https://doi.org/10.15388/vu.thesis.708
https://orcid.org/0000-0002-5520-1534

VILNIAUS UNIVERSITETAS

Andrius Zuéenka

Biozymenimis grjsty naujy refrakterios
bei recidyvavusios uminés
mieloleukemijos gydymo metody
tyrimas

DAKTARO DISERTACIJA

Medicinos ir sveikatos mokslai,
Medicina (M 001)

VILNIUS 2024



Disertacija rengta 2020-2024 metais Vilniaus universitete Medicinos
fakultete.

Mokslinis vadovas — prof. dr. Laimonas Griskevi¢ius (Vilniaus universitetas,
medicinos ir sveikatos mokslai, medicina —M 001).

Gynimo taryba:

Pirmininké — doc. dr. Biruté Brasitiniené (Vilniaus universitetas, medicinos
ir sveikatos mokslai, medicina —-M 001).

Nariai:

Prof. dr. Sandra Lejniece (Rygos Stradinio universitetas, medicinos ir
sveikatos mokslai), medicina —M 001),

Dr. Mantas Radzevi¢ius (Vilniaus universitetas medicinos ir sveikatos
mokslai), medicina —-M 001),

Dr. Skaisté Tulyté (Vilniaus universitetas, medicinos ir sveikatos mokslai),
medicina -M 001,

Dr. Domas Vaitiekus (Lietuvos sveikatos moksly universitetas, medicinos ir
sveikatos mokslai), medicina —M 001).

Disertacija ginama vieSame Gynimo tarybos posédyje 2024 m. gruodzio mén.
13 d. 14 val. Vilniaus universiteto Santaros kliniky Raudonojoje auditorijoje.
Adresas: (Santariskiy g. 2, E122 auditorija, Vilnius, Lietuva), tel.
+37061659891 ; el. pastas andrius.zucenka@mf.vu.lt.

Disertacijg galima perzitiréti Vilniaus universiteto bibliotekoje ir VU interneto
svetainéje adresu: https.//www.vu.lt/naujienos/ivyvkiu-kalendorius




https://doi.org/10.15388/vu.thesis.708
https://orcid.org/0000-0002-5520-1534

VILNIUS UNIVERSITY

Andrius Zucenka

Biomarker-based Research of New
Treatment Approaches for Relapsed
and Refractory Acute Myeloid
Leukemia

DOCTORAL DISSERTATION

Medicine and Health Sciences,
Medicine (M 001)

VILNIUS 2024



The dissertation was prepared between 2020 and 2024 in Vilnius University.

Academic supervisor —
Prof. Dr. Laimonas Griskevicius (Vilnius University, Medicine and Health
Sciences, Medicine — M 001).

This doctoral dissertation will be defended in a public meeting of the
Dissertation Defence Panel:

Chairman — Assoc. Prof. Dr. Birute Brasiuniene (Vilnius University,
Medicine and Health Sciences, Medicine — M 001).

Members:

Prof. dr. Sandra Lejniece (Riga Stradins University, Medicine and Health
Sciences, Medicine — M 001),

Dr. Mantas Radzevicius (Vilnius University, Medicine and Health Sciences,
Medicine — M 001),

Dr. Skaist¢ Tulyté¢ (Vilnius University, Medicine and Health Sciences,
Medicine — M 001),

Dr. Domas Vaitiekus (Lithuanian University of Health Sciences Medicine and
Health Sciences, Medicine — M 001).

The dissertation shall be defended at a public meeting of the Dissertation
Defence Panel at 14:00 on 13th of December 2024 in Red meeting room of
the Vilnius University Hospital Santaros Klinikos.

Address: Santariskiu str. 2, Room No. E122, Vilnius, Lithuania

Tel. +37061659891; e-mail: andrius.zucenka@mf.vu.lt

The text of this dissertation can be accessed at the libraries of Vilnius
university library as well as on the website of Vilnius University:
www. v lt/lt/naujienos/ivvkiu-kalendorius




SANTRUMPOS

AloKKLT: alogeniné kamieniniy kraujodaros lasteliy transplantacija.
CR (angl. complete remission): pilna remisija.

CRe (angl. cumulative complete remission rate): kumuliacinis pilny remisijy
daznis.

CRi (angl. complete remission with incomplete hematological recovery):
pilna remisija su nepilnu kraujodaros atsistatymu.

CRh (angl. complete remission with partial hematological recovery): pilna
remisija su daliniu kraujodaros atsistatymu.

CRp (angl. complete remission with incomplete platelet recovery): pilna
remisija su nepilnu trombocity atsistatymu.

DLI (angl. donor lymphocyte infusion): donoro limfocity infuzija.

ECOG (angl. Eastern Cooperative Oncology group): Ryty jungtinés
onkologijos grupé.

ELN 2022 (angl. European Leukemia Network): Europos leukemijy tinklo
2022 mety rekomendacijos.

FLAG - Ida: fludarabinas, citarabinas, idarubicinas, granulocity kolonijas
stimuliuojantis faktorius.

HOTC: hematologijos, onkologijos ir transfuziologijos centras.

MAC: (angl. myeloablative conditioning): mieloabliacinis kondicionavimas.
MDS: mielodisplastinis sindromas.

MDS — EB2: mielodisplastinis sindromas su blasty pertekliu — 2.

MPN: mieloproliferacin¢ liga.

MLFS (angl. morphological leukemia-free state): morfologiné buklé be
leukemijos.

ORR (angl. overall response rate): bendras atsaky daznis.

RIC: (angl. reduced-intensity conditioning): sumazinto intensyvumo
kondicionavimas.

R/R: recidyvavusi arba refrakteri.
UML: iiminé mieloleukemija.

ZLA: zmogaus leukocity antigenai.
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IVADAS

Uminé mieloleukemija (UML) — piktybiné kraujo liga, kuriai biidingas
nekontroliuojamas piktybiniy mieloblasty dauginimasis ir diferenciacijos
sutrikimas kauly Ciulpuose, sukeliantis kraujodaros nepakankamumg. Dél
kauly cCiulpy infiltracijos sutrikus granulopoezei, eritropoezei ir
megakariopoezei sergantiems sumazéja neutrofily, eritrocity ir trombocity,
todél didéja imlumas infekcijoms, vystosi anemijos simptomai bei didéja
kraujavimy rizika. Per metus vidutinikai diagnozuojama 2 — 5 nauji UML
atvejai 100 000 gyventojy, vidutinis serganciyjy amzius yra 65 — 68 metai,
dazniau serga vyrai. Pastaruoju metu UML genomikos tyrimai jgijo itin didele
reikSme, kadangi jy rezultatai leidzia numatyti ligos prognozg, itin jautriai
vertinti ir sekti likutinj leukeminiy Iasteliy kiekj bei maksimaliai
invidualizuoti kiekvieno paciento gydyma. Standartinis pirmos eileés UML
jauny, geros bendros biiklés pacienty gydymas yra paremtas intensyvia
citarabino ir antraciklino klasés vaisto (daunorubicino arba idarubicino)
kombinuota chemoterapija, o nustacius specifines UML genetines pazaidas
(FLT3 geno mutacija) papildomai skiriama taikiniy terapija FLT3
inhibitoriais. Pasickus UML remisija po $io indukcinio gydymo didziajai
daugumai pacienty, kuriy UML lgstelése diagnozés metu nenustatoma geros
prognozés genetiniy aberacijy, atlickama alogeniné kamieniniy kraujodaros
Igsteliy transplantacija (aloKKLT) siekiant maksimaliai sumaZzinti UML
atkrycio rizikg dél imunoterapinio aloKKLT efekto pries likutines leukemines
lasteles. Taciau dé¢l Zenklaus toksiSkumo $i gydymo taktika naudojama tik
jaunesniems, geros bendros biklés pacientams. Vyresni, prastos bendros
biiklés bei sunkiy gretutiniy ligy turintys pirmos eilés UML pacientai gydomi
hipometilinan¢io vaisto (azacitidino arba decitabino) deriniu su BCL — 2
antiapoptotinio baltymo inhibitoriumi venetoklaksu siekiant pilnos remisijos.'

Nepaisant geréjanciy pirmos eilés intensyvaus ir neintensyvaus UML
gydymo galimybiy ir rezultaty, apie 40 — 50 % pirmag remisijg pasiekusiy
pacienty UML recidyvuoja arba liga yra refrakteri pirmos eilés gydymui —
tokiu atveju diagnozuojama recidyvavusi arba refrakteri UML (R/R UML)"23,
R/R UML vyra priskiriama rety ligy grupei (angl. ,Orphan Designation®,
ORPHA:519). Atkreiptinas démesys, kad R/R UML pacienty grupé yra
heterogeniska ir gali buti skirstoma j kliniSkai svarbiausius pogrupius —
pirminio refrakterumo pacientai (remisija nebuvo pasiekta po pirmos eilés
gydymo), recidyvave pacientai (konstatuotas UML recidyvas po pasiektos
pilnos remisijos), pacientai, kuriy UML recidyvavo po prie$ tai atliktos
aloKKLT, bei j kelias genomines grupes — R/R UML be taikininiy genetiniy
pazaidy (t. y. R/R UML, neturinti taikiniy terapijos galimybiy) ir R/R UML



su taikininémis genetinémis pazaidomis (t.y. R/R UML, turinti taikiniy
terapijos galimybes). R/R UML be taikininiy genominiy pazaidy
gelbstinc¢iajam gydymui remisijos tikslu jprastai yra naudojama dideliy doziy
chemoterapija — dazniausiai FLAG - Ida (fludarabino, dideliy doziy
citarabino ir idarubicino derinys) — o taip pat, CLAG — M (kladribino, dideliy
doziy citarabino ir mitoksantrono derinys), CLIA (kladribino, dideliy doziy
citarabino ir idarubicino derinys) ar MAE (mitoksantrono, dideliy doziy
citarabino ir etopozido derinys).*® Sie intensyviis gydymai gali biti taikomi
tik geros buklés, jaunesniems pacientams. Atlikus leukemijos genomikos
tyrimus ir nustacius /DHI, IDH2, FLT3 geny mutacijas (R/R UML su
taikininémis genetinémis pazaidomis), gelbstinCiam gydymui $iuo metu jau
gali biiti taitkomi JAV Maisto ir vaisty agentiiros ir Europos vaisty agentiiros
patvirtinti taikiniy terapijos vaistai ivosidenibas arba olutasidenibas (/DH1
inhibitoriai), enasidenibas (/DH2 inhibitorius) arba gilteritinibas (FLT3
inhibitorius).”!" Deja, §iy gydymy bendras atsaky daznis (angl. overall
response rate (ORR)) siekia tik apie 40 — 50 %, o didZiajai daugumai atsaka
pasiekusiy pacienty UML pakartotinai recidyvuoja. Dél $iy priezasCiy
pacienty, sergan¢iy R/R UML, prognozé yra itin nepalanki, jy bendro
iSgyvenamumo mediana paprastai siekia tik apie 6 — 9 ménesius, 0 2 mety
bendras i§gyvenamumas yra tik apie 20 %.2*Siai nedidelei daliai pasveikusiy
R/R UML pacienty stipriausig ir ilgiausiai veikiantj antileukeminj efekta
beveik visais atvejais lemia po gelbstin¢iojo gydymo konsolidaciniu tikslu
atlickama aloKKLT, tad bet kurio gelbstin¢io gydymo pagrindinis tikslas yra
ne tik pasiekti remisija, bet ir iSlaikyti alotransplantacijai tinkamg pacienty
biikle ir sukelti kuo mazesnj gydymo toksiskuma.Tai kliniskai itin reikSminga
R/R UML pacientams, kuriy baiklé prie$ gelbstin¢ig terapija jau yra prastesné
del neseniai taikyto antileukeminio gydymo Salutiniy reiskiniy, o ypac tiems,
kurie recidyvavo jau po pries tai atliktos aloKKLT ir turi potransplantaciniy
komplikacijy, zenkliai bloginanciy bet kokios gelbstinCios terapijos
tolerancija.”!!

Antiapoptotinio baltymo BCL — 2 inhibitorius venectoklaksas (Europos
vaisty agentiiros registruotas 2021 metais) kartu su hipometilinanciais vaistais
reik§mingai pagerino pilny remisijy daznj bei bendrg iSgyvenamumg ir yra
naudojamas kaip standartinis pirmos eilés UML pacienty, kuriems negali biiti
taikoma intensyvi chemoterapija, gydymas, vadovaujantis III fazés atsitiktiniy
im¢iy tyrimo rezultatas.!> Venetoklaksas yra vienas i§ BH3 mimetiky, kuris
stipriai ir selektyviai blokuoja vieng i§ pagrindiniy antiapoptotiniy baltymy —
BCL — 2. BCL - 2 inhibicija leidZia proapoptotiniam baltymams (BIM ir
BAX) inicijuoti apoptozés mechanizmg leukeminése lastelése (Paveikslas Nr.
1).13
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Paveikslas Nr. 1. Venetoklakso veikimo mechanizmas

I — II fazés R/R UML tyrimy metu gelbstintis gydymas venetoklaksu
pasizyméjo jvairiais bendry atsaky dazniais: 19 % (venetoklakso
monoterapija), 21 — 66 % (venetoklaksas derinyje su azacitidinu / decitabinu
/ mazy doziy citarabinu) ir 67 — 74 % (venetoklaksas derinyje su intensyvia,
dideliy doziy chemoterapija FLAG — Ida). Vadovaujantis $iais rezultatais,
venetoklakso derinio su hipometilinanciais vaistais ar jvairiy doziy
chemoterapija gydymas Siuolaikinéje klinikingje praktikoje yra pradétas
naudoti kaip R/R UML gelbstintysis gydymas.'*>

Atkreiptinas démesys, kad 1) optimalus venetoklakso derinys,
uztikrinantis palankiausig prieSleukeminio ir toksinio poveikio santykj, néra
nustatytas, 2) triksta duomeny apie farmakodinamiskai parinktus ir
sinergistiSkai apoptoz¢ veikiancius venetoklakso derinius, 3) klinikiniuose
tyrimuose venetoklakso R/R UML deriniy gydymo rezultatai néra tiesiogiai
palyginti su jprastine dideliy doziy gelbstinCigja chemoterapija.

Vilniaus universiteto ligoninés Santaros kliniky Hematologijos,
onkologijos ir transfuziologijos centre (HOTC) R/R UML gydymas
venetoklakso deriniais pradétas taikyti nuo 2017 mety ankstyvojo vaisto
prieinamumo programos metu. Vadovaujantis programos kriterijais gydyma
galéjo gauti tik R/R UML pacientai, kurie buvo i$naudoje visas prieinamas
standartinio ir tiriamojo gydymo galimybes. Vadovaujantis mokslinés
literatiros duomenimis, HOTC R/R UML gydymui venetoklaksas buvo
pradétas skirti derinyje su mazy doziy citarabinu bei aktinomicinu D
(ACTIVE gydymo protokolas). ACTIVE gydyme naudojamas venetoklakso
ir mazy doziy citarabino sinergistinis derinys jau buvo apraSytas kaip
reikSmingu antileukeminiu efektyvumu pasizyminti gelbstinti R/R UML



terapija.'®!7202122 Tagjau mazdaug 50 — 60 % pacienty S§is gydymas
nesuveikdavo, o like pacientai pakartotinai recidyvuodavo po trumpalaikés
remisijos.!®17202122 Vienas i§ pagrindiniy atsparumo venetoklaksui
mechanizmy yra kito antiapoptotinio baltymo, MCL — 1, aktyvumas.'>**?* Sio
atsparumo mechanizmo blokavimui ACTIVE schemoje yra naudojamas
farmakodinamiskai parinktas treCiasis vaistas: chemoterapinis preparatas
aktinomicinas D, kuris blokuoja transkripcijos iniciacijg prisijungdamas prie
DNR. Aktinomicinas D, remiantis prie§ tai atlikty ikiklinikiniy tyrimy su
vézinémis lastelémis rezultatais, slopina MCL — 1 antiapoptotinj baltyma bei
sinergistiskai veikia kartu su BCL — 2 inhibitoriumi.? Klinikiniuose tyrimuose
taip pat buvo stebétas aktinomicino D monoterapijos efektyvumas (ORR 43
%) gydant R/R UML su NPM1 geno mutacija, skiriant aktinomicing D 12.5
pg/d doze iki penkiy dieny.?’28

Siekiant pagerinti  klinikinius R/R UML gydymo rezultatus,
suformuluotas pagrindinis doktorantiiros darbo tikslas — iStirti inovatyvaus,
farmakodinamskai parinkto derinio — venetoklakso, mazy citarabino doziy bei
aktinomicino D (ACTIVE) — efektyvuma, toksiSkumag bei predikcinius
genetinius bioZymenis, taip pat palyginti ACTIVE ir jprastinés FLAG — Ida
intensyvios chemoterapijos klinikinj efektyvuma.
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TEMOS AKTUALUMAS

Pacienty, sergan¢iy R/R UML, i§gyvenamumo prognozé yra itin prasta: 5

mety bendras i§gyvenamumas siekia tik apie 10 — 20%.

1.1 Recidyvavusiy po aloKKLT UML pacienty pogrupis pasiZymi
labiausiai ribotomis gydymo galimybés ne tik dél R/R UML
biologinio atsparumo gydymui, bet ir d¢l prastos pacienty bendros
biiklés bei potransplantaciniy komplikacijy.

Triksta efektyviy ir saugiy R/R UML gydymo metody:

2.1. R/R UML be taikininiy genetiniy pazaidy - $iuo metu taikomi nuo
UML genomikos nepriklausomi (genomikai agnostiniai) R/R UML
intensyvios chemoterapijos gydymo metodai yra mazai efektyvis bei
pasizymi dideliu toksiSkumu;

2.2. R/R UML su taikininémis genetinémis pazaidomis — moderniis
taikiniy terapijos FLT3 ir IDHI1/2 inhibitoriais gydymo metodai yra
dalinai efektyviis bei mazai toksiski, taciau jy antileukeminis efektas
beveik visais atvejais yra trumpalaikis;

2.3. truksta BCL — 2 inhibitoriaus venetoklakso derinio su Kkitais
priesleukeminiais vaistais platesniy tyrimy rezultaty, gydant R/R
UML su taikininémis pazaidomis ar be jy;

2.4. néra BCL — 2 inhibitoriaus venetoklakso derinio bei intensyvios
chemoterapijos palyginamyjy tyrimy, gydant R/R UML, kurie leisty
kritiskai jvertinti dideliy doziy chemoterapijos kaip R/R UML
pasirinktino gydymo paradigma bei implementuoti modernesnj
venetoklakso deriniu paremtg gydyma.

R/R  UML predikciniy genetiniy bioZzymeny nustatymas leisty

individualizuoti R/R UML gydymg venetoklakso deriniu.

Tritksta duomeny apie R/R UML pacienty iseitis bei tolimesnio gydymo

galimybes, kuomet venetoklaksu derinio terapija néra efektyvi.

R/R UML atsparumo venetoklaksui mechanizmy tyrimy rezultatai leisty

formuoti hipotezes tolimesniems klinikiniams tyrimams ir terapiniam

taikymui bei pagerinti venetoklakso deriniy priesleukeminj efektyvuma
naudojant papildomus preparatus, kurie slopinty venetoklakso atsparumo
mechanizmus.

11



DISERTACIJOS TIKSLAS IR UZDAVINIAI

Disertacijos tikslas — jvertinti aktinomicino D, mazy doziy citarabino bei
venetoklakso (ACTIVE) derinio efektyvuma, toksiSkuma bei nustatyti
bioZymenis, prognozuojancius individualy atsaka j gydyma ir pagerinti R/R
UML gydymo rezultatus.

Disertacijos uzdaviniai:

1.

Ivertinti ACTIVE sauguma, efektyvumag ir predikcinius efektyvumo
veiksnius.

Palyginti dviejy skirtingy R/R UML gydymy - ACTIVE derinio ir
jprastinés intensyvios chemoterapijos - efektyvumag ir sauguma
gydant recidyvavusig po aloKKLT UML.

Jvertinti. R/R UML pacienty, kuriems ACTIVE gydymas buvo
neefektyvus, iSeitis.

Ivertinti FLT3 inhibitoriaus gilteritinibo ir ACTIVE derinio
efektyvumg ir saugumg gydant R/R UML su specifiniu bioZymeniu
(FLT3 geno mutacija).

Ivertinti venetoklakso deriniy veiksmingumui svarbaus oksidacinio
fosforilinimo kelio aktyvuma bei jo slopinimo galimybes R/R UML
pacienty leukeminése lastelése.

12



METODAI

Siekiant jvertinti venetoklaksu ACTIVE derinio gydymo efektyvuma ir
toksiskumg bei nustatyti predikcinius biozymenis gydant R/R UML buvo
inicijuotas Vilniaus regioninio biomedicininy tyrimy etikos komiteto
patvirtintas biomedicininis, prospektyvus stebésenos tyrimas ,,Ligoniy,
serganciy gydymui atsparia onkologine ir kraujo liga, klinikinés eigos bei
medicininés priezitiros tyrimas. Nr. 2019/2 — 1088 — 591”. | tyrimg buvo
jtraukti informuoto asmens sutikimo formg pasirase 18 mety ir vyresni
pacientai, kuriems diagnozuota R/R UML ir kurie gavo ACTIVE gelbstintj
gydymag ankstyvos venetoklakso pricinamumo programos rémuose, kuomet
buvo iSnaudotos visos efektyvaus gydymo galimybés. Kiekvieno paciento
ACTIVE gydymo tikslingumas bei indikacijos buvo aptartos gydytojy
hematology konsiliume, kiekvienas pacientas rastu dave informuotg sutikimg
gydymui ACTIVE, kiekvieno paciento gydymui pritaré Vilniaus universiteto
ligoninés Santaros kliniky Medicinos etikos komisija. 28 dieny ACTIVE
gydymo kursg sudaré venetoklaksas (600 mg/d peroraliai, 1 — 28 kurso
dienomis), citarabinas (20 mg/m? j poodj 1 — 10 kurso dienomis) ir
aktinomicinas D (12.5 mcg/kg | veng 1 — 3 kurso dienomis arba 1 ir 2 kurso
dienomis vyresniems nei 65 mety pacientams). Priklausomai nuo atsako i}
gydyma hematology konsiliumo sprendimu pacientai galéjo gauti iki dviejy
ACTIVE gydymo kursy ir véliau tesé palaikomajj gydyma tik venetoklakso ir
citarabino deriniu. Tyrimo metu buvo renkami pacienty demografiniai
duomenys, klinikiniy, laboratoriniy, instrumentiniy, molekuliniy, tékmés
citometrijos, genetiniy tyrimy rezultatai, funkcinés buklés jvertis pagal Ryty
kooperatinés onkologijos grupés skale (angl. Eastern Cooperative Oncology
group (ECOG). Pirminé vertinamoji baigtis buvo bendras iSgyvenamumas.
Antrinés vertinamosios baigtys: pilna remisija (angl. complete remission
(CR)), pilna remisija su nepilnu kraujodaros atsistatymu (angl. complete
remission with incomplete hematological recovery (CRi)), pilna remisija su
nepilnu trombocity atsistatymu (angl. complete remission with incomplete
platelet recovery (CRp)), morfologiné biuklé be Ileukemijos (angl.
morphological leukemia — free state (MLFS)) ir bendras atsako daznis (ORR
= CR + CRi + CRp + MLFS)) daznis, vadovaujantis Europos leukemijy tinklo
(angl. European Leukemia Network (ELN)) 2022 mety kriterijais ir
rekomendacijomis.! Pasiekusiyjy atsakg pacienty pogrupiuose taip pat
vertintas minimalios liktinés ligos (angl. minimal residual disease (MRD))
tekmés citometrijos ir / ar polimerazés grandininés reakcijos metodu.
Papildomai vertintas i§gyvenamumas be ligos progresijos, $alutiniy reiskiniy
daznis (3 — 5 laipsnio nehematologiniai Salutiniai reiSkiniai remiantis
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Common Terminology Criteria for Adverse Events (CTCAE) 5.0 vertinimo
sistema®, ankstyvas mir§tamumas per 30 ir 60 dieny nuo ACTIVE gydymo
pradzios bei laikas iki neutrofily ir trombocity atsistatymo nuo ACTIVE
gydymo pradzios.

Duomenys buvo apdorojami ir analizuojami MS Excel, MedCalc, SPSS,
R statistiniais paketais. ApraSomajai statistikai naudotos dazniy pasiskirstymo
lentelés, charakteristiky vidurkis, mediana, minimalios ir maksimalios
reikSmés. Hipoteziy tikrinimui naudotas Kokso regresijos modelis, Chi
kvadrato, FiSerio, T testai, Mano — Vitnio — U kriterijus, i§gyvenamumo
analizei naudotos Kaplano — Mejerio kreivés, kumuliacinio konkuruojanciy
jvykiy daznio analizei naudotas Gréjaus testas.

Pacienty leukeminiy lgsteliy tyrimy metu buvo bendradarbiauta su
Vilniaus universiteto Gyvybés moksly centro Biochemijos instituto Lastelés
molekulinés biologijos skyriumi (projektas ,Inovatyviy terapijy ir
prognostiniy jrankiy, skirty chemoterapijai atsparios iiminés mieloleukemijos
gydymui, sukiirimas®) bei UAB Atrandi Biosciences (Vilniaus regioninio
biomediciniy tyrimy etikos komiteto patvirtintas biomedicininis tyrimas
,Refrakteria arba recidyvavusia iimine mieloleukemija serganciy pacienty,
gydomy venetoklaksu, kauly ¢iulpy éminiy pavieniy lasteliy RNR sekoskaitos
analizé, Nr 2020/11 — 1278 — 760)“.
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PUBLIKACIJU APZVALGA IR REZULTATAI

ACTIVE gydymas pasiZymi auk$tu prieSleukeminiu efektyvumu.
Ilgesnis bendras iSgyvenamumas po gydymo ACTIVE deriniu sietinas su
IDH2, DNMT3A mutacijomis ir aloKKLT, o trumpesnis — 7P53, PTPN11
mutacijomis ir paciento ECOG 3-4 biuikle

2021 — 2023 metais ACTIVE terapijos rezultatai buvo reguliariai
atnaujinami ir pristatomi Europos hematologijos asociacijos (angl. The
European Hematology Association (EHA)) ir Amerikos hematologijos
draugijos (angl. The American Society of Hematology (ASH)) kasmetiniuose
kongresuose. | didziausios apimties prospektyviai surinkty pacienty duomeny
analizg, pristatyta 2022 mety ASH kongrese, buvo jtraukti 134 pacientai, i$
kuriy 88 sirgo R/R UML ir gavo ACTIVE gelbstintj gydyma. (1)
Kumuliacinis pilny remisijy daznis (CRc = CR + CRi + CRp) ir ORR daznis
(CRc + MLES) buvo atitinkamai 62 % % ir 74 %. Vertinant biozymenis,
sigjamus su ACTIVE antileukeminiu efektyvumu, buvo nustatyta, kad
didziausi bendro atsako (CR + CRi + CRp + MLFS) dazniai buvo leukeminése
lastelése nustacius TET2 (100 %, 15/15), GATA2 (100 %, 5/5), IDH2 (95 %,
21/22), NPM1 (90 %, 19/21), DNMT3A (90 %, 19/21), N/KRAS (89 %, 12/14),
FLT3 (88 %, 22/25) ir IDHI (86 %, 12/14) geny mutacijos (Paveikslas Nr. 2).
Didziausias ORR ir minimalios liktinés ligos neigiamumo daznis (atitinkamai
100 % ir 73 %) stebetas leukeminése lgstelése nustacius NPM 1 geno mutacijas
kartu su IDHI/2 geny mutacijomis. Bendro iSgyvenamumo mediana R/R
UML kohortoje sieké 8 ménesius. 60 dieny mirStamumas nuo ACTIVE
gydymo pradzios sieké 16%. Vienalyp¢je Cox regresingje analizéje /DH?2,
DNMT3A ir aloKKLT buvo siejami su ilgesniu bendru iSgyvenamumu, o
ECOG 3 — 4 bendros biiklés jvertis, antriné UML, PTPNII, TP53 geny
mutacijos ir ELN 2022 gairiy apibréziamas nepalankios prognozés kariotipas,
buvo siejami su trumpesiu bendru iSgyvenamumu. Daugialypéje Cox
regresingje analizéje DNMT3A, IDH?2 geny mutacijos ir po gydymo ACTIVE
atlikta aloKKLT taip pat buvo reikSmingai susij¢ su ilgesniu bendru
i§gyvenamumu, tuo tarpu ECOG 3 —4 bendros buklés jvertis, 7P53 ir PTPNI1 1
geny mutacijos buvo susijusios su trumpesniu iSgyvenamumu.

15



VIR VIR > >
SIS TE LS F LS
o Q% \\\ \@‘\ Q
@e
Fa
&

Paveikslas Nr. 2 Bendras atsaky daznis po ACTIVE gydymo skirtinguose
genominiuose pogrupiuose

ACTIVE pasiZymi aukstu prieSleukeminiu veikimu ir yra toks pats
efektyvus bei saugesnis nei FLAG — Ida chemoterapija gydant po
alogeninés  kraujodaros kamieniniy Igsteliy  transplantacijos
recidyvavusig UML
ACTIVE gydymo rezultatai 2021 metais buvo publikuoti straipsnyje
“Venetoclax — based salvage therapy followed by Venetoclax and DLI
maintenance vs. FLAG — Ida for relapsed or refractory acute myeloid
leukemia after allogeneic stem cell transplantation”. (1) Straipsnyje buvo
nagrinéjama itin svarbi klinikiné problema — net ir po intensyviausio bei
stipriausio prieSleukeminio konsolidacinio gydymo aloKKLT net iki 50 %
UML pacienty recidyvuoja, o 2 mety bendras i§gyvenamumas $iame pacienty
pogrupyje yra mazesnis nei 20 %. (2) HOTC UML pacientams, kuriy
liga recidyvavo po aloKKLT, gelbstinciam gydymui taikyto ACTIVE derinio
rezultatai buvo palyginti su retrospektyviai surinktais R/R UML intensyvios
chemoterapijos FLAG — Ida gydymo rezultatais.] analiz¢ buvo jtraukti
prospektyviai surinkti 20 R/R UML pacienty, gavusiy ACTIVE gydyma,
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duomenys bei retrospektyviai surinkti 29 FLAG — Ida terapija gydyty pacienty
duomenys. Pacienty charakteristika detaliai pateikiama Lentel¢je Nr. 1.
Visiems pacientams buvo patvirtintas morfologinis UML recidyvas po prie$
tai atliktos aloKKLT. StatistiSkai reikSmingy skirtumy tarp abiejy grupiy
pacienty charakteristiky (amziaus mediana, lytis, ECOG, ELN 2017 mety
UML genominés rizikos stratifikacija, pries tai taikytas UML gydymo eiliy
skaicius ar aloKKLT donoro tipas) nebuvo stebéta, todel grupés vertintos kaip
homogeniskos. Atkreiptinas démesys, kad mazose imtyse tik dideli skirtumai
igyja statistinj reikSmingumg. Kliniskai svarbiausi skirtumai tarp dviejy
grupiy buvo susij¢ su kondicionavimo rezimais bei laiku nuo aloKKLT iki
recidyvo. Pacientams FLAG — Ida grupéje pries aloKKLT reikSmingai
dazniau (45 %, 13/29) buvo skirtas didziausio intensyvumo mieloabliacinis
kondicionavimas (angl. myeloablative conditioning (MAC)) lyginant su 15 %
(3/20) ACTIVE grupéje (p = 0,035). ACTIVE grupéje medianinis laikas nuo
aloKKLT iki UML recidyvo buvo reik§mingai trumpesnis nei FLAG — Ida
grupéje (atitinkamai 216 dieny ir 380 dieny, p = 0,012). CR + CRp dazZnis
ACTIVE grupéje sieke 70 % (14/20) ir buvo reikSmingai didesnis nei FLAG
— Ida grupéje (34 % (10/29), p = 0.02). ORR tarp dviejy grupiy nesiskyré: 75
% (15/20) ACTIVE ir 66 % (19/29), p = 0,542. Atsaka pasieckusiems ACTIVE
pacientams dazniau buvo tgstas palaikomasis gydymas donoro limfocity
infuzijomis (DLI) (73 %, 11/15), tuo tarpu FLAG - Ida grupéje atsaka
pasiekusiems pacientams dazniausiai buvo atlikta antroji aloKKLT (63 %,
12/19). Bendro i§gyvenamumo mediana buvo reik§mingai ilgesné ACTIVE
grupéje nei FLAG — Ida grupéje (atitinkamai 13,1 ménesio ir 5,1 ménesio, p
= 0,032) (Paveikslas Nr. 3). Kumuliacinis UML recidyvy daZnis abejose
grupése nesiskyré (p = 0,673). MirStamumas per pirmas 30 dieny nuo gydymo
pradzios FLAG — Ida grup¢je sieke 17 % (5/29) lyginant su 0 % ACTIVE
kohortoje (p = 0,07). Su gydymo komplikacijomis susij¢s kumuliacinis
mirStamumas buvo reikSmingai didesnis FLAG — Ida grupéje (34 %, 10/29)
lyginant su 0 % ACTIVE grupgje (p = 0,003).

Straipsnio diskusijose ir i§vadose apzvelgéme HOTC taikomo ACTIVE
gydymo efektyvumas lyginant su publikuotais kity deriniy rezultatais —
ACTIVE kohortoje stebétas ORR (75 %) yra didesnis nei kituose centruose
taikyty venetoklakso deriniy (21 — 67 %) gydant R/R UML, o ACTIVE gydyty
pacienty bendro iSgyvenamumo mediana (13,1 ménesio) yra ilgesné nei
publikuotuose kity neintensyviy venetoklakso deriniy rezultatuose (3 — 7,8
ménesio). Kita svarbi i§vada buvo susijusi su reikSmingai mazesniu ACTIVE
gydymo toksiSkumu, kuris 1émé ilgesn] bendra iSgyvenamuma, lyginant su
jprastine intensyvia FLAG — Ida chemoterapija, kadangi abiejose kohortose
bendras atsaky ar kumuliacinis UML recidyvy daznis nesiskyré.
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Remiantis biozymeny analizés duomenimis, ilgiausiai trunkancios
remisijos po ACTIVE gydymo buvo stebétos IDHI arba IDH? mutacijas
turinéiy pacienty pogrupyje. Sio tyrimo pagrindu HOTC pakeista R/R UML
po aloKKLT gydymo taktika: vietoje FLAG — Ida taikomas ACTIVE
gydymas.
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Paveikslas Nr. 3. ACTIVE ir FLAG-Ida pacienty bendras isgyvenamumas,

gvdant R/R UML po alogeninés kraujodaros kamieniniy Igsteliy

transplantacijos

ACTIVE: aktinomicinas D, citarabinas, venetoklaksas. FLAG-Ida: fludarabinas,
citarabinas, idarubicinas, granulocity kolonijas stimuliuojantis faktorius. AloKKLT:

alogeniné

kamieniniy  kraujodaros

iSgyvenamumas. CI: pasikliautinis intervalas.

lasteliy

transplantacija.

OS: bendras

Lentelée Nr. 1. ACTIVE ir FLAG-1da gydyty pacienty charakteristika

Charakteristika ACTIVE (20) | FLAG-Ida(29) | P reikSmé
Lytis
Vyras | 12/20 (60%) 12/29 (41%) 0251
Moteris 8/20 (40%) 17/29 (59%)
AmzZius
Mediana, metai (intervalas) 59 (20-71) 48 (20-75) 0.098
Vyresni nei 60 mety |  8/20 (40%) 4/29 (14%) 0.048
ECOG biiklé
ECOG mediana 1(0-3) 1(0-2) 0.196
ECOG0-1 | 14/20 (70%) 9/10 (90%) 0371
ECOG 2-3 6/20 (30%) 1/10 (10%)
ECOG nevertintas 0 19
Diagnozé
MDS - EB2 0 1/29 (3%)
Naujaii diagnozuota UML 9/20 (45%) 19/29 (66%) 026
UML po MDS/MPN 7/20 (35%) 7/29 (24%) '
Su gydymu susijusi UML 4/20 (20%) 2/29 (7%)
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Charakteristika ACTIVE (20) | FLAG—-1Ida(29) | P reikSmé
Blasty skaicius, mediana | 19% (4 —46) 18% (0-92) 0.941
ELN 2017 rizikos grupé
Palanki 2/20 (10%) 2/24 (8%)
Vidutiné 6/20 (30%) 12/24 (50%) 0.363
Nepalanki | 12/20 (60%) 10/24 (42%)
Kariotipas
Nepalankios prognozés 2/20 (10%) 2/22 (9%)
Kompleksinis 4/20 (20%) 3/22 (14%) 0.877
Vidutinés prognozés | 14/20 (70%) 17/22 (77%)
Pries tai taikytas UML gydymas
Intensyvi chemoterapija | 17/20 (85%) 35 (29%) 1
Dideliy doziy citarabino | 13/20 (65%) 20/29 (69%) |
terapija
FLAG-Ida 7/20 (35%) 0 <0.001
Taikytas gydymas | 4/20 (20%) 0
0.023
venetoklaksu
Eiliy skalélué, mediana 1(1-4) 2(1-4) 0.468
(intervalas)
Leile | 11/20 (55%) 14 (48%)
2 eilés 6/20 (30%) 13/29 (45%) 0.64
3 eilés 1/20 (5%) 1/29 (3%)
4 eilés 2/20 (10%) 1/29 (3%)
Donoro tipas
ZLA tapatus giminingas 520 (25%) 11/29 (38%)
(10/10)
ZLA tapatus negiminingas | 12/20 (60%) 14/29 (48%)
(10/10) 0.59
ZLA netapatus (9/10) 1/20 (5%) 3/29 (10%)
Haploidentinis donoras 2/20 (10%) 1/29 (3%)
(5/10)

ACTIVE: aktinomicinas D, citarabinas, venetoklaksas. FLAG-Ida: fludarabinas,
citarabinas, idarubicinas, granulocity kolonijas stimuliuojantis faktorius. AloKKLT:

alogeniné kamieniniy kraujodaros lasteliy transplantacija. ELN: Europos leukemijy
tinklo rekomendacijos. ECOG: Ryty kooperatin¢ onkologijos grupé. ZLA: Zzmogaus
leukocity antigenai. MDS: mielodisplastinis sindromas. MPN: mieloproliferaciné

liga.

R/R UML pacienty, kuriems ACTIVE derinys buvo neefektyvus,
tolimesnis antileukeminis gydymas, jskaitant taikiniy gydyma, yra
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neefektyvus, o bendras iSgyvenamumas yra itin trumpas — tai nauja
,nepatenkinto medicininio poreikio“ R/R UML grupé

Nepaisant didelio ACTIVE derinio veiksmingumo, didZiajai daugumai
pacienty pakartotinai jvyksta UML recidyvas. 2021 metais buvo publikuotas
straipsnis “Outcomes of relapsed or refractory acute myeloid leukemia
patients failing venetoclax — based salvage therapies” kuriame apzvelgéme
pacienty iSeitis ir tolimesnj taikyta gydyma, kuomet ACTIVE arba
venetoklakso ir mazy doziy citarabino (LDAraC + Ven) derinys buvo
neefektyvus (konstatuotas recidyvas po pasiektos remisijos arba patvirtintas
refrakterumas gydymui). (3) Tai pirmasis publikuotas tyrimas, analizuojantis
minéty pacienty klinikinius rezultatus. | prospektyviai surinkty duomeny
analize buvo jtraukti 28 pacientai su R/R UML, amzZiaus mediana buvo 59
metai (20 — 80), vidutinis ECOG jvertis buvo 2 (0 — 4). Detali pacienty
charakteristika pateikta Lenteléje Nr 2. 64 % (18/28) tiriamyjy buvo
stratifikuoti j nepalankios ELN 2017 rizikos grupe, o 39 % (11/28) tur¢jo
nepalankios prognozés kariotipo pokycius. Pries ACTIVE arba LDAraC +
Ven gelbstint] gydyma pacientai vidutiniskai buvo gydyti 3 gydymo eilémis
(2-6), 57 % (16/28) pacienty prie$ tai buvo taikyta aloKKLT. Daugiau
pacienty (57 %, 16/28) buvo refrakteris ACTIVE terapijai, tuo tarpu 43 %
(12/28) recidyvavo po pries tai pasiektos pilnos remisijos. Siems pacientams
dazniausiai buvo nustatytos ASXL1 (21 %, 6/28), FLT3 (18 %, 5/28), RUNX1
(18 %, 5/28), PTPN11 (14 %, 4/28), N(K)RAS (14 %, 4/28), WT1 (14 %, 4/28)
ir TP53 (11 %, 3/28) geny mutacijos (Paveikslas Nr. 4). Daugelis pacienty (79
%, 22/28) po nesékmingos ACTIVE terapijos gavo tolimesn]j priesleukeminj
gydyma, tuo tarpu 21 % (6/28) dél blogos bendros biiklés specifinis
priesleukeminis gydymas nebuvo skirtas. Bendras atsaky daznis toliau gydyty
pacienty pogrupyje buvo 23 % (5/22): 3 pacientams buvo efektyvus ACTIVE
gydymas (Sie pacientai prie§ tai buvo gave LDAraC + Ven dviejy vaisty
derinj), vienas pacientas pasieké atsaka po intensyvios chemoterapijos (FLAG
— Ida), o vienas pacientui buvo efektyvios DLI (Paveikslas Nr. 4). Taikiniy
terapija FLT3 arba IDHI/2 inhibitoriais buvo neefektyvi visais taikytais
atvejais. Bendro iSgyvenamumo mediana visoje 28 pacienty grupéje buvo tik
3,9 ménesio. llgesnis medianinis bendras iSgyvenamumas buvo stebétas toliau
gydyty pacienty pogrupyje lyginant su pacienty, negavusiy tolimesnio
gydymo pogrupiu (atitinkamai 4,3 ir 1,3 ménesio, p < 0,001). ISvadose buvo
konstatuota, kad R/R UML pacienty iSeitys yra itin prastos, kuomet
venetoklakso derinio gelbstinti terapija yra neefektyvi arba pacientai po §io
gydymo recidyvuoja. Sios prognostiikai nepalankios grupés pacientams, kurie
pries tai dar nebuvo gydyti aktinomicinu D (pacientai buvo gave tik LDAraC
+ Ven), gydymas ACTIVE gali biiti efektyvus nepaisant venetoklakso
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naudojimo praeityje. Tuo tarpu po taikiniy terapijos pavieniais vaistais (FL73
inhibitoriai gilteritinibas / sorafenibas arba /DH?2 inhibitorius enasidenibas
taikyti pacientams, kuriems buvo nustatytos FLT3 arba IDH2 geny mutacijos)
klinikiniy atsaky stebéta nebuvo, labiausiai tikétina dél kartu esanciy kity
leukemijos atsparumo mechanizmy.

2021 metais buvo publikuotas straipsnis “Glasdegib in combination with
low-dose Cytarabine for the outpatient treatment of relapsed or refractory
acute myeloid leukemia in unfit patients”, kuriame apzvelgéme nedidelio
intensyvumo SMO receptoriaus inhibitoriaus glasdegibo ir mazy doziy
citarabino derinio rezultatai, kai buvo gydyti R/R UML pacientai. (4)

Siame straipsnyje buvo retrospektyviai surinkti ir analizuoti 14 R/R UML
pacienty duomenys, kuriems pries tai buvo nesékmingai taikytas venetoklaksu
paremtas gydymas (ACTIVE arba venetoklakso ir mazy doziy citarabino arba
venetoklakso ir decitabino derinys) po kurio toliau buvo skirtas jau minétas
glasdegibo ir mazy doziy citarabino kombinuotas gydymas. Siame pacienty
pogrupyje tik 7 % (1/14) pasieké pilng remisijg po glasdegibu paremto
gydymo, o bendro iSgyvenamumo mediana buvo labai trumpa ir sieké tik 3,9
ménesio. Kaip ir prie§ tai minétoje publikacijoje, §io straipsnio iSvadose
pakartotinai buvo akcentuotas efektyviy ir saugiy gelbstinéiy gydymo metody
trikumas, kuomet R/R UML pacientai yra refrakteriis arba recidyvavo po
venetoklakso derinio terapijos.
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Paveikslas Nr. 4. Pacienty, kuriems ACTIVE arba LDAraC + Ven gydymas buvo neefektyvus, leukeminiy lgsteliy genomika ir
taikytas tolimesnis gydymas

ACTIVE: aktinomicinas D, citarabinas, venetoklaksas. ECOG: Ryty kooperatiné onkologijos grupé. LDAraC: mazy doziy citarabinas. ActD:
aktinomicinas D. Ven: venetoklaksas. DLI: donory limfocity infuzija. CR: pilna remisija. RD/PD: refrakteri liga. MLFS: morfologiné biiklé be
leukemijos. MRD: minimali liktiné liga. NGS: naujos kartos sekoskaita. FLAG-Ida: fludarabinas, citarabinas, granulocity kolonijas
stimuliuojantis faktorius, idarubicinas.
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Lentelé Nr. 2. Pacienty, kuriems ACTIVE arba LDAraC + Ven gydymas buvo
neefektyvus, charakteristika

n/N %
Baseline characteristics (N28)
Male 16/28 57
Female 12/28 43
Median age (min-max) 59 (20-30)
ECOGO 1/28 4%
ECOG1 7/28 25%
ECOG2 9/28 32%
ECOG3 9/28 32%
ECOG4 2/28 7%
de Novo AML 12/28 43%
sAML 14/28 50%
tMDS-EB 2/28 7%
Adverse ELN2017 risk group 18/28 64%
Adverse karyotype 11/28 39%
Previous treatment
Median number of previous treatment lines 3(2-6)
(min-max)
Relapse after venetoclax-based therapy 12/28  43%
Refractory to venetoclax-based therapy 16/28  57%
venetoclax + LDAraC 4/28 14%
venetoclax + ActD 3/28 11%
venetoclax + ActD + LDAraC 21/28 75%
Previous alloSCT 16/28  57%
Relapse post-alloSCT within <12 mo 13/28  46%

ACTIVE: aktinomicinas D, citarabinas, venetoklaksas. AlloSCT: alogeniné
kamieniniy kraujodaros lasteliy transplantacija. ELN: Europos leukemijy tinklo
rekomendacijos. AML: iminé mieloleukemija. sAML: antriné iminé mieloleukemija.
tMDS-EB: su gydymu susij¢s mielodisplastinis sindromas. ECOG: Ryty kooperatiné
onkologijos grupé. LDAraC: mazy doziy citarabinas. ActD: aktinomicinas D.

FLT3 inhibitoriaus gilteritinibo ir ACTIVE derinys yra labai
efektyvus gydant R/R UML su FLT3 geno mutacija

R/R UML su FLT3 geno mutacija priklauso R/R UML su taikininémis
genetinémis pazaidomis. 2024 metais publikuotas straipsnis “Gilteritinib in
combination with venetoclax, low — dose cytarabine and actinomycin D for
relapsed or refractory FLT3 — mutated acute myeloid leukaemia”, kuriame
apzvelgéme ACTIVE derinio su antros kartos FL73 inhibitoriumi gilteritinibu
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(G-ACTIVE) gelbstin¢io gydymo rezultatai, gydant R/R UML su FLT3 geno
mutacija. (5)

] prospektyviai surinkty duomeny analiz¢ buvo jtraukti 20 R/R UML su
FLT3 mutacija pacienty, kuriy vidutinis amzius buvo 65 metai (35 — 87), o
vidutinis ECOG jvertis buvo 1 (0 — 2), gydymo rezultatai. Didziajai daliai
pacienty (75 %, 15/20) buvo nustatyta FLT3 — ITD mutacija, 15 % (3/20)
FLT3 — TKD mutacija, o 10 % (2/10) buvo nustatytos FLT3 — ITD ir FLT3 —
TKD ko-mutacijos. 15 % (3/20) atvejy buvo nustatytas prognostiskai
nepalankus kariotipas. Prie§ G-ACTIVE gelbstinti gydyma pacientai
vidutiniskai buvo gydyti 1 (1 —5) gydymo eile, 55 % (11/20) buvo gave FLT3
inhibitoriy, 20 % (4/20) buvo gydyti venetoklaksu paremtais gydymais, 15 %
(3/20) buvo pries tai taikyta aloKKLT. ORR po G-ACTIVE gydymo sieké 95
% (19/20), o CR + CRp daznis buvo 75 % (15/20) (Paveikslas Nr. 3). Tékmés
citometriniu tyrimu minimali liktiné liga (<0.1%) buvo neaptinkama 45 %
(9/20) atvejy. Gydymo atsakas visiems pacientams buvo pasiektas jau po
pirmojo gydymo kurso, o i§ 13 pacienty, kuriy biklé buvo tinkama
konsolidacinei aloKKLT, 11 (85 %) buvo alotransplantuoti ir atnaujino
gilteritinibg palaikomajam gydymui po aloKKLT. Bendro i§gyvenamumo
mediana visoje kohortoje sieké 32 ménesius, o iSgyvenamumo be UML
recidyvo mediana buvo 12,9 ménesio (Paveikslas Nr. 5). 2 mety bendras
iSgyvenamumas sieké 51 %. Pacienty, kuriems buvo atlikta aloKKLT po G-
ACTIVE gydymo ir atnaujintas potransplantacinis palaikomais gydymas
gilteritinibu, 2 mety iSgyvenamumas buvo 80 %. Analizuojant G-ACTIVE
gydymo Salutinius reiskinius dazniausiai fiksuota febrili neutropenija (50 %,
10/20) ir pneumonija (15 %, 3/20). Ankstyvas mirStamumas per pirmasias 30
ir 60 dieny nuo G-ACTIVE gydymo pradzios sieké atitinkamai 5 % (1/20) ir
15 % (3/20). Medianinis dieny skai¢ius nuo G-ACTIVE gydymo pradzios iki
pilno neutrofily (> 1 x 10°/1) ir trombocity (> 100 x 10%/1) atsistatymo buvo
atitinkamai 24 ir 29 dienos. Pagrindinése straipsnio i§vadose palyginome G-
ACTIVE bendras atsaky (95 %) ir pilny remisijy daznis (75 %) su kity
hematologijos centry  publikuotais efektyvumo duomenimis taikant
venetoklakso ir gilteritinibo dviejy vaisty derinj (ORR 74 % ir CR 37 %) arba
venetoklakso, gilteritinibo ir azacitidino tripleta (ORR 75 %, CR 40 %) gydant
R/R UML su FLT3 geno mutacija. Atkreiptinas démesys, kad laikas nuo
gydymo pradzios iki pilno neutrofily trombocity atsistatymo buvo trumpesnis
po G-ACTIVE gydymo lyginant su venetoklakso ir gilteritinibo deriniu arba
venetoklakso, gilteritinibo ir azacitidino tripletu. Apibendrinus, G-ACTIVE
keturiy wvaisty derinys yra saugus ir efektyvus gelbstintysis gydymas,
leidziantis daugumai R/R UML su FLT3 geno mutacija pacienty pasiekti
remisijg ir atlikti aloKKLT i§gydymo tikslu.
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Paveikslas Nr. 5. G-ACTIVE gydyty pacienty atsako dazniai, leukeminiy lgsteliy genomika ir isgyvenamumas

ACTIVE: aktinomicinas D, citarabinas, venetoklaksas. AlloSCT: alogeniné kamieniniy kraujodaros lasteliy transplantacija. ELN: Europos
leukemijy tinklo rekomendacijos. AML: timiné mieloleukemija. ECOG: Ryty kooperatiné onkologijos grupé. Overall survival/OS: bendras
iSgyvenamumas. RFS: iS§gyvenamumas be recidyvo. CI: pasikliautinis intervalas. CR: pilna remisija. CRp: pilna remisija be trombocity atsistatymo.
MLFS: morfologiné biklé be leukemijos. MRD: minimali liktiné liga. RD: refrakteri liga.
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Oksidacinio fosforilinimo aktyvumas skiriasi R/R UML leukeminése
lastelése, o jo slopinimas gali lemti efektyvesnj antileukeminiy vaisty
poveiki

Ikiklinikiniy R/R UML biozymeny tyrimuose naudojant R/R UML
pacienty natyvines leukemines Igsteles buvo bendradarbiauta su Vilniaus
universiteto Gamtos moksly centro, Biochemijos instituto, Lagstelés
molekulinés biologijos skyriaus tyr¢jais vykdant,Inovatyviy terapijy ir
prognostiniy jrankiy, skirty chemoterapijai atsparios iminés mieloleukemijos
gydymui, sukiirimas® projekta. Vieno tyrimo rezultatai buvo publikuoti
straipsnyje “Oxidative phosphorylation inhibition induces anticancerous
changes in therapy-resistant — acute myeloid leukemia patient cells”. (6)

Tyrimo metu buvo nustatyta, kad skirtingy pacienty, serganciy R/R UML,
periferinio kraujo leukeminése lgstelése skiriasi oksidacinio fosforilinimo ir
glikolizés aktyvumas (Paveikslas Nr. 6). Atliekant tolimesnius bandymus tik
su R/R UML pacienty lgstelémis, kuriose stebétas didZiausias mitochondrijy
oksidacinio fosforilinimo aktyvumas (1 — 6 pacientai), buvo nustatyta, kad
metforminas, inhibuojantis oksidacinio fosforilinimo kvépavimo grandinés
pirmgjj kompleksg, reikSmingai sumazino deguonies suvartojima
leukeminése Igstelése, taciau jtakos leukeminiy Igsteliy proliferacijai neturéjo.
Tolimesniy tyrimy tikslas buvo nustatyti ar oksidacinio fosforilinimo
inhibicija metforminu gali pagerinti priesleukeminj venetoklakso ir citarabino
efektyvuma. Metformino derinys su venetoklaksu ir citarabinu leukeminiy
lasteliy proliferacija slopino labiau nei metformino monoterapija, taciau
poveikis taip pat nebuvo reikSmingas lyginant su oksidacinio fosforilinimo
lygiu prie§ poveikius (Paveikslas Nr. 7A). Geny ekspresijos profilio analizéje
buvo nustatyta, kad PPARGCIA geno, koduojancio transkripcinj faktoriy
PGCla (kvépavimo grandinés ir riebiyjy riig€iy metabolizmo kontrol¢),
ekspresija buvo reikSmingai slopinama tik metformino, citarabino ir
venetoklakso deriniu (1, 3, 4 pacientai), tuo tarpu monoterapija metforminu
reikSmingo poveikio PPARGCI1A geno ekspresijai netur¢jo (Paveikslas Nr.
7B). Padidéjusi lastelés ciklg inhibuojanciy geny (p53, p21, Rb) ekspresija
buvo pastebima leukeminése lastelése, kuriose bazinis oksidacinis
fosforilinimas buvo aktyviausias (1 ir 4 pacientai) po poveikio metforminu, o
efektas buvo didesnis po metformino, citarabino ir venetoklakso kombinuoto
poveikio (Paveikslas Nr. 7B). Metformino, citarabino ir venetoklakso
poveikis taip pat turéjo didziausia efekto MYC onkogeno ekspresijos
sumazejimui (Paveikslas Nr. 7B). SkysCiy chromatografijos — masiy
spektrometrijos metodu atliktoje baltymy analizéje buvo nustatyta, kad
metformino, citarabino ir venetoklakso kombinuotas poveikis slopina
didziausia medziagy apykaitos keliy skaiciy, lyginant tik su vieno vaisto
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metformino poveikiu. Remiantis gautais rezultatais, straipsnio iSvadose buvo
pabrézta, kad tik dalies R/R UML pacienty leukeminése Igstelése stebétas
padidéje¢s oksidacinio fosforilinimo aktyvumas, kuris buvo efektyviausiai
slopinamas kvépavimo granding inhibuojanciu vaistu metforminu derinyje su
venetoklaksu ir citarabinu bei sglygojo leukeminiy Igsteliy proliferacijos
inhibicija. Straipsnio iS$vadose akcentuota R/R UML individualizavimo
svarba, o vienas i§ galimy bioZymeny yra oksidacinis fosforilinimas, kurio
inhibicija ir terapinis pritaikomumas yra tolimesniy R/R UML tyrimy sritis
siekiant pagerinti gydymo venetoklakso deriniais efektyvuma.
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Disertacijos  publikaciju  pagrindiniu  rezultaty santrauka
pavaizduota Lenteléje Nr. 3.
Lentelé Nr. 3
Pacientai Tyrimas Rezultatai
1. R/R UML Retrospektyviai Kumuliacinis CR + CRp + CRi
pacientai, gave | analizuota visa 88 R/R daznis sieke 62 %, o ORR 74 %.
gelbstintj UML pacienty Bendro i§gyvenamumo mediana
ACTIVE kohorta, kuriai taikytas ;gllzg;;;;;;‘j aci
, eny mutacijos
gydyma (1) ACTIVE gydymas. ir aloKKLT siejalia :[u ilgesnjiu
iSgyvenamumu.
TP53, PTPN11 geny mutacijos ir
ECOG 3-4 biuiklé siejosi su
blogesniu iSgyvenamumu.
2. Recidyvave | Retrospektyviai ACTIVE ir FLAG-Ida
po aloKKLT palyginti 20 pacienty, antileukeminis efektyvumas
UML pacientai | kuriems taikytas nesiskyre. S
) ACTIVE gydymas, ACTIYE klinikinis o
. veiksmingumas buvo didenis:
rezultatai su 29 .
1 o bendras iSgyvenamumas buvo
pacienty 1sertimis po ilgesnis ACTIVE kohortoje
FLAG-Ida gelbstincio palyginti FLAG-Ida grupe (13,1
gydymo. ir 5,1 mén.).
3.R/R UML Retrospektyviai Pacienty, kuriems ACTIVE
pacientai, analizuota 29 pacienty, gydymas buvo neefektyvus,
Kuriems kuriems ACTIVE iSgyvenamumas tebuvo 3,9 mén.
ACTIVE gydymas buvo Slems pacientamg tolimes.ni's .
dymas buvo | neefektyvus, iSeitys. talk}mam's ag'nost1§kas,'ta1k1n1q
gyay ] y > ty ar citarabino ir glasdegibo
neefektyvus Atskirai analizuota 14 derinio gydymas pasizyméjo
©)C)) pacienty subkohorta, minimaliu laikiniu efektyvumu.
kuriai toliau buvo
taikytas citarabino ir
glasdegibo
kombinuotas gydymas.
4. R/R UML Retrospektyviai Gilteritinibas + ACTIVE
pacientai su analizuotos 20 pasizyméjo 95 % ORR ir 75 %
FLT3 geno pacienty su R/R UML CR + CRp dazniu.

mutacija (5)

su FLT3 geno mutacija
iSeitys, kuriems buvo
skirtas gilteritinibo ir
ACTIVE kombinuotas
gydymas.

Bendro iSgyvenamumo mediana
sieké 32 mén.

85 % tinkamy alotransplantuoti
pacienty buvo atlikta aloKKLT,
0 jy 2 mety iSgyvenamumas
sieké 80%.
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Pacientai Tyrimas Rezultatai
5. Ikiklinikiniai | Analizuotas Metforminas slopino oksidacinj
R/R UML oksidacinio fosforilinima bei medziagy
pacienty fosforilinimo apykaity 'kellus. o
leukeminiy aktyvumas bei Metformino efekta stiprino
. . S venetoklakso ir citarabino
lasteliy tyrimai | oksidacinio . . .
o derinys, kuris taip pat slopino
6) fosforilinimo PPARGCIA ir MYC geny
inhibicijos poveikis ekspresija bei lasteliy
leukeminéms proliferacija.
lasteléms.
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ISVADOS

R/R UML gydymas aktinomicino D, mazy doziy citarabino ir
venetoklakso (ACTIVE) deriniu pasizyméjo 62 % kumuliaciniu pilny
remisijy bei 74 % bendro atsako daZniais. Sie rezultatai vir§ija mokslinéje
literatiiroje ~ publikuotg jprastos intensyvios chemoterapijos ar
venetoklakso ir citarabino / hipometilinan¢iy vaisty deriniy efektyvuma
gydant R/R UML ir pagrindzia ACTIVE Kklinikinj pritaikomumg bei
saugumg. IDH2, DNMT3A mutacijos ir aloKKLT, atlikta po ACTIVE
gydymo, reikSmingai siejosi su ilgesniu bendru i§gyvenamumu, tuo tarpu
TP53, PTPNI11 mutacijos ir bloga pacienty bendra biiklé su trumpesniu
bendru isgyvenamumu po gydymo ACTIVE deriniu.

Gydant po aloKKLT recidyvavusig UML ACTIVE derinio
antileukeminis efektyvumas prilygo intensyviai chemoterapijai FLAG-
Ida, taciau dél mazesnio toksiskumo bendras i§gyvenamumas po gydymo
ACTIVE buvo statisti§kai reikSmingai ilgesnis.

Pacienty prognozé¢ R/R UML atsinaujinus po gelbstin¢iojo gydymo
venetoklakso deriniu yra labai bloga. Siems pacientams tolimesnis
taikiniams agnostiSkas, taikiniy ar citarabino ir glasdegibo derinio
gydymas pasizymeéjo minimaliu efektyvumu.

FLT3 inhibitoriaus gilteritinibo ir ACTIVE (G-ACTIVE) derinys
pasizymi dideliu bendry atsaky (95 %) ir pilny remisijy su arba be
trombocity atsistatymo dazniu (75 %) bei sudaro salygas daugumai
pacienty, sergan¢iy R/R UML su FLT3 geno mutacija, atlikti aloKKLT
bei reikSmingai pagerinti jy prognoze - Siy pacienty 2 mety bendras
iSgyvenamumas sieké 80 %.

R/R UML pacienty leukeminiy Iasteliy oksidacinio fosforilinimo
aktyvumas skyrési. Prie§ poveikj nustacius auksta oksidacinj
fosforilinima, kvépavimo grandinés inhibitoriaus ir klinkinéje praktikoje
naudojamo vaisto metformino derinys su citarabinu ir venetoklaksu
veiksmingiausiai slopino deguonies suvartojimo lygj, medziagy apykaitos
reguliacinius kelius, PPARGCIA4 ir MYC geny ekspresija bei lasteliy
proliferacija.
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DISERTACIJOS REZULTATU PRAKTINE REIKSME

ACTIVE derinio pademonstruotas efektyvumas ir saugumas gydant R/R
UML yra vienas geriausiy tarp $§iuo metu naudojamy gydymo metody.
Ivertinus tyrimo rezultatus VUL SK HOTC ACTIVE pradétas naudoti,
kaip pirmojo pasirinkimo derinys $iai pacienty kategorijai.

G-ACTIVE derinys pakeité intensyvig chemoterapija arbag monoterapija
gilteritinibu gydant R/R UML su FLT3 geno mutacija HOTC remiantis
geresniu efektyvumu, saugumu bei didesne galimybe atlikti aloKKLT
pasveikimo tikslu.

Pakeista R/R UML pacienty, kuriems venetoklakso derinys buvo
neefektyvus, gydymo taktika HOTC — dél itin blogy tolimesnio
konvencinio bei taikiniy gydymo rezultaty pacientams pradétos taikyti
sekvencinés gelbstincios aloKKLT.

Nustatyti predikciniai bioZymenys naudojami parenkant R/R UML
gydymo taktikg HOTC: numatant mazag ACTIVE gydymo efektyvuma,
pacientams taikoma ACTIVE gydymo ir sekvencinés aloKKLT
kombinuota terapija.

Planuojami tolimesni ikiklinikiniai bei R/R UML Kklinikiniai tyrimai,
panaudojant potencialias oksidacinio fosforilinimo kelio intervencijas.

Apibendrinta disertacijos rezultaty praktiné reikSmé pavaizduota

paveiksle Nr. 8.

R/R UML subgrupé Anksciau taikytas gydymas HOTC Nauja gydymo taktika HOTC
* FLAG-Ida chemoterapija +
R/R UML po aloKKLT pakartotiné aloKKLT ACTIVE t sekvenciné

+ Paliatyvus gydymas mazy pakartotiné aloKKLT arba DLI

doziy citarabinu

+ Gilteritinibas

R/R UML su FLT3 geno * FLAG-Ida chemoterapija ACTIVE + Gilteritinibas ir
mutacija + Paliatyvus gydymas mazy aloKKLT

doziy citarabinu

* FLAG-Ida chemoterapija
+ Paliatyvus gydymas mazy
doziy citarabinu * glasdegibu

R/R UML be taikininiy
genetiniy pazaidy

ACTIVE + sekvenciné aloKKLT

< Gydymas FLT3ir IDH1/2

R/R UML po nesékmingo
gydymo venetoklakso
deriniu

* FLAG-Ida chemoterapija
+ Paliatyvus gydymas mazy

inhibitoriais

doziy citarabinu ir glasdegibu

ACTIVE + sekvenciné aloKKLT

Paveikslas Nr. 8. R/R UML gydymo taktikos pokyciai HOTC po doktorantiiros

darbo isvady
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SANTRAUKA

INTRODUCTION

Acute myeloid leukemia (AML) is a malignant blood disease
characterized by the uncontrolled proliferation and differentiation of
malignant myeloblasts in the bone marrow, leading to hematopoietic failure.
Due to bone marrow infiltration, patients with impaired granulopoiesis,
erythropoiesis, and megakaryopoiesis lack neutrophils, erythrocytes, and
platelets, which increases susceptibility to infections, causes anemia
symptoms and increases the risk of bleeding. On average, 2-5 new cases of
AML per 100,000 inhabitants are diagnosed per year, the average age of the
patients is 65-68 years, and men are more often affected. Nowadays, AML
genomic analysis has gained great importance due to its prognostic and
therapeutical implementation'. The standard first-line therapy of young and fit
AML patients is intensive combination chemotherapy with cytarabine and an
anthracycline class drug (daunorubicin or idarubicin). If specific AML genetic
lesions (FLT3 gene mutation) are identified, concomitant targeted therapy
with FLT3 inhibitors is used. After achieving AML remission, most patients
undergo allogeneic hematopoietic stem cell transplantation (alloSCT) to
minimize the risk of AML relapse due to the immunotherapeutic effect of
alloSCT against residual leukemic cells. However, due to significant toxicity,
this treatment strategy is used only in younger, fit patients. Older, unfit
patients with newly diagnosed AML and severe comorbidities are treated with
a hypomethylating drug (azacytidine or decitabine) in combination with the
BCL-2 antiapoptotic protein inhibitor venetoclax.'

Despite the improvement of first-line intensive and non-intensive AML
therapies, about 40-50% of patients who achieve the first remission suffer an
AML relapse or AML is refractory to the first-line treatment. These patients
are diagnosed with relapsed or refractory AML (R/R AML).!?3 R/R AML is
classified as a rare disease (Orphan Designation, ORPHA:519). It should be
noted that R/R AML is quite heterogeneous and can be divided into clinically
important subgroups - patients with primary refractory disease (remission was
not achieved after the first-line treatment), relapsed patients (relapse of AML
a complete remission), patients with relapsed AML after alloSCT, and also
into several genomic groups: R/R AML without targetable genetic aberrations
(R/R AML with no targeted therapy options) and R/R AML with targeted
genetic abberations (i.e., R/R AML, having targeted therapy options). For R/R
AML without targeted genomic lesions, high-dose chemotherapy is routinely
used for remission induction — most commonly FLAG-Ida (a combination of
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fludarabine, high-dose cytarabine and idarubicin) - and also CLAG-M (a
combination of cladribine, high-dose cytarabine and mitoxantrone ), CLIA (a
combination of cladribine, high-dose cytarabine, and idarubicin), or MAE (a
combination of mitoxantrone, high-dose cytarabine, and etoposide).*® These
intensive treatments can only be used in fit, younger patients. If IDHI, IDH?2
or FLT3 gene mutations had been identified (R/R AML with targeted genetic
lesions), the approved targeted therapy with ivosidenib, olutasidenib (/DH1
inhibitors), enasidenib (/DH?2 inhibitor), or gilteritinib (FL73 inhibitor) can be
used.”!! Unfortunately, the overall response rate (ORR) of these treatments is
only about 40-50% and the vast majority of responders eventually relapse. For
these reasons, the prognosis of patients with R/R AML is poor, with a median
overall survival usually of only about 6-9 months, and a 2-year overall
survival of only about 20%.%®

Of note, alloSCT remains the cornerstone consolidation therapy for curing
R/R AML. Thus, the main goal of any R’/R AML salvage treatment is
achieving remission and maintaining the patient's condition suitable for
allotransplantation by causing minimal toxicity. This is of the highest
importance for unfit R/R AML patients due to the adverse effects of prior
antileukemic therapy, and especially for those who have already relapsed after
a previous alloSCT and have post-transplant complications that significantly
worsen the tolerance of any salvage therapy.>!!

The BCL-2 inhibitor Venetoclax (registered by the European Medicines
Agency in 2021) in combination with a hypomethylating agent significantly
improved the rate of complete remissions and overall survival and is now used
as standard-of-care in newly diagnosed AML patients unfit for intensive
chemotherapy.'? Venetoclax is one of the BH3 mimetics that strongly and
selectively inhibits the antiapoptotic protein BCL-2. Inhibition of BCL-2
allows proapoptotic proteins (BIM and BAX) to initiate the mechanism of
apoptosis in leukemic cells (Figure 1).3
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Figure 1. Mechanism of action of Venetoclax

In the phase I-Il R’/R AML clinical trials, salvage treatment with
venetoclax varying overall response rates: 19% (venetoclax monotherapy),
21-66% (venetoclax in combination with azacitidine/decitabine/low-dose
cytarabine), and 67-74% (venetoclax in combination with intensive, high-dose
chemotherapy FLAG - Ida). Based on these results, the combination of
venetoclax with hypomethylating drugs or various doses of chemotherapy is
currently used as a salvage treatment for R/R AML in clinical practice.!+%

Importantly, 1) the optimal backbone to venetoclax in terms of efficacy
and toxicity has not yet been determined, 2) there is a lack of data on
pharmacodynamically selected backbones to venetoclax that act
synergistically on apoptosis induction, 3) the results of venetoclax-based
regimens in R/R AML had not been previously compared with conventional
high-dose salvage chemotherapy in clinical trials.

At the Hematology, Oncology, and Transfusion Center of Vilnius
University Hospital Santaros Klinikos (VULSK HOTC), the treatment of R/R
AML with venetoclax-based combination regimens has been applied since
2017 via the early access program (EAP). According to the EAP inclusion
criteria, only R/R AML patients who had exhausted all available standard and
investigational treatment options could receive venetoclax. Venetoclax is used
in combination with low-dose cytarabine and actinomycin D (ACTIVE
treatment protocol). The synergistic combination of venetoclax and low-dose
cytarabine used in ACTIVE treatment has already been described as a salvage
therapy for R/R AML with significant antileukemic efficacy.!®17-20:21:22
However, this treatment was ineffective in approximately 50-60% of R/R
AML patients, and the remaining patients subsequently relapsed after a short-
term remission.'®!72921:22 One of the main mechanisms of resistance to
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venetoclax is the activity of another antiapoptotic protein, MCL-1.!32425
Actinomycin D is used as a third drug in the ACTIVE regimen for MCL-1
inhibition. The rationale for adding actinomycin D is based on preclinical
studies where actinomycin D demonstrated MCL-1 inhibiting properties and
acted synergistically with a BCL-2 inhibitor in cancer cells.?® In clinical trials,
actinomycin D monotherapy resulted in an ORR of 43% treating NPM1
mutated R/R AML 278

To improve the clinical results of R/R AML therapy, the main goal of the
doctoral work is to investigate the efficacy, toxicity, and predictive genetic
biomarkers of the triplet combination regimen of venetoclax, low-dose
cytarabine and actinomycin D (ACTIVE), as well as to compare the efficacy
and toxicity of ACTIVE and conventional intensive chemotherapy.
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RELEVANCE OF THE TOPIC

1. The survival prognosis of patients with R/R AML is poor.

1.1 The subgroup of relapsed AML patients after alloSCT has very
limited treatment options, not only due to the biological resistance of
R/R AML, but also due to the post-transplant complications and poor
general condition of the patients.

2. There is a lack of effective and safe treatment methods for R/R AML:

2.1 R/R AML without targeted genetic lesions — standard intensive
chemotherapy therapies lack efficacy and are toxic;

2.2 R/R AML with targeted genetic lesions — targeted therapy with FLT3
or IDHI1/2 inhibitors have lower toxicity, however, their
antileukemic effect is short in almost all cases;

2.3 ack of clinical trial results of the combination of the BCL-2 inhibitor
venetoclax with other anti-leukemic drugs in the treatment of R/R
AML with or without targetable genomic aberrations;

2.4 there are no clinical trials that compare venetoclax-based salvage
therapies with the standard intensive chemotherapy approaches in
R/R AML.

3. Identification of predictive genetic biomarkers for R/R AML would allow
individualization of R/R AML treatment with venetoclax-based regimens.

4. There is a lack of data on the outcome of R/R AML patients and further
treatment options when venetoclax-based therapy is not effective.

5. Research on the mechanisms of R/R AML resistance to venetoclax would
allow the formation of hypotheses for clinical research and therapeutic
application improving the results of venetoclax-based therapies.
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THE AIM AND TASKS OF THE DISSERTATION

The dissertation aims to improve the results of R/R AML treatment by

evaluating the efficacy and toxicity of the combination of actinomycin D, low-
dose cytarabine, and venetoclax (ACTIVE) and identifying predictive

biomarkers.

Dissertation tasks:

1.

To assess the efficacy and toxicity of ACTIVE in the treatment of R/R
AML and to determine the efficacy-predictive factors of ACTIVE
therapy.

To compare the efficacy and safety of two different R/R AML treatments
- ACTIVE and conventional intensive chemotherapy treating post-
alloSCT relapsed AML.

To evaluate the efficacy and safety of the combination of FLT3 inhibitor
gilteritinib and ACTIVE in the treatment of R/R AML with a specific
biomarker (FLT3 gene mutation).

To evaluate the outcomes of R/R AML patients for whom ACTIVE
treatment was ineffective.

To evaluate the activity and inhibition of oxidative phosphorylation in
R/R AML patient-derived leukemic cells for possible clinical
implementation and improvement of antileukemic effects of venetoclax.
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METHODS

To evaluate the efficacy and toxicity of Venetoclax-based ACTIVE
treatment and to determine predictive biomarkers in the treatment of R/R
AML, an observational study "Clinical course and medical care study of
patients with treatment-resistant oncological and blood disease" was initiated.
The study included patients 18 years of age and older diagnosed with R/R
AML who received ACTIVE salvage treatment based on the early access
program of venetoclax with the approval of the VULSK Medical Ethics
Committee. The 28-day ACTIVE treatment course consisted of venetoclax
(600 mg/d on days 1-28 of the course), cytarabine (20 mg/m? on days 1-10 of
the course), and actinomycin D (12.5 mcg/kg on days 1-3 of the course or on
days 1 and 2 for patients older than 65 years). Patients could receive up to two
courses of ACTIVE treatment and then continue maintenance treatment with
venetoclax and cytarabine alone. In the study's framework, demographic data
of patients, results of clinical (ECOG scale), laboratory, instrumental,
molecular, flow cytometry and genetic tests were collected. The efficacy of
the salvage ACTIVE treatment was evaluated based on complete remission
(CR), complete remission with incomplete hematological recovery (CRi),
complete remission with incomplete platelet recovery (CRp), morphological
leukemia-free state (MLFS), and ORR (CR + CRi + CRp + MLFS) rates
according to the European Leukemia Network (ELN) criteria and
recommendations. Minimal residual disease (MRD) was also assessed in
responders based on flow cytometry and/or polymerase chain reaction
methods. Overall survival, progression-free survival, incidence of adverse
events (grade 3-5 non-hematological adverse events based on the Common
Terminology Criteria for Adverse Events (CTCAE) 5.0 grading system), early
mortality within 30 and 60 days of ACTIVE treatment initiation, and time
until recovery of neutrophils and platelets from the start of ACTIVE treatment.

Data were processed and analyzed with MS Excel, MedCalc, SPSS, R
statistical programs. Frequency tables, average, median, minimum and
maximum values of characteristics were used for descriptive statistics. The
Cox regression model, Chi-square, Fisher, Mann-Whitney-U, T tests were
used for hypothesis testing, Kaplan-Meier curves were used for survival
analysis, Gray's test was used for the analysis of the cumulative incidence of
competing events.

During the research on leukemic cells of the patients, there was
cooperation with the Department of Molecular Cell Biology of the Institute of
Biochemistry of the Vilnius University Life Sciences Center (the project
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"Development of innovative therapies and prognostic tools for the treatment
of chemotherapy-resistant acute myeloid leukemia") and Atrandi Biosciences
(the study "Refractory or relapsed acute myeloid leukemia RNA sequencing
analysis of single cells from bone marrow samples of patients treated with
venetoclax" 2020/11 - 1278 - 760).
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RESULTS

The first results of ACTIVE treatment were published in 2021 in the
article "Venetoclax — based salvage therapy followed by Venetoclax and DLI
maintenance vs. FLAG - Ida for relapsed or refractory acute myeloid leukemia
after allogeneic stem cell transplantation". (1) The article addressed an unmet
need: even after the most intensive and effective consolidation treatment -
alloSCT - about 40-50% of AML patients relapse, and the 2-year overall
survival in this subgroup of patients is less than 20%. It is important to note
that a proportion of post-alloSCT relapsed patients are unfit for intensive
chemotherapy due to complications related to alloSCT, whereas lower-
intensity targeted therapies are limited by the specific genomics of leukemia
and their short-lasting efficacy. The results of ACTIVE therapy for post-
alloSCT relapsed AML were retrospectively compared with intensive
chemotherapy FLAG — Ida in VULSK HOTC. 20 R/R AML patients who
received ACTIVE treatment and 29 patients treated with FLAG - Ida therapy
were included in the analysis. All patients had a confirmed morphologic AML
relapse after a previous alloSCT. No statistically significant differences were
observed regarding the age, sex, ECOG, ELN 2017 AML genomic risk
stratification, number of prior therapy lines, or alloSCT donor type between
the two groups. The most important differences between the two groups were
related to conditioning regimens and time from alloSCT to relapse. Patients in
the FLAG-Ida group significantly more often (45%, 13/29) received
myeloablative conditioning (MAC) compared to 15% (3/20) in the ACTIVE
group (p = 0.035). In the ACTIVE group, the median time from alloSCT to
AML relapse was significantly shorter than in the FLAG-Ida group (216 days
vs. 380 days, respectively, p = 0.012). The CR + CRp rate in the ACTIVE
group was 70% (14/20) and was significantly higher than that in the FLAG -
Ida group (34% (10/29), p = 0.02). The ORR did not differ between the two
arms: 75% (15/20) in the ACTIVE cohort vs 66% (19/29) in the FLAG-Ida
group, p = 0.542. ACTIVE responders were more likely to continue
maintenance therapy with donor lymphocyte infusions (73%, 11/15), whereas
FLAG-Ida responders were more likely to receive a second alloSCT (63%,
12/19). The median overall survival was significantly longer in the ACTIVE
group than in the FLAG-Ida group (13.1 months vs. 5.1 months, respectively,
p =0.032) (Figure 2). The cumulative incidence of AML relapse did not differ
between the two groups (p = 0.673). Mortality within the first 30 days from
initiation of treatment was 17% (5/29) in the FLAG-Ida cohort compared to
0% in the ACTIVE cohort (p = 0.07). Treatment-related mortality was
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significantly higher in the FLAG-Ida group (34%, 10/29) compared to 0% in
the ACTIVE group (p = 0.003). We also compared the efficacy of ACTIVE
treatment with the published results of other therapies - the ORR observed in
the ACTIVE cohort (75%) is higher than that of venetoclax-based therapies
(21-67%) for R/R AML, while the median overall survival of patients treated
with ACTIVE (13.1 months) is longer than the published results of other non-
intensive venetoclax-based therapies (3 - 7.8 months). Another important
study finding was related to the significantly lower toxicity of ACTIVE
treatment, which resulted in longer overall survival compared to standard
intensive FLAG-Ida chemotherapy, as there was no difference in overall
response or cumulative AML relapse rates between the two cohorts.
According to the analysis of specific biomarkers, the longest remissions after
ACTIVE treatment were observed in the subgroup of patients with /[DH1 or
IDH?2 gene mutations. Based on this study, in VULSK HOTC, the guidelines
for salvage treatment of R/R AML after alloSCT had been changed - ACTIVE
treatment is used in these patients instead of FLAG-Ida chemotherapy.
Figure 2. Overall survival of patients treated ACTIVE and FLAG-Ida
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In 2021 - 2023, the results of ACTIVE therapy were regularly updated
and presented at the annual congresses of the European Hematology
Association (EHA) and the American Society of Hematology (ASH). The
largest outcome analysis presented at the 2022 ASH Congress included 134
patients, 88 of whom had R/R AML and received ACTIVE salvage therapy.
(2) The ORR and cumulative CR + CRi + CRp rates were 74% and 62%,
respectively. When evaluating the biomarkers associated with the
antileukemic efficacy of ACTIVE therapy, it was found that the highest
response rates were observed in patients with TE72 (100%), GATA2 (100%),
IDH?2 (95%), NPM1 (90%), DNMT3A (90%), N/KRAS (89%), FLT3 (88%)
and IDHI (86%) gene mutations. The highest ORR and minimal residual
disease negativity rates (100% and 73%, respectively) were found in patients
with NPM1 and IDH1/2 co-mutations. The median overall survival in the R/R
AML cohort was 8 months. In univariate Cox regression analysis, /DH?2,
DNMT3A, and alloSCT were associated with longer overall survival, whereas
ECOG 3-4 overall status score, secondary AML, PTPNII, TP53 gene
mutations, and unfavorable karyotype were associated with shorter overall
survival. In multivariate Cox regression analysis, DNMT3A, IDH?2 mutations,
and alloSCT were also significantly associated with longer overall survival,
whereas ECOG 3—4, TP53, and PTPN11 gene mutations were associated with
worse survival.

Despite the high response rates, most patients relapse after ACTIVE
salvage therapy. In 2021, the article "Outcomes of relapsed or refractory acute
myeloid leukemia patients failing venetoclax — based salvage therapies"
reviewed the outcomes of patients and their further treatment when ACTIVE
or venetoclax and low-dose cytarabine (LDAraC + Ven) combination therapy
was ineffective. (3) Clinical data analyzing the outcomes of such patients have
not been published before. 28 patients with R/R AML were included in the
analysis, their median age was 59 years (20-80) and the median ECOG score
was 2 (0-4). 64% (18/28) of subjects were stratified to the adverse ELN 2017
risk group, and 39% (11/28) had unfavorable cytogenetic aberrations. Patients
had been previously treated with a median of 3 prior therapy lines (2-6) before
ACTIVE or LDAraC + Ven salvage treatment, with 57% (16/28) of patients
receiving prior alloSCT. More patients (57%, 16/28) were refractory to
ACTIVE therapy, whereas 43% (12/28) had relapsed after a previous
complete remission induced by ACTIVE. The most common gene mutations
were ASXLI (21%, 6/28), FLT3 (18%, 5/28), RUNX1 (18%, 5/28), PTPN11
(14%, 4/28), N(K)RAS (14%, 4/28), WT1 (14%, 4/28), and TP53 (11%, 3/28)
(Figure 3). The median overall survival in the entire group of 28 patients was
only 3.9 months. Longer median overall survival was observed in the
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subgroup of patients who received further treatment post ACTIVE compared
to patients who did not receive further treatment (4.3 and 1.3 months,
respectively, p < 0.001). The findings concluded that the outcome of patients
with R/R AML is very poor when venetoclax-based salvage therapy is
ineffective, or patients relapse after this treatment. In this prognostically
unfavorable group of patients who had not been exposed to actinomycin D,
treatment with ACTIVE may be effective despite prior venetoclax use.
Meanwhile, no clinical responses were observed after targeted therapy with
single agents (FLT3 inhibitors gilteritinib/sorafenib or /DH2 inhibitor
enasidenib in patients with LT3 or IDH2 gene mutations), most likely due to
heavy pretreatment.
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In 2021, the article "Glasdegib in combination with low-dose Cytarabine
for the outpatient treatment of relapsed or refractory acute myeloid leukemia
in unfit patients" reviewed the results of SMO inhibitor glasdegib and low-
dose cytarabine combination regimen for R/R AML. (4) A separate analysis
highlighted 14 R/R AML patients who had previously failed venetoclax-based
therapy (ACTIVE or venetoclax plus low-dose cytarabine or venetoclax plus
decitabine) and were further treated with the aforementioned glasdegib plus
low-dose cytarabine regimen. In this subgroup of patients, only 7% (1/14)
achieved complete remission after glasdegib-based therapy, and the median
overall survival was only 3.9 months. As in the previously mentioned
publication, the findings of this article reiterated the lack of effective and safe
salvage treatments when R/R AML patients are refractory or have relapsed
after venetoclax-based therapies.

In 2024, the article "Gilteritinib in combination with venetoclax, low-dose
cytarabine and actinomycin D for relapsed or refractory FL73 mutated acute
myeloid leukemia" reviewed the results of ACTIVE salvage treatment, when
the second-generation FLT3 inhibitor gilteritinib was added to ACTIVE (G-
ACTIVE treatment protocol) for the treatment of FL T3 mutated (FLT3m) R/R
AML. (5) Twenty FLT3m R/R AML patients with a median age of 65 years
(35-87) and a median ECOG score of 1 (0-2) were included in the analysis.
Most patients (75%, 15/20) had FLT3 - ITD mutations, 15% (3/20) had FLT3
- TKD mutations and 10% (2/10) had both FLT3 - ITD and FLT3 - TKD co-
mutations. Prognostically unfavorable karyotype was found in 15% (3/20) of
cases. Before the G-ACTIVE salvage therapy, patients had received a median
of 1 (1 - 5) prior therapy line, 55% (11/20) had previously received a FLT3
inhibitor, 20% (4/20) had received venetoclax-based therapies, and 15%
(3/20) relapsed post alloSCT. The ORR after G-ACTIVE treatment was 95%
(19/20) and the CR + CRp rate was 75% (15/20) (Figure 4). Undetectable
minimal residual disease by flow cytometry was confirmed in 45% (9/20) of
cases. Responses were achieved after the first cycle in all cases, and of the 13
patients eligible for alloSCT, 11 (85%) were allotransplanted and resumed
gilteritinib as maintenance treatment after alloSCT. The median overall
survival for the entire cohort was 32 months, and the median AML relapse-
free survival was 12.9 months (Figure 4). The 2-year overall survival rate was
51%. Patients who underwent alloSCT after G-ACTIVE treatment and
resumed post-transplant gilteritinib had a 2-year overall survival rate of 80%.
Analyzing the adverse events of the G-ACTIVE treatment, febrile neutropenia
(50%, 10/20) and pneumonia (15%, 3/20) were mostly reported. Early
mortality in the first 30 and 60 days after initiation of G-ACTIVE treatment
was 5% (1/20) and 15% (3/20), respectively. The median number of days from
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initiation of G-ACTIVE treatment to complete recovery of neutrophils (> 1 x
10°/1) and platelets (> 100 x 10°/1) were 24 and 29 days, respectively. The main
findings of the article compared the ORR (95%) and CR rate (75%) of G-
ACTIVE with previously published efficacy data from other hematology
centers (ORR of 74%-75% and CR rate of 37%-40%) for the two-drug
combination of venetoclax and gilteritinib or venetoclax, gilteritinib, and
azacitidine triplet, respectively. Importantly, time from the start of treatment
to the complete recovery of neutrophil platelets was shorter after treatment
with G-ACTIVE compared to the combination of venetoclax and gilteritinib
or the triplet of venetoclax, gilteritinib, and azacitidine. In summary, the G-
ACTIVE four-drug combination is a safe and effective salvage treatment that
allows most R/R AML patients with FLT3 gene mutation to achieve
remissions and undergo potentially curative alloSCT.
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Preclinical R/R AML biomarker research was carried out in cooperation
with the researchers of Department of Molecular Cell Biology of the Institute
of Biochemistry of the Vilnius University Life Sciences Center within the
framework of the project "Development of Innovative Therapies and
Prognostic Tools for the Treatment of Chemotherapy-resistant Acute Myeloid
Leukemia"). The results of one of the studies were published in the article
"Oxidative phosphorylation inhibition induces anticancerous changes in
therapy-resistant — acute myeloid leukemia patient cells". (6) During the
study, it was found that the oxidative phosphorylation and glycolysis profile
differed in R/R AML patients’ peripheral blood mononuclear cells (Figure
5A). In further experiments with the leukemic cells having the highest activity
of mitochondrial oxidative phosphorylation before exposure (patients 1-6), it
was found that metformin, an inhibitor of the first complex of the oxidative
phosphorylation respiratory chain, significantly reduced oxygen consumption
in leukemic cells, but did not affect the proliferation of leukemic cells.
Meanwhile, the combination of metformin with venetoclax and cytarabine
inhibited the proliferation of leukemic cells more than metformin
monotherapy, but the effect was still minor compared to the standard control
(Figure 5A). Gene expression profiling revealed that the expression of the
PPARGCI4 gene encoding the transcription factor PGCla (regulation of the
respiratory chain and fatty acid metabolism) was significantly inhibited only
by the combination of metformin, cytarabine, and venetoclax (patients 1, 3,
4), while metformin monotherapy had no significant effect on PPARGCIA
gene expression (Figure 5B). Exposure to metformin increased expression of
cell cycle inhibitory genes (p53, p21, Rb) was observed in leukemic cells in
which baseline levels of oxidative phosphorylation were the highest (patients
1 and 4), and the effect was greater after combined exposure to metformin,
cytarabine, and venetoclax (Figure 5B). Exposure to metformin, cytarabine,
and venetoclax also had the highest effect on the reduction of the MYC
oncogene expression (Figure 5B). Protein analysis by liquid chromatography-
mass spectrometry showed that the combined effect of metformin, cytarabine,
and venetoclax inhibited the highest number of metabolic pathways compared
to metformin alone.
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CONCLUSIONS

The combination regimen of actinomycin D, low-dose cytarabine, and
venetoclax (ACTIVE) demonstrated a cumulative complete remission
rate of 62% and an overall response rate of 74% in R/R AML. IDH?,
DNMT3A mutations, and alloSCT were significantly associated with
longer overall survival, whereas TP53, PTPNII, and ECOG 3-4 status
were associated with shorter overall survival after ACTIVE therapy.

In the treatment of post-alloSCT R/R AML, the anti-leukemic efficacy of
ACTIVE was similar to intensive chemotherapy FLAG-Ida, but the
overall survival after ACTIVE therapy was longer due to lower toxicity.
The prognosis of patients with R/R AML after failing venetoclax-based
salvage treatments is very poor regardless of further anti-leukemic
treatment, including targeted therapy with FLT3 or IDH1/2 inhibitors.
The combination of the FLT3 inhibitor gilteritinib and ACTIVE (G-
ACTIVE) has a high overall response rate (95%) and complete remission
rate (75%). This enables most patients with FL73 mutated R/R AML to
undergo alloSCT and to achieve significant improvement in their
prognosis - the 2-year overall survival of these patients is 80%.
Oxidative phosphorylation activity differs in R/R AML patient-derived
leukemic cells. The combination of metformin (inhibitor of the 1st
respiratory chain) with cytarabine and venetoclax had a high inhibitory
effect on oxygen consumption levels, metabolic regulatory pathways,
PPARGC1A and MYC gene expression, and cell proliferation.

Practical applicability of the results

1.

ACTIVE therapy replaced intensive chemotherapy with FLAG-Ida in the
treatment of R/R AML in VULSK HOTC.

G-ACTIVE combination therapy replaced intensive chemotherapy or
gilteritinib monotherapy in the treatment of FL73 mutated R/R AML in
HOTC.

The VULSK HOTC treatment guidelines for R/R AML with prior
venetoclax exposure were changed: sequential alloSCT is used in the
patients due to the very low efficacy of alternative therapies.

The identified predictive biomarkers are used for selecting the optimal
R/R AML therapy in VULSK HOTC: sequential alloSCT is offered for
patients when the expected efficacy of ACTIVE is low.
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5. Further preclinical and clinical studies are planned for possible
therapeutical interventions in the oxidative phosphorylation pathways.
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EHA 2021: Glasdegib in combination with low dose cytarabine for elderly acute
myeloid leukemia patients failing hypomethylating agents

ASH 2021: Venetoclax, Actinomycin D and Low Dose Cytarabine for Relapsed
or Refractory Acute Myeloid Leukemia in Clinical Practice Setting

EHA 2020: Venetoclax in combination with low dose cytarabine, actinomycin d
and donor lymphocyte infusions for early relapse of acute myeloid leukemia after
allogeneic stem cell transplantation

EHA 2019: Venetoclax in combination with low dose cytarabine, actinomycin d
and donor lymphocyte infusions for early relapse of acute myeloid leukemia after
allogeneic stem cell transplantation.

Baltic Conference of Hematology 2018: First results of Venetoclax in
combination with low dose Cytarabine or Actinomycin D in relapsed/refractory
acute leukemia patients.

Baltic Conference of Hematology 2021: Targeted therapy in relapsed/refractory
acute myeloid leukemia

Baltic Conference of Hematology 2023: AML Management in Vilnius
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Geros klinikinés praktikos mokymai

Data Trukmé Sertifikatg iSdavé

2019-07-04 8 val. Biomapas

Organizacijos

Amerikos hematologijos asociacijos (ASH) narys

Hematologinés onkologijos (SOHO) draugijos narys ir Lietuvos ambasadorius
Europos hematology asociacijos (EHA) narys

Europos vézio tyrimy ir gydymo organizacijos (EORTC) leukemijy grupés
valdymo komiteto narys

Lietuvos hematology draugijos valdybos narys
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PADEKA

Darbo vadovui prof. dr. Laimonui Griskeviciui.

Recenzentams: doc. dr. Valdui Peceliinui, prof- dr. Rolandui
Gerbutaviciui, dr. Vaidui Dirsei.

Administratorei Justei Petrénei.

Vilniaus universiteto ligoninés Santaros kliniky Hematologijos,
onkologijos ir transfuziologijos centro komandai.

Vilniaus universiteto Gyvybés moksly centro Biochemijos instituto
Lgstelés molekulinés biologijos skyriaus komandai.

Pacientams ir jy artimiesiems.

Seimai, ypac zmonai Emilei ir siineliui Margiriui, bei draugams.

a.a. seneliui Michailui.
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