub z 200 mg do
120 mg. c. CRe jest definiowana jako wspdtczynnik remisji wszystkich catkowitych remisji (definicja catkowitej remisji, patrz punkt 5.1 ChPL), CRp [catkowita remisja z niepefnq regeneracjq plytek krwi (< 100 x 10°/1)] i CRi (spefnione kryteria
catkowitej remisji z wyjqtkiem petnej regeneracji hematologicznej, z utrzymujqcq sie neutropeniq < 1x 10%/1i catkowitq regeneracjq plytek krwi lub bez niej). Osoby w podeszlym wieku: Nie jest wymagane dostosowanie dawki u pacjentow
w wieku > 65 lat (patrz punkt 5.2 ChPL). Zaburzenia czynnosci watroby: Nie ma koniecznosci dostosowania dawki u pacjentéw z tagodnymi (klasa A wg skali Child-Pugh) lub umiarkowanymi (klasa B wg skali Child-Pugh) zaburzeniami
czynnosc watroby. Produktu Xospata nie zaleca sie do stosowania u pacjentéw z ciezkimi zaburzeniami czynnosci watroby (klasa C wg skali Child-Pugh), poniewaz w tej populagji nie oceniano bezpieczeristwa stosowania i skutecznosci
(patrz punkt 5.2 ChPL). Zaburzenia czynnosci nerek: Nie ma koniecznosci dostosowania dawki u pacjentéw z zaburzeniami czynnosci nerek o nasileniu fagodnym, umiarkowanym lub cigzkim (patrz punkty 4.4 5.2 ChPL). Dzieci i mtodziez:
Nie okreslono dotychczas bezpieczeristwa stosowania ani skutecznosci produktu leczniczego Xospata u dzieci w wieku ponizej 18 lat. Dane nie s3 dostepne. Ze wzgledu na wiazanie sig z receptorem 5HT,, w warunkach in vitro (patrz
punkt 4.5 ChPL) u pacjentow w wieku mniej niz 6 miesiecy istnieje mozliwos¢ oddziatywania na rozwéj serca. Sposéb podawania: Produkt Xospata jest przeznaczony do podania doustnego. Tabletki mozna przyjmowac z positkiem lub bez.
Nalezy je potykac w catosci, popijajac woda i nie nalezy ich przetamywac ani rozkruszac. Produkt Xospata nalezy podawac mniej wiecej o tej samej porze kazdego dnia. Jesli dawka zostanie pominigta lub nie zostanie przyjeta o zwykfej
porze, nalezy podac dawke jak najszybciej tego samego dnia, a pacjent powinien powrdcic do zwyktego schematu dawkowania nastepnego dnia. Jesli po podaniu dawki wystapia wymioty, pacjenci nie powinni przyjmowac kolejnej dawki,
tylko powinni powrdci¢ do zwyktego schematu dawkowania nastepnego dnia. Przeciwwskazania: Nadwrazliwos¢ na substancje czynng lub na ktdrakolwiek substancje pomocnicza wymieniong w punkdie 6.1 ChPL. Specjalne
ostrzezenia i Srodki ostroznosci dotyczace stosowania: Zespét réznicowania: Stosowanie gilterytynibu wiazato sie z wystepowaniem zespotu réznicowania (patrz punkt 4.8 ChPL). Zespét réznicowania polega na szybkiej proliferacji
i réznicowaniu komdrek mieloidalnych. Nieleczony moze zagrazac zyciu lub prowadzi¢ do zgonu. Objawy podmiotowe i stan kliniczny w zespole réznicowania obejmuja goraczke, dusznos¢, wysiek optucnowy, wysiek osierdziowy, obrzek
ptuc, niedociénienie tetnicze, szybki przyrost masy ciata, obrzek obwodowy, wysypke i zaburzenia czynnosci nerek. W przypadku podejrzewania zespotu réznicowania nalezy rozpoczac leczenie kortykosteroidami wraz z monitorowaniem
hemodynamicznym az do ustapienia objawéw podmiotowych. Jesli ciezkie objawy przedmiotowe i/lub podmiotowe utrzymujq sie przez ponad 48 godzin po rozpoczeciu stosowania kortykosteroidéw, nalezy przerwac stosowanie
gilterytynibu do czasu ustapienia ciezkiego nasilenia objawéw przedmiotowych i podmiotowych (patrz punkty 4.2 i 4.8 ChPL). Dawke kortykosteroiddw mozna zmniejszy¢ po ustapieniu objawéw podmiotowych i podawac je przez
minimum 3 dni. Przedwczesne zakoriczenie leczenia kortykosteroidami moze spowodowac nawrét podmiotowych objawéw zespotu roznicowania. Zespét odwracalnej tylnej encefalopatii: Zgtaszano wystepowanie zespotu odwracalnej
tylnej encefalopatii (ang. posterior reversible encephalopathy syndrome, PRES) u pacjentéw otrzymujacych gilterytynib (patrz punkt 4.8 ChPL). PRES to rzadkie, odwracalne zaburzenie neurologiczne, ktdre moze manifestowac sie szybko
rozwijajacymi sie objawami podmiotowymi obejmujacymi drgawki, bol gtowy, stan splatania, zaburzenia widzenia i zaburzenia neurologiczne z towarzyszacym nadcinieniem tetniczym i zaburzeniami stanu psychicznego lub bez nich.
W przypadku podejrzewania PRES nalezy to potwierdzic radiologicznym badaniem obrazowym mézqu, najlepiej metoda rezonansu magnetycznego (ang. magnetic resonance imaging, MRI). Zaleca sie zaprzestanie leczenia gilterytynibem
u pacjentéw, u ktérych wystapit PRES (patrz punkty 4.2 i 4.8 ChPL). Wydtuzony odstep QT: Stosowanie gilterytynibu wiazato sie z wydtuzeniem czasu repolaryzacji komdr serca (odstep QT) (patrz punkty 4.8 i 5.1 ChPL). Wydtuzenie
odstepu QT mozna zaohserwowac w pierwszych trzech miesiacach leczenia gilterytynibem. Dlatego tez przed rozpoczeciem leczenia, w 8. i 15. dniu pierwszego cyklu i przed rozpoczeciem kazdego kolejnego miesiaca leczenia, przez
nastepne trzy miesiace nalezy wykonac badanie elektrokardiograficzne (EKG). Nalezy zachowac ostroznos¢ u pacjentéw z istotnym wywiadem kardiologicznym. Hipokaliemia lub hipomagnezemia moga zwigkszac ryzyko wydtuzenia
odstepu QT. Dlatego tez przed rozpoczeciem leczenia gilterytynibem i w jego trakcie nalezy wyréwnac hipokaliemig lub hipomagnezemie. Nalezy przerwac stosowanie gilterytynibu u pacjentéw, u ktdrych odstep QTcF > 500 ms (patrz
punkt 4.2 ChPL). Decyzje o wznowieniu leczenia gilterytynibem po wystapieniu wydtuzenia odstepu QT nalezy podjac po doktadnej ocenie korzysci i ryzyka. Jezeli stosowanie gilterytynibu wznawia sie w zmniejszonej dawce, po 15 dniach
dawkowania i przed rozpoczeciem kazdego kolejnego miesiaca leczenia, przez nastepne trzy miesiace nalezy wykonac badanie EKG. W badaniach klinicznych 12 pacjentéw miato odstep QTcF > 500 ms. Trzech pacjentow przerwato
i ponownie rozpoczeto leczenie bez nawrotu wydtuzenia odstepu QT. Zapalenie trzustki: Zgtaszano przypadki zapalenia trzustki. Nalezy badac i monitorowac pacjentéw, u ktdrych wystapia objawy przedmiotowe i podmiotowe sugerujace
zapalenie trzustki. Nalezy przerwac stosowanie gilterytynibu, ale mozna je wznowic, podajac zmniejszona dawke, gdy ustapia objawy przedmiotowe i podmiotowe zapalenia trzustki (patrz punkt 4.2 ChPL). Ciezka niewydolnos¢ nerek:
Narazenie na gilterytynib moze by¢ zwiekszone u pacjentéw z ciezkimi zaburzeniami czynnosci nerek lub schytkowa niewydolnoscia nerek. Podczas stosowania gilterytynibu nalezy Scisle monitorowac pacjenta pod katem toksycznosci
(patrz punkt 5.2 ChPL). Interakcje: Jednoczesne podawanie lekéw indukujacych CYP3A/P-gp moze prowadzi¢ do zmniejszonej ekspozycji na gilterytynib i, w konsekwencji, ryzyka braku skutecznosci. Dlatego nalezy unikac jednoczesnego
stosowania gilterytynibu z silnymi induktorami CYP3A4/P-gp (patrz punkt 4.5 ChPL). Nalezy zachowac ostroznos¢ w przypadku jednoczesnego przepisywana gilterytynibu z produktami leczniczymi, ktdre sg silnymi inhibitorami CYP3A,
P-gp i/lub biatka opornosci raka piersi (ang. breast cancer resistant protein, BCRP), poniewaz moga one zwiekszac ekspozycje na gilterytynib. Nalezy rozwazyc zastosowanie alternatywnych produktow leczniczych, ktdre nie hamuja silnie
aktywnosci CYP3A, P-gp i/lub BCRP. W sytuacjach, gdy nie istnieja zadowalajace alternatywy terapeutyczne, pacjentéw nalezy $cisle monitorowac pod katem wystapienia toksycznosci w trakcie podawania gilterytynibu (patrz punkt
4.5 ChPL). Gilterytynib moZe zmniejszy¢ dziatanie produktéw leczniczych, dla ktdrych receptorem docelowym jest receptor SHT,, lub nieswoiste receptory sigma. Dlatego te nalezy unika rdwnoczesnego stosowania gilterytynibu z tymi
produktami, chyba ze jego stosowanie uznaje si¢ za niezbedne dla pacjenta (patrz punkt 4.5 ChPL). Dziatanie toksyczne na zarodek lub ptdd i antykoncepcja: Nalezy poinformowac kobiety w ciazy o potencjalnym ryzyku dla ptodu (patrz
punkty 4.6 i 5.3 ChPL). Kobietom w wieku rozrodczym nalezy doradzi¢ wykonanie testu ciagzowego w ciagu siedmiu dni przed rozpoczeciem leczenia gilterytynibem i stosowanie skutecznej metody antykoncepcji w trakcie leczenia
gilterytynibem i przez co najmniej 6 miesiecy od zakoriczenia leczenia. Kobiety stosujace antykoncepcje hormonalna powinny dodatkowo stosowac antykoncepcje barierowa. Mezczyznom, ktdrych partnerki sa w wieku rozrodczym, nalezy
doradzi¢ stosowanie skutecznej metody antykoncepcji w trakcie leczenia i przez co najmniej 4 miesiace od przyjecia ostatniej dawki gilterytynibu. Dziatania niepozadane: Podsumowanie profilu bezpieczeristwa: Bezpieczeristwo
produktu Xospata oceniono u 319 pacjentéw z nawrotowa lub oporna na leczenie AML, ktérzy otrzymali co najmniej jedna dawke 120 mq gilterytynibu. Najczestszymi dziataniami niepozadanymi gilterytynibu byty zwiekszenie aktywnosci
aminotransferazy alaninowej (ang. alanine aminotransferase, ALT) (82,1%), zwigkszenie aktywnosci aminotransferazy asparaginianowej (ang. aspartate aminotransferase, AST) (80,6%), zwigkszenie aktywnosci fosfatazy alkalicznej we
krwi (68,7%), zwiekszenie aktywnosci kinazy kreatynowej we krwi (53,9%), biegunka (35,1%), zmeczenie (30,4%), nudnosci (29,8%), zaparcia (28,2%), kaszel (28,2%), obrzeki obwodowe (24,1%), dusznos¢ (24,1%), zawroty glowy
(20,4%), niedocisnienie tetnicze (17,2%), bél koriczyny (14,7%), astenia (13,8%), bdl stawéw (12,5%) i bol miesni (12,5%). Najczestszymi ciezkimi dziataniami niepozadanymi byty ostre uszkodzenie nerek (6,6%), biegunka (4,7%),
zwiekszenie aktywnosci AIAT (4,1%), dusznos¢ (3,4%), zwiekszenie aktywnosci AspAT (3,1%) i niedociénienie tetnicze (2,8%). Inne, klinicznie istotne, cigzkie dziatania niepozadane obejmowaty zespét réznicowania (2,2%), wydtuzenie
odstepu QT na elektrokardiogramie (0,9%) i zespdt odwracalnej tylnej encefalopatii (0,6%). Dziatania niepozadane zaobserwowane w trakcie badari klinicznych wymieniono ponizej zgodnie z klasyfikacja uktadéw i narzadéw MedDRA
i wedtug kategorii czestosci. Kategorie czestosci s3 zdefiniowane nastepujaco: bardzo czesto (= 1/10), czesto (= 1/100 do < 1/10), niezbyt czesto (= 1/1000 do < 1/100), rzadko (> 1/10 000 do < 1/1000), bardzo rzadko (< 1/10 000)
i czestos¢ nieznana (nie moze by¢ okreslona na podstawie dostepnych danych). W obrebie kazdej grupy czestosci wystepowania dziatari niepozadanych przedstawiono wedtug zmniejszajacej sie ciezkosci. Zaburzenia uktadu
immunologicznego: Czesto: reakcja anafilaktyczna (1,3**; 1,3***). Zaburzenia uktadu nerwowego: Bardzo czesto: zawroty glowy (20,4**; 0,3***). Niezbyt czesto: zesp6t odwracalnej tylnej encefalopatii (0,6**; 0,6***). Zaburzenia serca:
Czesto: wydtuzenie odstepu QT w elektrokardiogramie (8,8*%; 2,5%**), wysiek osierdziowy (4,1%%; 0,9%**), zapalenie osierdzia (1,6**; 0***), niewydolnos¢ serca (1,3**; 1,3***). Zaburzenia naczyniowe: Bardzo czgsto: niedociénienie
tetnicze (17,2**; 7,2%**). Zaburzenia ukfadu oddechoweqo, klatki piersiowej i $rédpiersia: Bardzo czesto: kaszel (28,2**; 0,3***), dusznos¢ (24,1*%; 4,4***). (zesto: zespét réznicowania (3,4**; 2,2%*¥). Zaburzenia Zotadka i jelit: Bardzo
czesto: biegunka (35,1%%; 4,4***), nudnosci (29,8%%; 1,9%*), zaparcia (28,2%*; 0,6***). Zaburzenia watroby i drdg zétciowych: Bardzo czesto: zwiekszenie aktywnosci aminotransferazy alaninowej* (82,1**; 12,9***), zwiekszenie
aktywnosci aminotransferazy asparaginianowej* (80,6**; 10,3***). Zaburzenia migsniowo-szkieletowe i tkanki tacznej: Bardzo czesto: zwiekszenie aktywnosci fosfokinazy kreatynowej we krwi* (53,9**; 6,3***), zwiekszenie aktywnosci
fosfatazy alkalicznej we krwi* (68,7%%; 1,6***), b6l koriczyny (14,7%*; 0,6***), bol stawdw (12,5%*; 1,3%**), b6l miesni (12,5%*; 0,3***). Czesto: bol miesniowo-szkieletowy (4,1%*; 0,3***). Zaburzenia nerek i drég moczowych: Czesto:
ostre uszkodzenie nerek (6,6**; 2,2***). Zaburzenia ogdIne i stany w miejscu podania: Bardzo czesto: zmeczenie (30,4**; 3,1%**), obrzeki obwodowe (24,1%%; 0,3**¥), astenia (13,8**; 2,5%**). (zesto: zte samopoczucie (4,4**; 0***),
* (zestos¢ opiera sig na wartosciach laboratorium centralnego. ** Wszystkie stopnie ciezkosci (%). *** Stopnie ciezkosci = 3. (%). Opis wybranych dziatari niepozadanych: Zespdt réznicowania: W badaniach klinicznych z udziatem 319 pacjentéw
leczonych produktem Xospata u 11 (3%) wystapit zesp6t rdznicowania. Zespét rdznicowania polega na szybkiej proliferadji i réznicowaniu komdrek szpiku i nieleczony moze zagrazac zyciu lub prowadzi¢ do zgonu. Objawy podmiotowe i stan
kliniczny w zespole rdznicowania u pacjentow leczonych produktem Xospata obejmowaty goraczke, dusznosc, wysiek optucnowy, wysiek osierdziowy, obrzek ptuc, niedocisnienie tetnicze, szybki przyrost masy ciafa, obrzek obwodowy,
wysypke i zaburzenie czynnosci nerek. W niektdrych przypadkach jednoczesnie wystapita ostra goraczkowa dermatoza neutrofilowa. Zespét rdznicowania wystapit od jednego dnia (najwczesniej) do 82 dni od rozpoczecia leczenia
produktem Xospata i przebiegat ze wspéfistniejaca leukocytoza lub bez niej. Z 11 pacjentdw, u ktdrych wystapit zespot réznicowania, 9 (82%) powrécito do zdrowia po okresie leczenia lub po przerwie w dawkowaniu produktu Xospata.
Zalecenia w przypadku podejrzewanego zespotu réznicowania podano w punktach 4.2 i 4.4 ChPL. PRES: W badaniach Klinicznych z udziatem 319 pacjentéw leczonych produktem Xospata u 0,6% wystapit zespét odwracalnej tylnej
encefalopatii (PRES). PRES to rzadkie, przemijajace zaburzenie neurologiczne, ktére moze objawiac sie szybko rozwijajacymi sie objawami podmiotowymi obejmujacymi drgawki, bél gtowy, stan splatania, zaburzenia widzenia i zaburzenia
neurologiczne z towarzyszacym nadcisnieniem tetniczym lub bez niego. Objawy podmiotowe ustapity po zaprzestaniu leczenia (patrz punkty 4.2 i 4.4 ChPL). Wydfuzenie odstepu QT: Sposrdd 317 pacjentéw leczonych produktem leczniczym
Xospata w dawce 120 mg w badaniach klinicznych, ktorym zmierzono QTc po rozpoczeciu badania (ang. post-baseline), u 4 pacjentéw (1%) stwierdzono odstep QTcF > 500 ms. Ponadto, w zakresie wszystkich dawek, u 12 pacjentow (2,3%)
2 nawrotowa lub oporng na leczenie AML maksymalna wartos¢ odstepu QTcF po rozpoczeciu badania (ang. post-baseline) wynosita > 500 ms (patrz punkty 4.2, 4.4 i 5.1 ChPL). Zgfaszanie podejrzewanych dziatari niepozadanych: Po
dopuszczeniu produktu leczniczego do obrotu istotne jest zgtaszanie podejrzewanych dziatari niepozadanych. Umozliwia to nieprzerwane monitorowanie stosunku korzysci do ryzyka stosowania produktu leczniczego. Osoby nalezace do
fachowego personelu medycznego powinny zgfasza¢ wszelkie podejrzewane dziatania niepozadane za posrednictwem Departamentu Monitorowania Niepozadanych Dziatari Produktéw Leczniczych Urzedu Rejestracji Produktow
Leczniczych, Wyrobow Medycznych i Produktow Biobdjczych, Al. Jerozolimskie 181C, PL-02 222 Warszawa, tel.: +48 22 4921 301, faks: +48 22 4921 309, strona internetowa: https://smz.ezdrowie.gov.pl. Podmiot odpowiedzialny:
Astellas Pharma Europe B.V., Sylviusweg 62, 2333 BE Leiden, Holandia. Numery pozwoleri na dopuszczenie do obrotu: EU/1/19/1399/001 — wydane przez Komisje Europejska. Kategoria dostepnosci: Produkt leczniczy wydawany
na recepte do zastrzezonego stosowania — Rpz.
Charakterystyka Produktu Leczniczego dostepna na stronie internetowej Europejskiej Agencji Lekdw http://www.ema.europa.eu lub na stronie www.astellas.com/pl/product-introductions/charakterystyki-produktow-leczniczych.
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Wysoce selektywny inhibitor kinazy tyrozynowej Brutona (BTK)'

CALQUENCE

00/0 REDUKCJA RYZYKA

PROGRES]I CHOROBY LUB ZGONU™

) 480 / REDUKCJA RYZYKA WYSTAPIENIA
O MiGoTANIA PRZEDSIONKOW

oraz
B 60 / IMNIEJSZENIE CZESTOSCH
0 WYSTEPOWANIA NADCISNIENIA
TETNICZEGO vs IBRUTYNIB™*

potwierdzone w badaniu head-to-head u chorych
zoporng lub nawrotowa PBL (randomizowane
badanie Il fazy typu non-inferiority ELEVATE-RR)®.

vu’l
ELEVATE-TN

ASCEND
ELEVATE-RR

CALQUENCE® ZNOSI NIEKORZYSTNE
ROKOWANIE CHORYCH NA PBL
ZWYSOKIM RYZYKIEM GENETYCZNYM

delecjg 17p i/lub mutacja TP53 i/lub
bez mutacji w zakresie genu IGHV ***2#

* Dotyczy kombinacji A+0 vs O+Clb HR (95% Cl): 0,10 (0,07; 0,17), P<0,00012

Dla A vs O+Clb HR (95% Cl): 0,19 (0,13; 0,28), P<0,0001, co daje 81% redukji ryzyka progresji lub zgonu?.

Na podstawie analizy danych z czteroletniego okresu obserwacji w ramach badania fazy 3 ELEVATE-TN2.

Wyniki analizy danych z szescioletniego okresu obserwacji w ramach badania fazy 3 ELEVATE-TN: A+O vs O+Clb HR (95% Cl): 0,14 (0,10; 0,20); P<0,0001; A vs O+Clb HR (95% Cl): 0,24 (0,17; 0,32); P<0,0001¢, co oznacza 76% redukcje ryzyka progresji lub zgonu®.
** Nadciénienie tetnicze HR (95%Cl): 0,34 (0,21-0,54). Migotanie przedsionkéw HR (95% Cl): 0,52 (0,32; 0,86) P<0,05. Pierwszorzedowy punkt koricowy; skutecznos¢ nie mniejsza niz leczenie kontrolne zostat osiagniety (HR=1,00; 95% Cl: 0,79-1,27)%.

*** ulGHV: A+0 vs O+Clb HR (95% Cl): 0,08 (0,05; 0,12); P<0,0001; A vs O+Clb HR (95% CI): 0,12 (0,08; 0,18); P<0,0001%.

del(17p) ifalbo mutacja TP53: A+O vs O+Clb HR (95% Cl): 0,28 (0,13; 0,59); P=0,0009; A vs O+Clb HR (95% Cl): 0,23 (0,10; 0,52)".

Na podstawie analizy danych z szescioletniego okresu obserwacji w ramach badania fazy 3 ELEVATE-TN®.

A - akalabrutynib. BTKi - inhibitor kinazy tyrozynowej Brutona. Clb - chlorambucyl. O - obinutuzumab.
1. Calquence-H-C-005299-X-0009-G: EPAR - Assessment report, EMA/38803/2023. 2. Sharman J.P. et al. Leukemia. 2022. doi:10.1038/541375-021-01485-x. 3. Byrd J.C. et al. J. Clin. Oncol. 2021. https://doi.org/10.1200/JC0.21.01210.

4. Sharman J.P. et al. Oral Presentation Presented at: ASH; December 9-12, 2023; San Diego.
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NOWE ZREFUNDOWANE WSKAZANIE:

W leczeniu dorostych pacjentéw z chtoniakiem rozlanym z duzych komérek B (ang. diffuse large B-cell lymphoma,
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zdarzen EFS w poréwnaniu z SOCT35
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Mutation status of immunoglobulin variable
heavy chain genes (IGHV) — from immunological
curiosity to forefront of diagnostics
in chronic lymphocytic leukaemia

Tomasz Stoktosa

Department of Tumour Biology and Genetics, Medical University of Warsaw, Poland

B lymphocytes, by producing antibodies, are responsible
for one of the two major arms of the immune response,
the humoral one. In order to catch up with the constantly
changing repertoire of pathogens and their new structures,
B cells developed during evolution unique mechanisms
involving manipulation with their genes to generate billions
of receptors from a limited set of genes. Some of these
mechanisms are shared with T lymphocytes, such as V-D-J
gene segment rearrangement, while some are unique to
B cells such as hypermutation of immunoglobulin genes.
The latter mechanism occurs in the peripheral lymphatic
organs upon antigen stimulation.

It has been exactly 25 years since two seminal pa-
pers published in 1999 in Blood by Damle et al. and
Hamblin et al. [1, 2] clearly indicated that the mutation-
al status of IGHV (immunoglobulin variable heavy chain
genes) does matter in the biology of chronic lymphocytic
leukaemia, a B-cell derived neoplasm, and represents an
independent prognostic factor. In the accompanying edi-
torial Naylor and Capra wrote: “most clinical laboratories
do not have the capacity to isolate and characterise IgV
gene sequences” [3].

We have come a long way since then, and fortunate-
ly this test has become the standard for all patients diag-
nosed with CLL. However, determination of IGHV status
still remains a challenge for many labs, even those with
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long experience in genetic diagnostics of haematological
malignancies.

In this issue of Acta Haematologica Polonica, Zawada
etal. [4] address comprehensively the current methodolo-
gy and reporting guidelines for IGHV mutational status in
CLL. This was an eagerly awaited publication. While sev-
eral laboratories in Poland have recently earned an ERIC
(European Research Initiative on CLL) society certificate
(orare in the process of acquiring one), many issues remain
problematic. There are doubts regarding methodology and
how to deal with problematic samples.

We have now two major techniques: one that em-
ploys ‘old’ Sanger sequencing, and the second being NGS
(next-generation sequencing). The authors explain in de-
tail both methods, presenting their pros and cons. Impor-
tantly, guidelines for reporting are carefully prepared and
discussed, including for problematic cases.

The only topic which has not been addressed by Za-
wada et al. is the financial challenge, this problem now
being a major one for most laboratories, namely how to
carry out all the molecular and cytogenetic tests that are
now mandatory in CLL, within the current financial limits.

However, this is probably a topic for a separate arti-
cle, especially given that this challenge is by no means
CLL-specific.
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Abstract

Polycythemia vera (PV) belongs to a group of myeloproliferative neoplasms (MPN). The diagnosis of PV is based on
the evaluation of complete blood count, bone marrow trephine biopsy samples, and molecular tests (confirmation
of the JAK2 mutation).

The main objectives of PV treatment include preventing thromboembolic complications, alleviating disease symptoms,
and lowering the risk of transformation to myelofibrosis, acute myeloid leukemia and myelodysplastic syndrome. Tak-
ing into consideration the long-term course of PV, the choice of therapy should be based on an analysis of the risks
resulting from the disease as well as from the adverse effects of the medication applied. In patients without risk
factors (age <60 years; no history of thrombosis), acetylsalicylic acid (ASA) and phlebotomy are recommended. Cyto-
reductive treatment is recommended in patients with poor tolerance of phlebotomy and with leukocytosis >20 G/L,
symptomatic progressive splenomegaly, significant thrombocytosis, persistent general symptoms of PV, and also in
patients with significant cardiovascular risk.

The therapy of choice in these patients is interferon o (IFNa). In a high-risk group of patients, (age =60 years and/or
a history of thrombosis), treatment with ASA and phlebotomy should be accompanied by cytoreduction: hydroxyurea
(HU) or, in the case of HU resistance/intolerance, ruxolitinib (RUX) or IFNo.

This paper discusses some aspects of the risk evaluation and summarizes the effectiveness of the available thera-
pies, and also presents diagnostic and therapeutic recommendations for PV.
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Introduction

According to the International Consensus Classification
(ICC) and to the 2022 classification of the World Health
Organization (WHO), polycythemia vera (PV) is included in
the group of myeloproliferative neoplasms (MPN), which are
neoplasms of the hematopoietic stem cell [1, 2]. On the
basis of population studies, the incidence rate of PV is es-
timated to be ¢. 1-1.5/100,000 people per year, with me-
dian age at onset 61 years, and with comparable incidence
in both sexes [3, 4]. In the pathogenesis of the disease, the
key role is played by the overactivity of the JAK-STAT (Janus
kinase/signal transducers and activators of transcription)
signaling pathway and the clonal hyperplasia of cells of
bone marrow origin, resulting in the overproduction of blood
morphotic elements, most expressed in the erythroid line.
The diagnosis of the disease is based on assessment of the
peripheral blood, molecular analysis, and histological
assessment of a trephine bone marrow sample. The most
significant characteristic of PV is polyglobulia. Additionally,
approximately half of the patients have thrombocytosis
and leukocytosis, and approximately one third have spleen
enlargement [5]. The bone marrow abnormalities involve
a typical picture of proliferation of all blood hematopoietic
lines (panmyelosis) [1, 2]. Amutation in exon 14 of the JAK2
gene (JAK2 Val617Phe), discovered in 2005, is responsi-
ble for the development of the disease in 97% of patients
with PV [6-8]. In other cases, mutations within exon 12
of the JAK2 gene or non-canonical mutations are found
[9-11]. Both at the moment of diagnosis and within the
course of the disease, patients may be asymptomatic or
present symptoms resulting from increased blood viscosity
and from microcirculation disorders. In the majority of PV
patients, the course of disease takes many years. It has
been proven, however, that patients’ predicted lifespan
is shorter than in the case of healthy people of the same
age, in particular among the younger patient population
[12]. The main cause of morbidity and mortality in patients
with PV comprises thromboembolic complications, both of
venous and arterial types. Moreover, as a result of chronic,
increased cell proliferation in the bone marrow and overpro-
duction of proinflammatory cytokines, some of the patients
may experience disease progression to post-polycythemia
vera myelofibrosis (PPV-MF). Where there is accumulation
of secondary cytogenetic and molecular events, inhibi-
tion of differentation may occur with the evolution of the
disease phenotype to the form resembling acute myeloid
leukemia (AML), which is associated with a significantly
worse prognosis [5].

Due to the phenotypically diverse patient population
and the long-term course of the disease, PV therapy must
be conducted based on the analysis of the risk of complica-
tions resulting from both the disease itself and the expected
prolonged exposure to the therapy used. The objective of

the treatment is, first of all, the prevention of thromboem-
bolic complications, alleviation of disease symptoms, and
the decrease of the risk of transformation to PPV-MF, AML
or myelodysplastic syndrome (MDS).

This article discusses some aspects of the risk evalu-
ation and summarizes the effectiveness of the available
therapies, and also presents diagnostic and therapeutic
recommendations for PV.

Prognostic factors

Factors affecting risk of progression

and survival time

In an international study carried out on 1,545 subjects
with PV, the independent risk factors for overall survival
(0S) were: leukocytosis >15 G/L, venous thrombosis and
defective karyotype [5]. The negative impact of persistent
leukocytosis on disease progression was also proven in
another recent study [13]. The risk of progression of PV
to MF and AML within 10 years is estimated to be 4.9-6%
for MF and 2-5% for AML. After 20 years, these risks are
estimated to be 26% and below 10% respectively [14]. The
risk factors of leukemia transformation comprise: old age,
defective karyotype, leukocytosis >15 G/L, and exposure to
such medications as pipobroman, radioactive phosphorus
(P32), chlorambucil, but not hydroxyurea (HU) or busulfan
[14]. The risk factors of MF transformation include the allele
burden of JAK2V617F exceeding 50%, the presence of bone
marrow fibrosis at the moment of diagnosing the condition,
and persistent leukocytosis [13, 15-17]. Some recent
studies have confirmed an adverse effect on OS caused
by defective karyotype, leukocytosis, and some mutations
not linked with JAK2, such as SRSF2 and IDH2 [18, 19].
The Mutation-Enhanced International Prognostic Scoring
System for Polycythemia Vera (MIPSS-PV) prognoses OS,
and the risk of MF or AML transformation, on the basis of
demographic, clinical and genetic data [19]. This model
was created on the basis of analysis of 404 PV patients,
and takes into consideration a negative role of unfavorable
spliceosome SRSF2 mutation, age above 67 years, leukocy-
tosis 215 G/L, and a history of a thromboembolic incident
[19]. This model is presented in Table I.

Next generation sequencing (NGS) suggests that more
than 50% patients with PV have other variants or muta-
tions thanthose linked withthe JAK2 gene, with the mutations
most frequently occurring in the TET2 (18%), ASXL1 (15%)
and LNK (3%) genes [19, 20]. The combined incidence
of unfavorable mutations (SRSF2, IDH2, RUNX1, U2AF1)
was estimated to be ¢.15%. These mutations were shown
to be negative risk factors for 0S, leukemia-free survival
or progression-free survival to myelofibrosis [19]. Addition-
al prognostic information obtained from NGS or karyotype
testing turns out to be very useful, but is not mandatory in
routine clinical practice. Additional studies are definitely
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Table I. Risk stratification for overall survival (OS) in polycythemia
vera on basis of MIPSS-PV model ([19]).

MIPSS-PV

A history of thrombosis 1 point
WBC 215 G/L 1 point
Age >67 years 2 points
SRSF2 mutation 3 points

Risk stratification and interpretation

Low risk 0-1 point; mOS 24 years
Medium risk 2-3 points; mOS 13.1 years
High risk >4 points; mOS 3.2 years

MIPSS-PV — Molecular International Prognostic Scoring System for PV; mOS — median overall
survival; WBC — white blood cells

needed to confirm the reliability of the MIPSS-PV model,
and to identify specific cytogenetic aberrations with prog-
nostic significance [21, 22].

Stratification of thrombotic risk

The traditional stratification of thrombotic risk in PV dis-
tinguishes between two categories of risk: high (age >60
years or a history of thrombosis) and low (the absence of
both risk factors) [23]. The occurrence of arterial or venous
thrombosis is the most important risk factor for subsequent
vascular events [23]. However, it should be stressed that
patients classified as low-risk have a significantly higher
rate of thromboembolic complications compared to sub-
jects of the same age without PV. Therefore, it is necessary
to revise the definition of high risk in PV [24]. Patients
with @ mean hematocrit (Hct) value of >45% compared to
patients with Hct <45% have a significantly higher risk of
vascular events and death (hazard ratio [HR] 3.91, 95%
Cl 1.45-10.53, p = 0.007) [25]. Some recent studies have
also identified hyperlipidemia and diabetes mellitus as risk
factors for arterial events, and leukocytosis >11 G/L and
major bleeding at diagnosis (defined as gastrointestinal,
internal organ, intra-articular, cerebrovascular, retroperi-
toneal or any bleeding requiring medical or surgical inter-
vention, hospitalization or leading to death) as risk factors
for venous thrombosis [26]. However, a systematic review
and meta-analysis of articles involving more than 30,000
patients suggest that leukocytosis above the upper limit of
normal plays an important role here in increasing the inci-
dence of arterial but not venous thrombotic incidents [27].
The negative effect of hypertension on arterial thrombosis
was demonstrated in another study [28], which listed individ-
ual cardiovascular risk factors important in predicting throm-
botic events; and also indicated the need to optimize acetyl-
salicylic acid (ASA) dosage, but the evidence was not strong
enough to distinguish the risk of thrombosis in the PV pa-
tients from the same risk in the general population [29, 30].

For this reason, the European Society of Cardiology risk
classification has been adopted as a reference for as-
sessing baseline vascular risk in PV patients [31, 32].
A calculator for the risk assessment is available at www.
heartscore.org [33]. In patients who have already experi-
enced their first thrombotic event, risk factors for recur-
rence include age >60 years as well as leukocytosis at
the time of the first event of arterial thrombosis in patients
below 60 [34]. Additional factors that increase the risk of
thrombosis include, in addition to leukocytosis, JAK2V617F
allele burden >50% and the frequency of phlebotomy [15,
27, 30, 34-37].

Diagnostics

The basic abnormalities in peripheral blood counts in which
PV is suspected comprise increased Hct and elevated he-
moglobin (Hgb) level. According to the 2022 WHO criteria,
an Hgb concentration of more than 16.5 g/dL in men and
16.0 g/dL in women or Hct >49% in men and >48% in wom-
en is necessary for the diagnosis of PV [1]. More than 50%
of patients have an increased platelet count and ¢.40% of
patients have an increased leukocyte count (mainly neutro-
phils, but basophilia may also occur) [1]. The diagnosis of
PV is based on close correlation of clinical, molecular and
histological data. The diagnostic criteria developed by the
WHO include blood morphology parameters, bone marrow
histology, the presence of JAK2 mutations, and decreased
endogenous erythropoietin (Epo) levels [1]. The diagnosis of
PV requires the fulfillment of all three major criteria or the
first two major criteria plus a minor one [1]. These criteria
are listed in Table Il. A sample of bone marrow trephine
biopsy (included in the WHO criteria as a major criterion)
is characterized by the proliferation of all three cell lines
— erythroid, granulocytic and megakaryocytic (called pan-
myelosis), and the presence of atypical megakaryocytes of
various sizes with hyper-lobulated nuclei [1].

The diagnostic criteria proposed by the ICC are the
same, except for the omission of a bone marrow biopsy
in patients with sufficiently high red blood cell parame-
ters, i.e. Hgb >18.5 g/dL or Hct >55.5% (men) and Hgb
>16.5 g/dL or Hct > 49.5% (women), the presence of
JAK2 mutation and decreased Epo levels [2]. However, it
should be emphasized that only histopathological exam-
ination of the bone marrow is able to detect the presence
of fibrosis (present in ¢.20% of PV patients), character-
istic of those patients at higher risk of transformation to
myelofibrosis [1, 16].

A cytogenetic assessment of bone marrow does not
make up part of the diagnostic standard for PV. At the
time of diagnosis, uncharacteristic aberrations are found
in c. 15% of patients [21]. The most common include tri-
somy 8, trisomy 9, del (13q), and del (20q). The frequency
of karyotype abnormalities increases over time, reaching
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Table Il. Diagnostic criteria of polycythemia vera according to World Health Organization 2022 [1]

Criteria
Major 1. Hgb >16.5 g/dL (men); >16.0 g/dL (women) or symptoms indicative of increased red blood cell volume or Hct
>49% in men and >48% in women or an increased red blood cell mass (>25%)
2. Hypercellular bone marrow with signs of erythroid, granulocytic, and megakaryocytic trilineage proliferation
3. V617F JAK2 mutation or JAK2 mutation in exon 12
Minor 1. Serum Epo concentration below normal

Hgb — hemoglobin; Hct — hematocrit; Epo — erythropoietin. For the diagnosis of PV, it is necessary to meet all three major criteria or major criteria 1) and 2) plus the minor one

80% in patients with a disease existing for more than
10 years [16].

Testing for the detection of JAK2 mutations makes
up a very important element of the diagnosis. In 96% of
patients with PV, a JAK2 gene V617F mutation is found
in exon 14. In patients who do not have a V617F muta-
tion, testing for mutations in exon 12 of the JAK2 gene
kinase should be performed [7, 9]. Non-canonical mu-
tations are detected in a very small proportion of pa-
tients [10]. Testing for these mutations is not routinely
performed, and neither is the determination of the vari-
ant allele frequency (VAF) in the JAK2 gene. In the era of
drugs which modify the natural course of the disease and
achieve molecular remission (MR), the measurement of
VAF is recommended at the diagnosis or at the start of
treatment with interferon o (IFNa) or ruxolitinib (RUX)
in order to trace the kinetics of changes during therapy
[23]. To date, studies of the kinetics of VAF alterations of
the JAK2 gene have been conducted as part of ongoing
clinical trials, and there are no clear recommendations
about how often they should be performed in routine clin-
ical practice [23]. In patients with PV, NGS testing to de-
tect the presence of additional mutations is not routinely
performed. However, it is known that mutations such as
ASXL1, SRSF2, IDH1/2, RUNX1 are present in ¢.15% of
patients, something which is associated with an unfavor-
able prognosis and increases the risk of transformation
to AML and PPV-MF [20, 23]. It is advisable to store the
DNA or RNA material for future evaluation, especially in
younger patients. NGS testing may also be considered
in patients with a clinical picture indicative of PV and with
the absence of JAK2 mutations.

Patients with a history of hemorrhagic diathesis should
be diagnosed for acquired von Willebrand syndrome (avWS)
with a qualitative assessment of von Willebrand factor
(VWF) — vWF:RCo or vVWF:GPIb [23].

Evaluation of treatment response

Currently, the aim of PV treatment is not only to im-
prove altered peripheral blood parameters (Hgb, Hct, leu-
kocyte and platelet counts), but also to reduce the severity
of subjective symptoms associated with disease activity.

Depending on the type of therapy undertaken, the methods

of assessing the results are diverse, comprising:

m Reduction in Hct and Hgb concentration;

m Restoration of normal leukocyte and platelet counts;

m Reduction in severity of complaints based on MPN-SAF
TSS (MPN Symptom — Assessment Form Total Symptom
Score) scores;

m Reduction of spleen size;

m Facultative assessment of molecular response during
therapy.

Table Il sets out the response criteria proposed by Eu-
ropean LeukemiaNet and IWG-MRT in 2013 [38, 39]. It
should be emphasized that evaluation of samples of bone
marrow trephine biopsy is only justified in clinical trials. In
practice, this is only performed when there are clinical or
laboratory signs suggestive of disease progression.

The assessment of molecular response is not yet used
in clinical practice and it does not form the basis for thera-
peutic decision-making. For the purposes of clinical trials,
it has been assumed that a complete molecular response
(CMR) should be recognized in the case of complete erad-
ication of the aberration demonstrated previously, whilst
a partial molecular response (PMR) should be recognized
in the case of a >50% reduction in VAF. However, PMR can
only be diagnosed in patients with baseline VAF >20%.

When HU therapy is used, ¢.20% of patients develop
intolerance or resistance to the medication. The proposed
criteria for the diagnosis of this condition are listed in Ta-
ble IV [31].

Results of studies evaluating efficacy
of phlebotomy for treatment of PV

Phlebotomy, makes up a significant part of PV treatment on
account of the fast reduction of the Hct value, alleviating
the disease symptoms, and also because of its lack of
cytotoxic potential [23, 40]. The results of this procedure
comprise a secondary absolute iron deficiency condition,
whereas the primary goal is the reduction of Hct to <45%
in men and <42% in women [44, 42]. According to the CY-
-TO-PV study, maintaining Hct below 45% with phlebotomy
or HU significantly reduces the risk of cardiovascular death
and major thromboembolic complications [25]. Current
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Table lll. Revised evaluation criteria of treatment response in patients with polycythemia vera proposed by European LeukemiaNet and
IWG-MRT in 2013 [38, 39]

Response evaluation criteria

Resolution of disease-related signs for 212 weeks, including hepatosplenomegaly in physical examination,
significant improvement of large disease-related symptoms®

B Improvement of peripheral blood parameters for >12 weeks, including Hct <45% without need for bloodlet-
ting, PLT <400 G/L WBC <10 G/L, absence of leukoerythroblastosis in blood

© Absence of signs of progressive disease or new hemorrhagic of thrombotic complications

D Bone marrow histological remission including disappearance of megakaryocyte hyperplasia and absence of

>grade 1 reticulin fibrosis

Response evaluation

Complete remission Al criteria are met

Partial remission A + B + C criteria are met

No remission Any response which does not meet criteria of partial remission
Progressive disease  Transformation to PPV-MF, MDS or AML®

AML — acute myeloid leukemia; Hct — hematocrit; IWG-MRT — International Working Group - Myeloproliferative Neoplasms Research and Treatment; MDS — myelodysplastic syndrome; MPN-SAF TSS — MPN
Symptom Assessment Form Total Symptom Score; PLT —platelets; PPV-MF — post polycythemia vera myelofibrosis; WBC — leukocyte count; WHO — World Health Organization

Remarks: ° Evaluation of disease severity should be performed with use of MPN-SAF TSS. A diagnosis of sustained remission/disease remission is possible in cases of a response persisting at least 12
weeks. Significant improvement in symptom severity is defined as a reduction in disease-related symptom severity 210 points assessed with use of MPN-SAF TSS.

® Diagnosis of progression to PPV-MF: diagnosis of a specific form of myelodysplastic syndrome or acute myeloid leukemia should be confirmed on basis of criteria proposed by IWG-MRT and WHO 2016.

Table IV. Hydroxyurea intolerance and resistance criteria [31]

Resistance Intolerance

After 3 months of treatment with a dose of >2¢g/d (or 2.5 g/d in persons  During treatment with lowest HU dose making it possible

>85 kg body mass): to achieve at least a partial clinical response*:
need for phlebotomy in order to maintain Hct <45% ANC <1,000 G/L

OR OR

PLT >400 G/L AND: WBC >10 G/L PLT <100 G/L

OR OR

Less than 50% reduction in the size of the spleen palpable under left Hgb <10 g/dL
costal margin in palpation examination (refers to initial spleen size 210

cm below lest costal margin)

OR

lack of resolution of any symptoms related to splenomegaly

OR

ELN criteria*

After 3 months of treatment with any HU dose:

PLT >1,000 G/L
OR
microcirculation symptoms
OR
increasing leukocytosis (=100% increase if baseline WBC <10 G/L
OR
>50% increase if baseline WBC >10 G/L
OR
persistent leukocytosis >15 G/L
After one year of HU treatment in a tolerated dose: During treatment with any HU dose:
symptomatic or increasing splenomegaly (by >5 cm under left costal Development of one of following symptoms:
margin (palpation assessment) lower leg ulceration
OR
need for 26 phlebotomies to maintain Het <45% nonmelanoma skin carcinoma
OR OR
increased constitutional symptoms (HU dose >1.5 g/d for 24 months): skin and mucosal symptoms
MPN-SAF TSS >20 points vascular complications: clinically significant bleeding,
OR venous or arterial thrombosis
untreatable persistent skin itching for at least 6 months gastrointestinal symptoms

pneumonia or fever
each HU intolerance other than grade 3 or 4 or prolonged
grade 2 HU toxicity according to CTCAE

*Clinical response criteria in polycythemia vera according to ELN. ANC — absolute neutrophil count; CTCAE — Common Terminology Criteria for Adverse Events; ELN — European LeukemiaNet; Hct — hemato-
crit; Hgb — hemoglobin; HU — hydroxyurea; MPN-SAF TSS — Myeloproliferative Neoplasm Symptom Assessment Form Total Symptom Score; PLT — blood platelets; WBC — leukocytes
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recommendations indicate the use of phlebotomy together
with ASA especially in the treatment of low-risk PV and in
younger patients. In recent years, the role of phlebotomy
has been increasingly debated, mainly due to the increased
risk of embolic/thrombotic complications compared to oth-
er therapies, the suboptimal efficacy in maintaining a stable
Hct <45%, and the impact on quality of life.

A retrospective study of a population of 533 patients
with PV treated with HU showed that intensive phlebotomy,
defined as more than three uptakes per year, was associat-
ed with an increased risk of thrombosis [37]. MAJIC PV is an-
other study, suggesting that the average number of fleboto-
mies within the first three years of therapy correlates with
a shorter time to first thrombotic incident [43]. The results
of this study also suggest that new drugs, such as JAK inhib-
itors or ropeginterferon alpha 2b (ropeglFNa-2b), may offer
a valuable alternative to conventional treatments (including
phlebotomy), offering similar efficacy in controlling Hct and
potentially reducing the risk of thrombotic complications
[43, 44]. Inadequate control of Hct levels and hyperplasia
secondary to iron deficiency may turn out to be risk fac-
tors for embolic incidents in this patient population [45].
A further problem is the lack of data confirming that phle-
botomy can independently maintain stable Hct levels in
low-risk PV [46]. Additionally, the PVSG and ECLAP stud-
ies have shown that HU cytoreductive therapy is more ef-
fective in protecting against thrombosis than phlebotomy
alone [47]. It is noteworthy that phlebotomies do not con-
trol leukocytosis, which is associated with an increased
risk of arterial thrombosis, nor have the potential to re-
duce VAF JAK2V617F and, therefore, they cannot modify
the course of the underlying disease, including the rate of
thrombotic complications, whilst their risk increases with
VAF values >50% [46].

Iron deficiency, which is secondary to phlebotomy, is
connected with an excessive production of HIF2-alpha (hy-
poxia-inducible factor 2 alpha), which stimulates the self-re-
production of hematopoietic stem cells (HSC) and increases
the release of CD34+ cells from the bone marrow. These
cells, when deposited in the spleen and other tissues, in-
crease extramedullary hematopoiesis [48]. Megakaryo-
cytes taken from iron-deficient individuals show increased
expression of the HIF2-alpha protein compared to cells
taken from non-iron-deficient individuals [49]. HIF2-alpha
stimulates the expression of vascular endothelial growth
factor (VEGF), which enhances megakaryocytopoiesis [49].

Improvement of the patients’ quality of life constitutes
a vital objective of PV therapy [46, 50]. Phlebotomy, by
means of reducing the Hct values, may reduce symptoms
associated with hyperviscosity, but it cannot reduce the se-
verity of pruritus or decrease splenomegaly. Chronic iron
deficiency induced by phlebotomies can cause headaches,
insomnia, difficulty in concentrating, dizziness, and rest-
less legs syndrome [51, 52]. Additionally, in children and

pregnant women, there is a risk of growth impairment, and
there is a risk of delay of intellectual development in chil-
dren and foetuses. Phlebotomies are commonly used in
children, but the target Hct values are not clearly defined;
the most commonly recommended Hct values for children
are reductions of less than 45% and 48% [53]. In pregnan-
cy, the target for phlebotomy is an Hct value <45% [54].

In conclusion, phlebotomy remains an important tool
in the treatment of PV, but its use should be considered
and tailored to the individual patient.

Results of studies evaluating efficacy
of hydroxyurea

So far, HU has been the standard first line cytoreduc-
tive treatment used in order to decrease blood cell num-
bers in high risk PV patients [55]. HU therapy effectively
achieves rapid cytoreduction in this patient group and has
a favorable safety profile.

About 90% of patients respond to HU therapy, with 24%
achieving a complete response and 66% a partial response,
but 25% of the treated group develop resistance or intoler-
ance, so some patients still require periodic phlebotomies
to maintain the desired Hct level [47, 56]. Around 25% of
patients discontinue therapy, most commonly due to a lack
of response or a suboptimal response. Other reasons for
discontinuation of HU therapy include drug intolerance or
disease progression [57-61]. The factors associated with
HU resistance or intolerance comprise low initial Hgb lev-
els, age over 60, and splenomegaly [60]. HU resistance
and intolerance are unfavorable prognostic factors in PV,
as they increase the risk of disease progression to PPV-MF
or AML, although there is no evidence of direct association
between HU resistance or intolerance and PV progression
to AML [57, 61]. The risk of PV transformation to myelofi-
brosis 5 and 10 years after the onset of the disease is 3%
and 17%, respectively, in patients with HU resistance or
intolerance, and 1.5% and 6.7% in other patient groups.
Higher rates of transformation after five years are observed
in patients who fail to reduce massive splenomegaly (14%
vs. 1.6%) and in those who develop cytopenias (10% vs.
1.6%) [61]. Analysis of individual resistance and intoler-
ance criteria has shown that the development of cytope-
nias during HU treatment correlates with an increased risk
of progression to AML (28% vs. 0.8% over five years) [61].

The PSVG study consisted of a comparison of the effect
of HU and phlebotomy on the risk of thrombosis [62]. The
study compared 51 patients treated with HU in combination
with phlebotomy to a group of 134 patients who received
phlebotomy only. The analysis made after 378 weeks of
therapy showed that the incidence of thrombotic events in
patients treated with HU together with phlebotomy (9.8%)
was significantly lower than in the control group (32.8%,
p = 0.009), while the incidence of AML was higher in this
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group (5.9% vs. 1.%, p = 0.18), although the difference
was not statistically significant. The authors of this study
suggested that younger patients who require complemen-
tary cytoreductive therapy in addition to phlebotomy should
be treated with IFNa due to its lack of leukemogenic and
teratogenic effects, and the possibility of achieving cyto-
genetic remission in some of them [62]. The efficacy of
HU compared to phlebotomy was also the subject of the
large, multicentre ECLAP trial comprising 1,042 subjects,
treated with phlebotomy alone (n = 342) or HU (n = 681)
during a follow-up in order to maintain Hct below 45% [56].
The rate of patients with a target Hct below 45% after
12 months was higher in the HU group compared to the pa-
tients treated with phlebotomy (52% vs. 31%, p < 0.0001).
In high-risk patients (above 60 years or with a history of
thrombosis), the rate of fatal and non-fatal cardiovascu-
lar events was significantly lower in the HU-treated group
(4.8 vs. 8.7/100 patient-years in the HU vs. phlebotomy
group), and so was the rate of transformation to myelofibro-
sis (0.1 vs. 1.5/100 patient-years in the HU vs phlebotomy
group) and mortality (0.1 vs. 0.5/100 patient-years in the
HU vs. phlebotomy group). The percentage of mortality and
cardiovascular events was significantly higher in patients in
the phlebotomy group who did not reach the target Hct level
of <45% (p = 0.000) compared to the HU-treated patients
[56]. Another retrospective, single-centre study involving
470 patients compared the effect of IFN«, HU and phle-
botomy alone on myelofibrosis-free survival (MFS) and 0S
[63]. The mean follow-up period was 10 years (range 0 to
45). Out of 437 patients, 208 belonged to a high-risk group
(44%). HU was administered in 189 patients (40%), IFNa in
93 patients (20%), phlebotomy in 133 patients (28%), and
other cytoreductive drugs in 55 patients (12%). In low-risk
patients, 20-year MFS was 84% for IFNa, 65% for HU, and
55% for phlebotomy, respectively (p <0.001), and 20-year
0S was 100%, 85%, and 80%, respectively (p = 0.44). In
the high-risk group, 20-year MFS was 89% for IFNa, 41%
for HU, and 36% for phlebotomy (p = 0.19), while 20-year
0S was 66%, 40%, and 14%, respectively (p = 0.016). Mul-
tivariate analysis revealed that a longer duration of IFNa
use was associated with a lower risk of developing myelo-
fibrosis (relative risk [HR]: 0.91, p = 0.012) and a lower
mortality (HR: 0.94, p = 0.012) [63]. The majority of study
results confirm the absence of a leukemogenic effect of HU,
but the long-term use of HU is associated with a 20% risk
of developing skin cancers other than melanoma [64, 65].

Results of studies evaluating efficacy
of interferon alpha

Interferons (IFNs) are cytokines with anti-inflammatory,
immunomodulatory and anti-tumour effects. Several sub-
types of these molecules function in the healthy human
body, but, in this group only IFNa has a therapeutic use in

the treatment of myeloproliferative neoplasms [66]. It is
characterized by a strong proapoptotic effect, also shown
against progenitor cells with the presence of JAK2 kinase
mutations. The forms of recombinant IFNa originally used
in MPN therapy were characterized by a short half-life and
an unfavourable safety profile, which was the cause of
numerous treatment failures [66]. The modification of re-
combinant interferon by attaching a biocompatible polymer,
polyethylene glycol (Peg), to the IFNa molecule allowed the
half-life to be extended, thus reducing the frequency of use
(to once weekly) and the toxicity [66].

A further structural modification (ropegylation) resulted
in an Increase in the half-life of the drug and an increase in
the intervals between IFNo administrations to two weeks and
a further reduction in toxicity. Peginterferons, while retain-
ing their proapoptotic efficacy, activate the immune system
to a lesser extent, leading to a significantly more favourable
profile of side effects. The efficacy of modified forms of IFNa
in PV therapy has been confirmed in numerous studies. Early
phase Il and Il studies evaluating the safety and efficacy of
PeglFNa 2a and 2b included groups with different MPNs, and
different criteria were used to assess response. The stud-
ies analysing PegIFNa 2a included both patients with newly
diagnosed high-risk PV (MPD-RC-112 study) and patients with
HU resistance or intolerance (MPD-RC-111 study) [67, 68].
In the population of previously treated patients, the re-
sponse rate (complete and partial remissions) achieved after
12 months of PeglFNa treatment was 60%. The medication
used in the first-line treatment made it possible to achieve
a 78% response rate, and this percentage was comparable
to that obtained in the hydroxyurea arm. Complete hema-
tological remission (CR) was achieved in 22% and 30% of
those treated with HU and those not receiving any treat-
ment prior to PegIFNa, respectively. In subsequent years
of follow-up, the percentage of complete remissions in the
IFNo-treated patients increased as opposed to the HU-treat-
ed group [67, 68].

In recent years, the results of studies conducted ex-
clusively with ropeglFNa-2b have been published. In the
PEGINVERA trial, a reduction in toxicity and an improvement
in treatment efficacy were reported [69]. Most side effects
were mild and transient, while severe symptoms were report-
ed in 19.6% of patients (two depressive episodes, thyroid
dysfunction, atrial fibrillation, arthritis, flu-like syndrome, fe-
brile states, and increased transaminase activity). The per-
centage of CR achieved in the study was 64.3% at 2-year
follow-up, while partial hematological remission (PR) was
33%. The time to CR was relatively long at 34 weeks; and the
time interval to hematological response was 10 weeks. Once
aresponse was achieved, the drug was administered at a re-
duced frequency i.e. every four weeks, with no loss of thera-
peutic effect. Therapy with ropegIFNa-2b resulted in a slow
reduction in the mutant allele burden, and a CMR of 28.6%
was achieved. The median time to CR was 82 weeks [69].
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Subsequent studies (PROUD-PV and CONTINUATION-PV)
comparing ropeglFNa-2b to HU confirmed the efficacy and
good tolerability of this form of the drug [44, 69]. The study
included 257 patients. RopegIFNa-2b was administered
subcutaneously every two weeks at an initial dose of
100 pg. After 12 months, the primary endpoint, i.e. CR
and normalization of spleen size, was achieved in 21%
of patients in the ropegIFNa-2b group and in 28% of the
HU-treated patients (p = 0.23). CR without normalization
of spleen size was observed in 43% vs. 48%, respectively
(p = 0.63). The response rate to ropeglFNa-2b increased
over time. The assessment made at 36 months revealed CR
in 71% of patients treated with ropeglFNa-2b and in 51%
of those receiving HU (p = 0.012). Moreover, CR, reduction
in splenomegaly and decrease of the symptoms related to
microcirculatory disorders, pruritus and headaches were
observed in 53% of patients treated with ropeglFNa-2b
and 38% of patients in the HU group (p = 0.044). A progres-
sive reduction in VAF JAK2VE17F was also observed in the
ropeglFNa-2b-treated group. After 36 months of ropeg|FNao-
2b therapy, VAF decreased from 42.8% to 19.7%, whereas
in HU-treated patients the reduction was only transitory and,
at 36 months, VAF was not significantly different from the
baseline values. Tolerability of ropeglFNa-2b was good.
The most common grade 3 and 4 adverse events in the
ropeglFNa-2b-treated group were the elevations of GGTP
(gammaglutamyltranspeptidase) (6%) and ALT (alanine
transaminase) (3%), and in the HU group were leukopenia
(5%) and thrombocytopenia (4%). Grade 3 and 4 depres-
sion was observed in 2% of patients in each group [44].
The efficacy of ropeglFNa-2b was also evaluated in
low-risk PV patients, in whom the drug was compared to
flebotomy [70]. The primary objective of the study was
to assess the proportion of patients with Hct <45% and
without adverse events (thrombotic complications, bleed-
ing, progressive leukocytosis, symptomatic or very high
thrombocytosis, symptomatic splenomegaly). The primary
objective was achieved in 84% of patients in the ropegIFNa-
-2b group compared to 60% in the standard arm (p = 0.008).
What's more, the patients in the ropeglFNa-2b group
required fewer phlebotomies: 43% vs. 57%, had fewer gen-
eral symptoms assessed according to the MPN Symptom
Assessment Form Total Symptom Score (MPN-SAF TSS)
(p=0.033), and had significant reductions in splenomega-
ly, leukocytosis and platelet count. No differences were ob-
served in the frequency of >3 grade adverse events in the
two groups: 6% (ropeglFNa-2b) vs. 8% (phlebotomy) [70].

Results of studies evaluating efficacy
of ruxolitinib

The drug registered for the treatment of PV patients mani-
festing resistance or intolerance to HU is ruxolitinib (RUX).
In 2014, Vannucchi et al. [71] published the results of

arandomized phase Ill trial (RESPONSE trial) comparing the
efficacy of RUX and best available therapy (BAT) in a group
of 222 PV patients with splenomegaly, resistant or intoler-
ant to HU. The study showed significantly better efficacy of
RUX compared to BAT with respect to both Hct control and
reduction of overall symptoms. The primary study objective
of Hct control and spleen size reduction of at least 35% was
achieved in 21% of patients in the RUX group, but in only
1% in the BAT group (p <0.001). Hct control was observed
in 60% of patients receiving RUX and 20% in the BAT group.
CR was achieved by 24% of patients treated with RUX com-
pared to 9% in the BAT group (p = 0.003). Better control of
general symptoms was also observed among RUX-treated
patients. At week 32 of the study, at least a 50% reduction
in MPN-SAF TSS symptom severity was achieved by 49%
vs. 5% of patients, respectively. A gradual reduction in
VAF JAK2 was also observed in the RUX group (maximum
mean reduction: -34.7% at week 112). The assessment of
treatment complications concerned the first 32 weeks
of the study, as after this time most patients were switched
to the RUX arm. Treatment tolerability was good, yet herpes
zoster infections were more frequently observed in patients
treated with RUX (6% vs. 0%). On the basis of the results of
the RESPONSE trial, RUX was registered for the treatment
of PV patients resistant or intolerant to HU [71]. Similar
results were observed in the RESPONSE 2 trial, which in-
cluded patients with PV refractory or intolerant to HU, but
without splenomegaly [72]. Hct control was achieved in
62% of patients in the RUX group and 19% in the BAT group
(p <0-0.001) [72]. However, it should be noted that in
both RESPONSE studies, about one half of the patients
in the BAT group received HU [71,72].

The RELIEF study assessed the efficacy of RUX com-
pared to HU in patients who had good Hct control yet with
general symptoms [73]. The primary objective of the study
was to assess the proportion of patients who experienced
at least a 50% reduction in MPN-SAF TSS-assessed symp-
toms after 16 weeks of treatment. This percentage was
higher in the RUX-treated group compared to HU-treated
patients (43.4% vs. 29.6%, respectively), yet the difference
was not statistically significant, although RUX was signifi-
cantly more effective in reducing pruritus [73].

The phase Il MAJIC-PV study evaluated the efficacy of
RUX versus BAT in 180 HU-resistant/intolerant patients
[43]. The BAT group was treated with HU (32%), IFNa
(15%), and HU together with IFNa (12%). Patients treat-
ed with RUX were significantly more likely to achieve CR
(43% vs. 26%; p = 0.02), and their response lasted longer
(p < 0.001). Event-free survival (EFS), defined as time free
from major thrombotic/hemorrhagic episodes and trans-
formation or death, was significantly longer in the patients
who achieved CR (p = 0.01) and those treated with RUX
(p = 0.03). Patients treated with RUX were more likely to
have a >50% reduction in VAF JAK2 (56% of patients after
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48 months of follow-up in the RUX group versus 26% of
patients after a median follow-up of 36 months in the BAT
group, p <0.001). Infections, mostly respiratory and gen-
itourinary infections and herpes zoster, were significantly
more frequent in the RUX-treated patients (27 vs. 12 grade
3/4 infections, respectively). Skin squamous cell carcino-
ma was also more common in the RUX group (11 vs. O,
respectively) [43].

Recommendations concerning treatment
of patients with PV

Irrespective of the risk group, the treatment goals for pa-
tients with PV are unchanged and include [31]:

1) Reduction of risk of thromboembolic complications.
2) Reduction of symptoms resulting from disease.

3) Reduction of risk of disease progression to MF and AML.

In each risk group and at each stage of treatment, ef-
forts should be made to eliminate or minimize cardiovas-
cular risk factors (CVRFs) independent of PV, such as the
normalization of body weight, adequate control of blood
pressure values, control of lipid metabolism, normaliza-
tion of serum glucose levels and stopping smoking [74].
The use of hormonal contraceptives is contraindicated,
whilst hormone replacement therapy should only be used
when the benefits of such treatment outweigh the risk of
embolic complications.

In patients with newly diagnosed PV, irrespective of risk
group, phlebotomy should be performed to reduce quickly
the Hct values. The frequency of phlebotomies should be
adjusted to the resolution of subjective symptoms associ-
ated with polycythemia or the rate of Hct decline and the
planned time period to achieve the desired Hct value, as
well as the tolerability of the procedures. After each pro-
cedure, the lost blood volume should be replenished with
the administration of 0.9% NaCl solution. The frequency
of the procedure (every two days or twice a week) as well
as the volume of successive phlebotomies (250-400 mL)
should be determined individually for each patient depend-
ing on comorbidities (especially cardiovascular conditions)
and the dynamics of Hct decrease after subsequent pro-
cedures [70].

Recommendations concerning treatment
of low-risk PV patients

Low-risk patients are a group that requires special care
when choosing a therapeutic strategy. According to classi-
cal prognostic criteria, they are young patients (<60 years
old) who have never had a thromboembolic incident. In
this group of patients, in addition to the reduction of the
risk of thromboembolic complications and the reduction
of symptoms resulting from the disease, the expect-
ed long-term course of the disease and, consequently,

the significant probability of developing both PPV-MF and
AML in the future, should be taken into account.

The CYTO-PV study showed a clear benefit of the strat-
egy of maintaining hematocrit <45%, reducing the rate of
thromboembolic complications [25]. In order to reduce red
blood cell parameters in patients with low-risk PV, it is ad-
visable to perform phlebotomy first. However, it should be
keptin mind that not all patients tolerate phlebotomies well,
and a repetition of this procedure may lead to the develop-
ment of tissue iron deficiency and secondary thrombocytho-
sis resulting in increased microvascular symptoms [75].
The most recent European LeukemiaNet (ELN) recommen-
dations have identified groups of patients with low-risk PV
who may benefit from the inclusion of cytoreductive treat-
ment (see Tab. V) [31]. The choice of treatment in this group
of patients should take into account the expected long-term
exposure to the selected drug. Due to the time-dependent
skin complications, as well as the lack of effect of HU on
the eradication of the JAK2 mutant clone, the use of this
drug is not recommended in patients with low-risk PV. Con-
sidering the results of the Low-PV study, which confirmed
the safety of ropegIFNa-2b and proved its superiority in he-
matocrit control over phlebotomy treatment, ropegIFNa-2b
is the drug of choice in this patient group [46].

Recommendations concerning treatment
of high-risk PV patients

High-risk PV patients require cytoreductive treatment in
addition to phlebotomies [31]. The drugs of first choice com-
prise HU or IFNa. The initial dose of HU is usually 0.5 g twice
daily, and then it should be modified to keep Hct below 45%.
Approximately 25% of patients experience drug ineffec-
tiveness or intolerance. Adverse effects that HU can cause
include cytopenias, mucosal and skin ulcerations, gastro-
intestinal intolerance, fever, and skin lesions including
non-melanoma skin tumors. It is important to emphasize
the need to carefully collect medical history and assess the
skin condition during and assessthe skin condition during
follow-up visitis of patients treated with HU.

Currently, the drug recommended for first-line PV ther-
apy, especially in younger patients, is IFNa [23]. It is be-
lieved that its use may lead to bone marrow histology re-
sponse, a reduction in VAF JAK2, and a decrease in the
incidence of PV transformation to MF [23]. In 2020,
the European Medicine Agency (EMA) approved ropeglFNa-
-2b for the treatment of patients with PV without significant
splenomegaly.

In Poland, ropeglFNa-2b therapy is reimbursed for
the following indications: 1) young high-risk patients with
indications for cytoreductive therapy; 2) patients intoler-
ant of or refractory to HU therapy; and 3) pregnant women.

It should be noted that the ELN experts claim that
patients who are classified as low risk according to the
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Table V. Recommendations concerning cytoreductive pharmacotherapy in low-risk PV patients proposed by ELN experts [31]

Cytoreductive treatment in low-risk PV patients

Recommended 1. Poor tolerance to phlebotomy, defined as recurrent syncope episodes following phlebotomy in spite of pre-
ventive measures, or hematophobia, leading to avoidance behaviours or significant difficulties in obtaining

venous access (consensus: 100%)

2. Progressive symptomatic splenomegaly (spleen increase by >5 cm within last year) provided that transfor-
mation to myelofibrosis has been ruled out (consensus: 85%)

3. Persistent leukocytosis (leukocyte count >20 G/L confirmed at 3 months without therapy (consensus:

85%)

To be considered 1. Progressive leukocytosis (increase by at least 100%, with baseline count <10 G/L, or increase by at least
50%, with baseline count >10 G/L) and persistent leukocytosis >15 G/L, confirmed within 3 months (con-

sensus: 80%)

2. Significant thrombocytosis (>1,500 G/L), bleeding manifestations regardless of platelet count, or both

(consensus: 85%)

3. Suboptimal hematocrit control following phlebotomy, i.e. need to perform at least 6 phlebotomies per year
for at least 2 years in maintenance therapy after obtaining hematocrit below 45% in induction therapy

(consensus: 80%)

May be considered 1. Severe general symptoms (total symptoms score in MPN-SAF TSS form >20 points) or persistent and seve-
re itching (itching score >5 points), which do not resolve after phlebotomy, antiplatelet therapy or antihista-

mine medications (consensus: 93%)

2. Individualized in cases of patients with significant cardiovascular risk provided that primary prophylaxis

was applied (consensus: 85%)

ELN — European LeukemiaNet; MPN-SAF TSS — Myeloproliferative Neoplasm Symptom Assessment Form Total Symptom Score; PV — polycythemia vera

conventional index, but who are burdened with the fac-
tors listed in Table V, should be considered as high-risk pa-
tients (requiring the implementation of cytoreductive treat-
ment) [23]. The preferred drug in this group of patients is
ropeglFNa-2b. When considering whether to administer
ropeglFNa-2b, it is necessary to be aware of potential con-
traindications to this drug such as end-stage renal failure
(glomerular filtration rate [GFR] <15 mL/min/1.73m?), se-
vere cardiovascular disease (uncontrolled hypertension,
congestive heart failure in NYHA [New York Heart Associa-
tion] class >2, severe cardiac arrhythmias, significant coro-
nary stenosis, unstable angina pectoris), the presence of
autoimmune disease, and serious psychiatric disorders,
especially severe depression with a history of suicidal ide-
ation or attempted suicide. Compensated cirrhosis (Child-
Pugh stage A) is not a contraindication for ropeglFNa-2b
[76]. During the treatment, regular mood assessment and
control of biochemical parameters are required: the levels
of aspartate aminotransferase (AST), ALT, GGTP, thyrotropic
hormone (TSH), and creatinine. The dose is adjusted indi-
vidually for each patient starting at the recommended dose
of 100 ug (or 50 pg in patients receiving other cytoreduc-
tive treatment). The dose should be gradually increased by
50 g every fortnight (with a concomitant, gradual reduction
of other cytoreductive treatment, if applicable) until stabili-
zation of hematological parameters is achieved. The maxi-
mum recommended single dose is 500 ug injected every
fortnight [76]. In a clinical trial conducted on polycythemia

vera, the mean adjustment period for an individual dose of
ropeglFNa-2b was 3.7 months of drug administration and
for HU was ¢.2.6 months [76].

In patients with resistance or intolerance to HU (the cri-
teria are listed in Table V), treatment with a previously un-
used drug is recommended: RUX or IFNa [23]. When RUX
is administered at an initial dose of 10 mg bid, a higher
propensity for infectious complications (mainly herpes zos-
ter) and skin lesions (non-melanoma skin cancers) must
be taken into consideration [43].

In older persons, i.e. >65 years, or patients refractory/
/intolerant to other therapies, busulfan can be used [23].
However, the use of this drug requires special caution due
to its potential irreversible myelotoxic effect. Treatment is
initiated at a dose of 2-4 mg/day and should be reduced
if the platelet count falls below 150 G/L or the leukocyte
count below 5 G/L, while a reduction in platelet count below
100 G/L or leukocyte count below 3 G/L requires discon-
tinuation of the drug. The effects of busulfan may persist
for a long period after discontinuation of therapy.

Therapy recommendations for patients with PV are list-
ed in Figure 1.

Antithrombotic prophylaxis and treatment

The most important preventive measure is to maintain Hct
values <45% in men and <42% in women. Recent expert
recommendations recommend even lower target Hct values
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Polycythemia vera

!

Age, thrombotic episodes

<60 years, without thrombosis

Low risk
Additional
risk factors*
ASA + Preferred
phlebotomies IFNox

>60 years or history of thrombosis
High risk

N

HU IFNa

Resistance/intolerance

RUX or IFN« HU

Resistance/intolerance

RUX or IFNa RUX

Figure 1. Recommendations for the treatment of polycythemia vera. “As shown in Table V. ASA — acetylsalicylic acid; IFNa — interferon alpha;

HU — hydroxyurea; RUX — ruxolitinib

(40-42%) for patients with persistent symptoms of blood
hyperviscosity, such as erythromelalgia, transient ocular
ischemic episodes, headache, dizziness or amaurosis fu-
gax, despite lowering Hct <45%, if there is a demonstrable
benefit of such an option [77].

In low-risk PV patients, the administration of low-dose
ASA (40-100 mg) once per day has a documented anti-
coagulant efficacy [78, 79]. Antiplatelet treatment reduc-
es the incidence of venous thrombosis in patients with
a JAK2 gene mutation present, as well as the incidence
of arterial thrombotic episodes in patients with coexist-
ing cardiovascular risk factors [78]. The administration of
ASA twice per day should be considered in patients with
co-occurring cardiovascular risk factors, leukocytosis or the
presence of microvascular symptoms, despite low doses
of the drug. ASA should be administered twice per day in
high-risk patients after an episode of arterial thrombosis
[80]. Cardiovascular risk should be assessed at baseline
and once per year with a validated risk assessment scale,
e.g. QRISK score or SCORE risk [74, 81]. The details of
thromboprophylaxis are presented in Table V.

Treatment of acute thrombotic episodes

The therapy of acute thrombotic complications should fol-
low current guidelines on thrombosis treatment. In cases

where the thrombotic complication is the first manifestation
of the disease, cytoreductive treatment should be imple-
mented immediately. The management should also include
phlebotomy to reduce Hct to <45% [80]. In patients with
newly diagnosed PV, as well as in those who develop throm-
botic complications during cytoreductive treatment, the
therapeutic management should be optimized so that
the blood morphotic values remain within the desired
range. Thus, in cases of arterial thrombosis, treatment
with low doses of ASA should be implemented immediately,
together with specialist consultations (e.g. a cardiologist in
a case of coronary thrombosis, a neurologist/neurosurgeon
in a case of cerebral arterial thrombosis) — it is necessary
to follow the current specialist recommendations [81, 82].
In cases of venous thrombosis, it is advisable to start anti-
coagulation treatment with low-molecular-weight heparins,
with a switch to vitamin K antagonist (VKA) treatment
according to current guidelines [81, 82].

In patients with an unprovoked episode of venous
thrombosis, it is recommended to use long-term antico-
agulation with VKA or DOACs (direct oral anticoagulants)
for secondary prevention, taking into account the current
hemorrhagic risk, including avWs [80]. A similar approach
should be applied in cases where visceral venous throm-
bosis is confirmed and cerebral venous thrombosis is di-
agnosed [80].
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Table VI. Antithrombotic prophylaxis in patients with PV

All patients

1. Phlebotomies until values adequate to maintain Hct <45% in men and <42% in women are achieved

2. ASA once per day

Low-risk patients

(<60 years, no history of thrombosis)

ASA twice per day should be considered in following cases:

a) microvascular symptoms despite administration of this drug
once per day;

b) co-existence of cardiovascular risk factors;

¢) leukocytosis

ASA — acetylsalicylic acid; Het — hematocrit; PV — polycythemia vera

In recent years, DOACs have been increasingly used for
thromboprophylaxis. Studies of the efficacy of DOACs car-
ried out in a cancer population indicate that these drugs
have significant efficacy and a good safety profile [83]. Un-
fortunately, there are no randomized trials comparing the
activity of DOACs to that of VKAs in MPN patients. Howev-
er, increasing data indicates similar efficacy in this patient
group as well [84-86]. Weronska et al. [84] used DOACs
in 48 patients with PV (70.8%) and ET who experienced
venous thromboembolism (VTE). Patients were given apix-
aban (39.6%), rivaroxaban (33.3%) and dabigatran (27.1%).
During 30 months of follow-up (range 20.5-41.5), there
were four thrombotic episodes (3.3 per 100 patient-years)
and one major bleeding episode [84]. Serrao et al. [85]
used DOACs in 71 patients with MPN (including 15 with
PV) for atrial fibrillation (FA) or VTE. At 12-month follow-up,
no patient had thrombotic complications or a major hem-
orrhagic episode [85]. A multicentre observational study
carried out by Barbui et al. [86] included 442 patients with
MPN (including 178 with PV). Patients received DOACs
(dabigatran, apixaban, rivaroxaban, edoxaban) for AF (n =
= 203) or a history of VTE (n = 239). After a median fol-
low-up of 1.7 years, there were 10 major thrombotic ep-
isodes (2.1 per 100 patient-years) in the AF group and
22 thrombotic complications (4.5 per 100 patient-years),
including 17 venous and five arterial ones, among patients
with VTE. In the entire group, 26 major bleeding complica-
tions were observed (14 in AF patients and 12 in VTE pa-
tients), representing 3% and 2.3% per year, respectively.
Bleedings most often occurred in the gastrointestinal tract
and were mainly observed in patients with MF, more fre-
quently in those treated with dabigatran [86]. The incidence
of thrombotic and hemorrhagic complications observed
in these studies is similar to that of prophylaxis with VKA,
but the retrospective nature of the studies should be em-
phasized. The decision on the type of thromboprophylaxis
should be taken considering thrombotic and hemorrhagic
risk factors, renal and hepatic function status, medications
taken, and patient preference.

High-risk patients
(history of thrombosis or age >60)

1. Cytoreductive therapy

2. In patients with a history of arterial thrombosis, ASA should

be administered twice per day and anticoagulation treatment
should be initiated

Pregnancy in a patient with PV

Thrombotic complications make up a major cause of morbidity
and mortality in patients with MPNs [87]. Since pregnancy
is a state of increased thrombotic readiness, the risk of
thrombotic complications in pregnant MPNs is higher than

in the general population [54, 87, 88]. An analysis of 129

pregnancies in 60 patients with MPNs revealed that 68.2%

of pregnancies ended in obstetric success, and the main

complications concern the fetus: miscarriages (31.8%) and
preterm births (17.8%) [89]. Pregnant women with MPNs are
at risk of thrombotic and hemorrhagic complications; however,

an analysis conducted by Landtblom et al. [90] between 1973

and 2018 found no statistically significant difference in these

complications between patients with and without MPNs.

The treatment of a pregnant woman with MPNs should
be carried outin close collaboration between hematologist
and obstetrician-gynecologist. The care of a pregnant wom-
an with MPN should begin before conception: the patient
(and her partner) should be informed of the risks of preg-
nancy, and her cardiovascular risk factors and blood count
parameters should be assessed. Based of them, the cytore-
ductive therapy should be modified or planned accordingly
(maintenance or introduction of IFNa) [91].

The cytoreductive drug of choice, due to its safety for
the proper development of the fetus and the course of
pregnancy, is IFNa [92, 93].

However, this therapy is not recommended for all preg-
nant women with MPN but only for those at high risk, i.e.
in whose cases there were:

1) 21 miscarriage of unclear etiology <10 weeks’ ges-
tation (hbd);

2) 21 death of unclear etiology of a morphologically nor-
mal fetus 210 hbd;

3) =1 preterm delivery of a morphologically normal fetus
<34 hbd, due to severe pre-eclampsia, eclampsia or
placental insufficiency;

4) a history of peripartum hemorrhage requiring trans-
fusion [94].
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In addition, the classification of a patient into the high-
risk group is determined by the result of a Doppler ultra-
sound examination of the uterine arteries at 20 hbd. An
abnormal test result indicates placental insufficiency (pul-
sation index >1.4) due to vascular flow disturbances [80,
94-96].

HU and VKA, due to their potential teratogenic effects,
should be discontinued at least three months before con-
ception (both in the affected woman and in the partner
with MPN). There is no conclusive data on the safety of
anagrelide (ANA) in pregnancy, but due to the risk of throm-
bocytopenia in the fetus, this drug should be discontinued
in the affected woman three months before attempting to
conceive [80, 94, 95]. However, it should be noted that
there have been reports of normal pregnancy outcomes
in patients with MPNs who received HU or ANA during the
first trimester of pregnancy [97].

Some generally recognized risk factors for complica-
tions in pregnant patients with MPN include a history of
arterial or venous thrombosis, and also hemorrhage. A high
platelet count of more than 1,000 G/L or 1,500 G/L is also
considered a risk factor, primarily due to the risk of avWs.
The risk of complications is also increased with high leuko-
cytosis, Het >45% despite phlebotomies, concomitant dis-
eases such as diabetes, hypertension, and older maternal
age (>35 years) [80, 94, 95]. At present, the status of di-
rectional mutations does not determine the therapy of preg-
nant women with MPN.

In all pregnant women with MPN, it is recommended to
make a blood count check every four weeks until 24 hbd
and then every two weeks. Testing for avWS(ristocetin ac-
tivity) is advisable, especially in patients with PLT count
>1,000 G/L. It should be borne in mind that both PLT and
Hct counts tend to spontaneously decrease during preg-
nancy, and iron supplementation is associated with a risk
of increased red cell parameters and is therefore not rec-
ommended as standard [80, 94-96].

In patients with PV, phlebootmy is additionally rec-
ommended in order to maintain Hct <45% or its normal
range applicable for the trimester of pregnancy (31-41%
in the first trimester, 30-38% in the second trimester,
and 28-39% in the third trimester) [80]. Strict monitor-
ing of blood pressure and regular urinanalysis are neces-
sary. If the patient is given low-molecular-weight heparin
(LMWH) in a therapeutic dose, it is advisable to determine
the anti-X activity every two months [94]. Fetal ultrasound
is another important examination in pregnancy to assess
normal growth. This assessment should be performed at
32 and 36 hbd [91].

According to the published data, proper management
of a pregnant patient with PV based on low doses of ASA
and LMWH or INFa alone or in combination with ASA or
LMWH, significantly increases the live birth rate from 47.6%
to 78.2%. Thus, a low-dose ASA is recommended in every

pregnant woman with MPNs provided that there are no
contraindications [89,98]. ASA should be administered
throughout pregnancy with the exception of the last two
weeks before the planned delivery, when a the switch to
prophylactic dose of LMWH should be made. The last dose
of heparin should be given 12 hours before delivery, an-
other dose ¢.12 hours after delivery, followed by prophy-
lactic use of LMWH and ASA for six weeks postpartum, in
view of the particularly high risk of thrombotic complica-
tions characteristic of this period. Prophylaxis with LMWH
at the standard prophylactic dose (e.g. enoxaparin 40 mg
once a day) should be initiated as soon as possible after
pregnancy is confirmed in all women with MPN and a his-
tory of venous thrombosis or obstetric failure [80]. In these
patients, doubling the dose of LMWH after 16-20 hbd is
recommended. In patients with a history of an episode
of arterial thrombosis, UK recommendations suggest an
intermediate dose of LMWH (e.g. enoxaparin 40 mg bid)
[80, 99]. Therapeutic doses of LMWH are administered for
thrombotic complications during pregnancy [80, 94-96].

In vitro fertilization (IVF) methods are acceptable, al-
though there are no established standards of therapeutic
management in this group of patients. Currently, LMWH is
recommended from the start of hormonal therapy up to
12 hbd, with a short interval for oocyte retrieval. IFV is an
identified risk factor during pregnancy [91].

In conclusion, all women of childbearing age with MPNs
should be informed about possible complications in preg-
nancy and the need to plan for it. HU and ANA should be dis-
continued at least three months before pregnancy. A close
collaboration between the hematologist and the obstetri-
cian-gynecologist is essential for the correct management
of a pregnancy in a patient with MPNs. During pregnancy,
it is necessary to check peripheral blood count parameters,
fetal ultrasound, and assessment of uterine artery flow at
20 and 24 hbd. In every patient, low-dose ASA should be
introduced as soon as possible (preferably before preg-
nancy) as routine thromboprophylaxis and continued until
the end of the postpartum period. The addition of LMWH is
recommended if there are additional risk factors for throm-
botic complications (thrombotic incident, a history of ob-
stetric failures) and for six weeks postpartum in all women
with MPN. Close monitoring of Hct levels <45% (or even
<42%) is recommended for PV. Cytoreductive therapy is
reserved for women with MPN with a high risk of throm-
botic complications, and the drug of choice is IFNa. There
are no clear recommendations for IFNa therapy during
breastfeeding.
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Abstract

Currently, the evaluation of mutational status of variable region of immunoglobulin heavy chain gene (IGHV) makes up
one of the key prognostic and predictive tests in patients with chronic lymphocytic leukaemia (CLL), performed be-
fore the initiation of first line therapy. This publication presents the first edition of the Polish recommendations of
the Molecular Haematology Section of the Polish Society of Human Genetics (PTGC) concerning the methodology
of IGHV mutation status determination and the principles of reporting the results based on the recognised interna-

tional standards.
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Introduction

Currently, the evaluation of mutational status of variable
region of immunoglobulin heavy chain gene (IGHV) makes
up one of the most important prognostic and predictive
tests in patients with chronic lymphocytic leukaemia (CLL),
performed before the initiation of first line therapy.

In accordance with the international recommendations
of the National Comprehensive Cancer Network (NCCN)
and the World Health Organisation (WHO), this test has be-
come the standard recommended in all CLL patients and
also in patients with small B lymphocytic lymphoma (SLL)
before the initiation of first line therapy [1, 2]. The Molec-
ular Haematology Section of the Polish Society of Human
Genetics (PTGC) recommends this test to be performed
as part of initial diagnostics in patients with a diagnosis
of CLL or SLL, provided that the rate of peripheral clonal
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lymphocytes is sufficient. Given the therapeutic options
currently available, which depend among other things on
the IGHV mutation status, it is essential to ensure that all
patients have access to this test and that it is performed
in accordance with international quality standards.

The standardisation of the methodology for determin-
ing the IGHV mutation status and the principles for reporting
the results are important elements of CLL diagnostics, and
also facilitate communication between clinicians and di-
agnostic specialists.

Significance of IGHV mutation status in CLL

Depending on the population, it is estimated that 50-55%
of CLL patients have an unmutated IGHV status, which
is associated with a poorer prognosis. The remaining
patients’” mutated IGHV status represents a group with
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a better prognosis. The IGHV mutation status indicates
the stage of B lymphocyte differentiation at which cancer
transformation occurred. If the IGHV gene has undergone
numerous mutations (and that therefore there is mutated
IGHV status), this means that the CLL lymphocytes have
passed through the proliferation centres of the lymph
follicles and that somatic hypermutation (SHM) of the
IGHV genes has occurred, together with the processes
of differentiation and maturation under the influence of
antigenic stimulation. These cells are characterised by
a more stable genome, a lower proliferative index, and
lower expression of ZAP-70 and CD38, which have long
been regarded as negative prognostic factors in CLL.
In leukaemia cells with mutated IGHV, additional aberra-
tions with more adverse significance are less frequent,
which contributes to a better prognosis.

If the IGHV genes did not undergo intensive mutation
processes, the cancer transformation occurred before the B
lymphocytes reached the proliferation centres of the lymph
follicles. The absence of IGHV hypermutation is associated
with a poor prognosis, high expression of ZAP-70 and CD38,
and aberrant apoptotic profile of cancer cells. Moreover, it
is associated with the presence of additional genetic alter-
ations that negatively affect prognosis, which result from
genetic instability of these cells [3].

Indications for testing

The test should be performed in patients with a cytomet-
rically or histopathologically confirmed diagnosis of CLL
or SLL for prognostic purposes and/or targeted therapy
eligibility. Furthermore, due to the temporal stability of IGHV
SHM status, baseline determination of IGHV clonotype is es-
sential for future molecular monitoring of measurable MRD
(minimal residual disease) and confirmation of progression
or transformation of CLL into aggressive lymphoma [4].
The Molecular Haematology Section of the Polish Society
of Human Genetics does not recommend IGHV testing in
cases of monoclonal B-cell lymphocytosis (MBL) which do
not meet the criteria of CLL/SLL diagnosis.

Treatment of patients with chronic
lymphocytic leukaemia

The following agents are used in the treatment of CLL:

m ibrutinib, acalabrutinib, zanubrutinib (in monotherapy
or in combination),

® obinutuzumab (in combination with chlorambucil or
venetoclax),

m venetoclax (alone or in combination with obinutuzum-
ab or rituximab).
The above therapeutic options for patients with CLL are

reimbursed by the National Health Fund (drug programme

B.79 [5]). Diagnostic and therapeutic management and
treatment regimens are also included in the PALG-CLL ex-
pert panel guidelines [6].

Material

In the case of a confirmed diagnosis of CLL, the test ma-
terial is a peripheral blood sample collected into a sterile
tube containing K2-EDTA in a volume of at least 9 mL
(it is important to ensure the correct ratio of blood volume
collected to the anticoagulant in the tube). In the case
of a diagnosis of SLL, when the absolute WBC count is
less than 11,000/uL and the percentage of lymphocytes
is less than 50%, it is recommended that other material
with clonal lymphocyte infiltration is collected, such as bone
marrow in a volume of 2-3 mL collected in a sterile tube
containing K2-EDTA (provided lymphoproliferative features
are present) or pathologically altered fresh tissue sample
collected in saline or alcohol (formalin is not eligible).
The choice of method i.e. fine-needle biopsy or resection of
the involved node, is up to the clinician, who, in consulta-
tion with the molecular/genetic laboratory, decides which
material would be most suitable.

Necessary documentation

The documentation accompanying the sample should
contain the data required directly for IGHV testing. Gen-
eral recommendations concerning the documentation of
molecular tests were specified in Annex 4 of the Regu-
lation of Poland’s Minister of Health of 23 March 2006
on quality standards for medical diagnostic and microbi-
ological laboratories, which was in force until the end of
2023 [7]. Presently, the Ministry of Health is preparing
new guidelines.

The test order form should contain the following items:

m diagnosis: CLL, SLL (in cases of MBL, the Molecular
Haematology Section of PTGC does not recommend
IGHV mutation testing);

m disease status description: patient before treatment/
/disease progression/Richter’s transformation (RT)/
/MRD (solely for high-sensitivity NGS techniques);

m specification of sample source i.e. peripheral blood,
bone marrow, biopsy sample;

m valid result of a blood test documenting the percent-
age and/or absolute leukocyte count in the sample,
e.g. the last CBC, flow cytometry, blood smear or histo-
pathological result (in cases of bone marrow or tissue
material);

m patient’s informed consent for genetic testing: signed
consent for testing and personal data processing and
(optionally) consent for storage and use of the sample
in scientific research.
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Transport requirements

Methodology

Peripheral blood or bone marrow

Total timespan between sample collection and its receipt
by the molecular laboratory should not exceed 24 hours
at room temperature. In hot weather, material should be
transported using lignin-wrapped cooling pads. The ma-
terial should not be frozen. If it is necessary to store the
material prior to transport, the sample must be stored at
2-8°C. Where transport within the recommended time-
frame is impossible, the laboratory should be informed.
When transporting biological material via courier compa-
nies, it is crucial to specify the maximum allowable time
for delivery to the laboratory so that total time between
collection and delivery does not exceed 24 hours.

Tissue biopsy

Before submitting the tissue sample, the laboratory should
be informed. The saline-preserved sample should be deliv-
ered to the laboratory as soon as possible and preferably
within 24 hours. Alcohol-fixed material can be submitted
to the laboratory within seven days of collection.

Preliminary sample preparation

If the lymphocyte percentage in the test sample exceeds
50%, regardless of the absolute WBC count, there is no
need to concentrate the material or to isolate peripheral
blood mononuclear cells from bone marrow in a density
gradient. If the lymphocyte percentage is below 50%, it is
recommended to enrich the material in a density gradient
or with an immunomagnetic method using anti-CD19
and possibly anti-CD5 in a two-step magnetic separation.
Although this procedure is not mandatory, it may increase
the diagnostic success rate, especially with the Sanger
sequencing technique.

Test turnaround time

The test report should be available within three weeks
from sample registration in the laboratory. In urgent cases,
the laboratory should make arrangements for the report
to be delivered within two weeks. In samples displaying
interpretative difficulties, the reporting period may be
extended to 4-6 weeks.

If a satisfactory result is not obtained after two di-
agnostic approaches (e.g. due to a lack of PCR prod-
uct despite the use of different primer sets), the result
is considered uninformative. In such cases, a second
collection of material (e.g. bone marrow instead of pe-
ripheral blood) should be performed, or an alternative
method (e.g. NGS sequencing instead of Sanger) should
be applied.

In accordance with the consensus recommendations of
the ERIC panel of experts (European Research Initiative on
CLL), the assessment of IGHV mutational status is based
on the rearrangement amplification using ‘Leader’ primer
mixtures. This technique is used in both Sanger sequencing
and NGS methods.

Sequenced IGHV-D-J fragment should include the entire
V-chain and the CDR3 region, vital for clonotype identifica-
tion, hypermutation assessment, and subset classification.
The standard size of the IGHV region analysed in typical
cases ranges from 286 to 294 base pairs, depending on
the identified clonotype.

This methodology should ensure a balanced amplifi-
cation of all IGHV classes which allows for the spectrum
of V-D-J clonotypes to be determined as broadly as possi-
ble, and minimises the risk of an uninformative result [8].

Sanger sequencing

Sanger sequencing, as the first technique used to assess
somatic hypermutations, is recommended by the ERIC
consortium as the gold standard for IGHV mutation sta-
tus evaluation. The popularity of this method stems from
its reliability and reproducibility, which made it the only
technique available at the time the first guidelines were
drawn up. Thanks to the long-standing use of this meth-
od, detailed guidelines have been developed, allowing
standardised procedures of PCR reactions, interpretation
and recording of results. The ERIC consortium additionally
admits the laboratories performing IGHV status assess-
ments to undergo a standardisation process and to be cer-
tified for the quality of their tests. The recommendations
published in 2022 [8] emphasise that, despite the clear
advantages, the NGS method needs to be standardised,
especially in terms of the diagnostic significance of the
results obtained. For example, the 98% cut-off, originally
established for the Sanger method to distinguish between
mutated and unmutated sequences, needs to be revised
for NGS to guarantee diagnostic coherence. The first rec-
ommendations of the ERIC group, released in 2007 [9],
contained guidelines concerning the type of genetic
material used for the evaluation of the IGHV mutation-
al status (peripheral blood collected on EDTA, DNA or
cDNA), the temperature profile of the PCR reaction and
the primer sequence (VH FR1, i.e. complementary to the
FR1 fragment of the V variable), and the interpretation
of the results thus obtained. At that time, a criterion was
introduced to classify BCR 1G sequences as unmutated or
mutated sequences, defining a cut-off threshold of 98%
concordance of the analysed sequence with the closest
germline sequence.
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Some caution was recommended in interpreting re-
sults when the concordance of the sequence with the
germline sequence was 97.00-97.99%, classifying them
as borderline mutated. This criterion is applied to both
a result obtained with Sanger sequencing and with NGS
sequencing, as no other cut-off threshold has been set for
this method so far.

The guidelines were updated in 2017 [10] and again
in 2022 [8]. The main amendments concerned the use
of primers, known as ‘Leader Primers’, which replaced
the VHFR1 primers. The new primers made it possible to
amplify the entire IGHV sequence undergoing rearrange-
ment, as they attach above the VHFR1 sequence. This al-
lows a more reliable assessment of the somatic mutation
status and eliminates the risk of misclassifying the tested
sequence as unmutated, which can result from analysing
a PCR product that is too short. The PCR reaction was de-
signed as a multiplex assay. Primermix leader forward con-
sists of a mixture of nine primers complementary to the
six major variable sequence types, while primermix reverse
contains a mixture of four primers complementary to the
six JH sequence types. This arrangement enables easy
firstamplification, leading to a clonal PCR product. The use
of a multiplex reaction also reduces the risk of obtaining
PCR product(s) for non-cancerous clonotypes, which can
be present in small numbers in the course of, for example,
inflammatory or infectious diseases.

The use of multiplex PCR involves a two-step Sanger-
type sequencing reaction. In the first step, initial infor-
mation on the type of variable part is obtained with the
use of a separate primer complementary to the JH part.
Based on the result, a second sequencing reaction is
performed using a primer specific for the detected vari-
able part. This approach simplifies the screening step,
as amplification can be performed in a single tube for
each patient. However, such a procedure involves a sig-
nificant increase in analysis time, as a full assessment of
the IGHV mutation status only becomes possible after two
sequencing steps have been performed. A disadvantage
of the Sanger method is also the difficulty in identifying
a productive clonal chain when allelic exclusion occurs. In
such a case, the two clonal chains are amplified together
and, for their identification, separate sequencing of both
must be performed.

Next Generation Sequencing

The Next Generation Sequencing (NGS) technique is an
array of diagnostic techniques implemented on differ-
ent analytical platforms, rather than a single research
method.

The Next Generation Sequencing using FR1 primers to
determine IGHV mutation status was first used by Stam-
atopulous et al. [11] in 2017. Over time, laboratories have

adapted the methodology to ‘Leader’ primers, achieving
identity percentages similar to Sanger sequencing results.
Commercial kits are now available to assess IGHV mutation
status on ‘Leader’ primers on the lon Torrent and lllumina
platforms. It is also possible to perform the test using Illu-
mina, lon Torrent or Nanopore technologies as a laborato-
ry developed test (LDT).

The critical requirement for NGS testing is that the
range of sequencing should include the full leader se-
quence (>450 bp), comprising the CDR3 region and the
full V-sequence of 286-294 base pairs. Correct bioinfor-
matic analysis is also important. The result of the NGS
testing is a list of clonotypes identified in the sample,
including both leukaemic chains and polyclonal back-
ground derived from normal lymphoid cells. The role of
the laboratory geneticist is to correctly distinguish be-
tween the pathological clonal chains, which are repre-
sented by most of sequencing reads, from the polyclonal

background. This is not always a straightforward task.

The presence of two chains with different amplification
efficiencies (allelic exclusion effect, Figs. 1 A-C), sub-
clonal tumour complexity, bi-clonality (Figs. 1 D-F), or
low reaction efficiencies may cause problems as they
can restrict the method’s ability to distinguish cancer-
ous from non-cancerous clonotypes.

Taking into consideration these diagnostic difficulties,
the laboratory should validate the in-house method or
verify the CE-IVD method and specify distinct cut-off thresh-
olds so as to properly determine the cancer clone. The lab-
oratory should also implement quality control measures
such as monitoring the total number of reads in the sam-
ples and the rates of uninformative and non-diagnostic re-
sults (definitions below).

Immunoinformatic analysis of clonotypes
and mutational status

The ERIC group recommendations from 2017 incorporate
requirements concerning the use of the IMGT/V-QUEST
database (available at www.imgt.org) as the main tool
for the analysis of the status of somatic mutations (SHM)
of the examined sequence. It was also indicated as neces-
sary to search for the stereotyped IGHV rearrangements,
with the help of the ARResT/Assign Subsets database, avail-
able at https://bat.infspire.org/arrest/assign subsets [13].
The IMGT/V-QUEST database (‘ImMunoGeneTics inter-
national system’) enables the evaluation of the status
of the rearranged IGHV nucleotide sequence, submitted in
the FASTA or FASTQ format, and to specify its closest germ-
line sequence. This tool allows for analysis of the receptor
sequences present on Band T lymphocytes in both humans
and animals. The results of this analysis are presented
as tabular data, and an example of a custom sequence
analysis is set out in Figure 2.
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©

B. Allelic exclusion, two rearrangements,
only one of them productive

E. Clonal evolution of the tumour, in which
subclonotypes have been formed

A. Single rearrangement C. Allelic inclusion, two rearrangements

and both productive

D. Homogeneous cell population F. Biclonal CLL (two distict tumours

at the same time)

Figure 1. Co-occurrence of two clonal chains within a single tumour clone (A-C): in about 80% of cases V-D-J rearrangement results
in a single productive sequence that allows expression of the normal BcR receptor (A). In about 20-30% cases, the rearrangement is
unproductive. This phenomenon is known as allelic exclusion — it is driven by activation of a spare germline allele and rearrangement of the
V-D-J. It results in a single productive sequence, which allows expression of the normal BcR receptor, and an additional unproductive
sequence (B). Rarely, in situation of dysregulation of the rearrangement assembling, both alleles are activated and yield productive se-
quences. Then, two BcR receptors undergo coexpression. This phenomenon is referred to as allelic inclusion (C) [8].

Clonal heterogeneity of CLL (D-F): in some patients, a single, genetically homogeneous CLL cell population is present (A). However, after
a prolonged disease progression, secondary mutations in the V-D-J sequences arise, and co-occurrence of genetically similar, but not
identical, IGHV sequences, (derived from a single primary sequence), may be observed. Co-occurrence of two distinct populations of clonal
lymphocytes (C) is very rare. These are often marked by different classes of IGHV sequences and may display different antigenicity upon

cytometric examination (e.g. expression of both kappa and lambda light chains) [12].

The table generated by the IMGT/V-QUEST database
contains the following information:

m Productive IGH rearranged sequence (no STOP codon
and in-frame junction) — productive and rearranged
sequence (without the STOP codon, in-frame junction,
CDR3 sequence present);

m V-GENE and allele J-GENE and allele D-GENE and allele
—the specification of the genes and alleles of V-D-J re-
arrangement; the nomenclature was approved by the
Human Gene Nomenclature Committee with the sup-
port of the NCBI. In the presented case, the programme
lists two variable sequences but is not able to determine
which is the more likely. According to the guidelines, all
genes and alleles found for the tested sequence should
be displayed in the final report;

m |dentity —the percentage of concordance (identity) with
the closest germline sequence, which makes it possi-
ble to classify the tested sequence into the group of
mutated or unmutated sequences.

If an unproductive sequence is detected, the database
returns alerts. An example of such a result (based on an
in-house analysis) is shown in Figure 3.

Apart from the obvious cases of detection of productive
or unproductive sequences, there are also incomplete vari-
ations of the IGHV chain, defined as ‘ORF’ (Open Reading
Frame). These are sequences that have a correct junction
in the open reading frame, but do not display all the char-
acteristics of a productive sequence. If the same sample
does not have the other productive chain, the ORF vari-
ations should be treated as productive. According to the
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Result summary: Productive IGH rearranged sequence (no stop codon and in-frame
Consensus_784_3B junction)
V-GENE and allele Homsap IGHV3- |[score =1206 |identity =90.97% (262/288 nt)
74*01F, or
Homsap IGHV3-
74*%03 F
J-GENE and allele Homsap score =156 |identity = 78.43% (40/51 nt)
IGHJ5*02 F
D-GENE and allele by Homsap IGHD6- | D-REGION is in reading frame 1
IMGT/JunctionAnalysis 19*01 F
FR-IMGT lengths, CDR-IMGT [25.17.38.11] [8.8.19] CVRDIHEGRGWFRGAGWFDPX (TRP
lengths and AA JUNCTION 118 not identified)

Figure 2. Result of sequence analysis in IMGT/V-QUEST database (productive sequence)

Result summary: Unproductive IGH rearranged sequence (stop codons, out-of-frame
Consensus_969 junction)

V-GENE and allele Homsap IGHV1-3*02 F |score = 1431 |identity = 99.65% (287/288 nt)
J-GENE and allele Homsap IGHJ4*02 F score = 123 | identity = 72.92% (35/48 nt)
D-GENE and allele by Homsap IGHD3-3*01 F | D-REGION is in reading frame 2
IMGT/JunctionAnalysis

FR-IMGT lengths, CDR-IMGT [25.17.38.11] [8.8.X] CA*IRITIFGVVIIPEVRSXE#DYW
lengths and AA JUNCTION

JUNCTION length (in nt) and 74 nt = (5)- (3'V)3'{N1}5'(D)3'{N2}5'(5")

decryption 6{3+5(31)+2{18}-7(10)

Figure 3. Result of sequence analysis in IMGT/V-QUEST database (unproductive sequence)
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Result summary:

Nucleotide deletions have been detected (shown by dots in the

Consensus_366 alignments):
localization [nb of causing fromV-  [fromnt
deleted nt |frameshift [REGION |position in user
codon submitted
sequence
CDR2-IMGT |3 no 57 114

IMGT/V-QUEST results after filling the deletion(s) gap(s):
Potentially productive IGH rearranged sequence (no stop codon and in-frame junction)
(Check also your sequence with BLAST against IMGT/GENE-DB reference sequences to
eventually identify out-of-frame pseudogenes) CLL subset #2 (however V-REGION partial in 5')

V-GENE and allele

F

Homsap IGHV3-21*01F, [score =
or Homsap IGHV3-21*02 [1099

identity = 94.29%
(231/245 nt) [93.88%
(230/245 nt)] - (V-REGION

J-GENE and allele

Homsap IGHJ6*02 F

partial in 5')
score = identity = 84.91% (45/53
193 nt)

D-GENE and allele by
IMGT/JunctionAnalysis

Homsap IGHD1-1*01 F

D-REGION is in reading frame 1

FR-IMGT lengths, CDR- |[11.17.38.11]
IMGT lengths and AA
JUNCTION

[8.7.9] CATDRTGMDVW

and decryption 12{1}-17(15)

JUNCTION length (in nt) [33 nt = (11)+2{0}-1(4)-

(3'v)3'{N1}5'(D)3'{N2}5'(5")

Figure 4. Result of sequence analysis in the IMGT/V-QUEST database (sequence belonging to subset #2)

current guidelines, if unproductive sequences are identi-
fied, the status of the somatic hypermutation should not be
derived from it, and such a result should not be reported,
as the objective is to detect productive sequences. During
the analysis, apart from the application of the programme
default settings, it is useful to use advanced options such
as ‘Search for insertions and deletions in V-region’. This is
particularly important for sequences characterised by very
low concordance with the germline sequence. This option
makes it possible to omit the insertions or deletions in an
analysed region, and thus to obtain an optimal match to the
nearest germline sequence in the case of insertion-deletion

variants. An additional tool, available in the IMGT/V-QUEST
advanced functionality group, is the option: ‘Clinical appli-
cation: search for CLL subsets #2 and #8’, which allows
the assignment of a clinically relevant subset. If the result
is positive, a red highlighted message appears, e.g. CLL
subset #2. By clicking the question mark icon, detailed in-
formation on the clinical relevance of the specific subset
is displayed, with links to the specialised literature provid-
ed (Fig. 4). Before starting analysis in the IMGT/V-QUEST
data-base in the case of the Sanger method, pairwise align-
ment programmes (e.g. BioEdit) should be used. They align
the sequences obtained during bidirectional sequencing
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readCounireadFractitargetSequences

38998.0 |0.999359] TNACCATGGACTGGANNTGGAGGTTCCTCTTTGTGGTGGCAGCAGCTACAGGTAAGGGGCTTCCTAGTCCTAAGGCTGAGGAAGGGATCCTGGTTT.
10.0 2.562591]GAGGTGAAGAAGCCTGGGGCCTCAGTGAAGGTCTCCTGCAAGGCTTCTGGATACACCTTCACCAGTTCTGATATCAACTGGGTGCGACAGGCCTCTG
4.0 1.025036|GACCTGCACCTTCTCTGGGTTCTCACTCAGCACTAGTGGAGTGGGTGTGGGCTGGATCCGTCAGCCCCCAGGAAAGGCCCTGGAGTGGCTTGCACTC,
3.0 7.687773{GTGCCGAAGTGCAGCTGGTGCAGTCCGGAGCAGAGGTGAAAAAGCCCGGGGAGTCTCTGAGGATCTCCTGTAAGGGTTCTGGATACAGCTTTACCA|
2.0 5.125182|GATTCATGGAGAAATAGAGAGACTGAGTGTGAGTGAACATGAGTGAGAAAAACTGGATTTGTGTGGCATTTTCTGATAACGGTGTCCTTCTGTTTGC
2.0 5.125182|GGAGTCGGGCCCAGGACTGGTGAAGCCTTCACAGACCCTGTCCCTCACCTGCACTGTCTCTGGTGGCTCCATCAGCAGTGGTAGTTACTACTGGAGCT|
1.0 2.562591] TCCATCAGTAATGCTAATTACTTCTACGGCTGGATCCGCCAGCCCCCACGGGGGGGCCTGGAGTGGATTGGGAGTATTTACTATAGTGGGAGAACAT.
1.0 2.562591]CCATATCAGTGGACACGTCCAAGAACCAGTTCTCCCTGGACCTAAAGTCTATGACGGCCGCGGACACGGCCGTATATTTTTGTGCGGTGAGTGTGACG
1.0 2.562591]CCCCTGTGTCCTCTCCACAGGTGTCCAGTCCCAGGTGCAGCTGGTGCAGTCTGGGGCTGAGGTGAAGAAGCCTGGGTCCTCGGTGAAGGTCTCCTGE
1.0 2.562591]CCTGCAAGGCTTCTGGAGGCACCTTCAGCAGCTATGCTATCAGCTGGGTGCGACAGGCCCCTGGACAAGGGCTTGAGTGGATGGGAGGGATCATCC

Figure 5. Example of NGS method IGHV sequencing result. The red box indicates the clonal chain sequence, which accounts for more than

99% of all NGS reads

using the forward and reverse primers. Only a sequence
prepared in this way may be subjected to further IT ana-
lyses. For a correct analysis, after pasting the nucleotide
sequence into IMGT, add the fastq format header ‘>name’
before the start of the sequence.

For NGS methods, the result is presented in a tabu-
lar form. The following rows correspond to the identified
chains ranked in descending order of abundance. In indi-
vidual columns, parameters such as the number of reads
(in the MIXCR software example above, called readCount),
the percentage of each chain (here: readFraction), and the
nucleotide sequence (targetSequences) are presented
(Fig. 5). Sequences from this column can be pasted di-
rectly into the IMGT/V-QUEST software. However, some
programmes insert additional special characters into the
sequence which must be removed before starting the anal-
ysis. The fastq format header ‘>name’ must also be added
before starting the analysis.

CLL subsets analysis

ARResT/Assign Subsets database is the source of in-
formation about the BcR IG receptor stereotypy; this is
a bioinformatics tool recommended by the ERIC Expert
Panel for assigning specific CLL subsets. When entering
sequences into the database, it is important to ensure that
the nucleotides are not ambiguously defined (according to
IUPAC codes, e.g. R, W or N). If they are, the database will
not assign a subset (Fig. 6). However, if such a problem
occurs, the nucleotide can be changed manually to ade-
nine ‘A’, which has the least impact on the analysis result.
Subset assessment involves the confidence statistics of the
match (‘confidence’). Only subset results with the status of
‘average’, ‘high’ or ‘extreme’ are eligible for reporting. ‘Low’
and ‘borderline’ statuses indicate an uncertain outcome, and
should not be included in the reports.

A subset defines a patient group characterised by a ho-
mogeneous biology of disease progression, its clinical
manifestation, and the response to therapy. Subsets can
be assigned for approximately 40% of CLL patients and

are a prognostic factor independent of the SHM status.
An analysis of more than 29,000 CLL cases revealed the
presence of 29 subsets based on CDR3 sequence homo-
geneity [12]. However, from a clinical perspective, only two
subsets are relevant: CLL#2 and CLL#8, which, according
to the 2022 recommendations, should be included in the
final report [8]. Subset CLL#2 is associated with an ag-
gressive course of the disease and includes patients with
the IGHV3-21/1GLV3-21 variable sequence and the char-
acteristic CDR3 sequence in the VH and VL regions. Not
every IGHV3-21 sequence belongs to the CLL#2 subset,
because the specific structure of the CDR3 part is crucial.
Although the IGHV mutated status is found in the majority
of patients, and is generally associated with a good prog-
nosis, the CLL#2 subset is a negative prognostic factor
independent of the IGHV mutation status. In such cases,
patient management should depend on the presence of
the CLL#2 subset. In addition, the CLL#2 subset is asso-
ciated with an increased frequency of mutations in the
SF3B1 gene and aberrations (deletions and mutations)
involving the ATM gene (Fig. 7).

The CLL#8 subset indicates an aggressive disease
course, and includes patients with altered IGHV4-39/
/IGKV1(D)-39 genes characterised by specific VH and VK
CDR3 sequences. The clonotype classification indicates
that IGHV4-39/1GKV1(D)-39 belongs to a group of unmu-
tated rearrangements. Patients classified as CLL#8 have
a significantly higher risk of Richter’s transformation (RT).
Moreover, chromosome 12 trisomy and NOTCH1 gene mu
tation are frequently observed in these patients.

Although the current recommendations do not require
reporting of the CLL#4 subset, it should be noted that the
CLL#4 subset (IGHV4-34) is associated with an indolent
clinical course and is typical in young adult patients.

The update of the recommendations published in
2022 pays special attention to results that are difficult to
interpret (Tab. I) [8].

In 2024, there was a further update to the guidelines
on reporting the results of the SHM status (an example is
shown in Figure 8) [14]. The ERIC group commented on the
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Figure 7. Example of subset #2 assignment
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Table I. Update of the recommendations of the ERIC group from 2022 [8]

Issue (testing standard)

Methodology

Identification of IGH genes
and alleles

Functionality

IGHV gene: percentage
of nucleotide match
to the germline sequence

given to two decimal places

according to IMGT

Subset identification/BcR 1G
stereotypy

Issue (difficult cases)

Recommendations

The report must contain information about the type of the starters applied, the method of PCR
product analysis, sequencing method and the tools used for bioinformatics analysis for the evalu-
ation of the SHM status and stereotypies

The report must contain information about all identified genes and alleles

The evaluation of the SHM status is carried on solely on the basis of productive rearrangements.
Detection of only unproductive rearrangements (which is extremely rare) requires a reason for
the unproductivity (e.g. IG pseudogene, STOP codon, out-of-frame splicing, large indel)

Classification:

o unmutated > 98.00%

¢ mutated <98.00%

* borderline mutated 97.00-97.99%

It is recommended to provide information on subset affiliation with well-defined clinical relevance
(currently CLL #2 and CLL #8 subsets)

Recommendations

Single unproductive
rearrangement

Double rearrangements:
one productive and
one unproductive

Double productive
rearrangements
— compatible SHM status

Double productive
rearrangements
— incompatible SHM status

More than two productive
rearrangements

No anchoring amino acids
C104/W118

need to include information on the relationship between
somatic hypermutation status and response to treatment

in their report (Tab. Il).

Report preparation

It is recommended to repeat the PCR reaction with an alternative primer set or using cDNA
or to perform an NGS assay to obtain detailed information on clonal architecture

As in the standard case. SHM status is to be determined from the productive rearrangement
independently of the SHM status of the unproductive sequence (which is not reported because
it does not contribute any clinically relevant information)

As in the standard case. SHM status to be specified as mutated or unmutated depending
on the SHM status

Check the immunophenotype result for the presence of two clonal populations. It is recomended
to tell the attending physician that it is safer to treat this case as unmutated and perform a follow-up
assessment

The immunophenotype result should be checked for the presence of two or more clonal
populations. It is recommended to perform an NGS test in order to determine the relative
frequency of each clonotype and to select the dominant clonotype

SHM assessment can be performed if IG expression is present on leukemic cells and/or the G-X-G
motif within the VH FR4 is conserved

of medical records and the manner of their process-
ing) [20];
m  methodology and bioinformatics analysis description.
Information common to both methods:
m type of genetic material used as a template for the

PCR: gDNA or cDNA;

Mandatory information to be provided with an IGHV test m type of primers used in the reaction — in accordance
report: with the ERIC Leader group guidelines;
m patient identification data, ordering clinicians identifi- m sequencing method used: Sanger (bidirectional) or
cation data, and laboratory data. Laboratory performs NGS;
tests in accordance with the Act on Laboratory Medi- m bioinformatics tools used to analyse the obtained se-

cine of 15 September 2022 [19];

m biological sample data, data of person performing
and authorising test, and pagination on each page
of report (following the Regulation of the Minister of
Health of 6 April 2020 on types, scope and models

quences: IMGT/V-QUEST, ARResT/assignSubset. Ac-
cording to Molecular Haematology Section of the PTGC
recommendations, a second Ig BLAST informatics tool
is recommended for verification, with the proviso that
IMGT/V-QUEST is superior.
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Table Il. Update of the 2024 ERIC group recommendations [14].

Result

Interpretation

Mutated
(example from Fig. 8)

Unmutated

Borderline mutated

Subset #2

Subset #8

Following the 98% germline identity cut-off, which is used for discrimination CLL cases into
the IGHV-mutated or IGHV-unmutated category, this case belongs to IGHV-mutated category which
is generally associated with a favourable prognosis

Following the 98% germline identity cut-off, which is used for discrimination CLL cases into
the IGHV-mutated or IGHV-unmutated category, this case belongs to IGHV-unmutated category,
which is associated with an unfavourable prognosis, poorer response to chemoimmunother-
apy and shorter progression-free survival when treated with a combination of Venetoclax and
anti-CD20 antibodies, compared to CLL cases in the mutated category [14]

Following the 98% germline identity cut-off, which is used for discrimination CLL cases into
the IGHV-mutated or IGHV-unmutated category, this case belongs to IGHV-mutated category.
The result shows concordance with the germline sequence close to the 98% value. This case is there-
fore included in the borderline mutated CLL group. Such cases require a lot of caution with regard to
the exact prognostic implications

Following the 98% germline identity cut-off, which is used for discrimination CLL cases into
the IGHV-mutated or IGHV-unmutated category, this case belongs to IGHV-mutated category. This particu-
lar rearrangement belongs to stereotypic subset #2, which is associated with an unfavourable prognosis,
a poorer response to chemoimmunotherapy, regardless of the somatic hypermutation status [15, 16].
The predictive value for patients belonging to subset #2 treated with targeted therapies is currently
not defined

Following the 98% germline identity cut-off, which is used for discrimination CLL cases into
the IGHV-mutated or IGHV-unmutated category, this case belongs to IGHV-unmutated category.
This particular rearrangement belongs to stereotypic subset #8, which is associated with the highest risk

of Richter's transformation of all CLL cases [17]

Information required only for the NGS method:

name of assay used, manufacturer and scope of appli-
cation (for commercial methods);

threshold number of reads or contigs obtained;
bioinformatics analysis: software (name, manufac-
turer, version) and additional software tools used
(optional);

change, regardless of IGHV status. Currently, there is
no evidence of the predictive value of subset CLL#2 in
relation to targeted therapies [13].

Crucial to the result is correct interpretation — it should

indicate the following aspects:

m determining whether the sequence is productive or

unproductive (unproductive sequences have no prov-

full characteristics of productive clonotypes (V-D-J class en clinical significance and therefore are not reported
and subclass) and, in the case of several subclasses, in the result);

listing them (e.g. V1-69 or V1-69D). The assessment m result must be identified as mutated/unmutated/

of rearrangements includes identification of all genes
and alleles: IGHV, IGHD, IGHJ; it is acceptable to report
rearrangements without identification of IGHD, but only
in difficult cases;

percentage of nucleotide match to the germline se-
quence accurate to two decimal places;

description of mutation status: (mutated <98%,/unmu-
tated >98%,/borderline mutated 97.00-97.99%); the
record of the SHM status assessment on the report
must be in Polish, without the use of acronyms or En-
glish-language loanwords;

characterization of the CLL subset, if identified (based
on international recommendations, only subset
CLL#2 and subset CLL#8 are reported); in addition, re-
ports in which subset CLL#2 is identified should include
information that it is a prognostically unfavourable

/borderline mutated, and information concerning the
association with better/worse prognosis treated with
caution concerning prognosis assessment;

report should indicate the ranges of homology with the
germline sequence, which form the basis for interpret-
ing the result;

Adding a source to the interpretation in the form
of a publication: Immunoglobulin gene sequence
analysis in chronic lymphocytic leukaemia: the 2022
update of the recommendations by ERIC, the Europe-
an Research Initiative on CLL Leukaemia (2022) 36:
1961-1968; https://doi.org/10.1038/s41375-022-
01604-2;

subsets with verified clinical relevance (#2 and #8 ac-
cording to the ERIC group) must be identified and in-
cluded in the report;
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1. Example of the IG report, IGHV-mutated
Name of the Hospital/Laboratory

Determination of IGHV gene SHM status

Date of result 22/01/2022
Date of sample collection 09/01/2022

Patient name ***
Diagnosis CLL

Tissue type blood

Molecule type genomic DNA

Utilized methodology

PCR amplification of IGHV-IGHD-IGHJ gene rearrangements with leader primers

Genescan analysis

Bidirectional Sanger sequencing [or next-generation sequencing (whichever applies)]

Immunoinformatics analysis IMGT/V-QUEST [or any specific software for NGS-based |G gene analysis (whichever applies)]

Result
A productive IGHV3-2301/IGHD4-1701/I1GHJ402 gene was detected
The rearranged IGHV gene had 96.2% nucleotide identity with the germline sequence of the IGHV3-2301 gene

Interpretation
Following the 98% germline identity cut-off which is used for discriminating CLL cases into the IGHV-mutated or IGHV-unmutated category, this case
belongs to the IGHV-mutated category which is generally associated with favorable prognosis

Signatures]

Figure 8. Examples of SHM status assessment results [14] (explanation in Table II)

m providing their prognostic significance, a list of publica- The scope of information in the certification sample
tions and an indication that subset #2 is an additional reports follows the recommended way of reporting the
prognostic factor independent of mutation status. If the result in standard diagnostic samples described in these
detected rearrangement does not belong to a subset of recommendations. If the test samples have been correct-
proven clinical significance, no additional information ly assessed, the laboratory receives a certificate which is
should be included in the report. valid for three years from the date of issue. After this pe-

riod, a laboratory can apply for renewal of the certificate,

Certification of IGHV mutational status e.g. through GenQA, an institution which collaborates with

ERIC and standardises IGHV mutation assessment testing
based on principles that comply with its guidelines. GenQA
certiification is chargeable, takes place once a year, and
involves the analysis of three test samples. The submitted
results should be conforming to the European guidelines
for reporting results, the ERIC recommendations, and the
1S015189 standard. The method and scope of reporting
of certification samples in GenQA is very similar to ERIC
certification requirements.

On account of the crucial importance of maintaining high
quality of the IGHV mutation status assessment, it is import-
ant to obtain the ERIC group certification or an alternative
certification confirming the high standard of testing per-
formed by the laboratory concerned. Participation in the ERIC
group certification is voluntary and free of charge with the
first application. To join the process, an online form must be
completed and submitted (https://ericll.org/ig-network/).
Two standardisation rounds are conducted each year —one
based on DNA and the other on RNA/cDNA. The laboratory
receives five test samples to analyse. The test should be
performed according to the protocol recommended by the
ERIC group. The result should be returned in the format
indicated on the website and reports must include the

Examples of interpretations to be used
for report

Example 1. Mutated IGHV

following: The detected rearrangement of the IGHV gene is productive
m identified genes and alleles (IGHV/IGHD/IGHJ); and manifests ...% homology with IGHV germline sequenc-
m primers used; es... It belongs to mutated sequences which indicate a good
® sequencing method; prognosis.

m percentage of homology with germline sequence; = Unmutated: germline concordance > 98%;

m rearrangement type (productive or unproductive); m  Mutated: germline concordance < 98%;

m bioinformatics tools used for analysis; m Borderline mutated: germline concordance 97.00-
m interpretation of the result. -97.99%.
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Example 2. Unmutated IGHV

The detected rearrangement of the IGHV gene is pro-

ductive and manifests ...% homology with IGHV germline

sequences... It belongs to unmutated sequences which

indicate an unfavourable prognosis and poorer response

to chemo(immuno)therapy and shorter progression-free

survival in the case of therapy combining Venetoclax and

anti-CD20 antibodies, compared to CLL cases belonging

to mutated category [12, 14].

m  Unmutated: germline concordance >298%

m  Mutated: germline concordance < 98%

m Borderline mutated: germline concordance 97.00-
-97.99%

Example 3. Borderline mutated

The detected rearrangement of the IGHV gene is productive
and manifests ...% homology with IGHV germline sequenc-
es... The percentage of homologies fits within the range
of borderline results (97.00-97.99%), and therefore this
particular rearrangement is classified as a borderline
mutated result. Caution is recommended in prognosticat-
ing, in spite of formal classification of the results into the
mutated group.

Example 4. Subsets

The detected rearrangement belongs to subset #2 and
has a negative prognostic significance, which is a prog-
nostic factor independent of the mutation status of the
IGHV chain.

Informative result

The evaluation of the IGHV mutational status is defined as
the percentage of the identity between the sequence iden-
tified in CLL cells and the closest germline sequence
based on the pattern in the IMGT/V-QUEST database.
Such an assessment can only be made on the basis of
sequences of a productive nature. Full identification of the
IGHV, IGHD, IGHJ genes and alleles should also be included
in the report. It is acceptable to report rearrangements
without identification of IGHD, but only in difficult cases.

The mutation status can be ascribed to the three cat-
egories on the basis of the cut-off threshold value of 98%:
m  Mutated: germline concordance <98%;

m Borderline mutated: concordance fits within the range
97.00-97.99%;
m  Unmutated: germline concordance >98%;

The above information should be included in the re-
port, entering the status (mutated/unmutated/borderline
mutated) and the percentage of concordance with the
germline sequence. An update to the ERIC group’s recom-
mendation for reporting unmutated cases was published

in 2024 [14]. This update is based on the availability of
new targeted therapies for this group of CLL patients. ERIC
proposes that the final report, in the case of unmutated
IGHV genes, should also mention that these patients show
a shorter disease progression-free survival compared to
cases with IGHV mutation [13].

Non-informative result

This type of result is declared when it is impossible to as-
sess the mutation status, i.e. when only a non-functional/
/unproductive chain was obtained or only a polyclonal
background was obtained (no monoclonal sequence). The
reason for the missing result (unfunctional/unproductive
chain: out of reading frame and/or STOP codon) should be
noted in the report. An alternative action may be suggested,
such as performing an NGS test.

Non-diagnostic result

When a clonal PCR product or NGS result cannot be
obtained due to technical or biological reasons (e.g. deg-
radation of the material in the sample), a second sample
collection is recommended. If the situation recurs, no fur-
ther attempt is recommended. Complete withdrawal from
test performing, or a refusal to accept the sample, must
be reported to the attending clinician and these should be
based on objective reasons, e.g. change in clinical diagno-
sis, deep remission, absence of clonal lymphocytosis in the
sample (in MBL or SLL), absence of patient consent for
the test or withdrawal of previously given consent. The above
information should be included in the report.
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Abstract

Introduction: The authors compared the efficacy, practicality and personnel preference of the infusion pump method
against those of bolus administration of rFVlla.
Material and methods: Three patients with hemophilia A received recombinant factor Vlla infusion pump treatment.
Their hemostasis and response to treatment was strictly monitored. Nursing personnel (n = 20) were surveyed on their
preference and opinion regarding the infusion pump compared to bolus administration of recombinant factor Vlla.
Results: The maintenance of hemostasis was satisfactory in the group of patients who were administered recombi-
nant factor Vlla via infusion pump, and no dosage was missed or delayed. A large majority of the surveyed personnel
(75%) evaluated the infusion pump as offering a more comfortable and easier administration method than 4-hourly
boluses.
Conclusions: Recombinant factor Vlla via infusion pump is more effective in maintaining hemostasis and is the pre-
ferred administration method among nursing personnel. Patients and personnel alike benefit from infusion pump
administration of recombinant factor Vlla for hemophilia A.
Keywords: hemophilia A, acquired hemophilia A, inhibitor, recombinant factor Vlla, infusion pump
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Introduction

Hemophilia A (HA) is a congenital or acquired bleeding
disorder characterized by deficiency or dysfunction of co-
agulation protein factor VIII (FVIII). Congenital hemophilia A
(HA) is a recessive genetic disease of adult males and boys
caused by mutation in the F8 gene on the X chromosome
[1]. Acquired hemophilia A (AHA) is a very rare bleeding
disorder, with an estimated incidence of 1.48 per million
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per year [2]. Unlike HA, AHA is an autoimmune disease
caused by spontaneous production of autoantibodies
against clotting factor VIII (FVIIl), and it occurs in both
men and women [3]. The typical clinical manifestation of
AHA includes sudden onset of bleeding in a person with
no personal or family history of hemorrhages [4, 5]. AHA is
a severe hemorrhagic disorder manifesting with bleeding
events of differing severities. In contrast to HA, there is no
strict relationship between the activity of FVIII in plasma
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and the severity of hemorrhagic diathesis in AHA patients
[6]. About 30% of AHA patients initially experience minor
bleeding, while others can suffer from life-threatening
hemorrhages [3].

The most common symptoms of HA include muscle he-
matomas and intra-articular bleeding, while those of AHA
include subcutaneous hemorrhages, mucosal bleeding,
retroperitoneal bleeds, and prolonged bleeding after sur-
gical procedures [1-3].

In more than 30% of patients with severe HA (defined
as FVIII activity of less than 1 international unit (IU)/dL)
and 3-13% of patients with moderate and mild hemophilia
(FVIIl activity of 1-51U/dL and >5-40 IU/dL respectively),
inhibitor to FVIII will develop [7]. Inhibitors are alloantibod-
ies to FVIII that typically neutralize factor VIII activity and
thus also the function of infused clotting factor concen-
trates [8]. The occurrence of FVIII inhibitor currently rep-
resents the most serious complication of hemophilia A [9].
In the presence of these inhibitors, bleeding generally does
not respond to replacement therapy using concentrates of
the deficient clotting factor [7].

The treatment of HA typically involves regular infusions
of factor VIII concentrates to prevent bleeding episodes,
with doses adjusted based on the severity and individual
responses [10]. The therapeutic approach for AHA is based
on three key principles: stopping the bleeding, initiating im-
munosuppressive therapy to eliminate the inhibitor, and ad-
dressing any underlying condition identified [11]. The most
effective treatment of AHA-related bleeding is the admin-
istration of by-passing agents (BPAs) such as recombinant
activated factor VIl (rFVlla), activated prothrombin complex
concentrate (aPCC), or recombinant porcine factor VIII
(rp-FVIII) [12]. BPAs are also indicated in HA in patients
with inhibitor titers higher than 10 Bethesda Units (BU)/mL,
along with immune tolerance induction (ITl) [13].

rFVila (eptacog alpha) is given at a dose of 90 ug/kg
every 2-3 hours as a 2-5 minute intravenous bolus. The
interval between doses can be extended to 4, 6, 8 or
12 hours based on the severity of the bleeding [6, 14]. The
frequency of bolus injections is a result of the short half-
time of rFVlla, which is 2.8 hours in vivo [12]. There have
been studies discussing the use of an infusion pump in-
stead of bolus injections in HA patients [15-17]. According
to the rFVIlla Summary of Product Characteristics (SmPC),
the product remains stable for 24 hours at 25°C when
stored in a 50 mL polypropylene syringe. This stability al-
lows for intensive therapy with automatic rFVila boluses
delivered via an infusion pump [6, 14].

Continuous infusion, as opposed to repeated bolus
injections, is a more precise and time-efficient method
of administration. It has the potential to reduce the bur-
den on nursing staff and improve the patient’s quality of
life (QoL), as well as to reduce the overall cost of treat-
ment [13, 14].

In this study, the authors compare the efficacy and prac-
ticality of, and personnel preference for, the infusion pump
method against those of bolus administration of rFVila.

Aim of study

Comparison of efficacy and practicality of, and personnel
preference for, infusion pump method versus those of bolus
administration of rFVlla.

Material and methods

The authors conducted a single-center prospective com-
parative study at the General Hematology Department,
Copernicus Memorial Hospital, Lodz, Poland.

Patients

The study included patients with hemophilia A acquired
(n=2) or with inhibitor (n = 1) who received treatment with
recombinant factor Vlla via an infusion pump. The efficacy
of the treatment was assessed by monitoring patients’
response to treatment and their adverse events profile.

Infusion pump

All three patients were administered eptacog alpha at
dosage of 90 pg/kg. The drug was administered through
a peripheral access on the arm. Prior to administration, pa-
tient weight was assessed and bolus intervals were set. The
drug was not diluted and was kept in a 50 mL polypropylene
syringe for no longer than 24 hours at room temperature.

Nurse evaluation

Highly-qualified nursing personnel who administered rFVila
via infusion pump at the Department of General Hematol-
ogy in Lodz (n = 20) were questioned on their preference
and opinions regarding infusion pump compared to bolus
administration of recombinant porcine factor VIII. This
questionnaire consisted of seven questions (see Tab. I).

Results

Study group characteristics and patient
outcomes
The study group consisted of three patients, two with AHA
and one with HA with inhibitor. Detailed characteristics of
the study cohort are set out in Tables Il and IIl.

The authors present below case reports of the three
patients who received rFVlla infusion pump treatment.

Patient 1

A 74-year-old Caucasian female was referred to the Depart-
ment of General Hematology in Lodz from a county hospital
with suspicion of AHA, where she had been hospitalized
due to sepsis. On admission, the patient had extensive
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Table 1. Questionnaire

Question 1

Which method of administering hemostatic drugs (eptacog alpha, susoc-

tocog alpha) do you think is more comfortable?

Question 2

How would you assess the level of difficulty in the administration of
recombinant porcine factor VIIl concentrate as an intravenous bolus on

a 24-hour basis?
(1 = very easy, 5 = very difficult)

Question 3

How would you assess the level of difficulty in the supply of recombinant

factor Vlla in an infusion pump replaced every 24 hours?

(1 = very easy, 5 = very difficult)

Question 4

What do you think is the greatest difficulty in the administration of re-
combinant porcine factor VIl concentrate in an intravenous bolus?

Question 5

What do you think is the greatest difficulty in the administration of re-

combinant factor Vlla in an infusion pump?

Question 6

What do you think is the biggest advantage of administering recombi-

nant factor Vlla in the infusion pump?

Question 7

What do you think is the biggest advantage of administering recombi-

nant porcine factor VIIl concentrate as an intravenous bolus?

subcutaneous ecchymoses on the upper and lower limbs and
lateral sides of the thorax. Laboratory studies revealed a pro-
longed activated partial thromboplastin time (aPTT) of 104.9 s
(normal range 25.4-36.9 s).The level of factor VIII was
less than 1% and inhibitor titer against human factor VIlI
was 4.9 j.B/mL(normal < 0.5j.B/mL). The patient was start-
ed on treatment with eptacog alpha (0.09 mg/kg intrave-
nously (i.v.) via an infusion pump with bolus intervals of three
hours) and eradication of inhibitor via the use of prednisone

IV bolus administration every 4 hours 25%
Supply in infusion pump replaced every 75%
24 hours (boluses delivered automatically

by pump)

1 35%
2 15%
3 20%
4 15%
5 15%
1 30%
2 25%
8 15%
4 15%
5 15%

Need for frequent administration at preci-  20%
se time intervals

Frequent blood sampling 30%
Large number of vials administered at 35%
one time

Long preparation time 15%
Other 0%
Permanent connection of patient to infu- 55%
sion pump

Preparing medicine in syringe for infusion ~ 20%

pump
Long preparation time 15%
Other 10%

Shorter daily duration of drug administra- 15%
tion to patient

Administering drug at precise time 65%
intervals

No need for frequent blood collection 10%
Short preparation time 10%
Possibility of monitoring concentration 15%
of factor

Drug administration without use of an 40%

infusion pump

Patient is not permanently connected to 45%
infusion pump

(1 mg/kg per day). The treatment course was uneventful, and
the rFVlla administration was prolonged firstly to 4-hourly
and thento 6-hourly intervals. The treatment was then followed
by rpFVIIl. Due to the development of anemia and increased
demand for rpFVIIl, aPCC was administered. The inhibitor
eradication therapy was intensified with cyclophosphamide
and later rituximab, resulting in elimination of the inhibitor and
an increase in FVIII level. The treatment course, as well as
the levels of inhibitor titer and FVIII, are depicted in Figure 1.
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Table Il. Characteristics of study group

Analyzed trait Value (number of patients)

Type of hemophilia
Acquired hemophilia A

Hemophilia A with inhibitor
Age at beginning of pump
treatment

50-60
61-70
71-80

81-90
Sex

Female

Male

Disease at beginning
of pump treatment

New diagnosis

Relapse

Lines of treatment in this
hospitalization

1
2

3
Previous treatment

Recombinant factor Vlla
Porcine factor VIII

Activated prothrombin com-
plex concentrate
Inhibitor eradication

Prednisone, rituximab,
cyclophosphamide

No treatment
Bleeding score at diagnosis

1
2
3
4
5

Bleeding score at beginning
of treatment

1

2
3
4
5
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Table Ill. Laboratory parameters of study cohort

Laboratory parame- Value

ters at beginning
Patient 1 Patient 2 Patient 3

of pump treatment

(value)

Factor VIII level [%] 1% <1% <1%
Inhibitor titer (BU) 4.9 1,239 1
PLT (x10°/uL) 343 226 204
APTT (s) 105 118 87
PT (s) 1.04 1 0.96
WBC (x10%/uL) 13 10 10
HGB (g/dL) 8.3 9.8 8.7

Table IV. Comparison of infusion pump and bolus administration

Feature Bolus administra- | Infusion pump ad-
tion ministration

Frequency of ad- Every 4 hours Replaced every
ministration 24 hours
Precise time of Depends on Depends on
administration nursing staff pump settings
Precise dosage Impossible Available
administration
Time spent on 90 min/day 15 min/day
administration
latrogenic sleep Present Not present
deprivation
Burden on nur- Heavy Mild
sing staff

Patient 2

An 86-year-old Caucasian male was admitted with ex-
tensive subcutaneous ecchymoses on both upper limbs
and a suspicion of AHA. His laboratory studies revealed
a greatly prolonged aPTT of 129 s (normal range 25.4-
-36.9 s), factor VIII level of less than 1%, and inhibitor
titer of 1,331 BU/mL During hospitalization, hemostatic
treatment was administered. Initially this took the form
of recombinant factor Vlla using an infusion pump, then
aPCC, resulting in disappearance of the symptoms of
bleeding diathesis. At the same time, inhibitor eradication
treatment was used (prednisone, cyclophosphamide,
rituximab), achieving an improved clinical condition,
a reduction of the inhibitor titer to 140 BU/mL, and an
increase of FVIII level up to 26%. The patient’s treatment
course is depicted in Figure 1.

Patient 3

A 56-year-old male with severe HA was admitted after
an episode of extensive spontaneous bleeding into the
subcutaneous tissue of the thorax and pleural cavities.
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Figure 1. Laboratory parameters (factor VIII level, inhibitor titer) and course of treatment of study group (n = 3). APCC — activated prothrom-
bin complex concentrate; hFVIII — human factor VIII; rFVila — recombinant factor Vlla; rpVIIl — recombinant porcine factor VIII Solid lines
represent level of factor VIl in patients 1 (blue), 2 (orange) and 3 (green). Dotted lines represent level of inhibitor titer, which was regularly
monitored throughout treatment. Treatment course of study group is presented descriptively on graph. X axis represents days of treatment.
Patient 1 had longest treatment course (43 days), Patient 2 had a treatment of 26 days, and Patient 3 had shortest treatment of 20 days.

On admission, the patient’s aPTT was 92 s (normal range
25.4-36.9) and FVIII level <1%. He received hemostatic
treatment with a plasma-derived factor VIII concentrate.
On day 7, intensification of hemorrhagic diathesis was
observed. FVIII again decreased to <1% and aPTT pro-
longed to 84.8s. Inhibitor titer was 993 BU/mL. aPCC was
administered (5,000 IU intravenously every 12 hours),
which resulted in the inhibition of bleeding and an overall
improvement in his clinical condition. 16 days after un-
eventful aPCC treatment, the dosing interval was reduced
to every 24 hours. In order to facilitate the outpatient
administration of coagulation factor, the patient received
a peripherally inserted central catheter (PICC) due to dif-
ficulties with access. Although the patient was prepared
for the procedure (7,000 IU of aPCC), his response to
aPCC after the procedure was unsatisfactory: his aPTT was
122 s, and FVII <1%. Therefore, his hemostatic treatment
was switched to eptacog alpha in an infusion pump at
a dosage of 90 ug/kg boluses every three hours for three
days, and then every six hours for three days, twice a day
for two days and once a day for 11 days. The patient was
discharged from the Department of General Hematology
in good general condition, with eptacog alpha 8 mg once
a day for four days, then 8 mg every second day until the
thoracic wound had healed. The patient’s laboratory pa-
rameters and course of treatment are depicted in Figure 1.

Nurse evaluation outcomes

Alarge majority of surveyed personnel (75%) evaluated the
infusion pump as a more comfortable and easier admin-
istration method than 4-hourly interval boluses. Only 35%
claimed bolus injection treatment to be very easy, while
55% assessed infusion pump treatment as either very easy
or easy. Among the greatest difficulties in bolus adminis-
tration, the surveyed personnel identified frequent blood
sampling (30%) and a large number of vials administered
at the same time (35%), while 65% pointed to the precise
time of drug administration as the greatest advantage
of infusion pump administration. The greatest challenge in
infusion pump treatment was considered by 65% of those
surveyed to be the patient’s constant connection to the
infusion pump. This was also the only advantage of bolus
injections named by the personnel.

Discussion

Several studies have explored the efficacy and safety of
using rFVIla administered via infusion pumps in hemophilia
treatment, especially in a surgical setting [16, 18-21]. The
first attempts to introduce rFVlla infusion pump treatment
came about in 1996 when Schulman et al. [18] evaluated
the stability of rFVlla in three different infusion systems.
According to their study, continuous infusion with rFVila
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was feasible and resulted in a reduction of the total dose
of rFVlla by 50-75%, depending on the behavior of the
clearance. No contamination of the infusion systems was
noted. However, the greatest challenge constituted throm-
bophlebitis at the infusion site, which was addressed by
the addition of low-molecular weight heparin to an infusion
bag [18]. In 2002, Stachnik et al. [20] concluded that
continuous infusion of rFVlla can enable the maintenance
of constant factor concentration and thus reduce the risk of
bleeding and reduce factor consumption. Over the follow-
ing years, further research was conducted that came to
the same conclusion [19-22]. In 2019, Négrier et al. [16]
investigated the practicality and effectiveness of rFVlla
mini-pump treatment. They also conducted a survey among
their nursing personnel, which revealed a preference for
infusion pump administration over bolus injections [16].

Infusion pump is superior to bolus injections in terms
of providing the patient with a safe and constant level of
rFVlla. Unlike the infusion pump, bolus injections require
rounding the dosage of rFVlla up or down to the nearest
figure [17]. This is a crucial factor in terms of the treat-
ment’s cost-effectiveness. As long ago as 1993, Carls-
son et al. [22] managed to establish an appropriate rFVila
dose and dose interval for each patient that would allow
for the maintenance of a trough factor concentration >1%
at all times. They concluded that, if administered in a con-
tinuous infusion, the rFVlla consumption would reduce to
22,000 units/year compared to 275,000 units/year with
standard prophylactic dosing [22]. rFVlla treatment is ex-
pensive: a single bolus for an 80 kg adult (a 7 mg dose)
costs $9,514 [23]. The reduction of costs offered by infu-
sion pump treatment is not only limited to fixed dosage ad-
ministration; it is also more economical in the context of
nursing care. According to Pollard et al., in the United King-
dom, rFVlla bolus dosage administration takes ¢.6 nurs-
ing hours per 24 hours, yet when using the pump the time
amounts to only one nursing hour per 24 hours [17].

Reducing nursing time from six hours to one is also de-
sirable because it lessens the burden on the nursing staff
and lowers the risk of human error [17, 21]. The results of
our questionnaire reveal infusion pump to be the preferred
method of administration among 75% of the surveyed nurs-
ing personnel. Rated its greatest advantage by 65% was
the possibility of administering the drug at precise time in-
tervals, while having large numbers of vials administered
at the same time (35% of surveyed) and frequent blood
sampling (30%) were identified as the greatest disadvan-
tages of bolus injections.

The concerns regarding infusion pump therapy center on
the stability of the drug, the risk of infection, the risk of de-
velopment of phlebitis at the infusion site, the risk of pump
failure, and the possibility of inhibitor development [19]. Ac-
cording to SmPC, rFVlla remains stable for 24 hours at 25°C
when stored in a 50 mL polypropylene syringe. This stability

enables infusion pump therapy [6, 14]. To date, there have
not been any reports indicating early systemic infections
complicating infusion pump treatment. Maintaining ster-
ile conditions during preparation is crucial in preventing in-
fection [19, 24-26]. Phlebitis was a common complication
described in the initial studies documenting rFVlla infusion
treatment [18, 27]. Nowadays, this can easily be prevented
by parallel infusion of saline [19]. The increasing quality of
infusion pumps means that reports of pump failure are very
rare. Frequent monitoring and thorough preparation prior to
introduction of the pump treatment can be taken as preven-
tive measures [19]. Kempton et al. [27] found no evidence
of a link between constant infusion treatment and the de-
velopment of inhibitors in patients with moderate or mild he-
mophilia who underwent intensive treatment for surgery. All
reports of the development of inhibitor as a consequence of
infusion pump treatment are anecdotal [19, 28, 29].

In the three patients treated in our Department, there
was no compensation in hemostatic effect as a result of
pump treatment. The course of management was unevent-
ful, and no side effects were reported.

A comparison of infusion pump and bolus administra-
tion is set out in Table IV.

Conclusions

Recombinant factor Vlla via an infusion pump is more
effective in maintaining hemostasis and is the preferred
administration method among nursing personnel. Patients
and personnel alike benefit from infusion pump administra-
tion of recombinant factor Vlla for hemophilia A.
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Abstract

Introduction: Blood and blood products transfusion is an essential therapy for many patients. However, it carries the
risk of transmission of infection. The hepatitis B virus can be transmitted by blood transfusion. This highlights
the importance of combined HBsAg and anti-HBc screening to eliminate blood-transmitted HBV.

Aim of work: This study aimed to assess the prevalence of HBV among vaccinated multi-transfused patients in Egypt.

Material and methods: The study was conducted on 805 multi-transfused patients who were followed up at the
outpatient hematology clinic at Cairo University Children’s Hospital. Plasma blood samples were collected for an HBV
rapid screening test, and serum samples were collected for serological and molecular analysis of positive cases.

Results: The results of this study results of HBV screening using RDT revealed three positive cases out of 805. The first
case showed HBsAg positive, HBsAb negative, HBCcAb positive, and HBeAg positive, as well as a high viral load. The
second case showed HBsAg positive, HBsAb negative, HBcAb positive, HBeAg negative, and an intermediate viral load.
The third case showed HBsAg negative, HBsAb positive, HBcAb positive, HBeAg negative, with an undetectable titer.

Conclusions: HBV infection persists among multi-transfused and previously vaccinated children. Therefore, the post-
immunization immune status of these patients should be assessed, and strict hemovigilance should be followed.

Keywords: HBV, hepatitis B virus, chemiluminescence, PCR
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Hepatitis B is a potentially life-threatening infection
caused by HBV. The high mortality rate from liver cancer
and cirrhosis makes it a severe worldwide health concern
[4]. Many people are asymptomatic during the initial infec-
tion. Symptoms may appear 1-6 months post-exposure [5].

Introduction

Transfusion-related infections (TTIs) still represent a sig-
nificant danger to patients worldwide. Any infection that
spreads from person to person through parenteral blood

or blood component delivery is referred to as a TTI [1].
Examples include Human T-cell Lymphotropic Virus (HTLV)
I and Il, syphilis, cytomegalovirus (CMV), malaria, hepatitis
A virus (HAV), hepatitis B virus (HBV), hepatitis C virus
(HCV), hepatitis E virus (HEV), human immunodeficiency
virus (HIV), and West Nile virus [2, 3].
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The virus is transmitted vertically through perinatal trans-
mission or horizontally by exposure to infectious blood or
bodily fluids [6]. It is recommended that all blood be tested
for hepatitis B before transfusion to prevent infection. The
infection can be diagnosed 30-60 days after exposure [7].
The disease was first made preventable by vaccination in
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1982 [8]. Vaccination is recommended by the World Health
Organization on the first day of life if possible. Two or three
more doses are required later to deliver the full effect [9].
In Egypt, mandatory vaccination against HBV was imple-
mented in 1992 [10].

A safe and effective vaccine offers protection against
hepatitis B. Preventing hepatitis B infection avoids compli-
cations, with a more than 95% success rate [11].

This study aimed to detect the prevalence of HBV infec-
tion in vaccinated and multi-transfused chronic hemolytic
anemia pediatric patients attending the Cairo University
Children’s Hospital hematology clinic.

Patients and methods

The study was conducted on 805 multi-transfused patients

with chronic hemolytic anemia who attended the hema-

tology clinic at Cairo University from August to December

2022. These patients received the HBV vaccine as part of

the Egyptian government’s national vaccination program,

as they were all born after 1992, the year in which the
vaccine was made compulsory.

Patients’ ages ranged from 2 to 24 years with a mean
of 13 + 2 SD, 51.31% were male and 48.69% female. All
included patients were screened for HBsAg using an im-
mune-chromatographic rapid diagnostic test of pharmAtos
Biodiagnostic laboratories. Of the 805 patients, there were
413 (51.31%) males and 392 (48.69%) females. Cases
that revealed positive screening were further subjected
to the following:

1) Serological study by Chemiluminescence Cobas
6000 for Hepatitis B surface Antigen (HBsAg), Hepa-
titis B surface Antibody (HBsAb), Hepatitis B core An-
tibodies (HBcADb), and Hepatitis B e Antigen (HBeAg);

2) PCR Real-time quantitative polymerase chain reac-
tion (PCR);

3) Their families were tested by Chemiluminescence Co-
bas 6000 for HBsAg, HBCcAD.

Sample collection

3 mL of venous blood was obtained from each patient on
a sterile EDTA vacutainer for follow-up in the hematology
clinic, and another 3 mL of blood was collected in a plane
vacutainer tube.

Material and methods

Rapid test: The rapid diagnostic test (RDT) was selected
for HBV screening because of its low cost and ability for
point-of-care diagnosis. The test is an in vitro, visually read,
qualitative immunoassay for detecting HBsAg in serum,
plasma, or whole blood. It is rapid and easy to use.

Interpretation of RDT results

In positive results, as the serum is added, the antigen-an-
tibody complex migrates towards the test zone (T), where
it is captured by immobilized antibodies, forming a visible
line. In negative results, the antigen is absent, and there
is no visible line in the (T) zone. In an invalid result, the
control line zone and the test line zone do not appear
within 10 minutes.

Specificity and sensitivity
A total of 1,002 serum specimens were tested with this
rapid one-step HBsAg test and compared to a reference
kit (Chemiluminescence Cobas 6000). The results showed
that 16 specimens were inconsistent with this rapid one-
step test and the reference kit (positive accordance rate
was 99.43%, negative accordance rate was 97.25%, and
total accordance rate was 98.40%). Plasma specimens
were tested and compared to serum specimens. The
results showed a positive accordance rate of 100%, a neg-
ative accordance rate of 98.54%, and a total accordance
rate of 99.01%.

Chemiluminescence immunoassay using a Cobas
6000 system Elecsyse 601 analyzer (Roche, USA) to as-
sess HBsAg, Anti-HBs, HBeAg.

Real-time quantitative AmpliPrep/COBAS®
TagMan® system (Roche, USA)

The AmpliPrep/COBAS® TagMan® HBV Test, version 2.0,
is an in vitro nucleic acid amplification test (NAT) for quan-
tifying HBV DNA in human plasma and serum. It uses the
COBAS® AmpliPrep Instrument for automated specimen
processing and the COBAS® TagMan® Analyzer or CO-
BAS® TagMan® 48 Analyzer for automated amplification
and detection.

Results

The screening for HBsAg by immune-chromatographic rapid
diagnostic test revealed 802/805 (99.63%) negative cas-
es. Only three cases, i.e. numbers 38, 91, and 442, were
positive (0.37%), as depicted in Figure 1.

The only three positive cases were serologically inves-
tigated for HBsAg, HBs Ab, HBcAb, HBeAg and the PCR
quantitative assay investigated for the viral load. Descrip-
tive data for positive cases is set out in Table I, which
shows the results of the serological assessment of HBSAg,
HBsAb, HBcAb, HBeAg using chemiluminescence on the
three positive cases.

The results of the PCR quantitative assay for the viral
load of the three cases were as follows:

m Case 38 had a high titer of 17,000,000 IU/mL;
m Case 91 had an intermediate titer of 20,000 IU/mL;
m Case 442 had an undetectable titer of less than 10 IU/mL.
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Figure 1. RTD results: top photo shows negative results, and other three are positive cases

Table I. Descriptive positive cases and results of serological assessment

Case History of blood

number vaccination

Patient 38 Male 11years Notvaccinated Positive

Patient 91 Female 24 years Undocumen- Positive
ted

Patient 442 Male 5 years Vaccinated Positive

RT-PCR (1U)
Positive 2 miU/mL Positive Positive 17E6
Negative
Positive 2 mlU/mL Positive  Negative 2E4
Negative
Negative 20 mlU/mL Positive  Negative  Lessthan 10
Positive

17E6 = 17 x 10° |U; 2E4= 2 x 10 IU; HBcAb — hepatitis B core antibodies; HBeAg — hepatitis B e Antigen; HBsAg — hepatitis B surface antigen; IU — international unit; RDT — rapid diagnostic test;

RT-PCR — real-time polymerase chain reaction

An ‘undetected’ result indicates that hepatitis B virus
(HBV) DNA was not detected in the serum specimen. A re-
sult of less than 10 IU/mL indicates that HBV DNA was
detected. However, the HBV DNA level present cannot be
quantified accurately below this lower limit of quantifica-
tion of this assay.

Family members of the three cases were serologically
investigated. Table Il sets out the results of the HBsAg and
HBcADb tests performed on them.

Case 38 was an 11-year-old boy on regular blood trans-
fusions, and we depended on the history of vaccination
given by his mother. We revealed positive HBsAg, with
a low level of HBsAb (2 mIU/mL) considered negative, pos-
itive HBcAb and positive HBeAg and a high titer viral load
(17,000,000 IU/mL). This patient had chronic active hepa-
titis B infection with high infectivity and high viral load. The
low level of HBsAb reflects his low immunity to HBV infection.

Case 91 was a 24-year-old female; she was on reg-
ular blood transfusions, her vaccination history was un-
known, and she had positive HBsAg, with a low level of
HBsAb (2 mlU/mL) considered negative, positive HBcAb
and negative HBeAg with an intermediate titer of viral load

Table II. Results of HBsAg and HBcAb of family members
of three cases

Case Relation
number

Patient 3 Father Negative Negative
&t - Mother Gray zone Negative
- Brother Negative Negative
Patient 2 Son 1 Negative Negative
il - Son 2 Negative Negative
Patient B Father Negative Negative
442 - Mother Negative Negative
- Sister 1 Negative Negative
- Brother Negative Negative
- Sister 2 Negative Negative

HBcAb — hepatitis B core antibodies; HBsAg — hepatitis B surface antigen

(20,000 IU/ml). This patient had chronic hepatitis B infec-
tion with low infectivity and an intermediate viral load. The
low level of HBsAb reflects her low immunity to HBV infection.
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Figure 2. Polymerase chain reaction (PCR) results of cases: 38, 91, 442

Case 442 was a 5-year-old boy. He was on regular blood
transfusions, and we depended on the history of vaccina-
tion given by the mother, although there was no documen-
tation of the doses received. He had negative HBsAg, an
elevated level of HBsAb (20 mlU/mL) considered positive,
positive HBcAb, and negative HBeAg with an undetectable
titer of HBV of less than 10 IU/mL, so the patient was di-
agnosed as an occult hepatitis B patient.

Family members of the three cases showed negative re-
sults for all markers (HBsAg, HBcAb) except for the mother
of case 38, who showed gray zone positivity for HBsAg, and
her HBsAb was negative (2 mlU/mL). PCR of this mother
showed an undetectable titer of less than 10 IU as shown
in Figure 2. She gave no history of blood transfusions, and
her vaccination history was undocumented.

Discussion

Hepatitis B is a potentially life-threatening liver infection
caused by HBV. It is a major global health problem that
can cause chronic infection and put people at high risk of
death from cirrhosis and liver cancer.

Hepatitis B prevalence is highest in the WHO Western
Pacific Region and the WHO African Region, where 6.2% and
6.1% of the adult population are infected, respectively. In
the WHO Eastern Mediterranean Region, WHO South-East

AN

Asia Region, and WHO European Region, an estimated
3.3%, 2.0%, and 1.6% of the general population are infect-
ed, respectively. Additionally, 0.7% of people in the WHO
Region of the Americas are infected [9].

According to WHO estimates, 1.5 million new cases of
hepatitis B infection occur each year, and 296 million indi-
viduals worldwide were living with chronic illness in 2019.
820,000 deaths from hepatitis B are thought to have oc-
curred in 2019, primarily from cirrhosis and hepatocellu-
lar cancer [12].

As of 2016, 27 million people (10.5% of those esti-
mated to be living with hepatitis B) were aware of their in-
fection, while 4.5 million (16.7%) of the people diagnosed
were on treatment [13].

In 2015, Schweitzer et al. [14] reported the most ro-
bust estimates of the prevalence of chronic HBV by coun-
try and by region. Their findings highlighted both the sub-
stantial global burden of chronic HBV and the concentra-
tion of the epidemic in specific countries. This systematic
review collated data from HBsAg seroprevalence studies
including 109,415,627 individuals across 161 countries
published between 1965 and 2013. The authors estimat-
ed that 3.61% of the global population lived with chronic
HBV infection [14].

HBV prevalence by country showed significant world-
wide variation, ranging from as low as 0.01% in Norway
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and the UK to more than 20% in countries such as South
Sudan and Kiribati [15].

In Egypt, an estimated 3.3 million people are infected
with HBV, which represents a moderate endemicity. The
prevalence rate declined after the universal immunization
program for infants was launched in 1992 [16]. A cross-sec-
tional analysis of the prevalence of HBV in Egypt by Ismail
et al. [17] in 2017 revealed a population prevalence rate
of 1.4%. This study showed marked variations in the preva-
lence of infection nationwide, and within-household trans-
mission appeared to play a powerful role in sustaining HBV
infection rates in Egypt [17].

HBV also spreads by needle stick injury, tattooing, pierc-
ing, and exposure to infected blood and bodily fluids such
as saliva and menstrual, vaginal, and seminal fluids. Sex-
ual transmission of hepatitis B may occur, particularly in
unvaccinated men who have sex with men and in hetero-
sexual persons with multiple sex partners or contact with
sex workers [18].

Perinatal or childhood infection has been associated
with few or no symptoms but has a high risk of becoming
chronic. A limited number of medications can be used to
treat chronic hepatitis B in these age groups effectively;
however, a safe and effective vaccine is available to pre-
vent infection [19]. Follow-up of babies born to infected
(HBsAg-positive) mothers involves four doses of vaccina-
tion: the first dose at birth, then 1, 2 and 12 months later,
and/or a single dose of HBIG at birth [20].

The risk factors for HBV infection have been well-char-
acterized in the literature in general. Even so, data specific
to the Egyptian context is scarce, and multiple modes of
transmission have been noted [21]. Previous work in Egypt
has shown strong associations between distal risk factors
such as literacy and HBV risk [17].

Proximate risk factors are better characterized and in-
clude intravenous drug use, which has been strongly as-
sociated with HBV risk status in studies in Egypt, tattooing
and body piercing, barbershop use, and the presence of
an infected family member [17, 22]. High rates of occult
HBV infection reported in some studies from Egypt reflect
the higher risk of iatrogenic exposure to which they were
subject [23].

One of the major concerns in transfusion medicine cen-
ters on minimizing the risk for TTls, including HBV [24]. De-
spite the use of effective risk reduction measures, the goal
of zero residual risk remains out of reach [25]. Since HBV
vaccination was introduced into the routine immunization
for children in 1992, progress has been made in improving
both the scale and coordination of public efforts to tack-
le HBV and HCV infection through the Egyptian National
Strategy and the Plan of Action for the Prevention, Care,
and Treatment of Viral Hepatitis.

Researchers have suggested that the residual risk
for HBV transfusion transmission is “associated with the
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pre-seroconversion window period and occult HBV infection
characterized by the absence of detectable HBsAg and ex-
tremely low levels of HBV DNA” [25]. Another study pointed
out several factors that likely influence HBV transfusion trans-
mission, including the volume of plasma transfused/viral
load, the immune status of both recipient and donor con-
cerning HBV, and the infecting strain of HBV [26].

Wang et al. [27] showed that HBV screening methods
among blood donors differ between developed and devel-
oping countries. In developed countries like the US, blood
donors are screened for HBsAg and anti-HBc. Persons
positive for even one of them are disqualified based on
evidence of ongoing or past infections. Combined HBsAg
and anti-HBc screening virtually eliminates blood-trans-
mitted HBV, with the rare exception of pre-HBsAg window-
-period donations eliminating most of the blood-transmitted
HBV. In contrast, in developing countries endemic to HBY,
adopting such a criterion would disqualify most volunteer
blood donors. However, the advent of new viral detection
technology, especially NAT, has concluded that ¢.10% of
people with past HBV infection harbor viral DNA in their
blood or blood cells [27].

The results of this HBV study screening revealed three
positive cases. These initial results were further confirmed
by testing the patients’ samples for various serological HBV
markers using the chemiluminescence technique and quan-
titative viral load assay by real-time PCR.

Although the RDT is less specific than other immunolog-
ical techniques (e.g. ELISA and chemiluminescence) and
carries the risk of missing positive cases, this study was
designed to screen as many patients as possible at the
lowest cost. It is known that using more sensitive screen-
ing techniques for HBsAg (e.g. again ELISA and chemilu-
minescence), especially when combined with anti-HBcAb
assay, can detect more positive cases with acute, chronic,
or occult hepatitis B infection, or even resolved hepatitis B
cases. Considering the specificity of the used assay and the
results of confirmatory tests, the prevalence of HBV in
the studied group was 0.37%.

It is worth mentioning that the discrepancy between
positive HBsAg initial screening with RDT and negative
chemiluminescence assay, in this case, comes from using
another sample obtained five weeks later when the patient
attended to receive another blood transfusion.

A prospective study was conducted at Mansoura Univer-
sity to estimate the real frequency of HBV and HCV among
Egyptian B-thalassemic patients and to determine the in-
fection-associated risk factors in this group. Fifty-eight
(29.0%) were HBsAg positive, and 13 (6.5%) were anti-HBc
positive by ELISA [28]. In another study conducted on trans-
fusion-dependent thalassemic children attending the Pe-
diatric Departments of both Sohag and Minia Universities
in Upper Egypt from 2014-2015, the frequency of HBsAg
positivity was 4.12% [29].
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HBV screening in Cairo University Hospital’s blood bank
is achieved by testing the donor samples for HBsAg using
ELISA following the Egyptian national standards for blood
banking. However, safer screening strategies are applied
worldwide.

HBsAg tests are not sensitive enough during the window
period (45-50 days for most sensitive assays) for HBV in-
fection. Likewise, in the early convalescence phase of HBV
infection acute phase, as well as in chronic HBV infections,
very low levels of HBsAg are often present, which are not
detected by the routinely used HBsAg assays [30]. Several
reports on different HBV escape mutations, in which rou-
tine screening assays did not detect HBsAg [31].

Blood-borne transmission of HBV continues to occur
despite the implementation of highly sensitive screening
tests for HBsAg, suggesting that these assays are still not
sensitive enough to prevent all infections [25]. Unlike HB-
sAg, anti-HBc may be present during the chronic carrier
state and at the end of an acute resolving infection where
HBsAg may be undetectable. HBV-positive donors who are
analyzed when they present during these stages of the
disease can often be identified by either HBV NAT or by
testing for anti-HBc [30].The introduction of HBV NAT can
overcome safety gaps left by HBsAg or anti-HBc testing in
cases of occult HBV infection [32].

In this study, we depended on a mother’s history re-
garding HBV vaccination, and 2/3 positive cases had a low
HBsAD titer. The Egyptian Ministry of Health has adopted
a schedule for HBV immunization that involves three dos-
es of yeast-recombinant hepatitis B vaccine administered
to all infants at 2, 4, and 6 months, to coincide with other
compulsory vaccines.

Optimal immunization is critical for all patients with thal-
assemia, especially transfused patients. Patients need to
be immunized against hepatitis B, especially patients on
chronic transfusions. Annual monitoring of titers and boost-
erimmunizations, when indicated, will ensure patients are
well protected [33].

Salama et al. [34] conducted a study to assess the ef-
fectiveness of the HBV vaccination program among fully
vaccinated children in Egypt. A total of 3,600 children aged
from 9 months to 16 years who were fully vaccinated with
the HBV vaccine during infancy were recruited. Sera were
evaluated for HBsAg, anti-HBcab (total), and quantitative
detection of hepatitis B surface antibody by ELISA. Sam-
ples positive for HBsAg or anti-HBcAb were subjected to
quantitative HBV PCR. Sero-protection was detected among
2,059 children (57.2%) with mean titers of 75.4 + 3.6 IU/L
compared to 3.1 £ 2.1 IU/L among non-seroprotected
children. HBsAg was positive in 0.11%, and breakthrough
infection was found in 0.36% and 0.39%, depending on
the positivity of anti-HBc and DNA detection, respectively.
The prevalence of HBV infection was significantly higher
among children aged > 7 years (0.59%) compared to 0.07%

among those aged under seven [34].In a cross-sectional
study by El-Beshlawy et al. [35], 100 multi-transfused chil-
dren were included, and screening for HBsAg, HBcAb by
ELISA, only 12% of patients were either acutely or chron-
ically infected with HBV. 46% were immune due to previ-
ous vaccination, and 39% were not protected from HBV in-
fection. However, complete HBV vaccination in this study
was achieved in 78/100 patients. The authors also found
that among all multi-transfused children in the study, one
in three of those who had completed their vaccinations
were not protected [35].

El-Beshlawy et al. [35] showed HBsAg positivity had
been 16.48% before the implementation of the nation-
al HBV vaccination. Establishing a vaccination program
against HBV has had a notable impact on the prevalence
of hepatitis B infection [16].

This decrease in the prevalence of hepatitis B infection
reflects the efficacy of the vaccination program, and the
effective screening of blood and blood products [36]. De-
spite the decline in the prevalence of HBsAg among Egyp-
tian multi-transfused children over recent decades [37], it
is still high compared to other countries, and this could be
attributable to the high infection rates among those chil-
dren despite vaccination against HBV, as they might not
have responded adequately to vaccination or may not be
fully vaccinated [34]. Post-vaccination infections may
be a result of viruses with surface (S)-gene mutations in
a region critical for antibody reactivity to the hepatitis B
surface antigen (anti-HBs) [38].

Although blood is screened for HBV in blood banks
in Egypt, transfusion-related HBV transmission may occur
because screening in most blood banks is performed
only for HBsAg, not for core antibodies [39, 40]. This has
led to calls for the implementation of the anti-HBc test
as a routine assay, which would undoubtedly eliminate
possible HBV-infected blood units. Rejection of these units
would decrease the risk of HBV transmission, particularly
in immune-compromised recipients.

The results of this study together with those of Salama et
al. [34] and El-Faramawy et al. [39], still reveal a gap regard-
ing vaccination schedules that requires additional effort to
ensure that the entire population has strictly completed their
vaccinations, particularly in high-risk groups of patients.

In this study, the family members of the three cases
were serologically investigated for HBsAg and HBcAb, and
they all showed negative results except for the mother of
case 38, who showed gray zone positivity for HBsAg while
her HBsAb was negative (2 mlU/mL). Real-time PCR on
her sample showed a titer of less than 10 IU. She gave no
history of blood transfusions, and her vaccination history
was unknown. Follow-up of this mother is needed, as she
might have had a recent infection. Although the transmis-
sion mode is not yet apparent, the role played by household
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contact in active infections has been highlighted in a study
by Talaat et al. [23].

In conclusion, to reduce the incidence of HBV in multi-
-transfused patients, we recommend active immunization
against HBV for all patients on repeated blood transfusion
therapy, plus strict follow-up and hemovigilance.

Article information and declarations

Data availability statement
Data that supports the findings of this study is available
on request from the corresponding author.

Ethics statement
Informed consent from all individuals enrolled in the study
was obtained.

Authors’ contributions

AA —idea for study, study design; NE — study design, manu-
script revision; ND — practical part of screening, manuscript
preparation; FAWAM — manuscript preparation; IY — clinical
enrollment and follow-up of cases, manuscript revision.

Funding
This research received no specific grant from any funding
agency in the public, commercial, or not-for-profit sectors.

Acknowledgements
Not applicable.

Conflict of interest
The authors declare no conflict of interest

Supplementary material
None.

References

1. Mohammed Y, Bekele A. Seroprevalence of transfusion trans-
mitted infection among blood donors at lJijiga blood bank,
Eastern Ethiopia: retrospective 4 years study. BMC Res Notes.
2016; 9: 129, doi: 10.1186/s13104-016-1925-6, indexed in
Pubmed: 26922241.

2. Di Minno G, Perno CF, Tiede A, et al. Current concepts in the preven-
tion of pathogen transmission via blood/plasma-derived products for
bleeding disorders. Blood Rev. 2016; 30(1): 35-48, doi: 10.1016/].
blre.2015.07.004, indexed in Pubmed: 26381318.

3. Cheung CK, Wong SH, Law AW, et al. Transfusion-transmitted hepatitis
E: What we know so far? World J Gastroenterol. 2022; 28(1): 47-75,
doi: 10.3748/wjg.v28.i1.47, indexed in Pubmed: 35125819.

4. Geta M, Yizengaw E, Getaneh Z, et al. Seroprevalence of Hepatitis B
Virus Infection Among Patients Attending at Addis Alem Primary Hospi-
tal, Bahir Dar, Northwest Ethiopia. Int J Gen Med. 2021; 14: 405-411,
doi: 10.2147/1JGM.S298586, indexed in Pubmed: 33603446.

www.journals.viamedica.pl/acta_haematologica_polonica

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Azza Aboelenin et al., HBV in multi-transfused patients

Singh N, Tripathi R, Dubey P, et al. Asymptomatic hepatitis B virus-posi-
tive patients visiting dental outpatient department in North India: A mul-
ticentric study. Journal of the International Clinical Dental Research
Organization. 2020; 12(1): 18, doi: 10.4103/jicdro.jicdro_25_19.
Nelson NP, Easterbrook PJ, McMahon BJ. Epidemiology of Hepatitis
B Virus Infection and Impact of Vaccination on Disease. Clin Liver Dis.
2016; 20(4): 607-628, doi: 10.1016/j.cld.2016.06.006, indexed in
Pubmed: 27742003.

Soi V, Soman S. Preventing Hepatitis B in the Dialysis Unit. Adv
Chronic Kidney Dis. 2019; 26(3): 179-184, doi: 10.1053/].
ackd.2019.03.003, indexed in Pubmed: 31202390.

Kyuregyan KK, Kichatova VS, Isaeva OV, et al. Coverage with Timely
Administered Vaccination against Hepatitis B Virus and Its Influence
on the Prevalence of HBV Infection in the Regions of Different Ende-
micity. Vaccines (Basel). 2021; 9(2), doi: 10.3390/vaccines9020082,
indexed in Pubmed: 33498794,

Hepatitis B vaccines: WHO position paper, July 2017 - Recommenda-
tions. Vaccine. 2019; 37(2): 223-225, doi: 10.1016/j.vac-
€ine.2017.07.046, indexed in Pubmed: 28743487.

Abd El-Wahab EW, Eassa SM. Seroprevalence of HBV among Egyp-
tian municipal solid waste workers. Heliyon. 2019; 5(6): e01873,
doi: 10.1016/j.heliyon.2019.e01873, indexed in Pubmed: 31249889.
Cox AL, El-Sayed MH, Kao JH, et al. Progress towards elimination
goals for viral hepatitis. Nat Rev Gastroenterol Hepatol. 2020;
17(9): 533-542, doi: 10.1038/s41575-020-0332-6, indexed in
Pubmed: 32704164.

Flores JE, Thompson AJ, Ryan M, et al. The Global Impact of Hep-
atitis B Vaccination on Hepatocellular Carcinoma. Vaccines (Ba-
sel). 2022; 10(5), doi: 10.3390/vaccines10050793, indexed in
Pubmed: 35632549.

Hutin Y, Nasrullah M, Easterbrook P, et al. Access to treatment for
hepatitis B virus infection—Worldwide, 2016. American Journal of
Transplantation. 2018; 18(10): 2595-2598, doi: 10.1111/ajt.15093.
Schweitzer A, Horn J, Mikolajczyk RT, et al. Estimations of world-
wide prevalence of chronic hepatitis B virus infection: a systematic
review of data published between 1965 and 2013. Lancet. 2015;
386(10003): 1546-1555, doi: 10.1016/S0140-6736(15)61412-X,
indexed in Pubmed: 26231459.

Chu D, Tusalem R. The Role of the State on Cross-National Homicide
Rates. International Criminal Justice Review. 2013; 23(3): 252-279,
doi: 10.1177/1057567713500790.

Elbahrawy A, Ibrahim MK, Eliwa A, et al. Current situation of viral
hepatitis in Egypt. Microbiol Immunol. 2021; 65(9): 352-372,
doi: 10.1111/1348-0421.12916, indexed in Pubmed: 33990999.
Ismail SA, Cuadros DF, Benova L. Hepatitis B in Egypt: A cross-section-
al analysis of prevalence and risk factors for active infection from a na-
tionwide survey. Liver Int. 2017; 37(12): 1814-1822, doi: 10.1111/
liv.13469, indexed in Pubmed: 28481452,

Ismoilova Ul. DISEASE HEPATITIS B. Journal the Coryphaeus of Sci-
ence. 2023; 5(1): 118-28.

Schillie S, Vellozzi C, Reingold A, et al. Prevention of Hepatitis
B Virus Infection in the United States: Recommendations of the Ad-
visory Committee on Immunization Practices. MMWR Recomm Rep.
2018; 67(1): 1-31, doi: 10.15585/mmwr.rr6701al, indexed in
Pubmed: 29939980.

Deng HMA, Romero N, Allard N, et al. Uptake of perinatal immunopro-
phylaxis for infants born to women with a record of hepatitis B in Victo-
ria (2009-2017). Vaccine. 2023; 41(10): 1726-1734, doi: 10.1016/j.
vaccine.2023.01.045, indexed in Pubmed: 36759283.

/£


http://dx.doi.org/10.1186/s13104-016-1925-6
https://www.ncbi.nlm.nih.gov/pubmed/26922241
http://dx.doi.org/10.1016/j.blre.2015.07.004
http://dx.doi.org/10.1016/j.blre.2015.07.004
https://www.ncbi.nlm.nih.gov/pubmed/26381318
http://dx.doi.org/10.3748/wjg.v28.i1.47
https://www.ncbi.nlm.nih.gov/pubmed/35125819
http://dx.doi.org/10.2147/IJGM.S298586
https://www.ncbi.nlm.nih.gov/pubmed/33603446
http://dx.doi.org/10.4103/jicdro.jicdro_25_19
http://dx.doi.org/10.1016/j.cld.2016.06.006
https://www.ncbi.nlm.nih.gov/pubmed/27742003
http://dx.doi.org/10.1053/j.ackd.2019.03.003
http://dx.doi.org/10.1053/j.ackd.2019.03.003
https://www.ncbi.nlm.nih.gov/pubmed/31202390
http://dx.doi.org/10.3390/vaccines9020082
https://www.ncbi.nlm.nih.gov/pubmed/33498794
http://dx.doi.org/10.1016/j.vaccine.2017.07.046
http://dx.doi.org/10.1016/j.vaccine.2017.07.046
https://www.ncbi.nlm.nih.gov/pubmed/28743487
http://dx.doi.org/10.1016/j.heliyon.2019.e01873
https://www.ncbi.nlm.nih.gov/pubmed/31249889
http://dx.doi.org/10.1038/s41575-020-0332-6
https://www.ncbi.nlm.nih.gov/pubmed/32704164
http://dx.doi.org/10.3390/vaccines10050793
https://www.ncbi.nlm.nih.gov/pubmed/35632549
http://dx.doi.org/10.1111/ajt.15093
http://dx.doi.org/10.1016/S0140-6736(15)61412-X
https://www.ncbi.nlm.nih.gov/pubmed/26231459
http://dx.doi.org/10.1177/1057567713500790
http://dx.doi.org/10.1111/1348-0421.12916
https://www.ncbi.nlm.nih.gov/pubmed/33990999
http://dx.doi.org/10.1111/liv.13469
http://dx.doi.org/10.1111/liv.13469
https://www.ncbi.nlm.nih.gov/pubmed/28481452
http://dx.doi.org/10.15585/mmwr.rr6701a1
https://www.ncbi.nlm.nih.gov/pubmed/29939980
http://dx.doi.org/10.1016/j.vaccine.2023.01.045
http://dx.doi.org/10.1016/j.vaccine.2023.01.045
https://www.ncbi.nlm.nih.gov/pubmed/36759283

Acta Haematologica Polonica 2024, vol. 55, no. 6

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Paez Jimenez A, EI-Din NS, El-Hoseiny M, et al. Community transmis-
sion of hepatitis B virus in Egypt: results from a case-control study in
Greater Cairo. Int J Epidemiol. 2009; 38(3): 757-765, doi: 10.1093/
ije/dyp194, indexed in Pubmed: 19420088.

Aly H, Alkabeer A, Sobhy A, et al. “Prevalence of Occult Hepatitis
B Virus Infection Among Assiut University Students”. Al-Azhar In-
ternational Medical Journal. 2020; 0(0): 0-0, doi: 10.21608/
aimj.2020.22812.1098.

Talaat M, Radwan E, El-Sayed N, et al. Case-control study to evaluate
risk factors for acute hepatitis B virus infection in Egypt. East Mediterr
Health J. 2010; 16(1): 4-9, indexed in Pubmed: 20214150.

Seo DH, Whang DH, Song EY, et al. Occult hepatitis B virus infec-
tion and blood transfusion. World J Hepatol. 2015; 7(3): 600-606,
doi: 10.4254/wjh.v7.i3.600, indexed in Pubmed: 25848484,
Candotti D, Laperche S. Hepatitis B Virus Blood Screening: Need for
Reappraisal of Blood Safety Measures? Front Med (Lausanne). 2018; 5:
29, doi: 10.3389/fmed.2018.00029, indexed in Pubmed: 29515997.
Allain JP, Mihaljevic |, Gonzalez-Fraile M, et al. Infectivity of blood
products from donors with occult hepatitis B virus infection. Transfu-
sion. 2013; 53(7): 1405-1415, doi: 10.1111/trf.12096, indexed in
Pubmed: 23362802.

Wang JT, Lee CZ, Chen PJ, et al. Transfusion-transmitted HBV infection
in an endemic area: the necessity of more sensitive screening for HBV
carriers. Transfusion. 2002; 42(12): 1592-1597, doi: 10.1046/].1537-
2995.2002.00274.%, indexed in Pubmed: 12473140.

Mansour AK, Aly RM, Abdelrazek SY, et al. Prevalence of HBV and HCV
infection among multi-transfused Egyptian thalassemic patients. He-
matol Oncol Stem Cell Ther. 2012; 5(1): 54-59, doi: 10.5144/1658-
3876.2012.54, indexed in Pubmed: 22446611.

Mahmoud RA, EI-Mazary AAM, Khodeary A. Seroprevalence of Hepa-
titis C, Hepatitis B, Cytomegalovirus, and Human Immunodeficiency
Viruses in Multitransfused Thalassemic Children in Upper Egypt. Adv
Hematol. 2016; 2016: 9032627, doi: 10.1155/2016/9032627, in-
dexed in Pubmed: 26989417.

Niederhauser C. Reducing the risk of hepatitis B virus trans-
fusion-transmitted infection. J Blood Med. 2011; 2: 91-102,
doi: 10.2147/JBM.S12899, indexed in Pubmed: 22287868.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Wang M, Xu Ru, Huang J, et al. Molecular characteristics of the full-
length genome of occult hepatitis B virus from blood donors in China.
Sci Rep. 2022; 12(1): 8194, doi: 10.1038/541598-022-12288-0,
indexed in Pubmed: 35581341.

Wong DKH, Chen C, Mak LY, et al. Detection of the Hepatitis B Sur-
face Antigen in Patients with Occult Hepatitis B by Use of an Assay
with Enhanced Sensitivity. J Clin Microbiol. 2022; 60(2): €0220421,
doi: 10.1128/jcm.02204-21, indexed in Pubmed: 34936478.

Alli NA, Patel M. Thalassaemia (part 1). South African Medical Journal.
2021; 111(6): 528, doi: 10.7196/sam;j.2021.v111i6.15717.

Salama I, Sami SM, Said ZN, et al. Effectiveness of hepatitis B virus
vaccination program in Egypt: Multicenter national project. World
J Hepatol. 2015; 7(22): 2418-2426, doi: 10.4254/wjh.v7.i22.2418,
indexed in Pubmed: 26464758.

El-Beshlawy A, Kaddah N, El-Hassan AA, et al. The frequency of blood
borne viruses (HBV, HCV and HIV) among Egyptian thalassemic chil-
dren. COLLOQUES-INSTITUT NATIONAL DE LA SANTE ET DE LA RE-
CHERCHE MEDICALE COLLOQUES ET SEMINAIRES. ; 1995: 314.
Raslan E, AbdAllah M, Soliman S. The prevalence and determinants of
hepatitis B among Egyptian adults: a further analysis of a country-rep-
resentative survey. Egyptian Liver Journal. 2022; 12(1), doi: 10.1186/
543066-022-00207-x.

Said ZN, Sayed MH, Salama Il, et al. Occult hepatitis B virus infection
among Egyptian blood donors. World J Hepatol. 2013; 5(2): 64-73,
doi: 10.4254/wjh.v5.i2.64, indexed in Pubmed: 23646231.

Singh H, Pradhan M, Singh RL, et al. High frequency of hepatitis B
virus infection in patients with beta-thalassemia receiving multiple
transfusions. Vox Sang. 2003; 84(4): 292-299, doi: 10.1046/j.1423-
0410.2003.00300.x, indexed in Pubmed: 12757503.

El-Faramawy AA, El-Rashidy OF, Tawfik PH, et al. Transfusion trans-
mitted hepatitis: where do we stand now? A one center study in
upper egypt. Hepat Mon. 2012; 12(4): 286-291, doi: 10.5812/hepat-
mon.852, indexed in Pubmed: 22690237.

El-Zayadi AR, Ibrahim EH, Badran HM, et al. Anti-HBc screening in
Egyptian blood donors reduces the risk of hepatitis B virus trans-
mission. Transfus Med. 2008; 18(1): 55-61, doi: 10.1111/j.1365-
3148.2007.00806.x, indexed in Pubmed: 18279193.

www.journals.viamedica.pl/acta_haematologica_polonica


http://dx.doi.org/10.1093/ije/dyp194
http://dx.doi.org/10.1093/ije/dyp194
https://www.ncbi.nlm.nih.gov/pubmed/19420088
http://dx.doi.org/10.21608/aimj.2020.22812.1098
http://dx.doi.org/10.21608/aimj.2020.22812.1098
https://www.ncbi.nlm.nih.gov/pubmed/20214150
http://dx.doi.org/10.4254/wjh.v7.i3.600
https://www.ncbi.nlm.nih.gov/pubmed/25848484
http://dx.doi.org/10.3389/fmed.2018.00029
https://www.ncbi.nlm.nih.gov/pubmed/29515997
http://dx.doi.org/10.1111/trf.12096
https://www.ncbi.nlm.nih.gov/pubmed/23362802
http://dx.doi.org/10.1046/j.1537-2995.2002.00274.x
http://dx.doi.org/10.1046/j.1537-2995.2002.00274.x
https://www.ncbi.nlm.nih.gov/pubmed/12473140
http://dx.doi.org/10.5144/1658-3876.2012.54
http://dx.doi.org/10.5144/1658-3876.2012.54
https://www.ncbi.nlm.nih.gov/pubmed/22446611
http://dx.doi.org/10.1155/2016/9032627
https://www.ncbi.nlm.nih.gov/pubmed/26989417
http://dx.doi.org/10.2147/JBM.S12899
https://www.ncbi.nlm.nih.gov/pubmed/22287868
http://dx.doi.org/10.1038/s41598-022-12288-0
https://www.ncbi.nlm.nih.gov/pubmed/35581341
http://dx.doi.org/10.1128/jcm.02204-21
https://www.ncbi.nlm.nih.gov/pubmed/34936478
http://dx.doi.org/10.7196/samj.2021.v111i6.15717
http://dx.doi.org/10.4254/wjh.v7.i22.2418
https://www.ncbi.nlm.nih.gov/pubmed/26464758
http://dx.doi.org/10.1186/s43066-022-00207-x
http://dx.doi.org/10.1186/s43066-022-00207-x
http://dx.doi.org/10.4254/wjh.v5.i2.64
https://www.ncbi.nlm.nih.gov/pubmed/23646231
http://dx.doi.org/10.1046/j.1423-0410.2003.00300.x
http://dx.doi.org/10.1046/j.1423-0410.2003.00300.x
https://www.ncbi.nlm.nih.gov/pubmed/12757503
http://dx.doi.org/10.5812/hepatmon.852
http://dx.doi.org/10.5812/hepatmon.852
https://www.ncbi.nlm.nih.gov/pubmed/22690237
http://dx.doi.org/10.1111/j.1365-3148.2007.00806.x
http://dx.doi.org/10.1111/j.1365-3148.2007.00806.x
https://www.ncbi.nlm.nih.gov/pubmed/18279193

VI REVIEW ARTICLE

VIA MEDICA

Acta Haematologica Polonica 2024
Number 6, Volume 55, pages 335-342
DOI: 10.5603/ahp.102182

ISSN 0001-5814

e-ISSN 2300-7117

Endothelial dysfunction and thrombosis
in polycythemia vera

Weronika Marzena Lebowa®?"

. Pawet Kuczia®

, Patrycja Lebowa® © , Tomasz Sacha®

'Chair and Clinic of Hematology, Jagiellonian University Medical College, Cracow, Poland

’Doctoral School of Medical and Health Sciences, Jagiellonian University Medical College, Cracow, Poland

®Jagiellonian University Medical College, Cracow, Poland

Abstract

Polycythemia vera (PV) is a chronic myeloproliferative neoplasm with an increased risk of thrombotic events. Endo-
thelial dysfunction is a pathogenetic mechanism contributing to thrombus formation in PV. The presence of the JAK2
V617F mutation is associated with an increased risk of thrombosis due to changes in endothelial homeostasis medi-
ated by overexpression of pro-adhesive and proinflammatory agents. Cytoreductive treatment that decreases the JAK2
allele burden and inhibits the JAK/STAT signaling pathway is potentially more effective in thrombosis prevention than
drugs that are less effective in the reduction of the JAK2 allele burden.

This review aims to present the spectrum of endothelial dysfunction and the impact of cytoreductive treatment on the
condition of endothelial cells and thrombosis risk in patients suffering from polycythemia vera.

Keywords: polycythemia vera, endothelium, endothelial dysfunction, thrombosis, thrombotic complications

Introduction

Polycythemia vera (PV) is a chronic myeloproliferative neo-
plasm characterized by increased red blood cell mass and
blood viscosity. Thrombotic events are observed in ¢.40% of
patients, and are the leading cause of morbidity and mor-
tality in PV [1, 2]. Arterial thrombosis comprises 60-70%
of all thromboembolic events in PV [3]. Of these, the most
frequent are cerebrovascular events (stroke and transient
ischemic attack), which constitute 25.2% and 24.5%
of all arterial events, respectively [4]. Arterial occlusion
less frequently involves coronary arteries and peripheral
arteries [3, 4]. Venous thrombosis includes pulmonary
embolism, deep vein thrombosis, cerebral vein thrombosis,
and splanchnic venous thrombosis i.e. thrombosis located
in the portal vein, splenic vein, porto-mesenteric vein, or
hepatic vein (Budd-Chiari syndrome) [5, 6]. Venous events
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in PV often occur in atypical locations, most frequently in
splanchnic veins, which constitute 45% of all venous
events [7]. Thrombosis may be the first manifestation of
PV, which is observed in 12-25% of patients [1, 7, 8]. In
a group of patients under the age of 25 diagnosed with PV
and treated with cytoreduction, the reason for treatment im-
plementation in 24.6% of cases was thrombotic events [9].
highest rates of thrombosis in PV usually occur before,
or at the time of, diagnosis, and decrease over time. This
is probably due to the effects of cytoreductive treatment
(64% of thrombotic events at the time of diagnosis or before
vs. 36% during follow-up) [1]. However, an increased risk
of developing thrombotic events persists throughout the
patient’s lifetime [10]. The rate of thromboembolic events
in PV after diagnosis is ¢.2.6% per year [11, 12]. Thrombosis
after diagnosis occurs in 22% of PV patients [7], and 16%
of PV patients develop at least one thrombotic event after
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treatment initiation, which occurs more frequently in high-
-risk PV patients compared to low-risk [13]. The 20-year
rate of thrombotic events in PV is 26%. Contrastingly, the
20-year rates of two other life-shortening complications,
i.e. fibrotic transformation and leukemic transformation,
are 16% and 4%, respectively [14]. Thus, the prevention
of thrombotic complications is one of the main treatment
goals in PV.

The pathogenesis of thrombosis in PV is complex and
multifactorial, and involves both blood and vascular cells.
Increased risk of thrombosis is associated with elevated
blood cell count, JAK2 V617F allele burden, and activa-
tion of platelets, leukocytes, and endothelial cells [15, 16].
Tumor-mutated clone and circulating malignant cells induce
an inflammatory host response which leads to generalized
inflammation and promotes a prothrombotic state in PV.
Malignant cells produce cytokines responsible for the pro-
thrombotic phenotype of vascular endothelial cells [17].

Endothelial dysfunction is one of the factors associated
with a high propensity for thrombosis in PV. Physiologically,
the endothelium participates in the maintenance of vas-
cular integrity and generates an antithrombotic surface.
The dysfunction of endothelial cells observed in PV caus-
es a series of changes that create pro-adhesive and pro-
thrombotic blood conditions represented by an activation
and adhesion of platelets, leukocytes, and erythrocytes to
the endothelium, the formation of circulating platelet-leu-
kocyte aggregates, neutrophil extracellular traps and mi-
croparticles, the generation of thrombin and the release
of pro-inflammatory cytokines [5, 18, 19].

The prothrombotic phenotype of endothelial cells with
the JAK2 mutation is reflected in the overexpression and
increased secretion of inflammatory, pro-adhesive, and
endothelial cell activating factors: von Willebrand factor,
P-selectin, E-selectin, soluble thrombomodulin, vascular
cell adhesion protein 1 (VCAM-1), intercellular adhesion
molecule 1 (ICAM-1), endothelial leukocyte adhesion mole-
cule 1 (ELAM-1), vascular endothelial growth factor (VEGF),
IL-6 and IL-33 receptor [20-25].

The molecular basis of endothelial dysfunction in PV in-
cludes a JAK2 V617F expression promoting thrombosis by
inducing endothelial P-selectin expression, which may be
reversed by cytoreductive therapy [23]. Molecules that par-
ticipate in the adhesion of erythrocytes to the endothelium
in PV are the Lutheran/basal cell adhesion receptor (Lu/
/BCAM) phosphorylated by the JAK2 V617F mutation and
the endothelial alpha-5-laminin chain [26]. JAK2 mutation
expression in the endothelium causes tight adhesion of leu-
kocytes to endothelial cells [21]. JAK2 is also involved in col-
lagen-induced platelet activation [27]. Inhibition of JAK/STAT
signaling limits the overexpression of several genes that are
involved in venous stenosis and thrombosis due to pro-in-
flammatory and pro-adhesive properties [22]. Inhibition of
JAK/STAT signaling prevents thrombogenesis in PV.

Observational studies have confirmed the involvement
of the JAK2 V617F mutation in the increased risk of throm-
bosis. JAK2 variant allele frequency (VAF) >50% correlates
with the risk of venous thrombotic events. This is an im-
portant risk factor for venous thrombosis, and also in con-
ventionally low-risk patients [28].

Therefore, a reduction in the JAK2 mutant allele burden
seems to be a priority in the treatment of PV patients. The
second, and equally important, goal of modern PV therapy
should be to extinguish chronic inflammation.

Effect of treatment on endothelial
function in PV

Thrombosis history and age over 60 are the two crucial
criteria for the stratification of risk in patients and the
choice of treatment regimen [29]. Cytoreductive treatment
is indicated in patients with PV conventionally defined as
high-risk, and in some specific situations in the low-risk
patient group, such as inadequate hematocrit (Hct) con-
trol with phlebotomies (i.e. a need for 6+ phlebotomies
per year), symptomatic splenomegaly, severe pruritus,
persistence of constitutional symptoms, leukocytosis
> 15 x 10°/L, thrombocytosis > 1,500 x 10°/L, and relevant
cardiovascular risk (hypertension, ischemic heart disease,
diabetes mellitus) [29, 30].

The three main goals of PV treatment are the preven-
tion of thrombotic complications, improving quality of life
by releasing or alleviating constitutional symptoms, and
inhibiting the progression of fibrosis in the bone marrow.
Good disease control is reflected in the maintenance of Hct
below 45%. PV patients with Hct <45% have a significantly
lower rate of cardiovascular death and of major thrombotic
events [31]. Historically, the primary method of maintaining
target Hct values has been phlebotomy. But nowadays it is
known that phlebotomies alone do not decrease the risk
of PV progression to the fibrotic phase; therefore, they are
mainly used as adjunctive therapy in order to rapidly lower
Hct in high-risk patients or periodically in low-risk patients
[29, 32]. In the large cohort of PV patients included in the
European Collaboration on Low-dose Aspirin in Polycythe-
mia Vera (ECLAP) study, the maintenance of Hct <45%
at 12 months was achieved in more than half of patients
treated with HU but in only 31% of patients treated with
phlebotomy alone. Phlebotomy was also less effective in
controlling leukocytosis. The advantages of HU over phle-
botomy were seen in reduced overall mortality, cardiovas-
cular events, and myelofibrosis transformation [4].

The literature shows that the number of phlebotomies
per year correlates with an increased risk of thrombosis
in PV. Patients treated with HU who also needed at least
three phlebotomies per year to maintain Hct control have
been shown to have a significantly higher rate of thrombo-
sis compared to patients who required fewer venesections
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(20.5% vs. 5.3% at 3-year follow up). The need for phle-
botomy identifies a subgroup of PV patients with excessive
cell proliferation and an increased risk of thrombosis [33].
Aclinical correlation between the need for phlebotomy and
the risk of thrombotic events has also been shown in the
MAJIC-PV trial. The time to the first thrombotic event within
the first three years was associated with the average num-
ber of venesections [34]. Phlebotomy-induced iron deficien-
¢y may be responsible for an increased risk of thrombotic
events [35-37]. Iron deficiency leads to reactive thrombo-
cytosis by increasing the expression of vascular endothelial
growth factor A (VEGFA) and affecting megakaryocyte differ-
entiation [38]. Jimenez et al. [37] analyzed a link between
iron deficiency and thrombotic events in an animal mod-
el. They observed a larger diameter of arterial and venous
thromboses and a faster growth of thromboses in a rat mod-
el of iron deficiency. Platelet count correlated with the final
thrombus dimension. Furthermore, the plasma and platelet
expression of P-selectin was higher in the iron deficiency
sample. All the above changes were reversible, and nor-
malized after iron replacement therapy [37]. Iron deficiency
leads to the activation of hypoxia-inducible factors (HIFs),
which results in overexpression of several prothrombotic
genes [36]. Among PV patients, those with iron deficiency
had higher levels of mRNA detected in granulocytes and
platelets of thrombospondin 1 (THBS1), P-selectin (SELP),
interleukin 1 receptor-associated kinase 1 (IRAK1), and
plasminogen activator inhibitor-1 (SERPINE1). Increased
expression of prothrombotic genes mediated by iron defi-
ciency has been observed in PV, essential thrombocythe-
mia, and Chuvash polycythemia [36].

The cytoreductive treatment for PV includes hydroxy-
carbamide (HU), interferon-alpha (IFN-a), and ruxolitinib.

Hydroxyurea

Despite the development of new drugs i.e. pegylated
interferon alpha 2a (PEG-IFN-«), ropeg interferon alpha
2b (ropeg-IFN-a), and ruxolitinib, HU is still considered
to be among the front-line therapies in high-risk PV. HU
is an inhibitor of ribonucleotide reductase, the enzyme
responsible for the conversion of ribonucleotides to deoxy-
ribonucleotides. HU inhibits DNA synthesis in the S phase
of the cell cycle [39].

The effect of HU on the vascular endothelium has been
investigated primarily in sickle cell anemia, where HU is
the only form of pharmacotherapy dedicated to this dis-
ease, which decreases the frequency and severity of va-
so-occlusive crises. HU significantly reduces endothelial
release of the vasoconstrictor peptide endothelin-1 (ET-1)
by down-regulating ET-1 gene expression. This effect is re-
versible and dose-dependent [40]. HU also reduces the
expression of VCAM-1 in endothelial cells [40].

However, a negative effect of HU on the endothelium
has also been observed, potentially promoting thrombosis.
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HU has been shown to increase the synthesis of ICAM-1,
which is typically expressed in endothelial cells and cells of
the immune system [40]. In an analysis of sickle cell ane-
mia patients, those treated with HU had a significantly lower
level of thrombospondin-1 than those not treated with HU
[40]. Thrombospondin-1 is an adhesive glycoprotein that
mediates the adhesion of red blood cells and platelets to
the vascular endothelium. However, the levels of a disinte-
grin-like metalloproteinase with thrombospondin motif type
1 member 13 activity (ADAMTS13:Act) were shown to be
significantly higher in patients receiving HU, indicating that
HU acts to reduce thrombus formation [41]. HU increases
nitric oxide (NO) production in endothelial cells through
endothelial nitric oxide synthase (eNOS) phosphorylation
[42]. Under laboratory conditions, a prominent elevation in
HU-induced NO levels has been observed in a human bone
marrow endothelial cell line [42]. In patients with sickle
cell anemia, HU treatment has been associated with a de-
crease in the level of the thrombin-antithrombin complex
and a decrease in the plasma level of the soluble vascular
cell adhesion molecule-1 (sVCAM-1), which reflects a lower
prothrombotic activity [43].

Observations on HU activity in sickle cell anemia
studies suggest that HU may also prevent PV-related
thrombotic complications due to influencing the activi-
ty of the endothelium by decreasing the expression of
cell adhesion molecules, and increasing NO synthesis.
However, Brusson et al. [44] showed adverse effects of
HU on red blood cells and endothelial cell physiology in
PV that may contribute to thrombus formation. In con-
trast to IFN-alpha, HU improves the adhesion of eryth-
rocytes to endothelial laminin through increased Lu/
/BCAM phosphorylation [44].

Interferon
IFN-a is another cytoreductive treatment option for pa-
tients with PV. Currently, recombinant forms of IFN-a are
available (rIFN-a) and are used in PV therapy: PEG-IFN-«
and ropeg-IFN-a. The development of pegylated forms of
IFN-a has allowed for less frequent administration, and
has increased tolerance and efficacy [45]. Ropeg-IFN-a, in
contrast to PEG-IFN-a, is a monopegylated rIFN-a, which
extends elimination half-life, resulting in less frequent dos-
ing and better tolerability [46]. The mechanism of action of
rIFN-ac in PV includes downstream activation of JAK/STAT
signaling by binding to the interferon-alpha/beta receptor
(IFNAR). Down-regulation of JAK/STAT signaling leads to
a series of antiproliferative, antiangiogenic, pro-apoptotic,
and immunomodulatory effects affecting virtually all im-
mune cells, especially T cells, macrophages, and natural
killer cells [47, 48].

rIFN-a not only normalizes elevated blood cell counts
in patients with PV, but also can decrease the mutant
JAK2 V617F allele burden [49-51]. After long-term treatment,
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rIFN-ac may even induce minimal residual disease, with
JAK2 V617F VAF <1% and complete histological normal-
ization of the bone marrow in some patients [45, 52-54].
Data from clinical trials that confirm the efficacy and safety
of rIFN-a, and their ability to modulate the natural history of
PV, supports the use of rIFN-a as a first-line treatment op-
tion for PV, especially for younger patients with indications
for cytoreduction [32, 55, 56].

The effect of rIFN-a on the endothelium has been the
subject of research in numerous diseases, including sys-
temic lupus erythematosus (SLE). The literature shows
the negative impact of type | interferon on the endothelial
function in SLE [57, 58]. A link between type | interferons
and decreased eNOS expression and NO bioavailability
has been observed [59]. Faille et al. analyzed the impact
of rlFN-a and HU on the biological hemostatic profile of pa-
tients with myeloproliferative neoplasms. They noted that
rIFN-a reversibly increased endothelial activation mark-
ers [60]. In patients treated with rIFN-a, factor VIl activity,
von Willebrand factor antigen concentration, and von Wil-
lebrand factor activity were all significantly higher, while
protein S activity was significantly lower compared to pa-
tients treated with HU and untreated patients. The fibrin-
ogen concentration was higher in rIFN-o-treated patients
than in untreated patients, but not in HU-treated patients.
After discontinuation of rIFN-a therapy, the altered hemo-
static parameters were restored to normal levels: the von
Willebrand factor antigen concentration decreased from
182% to 92%, the von Willebrand factor activity decreased
from 172% to 92%, the factor VIII activity decreased from
158% to 112%, the fibrinogen concentration decreased
from 3.7 10 3.1 g/L, and the protein S activity increased from
62% to 87% [60]. Despite the reversible changes in the
biological hemostatic profile of the endothelium, rIFN-a
therapy reduces the risk of thrombosis in PV.

The mechanisms responsible for thrombotic risk reduc-
tion include the inhibition of malignant cell proliferation,
the stimulation of apoptosis, and increased immunogenic-
ity against malignant clone cells [61]. rIFN-a therapy leads
to the achievement of complete hematological response
and a reduced JAK2V617F allele burden. The antithrom-
botic effect of rIFN-a influences two primary mechanisms
of the prothrombotic tendency in PV: excessive circulating
malignant cells, and chronic inflammation [62]. rIFN-o at
the molecular level prevents thrombotic events. rIFN-a
inhibits the generation of reactive oxygen species (ROS) in
myeloproliferative neoplasms by downregulating several
oxidative stress genes and upregulating antioxidative de-
fense genes [63]. Both the JAK2 mutation and ROS are
involved in thrombosis formation [64, 65]. rIFN-a reduces
genotoxic damage to hematopoietic stem cells, decreasing
the risk of the appearance of additional mutations, which
promote clonal evolution and disease progression to my-
elofibrosis and leukemic transformation [63].

The outcomes of a large single-center retrospective
study supported the use of rIFN-a rather than HU and
phlebotomy in the treatment of both high-risk and low-risk
patients with PV. In high-risk patients, the 20-year myelofi-
brosis-free survivals for rIFN-a, HU, and phlebotomy were
89%, 41%, and 36%, respectively, and 20-year overall sur-
vivals were 66%, 40%, and 14%, respectively. In low-risk pa-
tients, the analogic parameters were as follows: 84%, 65%,
and 55% of the patients achieved 20-year survival without
progression to myelofibrosis. Overall survivals were 100%,
85%, and 80%, respectively [32]. A randomized controlled
trial comparing the efficacy and safety of PEG-IFN-a and
HU found no significant difference between these agents
in the rates of thrombotic events, although the follow-up
period (12 months) was not long [66]. Final results from
the 6 + year follow-up studies PROUD-PV and its extension
CONTINUATION-PV comparing ropeg-IFN-a and HU/best
available treatment (BAT) showed that the probability of
event-free survival was significantly higher in the ropeg-
IFN-a arm compared to the HU/BAT arm (0.94 vs. 0.82,
p =0.04). Adverse events included thromboembolic events,
progression to myelofibrosis, progression to acute leuke-
mia, and death [56].

Ruxolitinib

Ruxolitinib is a Janus-activated kinase (JAK) inhibitor that
selectively inhibits JAK1 and JAK2. Inhibition of JAK kinase
results in interruption of the cytokine and growth factor
signaling pathway (JAK/STAT), leading to a decrease in the
level of pro-inflammatory cytokines and chemokines that
counteract inflammatory reactions [67].

Ruxolitinib is indicated in high-risk PV patients who are
resistant or intolerant to HU, especially with symptomatic
splenomegaly or severe drug-resistant pruritus, and in pa-
tients with symptoms typical of post-PV myelofibrosis [29].
The benefits of ruxolitinib therapy have been confirmed in
clinical trials: improving overall survival and event-free sur-
vival, and decreasing the allele burden of JAK2 V617F [34].
Ruxolitinib due to JAK/STAT inhibition has the potential to
reduce endothelial prothrombotic activation and proadhe-
sive interactions between endothelial cells and leukocytes.
JAK/STAT inhibition reduces endothelial cell activation me-
diated by TNF-alpha, and decreases the secretion of endo-
thelial proadhesive and procoagulant factors i.e. P-selectin,
von Willebrand factor, IL-6, endothelial tissue factor, and
urokinase plasminogen activator [68]. Analysis of the en-
dothelialized model demonstrated a significant increase in
leukocyte and platelet velocity and a reduction in cell adhe-
sion under the influence of ruxolitinib [69]. Ruxolitinib lim-
its the formation of extracellular neutrophil traps [70] and
reduces the expression of von Willebrand factor, VCAM-1,
and P-selectin [69]. However, strong evidence in favor of
ruxolitinib for the prevention of cardiovascular events is
still lacking [71]. Ruxolitinib is more effective than BAT
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in achieving a molecular response, which correlates with
a reduced risk of thrombosis [71]. In the MAJIC study, pa-
tients with a sustained complete or partial molecular re-
sponse had no thrombotic complications during follow-up,
compared to a thrombotic event rate of 19.1% in patients
without at least a partial molecular response [72]. A me-
ta-analysis of four randomized controlled trials: RESPONSE,
RESPONSE-2, MAJIC, and RELIEF, did not show a clear ad-
vantage of ruxolitinib in preventing thrombosis. The abili-
ty of ruxolitinib to reduce the risk of thrombosis was sug-
gested (thrombosis ratio 3.09% and 5.51% of patients per
year, for ruxolitinib and BAT, respectively), but it was not
statistically significant (p = 0.098) [71].

Discussion

Endothelial dysfunction is one of the main mechanisms that
contribute to thrombosis in PV. The JAK2 V617F mutation
does not only affect hematopoietic stem cells and multipo-
tent progenitor cells, but is also present in the endothelial
cells of patients with myeloproliferative neoplasms and
Budd-Chiari syndrome [73-75]. This mutation changes the
phenotype and functions of endothelial cells. It induces
the overregulation of several genes and pathways involved
in inflammatory processes and cellular adhesion, with con-
sequences in terms of thrombosis formation [22, 23, 59].

Historically, phlebotomies were the basis of PV treat-
ment. It must be emphasized that phlebotomies do not im-
prove patient quality of life. PV patients treated with phle-
botomies have been shown to have significantly more se-
vere fatigue, abdominal discomfort, inactivity, problems with
concentration, night sweats, pruritus, and bone pain [76].
Phlebotomy alone was insufficient to keep Hct at a safe lev-
el in the ECLAP study, which showed the advantage of HU
over phlebotomy in the Hct control at all time points ana-
lyzed i.e. after 12, 24, and 36 months [4]. Moreover, recent
studies have warned against the excessive use of phleboto-
mies to control Het in PV, suggesting that phlebotomies may
contribute to thrombosis by inducing the overexpression of
prothrombotic genes mediated by iron deficiency [35-37].

Interesting conclusions were drawn from a study by
Faille et al. [60], which showed that IFN-a changes endo-
thelial homeostasis to a more prothrombotic one. In gen-
eral, their study showed that IFN-a-induced elevation of
prothrombotic biomarkers may be considered a biologi-
cal side effect of this treatment [60]. The clinical signifi-
cance of the above observations, which may reflect an in-
creased susceptibility to thrombotic events, needs to be
further investigated since it does not translate into a clini-
cally increased incidence of thrombotic complications in
patients treated with rIFN-o. However, particular attention
may need to be paid to patients treated with IFN-ac who
have additional risk factors for thrombotic events. Data
from observational studies and randomized controlled
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trials clearly shows the benefit of rIFN-a over HU in the
treatment of patients with PV in terms of longer event-
free survival, including thrombotic events [32, 50, 55, 56].
These studies support the use of rIFN-a in the early treat-
ment of PV to reduce thrombotic complications, prevent
fibrotic transformation, and prolong survival.

JAK2 kinase inhibitors, unlike HU, down-regulate
JAK/STAT signaling pathway and have the greatest potential
to reduce the risk of thrombosis. Given this, it is surprising
that data from post-marketing reports of JAK2 kinase inhib-
itors efficacy shows that this drug class can increase the
incidence of pulmonary thrombosis and that the use of rux-
olitinib may be risky in patients with portal vein thrombosis
[77]. However, randomized controlled trials do not support
this observation. A meta-analysis of randomized controlled
trials suggest the superiority of ruxolitinib over alternative
therapies in reducing the rate of thrombotic complications
(3.09% and 5.51% of patients per year, respectively), al-
though these results were not statistically significant [71].

Conclusions

Endothelial dysfunction in PV plays a key role in the patho-
genesis of thrombosis and is strongly associated with the
presence of the JAK2 mutation. JAK/STAT signaling pro-
motes the overexpression of inflammatory and pro-adhesive
factors. Therefore, drugs that inhibit JAK/STAT signaling are
more effective in preventing thrombosis in patients with PV.
To date, no studies have been conducted directly comparing
the effectiveness of rIFN-a to that of ruxolitinib in patients
with PV, also in terms of reducing the tendency to throm-
botic complications. The results of such studies would be
very interesting, and would allow for a better determination
of the role of both these drugs in the therapy of PV.
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Abstract

Despite recent progress in treatment methods, acute myeloid leukemia (AML) continues to pose significant clinical
challenges and is associated with generally unfavorable prognoses. Patients considered fit for intensive therapy are
usually treated with cytarabine-anthracycline-based induction chemotherapy. Allogeneic hematopoietic stem cell
transplantation (allo-HSCT) is recommended for patients with adverse-risk AML and most patients with intermediate-
risk AML. The standard therapy for patients who are deemed too poorly for intensive treatment is the combination
of azacitidine and venetoclax. AML cells can escape the immune system through various mechanisms, including
reduced expression of MHC complex molecules, ligand shedding, manipulation of chemical signaling, and enhanced
inhibitory ligand expression. Increased expression of ligands for T-cell-regulation checkpoints is present in AML cells
and correlates with worse outcomes. Therefore, this article reviews the current research progress in immune check-

point inhibitors in AML.

Keywords: checkpoint inhibitors, therapy, acute myeloid leukemia, survival

Introduction

Despite recent progress in treatment methods, acute my-
eloid leukemia (AML) continues to pose significant clinical
challenges and is associated with generally unfavorable
prognoses, with an estimated 5-year overall survival (OS)
rate of ¢.30% that varies between different age groups [1].

Prognosis estimation in AML involves a multi-faceted
assessment that considers various clinical and biological
aspects, including patient characteristics, disease-relat-
ed factors, and disease ontogeny. Based on the patient’s
disease history, AML can be classified into two groups: de
novo AML and secondary AML. Secondary AML that aris-
es from a pre-existing hematological disease or following
treatment with chemotherapy or radiation accounts for
15-30% of all cases, and has a generally worse prognosis
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compared to primary AML [2]. Biological factors such as
cytogenetic abnormalities, gene mutations, and chromo-
somal aberrations are the basis for the European Leuke-
mia Net (ELN) criteria that stratify AML into categories of
favorable, intermediate, or adverse risk. The ELN criteria
are dynamic and were last updated in 2022 due to novel
molecular findings. Risk stratification strongly influences
treatment decisions [3].

Currently, the treatment regimen for young, trans-
plant-eligible patients with AML who are considered to be
fit for intensive treatment consists of two phases: com-
plete remission (CR) induction and a consolidation phase.
CRinduction usually involves cytarabine-anthracycline-based
induction chemotherapy, commonly following the ‘7+3’ reg-
imen [4]. If the leukemia fails to respond sufficiently to the
initial induction therapy, a second induction is started.
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Figure 1. Checkpoint inhibitors and ligands in acute myeloid leukemia; APC — antigen-presenting cell; CTLA-4 — cytotoxic T-lymphocyte
associated protein 4; Gal-9 — galectin-9; LAG-3 — lymphocyte-activation gene 3; MHC Il — class Il major histocompatibility complex; PD-1
— programmed cell death protein 1; PD-L1 — programmed cell death ligand 1; SIRPa — signal regulatory protein alpha; TIM-3 — T-cell im-

munoglobulin and mucin domain-3

Daunorubicin + AraC + cladribine (DAC) and cladribine +
+ AraC + mitoxantrone (CLAM) are equally effective [5].

Research by the Polish Adult Leukemia Group has
shown the beneficial effect of adding cladribine to the
‘7+3’ regimen in newly diagnosed AML patients, including
those under 60 years old [6] as well as those over 60 [7].
In elderly patients unfit for intensive chemotherapy, the
combination of cladribine with low-dose cytarabine has
been proved to be a more effective therapeutic option
compared to low-dose cytarabine alone [8]. Additionally,
gemtuzumab ozogamicin can be used in combination ther-
apy with daunorubicin and cytarabine for the treatment of
patients aged 15 years and older with previously untreat-
ed de novo CD33 positive AML, except acute promyelocytic
leukemia [9].

For patients with a therapy-related AML (t-AML), or AML
with myelodysplasia-related changes (AML-MRC), CPX-351,
a liposomal formulation of daunorubicin and cytarabine, is
an alternative to the classical regimen. The use of targeted
therapy is standard for leukemia with specific mutations.
The IDH1 and IDH2 inhibitors ivosidenib and enasidenib
are approved for patients with AML with mutations of the re-
spective genes [10]. Midostaurin — a type | first-generation
FMS-like tyrosine kinase 3 (FLT3) inhibitor — is
approved in combination with standard induction and
consolidation chemotherapy for FLT3 mutation-positive
patients. Gilteritinib — a second-generation FLT3 inhibitor
— can be used for relapsed/refractory AML in the same
group of patients [11, 12].

Lower-intensity therapy with azacitidine and venetoclax
for patients who do not tolerate intensive remission induc-
tion therapy might prolong survival, but only rarely results
in long-term disease control [13].

Recurrence of AML is the most significant negative
prognostic factor, occurring in ¢.30% of pediatric patients
and reducing the 5-year OS to below 30% [14]. In the adult
population, relapse is the most common cause of treatment
failure, with a 5-year OS rate of ¢.10% for patients with dis-
ease recurrence [15].

To prevent relapse, post-remission consolidation ther-
apy with high-dose cytarabine (HiDAC) is commonly used
to eliminate residual, undetectable disease, although the
optimal number of cycles and the timing remain under
evaluation [16].

Allo-HSCT remains the most effective option due to its
graft-versus-leukemia (GVL) effect. However, in many cases,
the toxicity might outweigh the benefit [17], and in 30-70%
of patients, allo-HSCT fails due to disease relapse, which
significantly lowers the survival rate [18]. Therefore, the
therapy is recommended for patients with adverse-risk AML
and for most patients with intermediate-risk AML.

The curative potential of allo-HSCT is one of the reasons
behind the growing interest in the potential role of immu-
notherapies in treating myeloid neoplasms, including AML.

AML cells can escape the immune system through various
mechanisms, including reduced expression of MHC complex
molecules, ligand shedding, manipulation of chemical sig-
naling, and enhanced inhibitory ligand expression [19, 20].
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Table I. Overview of discussed immune checkpoints, their physiological function, and corresponding immune checkpoint inhibitors (ICls)

Immune checkpoint Physiological function ICls
CTLA-4 Inhibition of T-cell activation through competition Ipilimumab
with CD28 for binding to CD80/86 ligands
PD-1/PD-L1 axis Inhibition of T-cell activation, proliferation and cytokine pro- Nivolumab, pembrolizumab, durvalumab,
duction avelumab, atezolizumab
TIM-3/Galectin-9 axis Promotion of T-cell exhaustion; enhancement of treg cells Sabatolimab
LAG-3 Reduction of T-cell proliferation and cytokine production upon Relatlimab
binding to MHC class Il and other ligands
CD27/CD70 axis Promotion of T-cell activation and proliferation in healthy Cusatuzumab

individuals or immunosuppressive effect resulting from tumor-
-associated CD70 overexpression and chronic stimulation of axis

CD47/SIRPa axis

Prevention of phagocytosis of healthy cells

Magrolimab, evorpacept, lemzoparlimab

CD27/CD70 — cluster of differentiation 27/cluster of differentiation 70; CD47 — cluster of differentiation 47; CTLA-4 — cytotoxic T-lymphocyte associated protein 4; LAG-3 — lymphocyte-activation gene 3;
PD-1 — programmed cell death protein 1; PD-L1 — programmed cell death ligand 1; SIRPa — signal regulatory protein alpha; TIM-3 — T-cell immunoglobulin and mucin domain-3

Increased expression of ligands for T-cell-regulation check-
points, including cytotoxic T-lymphocyte antigen 4 (CTLA-4),
programmed cell death protein 1 (PD-1), B7-H3, and T-cell
immunoglobulin and mucin-domain containing-3 (TIM-3),
is present in AML cells and correlates with worse out-
comes [21].

Implementing immune checkpoint inhibitors (ICls) has
been successful in many solid tumors, but the same can-
not be said about myeloid malignancies. The main reasons
behind the limited progress in this area are likely a lower
mutational burden and higher heterogeneity than solid tu-
mors [19, 22]. This review will present the current research
progress in immune checkpoint inhibitors in AML.

CTLA-4 blockade

Cytotoxic T-lymphocyte antigen-4 (CTLA-4) is a receptor from
the CD28 family present on activated T-cells. It inhibits T-cell
maturation and differentiation by competing with the
T-cell co-stimulatory receptor CD28 in binding to CD80 and
CD86 ligands. Its high expression has been demonstrated
on CD4+ cells, CD8+ cells, and Treg cells. High expression of
CTLA-4 on Treg cells might play a key role in the induction
of immunological self-tolerance [23]. Around 80% of AML
samples express CTLA-4[24]. Preclinical studies have dem-
onstrated that CTLA-4 blockade enhances cytotoxic T-cells
function and increases the proportion of T-cells producing
IFN-y [25]. In murine models, CTLA-4 blockade has triggered
a graft-versus-leukemia (GVL) effect after allo-HSCT but
without leading to graft-versus-host disease (GVHD) [26].

Ipilimumab

Ipilimumab is the first FDA-approved CTLA-4 inhibitor. It is
indicated as monotherapy or in combination with nivolumab
for melanoma. Additionally, when combined with nivolum-
ab, it is approved for the treatment of several other malig-
nancies including renal cell carcinoma, colorectal cancer,

non-small cell lung cancer, hepatocellular carcinoma and
head and neck squamous cell carcinoma [27]. Data on its
in vivo activity in AML is still very limited. Davids et al. [28]
investigated the response to single-agent ipilimumab ther-
apy in patients with relapse after allo-HSCT in a phase I/1b
multicenter study (median age 58 years, range 22-75).
Two out of twenty-two patients had a partial response, and
5/22 had a complete response, with four of them experi-
encing a durable response for more than 12 months. In
another clinical study, ipilimumab showed limited activity
in patients after HMA failure (mean age, 67.3, standard devi-
ation 7.9 years). One patient (3.4%) achieved a marrow com-
plete response for three months and seven patients (24%)
achieved stable disease lasting more than 46 weeks [29].
Another open-label study assessed the efficacy of ipilim-
umab in a group of 29 patients with relapse of solid and
hematological malignancies after allo-HSCT (median age
43 years, range 21-65). No disease regression was ob-
served in AML patients [30].

The combination therapy of ipilimumab with HMA shows
more promising results. In a multicenter phase | trial us-
ing ipilimumab and decitabine for patients with relapsed
and/or refractory myelodysplastic syndrome (R/R MDS) or
AML before and after allo-HSCT, Garcia et al. [31] reported
an OS rate of 52% in allo-HSCT-naive patients and of 20%
in patients post allo-HSCT.

PD-1/PDL-1 blockade

Programmed cell death protein 1 (PD-1) is a type | trans-
membrane protein primarily expressed in activated immune
cells. It binds to the programmed cell death ligand 1 (PD-L1)
and PD-L2. The expression of these ligands is regulated by
pro-inflammatory cytokines involving IFN-y, IL-12 and TNF-
[32]. The pathway’s role is to inhibit immune responses.
Even though PD-L2 has a greater affinity to PD-1 than to PD-
-L1, its role in immune regulation is smaller since PD-L1 is
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present in many tissue types, while PD-L2 is found mostly in
hematopoietic cells [33-35]. In patients with malignancies,
an overexpression of PD-L1 molecules on the cells’ surface
of many tumors and PD-1 receptors on T-cells infiltrating
the tumor has been observed. Interaction of PD-1 with
PD-L1 on tumor cells inhibits apoptosis of malignant cells
and suppresses the antitumor T-cell response by inducing
their exhaustion and apoptosis. Blockade of this interaction
restores T-cell activity and prevents the immune escape
of neoplastic cells. These discoveries have allowed for the
development of effective targeted therapies for multiple
malignancies [36].

In AML, overexpression of PD-1 receptors has been
observed in all T-cell populations [37]. The upregulation is
more frequent in patients with relapses than in newly di-
agnosed patients [38], and also more frequent in non-re-
spondents than in patients with complete remission [21].
Preclinical studies have demonstrated that disease pro-
gression leads to a higher proportion of Treg cells and in-
creased PD-1 expression in CD8+ T-cells in murine AML
models. PD-1 blockade, coupled with Treg lymphocyte
depletion, prolonged the survival of the mice [39, 40].
In newly diagnosed AML patients, the modulation of PD-1/
/PD-L1 axis by combining anti-PD-1 and anti-PD-L1 anti-
bodies with cytarabine was shown to enhance activation
of Th and Tc cells, and thus positively affect the formation of
an anti-cancer immune microenvironment, without influ-
encing the blast cells [41].

Several anti-PD-1 antibodies (nivolumab, pembrolizum-
ab, cemiplimab) and PD-L1 inhibitors (atezolizumab, ave-
lumab and durvalumab) have been approved for various
solid tumors, but their therapeutic use in hematological ma-
lignancies, including AML, is still under examination [42].

PD-1 inhibitors

Nivolumab

In 2016, Daver et al. [43] conducted a phase Ib/Il study
of the combination of nivolumab and azacitidine (AZA)
with 51 enrolled patients who had failed prior therapy
(median age 69 years, range 45-90). The median 0S of
the patients was 9.3 months, which compared favorably
to the survival of similar patients treated only with AZA as
salvage therapy [43].

In 2019, the same authors reported a phase Il study
in which 70 patients with R/R AML were treated with AZA
and nivolumab (median age 70 years, range 22-90). In this
trial, 65% of the patients had received prior HMA therapy.
An overall response rate (ORR) of 33% was reported, in-
volving 22% of CR or complete remission with incomplete
count recovery (CRi) (four CR and 11 CRi). However, 58% of
patients did not respond to the therapy. Prior HMA did not
improve the outcome. The achieved ORR, CR/CRi and OS
were significantly higher than in a historical cohort treated

with HMA salvage therapy. In non-responders, CTLA-4 up-
regulation in CD4+ and CD8+ T-cell populations occurred,
suggesting a role played by this mechanism in resistance
to PD-1 blockade [44].

To further activate T-cell response, a second cohort
of 31 patients was treated by the same authors with AZA,
nivolumab, and ipilimumab (median age 71 years, range
26-86). The 0S of 10.5 months was favorable compared
to the first cohort and historical HMA-based clinical trial
controls [45]. Due to the encouraging results, the authors
are currently conducting phase Ib trials to study the efficacy
of nivolumab and ipilimumab in patients with high-risk R/R
AML or MDS after allo-HSCT (NCT03600155).

Another phase Il study assessed the combination of
nivolumab and induction chemotherapy with idarubicin and
cytarabine in patients with newly diagnosed AML (n = 42)
or high-risk MDS (HR-MDS) (n = 2) (median age 54 years,
range 26-66). The median OS of all patients and of those
who underwent allo-HSCT was 18.5 months and 24 months,
respectively. However, there was no difference between pa-
tients who continued the therapy after remission and those
who bridged to allo-HSCT, suggesting nivolumab’s ability
to restore antitumor immune activity. The ORR was 78%
including 64% of CR and 14% of CRi. The therapy was well
tolerated, and no excess immune-related adverse events
(irAEs) and mortality were reported [46].

Liu et al. [47] studied the potential of nivolumab alone
to eliminate MRD and as maintenance therapy in patients
with AML after chemotherapy in a multi-center phase Il
study. Eighty patients were randomized to a treatment or
a placebo arm (mean age 64.4 years, range 29-80). The
2-year PFS was identical (30%) in both arms. Nivolumab
also failed to improve the 2-year 0S, which was 60%
in the treatment arm and 54% in the observation arm
(p =0.23). AEs were more common in the nivolumab arm,
although they were expected and manageable. The authors
concluded that patients with AML after chemotherapy did
not benefit from nivolumab on its own [47].

Pembrolizumab
The therapeutic use of pembrolizumab combined with AZA
was investigated in a phase Il study in patients with
R/R and newly diagnosed AML. In the first cohort of 37 R/R
patients (median age 65 years, range 19-83), 29 (78%)
were eligible for response evaluation. Among them, 14%
achieved CR/CRi and 4% achieved PR. The median OS was
10.8 months. In the second newly diagnosed cohort, 8/17
evaluable patients (median age 75 years, range 67-83)
showed CR/CRi (47%), 2/17 showed PR (12%), and the
median OS was 13.1 months. In the first cohort, 24% of
patients showed grade 3/4 irAEs, while in the second co-
hort, they were observed in 11% of patients [48].
Goswami et al. [49] tested the potential synergy of pem-
brolizumab and decitabine combination therapy in R/R
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AML patients. The cohort included 10 previously treated
patients (median age 62 years, range 30-81). One patient
achieved a morphological leukemia-free state. Three had
stable disease, and two were in CR. The median 0S was
10 months. The AEs were consistent with a single-agent
decitabine therapy, except for two patients who experi-
enced irAEs [49].

Pembrolizumab was also tested in combination with Hi-
DAC to examine whether PD-1 inhibition improves the out-
comes of intensive chemotherapy in R/R AML. The ORR,
CR rate, and median OS of the 37 enrolled patients were
46%, 38%, and 11.1 months, respectively (median age
54 years, range 24-70). Both patients with R/R AML and
those receiving the treatments for the first time had good
outcomes (13.2 and 11.3 months of median 0S, respec-
tively). The irAEs were, in general, self-limiting and easily re-
solved [50]. Nine of the examined patients were bridged to
allo-HSCT. In a retrospective analysis, they were compared
to a historical group of 18 AML patients after allo-HSCT with-
out prior ICI therapy. OS was comparable between the two
groups (67% vs. 78%). However, in contrast to the control
cohort, the ICI group showed no 100-day mortality (0% vs.
17%) and no chronic GVHD [51].

No publication on cemiplimab in AML has yet been re-
leased. One study is currently recruiting (NCT03017820).

PD-L1 inhibitors

Durvalumab

Arandomized, open-label study investigated the combination
of AZA and durvalumab in HR-MDS and AML patients (me-
dian age 76 years, range 65-89). Both AML and HR-MDS
patients were randomized into two arms to receive either
AZA and durvalumab, or AZA alone. The difference in ORR
between the arms in either cohort was insignificant. The
authors concluded that the combination of drugs does not
bring significant clinical benefits compared to AZA alone [52].

Another study, FUSION-AML-001, compared AZA with
or without durvalumab as a first-line treatment for patients
with AML or HR-MDS. Patients with AML were enrolled in
two arms of 64 and 65 patients, respectively. In both arms,
ORR, OS, and duration of response were similar [53]. The
HR-MDS cohort was divided into two arms, each of 42 pa-
tients, with no significant differences in ORR and median
0S between them [54].

A study assessing the efficacy and safety of the com-
bination of AZA and durvalumab in previously untreat-
ed HR-MDS or AML elderly patients has been completed
(NCT02775903). No studies are currently recruiting.

Avelumab

Zheng et al. [55] conducted a phase | study to assess the
safety and tolerability of the combination of avelumab and
decitabine in patients with untreated AML unfit for HiDAC.

Seven patients were enrolled (median age 72 years, range
62-78). Two patients died of sepsis before the end of thera-
py, meaning that five patients were evaluated for response.
One achieved CR, one showed disease progression, and the
remaining three had stable disease. The median OS was
3.2 months. Regarding AEs, two patients developed grade
three pneumonitis and five patients died of septic shock.
The authors concluded the therapy did not bring about
a clinical benefit and contributed to a significant increase
in sepsis-related deaths [55].

The efficacy of avelumab with AZA in patients with
R/R AML was assessed in a phase Ib/Il clinical trial. Nine-
teen patients were treated (median age 66 years, range
22-83), 66% of whom had prior exposure to HMA. Two pa-
tients achieved CRi. The median OS was 4.8 months. The
efficacy was comparable to the historical CR/CRi rate of
16% and the median OS of 6.7 months in a large cohort
of R/R AML patients treated with AZA only. Mass cytometry
performed in the same study revealed a higher expression
of PD-L2 compared to PD-L1 on AML blasts with increas-
ing PD-L2 expression during therapy, suggesting its role in
AML immune escape [56]. No new studies are recruiting
at the moment.

Atezolizumab
The safety of a combination of atezolizumab and gilteritinib
(an FMS-like tyrosine kinase 3 inhibitor) was assessed in
a phase | dose-escalation study by Altman et al. [57]. Eleven
adults with relapsed or refractory FLT3-mutated AML were
recruited (median age 82 years, range 68-84). Serious
treatment-related AEs were reported in 10 patients (90.9%)
and led to the withdrawal of study treatment in eight. In
three patients, they led to death. The authors concluded
that the combination had an acceptable safety profile with
no new safety signals from either of the agents [57].

Another phase Ib study by Prebet et al. [58] evaluated
the safety and efficacy of the combination of atezolizum-
ab with guadecitabine in patients with R/R AML or new-
ly diagnosed AML. All sixteen enrolled patients (median
age 73 years, range 43-82) reported at least one AE and
15/16 reported an AE of grade 3 or higher. Eight patients
died due to disease progression and six due to AEs. One
patient achieved CRi. The overall benefit-risk profile of the
drug combination was unfavorable [58].

Several clinical trials investigating the safety of drug
combinations involving atezolizumab have been complet-
ed lately (NCT03390296, NCT03730012, NCT02892318).

TIM-3/Galectin-9 axis

T-cell immunoglobulin and mucin domain-containing pro-
tein 3 (TIM-3) is a type | transmembrane protein found in
various immune cells. It plays a crucial role in inhibiting
Th1 responses and expressing inflammatory cytokines
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such as TNF-a and IFN-y. The ligand with the highest af-
finity to the TIM-3 domain is a soluble Galectin-9 (Gal-9).
Their interaction triggers cell death in effector Th1 cells,
reducing inflammation and promoting tumor cell evasion
in malignant diseases [59]. In AML patients, TIM-3 expres-
sion on peripheral T cells significantly increases and posi-
tively correlates with a worse prognosis [60, 61]. In murine
models after xenotransplantation, anti-TIM3 monoclonal
antibodies eliminated LSCs able to reconstitute human
AML [62]. Several anti-TIM3 monoclonal antibodies have
been synthesized, but only MGB453 (sabatolimab) has
demonstrated preliminary safety and efficacy in the con-
text of AML [63]. Sabatolimab is a high-affinity, humanized
IgG4 monoclonal antibody targeting TIM-3 on immune and
leukemic cells [64].

The safety and response rate of the combination of sa-
batolimab and HMA in AML and HR-MDS were evaluated in
a phase | study by Brunner et al. [66]. Fifty AML patients
received sabatolimab + decitabine. Sixteen AML patients re-
ceived sabatolimab + AZA. In the sabatolimab + decitabine
cohort, three patients experienced irAEs of grade 3 or higher.
In the sabatolimab + AZA cohort, no irAEs of grade 3 or
higher were reported. For sabatolimab + decitabine, ORR
was 41% and 24% in ND-AML and R/R-AML respectively.
For MBG453 + AZA, ORR was 27% for ND-AML. Results for
both combinations were encouraging [65]. A subsequent
study discovered that R/R AML and HR MDS patients treat-
ed with the combinations of sabatolimab and HMA have
favorable outcomes after HCT [66].

Based on these promising results, a STIMULUS clinical
trial program was initiated to evaluate multiple combination
therapies with sabatolimab in AML, HR-MDS and CMML
during phase Il and Ill trials. STIMULUS-AML1 is a phase Il
single-arm study of sabatolimab, venetoclax and AZA in new-
ly diagnosed AML patients with a median age of 77 years.
The interim results showed the safety profile was compa-
rable to that of venetoclax + AZA therapy [67]. The STIMU-
LUS-AML2 study tested sabatolimab (400 mg or 800 mg IV)
alone or in combination with AZA for AML patients with
MRD detected after allo-HSCT. Twenty-one patients
with a median age of 59 years were enrolled, 10 at 400 mg
and 11 at 800 mg. At data cut-off, in the 400 mg cohort,
three patients were still ongoing, and seven had to discon-
tinue due to relapse. In the 800 mg cohort, seven patients
had to discontinue: due to relapse (five), AE (one), or new
therapy (one). No cases of GvHD or irAEs were reported in
either cohort [68].

LAG-3/MHC signaling

LAG-3 is a type | transmembrane glycoprotein with a similar
domain structure to CD4 [69]. It binds to MHC class Il with
a higher affinity than CD4, downregulating T-cell activation,
proliferation, and cytokine production [70]. LAG-3 also

binds to galectin-3, a lectin-modulating T-cell activity that
is expressed in many solid tumors. The interaction between
LAG-3 and galectin-3 inhibits CD8 (+) effector T cell func-
tion by lowering levels of plasmacytoid dendritic cells [71].
Another MHC-II independent, functional ligand for LAG-3
is liver-secreted fibrinogen-like protein 1 (FGL1). Blockade
of their interaction by monoclonal antibodies stimulates
immune reaction to tumor cells [72]. High expression
of LAG-3+ T cells has been found in patients with newly
diagnosed AML [73]. LAG-3/PD-1 co-expression in AML
correlates with poor OS and might be used as a potential
target for novel therapies [74]. In an in vitro model, LAG-3
blocking antibodies diminished immune evasion of AML
cells by increasing T cell activation, lowering the number of
Tregs, and improving MHC-I mediated toxicity against tumor
cells [75]. Currently, one clinical trial is investigating the use
of the combination of 5-AZA, nivolumab and an anti-LAG-3
antibody i.e. relatlimab for the treatment of patients with
R/R AML and older patients with newly diagnosed AML
(NCT04913922).

CD27/70 interactions

CD27 and CD70 are members of the tumor necrosis factor
superfamily. CD27 is generally found in naive T, memory
T cells, B cells, and NK cells. CD70, on the other hand, is
only transiently expressed on activated cells. Upon bind-
ing to CD70, CD27 interacts with TNF receptor-associated
factors (TRAFs), leading to activation of T, B, and NK cells
through NF-kB. However, chronic triggering of CD27 leads
to T-cell exhaustion [76]. In hematological malignancies,
CD70 may be aberrantly expressed in tumor cells with
co-expression of CD27. Riether et al. [77] investigated
CD70/CD27 signaling in AML as a potential therapeutic
target. They discovered that CD27 and CD70 were consti-
tutively co-expressed on LSCs in contrast to healthy HSCs.
Soluble CD27 was also significantly elevated in the serum
of AML patients and proved to be an independent negative
prognostic factor. It was also discovered that CD70/CD27
signaling triggers the Wnt pathway in AML, promoting tumor
progression. Attempts to block the CD70/27 interaction
in AML stem cells resulted in cell growth inhibition and
differentiation induction in vitro. In AML xenotransplanted
mice, blocking the CD70/CD27 interaction prolonged
survival [77]. Preclinical trials showed that leukemia
stem cells in AML upregulate CD70 in response to HMA
treatment, leading to increased CD70/CD27 signaling.
Targeting CD70-expressing LSCs with a human aCD70
monoclonal antibody with enhanced antibody-dependent
cellular cytotoxicity activity (cusatuzumab) eliminated LSCs
in vitro and in xenotransplantation experiments.

Based on these findings, Pabst et al. [78] performed
a phase I/Il trial in previously untreated older patients
with AML with a single dose of cusatuzumab monotherapy
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followed by combination therapy with AZA. Initial results
show hematological response in all 12 patients, with a CR
in eight of them and complete remission with Cri in two (me-
dian age 75 years, range 64-84). No dose-limiting toxicities
were reported [78]. Due to the promising results, a phase
Il study of cusatuzumab + AZA was started in patients with
newly diagnosed AML ineligible for intensive chemotherapy
(NCT04023526). Another phase Ib study evaluating the
combination of cusatuzumab with venetoclax and AZA in
patients with AML not eligible for intensive chemotherapy
is active but not recruiting (NCT04150887).

SIRP«&/CD47 pathway

CD47 is a transmembrane protein expressed on the sur-
face of every cell type, and its primary function is to inhibit
phagocytosis. When CD47 binds to signal regulatory protein
alpha (SIRP«) present on macrophages, it sends a “don’t
eat me” signal [79]. The level of CDA7 expression is higher
in LSC in AML than in normal HSCs, and has been proven
to be a negative prognostic factor [80, 81]. Chao et al. [82]
identified calreticulin as a highly pro-phagocyting signal
expressed on LSCs but minimally on normal cells. Cal-
reticulin expression in cancer cells correlates strongly
with CD47 expression, suggesting the protective role of
increased CD47 from calreticulin-mediated phagocytosis
of cancer cells. This leads to high susceptibility of LSCs
to anti-CD47 antibodies [82]. It has been shown that
anti-CD47 antibodies enable phagocytosis of AML cells in
vitro and eradicate human AML in xenografted mice, indi-
cating the high potential of this new therapeutic agent [83].

Magrolimab

Magrolimab, previously known as 5F9, is a first-in-class
humanized anti-CD47 antibody that enhances tumor cell
phagocytosis by blocking CD47/SIRPa interaction. Despite
promising results of many studies investigating its thera-
peutic use in AML, magrolimab has demonstrated both
futility and an increased risk of death in a population of
patients with hematological malignancies. Therefore, the
US Food and Drug Administration (FDA) has halted all clin-
ical studies of magrolimab in AML and MDS [84].

Evorpacept

Evorpacept (ALX148) is a high-affinity CD47-blocking
protein with an inactive modified Fc domain to prevent
phagocytosis of red blood cells and thus minimize toxicity.
There are currently two studies investigating evorpacept in
AML. The ASPEN-05 phase I/1l open-label multicenter study
is evaluating the safety and tolerability of evorpacept in
combination with standard venetoclax and AZAin AML. The
results from phase la show that the combination is well-tol-
erated without dose-limiting toxicities. In all 12 assessed
patients (median age 74 years, range 56-82), a reduction

in bone marrow blasts has been observed [85]. The results
of the second ongoing trial evaluating evorpacept + AZA for
HR-MDS (NCT04417517) are yet to be published.

Lemzoparlimab

Lemzoparlimab is a second-generation anti-CD47 1gG4
antibody with a distinctive binding epitope that reduces
the risk of anemia. A phase I/Il study of lemzoparlimab
as monotherapy in patients with AML or MDS has been
completed. Four out of five patients developed treat-
ment-emergent AEs, but only one of them developed
a grade 3 AE [86]. A phase lll trial of lemzoparlimab with
AZA for previously untreated HR MDS patients is currently
recruiting (NCTO5709093).

Conclusions

Despite significant advances in the treatment of AML,
it continues to be characterized by low rates of survival
and high rates of relapse. Even though ICls have brought
long-lasting responses in many malignant diseases, none
have yet been approved for AML treatment. Classical
CTLA-4 and PD-1 inhibitors represent a promising frontier
in AML treatment, but their clinical application is still lim-
ited by the mixed results obtained in clinical trials, with
significant AEs in some cases.

However, the optimistic outcomes of combination thera-
pies of ICls and HMA encourage further research in this area.
Furthermore, numerous ongoing clinical trials are evaluating
the therapeutic potential of novel targets such as TIM-3 or
LAG-3, and the synergistic effect of drug combinations,
bringing optimism to the future perspectives of AML therapy.
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Introduction

Primary myelofibrosis (PMF) is one of the myeloprolifera-
tive neoplasms (MPN) without the BCR-ABL fusion gene [1].
This group also includes polycythemia vera (PV) and es-
sential thrombocythemia (ET) [2]. Myelofibrosis can also
result from myelofibrotic transformation of both PV and ET
(when itis known as post-PV-MF, post-ET-MF) [2]. MF carries
the worst prognosis among the Ph-negative MPNs, primar-
ily due to the increased risk of transformation to acute leu-
kaemia [1, 3]. The cause of MF remains largely unknown.
The leading mutations found in most patients are muta-
tions in the JAK2, CALR and MPL genes. All of these cause
constant activation of the JAK-STAT signalling pathway, re-
sulting in excessive proliferation of megakaryocytes, which
secrete growth factors that stimulate the activity of fibro-
blasts in the bone marrow (BM) and numerous proinflam-
matory cytokines [4]. Myelofibrosis is usually accompanied
by constitutional symptoms (including fatigue, weight loss,
fever, bone pain), splenomegaly and anaemia [1]. Anaemia
may result from the underlying disease (MF-related anae-
mia) or can be a side effect of therapy (treatment-related
anaemia). Regardless of the cause, anaemia significantly
worsens patients’ quality of life, and in addition, MF-relat-
ed anaemia is a poor prognostic factor [5-7].

Current treatment options for MF-related anaemia
include erythropoiesis-stimulating agent (ESA), andro-
gens (danazol), glucocorticoids, and immunomodulatory
drugs (IMiDs). All of them are characterised by limited effi-
cacy and durability of response, and in many cases packed
red blood cells (RBCs) transfusions remain the only ef-
fective therapy [8]. In recent years, thanks to progress in
the understanding of the pathogenesis of MF, many new
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therapies have been developed aimed not only at reduc-
ing the spleen volume and general symptoms, but also
at stimulating erythropoiesis. These include new JAK in-
hibitors, e.g. pacritinib and momelotinib, as well as drugs
with other targets such as luspatercept, imetelstat, and
pelabresib. This review article discusses the pathogenesis
and clinical significance of anaemia in MF and presents
new treatment options.

Epidemiology of MF-related anaemia

Moderate anaemia, defined as when the haemoglo-
bin (Hb) level is less than 10 g/dL, occurs in ¢.35% of MF
patients, and nearly one quarter of patients require RBC
transfusions [6, 9]. In Barraco et al.’s [10] study including
722 patients with PMF, as many as 87% had anaemia at
diagnosis: 37% severe (Hb <8 g/dL), 16% moderate (Hb
8-10¢g/dL), and almost half mild anaemia (below the gen-
der reference range, but above 10 g/dL). In another retro-
spective analysis [11] including 1,109 patients, a similar
rate of patients with anaemia was found, with a median
Hb level at diagnosis of 10.1 g/dL (range: 5-16.7). Regard-
less of the severity, anaemia was significantly more com-
mon in women than in men. Moderate or severe anaemia
was found more frequently in patients >65 years (56% and
65%, respectively) and with more advanced disease [11].

In patients with secondary myelofibrosis, the median
Hb level at diagnosis is slightly higher (c.11g/dL), albeit
with increasingly severe anaemia over time [12]. Hb lev-
els are lower in patients with post-ET MF than in patients
with post-PV MF, and they correlate with the grade of bone
marrow fibrosis [13, 14].
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Prognostic significance of anaemia

Anaemia is the main symptom of MF in addition to con-
stitutional symptoms and splenomegaly. Its presence sig-
nificantly worsens patients’ quality of life, not only due to
the burden of symptoms, but also because of the require-
ment for periodic hospitalisation to allow the RBC trans-
fusion [15]. In today’s era of JAK2 inhibitors, which signifi-
cantly reduce splenomegaly-related and general symptoms,
anaemia is the most important factor worsening quality of
life. Additionally, anaemia affects the prognosis of patients
with MF. The significance of anaemia as a prognostic factor
is underlined by the fact that it is included in all prognostic
scoring systems used in MF patients, both the first ones,
based only on clinical data such as the International Prog-
nostic Scoring System (IPSS) and Dynamic IPSS (DIPSS),
as well as more modern ones which also take into account
molecular and cytogenetic aberrations, e.g. MIPSS70 (Mu-
tation-enhanced IPSS) and DIPSS plus [1, 6, 7, 16, 17].
Inthe DIPPS index, which assesses prognosis already during
the course of the disease, anaemia <10 g/dL is the only
factor assigned 2 points, and in the DIPPS plus index, RBC
transfusions-dependence is additionally specified [6, 7].

Pathogenesis of MF-related anaemia

The pathogenesis of MF-related anaemia is very com-
plex, with different dominant processes at different stages
of the disease, and it is still not fully understood. The pri-
mary process underlying the development of anaemia is
the gradual displacement of erythropoiesis from the bone
marrow resulting from fibrosis [18]. This in turn leads to
the activation of extramedullary haematopoiesis, among
others locations in the spleen. It is currently believed that
extramedullary haematopoiesis in the spleen is associated
with abnormal transport of BM-derived clonal progenitor
cells and stem cells as a result of dysregulation of the cyto-
kine balance in the bone marrow [19]. Haematopoietic cells
proliferate and alter splenic microarchitecture, leading to
splenomegaly [20]. Haematopoiesis in the spleen is unable
to provide an adequate number of erythrocytes, which re-
sults in anaemia. The enlarged spleen excessively seques-
ters and destroys circulating erythrocytes, contributing to
increased anaemia severity [21]. Additionally, processes
similar to those in anaemia in the course of chronic dis-
eases associated with excessive expression of hepcidin,
the main protein regulating iron absorption, play an im-
portant role in the development of MF-related anaemia.
In MF, an increased hepcidin level results from increased
secretion of inflammatory cytokines, especially interleukin
6 (IL-6) and excessive activation of the BMP6/ACVR1/SMAD
(bone morphogenetic protein/activin receptor/Smad pro-
tein) pathway. Bone morphogenetic proteins are pleiotro-
pic cytokines belonging to the transforming growth factor

beta (TGFB) superfamily. They are bound by two different
types of receptors with serine-threonine kinase activity,
and the second messengers of the intracellular signal are
Smad proteins [22]. Pathogenic mechanisms of MF-related
anaemia are presented schematically in Figure 1.

Anaemia in MF patients may also be iatrogenic and oc-
cur as a result of treatment, including JAK inhibitors or hy-
droxyurea (HU). In addition to the above-mentioned causes,
there are also other possible factors leading to the develop-
ment of anaemia in MF patients, e.g. concomitant chronic
diseases, chronic blood loss (gastric/duodenal ulcer, oe-
sophageal varices, haemolysis), and iron or vitamin defi-
ciency. In the differential diagnosis of new-onset or wors-
ening anaemia, causes not directly related to MF should
always be considered.

Treatment of MF-related anaemia

MF-related anaemia is a therapeutic challenge. Current-
ly, the options used in clinical practice include RBC trans-
fusions, ESAs, androgens (danazol), glucocorticoids, and
IMiDs. Their efficacy and influencing factors are set out in
Table I. Due to differing patient populations and differing
definitions of treatment response, direct comparisons be-
tween the clinical trials listed in Table | and assessments
of the efficacy of different treatment options are not pos-
sible. For clinical trial purposes, the International Working
Group for Research and Treatment of Myeloproliferative
Neoplasms (IWG-MRT) and the European LeukaemiaNet
have standardised the definition of transfusion depen-
dency (TD) in MF patients: it consists of a requirement for
transfusion of 26 RBC units within 12 weeks prior to study
entry, with Hb level <8.5g/dL, in the absence of bleeding
or treatment-related anaemia, and the last transfusion
coming within 28 days of study entry. Transfusion indepen-
dence (Tl) is classified as the absence of RBC transfusions
during any 12-week treatment period (in the study) while
maintaining Hb level >8.5g/dL [23].

Erythropoiesis-stimulating agent (ESAs)
Erythropoiesis-stimulating agents activate proerythroid
signalling, resulting in increased erythrocyte production.
Recombinant human erythropoietin (rhEPO) and darbep-
oetin o are used in the treatment of MF-related anaemia.
Prospective clinical trials with ESAs involved a small num-
ber of patients, and the response to treatment ranged
between 20% and 45% [24, 25]. In retrospective studies,
the differences in the efficacy of ESAs were even greater,
and some did not prove their efficacy in any patient [26].
Predictive factors of response to ESA therapy include low
baseline endogenous erythropoietin (EPO) serum activity
and low transfusion requirements. However, even in pa-
tients eligible for treatment, the response rate is not pre-
dictable and patients will eventually become refractory
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Figure 1. Causes of anaemia in myelofibrosis. Developed based on [21]

to ESA therapy [27]. The main limitations of ESA use in MF
patients are thus their limited efficacy in transfusion-de-
pendent patients, the risk of progression of splenomega-
ly, and thrombotic complications [1]. In Poland, EPO is not
reimbursed in patients with MF.

Androgens

Androgens have erythropoiesis-stimulating properties
that are used in the treatment of MF-related anaemia,
although their exact mechanism of action is not fully un-
derstood [28]. Initially, testosterone enanthate and oral
fluoxymesterone were used, but due to a better safety pro-
file and tolerability, only danazol, a synthetic, attenuated
androgen, is now used [29]. The recommended dose is
600 mg/day. The response rate is ¢.30%, including 44%
in patients who are transfusions independent and 19% in
transfusions-dependent patients [29]. The most common
adverse effect of danazol is increased liver enzyme activity,
which usually resolves after dose reduction. Danazol can-
not be used in patients with androgen-dependent tumours
such as prostate cancer, previous or active thrombosis, or
significantly impaired liver or kidney function.

Immunomodulatory drugs (IMiDs)
The first report of the efficacy of this group of drugs
concerned thalidomide, which was used in a patient with

very advanced MF. The result was a significant reduction
in spleen size and bone marrow fibrosis after 30 months
of therapy [30]. The positive effect of IMiDs in reducing
anaemia, thrombocytopenia and, to a lesser extent, sple-
nomegaly in patients with MF results from the broad an-
ti-inflammatory, antiangiogenic, antiproliferative and immu-
nomodulatory effects of this group of drugs [31]. In clinical
studies, IMiDs have been used either as monotherapy or in
combination with glucocorticoids (see Tab. I). Small sam-
ple sizes, the addition of other drugs, as well as different
inclusion criteria and ways of assessing responses make it
difficult to assess their true effectiveness. In the initial stud-
ies, thalidomide was used in high doses (400-500 mg/d),
which showed efficacy in reducing anaemia, but the treat-
ment was swiftly discontinued due to high toxicity, mainly
polyneuropathy. Subsequent studies have shown that dos-
es of 50-100 mg/d allow for the maintenance of treatment
response with significantly lower toxicity [32]. Studies have
shown the efficacy of low-dose thalidomide in combination
with prednisone in ¢.40% of cases, with a median duration
of response (DoR) of 16 weeks [27]. In some patients, even
such low doses of thalidomide (50-100 mg/d) can cause
fatigue, constipation, and neuropathy.

In Mesa et al.’s [33] phase Il study with lenalidomide,
a second-generation IMiD, the response rate was ¢.20%
when the drug was used as monotherapy and 30% when
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Table I. Options for treating anaemia in patients with myelofibrosis

Drug/method

Study popu-
lation

Indications

Results

Factors influencing treatment
response

ESAs Cervantes [24] n=20 Hb <10 g/dL
Median Hb or transfusion
] L
S dependence
Hernandez- n=163 Hb <10 g/dL
-Boluda [25] Median Hb Epo <125 U/L
9.3 g/dL
Androgens Cervantes [29] n =50 Hb <10 g/dL
(danazol) Median Hb
8.5 g/dL
IMiDs
Thalidomide Abgrall [72] n=>52 Hb <9 g/dL
vs. placebo Median Hb or transfusion
8.8 g/dL dependence
Lenalidomide + Mesa [33] n=48 Hb <10 g/dL
+ prednisone Median Hb or transfusion
9.1 ¢g/dL dependence
Pomalidomide  Tefferi [36] n=229 Hb <9 g/dL
vs. placeboRE- Median Hb or transfusion
SUME study 8.7 g/dL dependence
Splenectomy Tefferi [39] n=223 Splenectomy
Median Hb for anaemia or
10.4g/dL symptomatic
splenomegaly
RBC transfu- Elena [41] n=220 Comparison of
sions Median Hb prognosis of TD
11 g/dL to Tl patients
14% TD (Me-
dian Hb
7.1 g/dL)

Response rate: 45%:

20%TI

25% reduction in transfusion
requirements

Response rate: 53%:
29% in TD patients,
53% in Tl patients

Response rate: 30%:
19% in TD patients
44% in Tl patients

Response rate:

17% (thalidomide) vs. 16%
(placebo)

Reduction in transfusion re-
quirements 16% vs. 26%

Response rate: 19%

Response rate:
16% (pomalidomide) vs. 16%
(placebo)

37% in TD patients

NA

Transfusion independence
Epo activity <125 U/L

Female gender
Leukocytes >10 G/L
Ferritin <200 ng/mL

Not found

Only 10 patients completed
six months of treatment
High treatment toxicity

Not found.

35% of patients did not com-
plete treatment.

High haematological toxicity.

Transfusions <4 RBC
units/month

Age <65

Primary myelofibrosis
PLT >50 G/L

High cellularity of bone
marrow

Transfusion dependency
shortens overall survival

Epo — erythropoietin; ESA — erythropoiesis stimulating factors; Hb — haemoglobin; IMiDs — immunomodulatory drugs; NA — not applicable; PLT — platelet count; RBC — red blood cells; TD — transfusion-

-dependent; Tl — transfusion-independent

in combination with prednisone. Haematological toxicity
was the main problem: the authors found the frequency
of haematological toxicities to be as high as 88% despite
the addition of prednisone [33]. The only comparison of
thalidomide with lenalidomide to date was conducted by
Jabbour et al. [34], who evaluated 125 patients treated
in three consecutive phase Il studies. Thalidomide was
used in doses increasing up to 800 mg/d (n = 44), lena-
lidomide in a dose of 10 mg/d (n = 41), and lenalidomide
in combination with prednisone in doses of 10 mg and
30 mg (n = 40). Lenalidomide-based therapy was more
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effective (34-38%) than thalidomide (16%; p = 0.06).
The combination of lenalidomide and prednisone result-
ed in a significantly longer duration of response (median
34 months) compared to either lenalidomide or thalido-
mide monotherapy (median 7 and 13 months, respective-
ly; p=0.042) [34].

The newest drug in this group is pomalidomide, which
shows the most favourable safety profile, but data on its
efficacy also differs significantly. In a phase Il study with
96 patients with MF-related anaemia, in which pomalido-
mide was used as monotherapy, 39% of patients achieved
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a response to treatment, and the median duration of re-
sponse was 13 months [35]. But in a phase Il study with
229 patients, the response rate in the pomalidomide arm
was similar to that of a placebo [36].

To conclude, IMiDs show moderate efficacy in patients
with MF-related anaemia, but the main limitation of their
use is toxicity. The most common adverse events are hae-
matological toxicity, polyneuropathy, fatigue, and consti-
pation. Currently, studies are underway to combine IMiDs
with JAK2 inhibitors. Preliminary results indicate clinical
benefits and moderate toxicity with sequential use of the
drugs [37, 38].

Splenectomy

Treatment-refractory symptomatic splenomegaly in MF
patients may be an indication for splenectomy [1]. Splenec-
tomy leads to the resolution of symptoms related to spleen
enlargement, and reduces anaemia, thrombocytopenia,
and portal hypertension, but is also associated with a sig-
nificant risk of complications. In a retrospective analysis
from the Mayo Clinic covering 23 patients with MF and
anaemia who underwent splenectomy, 37.6% of patients
became RBC transfusions independent or maintained
an Hb level >10g/dL [39]. Perioperative mortality was
9%, and complications occurred in 30% of patients, most
often increased platelet (PLT) count and thromboembolic
or haemorrhagic episodes. The results of splenectomy
were also summarised in a more recent analysis from the
same centre, including 120 consecutive patients with MF
who underwent splenectomy, with median age 66 and
a transfusion-dependent rate of 60% [40]. During a median
post-splenectomy follow-up of 1.3 years, 95 (79%) deaths
and 30 (25%) leukaemic transformations were reported.
Median overall survival (OS) after surgery was 1.5 years.
Factors adversely affecting survival included age >65,
RBC transfusion dependence, leukocyte count >25 G/L,
and peripheral blasts (PB) >5% [40]. Splenectomy in MF
patients is mainly performed as palliative therapy, and the
complete blood count (CBC) improvement is only seen in
the short term. The procedure is associated with a high
risk of perioperative complications, including fatal ones.

Packed red blood cells (PRBCs) transfusion
Red blood cells transfusion dependence is very com-
mon in patients with advanced MF, and its occurrence is
associated with a significant reduction in overall survival
[9, 41]. Complications of RBC transfusion include alloim-
munisation and iron overload. Due to the expected short-
term survival associated with transfusion dependence, iron
chelation is usually not used unless the patient is consid-
ered a candidate for allogeneic haematopoietic stem cell
transplantation (ASCT) [1]. With this in mind, one goal of
MF therapy should be to maximise the time window during
which the patient does not require RBC transfusions.

JAK2 inhibitor therapy and anaemia

JAK inhibitors have significantly changed the therapy
landscape for patients with MF. Their use allows for reduc-
tions of general symptoms and spleen size, as well as 0S
prolongation [1]. Unfortunately, due to JAK-STAT pathway
inhibition, which is their primary mechanism of action,
they also inhibit normal haematopoiesis, which may result
in new-onset or worsening of anaemia or thrombocytope-
nia [42]. Such results are exerted primarily by the first two
registered JAK inhibitors: ruxolitinib (RUX) and fedratinib
(FED). The next two, pacritinib and especially momelotinib,
inhibit erythropoiesis to a much lesser extent, and improve
red blood cell parameters in a significant percentage of
patients due to their additional mechanisms of action.
A summary of the results of pivotal studies of JAK inhib-
itors, including the response in terms of anaemia, is set
out in Table Il

Ruxolitinib

Ruxolitinib was the first JAK inhibitor approved for the
treatment of MF patients [43]. The approval was based
on the results of the COMFORT | and COMFORT Il studies
[44, 45]. COMFORT | compared RUX to a placebo in the
treatment of 309 patients with IPSS intermediate-2 or
high-risk MF. The dose of RUX ranged from 15 to 20 mg de-
pending on the baseline PLT count. The primary endpoint
of this study was spleen volume reduction of at least 35%
(SVR35) after 24 weeks of treatment. In the RUX arm, the
endpoint was met by 41.9% of patients, compared to just
0.7% in the placebo arm (p <0.0001). Additionally, 45.9%
of patients had at least a 50% reduction in the total syn-
drome score (TSS50) [44]. The COMFORT-II study involved
219 patients in intermediate-2 and high-risk groups and
compared RUX to best available therapy (BAT) [45]. The
primary endpoint was the same as in COMFORT-I. After
24 weeks of treatment, 32% of patients treated with RUX
achieved SVR35, compared to zero patients in the BAT arm.
After 48 weeks of treatment, patients receiving RUX had
significant reductions in MF-related symptoms, including
loss of appetite, dyspnoea, fatigue, insomnia, and pain,
whereas these symptoms worsened in patients receiv-
ing best available therapy. Assessment of constitutional
symptoms and quality of life measures in this study were
based on the EORTC QLQ-C30 (European Organisation for
Research and Treatment of Cancer Quality of Life question-
naire core model) and FACT-Lym (Functional Assessment
of Cancer Therapy-Lymphoma) scales [45].

In a 3-year pooled analysis of data from both studies, pa-
tients treated with RUX had a longer OS [46]. This was also
true for patients who transferred to the RUX arm during the
course of the study. In both studies, anaemia and throm-
bocytopenia were the most common adverse events, albeit
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Table Il. JAK inhibitors approved for treatment of MF

Treatment

Target

Population Toxicity

Ruxolitinib
(RUX)
Fedratinib
(FED)
Pacritinib
(PAC)

JAKL
JAK2

JAKL
JAK2
JAK3
TYK3

JAK2
ACVR1
IRAKL
FLT3
CSF1R

COMFORT-1
phase IlI
[44]

COMFORT-2
phase IlI
[49]

JAKARTA
phase IlI
[51]

JAKARTA-2
phase Il
[52]

FREEDOM
(53]

FREEDOM2
(54]

PERSIST-1
phase Il
[73]

PERSIST-2
(61]

309 MF patients
Int-2 or high risk

219 MF patients
Int-2 or high risk

289 MF patients
Int-2 or high risk

97 MF patients
Int-1 with symp-
toms, int-2 or high
risk RUX resistan-
ce/

/intolerance

38 MF patients

Int or high risk
according to DIPSS
RUX resistance/
/intolerance

201 MF patients
Int-2 or high risk
RUX resistance/
/intolerance

327 MF patients
Int-1, int-2 or high
risk

JAK inhibitor naive
vs. BAT (excluding
RUX)

311 MF patients
Int-1, int-2 or high
risk

Regardless of JAK
inhibitor exposure
PLT count <100
G/L vs. BAT (in-
cluding 45% with
RUX)

15-20 mg BID
(depending on
PLT count)

VS.

placebo

15-20 mg BID
(depending on
PLT count)

VS.

BAT

400 mg/d
VS.

500 mg/d
VS.
placebo

400 mg/d

400 mg/d

400 mg/d
vs.
BAT

400 mg/d

400 mg/d
or
200 mg BID

SVR35 Response

at week in terms of

24 anaemia

41.9% 45.9% TI: 41%

VS. vs. 5.3 (14/34

0.7% % TD)

32% NA NA

VS.

0%

36% 36% TI: 88%

vs. vs. (7/87D)

40% 34%

VS. VS.

1% 7%

30% 27% NA

9% 16% NA

36% NA NA

VS.

6%

19% 19% TI: 25%
(9/36 TD)

18% 25% TI>8
weeks
Hb
increase
>2 g/dL:
25%
(11/44
with Hb
<10 g/
/dL)

www.journals.viamedica.pl/acta_haematologica_polonica

Grade 3/4 ana-
emia:
(COMFORT-1:
45.2%,
COMFORT-2:
42%),
Thrombocyto-
penia
Headache
Opportunistic
infections

Grade 3/4 ana-
emia:

FED 400: 43%
FED 500: 60%
Placebo:

25%

JAKARTA-2: 38%.
Increased tran-
saminase, lipase
and amylase
activity.
Wernicke’s ence-
phalopathy

Grade 3/4 ana-
emia: 36.9%
Grade 3/4
thrombocytope-
nia: 23.7%
Grade 3 infec-
tions: 15.8%

Grade 3/4 ana-

emia: 9%. Grade
3/4 thrombocy-

topenia: 12%

Thrombocytopenia
Anaemia
Diarrhoea

Fluid retention
Heart failure
Squamous cell
carcinoma of skin
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Table Il. (cont.) JAK inhibitors approved for treatment of MF

Population

Treatment

SVR35 Response | Toxicity
at week in terms of
24 anaemia

Momelo- JAK1 SIMPLIFY-1 432 MF patients 200 mg/d 26.5% 28.4% Tl: Anaemia
tinib JAK2 [57] Int-1 with symp- 66.5% Thrombocytopenia
ACVR1 toms, int-2 or high Neutropenia
risk Increased tran-
PLT count >50 G/L saminase, lipase
JAK inhibitor naive and amylase
vs. RUX activity.
. Peripheral poly-
SIMPLIFY-2 156 MF patients 200 mg/d 7% 26.2% Tl: 43% neuropathy
phase IlI Int-1 leth sympj 1% dose effect
[58] tgms, int-2 or high (transient hypo-
risk ) tension, flushing,
RUX resistance/ nausea, dizzi-
/|nto|.eranc‘e VS. ness)
BAT (including 89%
with RUX)
MOMEN- 195 MF patients 200 mg/d 23% 25% Tl: 31%
TUM Int-1, int-2 or high
phase IlI risk with symptoms
[59] PLT count 225 G/L
Hb <10 g/dL
Prior treatment
with JAK inhibitor
vs. danazol

ACVR1 — activin A receptor type |; BAT — best available therapy; BID — twice daily; CSF1R — colony stimulating factor 1 receptor; DIPSS — Dynamic International Prognostic Scoring System; FED — fedratinib;
Hb — haemoglobin; int-1 — intermediate risk-1; int-2 — intermediate risk-2; IRAK1 — interleukin-1 receptor-associated kinase 1; JAK — Janus kinase; MF — myelofibrosis; NA — not applicable; PAC — pacritinib;
PLT — platelets; RUX — ruxolitinib; SVR35 — reduction in spleen size by 235%; TD — transfusion dependent; Tl — transfusion independent; TSS50 — 50% reduction in severity of symptoms on TSS (total syn-

drome score); TYK — tyrosine kinase

with a low discontinuation rate [44, 45]. In the COMFORT
| study, grade >3 anaemia occurred in 45.2% of patients
inthe RUX arm compared to 19.2% in the placebo arm [44].
The frequency of this complication in the COMFORT Il study
was similar in the RUX arm (42%) but higher in the BAT arm
(31%) [45]. Gupta et al. [47] conducted a post-hoc analy-
sis of both COMFORT studies to determine the long-term
effects of anaemia caused by RUX treatment. This analy-
sis showed that 61% of patients who did not have anaemia
at baseline developed it during the treatment, while 69%
of patients with anaemia at baseline experienced its wors-
ening. In both cases, anaemia did not adversely affect 0S
[47]. The nadir of Hb level was observed after 8-12 weeks
of treatment, after which Hb level returned to close to base-
line values [44, 45, 47]. Nevertheless, anaemia during RUX
treatment is a significant clinical challenge. In real-world
studies, it has been the reason for RUX therapy discontin-
uation in ¢.10% of patients [48]. RUX-related anaemia has
been successfully managed with ESA or a dose reduction
below that based on PLT count [49, 50].

The phase Il REALIZE study evaluated the efficacy and
safety of a new strategy of ruxolitinib dosing featuring
a reduced starting dose and delayed dose escalation in

patients with MF-related anaemia. The primary endpoint
was the proportion of patients achieving >50% reduction
in spleen size at week 24. Secondary endpoints included
anaemia and transfusion requirements, safety, and assess-
ment of constitutional symptoms. The study included 51 MF
patients with splenomegaly on physical examination and
a haemoglobin level <10g/dL. During the first 12 weeks,
patients received 10 mg RUX twice daily, regardless of
their baseline PLT count. In patients with stable PLT counts
>100 G/L and without 50% reduction in spleen length, the
dose was increased to 15 mg. In the absence of splenic re-
sponse, the dose was increased by 5 mg every four weeks
up to a maximum dose of 25 mg if the PLT count was
>200 G/L. By weeks 24 and 48, 26.2% and 32.4% of pa-
tients, respectively, had received a total daily dose of RUX
>30 mg. At study end, 12.0% of patients maintained the
increased doses and 30.0% maintained the initial dose.
The great majority of patients continuously receiving the
initial dose achieved a splenic response at week 12 or
later (11/15 patients). Median Hb levels remained stable
throughout the study period, with no increase in transfu-
sion requirements. Platelet counts and Hb levels were sim-
ilar in patients who received an increased dose compared
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to those in whom the dose had not increased during the
study. The results of this study support the efficacy of low-
er doses of RUX in reducing spleen size and constitution-
al symptoms without significantly worsening anaemia. This
dosing strategy may be appropriate for MF patients with
clinically significant anaemia [50].

Fedratinib

The second JAK inhibitor approved for the treatment of
MF patients was fedratinib (FED). This drug was approved
in 2019 based on the results of the JAKARTA and JAKAR-
TA-2 studies, which included patients with intermediate-2 or
high-risk MF according to IPSS, previously untreated with
a JAK2 inhibitor (JAKARTA) or resistant/intolerant to RUX
(JAKARTA-2) [51, 52]. The primary endpoint in both stud-
ies was the percentage of patients with SVR35, and the
secondary endpoint was TSS50. JAKARTA included 289 pa-
tients who were randomised to one of three arms: placebo,
or FED at a dose of 400 mg, or FED at a dose of 500 mg.
After 24 weeks of treatment, the primary endpoint was
achieved by 1%, 36% and 40% of these patients, respec-
tively. The reduction of general symptoms differed signifi-
cantly between the placebo arm (7%) and both FED arms,
although the higher dose did not translate into a higher per-
centage of patients meeting this endpoint (36% of patients
receiving 400 mg and 34% of patients receiving 500 mg).
Anaemia was a significant complication of treatment and
was dose-dependent: grade 3 or higher occurred in 43% of
patients receiving 400 mg and in 60% of patients receiv-
ing 500 mg, whereas in the placebo arm it occurred in only
25% of patients [51]. JAKARTA-2 was a single-arm phase II
study evaluating the efficacy of FED at a dose of 400 mgin
intermediate-2 and high-risk patients resistant to or intol-
erant of RUX [52]. The study included 97 patients, 30% of
whom met the primary endpoint of SVR35, and TSS50 was
achieved in 26% of patients by the end of cycle 6 [52].
Grade >3 anaemia occurred in 38% of patients and was
the most common reason for dose reduction, apart from
increased serum lipase activity. In 2013, clinical trials with
FED were stopped due to a suspected case of Wernicke's
encephalopathy (WE), which led to premature termination
of the JAKARTA-2 study.

The phase lllb FREEDOM study evaluated the efficacy
and safety of FED in patients with intermediate- or high-
risk MF and platelet counts >50 G/L previously treated with
RUX [53]. The study protocol included clear guidelines for
mitigating the risk of gastrointestinal AEs, thiamine sup-
plementation, and close monitoring for signs of encepha-
lopathy. These actions included delaying or modifying the
FED dose, prophylactic, and supportive use of antiemetics
(e.g. ondansetron), supportive use of antidiarrhoeal medi-
cations, and dietary modification. Due to the COVID-19 pan-
demic, only 38 patients were included in the study. In the

efficacy population (n = 35), nine patients achieved the
primary endpoint of SVR35 at the end of cycle 6 (25.7%;
95% Cl 12.5-43.3); and 22/38 (62.9%) patients showed
the best overall response of SVR35 at the end of treat-
ment. Sixteen (44.4%) patients achieved >50% reduction
in constitutional symptoms after six cycles of treatment.
Haematological AEs occurred in 28 (73.7%) patients. Grade
3/4 anaemia and thrombocytopenia were the most com-
mon AEs, occurring in 15 (39.5%) and nine (23.7%) pa-
tients, respectively. Gastrointestinal AEs were reported in
34 (89.5%) patients, most commonly grade <2. The most
common gastrointestinal AE was constipation (50%). The
incidence of diarrhoea was highest in cycle 1, and the in-
cidence of vomiting generally decreased over time. There
were no cases of grade >3 nausea, vomiting, or diarrhoea.
Compared to the JAKARTA-2 study, the frequency of gas-
trointestinal AEs was lower, and no patient developed en-
cephalopathy [53].

The FREEDOM?2 study was a multicentre, open-label,
randomised, controlled phase Il study including patients
with intermediate-2 or high-risk MF with known resis-
tance or intolerance to RUX who received FED at a dose
of 400 mg/d or BAT (randomisation 2:1) [54]. Patients
received prophylactic antiemetics and thiamine supple-
mentation, and symptomatic antidiarrhoeal medications
as needed. The primary endpoint was a SVR35 rate after
six months of treatment. The study included 201 patients
(134 in the FED arm, 67 in the BAT arm), of whom 52 re-
ceived RUX. The primary endpoint (SVR35 at six months)
was achieved by 36% of patients receiving FED compared
to 6% of patients receiving BAT (95% Cl 20-39, p <0.0001).
Grade 3 or higher adverse events occurred in 40% of pa-
tients receiving FED and 12% of patients receiving BAT.
The most common adverse events were anaemia (9% in
each arm) and thrombocytopenia (12% in the FED arm
and 3% in the BAT arm). Gastrointestinal AEs were more
common in the fedratinib arm compared to the BAT arm,
but were mostly grade 1/2 [54].

Fedratinib is a treatment option for patients with in-
tolerance to or failure of RUX therapy, allowing a splenic
response to be achieved in ¢.33% of patients, although
there is no advantage over RUX in terms of haematologi-
cal toxicity.

Momelotinib

Momelotinib, another JAK kinase inhibitor, inhibits not
only JAK1 and JAK2, but also the activin A receptor type |
(ACVR1), reducing hepcidin levels and increasing the avail-
ability of iron used for Hb production [55]. The drug was reg-
istered by the Food and Drug Administration (FDA) and the
European Medicine Agency (EMA) in 2023 for MF patients
with anaemia. Phase I/1l studies assessing the safety of the
drug had already showed its beneficial effect on Hb levels in
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patients with MF-related anaemia [56]. Reduced anaemia
was observed in 45% of patients, and 52% of patients with
TD at baseline achieved transfusion independence within
eight weeks. The phase Il SIMPLIFY-1 study compared
the efficacy of momelotinib to that of RUX in 432 patients
with high-risk, intermediate-2, and symptomatic interme-
diate-1 MF [57]. SIMPLIFY-1 was designed as a non-inferi-
ority study with the option to transfer to momelotinib after
24 weeks. SVR35, the primary endpoint of the study, was
met by similar percentages of patients in both groups: 27%
and 29% of patients treated with momelotinib and RUX, re-
spectively (p = 0.11). The percentage of patients achieving
TSS50, the secondary endpoint, was smaller in the momel-
otinib arm compared to patients treated with RUX (28% vs.
42%), which resulted in a failure of noninferiority criterion
meeting. However, a beneficial effect of momelotinib on red
blood cell parameters was observed in this study. Trans-
fusion independence at 24 weeks was achieved by 67%
of patients in the momelotinib group and 49% of patients
in the RUX group (p <0.001). The median number of RBC
units transfused was also lower in the momelotinib group
(O vs. 0.4, p <0.001). Grade 3/4 anaemia was observed
in only 5.6% of patients treated with momelotinib, but in
23% in the RUX group. Peripheral neuropathy was observed
in 10% of patients in the momelotinib group and 5% in
the BAT group, although it was mild in most patients [57].

Another phase Il study, SIMPLIFY-2, included 156 pa-
tients previously treated with RUX who required RBC trans-
fusions, had grade 3/4 thrombocytopenia or anaemia
during therapy, or required a dose reduction of RUX [58].
Patients received momelotinib or BAT (and 89% of pa-
tients in this group were pretreated with RUX). SVR35 was
achieved by only 7% of patients in the momelotinib group
and 6% in the BAT group. This low response rate was prob-
ably due to the initiation of momelotinib immediately after
RUX discontinuation, without a washout period. TSS50 was
reported in 26% of patients treated with momelotinib and
6% of patients in the BAT group (p = 0.0006). A beneficial
effect of momelotinib on the red blood cell system was also
observed in this study. Patients in the momelotinib group
required fewer RBC transfusions (median 0.5 units/month
vs. 1.2 units/month, p = 0.39) and a higher percentage of
patients achieved Tl (43% vs. 21%, p = 0.0012). The per-
centage of patients who developed grade 3/4 anaemia or
thrombocytopenia was similar in both groups. Peripheral
neuropathy was observed in 11% of patients in the momelo-
tinib group, compared to zero patients in the BAT group [58].

MOMENTUM is a phase Il study comparing the efficacy
of momelotinib and danazol in 195 MF patients previously
treated with a JAK inhibitor and with an Hb level <10 g/dL
[59]. In contrast to SIMPLIFY-1, a 2-week treatment-free
period was required after discontinuation of JAK inhibitor
therapy before initiation of momelotinib or danazol. As ex-
pected, both TSS50 (25% vs. 9%, p = 0.0095) and SVR35 at

24 weeks (23% vs. 3%, p = 0.0006) were reported more
frequently in patients treated with momelotinib. Transfu-
sion independence was achieved by 31% of patients in
the momelotinib group and 20% of patients in the danazol
group (p =0.0064). The incidence of thrombocytopenia and
neutropenia was similar in both groups [59].

Pacritinib

In a similar way to momelotinib, pacritinib inhibits
ACVR1 in addition to JAK1 and JAK2 kinases, which trans-
lates into a beneficial effect on erythropoiesis. In addition,
it has been proven that the drug inhibits IRAK1 (interleu-
kin-1 receptor-associated kinase 1) [60]. The drug has
been registered by the FDA for MF patients with a PLT count
<50 G/L. Unfortunately, pacritinib is not available in Europe
due to a lack of EMA registration. The pivotal study of pacri-
tinib, PERSIST-2, included 311 MF patients with a plate-
let count <100 G/L [61]. Patients received pacritinib at
a dose of 200 mg twice daily, or at a dose of 400 mg once
daily, or BAT (sometimes RUX). In patients in the pacritinib
groups, splenic and TSS50 responses were observed more
frequently than in the BAT group. SVR35 was achieved by
18% vs. 3% of patients, respectively (p <0.00) and 25%
vs. 14% of patients, respectively (p = 0.08). An improve-
ment in red blood cell parameters and a reduction in the
number of RBC transfusions were also observed, especially
in patients receiving pacritinib at a dose of 200 mg twice
daily [61]. A retrospective analysis of pacritinib’s efficacy
in patients with platelet counts <50 G/L showed similar
efficacy and tolerability of the drug [62].

In the phase Il PACIFICA study (NCT03165734), cur-
rently ongoing, pacritinib is being compared to treatment
of physician’s choice (i.e. low-dose RUX, danazol, steroids,
HU) in patients with advanced MF and severe thrombocy-
topenia [63].

New drugs inhibiting activin receptor

Luspatercept is a recombinant fusion protein consisting
of the extracellular domain of activin (ActRIIB) and the Fc
fragment of IgG. It has the ability to bind to transforming
growth factor B2 (TGF-2) family ligands and to inhibit the
activation of the ActRIIB receptor and signalling through
the Smad2/3 pathway. Inhibition of the Smad2/3 pathway
restores the maturation of erythroid precursors in the late
stage of erythropoiesis [64]. Luspatercept is approved for
the treatment of anaemia in patients with myelodysplastic
syndromes (MDS) and B-thalassemia [65-67]. The results
of clinical trials also indicate drug activity in MF patients.
The phase Il ACE-536-MF-001 study included 95 MF pa-
tients with anaemia, assigned to one of four cohorts:

m Cohort 1: Tl patients, currently not treated with a JAK
inhibitor;

\ www.journals.viamedica.pl/acta_haematologica_polonica



Aleksandra Gotos, Joanna Gora-Tybor, Treatment options for anaemia in myelofbrosis

m Cohort 2: TD patients, currently not treated with rux-
olitinib;

m  Cohort 3A: Tl patients, currently receiving ruxolitinib;

m  Cohort 3B: TD patients, currently receiving ruxolitinib

[68].

The primary endpoint of the study was the response in
terms of anaemia. In Tl patients, the response was defined
asanincrease in Hb level 21.5 g/dL, and in TD patients as
transfusion independence for at least 12 weeks. The high-
est efficacy of luspatercept was observed in cohort 3B (TD
patients treated with RUX), with 26% of patients becoming
transfusion independent. The primary endpoint was also
met by 14% of patients in cohorts 1 and 3A, and by 10%
of patients in cohort 2. Half of all TD patients had at least
a 50% reduction in the number of transfusions [68]. The
phase Il INDEPENDENCE study is currently ongoing, eval-
uating the efficacy of luspatercept compared to a placebo
in TD patients with MF treated with RUX (NCT04717414).

Sotatercept has a similar mechanism of action, bind-
ing to ligands of the TGF-B2 family and inhibiting activa-
tion of ActRIIA receptor [69]. In a phase Il study, the drug
was used in MF patients with anaemia and an Hb level
<10 g/dL, in 27 patients as monotherapy, and in 19 in com-
bination with RUX. A response in terms of improvement of
red blood cell parameters was observed in 30% of patients
in both groups [69].

Conclusions

Anaemia remains a significant problem in the treat-
ment of patients with MF. The emergence of new thera-
peutic options gives rise to the hope that it will be pos-
sible to improve red blood cell parameters in a higher
percentage of patients. Newer JAK inhibitors such as
pacritinib and, above all, momelotinib, additionally im-
prove red blood cell parameters in a significant percent-
age of patients thanks to an additional mechanism of
action based on ACVR1 inhibition, while maintaining the
characteristic ability of JAK inhibitors to reduce spleno-
megaly and general symptoms.

Great expectations await the results of studies with lus-
patercept and sotatercept, drugs with the ability to bind to
ligands of the TGF-B2 family as well as to inhibit the activa-
tion of the ActRIl receptor and signal transduction through
the Smad2/3 pathway, thereby restoring the maturation
of erythroid precursors in the late stage of erythropoiesis.

Numerous new drugs with very different mechanisms
of action are currently being tested in clinical trials. It is
expected that their action will not be limited to reducing
spleen size and general symptoms of the disease. The pre-
liminary efficacy results of many of these drugs indicate an
effect on reducing bone marrow fibrosis and the load of the
mutant allele JAK2, CALR, MPL, as well as improving normal

haematopoiesis, including red blood cell parameters. The
molecules in advanced clinical trials include:
m pelabresib — an inhibitor of BET (Bromodomain and

Extra-terminal) proteins;

m navetemadin — an inhibitor of HDM2 (human dou-
ble-minute homologue;

imetelstat — a telomerase inhibitor;

navitoclax — an inhibitor of BCL-2/BCL-xL (B-Cell Lym-

phoma-2/extra-large);

m bomedemstat — an inhibitor of LSD1 (lysine-specific

demethylase 1).

These molecules are being tested both in first line treat-
ment (as add-on therapy to RUX) and in patients with sub-
optimal response or resistance to JAK inhibitors. Initial re-
sults of these studies prompt the hope that many of these
new drugs will find a place in MF therapy, increasing the
efficacy of JAK inhibitors and reducing their haematologi-
cal toxicity [70, 71].
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Nijmegen breakage syndrome (NBS) is clinically characterized
by a high predisposition to lymphoid malignancies [1]. Lymph
node biopsy is a standard diagnostic method where there is
a suspicion of lymphoma. In recent years, fluorescence-guid-
ed techniques using tracers such as indocyanine green (ICG)
have been introduced as an effective sentinel lymph node
biopsy method to enhance tissue visualization. ICG imaging
is a real-time method to evaluate organ perfusion based on
direct visualization of the fluorescence emitted by ICG under
near-infrared (NIR) light after injecting the tracer solution [2].

Improving intraoperative visualization of lymph nodes
has become an important clinical challenge [3]. When
pathological lymph nodes are deeply located in the abdo-
men or pelvis, blind dissection often leads to unnecessary
invasiveness or a potentially increased risk of periopera-
tive complications. Casaccia et al. and Gilbert et al. [4, 5]
have reported laparoscopic biopsy as a method of choice.
According to the literature, indocyanine green visualization
has been established as a well-known tracer. In various on-
cological pathologies with secondary involvement of lymph
nodes, ICG has already been established as a tracer of
choice [6, 7]. The range of possible causes of abdominal
and pelvic lymphadenopathy in the pediatric population is
wide. Distinguishing between benign, atypical, and malig-
nant lesions is crucial, especially in children with a genet-
ic predisposition for malignancy. There is no consensus
regarding the best diagnostic method of a minimally inva-
sive way to obtain material for a histopathological examina-
tion in lymphoproliferative disorders in pediatric oncology.
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This report aims to present the effectiveness of ICG-
-guided biopsy as an additional method of targeted surgi-
cal lymphatic tissue biopsy in pediatric patients.

The authors present the case of a 16-year-old girl
with NBS and abdominal lymphadenopathy. In her med-
ical history, bilateral surgical treatment of vesicoureteral
reflux and right nephrectomy of the hypoplastic kidney
had been performed. Screening ultrasound examination
revealed enlarged lymph nodes in the hypogastric region.
Magnetic resonance imaging (MRI) showed a patholog-
ical lymphatic mass spreading along the inferior vena
cava and right iliac vessels. In addition to the high risk
of lymphoproliferative disorders in NBS and the risk of
postoperative adhesions (taking into consideration the
right nephrectomy in the past), the patient was quali-
fied for laparoscopic lymph node biopsy assisted with
ICG fluorescence imaging. During the induction of gen-
eral anesthesia, subcutaneous and intradermal injection
of 2 mL of ICG solution in the bilateral inguinal region
was performed. Intraoperatively, we detected clear and
strong visualization of lymphatic tissue based on fluores-
cence. This allowed the surgeon to guide directly to the
pathological lymph nodes (Fig. 1). Also, delayed ICG flow
through the pathological lymphatic mass and heteroge-
nous enhancement patterns were observed compared to
normal-looking other lymphatic tissue (according to the
preoperative MRI). Pathomorphological examination of
the material revealed Hodgkin's lymphoma (mixed-cel-
lular subtype).
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Figure 1. Right peri-iliac pathological lymphatic mass resected under fluorescence guidance

The postoperative course was uneventful, and the pa-
tient was transferred to the Department of Pediatric Oncol-
ogy and Hematology three hours after the operation. She
was qualified for chemotherapy.

Lymphomas need to be diagnosed by biopsy of lymph-
adenopathies with localizations that are often difficult to
access, such as the retroperitoneum, neck, or mediasti-
num [8]. Initial reports of ICG application to identify patho-
logical lymphatic tissue in lymphoproliferative diseases
confirm that this is a feasible and safe diagnostic meth-
od. Excellent visualization of the local lymphatic system
results in improved patient perioperative safety, a shorter
operating time, and a reduced risk of both short- and long-
term complications [6]. The pattern of fluorescence and
tropism of ICG in pathological lymphatic mass is a promis-
ing area for further investigation. This intraoperative fea-
ture has been observed by Casaccia et al. [5], who report-
ed a stop of the tracer flow in enlarged lymph nodes with
a probability of obstruction of lymph drainage induced by
pathological tissue.

Evaluation of ICG-guided biopsy of lymph nodes and its
effect on the reduction of false negative results is an attrac-
tive option for pediatric patients. According to the FLABILY
study, using ICG could simplify the lymph node search and
help in the selection of a more accurate place for a biopsy
[9]. More prospective studies with larger patient samples
are needed to reach conclusions regarding the optimal
method of use of fluorescent staining in lymphoprolifera-
tive disorders in the pediatric population.
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Introduction

The authors report what is likely the first case of a patient
with chronic myeloid leukemia (CML) who, after 11 years
of treatment with tyrosine kinase inhibitors (imatinib and
nilotinib), developed acute promyelocytic leukemia (APL)
from a BCR::ABL-negative cell. Following the withdrawal of
nilotinib and achieving remission of APL, the patient has
remained in molecular remission of both diseases without
further treatment for the past two years.

The occurrence of two or more neoplasms in the same
patient is a rare phenomenon, especially when two uncom-
mon cancers are present. This can occur due to several fac-
tors: coincidence, a treatment-induced malignancy, or both
cancers arising from an underlying predisposition in the pa-
tient. The literature contains numerous reports of patients
with two neoplasms, including cases of hematological ma-
lignancies. There are also reports of CML blast crisis mani-
festing as APL. However, the authors did not find any docu-
mented cases of APL resulting from a separate mutation
outside of the CML clone [1-3]. In this report, the authors
present such a case.

Case report

A 55-year-old male with hypertension and chronic gastritis
presented in 2006 with a white blood cell count of 566
G/L, hemoglobin of 10.5 g/dL, and platelets of 300 G/L.
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A peripheral blood smear revealed 23% blasts, and a bone
marrow aspirate showed 15% myeloblasts, suggesting chron-
ic myeloid leukemia (CML). Fluorescence in situ hybridization
(FISH) testing confirmed the presence of the BCR::ABL fusion
gene in 93% of cells, with a p210 transcript. The patient
was pretreated with hydroxycarbamide (1 g/day), and then
switched to imatinib (400 mg/day) despite the blast count
exceeding 20%. This treatment decision was made by the
previous clinical team, of which the current authors were
not part. Therefore, the initial doses and therapy choice
were outwith our control. Hematological remission and deep
molecular response were achieved within six months.

In 2013, due to a loss of molecular response, the pa-
tient was switched to a second-generation tyrosine kinase
inhibitor i.e. nilotinib (800 mg/day). A complete molecular
response was achieved after six months. Subsequently, he
maintained a deep molecular response (MR 4.5), with no
evidence of translocation in karyotyping.

In 2021, 15 years into his treatment, the patient devel-
oped unexplained neutropenia and a reduced bone mar-
row reserve, confirmed by a hydrocortisone stimulation
test. Bone marrow analysis revealed 20% blasts with mor-
phological characteristics of acute promyelocytic leukemia
(APL) and 24% blasts with phenotypic features of APL. Flu-
orescence in situ hybridization (FISH) testing confirmed the
presence of the PML::RARA transcript, alongside molecu-
lar testing that detected the transcript, further confirming
the diagnosis of APL. Treatment with all-trans retinoic acid
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(ATRA) and arsenic trioxide (ATO) was initiated, and despite
complications caused by a severe SARS-CoV-2 infection, the
patient achieved complete remission of APL.
Concurrently, CML remission remained at MR5. At the
time of manuscript submission (two years after treatment
cessation), the patient remains in remission for both CML
(MR5) and APL (complete remission, minimal residual dis-
ease negative with no detectable PML::RARA transcript).

Discussion

There is no evidence in the literature suggesting that pro-
longed tyrosine kinase inhibitor (TKI) treatment induces
secondary cancers, specifically acute promyelocytic leu-
kemia [4]. The safety profiles of imatinib and nilotinib do
not include any such warnings. Additionally, the chemical
structure of these agents (imidazole derivatives) does not
indicate mutagenic potential. Therefore, it is difficult to attri-
bute this patient’s APL development to prior CML treatment.

An intriguing question is whether a relationship exists
between the two leukemias in this patient. Firstly, there
is no indication that APL developed from a CML clone. At
the time of symptomatic APL, 16 of 20 metaphase cells
showed a t(15;17)(q24;921) translocation, indicating the
presence of the PML::RARA transcript (6.24 x 103 cop-
ies/5 pL of cDNA) and very low levels of the BCR::ABL tran-
script (MR5). This suggests that APL arose from a separate
cell population independent of the CML clone.

Is it possible that there is a connection between these
two events, aside from mere coincidence? While such a rela-
tionship cannot be entirely ruled out, both translocations i.e.
1(9;22) and t(15;17) occur during mitotic rosette formation,
where chromosomes 9, 22, 15, and 17 are in close proxim-
ity, possibly facilitating these translocations. It is conceiv-
able that a defect in this patient may have predisposed him
to such translocations [5]. However, this single case does
not provide conclusive evidence. Future reports of similar
cases may allow for more detailed molecular investigations.

Acute promyelocytic leukemia (APL) is usually diagnosed
as a de novo disease. However, there have been cases where
APL has developed based on another malignancy or follow-
ing prior cytotoxic treatment. These cases include patients
with breast cancer, prostate cancer, testicular cancer, and
pancreatic cancer. Among the drugs used in patients who de-
veloped secondary APL are alkylating agents (e.g. cyclophos-
phamide), topoisomerase Il inhibitors (e.g. doxorubicin), and
radiation therapy. The interval between treatment and the oc-
currence of APL typically ranges from four to 11 years [6-8].

Conclusions

Both chronic myeloid leukemia and acute promyelocytic
leukemia can occur de novo or as secondary malignancies
following prior hematological cancer treatments.

In this case, it is unlikely that APL was secondary to
the patient’s previous CML treatment. Currently, diagnos-
tic tools are inadequate to definitively determine whether,
and if so how, the two cancers in this patient are related.
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